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Background and Objectives

1.1 Background

Smith and Bybee Lakes drainage basin encompasses approximately
1600 acres in the northwest Portland area see Figure Ai The
lakes are shallow and are interconnected via tenuous channels and
marshy areas The lakes water surface is perched at an elevation
of 10.4 feet above mean sea level msl by holding weir
constructed in 1982 at the single remaining outlet to North
Slough/Columbia Slough The lakes become directly interconnected
with the surrounding tidal backwaters of North Slough/Columbia
Slough the Willamette River and the Columbia River when the
river levels exceed 10.4 feet msl When the surrounding river
level is less than the weir level 10.4 feet msl the perched
lakes are an isolated hydrologic basin which responds to water
balances within the basin Hydrologically the lakes are within

relatively small drainage area and have few contributing
influent or effluent streams The banks of the lakes are highly
vegetated as well as containing high concentration of macro
phytes within the lakes

1.2 Objective

The objective of this Appendix is to analyze available data and

prepare water budget for Smith and Bybee .Lakes which charac
terizes significant water sources and losses influencing lake
levels and to describe the relationships between water level and
corresponding surface area and water volumes for Smith and Bybee
Lakes

Methods

2.1 Water Budget

hydrologic water budget essentially presents the balance
between water sources inflow water losses outflow and
resulting net change in lake water volume When inflow exceeds
outflow lake water volume increases and the lake level rises
accordingly Similarly when outflow exceeds inflow lake water
volume decreases and the lake level falls For given time
period water budget may be estimated by correlating observed
lake level volume changes with known or estimated w.ater sources
and losses

The first step in determining water budget is identifying the
major sources and losses of water in the drainage basin Sources

A-i



FIGURE A-I



identified were

Precipitation

Storm water discharges and local runoff

Seepage from groundwater when groundwater level
is higher than lake level

The water losses from the lake are

Evaporation and evapotranspiration

Seepage to groundwater when groundwater is lower
than lake level

Losses from leakage around the dikes and from the
holding weir that exists at the south-west end of
Smith Lake

The typical water budget equation for given time period is

Inf low Outflow Change in Water Volume

where
Change in Water Volume Change in Lake Level

Water Surface Area
Inflow precipitation runoff

discharges in
groundwater seepage in

Outflow evaporation
evapotranspiration
discharges out

groundwater seepage out

Each of the terms in the water budget equation can be measured or
estimated with reasonably available methods except for ground
water seepage Since groundwater seepage is the unknown all
other water budget terms are measured or calculated and the
remainder is attributed to groundwater seepage

The holding weir admits Columbia River/Willamette River backwater
via North Slough/Columbia Slough when the river levels exceed
10.4 feet msl Consequently the only valid periods to either
determine or apply water budget are when the river backwater is

below the weir level 10.4 feet and the lakes are in the
isolated condition



No previous lake level data was available for Smith-Bybee Lakes
in the isolated condition therefore the water budget is es
timated based only on data collected by this study during the
period November 1985 to August 28 1986

During the monitoring period lake levels were measured on
regular basis at the holding weir by Fishman Environmental
Services

Precipitation data was obtained from

National Oceanic and Atmospheric Administration Portland
Weather Service Station

Oregon State University North Willamette Experiment
Station

washington State University Southwestern washington
Experiment Station

Pan evaporation data was obtained from

Oregon State Universitys North Willamette Experiment
Station

Washington State Universitys Southwestern washington
Experiment Station

Lake evaporation and evapotranspiration was determined by
converting the pan evaporation data Conversion of pan evapora
tion to lake evaporation and lake evapotranspiration was es
timated by applying experimentally derived coefficients
In addition river level information was obtained from the Corps
of Engineers Portland District and the Port of Portland The
static head elevation difference between the river level and
the lake levels is determining factor for the direction and
magnitude in which seepage might occur When the lake level is
above the river level seepage should occur out of the lake As
the head difference increases so should the seepage rate When
river levels exceed the control weir elevation i.e 10.4 feet
msl inundation by river backwater dominates lake levels and
water budget terms are irrelevant
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2.2 Surface Area and Volume

The relationship between water level and corresponding surface
area and water volumes for Smith and Bybee lakes were determined
by establishing floodplain contours at the 10 12 and 14

foot mean sea level contours References used to establish the
contours were as follows

Port of Portland 1500 scale photographs dated June
19 1985 and July 1985

Port of Portland 1lOOO scale April 1986 photo
graph

Port of Portland 1500 September 1983 infrared
photograph

January 1970 1500 topographic map by Towill Inc
that was revised by the P.ort of Portland in June of
1982

Port of Portland topographic maps of dredge fill in the
north portion of the Bybee Lake region

The areas encompassed by the 10 12 and 14 foot contours
were then planimetered to determine the acreage This data was
graphed and then curve-fitted using the least squares method to

produce mathematical relationship between lake elevation and
surface area in acres encompassed by Smith Bybee Lakes

By using the average end area method of volume calculations the
measured surface areas at known elevations were used to determine

lake elevation/volume relationship This data was also graphed
and the equation derived by least squares curve fit

Results

3.1 Water Budget

The results of the water budget are tabulated in Table A-i The
dates listed are days that lake levels were measured Precipita
tion and evaporation are tabulated as an accumulation between the

periods in which lake levels were measured and are listed in
units of acrefeet per day Evapotranspiration is combined with
lake evaporation and is tabulated as lake evaporation only
Surface runoff from rainfall on the bankline fringe is also shown
in acre-feet per day The small contribution of flow into the
lake through small drainages and culverts .was estimated to

approximately equal the losses out of the lakes via leaks through
the holding weir These flows are not significant less than one

A-



tcOI.UMBIA

IRIVER

UIEAM DAILY

ILEVEL

DAY NO DATE crd as

03Nov-85 5.90 7.72 7.75

13 13No85 6.03 7.85 7.71

26 26Nov85 5.46 7.20 7.92

89 28Jan86 5.30 7.12 8.71

116 24Feb86 116.20 18.02 111.191

140 20Mar-86 0.22 10.04 011.29

152 01Apr86 9.30 11.12 111.19

165 14Apr86 7.23 9.05 110.69

173 flApr36 6.86 8.68 9.36

177 26Apr86 9.20 11.02 9.67

183 02May86 0.15 9.97 9.76

186 05-May86i 7.10 0.92 9.76

190 09May-86 7.63 945 9.76

209 29May86 7.60 9.42 9.83

217 05Jun86 111.71 13.53 9.93

225 13Jun-86 6.93 8.75 110.42

229 17Jun86 6.70 8.52 NO.26

232 20Jun86 16.10 8.52 110.22

236 26Jun86 14.63 6.45 110.09

244 02Jul86 2.88 4.70 110.01

246 04Jul86 12.81 4.63 110.01

266 24JuL86 14.81 6.63 9.71

275 02Aug86 3.23 5.05 9.44

288 15Aug-86 12.91 4.73 9.30

301 28Aug86 3.10 4.92 9.05

838

0.49

841

1.361

859

1.20

934

1004

0.OOI

1004

0.00

1004

0.21

1000

1032

0.72

1030

1.181

1023

-0.731

1018

0.00$

1018

0.841

1001

-1.791
985

0.60

977

1.29

960

08-Nov85

3.22 1.95

13 13-Nov85

9.42 1.43

26 26Nov-85

10.95 2.57

89 28Jan-86

116 24Feb86

140 20-Mar86

152 01Apr06

165 14Apr86

173 22Apr86

177 26Apr86

183 02-May86

0.001 1.761
186 05May86

0.001 -1.921

190 09May86

3.74 7.39

209 28May86Ii
217 05-Jun-861I
225 13-Jun86

229 17Jun86

13.94 4.15

232 20-Jun86

22.54 4.59

233 26-Jun86

13.76 1.05

244 02Jul86

0.00 9.74

246 04Jul86

15.29 6.36

266 24Jul86

29.92 15.28

275 02Aug86

10.56 6.41

289 15Aug86

18.51 4.44

301 28Aug86

Seepage out of lakes

Seepage into lakes

SMITh 0Y8E5 LAKES WATER 3110657

DELTA DELTA IPRECPITATIOI EVAORATICM

hAKE LAKE LAKE

LEVEL LAKE CAPACITY LAKE AREA PAN EVA

lAY DAlI ICAPACITY PER DAY AREA PER DAY IPRECIP PRECIP EVA

ICiest Iacftl acftld acres acid In .acftIdI In in

IAVE.LAKE

SURFACE PREC NET DELTA

LAKE IRUM OFF EVAP PRECIP LAKE

EVA PE SR-EVA ICAPACITY SEEPAGE

acf tIdIcftdIaC4tid acftld1acftIdIacftidIDAY ND DATE

1309

1325

1448

2131

3153

3153

3153

3224

3668

3626

3491

3400

3400

3102

2833

2696

2455

3.22

9.42

10.95

0.00

0.00

3.74

13.94

22.54

13.78

0.00

15.29

29.92

10.56

19.51

0.36 5.04 0.00 -0.06 0.70 0.92 4.25 5.17

1.80 9.73 0.17 0.12 0.65 1.73 9.13 10.86

6.29 7.46 0.28 0.20 -0.23 1.15 7.23 8.39

.1
.1 .1

.1

0.29 8.09 0.37 0.26 7.22 0.90 0.86 1.76

0.24 5.02 0.25 0.18 3.66 0.56 1.36 1.92

1.24 5.47 3.15 2.20 -9.73 0.60 4.26 3.66

0.02 0.57 0.52 0.36 10.42 0.06 9.85 -9.79

.1

0.00 0.00 1.80 1.26 17.96 0.00 17.96 17.96

0.03 0.43 1.33 0.93 13.19 0.04 12.77 12.12

0.41 17.39 0.32 0.22 9.50 1.84 7.89 9.74

0.78 3.29 4.27 2.99 12.58 0.36 9.29 8.94

.1
0.01 0.09 2.29 1.60 14.74 0.01 14.65 14.64

0.01 0.06 3.81 2.71 17.03 0.01 16.97 16.96

0.00 0.00 3.24 2.27 14.07 0.00 14.07 14.07

LAKE NOT ISOLATED

LAKE NOT ISOLATED



cubic foot per second and are therefore omitted from the
tabulation Seepage listed in acrefeet per day represents the

groundwater term necessary to balance the water budget equation
after accounting for the other parameters of change i.e change
in lake water volume level precipitation runoff and evapora
tion

