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MEASUREMENT OF FLOWS BY TOTAL COUNT METHOD

As set forth in Chapter 7 of this report, a radio-
active isotope was used for flow calibration in large
diameter sewers wherein depth of flow and other con-
ditions preclude any possible use of standard metering
devices. In brief, the isotope method provides for
flow calibration at various depths in the sewers and
enables subsequent flow measurements by means of
depth recording meters.

In the calibration operation, use is made of the total
count method-*- wherein a small quantity of radioisotope
is added into a flowing stream and resulting gamma

ray emissions are measured quantitatively at a down-
stream point. Originated by D. E. Hull of California
Research Corporation, this method is based on the
principle that the integral or total count of gamma
rays registered by a Geiger-Mueller (G-M) counter
immersed in the flow is inversely proportional to the
flow rate and directly proportional to the millicuries
(me) of isotope used to measure the flow. This con-

Nucleonics, April 1955, Volume 13, No. 4, Industrial and Engi-
neering Chemistry, 50, 199 (1958) (U.S. Batents 2,826,699 and
2,826,700 - California Research Corporation).
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INDEPENDENT CHECK on average velocity computed by the total count method and measured depth of flow was obtained by
calculatingvelocityofthe radioactive isotope "slug" between upstream and downstream manholes. Synchronization of stop watches
(photo) was necessary to determine the elapsed time between addition of isotope a known distance upstream and its recorded pas-
sage at the metering station.
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RAINIER CALIBRATION CURVE was obtained at the metering manhole located at Rainier Avenue and Bay view Streets in Seattle.
This reinforced monolithic concrete sewer with paved brick invert had heavy slime growths. These latter conditions resulted in
poor agreement between the computed curve and the calibrated values for the lowflow values encountered. Calibration during storm
flows was attempted but the bubbler tube was torn loose when estimated velocities were 8 to 10 feet per second.

dition may be expressed as Q-v A/N, wherein Q is
the flow rate, A, is the isotope activity, and N is the
total count.

The total count technique was first discovered when
it was noted that an isotope used to mark a liquid
interface in a pipeline would always give the same
total number of counts when monitored at several
points on the pipeline. In other words, the integrated
counting rate at several points was identical, even
though the peak count rate differed because of longi-
tudinal diffusion or spreading of the isotope in transit.

To convert the expression Q nj A/N to an absolute
determination of flow, a proportionality constant based
on the count rate from a known concentration of iso-
tope solution has to be used. In that manner, the flow
equation becomes Q nj AF/N, where Q equals flow in
cubic feet per second (cfs), A equals activity in me,
F is the proportionality constant expressed in counts

LAKE CITY NORTHERLY TRUNK calibration curve at Man-
hole 6N. Considerable difficulty was experienced in metering at
this station because of supercritical velocities which adversely
affected the pen recorder. Subsequently a weir was installed
which reduced velocities and further calibrations were not under-
taken.
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NORTH TRUNK CALIBRATION CURVE was obtained at the metering manhole at Thorndyke Avenue and Emerson Streets in
Seattle. This section on monolithic concrete sewer pipe was not affected by tidal variations but the invert was covered with ap-
proximately 22 inches of asphalt cemented grit. Because of the latter, it was necessary to correct the computed curve. At shallow
depths of flow the cemented grit particles resulted in turbulence which was reflected in lower flow rates than actually occur. With
increasing depths, however, this effect was materially lessened. In fact, extrapolation of the calibrated curve would indicate that
the " n " value may approach 0.012 rather than the value 0.013 which was assumed for this conduit flowing fu l l .

LAKE CITY NORTHERLY TRUNK calibration curve was ob-
tained at Manhole IN, just north of the Lake City treatment plant.
Two calibration points obtained late in 1957 fell within 0.1 mgd
of the computed curve for " n " variable. This error was within
the standard deviation of the average counting rate. The com-
puted curve was used directly. This sanitary sewer, constructed
of 4 foot lengths of reinforced concrete pipe, had a noticeable
slime growth along the normal water surface. mm^

per second per me per cubic foot, and N equals the
total count.

An interesting aspect of the total count method which
makes it particularly applicable to sewage metering
in large conduits is that only part of the flow needs
to be monitored. Providing thorough mixing has been
achieved, the total count is independent of the fraction
of the stream monitored by the counters.

Flow calibrations at Seattle were made by means
of Cesium 134, an isotope which has a half-life of 2. 3
years. Prior to actual flow measurements, the activ- FLOW, MGD
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BALLARD CALIBRATION CURVE was obtained for this monolithic concrete sewer at a side overflow weir at 11th Avenue NW
and W 45th Street in Seattle. The depth of flow recorder was installed just upstream from the location shown in the photograph on
page 151. Marked deviation from the computed curve results from three conditions in the sewer. Low flow is affected by gravel in
the invert. At greater depths of flow, downstream hydraulic conditions limit the hydraulic capacity. Finally, when a depth of 36
inches is reached, flow over the bypass weir occurs.

ity of the radiotracer had to be determined. This
procedure was performed in the laboratory, using the
gamma bench standardization method.2 Other labor-
atory work includes a determination of the "F" factor,
which involves calibration of the field instruments.
For that purpose, a stainless steel counting cylinder
is filled with a solution of Cesium 134 of known con-
centration and activity, and the counting rate is reg-
istered on G-M tubes immersed in the solution.