The graph shown in Figure A-2 identifies the observed lake
level the Columbia river level cumulative precipitation
cumulative evaporation and the net precipitation minus evapora
tLon for the study period beginning November 1985 and ending
on August 28 1986 Also shown in the figure is the elevation of
the holding weirat 10.4 feet m.s.l

3.2 Surface Area and Volume

Figure A3 displays the surface area of Smith and Bybee lakes

combined on the abscissa and the water surface elevation on the
ordinate Figures A-4 and A5 show the elevation versus area
relationship for the individual Smith Lake and Bybee Lake
respectively

The graph in Figure A-6 shows the relationship between lake water
surface elevation in feet above mean sea level versus corr
ésponding lake water volume in acre feet for the combined
Smith and Bybee Lake area Figures A7 and A-8 respectively
show the elevation/volume relationship for the individual Smith
and Bybee Lakes

3.3 Discussion

The available data on which to base water budget estimate for

Smith-Bybee lakes is limited to the monitoring period of November
1985 to August 28 1986 This data period is significantly

interrupted by inundation of the lakes during winter floods
February and March failure of the weir water level control
structure during and following the winter floods repaired on

April 22 1986 and inundation by the Columbia River Spring
freshet May June Nonetheless important periods of lake
recharge during late fall and winter and lake level decline
during summer and early fall were recorded

The two driving factors in relation to the rise and fall of the
lake levels are precipitation and evaporation Surface runoff
from rainfall on the banklirie fringe is small There is also

groundwater seepage factor but it is also relatively small in

comparison .to the contributions of rainfall and evaporation

A-5



..- .--.....- ..i

tI

C-

b1

t-

ft

-3

SMITH BYBEE LAKES
OGDEN BEEMAN ASSOCIATES INC

20

18

16

14

12

10

NOV 1985 AUG 28 1986



ELEVATION/AREA CURVE

SMITH BYBEE

AUtJST 1986

AREA

LAKES

ACRES

LU

Ui

LL

LU

-j
LU

14

12

10

t- -___
1261.8___

867.8

250 500 750 1000 1250 1500



ELEVATION/AREA CURVE

II

SMITH

AREA

LAKE

ACRES

pi

I-1

AUGVT 198

IL

14

12

10

.8

250 500 750 1000 1250 1500



ELEVATION/AREA CURVE

BYBEE LAKE
AUGUST 19S

AREA ACRES
1500

ph

14

12

-J

Ui

.6

250 500 750 1000 1250



ELEVATION/CAPACITY CURVE

SMITH BYBEE LAKES

EL 14

EL 12

LU
Lii

EL 10

LU

EL

EL

AUGUST 1986

CAPACITY ACREFEET

000 000 000 000 000 6000 7000 .8000.-C



ELEVATION/CAPACITY CURVE

SMITH LAKE
AUGUST 1986

_________ _________ _________ _________ ______ _____ _________ Tj

UI
UI
LL

EL 14

EL 12

EL 10

EL

EL

___
/.H

237325

1071.8

-91.2
LAKE BPTTOM ELEVATIONLW POINT

000 000 000 000 000 000 000 000

CAPACITY ACREFEET



EL 14

EL 12

Lz

EL

ELEVATION/CAPACITY CURVE

BYBEE LAKE
AUGUST 1986

CAPAC ITY ACREFEET

xj

co

000 000 000 000 000 6000 7.000 81000



It is recognized that groundwater seepage can be mathematically
predicted if extensive data are available on soil permeability
and the static head elevation differential between the lake and
the groundwater table However specific data are not available
and such predictions are beyond the scope of this study It is
noted that order-of-magnitude calculations based on general data
show that the potential for groundwater seepage into or out of
SmithBybee lakes is minor Shannon Wilson Inc 1986 see
Technical Appendix This tends to confirm the above water
budget analysis which also shows groundwater seepage to be small
compared to precipitation and evaporation

Generalization of the data shows that the water budget for Smith
Bybee lakes in the isolated condition can be approximated in
simple terms precipitation minus evaporation This is confirmed
by the close parallel between the observed change in lake levels
during recharge and decline and the cumulative net precipitation
minus evaporation P-E curve for the same time periods as shown
on Figure A2 This translates the water budget relationship to
terms of water elevation or depth rather than its correlating
volumes

When the lakes are not inundated by Columbia and/or Willamette
River flood backwaters the trend is for the lake level to fall
in the summer months and rise in the late fall and winter This
can be expected given the typical Portland area weather patterns
Inundation of the lakes can be expected with the Willamette River
freshet usually occurring in the winter months and the Columbia
River freshet which usually occurs in late spring The graph
shown in Figure A9 identifies the river level observed from
November 1985 to August 28 1986 and the average river level
for the period of record from 1971 to 1980 Also shown on the
graph is the elevation of the holding weir at the lakes outlet
Note that.the levels shown are daily averages and that the river
levels actually fluctuate tidally Thus the lakes could be
recharged with river water on occasion at high tide

Conclusions

The estimated water budget for SmithBybee lakes is presented in
Table A-i for the observed period of November 1985 to August
28 1986 Water budget terms are relevant only when the lakes
are in the isolated condition i.e when river backwater levels
are below the perched control weir elevation of 10.4 feet msl

Based on the limited data the following conclusions are iden
tified

Major water budget terms are precipitation and
evaporation

A-
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Surface runoff from the bankline fringe and other
surface water inflows and outflows are small in

comparison to precipitation and evaporation

Groundwater seepage into and out of the lakes is also

relatively minor

For concept planning purposes surrogate measure of the water
budget may be approximated by the simple terms of precipitation
minus evaporation PE This reduces the water budget to
elevation depth terms
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TECHNICAL APPENDIX

GROUNDWATER HYDROLOGY

OF THE 4ITU AND BYBRE LAKES

REGION PORTLAND OREGON

Section BACKGROUND AND OBJECTIVES

Shannon Wilson was retained by Fishman Environmental Services to prepare

report describing the groundwater flow system in the vicinity of Smith

and Bybee Lakes with particular emphasis on vertical seepage relationships

and potential for contamination migration from St Johns Landfill In pre

paring this report existing data from published and unpublished reports

including proprietary information from Shannon Wilson project files were

used extensively in mapping the significant geohydrologic features of the

Columbia River floodplain Many of the sitespecific reports contain

detailed boring information dating back 30 years or more Every reasonable

effort has been made to interpret and compile these data accurately onto

common reference map of the region For sitespecific application of these

data original project reports from property owners should be consulted and

professional conclusions drawn accordingly

Section METHODS OF ANALYSES

Ground-water geochemical data for monitoring wells in the St Johns Land

fill were obtained from the Oregon Department of Environmental Qualitys

DEQ computerized data base Data files designated as STORET numbers

STJOHN 15 through STJOHN 52 inclusive contain the available imnitoring

records of groundwater static waterlevel measurements and water quality

data i.e pH conductivity temperature dissolved ion concentration for

monitoring wells at the landfill for the period of September 24 1974

through May 14 1985 More recent sampling results were obtained directly

from DEQ laboratory files or provided by Metro through Fishman Environ

mental Services
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Section METHODS OF ANALYSES contd

The complete and current data base as of August 1986 is provided as

Table B3 in Section of this report Additional geochemical data for

leachate within the landfill were obtained from five monitoring wells

drilled for the Dioxin Study Report prepared by Ecology and Environment

Inc 1986 More frequent measurements of groundwater levels at

selected landfill monitoring wells were conducted by Fishman Environmental

Services for the period of June through October 22 1986

Compilationof these data into comprehensive data base does not unfor

tunately resolve shortcomings due to incomplete and infrequent monitoring

of static water levels and heavy metals Changes in measuring point eleva

tions with little documentation also complicates the analysis of data

Additionally the use of several different laboratories for the collection

and analysis of groundwater samples provides little assurance of an

internally consistent data base due to differences in accuracy and

precision of analyses Also because downgradient or upgradient monitoring

has not been conducted offsite it is not possible to measure the migra

tion of contaminants outside the solid waste boundary or to monitor deep

penetration in the central part of the Landfill

Subsurf ace geologic data were compiled from reports obtained from Shannon

Wilson proprietary files in addition to reports provided by the Port of

Portland through Fishman Environmental Services These data generally in

the form of boring logs were used to prepare subsurface contour maps of

the highly permeable gravel and sand aquifer beneath and adjacent to St
Johns Landfill.

Section GROUNDWATER HYDROLOGY

3.1 Description of Aquifer Framework The Smith-Bybee Lakes region is part of

major wetlands area along the Columbia River floodplain in north Portland

Figs Bla Blb Fine grained overbank sediments formed during flood

stages of the Columbia River immediately underlie these wetlands Plate

.1
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Section GROUNDWATER HYDROLOGY cont

3.1 Description of Aquifer Framework contd

Bi The overbank deposits contain buried remanents of old river channels

at unpredictable locations which appear as isolated sand lenses in cross

section Nearly all of the overbank sediments are considerably less than

6000 years old Beneath Bybee Lake the overbank sediments thin and are

in direct contact with highly permeable catastrophic flood deposits of

Pleistocene gravel Bretz 1925 pt which are about 18000 to 20000

years old In the rest of the area an intervening layer of sand is

present at the top of the gravel as shown in crosssection beneath St
Johns Landfill and in the main channel reach of the Columbia River These

two sand layers coalesce and thicken to the northwest just beyond the line

of section near the northwest end of the gravel mound beneath Bybee Lake

Plates Bi and B2

In the upriver direction towards Smith Lake the overbank sediments about

50 to 70 feet in thickness rest directly on sloping gravel surface which

is buried at about 40 to 60 feet elevation under Smith Lake Plate B3
The surface of the gravel mound plunges steeply downriver from Bybee Lake

beneath sand deposits to elevations of about 100 to 200 feet The thick

sand layer in contact with gravel beneath St Johns Landfill crosssec

tion Plate B-i appears to continue southeastward rising to an eleva

tion of about -30 at Columbia Boulevard Treatment Plant near the southeast

corner of Smith Lake Plate B2 The thick sand wedge near the Columbia

River channel crosssection Plate Bi is traceable upriver beneath the

1205 Bridge Government Island and near the imuth of Sandy River

An eroded bedrock surface of the Troutdale Formation is.portrayed schemati

cally in crosssection Plate Bi below the thick layer of Pleistocene

gravels Several previous reports on St Johns Landfill have incorrectly

described these Pleistocene gravels as the Troutdale Formation Sweet

Edwards Associates Inc 1983 Ecology Environment Inc 1986
These major aquifer systems have distinctly different origins and drilling

and permeability characteristics Both formations have been traced in the
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Section GROUNDWATER HYDROLOGY contd

3.1 Description of Aquifer Framework contd

subsurface downriver from the Columbia River Gorge through the City of

Portlands Blue Lake Well Field the East Well Field and the West Well

Field near the Portland Airport Willis 1977 1978 According to

McFarland Luzier and Willis 1982 Luzier Hydrosciences 1985 and

Luzier and Willis in preparation marine seismic surveys borings and

aquifer testing resulted in the delineation of buried bedrock canyon of

the Columbia River about 300 feet below the present floodplain Highly

permeable Pleistocene gravels and sands occupy the bedrock canyon for

mapped distance of about miles from the mouth of the gorge to the

Portland Airport This buried canyon cut into bedrock of the Troutdale

Formation follows the general course of the present Columbia River flood

plain and probably passes through the area of the crosssection Plate

Bi and extends downriver beneath Sauvie Island and beyond the Trojan

Nuclear Power Plant where it has been mapped by Shannon Wilson to depth

of about 600 feet below the valley floor in Washington .1

3.2 Description of Groundwater Flow System The Pleistocene gravel aquifer

beneath the SmithBybee Lakes region is one of the nost productive aquifers

in Oregon Shannon Wilsons design work at Columbia Boulevard Treatment

Plant in 1970 demonstrated the need for unusual dewatering requirements

because of the very high permeabilities in the Pleistocene gravel aquifer

Aquifer tests at the project site and nearby deep gravel wells revealed

specific capacities of 200 to 1000 gal/mm per foot of drawdown To put

these numbers in perspective production wells completed in the gravel

would be capable of producing 10000 gal/mm 22 cubic feet/sec with less

than 50 feet of drawdown The City of Portland Water Bureau has already

developed large capacity production wells of 5000 to 10000 gal/mm

capacity in upriver extensions of the Pleistocene gravel aquifer near the

Portland Airport and at Blue Lake Park Luzier and Willis In Preparation

McFarland Luzier and Willis 1982
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3.2 Description of Groundwater Flow System conttd

Because the Pleistocene gravel aquifer and the intervening sands have

good hydraulic connection with the Columbia River in the SmithBybee Lakes

area and in upstream reaches of the floodplain the River bed acts as

regional outflow boundary for ground water in the Pleistocene deposits

During low River stage shown for example as feet elevation in the

crosssection Plate Bi groundwater flow in the gravel and sand con

verges towards points of lowest pressure predominately the River channel

as portrayed by the arrows The Columbia River also indirectly influences

regional head distribution within the underlying Troutdale Formation to

depths of more than 800 feet below sea level as shown by Luzier and Willis

In Preparation

During high stages of the Columbia River which typically occur twice year

in March and June such as 19 feet elevation stage shown for example

Plate Bi the River floods the wetlands area to about the same stage for

many weeks hydraulically blocking and recharging the low pressure ground

water outflow boundary in the River channel As consequence natural

ground-water pressures start rising in the Pleistocene gravel aquifer

because of confinement by the finegrained overbank sediments and con

tinued influx of groundwater from upgradient regions and surface flooding

An excellent example of this process is afforded by detailed hydrographs of

stage and waterlevel fluctuations measured by Shannon Wilson in 1972

Fig B2 adjacent to the southeast corner of Smith Lake comprehen

sive series of measurements in piezometers completed in the underlying

gravel aquifer show how ground-water pressures or levels rise and decay

quickly in response to changes in River stage Note that soon after the

summer peak in River stage of 24 feet groundwater levels started declin

ing after having peaked at 17 feet but these levels remained about to

feet higher than River stage throughout the summer This difference in

head or pressure provides small but steady driving force for groundwater

movement to the main River channels and for upward leakage into any
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wetlands and swamps lakes and sloughs with water levels at lower eleva

tion than the groundwater surface

The native conditions of 1972 in the wetlands no longer prevail because

floodwaters are now trapped during major flood recessions at the 10.5 foot

elevation stage in SmithBybee Lakes Therefore had this stage control

for the Lakes been in place in 1972 one can see from the hydrographs and

head differences that upward groundwater leakage into the wetlands would

have occurred mostly from early July until the first week in September

when groundwater levels would have receded approximately to the same

elevation as the Lakes Thereafter lake levels and groundwater levels

both in simultaneous recession would have produced little apparent net

water exchange because of such small head differences

Summer measurements of groundwater levels in 1986 by the project team

Fig B3 Table B-4 Appendix show head variations with depth in two

sets of perimeter wells Well Dl Fig B3 upper graph completed in

thick sequence of silt and clay shows little head variation with depth

Well D6 Fig B3 lower graph in which the deepest piezometer is com

pleted in the gravel aquifer shows definite pattern of decreasing head

with depth In contrast to the 1972 data in 1986 heads in the gravel

aquifer decrease from 15 to feet from midJune to early October whereas

over the same period in 1972 heads dropped from 24 to feet These data

reflect the important fact that the late spring peak in the Columbia River

flood stage at 14 feet hydrograph Technical Appendix Figure A9 was

uncharacteristically low in 1986 As result the dammed water surface in

SmithBybee Lakes remained at an elevation at or above the heads in the

underlying silts and gravel aquifer so that the driving force for upward

leakage of ground water into the wetlands during this period was absent

Our subsurface mapping suggests that small area of the bottom of Bybee

Lake is window into the underlying Pleistocene gravel aquifer see
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3.2 Description of Ground-water Flow System contd

crosssection Plate Bi Borings show that the top of the gravel aquifer

rises slightly above sea level and coincides approximately with the bottom

of Bybee Lake Lake bottom sediments may thin to less than five feet and

allow an exchange of groundwater and surface water in the northwest arm of

Bybee Lake gravel window at the Lake bottom might help explain why

Bybee Lake unlike Smith Lake has been reported by Sweet Edwards

Associates 1983 to respond to tidal fluctuations transmitted by the

Columbia River Bybee Lake1 therefore appears to be an outflow/inflow

boundary for ground water in the Pleistocene gravel aquifer depending on

the direction of the head difference which will vary during the year

The crosssection of Plate Bi shows two areas of groundwater mounding

and downward seepage into overbank sediments and the Pleistocene gravel

aquifer In the sand fill underlying North Rivergate Industrial Park

groundwater mounding has occurred due to rainfall and cyclic influx of

floodwater Ground water within the sand fill may enter Smith and Bybee

Lakes directly as shown Plate B-i but during extended River low flow

periods steeper gradients would prevail along the River side causing the

axis of the ground-water ridge to shift towards the wetlands

3.3 Leachate Mounding At St Johns Landfill Leachate mounding within the

garbage mass at St Johns Landfill Plate B4 has risen well above the

original 1905 wetlands surface dotted line reaching elevations of 30 to

50 feet in February 1986 As shown in section saturation levels in the

garbage undergo cyclic fluctuation of about to 10 feet annually due to

influx of rainfall and fluid losses by evaporation runoff drainage and

groundwater leakage The leachate mound plan view Fig B4 maintains

persistent head difference above the sloughs lakes and the groundwater

surface in the Pleistocene gravel aquifer As one would expect the native

groundwater surface typically to 10 feet elevation in the highly per
meable Pleistocene gravel aquifer cannot be raised or mounded measurably
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3.3 Leachate Mounding At St Johns Landfill contd