To calibrate the sewer at the selected metering
manhole, a small quantity of sewage is continuously
pumped from the sewage flow through the cylinder
containing the G-M counter, thereby determining
the average background count rate of the sewage.
Then, the previously standardized isotope is emptied
into the sewage flow at a manhole sufficiently far up-
stream from the metering point to achieve thorough
mixing. As the isotope flows toward the metering
^Nucleonics, August 1956, Volume 14, No. 8, pages 95-96.

point, the background count rate is continuously in-
tegrated on a battery operated sealer. This procedure
continues until the isotope passes the metering point
and the count rate returns to the initial background
rate. As the main "slug" of isotope passes the G-M
counter, the depth of flow is read from a chart on a
bubbler actuated pneumatic type of recorder. The
entire field count operation takes approximately 30
minutes.

Subtraction of the average background for the period
of record from the total count gives the count due to
the isotope. Flow rate is then computed from the mil-
licuries of isotope and total count, and plotted against
the depth as recorded on the bubbler. By a series of
such measurements over a range of flow, a calibra-
tion curve for depth of flow versus flow rate is ob-
tained. Error of the total count method is mainly
dependent on the amount of isotope used, and can be
reduced to less than 5 per cent if required.
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Sale of all isotopes is supervised and licensed by
the Atomic Energy Commission and requires persons
using them to have approved health physics training.
In every case, the entire operation must be under
the supervision of a radiological safety officer, who
is generally a chemist or physicist. For work at
Seattle, the radiological safety officer was Peter
Wootton of the Tumor Institute of the Swedish Hos-
pital.

All persons directly connected with any of the oper-
ations using the isotope wore a personal monitoring
device, similar to a gold leaf electroscope, which
indicated the total radiation exposure in milliroent-
gens. In addition, when using laboratory facilities
where exposure to larger amounts of radiation was
possible, a film badge was worn. When not in use,
isotopes were stored in adequate shielded storage
lockers at the Tumor Institute of the Swedish Hospital.

The inherent safety of the total count procedure is
best shown by a simple examination of the 'radiation
levels present after the isotope is emptied into the
sewage flow. For example, approximately 1 me
(l,000juc) is used when metering a flow of 7.5 cfs.
Assuming a 20-second pouring time, there is an aver-

age concentration of:

1 me I.OOOJUC .

~TT = ̂ 7 l T i r = 6-7^c per cublc foot

According to Handbook 52 of the National Bureau
of Standards, the recommended maximum concen-
tration for drinking water is approximately 6,uc per
gallon, or 45yuc per cubic foot for Cs 137, a similar
gamma emitting isotope with a 33-year half-life.

The maximum concentration of radioisotope which
can be used is limited by the maximum counting rate
of the portable sealer. For Cesium 134, the maxi-
mum rate of 100 cps limits the concentration to ap-
proximately 11 juc per cubic foot, or about one-fourth
the recommended maximum for drinking water.

For those who may be interested in the cost of the
total count method, the required equipment involves
an outlay of close to $1,000. Cesium 134 sells for
$1. 00 per me, plus a moderate royalty payable to
the holder of the patent. Less than 50 me were used
for the calibration measurements at the five meter-
ing stations. Service of the radiological safety officer
and use of the radiation laboratory facilities for a peri-
od of approximately ten months cost a total of $800.
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APPENDIX C C-l

Report on the Biology of the Bottom Shelf of Puget Sound
West Point, Seattle, Washington, July 1957

In the course of an engineering survey to develop a suitable Master
Plan for the collection and disposal of sewage and industrial wastes, Brown
and Caldwell, Consulting Engineers, and the City of Seattle were desirous
of obtaining information regarding the existing physical and biological
characteristics of the shelf off West Point, Puget Sound. The North Trunk
sewer, which carries the untreated wastes from more than 200,000 people,
presently discharges into the Sound a short distance north of West Point.
Plans may call for the construction of the combined sewage treatment plant
at this location.

The objectives of this investigation were, therefore, to determine
existing conditions as to sludge deposits and bottom life and to predict,
insofar as possible, the effect of discharging digested sludge after a new
plant is in operation.

Mr. William Roman, engineer, Brown and Caldwell, Mr. John N. Wilson,
Regional Biologist, U. S. Public Health Service, and Dr. Richard Bogan,
University of Washington, were the principal investigators. A boat and crew
were provided by the U. S. Coast Guard. Mr. Charles Ziebell, Biologist of the
Washington Pollution Control Commission, assisted with the laboratory deter-
minations.