in response to the limited quantity of downward leakage from the Landfill

Complete saturation is present from the leachate surface in the garbage

downward through hundreds of feet of sediments and waterbearing material

Fluid pressures however vary vertically in response to permeability

changes Fluid pressures in the leachate mound have risen therefore in

order to overcome the resistance to downward flow through the low perme

ability overbank sediments As portrayed in the crosssection the

leachaterich ground water moves downwardalong curved flowpaths to outflow

boundaries of lower head such as the adjacent sloughs and the underlying

aquifers of gravel and sand

Compared to fresh ground water leachate contaminated ground water at St

Johns Landfill can penetrate faster and sink deeper partly because it is

denser due to large concentrations of dissolved substances and partly

because fluid viscosity is lower from warming 20 to 36C vs about 10C

caused by chemical and biological degradation of the garbage

The above description of the groundwater flow system at St Johns Landfill

differs .from conclusions of other recent investigations According to

Sweet Edwards Associates 1983 and Ecology and Environment Inc

1986 downward migration of contaminated ground water at St Johns Land

fill is limited by an upwelling of deep ground water from the Troutdale

Formation These investigators suggest that the buoyant region thus

created beneath the Landfill would force contaminants to move laterally

into the adjacent sloughs Key crosssections used in the previous inves

tigations to portray these features are reproduced in this report in Figure

B5 These sections cross about the same path as our crosssections

Plates and but with an opposite viewpoint looking upriver An

upwelling region of groundwater flow beneath the Landfill as portrayed by

the large arrows Figs B-5a and B-5b in our opinion is not justified on
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3.3 Leachate Mounding At St Johns Landfill contd

the basis of evidence nor is it likely to occur in this situation

slight mound in the piezometric surface is shown to be present entirely

within the Recent Alluvium with the bottom of Refuse perched well above

groundwater saturation levels Original wetlands topography 1905 USGS

maps and drilling evidence shows that most of the garbage mass extends

approximately to sea level and that the garbage was saturated with leachate

to significant levels as early as 1972 Stevens Thompson Runyan 1974
In general the recently published crosssections and descriptions fail to

provide fair representation of the groundwater flow system and how the

leachate mound functions as driving force for deep penetration of con

taminants

The leachate mound at St Johns Landfill has gradually accumulated over

period of perhaps 30 to 50 years Few measurement records are available to

show long term trends in growth of the leachate mound or whether fluid

production has stabilized The earliest known and most comprehensive

definition of leachate mounding and contamination at St Johns Landfill was

conducted by Stevens Thompson Runyan Inc 1974 grid of 15 moni

toring wells drilled in 1971 were used to produce maps and profiles of

leachate mounding Fig B-6 and B7 The maps and profiles show that

leachate mounding had reached elevations of about 20 to 28 feet at time

when Landfill surface elevations were 50 to 60 feet in the area of cross

section The same wells now show 1986 that the leachate mound has

reached elevations of 40 to 50 feet near the line of section Fig B4
with final fill elevations of 60 to 70 feet Therefore the leachate has

risen about 20 feet in 12 years and now saturates about 66 to 71 percent of

the vertical garbage section above sea level In 1974 about 50 percent of

the vertical section was saturated with leachate during period of active

fill operations along the line of section

Active filling could account for the smaller percentage of saturated thick
ness in 1974 as compared to current levels because some time would be



th

sq l000q ft

Ch.sqs .. theWat ihi 1973 1974

ISt qual 1973

7ndqarier 1973

3d quarter 1973

4th quarter 1973

1st quarter 1974

FRO STEVES1 1HI4PS1 Ki1I INC 1974

SMITh RND BYBEE LES
MANAGE1ENT PL4

ENVIRONPENTAL STUDIES

FIGURE R-6

PROFILES OF LEFiCHATE FLUCTUATIONS

AT ST JOIS LANDFILL 191374

SW C-3

3t tivrt

St Johns Sa...rry Ldf.ll



LEGEND
TYPE OBSERVATION WELL
TYPE OBSERVATION WELL
TYPE OBSERVATION WELL

SMITH flND BYBEE LES
NGEMENT PL

ENVIRONMENT STUDIES

FROM STEVENS THOMPSW RIJIYFiN INC 1972
FIGURE B7

ELEVflTION CONTOURS ON LEflCHTE

MOUND ft St JOFS LfNDFILL 1972

A-1
B-I

C-

LOCATION OF OBSERVATION WELLS AND

GENERAL CONTOURS OF UNDERLYING WATERTABLE



0184502
BlO

Section GROUND-WATER HYDROLOGY contd

3.3 Leachate Mounding At St Johns Landfill contd

required for leachate levels to respond and stabilize to the newly formed

landfill surface By the same account it is uncertain as to whether the

present mounded leachate surface is nearing stabilization Improved moni

toring of internal landfill wells i.e B2 and B4 with the addition to

the network of the new EPA wells would provide better long term data to

determine whether leachate generation and leakage losses have stabilized

In general sound technical analysis of the groundwater flow system is

an essential element in evaluating the distribution of existing contami

nants and predicting routes of contaminant transport and possible release

mechanisms

3.4 Groundwater Contamination The most obvious source of groundwater

contaminants to the SinithBybee Lakes Region is the St Johns Landfill

Other groundwater sources that could contaminate the Lakes and wetlands

include any existing or future spills on the interior half of the Rivergate

sand fill bordering the wetlands Spills or releases in the sand fill

would have short travel path to the wetlands and little chance for dilu

tion Therefore potential spills in the adjacent sand areas pose added

risk if spill containment is not expeditous

Several sources of groundwater contamination have been identified pre

viously by the EPA and DEQ in the old industrial fill area along North

Suttle Road adjacent to the northeast corner of Smith Lake An investiga

tive report by Ecology and Environment Inc 1984 shows that pesticide

DDT contaminated acid alum wastes and other products have been disposed

of onsite in unlined ponds and pits and in the Portland Harbor from 1954

to 1973 by the Stauffer Chemical Company Specific contaminants identified

both in soils and groundwater include DDT chiordane and herbicides

An investigative report by Stauffer Chemical Company 1981 found volatile

organics in each of eight onsite monitoring wells but generally concluded
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that there was no indication of what would be considered ground water

problem but that studies would continue The later study for the EPA by

Ecology and Environment Inc 1984 concluded The alum deposits

contain pesticides in relatively high concentrations The impact of the

pesticides on the North Portland Harbor water quality is not clear since

the desorption of the compounds from the alum waste cannot be predicted
Based on RCRA EP Toxicity Criteria for pesticides the soil alum

sludge and groundwater samples are not classed as hazardous waste These

conclusions were made despite findings of significant concentrations of

chiordane DDT and DDD in groundwater and suggestion that the alum

waste deposit still releases pesticides into the groundwater

Neither study recognized the possibility of ground-water flow towards the

wetlands despite the installation of at least 20 monitoring wells eight

of which are known to be completed onsite in 15 to 28 feet of sand

Several wells near unlined lagoons had waterlevels only to 11 feet below

the top of casing in early December 1980 Stauffer Chemical Company

1981 Although elevation data was not provided the ground-water surface

must have been close to 20 feet elevation well above nearby Lake levels

and the Columbia River stage Groundwater contaminants therefore can

probably be found along flowpath to the wetlands and Smith Lake as well

as to the Portland Harbor

In 1985 an oil spill nearby at the Merit Oil Company client files
apparently entered the wetlands and Smith Lake via 3-foot storm culvert

draining the North Suttle Road Industrial area Cleanup operations

resulted in damage to several acres of wetland and included the removal of

vegetation During site visit and inspection of the spill area on

December 1986 during rainy period members of the project team noted

discolored groundwater seeps and springs issuing from the sand fill and

strong flow of amber colored water with slight oil traces discharging from

the 3foot culvert
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Initial field measurements showed that specific conductance of most

groundwater seeps and springs ranged from about 1200 to 12000 micronihos

1cm and the culvert discharge was about 1600 micrornhos/cm During

return visit in dry weather to confirm the initial findings on December

the following measurements were made

Specific Conductance pH TempC

Culvert Discharge 1589 8.70 6.7

Brown Seep midway to Lake 41800 10.10 5.0

Discharge into Smith Lake 3300 .40 5.3

Preliminary laboratory tests by MEI-Chariton Inc on composite sample

revealed approximately the following concentrations in mg/l

Chloride 6400 Sulfate

Sodium 3000 Alkalinity 4200
MumoniaN 1400 Volatile Solids 4800
Potassium 1140 Total Solids 12400
Calcium 27 Specific Conductivity 16000 micromhos/cm