Basic data on physical, chemical and biological conditions in Puget Sound
around West Point are in short supply. However, some useful data were found
in the report on the "Oceanographic Survey on Submarine Portion of Snohomish-
Kitsay K. V. Line" by the Department of Oceanography which was performed under
contract with the Bonneville Power Administration in 1953. The following cogent
items have been taken from the latter report and from the literature survey:

1. Puget Sound has a tidal prism of 1.27 cubic nautical miles. Because
of long inland estuaries and peculiarities of flow, tides are dif-
ferent from those in open ocean and water pollution is critical in
places.

2. Depth is 720 feet maximum, not less than a mile out from West Point.
The water deepens most rapidly in a southwesterly direction from
West Point.

3. Puget Sound is divided into four general sections which are partially
separated by vertical or lateral constrictions. The main basin ex-
tends from a 240-foot threshold sill at the confluence of Admiralty
Inlet with the Strait of Juan de Fuca, southward to another 180-foot
sill at the Tacoma Narrows.
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4. These sills are critical in controlling the mixing and the nature
of the water contributing to the inner basins of Puget Sound. Re-
placement of the deep water is affected rather abruptly during the
autumn by addition of greater density, high salinity water, and,
more or less, gradually during the remainder of the year by tur-
bulent mixing with less dense water.

5. Winter salinities, based on the survey February, 1953, show around
29 0/00 at surface and 30 0/00 at bottom in vicinity of Seattle.
Summer salinities, July, 1953, range from 28 0/00 to about 30.5 0/00.
Out from Point Jefferson, a few miles west and north of West Point
(site of proposed sewage treatment plant, Seattle), lies the deepest
hole in the Sound - more than 900 feet.

6. With respect to tidal currents, there is normally a net daily out-
flow at the surface and a net daily inflow at depth. Exceptions
occur where there is more general mixing during certain seasons of
the year.

7. The deep water of the Sound does not tend to stagnate. Although
the currents at depths, such as those at 700̂ - feet off West Point,
are slow, they are, nevertheless, positive and move both hori-
zontally and vertically, depending upon the season of the year.

8. As to aquatic animals which live on the bottom in the vicinity of
West Point, information included in the "Oceanographic Survey on
Submarine Portion of Snohomish Kitsap 250 K.V. Line" indicates an
abundance of marine organisms on the upper slopes of the channel,
particularly in the uppermost one-hundred feet. Dredging in the
deepest portion of the cross section where the power line was to
be laid showed that there was lesser variety of biological organ-
isms down to depths of 700 or more feet and the total numbers of
organisms per unit area was also less than in the shallower waters.

Materials and Methods

In the field, a standard Petersen dredge was used with ten pounds of
weight attached. A hand operated winch was used to raise and lower the
dredge. The material was hand screened with a brass screen of 40-mesh.
Preservation of the catch was with neutralized formalin. No other chemical
or physical tests were made at the time of the bottom sampling except for
temperature.

Physical Features

In the areas of bottom free from sludge and wood waste deposits there
was sand in the shoals out to average depth of 100 feet. The sand deposits
gradually merged with a firm blue clay material to a depth of 550 feet.
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(See map, Fig. 1, Station D-17), the deepest point sampled. Maximum depths
off West Point were in excess of 800 feet but the available equipment did
not permit sampling at such depth.

The slope is much more steep than is usually expected along the western
continental shelf in that a maximum depth of more than 800 feet is reached
off West Point less than one and one-half miles off shore. In contrast in
Santa Monica Bay, California, the shelf extends out six or seven miles with
a maximum depth of less than 300 feet. Reference is made to Tables 2 - 5
inclusive in conjunction with the map, Figure 1 for the physical and bio-
logical characteristics of the bottom at the sampling points. It will be
noted on this map that there are four concentric lines drawn from a common
center which is the so-called sewage "boil" or outfall of the North Trunk
sewer located at D-38. These concentric lines are drawn on approximately
1,000-foot intervals leading out from this common point. Most of these
bottom samples were collected from points less than a mile distant from the
sewage"boil."

Tables are prepared and numbered in accordance with these concentric
lines. For example, Table II refers to the description of the samples of
the first concentric line, that is 1,000 feet or less from the outfall,
Table III within 2,000 feets etc. Included in these tables are data on
physical condition of the bottom and summarized results of the analysis of
the bottom fauna collected at each point.