Magnesium

The chemistry of this water may be described as brackish ammonium-rich

alkaline solution The depleted concentrations of calcium magnesium and

suifate are more characteristic of oil field waters than of seawater

Testing for other groundwater contaminants is desirable but further tests

are outside the scope of this project The ammonium-rich fluid is com

pletely water soluble and because of dissolved salts it has high specific

gravity The very high pH in all samples suggests that the contamination

is related to common source upgradient and it is probably not directly

related to the acid alum wastes at Stauffer Chemical Company Contaminated

ground water at that site has been shown in both the investigative reports

1981 and 1984 to have an acidic pH range of 3.9 to 6.8 and specific

conductivity of about 360 to 3700 micromhos/cm The ammoniumrich

ground-water seepage has been observed to sink and stratify along the
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streamcourse into Smith Lake and it is likely that sinking has also

occurred along the groundwater flowpath in the source area Since

ammonia-nitrogen is equivalent to liquid fertilizer it is detrimental

nutrient contaminant source to Smith Lake

At St Johns Landfill the large leachate nund discussed previously Fig
B-4 is maintained largely by the passage of rainfall and snowmelt

through the soil cap and open garbage areas additions of moist garbage

and waste fluids and reduction of pore space during decomposition and

compaction of the garbage mass Leachate fluids move continuously through

pore space in the garbage slowly leaching and redepositing chemical sub

stances and biological organisms along any particular groundwater low

path Both the fluid and garbage become charged with gas and reach ele

vated temperatures because of biological decomposition and heat producing

chemical reactions Leachate thus formed is often readily differentiated

from native ground water by fairly simple field measurements of specific

electrical conductance an excellent indicator of total dissolved sub

stances temperature and sometimes observed odor and color Native

ground water unlike leachate passes through comparatively unreactive

and cool porous matrix composed of rock and mineral grains Therefore the

dissolved solids content and electrical conductivity of native ground water

remain fairly low and uniform with barely detectable increases in dis

solved solids even after many miles of migration Examples of typical

specific electrical conductivity measurements in the Portland region are as

follows

Rainfall and snowmelt 10 micromhos/cm 25C
Fresh springs mountain streams 50

Willamette River 70

Columbia River 160

Fresh groundwater 300

St Johns leachate 1000 to 12000
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The earliest measurements of total dissolved solids in the leachate mound

at St Johns Landfill were made in 197274 by Stevens Thompson Runyan

1974 Although specific electrical conductance was not measured we have

converted the 197274 total dissolved solids data to electrical conductance

by dividing by an estimated 0.7 conversion factor Figure B8 is gener
alized map of calculated electrical conductance for the period 197274 and

the map is roughly comparable to the 198586 map of measured electrical

conductance Fig 8-9

comparison of the two maps suggests lèachate has generally become rrore

concentrated during the past 12 years coincidental with landfilling to

higher elevations and increased leachate mounding Fig B4 Generally

conductivities near the base of the landfill to 11 feet elevation

were in the range of 1400 to 4300 micromhostcm in 197274 compared to

4000 to 12000 micromhos/cm by 198586

Recent mapping Fig B-9 suggests that leachate contamination may extend

offsite beyond the solid waste boundary and beyond the sloughs However

no offsite groundwater monitoring has been conducted to provide the

necessary information to properly evaluate the possibility

One way to examine the potential for off-site migration is to examine the

evidence for vertical penetration of leachate i.e fluid movement against

the grain of horizontal sedimentary layers beneath the landfill Figure

B10 shows contours of fluid electrical conductivity in wells screened at

elevations of 17 to 44 feet At this elevation range only the perimeter

wells remain as control points because mänitoring wells have not been dril

led more than several feet below sea level in the landfill interior The

inferred positions of the 4009 and 7000 conductivity contours are based

partly on the presence of highly conàentrated leachate overlying this

zone near sea level Fig 3-9 the groundwater flow directions as
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shown in plan view and in crosssection Fig B4 and Plate B-4 the

position of maximum nunding and long term driving force for deep leachate

penetration and the position of maximum fluid temperatures lower fluid

viscosity shown in Figure Bli

The above factors must be considered in explaining leachate penetration with

depth and particularly the presence of leachate contamination in the gravel

aquifer at the northeast side of the landfill Plate B-5 This cross

section shows that leachate contaminated groundwater has penetrated to more

than 40 feet below sea level on each side of the landfill wells D4B and

D8A In each case considerable thickness 45 and 32 feet of low perme

ability overbank sediment failed to provide protection These wells and

other wells in the 17 to 44 elevation range exhibit elevated tempera

tures ammonianitrogen chloride hardness and nuisance metals typical of

leachate and in some instances priority pollutant organic compounds

Average data values for selected indicators from all monitoring wells in the

DEQ data base Table B3 Appendix have been summarized in Table B-i and

plotted versus elevation of screen bottom to show variations with depth

The parameters include electrical conductance Fig B12 ammonianitrogen

Fig B13 chloride Cl Fig B14 and temperature Fig
B15

general trend can be observed in each figure showing high concentrations

of dissolved ions and leachate contamination within the saturated garbage

mass down to within plus or minus few feet of sea level The magnitude of

contamination gradually decreases with depth but is still above background

levels in several wells penetrating as deep as 80 feet elevation All

plots show that along the Landfill perimeter leachate has penetrated into

the underlying clayey silts to mere than 40 feet below sea level At

several sites the leachate contaminated ground water has penetrated the

finegrained overbank deposits and entered the Pleistocene gravel aquifer
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AIR SPAt 66.23 3.5 1.5 428.6 RMGE 16.68 49.63 3745 141.1$ 339

All DEEP 66.23 3.5 2.5 6.6 iRPABE 576$ 291.11 272

A2H SPAL 63.28 3.5 1.5 428.7 R8E -- 4723 297.33 469

A2L DEEP 63.28 3.5 2.5 6.7 RGE 4324 215.9$ 545

A3H SPAL 59.8$ 3.5 15 418.8 RRA6E 5984 386.56 598

A3L DEEP 59.88 3.5 2.5 44.8 RBAGE 671$ 792.11 717

A4 62.26 3.5 421.6 OIL SJiIP 19.76 42.54

81 56.53 21 19 1.51 BARRAGE 7.98 48.63 7256 368.98 1646

82 69.33 -- 21 19 46.18 RARMBE\CI.AY 19.31 5113 -- 8621 468.64 1531

83 36.73 21 19 1.21 BARRAGE\CI.AY 28.5 5275 335.57 516

84 61.73 21 19 46.38 %RMSE\D.AY 146$ 46.13 8328 539.17 1244

85 31.78 21 19 18.76 SILTY clAY 18.7 4351 132.89 543

86 15.75 21 19 9.88 C1.AY\ID 7.21 8.55 11.8 584 .22.42 13

Cl 39.88 3.38 38.46 9.42 16.7 3718 19633 389

C2 25.63 41.8$ 13.15 12.48 16.3 5374 152.93 969

C3 21.36 41.5$ 8.76 12.66 11.6 1971 11.59 193

C4 6.9 91828.86

18.71 5.38 9.38 9.41 13.3 428 3.67 12

D1A 27.62 338 2838 12 16 -16.98 DAY 19.61 7.42 14.6 1545 6.38 164

018 27.54 368 5868 12 16 46.46 CI.AY 17.28 16.34 14.5 1638 12.92 41

0IC 27.22 3169 88168 23 2$ 88.78 D.AY\SILT 17.16 16.22 14.3 625 948 11

D2A 26.82 341 3141 12 16 14.18 CLAY 18.58 16.32 12.2 845 16.47 32

028 27.43 371 6171 12 16 43.57 SILT 15.4$ 12.63 16.8 844 15.58 16

37.46 349 3949 12 II 11.54 CLAY 25.66 11.86 18.7 3467 141.61 289

038 37.96 388 7688 12 18 42.64 SILTY SLAY 26.55 11.41 18.5 1346 41.83 161

23.15 331 2131 18 II 7.85 SILTY DAY 11.86 11.35 16.8 1877 18.47 39

D48 22.92 361 5161 12 II 38.68 SILTY cLAY 18.11 12.81 17.4 66 12.28 II

DRA 31.27 341 3141 12 16 9.73 DAY 18.29 13.87 16.7 2532 8.78 389

058 31.58 37 617 12 18 39.42 SILTY DAY 21.88 9.78 17.4 796 7.37

D6A 36.64 346 3141 12 16 9.96 CLAY 19.4$ 11.64 12.4 688 4.22

D-6B 36.44 361 5161 11 II 31.56 ClAY 26.28 18.24 12.6 335 4.79

D-6C 38.34 3118 91Ill 22 26 79.64 SlD GRAVEL 21.26 9.16 12.4 315 8.87

D7A 29.56 357 47-57 12 16 -27.56 SILT fD 28.16 9.46 13.3 328 6.27

0BA 33.79 371 6671 37.21 SJfD 6JEt 23.56 16.29 16.2 4254 281.58 425

Eli SPAt 231 29.5-31 1.5 -14.88 S.IIDY SILT -- 14.6 525 18.32

EIH DEEP 245 43.545 1.5 28.88 SIDY SILT 14.7 515 1.32 13

E2L SPAt 31.81 231 29.531 1.5 14.43 1DY SILT 21.66 18.61 13.9 569 1.89 13

E2H DEEP 31.27 298 96.5-98 58 1.5 81.43 6JEL 21.48 9.87 13.4 626 3.95 11

Fl 16.36 327 25.5-27 1.5 14.92 SI1DY SILT 6.1$ 16.26 13.4 221 2.22

EPA-B 56.68 256 4856 21.5 18 6.68 BARRAGE 36.72 25.34 34.8 958$

EPA-O 59.27 258 48-58 22 II 41.27 GAR6E 37.17 22.16 26.8 5568 -- --

EPAP 69.27 258 4858 22 18 2.27 BARGE 17.86 43.27

EPA-O 67.63 266 53-63 22 18 44.63 RARRABE 19.33 48.39 35.8 1288 --

EPAR 45.74 248 3848 22 16 2.26 CIAYEY SILT 29.31 16.43 23.6 4306

NOTES Elevations of EPA well casings are frau P9 46 of EPA dioxin study 1986 R11841113

Well EPAU elevation fr RE Meyer Consulatants Survey 11/11/85

Groundi.ater siples and.static water levels of EPA wells measured on 81585

Reported depths of wells were measured frcn the original ground surface Current well depths lay differ

Measuring point elevations referenced to City of Portland Datwi
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Section GROUND-WMBR HYDROLOGY cont

3.4 Ground-water Contamination contd

wells D8A and E2H deep Well D8A Table Bi which is screened in the

gravel along the northeast side of the landfill 32 to 37 feet eleva

tion has an average conductivity of 4300 microinhos/cm ammonianitrogen

282 mg/i chloride 425 mg/i and temperature 17C Well E2H-deep also

located on the northeast side of the landfill about 1500 feet upstream from

D8A shows only marginal degree of leachate contamination however the

short screen on this piezometer is implanted about 50 feet below the top of

the gravel aquifer 81 feet elevation and very close to uncontaminated

fresh ground water Therefore higher levels of contamination would be

expected closer to the top of the gravel aquifer near E2Hdeep

The lack of any deep monitoring wells screens deeper than elevation in

the interior of the landfill shows that the vertical data profiles are

strongly biased by data from perimeter wells It can be assumed however

that interior deep monitoring wells would show even stronger evidence of

leachate penetration than equivalent depth perimeter wells If an un
limited number of data points were available for all depths within and

below the landfill the boundary of the data envelope using nonaverged

data might appear as shown by the dashed line on each profile plot Figs
B12 through B15 In other words if deep monitoring wells were drilled

centrally located within the landfill interior one might expect from the

data envelope to find significant zones of leachate contamination to depths

of more than 60 feet below sea level

Analyses for priority pollutant organic compounds in ground water have been

made at 10 onsite perimeter monitoring wells by DEQ in 1985 numerous

organic compounds within the garbage and leachate were identified also by

Ecology and Environment Inc 1986 to which the reader is referred for

detailed discussion The DEQ results are summarized in Table B2 This

table shows that organic compounds have penetrated to depths of about 40

feet below sea level in two wells one of which is in the Pleistocene

gravel aquifer well D8A Plate B5
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34 Ground-water Contamination contd

TABLE 32 Summary of Ge/MS analyses for Organic Priority Pollutant Extractables
in ground-water at St Johns Landfill 1985

No.of Organic

Compounds

Total

Micrograms/liter

Other Organic

Compounds
Identified

Micrograms/liter

Most Persistent

Priority
Pollutant

It is noteworthy that dichlorobenzene and naphthalene were detected so fre

quently These compounds are highly soluble and persistent under anerobic

conditions however and might be good indicators of off site leachate

contamination of ground water

The leachate penetration of about 40 feet of fine grained overbank sedi

ments in 30 to 50 years clearly demonstrates that given enough time and

inducement to nove contaminants can migrate considerable distances through

low permeability soils Pathways of least resistance will be followed

Well No
Bottom Screen

Elevation

Priority Pollutants

1.5 ND Dichlorobenzene

DiA 11 ND ND ND

DiR 40 ND ND ND

D1C -81 ND ND ND

D8A 37 ND Dichlorobenzene

B3 61 140 Dichlorobenzene

D2A 14 24 ND Naphthalene

D2B 44 .27 ND Naphthalene

D3A 11 38 70 Dichlorobenzene

D3B -43 ND ND ND
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Section GROUND-WATER HYDROLOGY cont

3.4 Ground-water Contamination contd

also resulting in springs and seeps at the edges of the landfill or

subsurface escape through buried sand channels

Contaminant escape routes from St Johns Landfill are not restricted only

to the sioughs as shown by several lines of evidence presented in this

report These conclusions differ from those of the National Dioxin Study

by Ecology and Environment Inc 1986 That study concluded generally

that downward migration of contaminants to water supplies of the Troutdale

Formation is prevented and exposure mechanisms are not present The

dioxin study was aimed at locating 5000 55gallon drums of chemical resi

dues possibly contaminated by dioxin from the RhonePoulenc Chemical

Plant formerly Rhodia Inc. The drums were buried at the Landfill

between 1958 and 1962 The target zone for ground-water sampling appar

ently was narrow zone at the base of the garbage near sea level Table

Bi and Well EPAP Plate B5 This zone is stiitable search horizon but

the dioxin study did not account for the possibility that the 195862

leachate fluids would have penetrated to much deeper levels by 1985

Perhaps the upwelling concept of groundwater .f low previously discussed

influenced the selection of fluid sampling zones for the dioxin study

While it is possible that dioxin contaminated wastes at St Johns Landfill

may not escape the basis for that conclusion cannot be supported by our

findings nàr those of the dioxin study The search for dioxins should

encompass much broader depth range and bracket 30 year ground-water

transport zone

Section GROUND-WATER MITIGATION MEASURES

Existing and potential groundwater contamination sources pose an environ

mental threat to the SmithBybee Lakes Region These include long term

leachate migration from St Johns Landfill via the sloughs the sand and

gravel aquifer and/or buried sand channels within the overbank sediments

and existing chemical wastes or future spills in the Rivergate sand
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Section G1NDWMER MITIGAflON MEASURES cont

fill Over long periods of time even small sources of contamination from

variety of sources including surface water may become additive and

buildup to unacceptable levels in the lakes and wetlands

In the case of St Johns Landfill only limited measures can be taken now

to limit off site migration of leachate contaminated ground water Mitiga

tion measures would almost certainly require the long term use of leachate

extraction wells These could be placed at key locations in the main

Pleistocene aquifer along the northeast edge of the Landfill near North

Slough Plate Bi properly designed extraction system in this area

could intercept leachate at shallow depth with the lowest pumping costs

Some attempt should also be made to extract leachate from sand channels

buried within the overbank sediments below the garbage Boring Plate

Bi for example Sand beds below the garbage mass could be used as

natural leachate collecting system if low fluid pressures are maintained in

the sand by pumping Possible escape routes for leachate migration via

sand channels would also be eliminated

Before instituting groundwater control measures an effective network of

off site nnitoring wells in the wetlands should be installed to map the

extent of leachate contamination from St Johns Landfill into the Pleisto

cene gravel aquifer At least 30 to 50 years have passed without checking

for contaminant migration off site We have presented evidence Plate B5
which suggests that migration of leachate contamination offsite has

probably occurred

ground-water monitoring network should also be established within the

Rivergate sand fill areas bordering the wetlands to establish background

water quality data This network could help protect the clients interests

in establishing future liability claims

Strict controls on waste disposal and spill prevention are essential

throughout the wetlands area particulárily in the North Suttle Road
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Section GROUND-WATER MITIGATION MEASUPES cant

industrial area where the project team identified active contaminant flow

into the wetlands on December and 1986. Special control measures and

more complete investigation of that area will be needed to restrict the

migration of contaminants

Fresh ground water in the Pleistocene gravel aquifer could be used as

supplemental supply for maintaining stage and for flushing Smith and Bybee

Lakes during low flow periods The prolific nature of the Pleistocene

gravel aquifer would allow economical pumping at almost any desired pumping

rate One or two wells could be located at the upstream end of Smith Lake

where the top of gravel is about 60 to 80 feet below sea level Plate

B3 Water sources here could provide very effective flushing of both

Lakes Perhaps the present stage control structure at North Slough near

the Landfill could be complimented with another control downstream on

Bybee Lake at Columbia Slough Leachate access to the wetlands via North

Slough would be reduced during rising flood stage by allowing floodwaters

to pass only through the Bybee Lake control Both control structures could

then be used for outflow adjustments during flushing

Section FINDINGS AND RECOMMENDATIONS

5.1 Findings

The wetlands containing Smith-Bybee Lakes and St Johns Landfill are

underlain by fine-grained overbank sediments that thin out against an

elongate mound of Pleistocene gravel that rises to the floor of Bybee

Lake

The northwest part of Bybee Lake appears to be separated from the

underlying Pleistocene gravel aquifer by less than to 30 feet of

overbank sediments whereas Smith Lake is separated from the gravel

aquifer by 50 to 70 feet of overbank sediments
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______Section FINDINGS AND RECCQENDTIONS contd

5.1 Findings contd

Along the northeast one-third of St Johns Landfill overbarik deposits

are less than 40 feet thick and are too thin to provide long term

containment of leachate Overbank deposits range from 40 feet to more

than 80 feet thick beneath the remaining twothirds of the landfill

The Pleistocene gravel aquifer beneath the Sniith-Bybee wetlands and

St Johns Landfill originated as catastrophic flood deposit 18000 to

20000 years ago and it occupies parts of buried canyon of the

Columbia River 300 to 600 feet deep between the Columbia River Gorge

and the Trojan Nuclear Power Plant

The Columbia River channel is the main outflow boundary for ground

water in the Pleistocene gravels and sands underlying the wetlands and

the intervening overbank sediments Changes in River stige are quickly

transmitted throughout the permeable deposits beneath the wetlands

causing complex changes in pressure gradients and flow directions

particularly during major flood events each year

During typical years in which major flood event occurs on the

Columbia River in summer elevated groundwater pressures in the per
meable deposits lag behind the faster falling River stage and provide

upward leakage into the wetlands during July and August Apparently

little exchange of water occurs during other times of the year because

of minor head differences

Leachate nounding within St Johns Landfill to elevations of 40 to 50

feet acts as continuous driving force for seeps and springs at lower

elevation and deep penetration of léachate contaminated ground water

into overbank sediments and the Pleistocene gravel aquifer
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Section FINDINGS AND RECOMEND7iTIONS contd