The stations where definite deposits of sewage sludge and sludge-like
material were found have been circled. Such was true of every station with-
in the 1,000-foot zone. Similar conditions of heavy sludge deposits were
found at D-40, D-31 and D-26 in the next zone that is within or just slightly
over 2,000 feet. Within this zone Stations D-39 and D-21 which are located
within a 1,000-feet of shore are a somewhat special case. They have been
underlined on the map which indicates a light but recognizable deposit of
sludge found at these stations. The "W" indicates presence of wood chips,
sawdust, and other debris which like ordinary sewage sludge tend to blanket
the bottom, but decomposes much more slowly than does sewage sludge.

There were no evidences of sludge or wood xrastes products in the bottom
samples in the 3sOOO-foot zone. At D-18. however, almost a mile from the
sewage "boil" and in one of the deepest points sampled, 350 feet, the sample
contained sewage sludge, newspaper particles and leaves. (Figure 2). Wood
chips and sawdust were found in the sample at D-35, also at some distance
in that latter zone. Station S-5, nearly a mile from the sewage "boil"
and south of West Point,is noteworthy in that sewage solids were observed
in suspension at this point. The bottom was clean sand, however, and there
were patches of actively growing eelgrass. (Zostera marina).

In further regard to the occurrence of seaweed it will be noted on
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the map that two patches of kelp are shown. By kelp is meant the giant
kelp Nereocystis luetkeana. The smaller patch occurred near the outlet
of Union Canal just northwest of Station D-20 almost a mile away from
the sewage "boil". The larger patch is shown growing in close to shore
within just a few hundred feet of the sewer outfall. Although recognizable
sewage solids were in suspension throughout this patch of kelp, the plants
seemed to be growing actively and appeared to be in healthy condition.

As to some of the physical conditions of the bottom at outlying stations
not included within the concentric lines, S-6 which lies south of West Point
in 20 feet of water has a sand bottom. A sharp drop-off occurs between
Station S-6 and D-12 and D-13 as indicated by the depth of 380 feet and 210
feet respectively. The bottom at these stations was a hard blue clay with
some sand intermixed. Sampling points D-ll, D-14, D-15 and D-16 extend
out from West Point in a northwesterly direction with D-16 at 800 feet plus.
D-ll, D-14 and D-15 had very hard bottom so that the dredge failed to close
properly or, if closed, did not bring up any appreciable amount of bottom
material. D-17, which is a little over a half mile north and east from D-16,
was the deepest point in which a successful sample of bottom material was
obtained. At 550 feet the bottom was composed of mud, blue clay and a little
sand. Temperature of bottom material was 10% degrees centigrade which is
only 1.5 degrees centigrade colder than the surface water at that time.

In the course of this investigation a brief reconnaissance was made in
the area north of Meadow Point to learn something of the bottom conditions
in the vicinity of Piper Creek sewer outfall. This is in the area near
Spring Beach and is about 2 miles north of the mouth of Union Canal. Sampling
was confined to a zone less than a mile distant from the outfall. The bottom
was mostly sand with patches of eelgrass and kelp. Sludge deposits occurred
in patches of variable size and with thickness ranging from a thin film to
several inches.

Discussion of Biological Findings

Reference is made again to Tables 2 - 5 which combine the physical and
biological data in summary form. Tables 6 - 9 inclusive present the popu-
lation counts of bottom fauna. There is a rough breakdown in classification
of the animals to orders, families and occasionally to species (Table 1).

Referring once again to Tables 2 through 5, in the third column, entitled
"Summarized Results of Bottom Faunal Analysis", there is a brief written des-
cription of the results followed by a fraction. In each instance the numerator
of this fraction refers to the total numbers of organisms found per square
foot of bottom and the denominator designates the numbers of kinds of organisms.

Stations D-22, D-32 and D-38 contain the highest populations of organisms
found at any'station under study. In each instance many of the organisms,
such as oligochaete worms and round worms, or nematodes, which are primarily
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of fresh-water preference, were introduced with the sewage itself. Many
of the other organisms,such as the afflphipod Crustacea, are scavengers
and are therefore greatly encouraged and caused to multiply by having many
sewage solids and other food material available.

Because of the steep drop off along this entire shelf area, along with
known strong currents, deposits of sludge are probably dispersed as fast as
they are formed and are in a continual state of flux. This is borne out
by the fact that in a number of instances where heavy deposits were brought
up in the dredge, sand bottom occurred immediately under the sludge deposits
and in this sand were growing numerous tube worms. (See photo figure 2).

In general, it appears that heaviest productivity occurs in the im-
mediate vicinity of the sewer outfall and that there is a general decrease
outward in every direction. The exception to this is D-20, Table III,
which has probably been enriched by the Union Canal. The population of
amphipods was so great that no attempt was made to count them. Owing to
smothering action, possible toxicity and/or localized lowering of the dis-
solved oxygen, there were no clams, snails or starfish found in areas closest
to the sewer outfalls and where deposition of sludge was taking place.

The four samples from the area around Piper Creek outfall are shown
in Table IX. Population of organisms was much more sparse than the most
heavily populated areas around the North Trunk sewer outfall. This is
despite the fact that the bottom appeared to be stable and had a number of
patches of water vegetation such as eelgrass and kelp which are conducive
to the growth of normal to large populations of bottom fauna.

General Discussion

The results of bottom sampling in the area around the North Trunk sewer
outfall, where raw sewage waste from more than 200,000 persons is discharged,
indicate that although deposits of sludge could be found at a number of points
within one-half mile of the sewage "boil", at no point was any deposit found
so thick but what the dredge could reach through and take some sand. This
indicates deposits of six inches or less. Because of the raw state of the
sewage, many fresh-water organisms, such as oligochaete and nematode worms
were introduced with the sewage. Numerous salt-water scavenger organisms,
such as amphipod Crustacea, were attracted to the area around the outfall.

In order to predict the biological effect of discharge of digested sludge
into Puget Sound in the vicinity of West Point, it should be understood at
the outset that the situation will not be comparable to that which presently
obtains. The digested sludge as discharged at considerable depth will be
finely divided material which has undergone partial decomposition. There
will be few if any fresh-water invertebrates as are now being discharged
with the raw sewage from North Trunk. Moreover, because of the finely divided
state of the material from the expected sludge outfall, there will be little
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encouragement to the larger scavenger organisms among the salt-water bottom
fauna. Bacteria in the sludge will be anaerobic or facultative anaerobic.

Of greater overall significance than the local biotic effect of sludge
discharge are the physical implications. These may well have far-reaching
effects on water quality and general water uses. If digested sludge is dis-
charged through a separate outfall line into deep water off West Point, the
specific gravity of the material will presumably be adjusted to conform with
that of the receiving water. Insodoing, it is hoped by the engineers that,
instead of dispersing toward the surface, the material will drop into the
800-foot trough and remain there.

In the event of deep water discharge of digested sludge to Puget Sound,
can the sludge be expected to remain in deep water or will it disperse
rapidly when water densities approach uniformity throughout this section of
Puget Sound? As indicated above by oceanographic studies in connection with
laying the Snohomish-Kitsap K.V. power line ten miles north of West Point,
although currents at depths of 700 feet or more are slow, they are positive
and move both vertically and horizontally, depending upon the season of the
year. At certain times of the year water densities approach equilibrium,
thereby creating a situation wherein dispersed materials in suspension in
deep water tend to surge upward into surface waters.

The effects of such upwelling would be significant biologically and
esthetically, should the suspended matter find its way into the shallow waters
of beaches and shore installations. Among other effects, decreased penetration
of light caused by the expected increase in turbidity could affect the pro-
ductivity of green plants among the ocean plankton. A decrease of this kind
in the vegetative part of the food chain would eventuate in similar decreases
in the larger animal plankters and ultimately the fish.

Summary and Conclusions

1. To determine the physical and biotic characteristics of the bottom
of Puget Sound in the vicinity of West Point, Seattle and Piper Creek mouth,
a series of forty bottom samples were collected with a weighted Petersen dredge.

2. Particular emphasis was placed on the existing sewer outfalls dis-
charging raw sewage wastes, viz. North Trunk north of West Point and Piper
Creek outfall near Spring Beach north of Meadow Point.

3. Physical determinations indicated intermittent sludge deposits con-
centrated mostly within 1,000 feet of North Trunk with an occasional de-
pression containing sludge out as far as 4,000 feet to one mile. At no point
was any deposit thicker than one foot, while in most instances thickness of
deposits was but a few inches.

4. There was little evidence of thermal stratification of waters. Even
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at 550 feet the bottom material was only 1.5 degrees centigrade colder than
the surface water.

5. Kelp and eelgrass beds were found close to the sewer outfalls in
areas where sewage solids were in suspension and sludge deposits were
forming.

6. In shallow areas the bottom was sandy. The sand slowly changed to
blue clay and muck in the deeper places.

7. Although time did not permit specific identification of all bottom
organisms and their classification based on known tolerance to pollution,
nevertheless, certain general conclusions may be drawn.

a. The smothering effect of the sludge deposits did not appear to be
serious insofar as certain animals, such as tube worms,are concerned.

b. The heaviest productivity occurred in proximity to the sewage
"boils", but many of the organisms encountered had been introduced
with the sewage. Most of the increased population was comprised
of both annelid and flat worms.

c. Smothering action, possible toxicity and/or localized lowering of
the dissolved oxygen prevented occurrence of clams, snails and star-
fish in areas closest to the sewer outfalls and where deposition of
sludge was taking place.

8. Although there are expected to be differences in the physical,
chemical and biochemical characteristics of digested sludge in com-
parison with the raw sewage wastes which are presently being dis-
charged near West Point, the following prediction is deemed reason-
able in the light of our present knowledge of currents and density
patterns in Puget Sound: Upon discharge of digested sludge into
Puget Sound in the vicinity of Seattle, there is little likelihood
of the material remaining in deep water. There will be a tendency
toward wide dispersion and at certain times of year upwelling of
the material from deeper waters into shallow areas. Therefore,
physical, chemical and biological impairment of water quality may
be expected in varying degree, depending upon the characteristics
of the sludge itself.