5.1 Findings contd

Perimeter monitoring wells at St Johns Landfill show that leachate has

penetrated about 40 feet of finegrained overbank sediments in 30 to 50

years clear demonstration that given enough time and inducement to

move contaminants can migrate considerable distances through low

permeability soils

Leachate has penetrated the overbank deposits and entered the Pleisto

cene gravel aquifer at the northeast side of St Johns Landfill Moni

toring wells are not available to evaluate the extent of offsite plume

development beneath the adjacent wetlands Wetland water quality how

ever is unlikely to be affected significantly in the event of leachate

plume development within the gravel aquifer beneath Bybee Lake

10 Recent dioxin investigators at St Johns Landfill did not recognize the

extent of deep leachate penetration and escape routes for offsite

migration of contaminants Dioxin and leachate contaminated ground

water would have penetrated to much deeper levels over 26 year period

196085 than the targeted search horizon at the base of the garbage

The general conclusions of the National Dioxin study that downward

migration of contaminants is prevented and exposure mechanisms are not

present therefore cannot be supported by our findings

11 Slight groundwater mounding has occurred in the dredged sand fill

riming the wetlands At the North Suttle Road industrial area chemi

cal contaminants previously identified in ground water DDT chlordane

herbicides and volatile organics appear to have access to Smith

Bybee Lakes in addition to North Portland Harbor because of ground

water nounding

12 The project team has apparently identified new source of groundwater

and surfacewater contamination near culvert draining the North
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Section FINDINGS AND RECOMPDIONS contd

5.1 Findings contd

Suttle Road industrial area Analysis of springs and seeps discharging

from the sand fill into the wetlands shows the contaminant is brack

ish ammonianitrogen based alkaline solution with high specific

gravity

13 Existing and potential groundwateE contamination sources from St

Tohns Landfill and the industrial fill areas could pose long term

environmental threat to the SmithBybee Lakes Region

14 Groundwater protection measures might require the use of leachate

extraction wells at St Johns Landfill imposition of strict controls

on waste disposal and spill prevention and imre complete investiga

tion of the North Suttle Road industrial area

15 Fresh ground water in the highly productive Pleistocene gravel aquifer

could be tapped by one or two wells at the upstream end of Smith Lake

for use in maintaining stage and flushing both Lakes during low flow

periods In conjunction with control structure on Bybee Lake

leachate access to the wetlands via North Slough could be reduced

substantially

5.2 Recommendations

Measures should be taken to contain contaminants now entering Smith

Lake from the North Suttle Road industrial area long term ground

water and surface water monitoring network should be established in

this area

Additional monitoring wells should be installed in the wetlands between

St Johns Landfill and Bybee Lake in order to map leachate contamina

tion of ground water in the Pleistocene gravel aquifer

.1
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Section FINDINGS AND REC0IMENDAIONS cont

5.1 Recommendations conts

Deeper monitoring wells located in the interior of St Johns Landfill

would be beneficial in measuring depth of penetration of leachate

directly beneath the landfill

All monitoring well casings at St Johns Landfill should be checked

periodically for casing integrity down to the top of screen and

necessary repairs accomplished to prevent posible shortcircuiting of

contaminants to deeper aquifers

Several key monitoring sites should be checked comprehensively on

long term basis at least every years for various contaminants

including dioxin near St Johns Landfill and DDT near the North Suttle

Road industrial area

Some effort should be made to restrict the entrance of degraded water

in Columbia and North Sloughs from entering the wetlands during rising

flood stage This could be accomplished by adding stage control

structure in Bybee Lake along with supplemental source of ground

water for flushing at the upstream end of Smith Lake

David Livermore

Geohydrologist

Jaits Luzier P.G
Staff Consultant

Geohydrology
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1986

PLATES B-i through B-5



IASLE 83 51 JOI1S LRtflLL S80W861ER ODALITY DATA BASE 9/74 THROUGH 8/86 MCHITORING WELLS AIH THROUGH Fl STORET 1105 5110815 THR0UG STJQ11525 FRri DE WELL BAIA BASE THROUGH 5i8SiJ1D RECENT LYSE5

LOTUS FILE STJOIOUJXI UPDATED 12/11/86 CCIiPILED BY 111D L1VEIORE SIWIt1 WILS4 1986

WELL DATE OF S1PLER H.P S.t1.L ELEJ TEMP pH pH COlD COlD CALC LAB AliT --DISSOLVED-- COD TOC 1103-N 1103

ID S1PLE ELEJ 9.11.1 FIELD LAS FIELD LAB BARD as CL S04-2 Fe Ca Mg Na Zn Na TOTAL N02-N

14 inhos ribs CaCO3 as

Feet Feet Feet 1cm /cm ag/i rag/i rig/i rig/I rig/i rig/i mg/i rag/i mg/I mg/i mi/i rag/I g/1 rag/i mg/i

AIH 89/24/74 DEB 23.51 42.73 7.6 4888 359.5 1278 219.8 18.8 44.4 54.4 288 8.12 8.84 8.83 324 188.88

SN 83/85/88 METRO 7.8 3418 1168 459.8 316 182.88

82/12/86 CR1 66.23 16.68 49.63

88/85/86 C031 66.23

AlL 89/24/74 DED 66.23 22.88 44.23 7.7 568 425.6 1921 271.9 36.6 76.8 58.4 284 248 8.17 8.18 2291 291.11

A2H 89/24/74 DEQ 21.81 42.28 8.2 6248 272.7 2891 454.1 26.9 34.4 47.8 42 385 8.11 8.83 399 358.88

11/87/79 METRO 7.8 3258 228 1487 438.8 241 238.88

82/85/81 METRO 63.28 8.1 4688 1718 528.8 514 312.88

A21 89/24/74 DB8 19.81 44.28 8.8 4328 343 1451 228.1 16.1 48.8 47.6 218 24 8.89 8.83 326 225.88

11/87/79 METRO 7.8 332$ 253 741 535.8 281 62.5

83/85/8 METRO 7.8 4988 1611 881.1 473 184.88

14/16/81 METRO 7.6 4118 1651 561.1 38$ 274.88

85/28/88 METRO 63.28 36.88 27.28 7.6 5888 1628 688.8 334 334.88

A3H 89/24/74 LEg 18.88 41.8 8.3 7928 458.4 2188 631.6 32.1 22.8 78.8 494 414 8.4 8.85 688 248.88

12/11/77 DEl 59.88 7.5 4848 434 1591 565.8 1.8 75.8 68.8 487 145 335 373.88 1.68

A3i 82/18/77 DEl 59.81 7.7 6718 343 321 717.1 188.8 47.8 55.8 337 348 311 792.88 48.88

A4 12/12/86 C021 62.26 19.7 42.56

88/85/86 coi 62.26

81 89/24/74 DEl 19.5$ 37.83 7.9 11321 487.6 2981 1852.6 31.3 48.8 92.8 848 455 8.15 8.83 664 481.11

11/87/79 METRO 7.9 3121 876 1857 394.8 275 81.81

13/15/81 METRO 8.3 6488 1671 1248.8 356 292.11

IVW8I METRO 8.3 6588 165$ 971.8 454 372.1$

85/28/SI METRO 38.88 26.53 8.2 718$ 180$ 121.1 418 435.11

18/87/8 METRO 31.11 25.53 1.1 791 2432 1268.8 565 467.88

11/18/88 METRO 31.88 25.53 7.9 821$ 2478 1121.1 688 415.88

81/86/81 METRO 29.88 27.53 8.8 7888 243 1148.8 475 428.88

12/12/81 METRO 7.9 8288 2411 1128.1 468 362.11

82/83/81 METRO 8.8 788 2344 888.8 512 391.88

15/15/SI METRO 38.38 26.23 8.8 6688 2158 1848.8 481 254.88

12/13./86 CR31 56.53 7.9 48.63

88/85/86 CR34 56.53 8.76 47.77

B2 89/24/74 050 16.81 53.33 7.2 429 851.2 145$ 312.6 16.8 78.4 142.8 226 112 8.83 8.83 532 135.88

11/11/79 METRO 7.1 1888 1896 2248 1681.1 575 191.11

11/87/79 METRO 7.2 8878 1798 2388 1631.1 578 242.88

83/85/88 METRO 7.4 6818 193 1468.1 738 411.81

84/16/SI METRO 7.4 8558 2478 1441.1 944 384.88

85/28/88 METRO 29.5 39.83 7.4 9918 2948 1791.1 85$ 488.8$

11/18/81 METRO 29.88 48.33 7.3 11888 3178 188.8 938 611.11

81/16/SI METRO 27.88 42.33 7.3 18888 3348 1668.8 1811 581.88

82/83/81 METRO 7.3 11588 3328 1848.8 958 648.88

82/83/81 METRO 7.6 11218 3471 1484.8 988 692.88

85/85/SI METRO 31.0 38.33 8.8 12888 4848 1728.8 1358 784.88

82/13/86 CR31 69.33 19.31 58.83

88/85/86 CR31 69.33 33.9 35.43

1A BASE HAS NOT BEEN CECKEP FOR ACCURUCY WITH DRIGIHAL DATA FURlS PAf



TA8LE 8-3 ST J0045 LDF1LL GROIt .TER OI.LITY DATA BASE 9/74 THROUGH 8/86 MHTORIUG WELLS AIH THROUGH Fl STORET 8405 STJOW4I5 THROUGH TJOI452 FRCUI DEQ WELL DATA BASE THROUGH 5/85 /1D RECB4T ALY3ES