C-8 METROPOLITAN SEATTLE SEWERAGE AND DRAINAGE SURVEY

K

DEPOSIT OF
NEWSPAPER AND LEAVES

--D-I8 (350')
®

• D - 1 7 (5501)

• D-16
NO SAMPLE

• D-15 (350')
NO SAMPLE

• D-14 (350')
NO SAMPLE

D-ll (200')

MEADOW POINT

D-i9(iso') SHIL S HO L E

BAY

»S-6

D-I2(38O'

D-13 (210')

1000 2000 3000

D-31 • SAMPLE POINT AND NUMBER
(S) DEPOSIT OF SEWAGE SLUDGE OR

SLUDGE-LIKE MATERIAL
_•_ LIGHT BUT RECOGNIZABLE DEPOSIT

OF SLUDGE

W» DEPOSIT OF WOOD CHIPS, SAWDUST
OR OTHER DEBRIS

FIGURE 1



APPENDIX C C-9

TABLE 1. SCHEMATIC CLASSIFICATION OF BOTTOM FAUNA WITH EXPLANATORY NOTES

Group or Species Name

Annelid Worms - Jointed worms

Class - Polychaeta

Order - Polychaeta Errantia

Order - Polychaeta Sedentaria

Class - Oligochaeta

Class - Hirudinea

Class - Gephyrea

Anthropods - Jointed animals

Order - Amphipoda
Nebalia sp.

Caprella kennerlyi

Order - Isopoda

Order - Ostracoda

Order - Mysidacea

Order - Decapoda

Order - Cirripedia

Platyhelminth.es

Nemathelminthes

Class - Tfematoda

Mollusca

Class - Amphineura

Class - Gastropoda

Class - Pelecypoda

Echinoderms

Class - Ophiuroidea

Class - Echinoidea

Class - Holothuroidea

Coelenterates

Class - Anthozoa

Common Name and Descriptive Material

Free-living and predacious long-spined worms

Tube worms or burrowing worms

Short-spined worms; most fresh water

Leeches or blood suckers

Peanut worm

"Water fleas" with body laterally com-
pressed.

"Water sow bugs" with body dorsoventrally
flattened

Ostracods - like miniature clams

Shrimp-like

Crabs

Barnacles

Flat worms

Round worms - no joints or segments

Snails, clams, chitons, squid, octopus

Chitons

Snails

Clams

Brittle stars

Sea urchins

Sea cucumbers

Sea anemones
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TABLE 2 . SUMMARIZED PHYSICAL AED BIOLOGICAL DATA - Zone 1

Within one- thousand-foot rad ius of sewage " b o i l " from S e a t t l e ,
North Trunk Sewer o u t f a l l

Station Location and Description
Summarized Eesults of
Bottom Faunal Analysis

D-22

D-23

D-25

D-32

D-38

Depth, 25 feet. Close to "boil" but
in close to shore. Paper fragments,
wood chips, gray sludge, sand
bottom.

Depth, 30 feet. South of "boil".
Pockets containing heavy sludge
deposits.

Depth, 15 feet. 200 feet from shore,
near southwest edge of large kelp
bed and directly shoreward from
sewage "boil". Bottom sand covered
lightly with sludge.

Depth, 75 feet. Wood chips, mud,
odor of sewage.

Depth, 60 feet. Blue-black sand-mud.
Slight sewage odor.

Depth, 50 feet. Directly over sew-
age "boil". Sewage solids in sus-
pension all around.

Scavengers among the Annelid worms
and Crustacea abundant. 3983+/6*

Very few living organisms found.
128/2.

Abundant round worm population
notably introduced with sewage.
Otherwise sparse population of
other fauna. 123+/5.

Sparse population lk-2/6.

Heavy production of tube worms,
free-living polychaeta and scav-
enging Crustacea. 38OO+/5.

Heavy production of scavengers
including sewage sludge worms,
round worms and Crustacea.
3517/7.

•^Numerator stands for total numbers of organisms per square foot of bottom; the
denominator refers to the number of kinds of animals.
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TABLE 3. SUMMARIZED PHYSICAL AND BIOLOGICAL DATA - Zone II

Within two-thousand foot radius of sewage ""boil" , Seattle
North Trunk outfall

Station Location and Description Summarized Results of
Bottom Fauna1 Analysis

D-21

D-26

D-31

D-33

D-36

D-39

Depth 35 feet. About 800 feet out
from shore and nearly 2,000 feet
northeast from sewage "boil". Fine
sand bottom with some black mud,
sticks and wood chips. Slight sewage
odor.

Depth 150 feet. About 1,800 feet
straight out from outfall. Sand,
slight sludge deposit. Wo sewage
odor detectable.

Depth 180 feet. Blue clay overlaid
with black sludge-like material.

Depth li+0 feet. Gray-black mud, clay
sand mixture.

D-31 and 33 are west and north of
outlet, respectively at distance of
nearly 2,000 feet.

Depth 70 feet. About 1,200 feet
northeast of outlet. Gray-black mud
and sand - no odor.

Depth kO feet..Sand and black mud.
Wood chips and bark. About 1,600
feet southwest of sewage "boil" and
toward the t ip of West Point.

Average productivity. Annelid worms
are predominant.

- Total no/sq/ft
- No. of kinds

Light productivity and fair variety
of organisms. 5O/5«

Light productivity but variety of
organisms. 128/8.

Light productivity but variety of
organisms. 122/9.

Heavy productivity but less variety
of organisms than preceding two
samples. 2375/5.

Extremely sparse population of
bottom organisms. One of the least
productive of a l l stations. Pew
kinds of organisms found. k6/6.
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TABLE k. SUMMARIZED PHYSICAL AND BIOLOGICAL DATA - ZONE III

Within a three-thousand foot radius of sewage "boil", Seattle,
North Trunk Outfall

Station Location and Description Summarized Results of
Bottom Faunal Analysis

S- l

S-8
S-9

D-UO

D-10

D-30

D-29

D-20

D-19

Depth 50 f e e t . About 200 feet due
nor th of t i p of West P o i n t . Sand
bottom.

Close t o shore on n o r t h s ide of West
Point
S-8, 50 f e e t ; S-9, 6 fee t deep
sharp drop off

Depth 155 f e e t . About 2,000 fee t
southwest of sewage " b o i l " . Bottom
sand o v e r l a i d with b lack sludgy mud.

Depth 200 f e e t . West and a l i t t l e
south of t h e o u t f a l l . Sand-mud
bottom.

Depth 220 f e e t . West of o u t f a l l .
Bottom b lue -g ray mud and sand

Depth 260 f e e t . Nearly 3,000 fee t
northwest from o u t f a l l . Bottom gray-
b lue sandy muck.

Depth 15 f e e t . Near o u t l e t of Union
Canal and near edge of Horn Point
ke lp bed. Weedy sand bottom with no
evidence of sewage s ludge .

Depth 180 f e e t . Northwest of o u t f a l l
Sand and b lue c l a y ; no evidence of
s ludge .

150/6 . No evidence of s ludge .

79/6 but shifting
36/3 sand bottom
and currents make this area unde-
sirable habitat for many bottom
animals.

260/7. Moderately productive -
fairly wide variety.

258/9. Moderate productivity, good
variety.

133/6.

168/7.

1+79+/8. Indeterminate numbers of
amphipoda Crustacea and good variety
of other organisms

1330/9. Teeming with organisms
good variety.
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TABLE 5. SUMMARIZED PHYSICAL AND BIOLOGICAL DATA - ZONE IV

Within a four-thousand foot radius of sewage "boil", Seattle,
North Trunk outfall

Station

S-2
S-3
S-14-
S-5

S-T

Location and Description

Depth 5 feet from off t i p of
West Point southeastward

Al l closely spaced in water less
than 15 feet deep. Patches of ee l
grass on sandy bottoms. Sewage
solids in suspension.

Depth 23 fee t . 800 feet west of t i p
of West Point .

58/5 •
37 A •
^59/7

Summarized Results of
Bottom Faunal Analysis

- 58/5
- 37/5
- ^59/7

Qualitative

61/7

The remaining samples in this zone came from a small area straight out northwest
from the outfall in waters "between 2̂ +0 and 350 feet deep.

D-18

D-27

D-28

D-35

Depth 350 fee t . Pocket of sewage
sludge, newspapers and leaves.

Depth 350 fee t . Hard bottom of blue
clay.

Depth 275 fee t . Hard bottom.

Depth 2l+0 fee t . Clean sand, hard
bottom.

Depth 255 fee t . Gray clay muck and
sand. Wood chips and sawdust.

^35/6

No sample

No sample

10/2. One of least productive areas
sampled.

lO l / l
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TABLE 6. BIOLOGICAL DATA - BOTTOM FAUNA FROM PUGET SOUND NEAR WEST POINT

SEATTLE, JULY 2, 1957

Organisms

Annelid Worms

Polychaeta Errantia
(free living)

Polychaeta Sedentaria
(tube worms or burrowing)

Oligochaeta

Arthropods

Amphipoda

Caprella kennerlyi

Isopoda

Mysidacea

Ostracoda

Decapoda

Cirripedia

Round Worms

Flat Worms

Mollusca

Gastropods (snails)

Pelecypods (clams)

Total

S-1

22

93

Ik

17

1

3

150

Numbers per square foot

S-2

6

20

10

21

1

58

S-3

11

2k

1

1

37

s-k

330

10

90

2

1

1

1

2k

i+59

s-6

11U

126

70

66

k8

1

1

Ik

kko

of bottom

S-7

22

7

21

8

1

1

1

61

S-8

3
21

50

3

1

l

79

s-9

1

6

29

36



TABLE 7. BIOLOGICAL DATA - BOTTOM FAUNA FEOM HJGET SOUND NEAR WEST POINT,

Organisms

Annelid Worms

Polychaeta Errantia

Polychaeta Sedentaria

Oligochaeta

Gephyrea

Physeosoma agassizzi

Arthropods

Amphipoda

Caprella kennerlyi

Isopoda

Decapoda

Mysidacea

Ostracoda

D-10
7/2/57

1

79
100

12

3.1+

8

3
Round Worms - Nemathelminth.es

Mollusca

Gastropods

Pelecypods

Echinoderms

Ophiuroidea

Echinoidea

Holothuroidea

Total

21

20

2,ci8

D-12
7/3/57

65
ko

8

11

25

l^t-9

D-13
7/3/57

ko

in*

1

8

11

18

119

Number£

D-17
7/3/57

62

31

3

10

k

3

113

5 per square foot of "bottom

D-18
7/3/57

11

1+00

8

1

12

3

1+35

D-19
7/3/57

27

1200

7

38

Ik

2k

llf

1

6

1331

D-20
7/22/57

k5
ko

17

1000^

26k
62

17

6
28

I179

SEATTLE

D-21
7/22/57

56

115

ll+O

92

k5
185

633

D-22
7/22/57

62

Abun-
dant

23OO

500

1060

56

3983

D-23
7/22/57

72

56

128

S
o

Other tube worms
abundant - very small
Not included in total count

o
1
M
Ol



TABLE 8. BIOLOGICAL DATA -

Organisms

Annelid Worms

Polychaeta Errantia

Polychaeta Sedentaria

Oligochaeta

Hirudinea

Arthropods

Amphipoda

Decapoda

Isopoda

Mysidacea

Ostracoda

Round Worms - Nemathelminthes

Mollusca

Gastropods

Pelecypods

Echinoderms

Ophiuroidea

Coelenterates

Anthozoa

Total

BOTTOM

D-24

11

50

23

39

Abun-
dant

123

FAUNA FROM PUGET SOUND

D-25

40*

8

87

l

7

l

142

D-26

39*

4

l

3

3

50

Numbers

D-29

63

49

7

21

7
14

7

168

NEAR WEST POINT,

per square foot

D-30

56

51

6

12

7

l

133

D-31

25

74
1

11

4

4
8

l

128

SEATTLE, JULY 22, 1957.

of bottom

D-32

730

2,400

Abun-
dant

280

390

3,800

D-33

72*

1

3

1

1

1

1

12

30

122

D-34

4*

36

10

D-35

101*

101

o

ft

ft

O
ft

!
O
ft
Co

ft

•^Includes P. Sedentaria also - tube worms.



TABLE 9- BIOLOGICAL DATA - BOTTOM FAUNA FROM PUGET SOUND HEAR WEST POINT, SEATTLE AND PIPER CREEK

Organisms

Annelid Worms

Polychaeta Errantia

Polychaeta Sedentaria

Oligochaeta

Arthropods

Amphipoda

Decapoda

Isopoda

Amphipoda: Nebalia sp.

Mysidacea

Ostracoda

Cirripedia (skeletons only)

Mullusca

Gastropods

Pelecypods

Amphineura

Nemathelminth.es

Ecb inoderms

Ophiuroidea

Total

D-36
7/22/57

kh
132

970

22

1,185

2,375

D-38
7/22/57

115

1+80

1,720

300

650

92

160

3,517

Number per

D-39
7/22/57

28*

k

k
3

k

3

k6

v-ho
7/22/57

6

56

17

17

22

2

260

square foot of bottom

North of Piper Cr.
off Spring Beach

7/22/57

10

30

27

1

10

7

1

86

E-l
Piper Cr.
7/22/57

25

6

8

1

k

2to

E-2
7/22/57

12

8

1

1

5k

56

7/22/57

25

6

1
6

3

30

71

ft

I
o

•^Includes tube worms.
O
1
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Station D-l8. Sludge pocket about 4,000 feet from
sewer outfall at 350-foot depth. Sample divided to
show light colored sludge particles on right and
dark sand and gravel with stick-like tube worms on
left.

\

Station D-2^-. Shoreward side of sewage "boil" near
kelp bed. Ribbon-like material is algae.

FIGURE 2

<
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Station S-l. Patch of eelgrass growing on a sand
bottom.

Station S-7. Off West Point at 23-foot depth. Note
small crab (A) eelgrass (B) and Polychaete worm (C).

FIGURE 3
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