83 89/24174 DEl

svien DEl

11/25/18 DEl

12/11/78 DEl

S1/89179 DEl

01/02/79 DEl

86/19/7 Da
07/17/79 DEl

18/21/79 DEl

I8/W81 DEl

07/88/SI METRO

1I/13/8l METRO

82/85/82 METRO

84/86/82 METRO

17/13/82 OETRO

10/16/82 METRO

SI/I2/83 METRO

84/11/83

14/12/83 METRO

87/14/83 METRO

11/18/83 METRO

81/27/84 METRO

15/15/84 tIED

16/22/84

11/19/84 DEl

BA 11/19

85/14/85 DEl

09/26/85 DEl

85 05/18/77 DEl

11/25/78 DEl

12/13/78 DEl

11/19/79 DEl

05/02/79 DEl

17/17/79 DEl

11/21/79 DEl

Il/Il/fl METRO

11/17/79 METRO

83/05/881 METRO

84/16/801 METRO

15/28181 METRO

18/87/80 METRO

11/18/81 METRO

81/86/811 METRO

28.88 16.73

25.30 01.43

13.98 22.83

24.99 12.73

14.33

22.98 13.83

23.98 13.73

23.88 12.93

23.68 13.13

17.11 19.73

18.88 18.73

14.11 22.73

85.11 21.73

21.21 16.53

15.11 .21.73

13.68 23.13

16.88 19.93

36.73 18.58 18.23

6.8 3685

7.8 2738

17.0 7.8 3558 4380

15.0 7.5 341$ 4158

7.2 4871

19.0 7.0 3750 4238

18.5 7.1 3650 4161

7.3 3838

7.6 4110

7.7 4258

7.3 4550

7.1 4950

7.5 4990

7.2 4550

f.3

31.8 88.8 645

77.8 67.8 357

3.8 34.8 164.0 628

2.9 32.8 54.8 624

6.4 34.2 68.8 574

584 8.86 0.03 828

275 570

440 1.12 1.14 681

520 0.1 8.10 546

428

426 0.1 1.18 421

438

445

778

298

220

393.90

375.88

168.00

380.90

333.08

251.11

342.0$

4.61

248 129 331.80

294.08

211.01

371.11

365.11

238 181 388.00

325.80

298.89

291.18

268.00

298.09

388

178

240

215

252

394

311

292

236

33$

348

320

357

29$

295

163.09 0.03

88 92.98 4.59

170 99.80 8.29

111.89

88.90

137.88

111.89

116.89

164.89

152.90

833.84

LOTUS FILE 51J0814.8481 UPDATED 12/11/86

WELL DATE OF 561PtER M.P 5.86.1 Ei.J TBIP pH pH C6D CaID DALC LAB AUC DISSOLVED COD TOO N83-N 8103

ID BAtIPLE ELEV S.U.L FIELD LAB FIELD LAB BARD as Cl S04-2 Fe Ca Mg Na Zn Mn TOTAL 810241

14 mhos wthos CaCO3 as

Feet Feet Feet /ai /cm mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i

C1PILED BY DJID LIVEFBIORE SIH$1DI WILSD4 1986

488.08

512.98 0.42

321 598.00 4.8$

475 545.90 0.74

Ill 458.0$

7.7 10328 479.3 3198 824.5 42.5

7.2 5511 467 2400 696.8 1.0

22.0 7.6 5948 775 3820 860.0 28.8

19.5 7.6 7280 8280 398 2851 854.0 57.0

18.1 7.5 7181 8111 2954

21.5 7.6 7150 2750 748.0

21.5 7.6 6498 382 2188 670.8 11.1

24.0 7.5 6191 6121 2888 650.8

23.8 7.5 6988 6249 2525 675.0

7.8 6188 327 2558 598.0 8.1

7.6 5211 2840 589.9

7.0 2880 1830 208.8

7.6 5288 1934 559.8

7.6 4458 1998 444.8

7.3 4608 1891 428.8

7.4 4510 1928 437.0

7.2 4688 179$ 438.8

22.8 7.3 7.7 4778 4991 260 1765 648.8 9.3

7.6 4509 1821 396.8

7.9 4111 1811 336.0

7.6 4600 1980 511.1

7.2 3400 176$ 385.0

28.8 7.1 7.4 4348 4488 268 1768 378.8 4.5

7.5 4288 1688 438.8

19.0 7.2 7.4 4026 428 248 1612 332.8 0.4

19.8 7.1 7.4 4111 4280 278 1548 326.0 8.4

88.5 7.3 7.3 3538 3711 218 147$ 290.0 8.8

28.8 7.2 7.4 4901 4188 221 1681 341.1 0.4

2.8

1.1 27.8 47.8

4.5

8.5

8.3

9.2

6.8

25.0 48.0

21.1 46.0

28.0 54.8

22.8 37.8

22.8 41.1

0.43

8.84

1.11

8.84

8.44

8.360.07 198 93

84 11/17/81 tURD 29.80 31.73 7.9 8101 2329 1210.8 572 565.88

11/18/81 METRO 29.1$ 31.73 7.8 8480 2120 1308.8 620 565.90

01/86/81 METRO 27.88 33.73 7.8 815 218 1240.8 528 415.80

85/83/88 METRO 7.9 8478 2161 1281.1 535 495.00

03/13/81 METRO 7.9 8490 2236 1052.8 496 573.99

05/85/88 METRO 29.1$ 38.73 8.0 8508 2218 8388.8 581 622.88

15/13/88 CHI 60.73 14.61 46.13

98195/86 CH2I 68.73

28.80

17.91

19.90

20.48

28.88

28.20

19.88

28.08

28.99

87.89

10.70

13.80

11.89

11.31

11.79

11.58

82.78

11.70

18.78

14.78

1099 1618 581.0 1.0 268.9 86.8 339 038

1183 1408 198.8 6.5 35.0 263.8 85.8 289 98 1.18 8.80

8176 176$ 427.8 7.0 12.9 274.0 111.1 326 147 9.1 8.60

1171

1688 449.0

1688 490.0

1698 550.0

1082 8649 898.8

8010 1598 528.8

1648 544.8

8630 598.9

0688 600.8

1691 632.0

1610 523.8

1588 582.0



TABLE 83 ST 30115 IJ6DFILL 6ROIt4C6TER QU4LITY DATA BASE 9/74 THROUGH 8/86 t14ITORIHS WELLS AIH THROUGH Fl STORET NOS STJCIil5 THROUGH STJOIII52 FR11 CEO WEU DATA BASE THROUGH 5/85 4D RECEMT iILYSES

7.1

6.5

6.5 150

6.9 170

6.9

6.8 230

7.0 228

7.2 411

7.7

7.2

7.2

7.7

7.2

7.8

7.3

7.8

7.3

7.3

7.2

6.9

7.6

6.8

7.3

6.7

7.9

7.1

6.8

6.6

6.8

6.9

7.3

6.6

7.0

6.8

7.3

8.2

7.3

7.0

7.2

7.6

4.9

7.2

7.1

4.8

7.0

II

14

18

118

15

16

88

28

13

TTE 4S OT 9E91 ET CcC UTT 151ZL FCMS Ai35

LOTUS FILE STJD14.WKI UPDATED 12/11/86

86

WELL DATE OF S31PLER M.P S.W.L ELEV TEMP pH pH C4D CEMD TALC LAB ALT --- DISSOLVED- -- COD TOC NH341 N03
lo S1PLE ELEV 5.16.1 FIELD tAB FIELD LAB BARD as CI S042 Fe Ci Mg Na Zn Mn TOTAL 402-N

14 mOos mOos CaO3 as

Feet Feet Feet /cm 1cm mg/i mg/i mg/I mg/i mg/i mg/i mg/i mg/I mg/i mg/i mg/I mg/i mg/i mg/i mg/i

CC1IPILED BY DAVID LIVE1IORE S161Ufl WILSCOI 1986

12.70 7.2 4888 1540 568.0 313 164.01

12.18 18.7 6.9 7.0 540 5151 758 1758 690.8 1.4 38.0 161.1 85.0 181 145 188.88 0.02

11.68 20.8 6.8 71 4483 4311 790 1564 588.0 1.3 41.8 178.8 88.8 228 121 131.08 0.02

11.28 23.8 6.8 7.0 491$ 5380 770 1768 628.8 8.4 40.0 171.1 83.8 7.58 750 141 148.8 0.82

82/13/81 METRO 19.80

11/19/84 081 19.68

85/14/85 081 28.10

09/24/85 DEQ 20.42

08/15./861 D21 31.70

02/18/77 081 16.58

81/25/78 081 13.68

12/12/78081 14.61

11/19/7 083 -- 15.68

85/02/79083

86/19/7 bED 15.98

07/17/79 DEl 16.5$

88/21/791 DEl 16.98

1R118/7flMETRO

11/87/7 METRO

iziw8ioo
83/85/881 METRO

04/16/BIUIETRO

85/28./SI METRO 14.8$

wIa81METRO
87/88/OH METRO 8.0$

11/Il/OH METRO 7.50

89/15/81 METRO 8.80

10/13/81 METRO 6.58

11/83/811 METRO 7.0$

83/82/82 METRO 7.58

03/02/82 METRO 7.11

84/06/82 METRO 7.58

05/04/82 METRO 8.28

06/02/821 METRO 8.20

17/13/82 METRO 8.40

88/4/82IMETRO

88/38/82 METRO 7.78

18/86/821 METRO 8.7$

11/83/82 METRO

12/18/82 METRO

81/12/831 METRO

82/16/83 METRO

83119/8flMETRO

84/13/831 DEl

04/13/83UIETRO

85/54/831 METRO

86/02/831 METRO -- --

07/14/831 METRO

88/11/831 METRO

09/88/83 METRO

I8/W83IMETRG --

11/83/831 METRO

12/08/83 METRO

81/27/84 METRO

5/15/84 bED 6.98

86/22/84 METRO

-8.75

2.15 18.8

1.15 11.8

1.15 8.5

18.8

8.15 12.0

-8.75 14.8

1.I5 12.0

1.75

7.75

8.25

7.75

9.25

8.75

8.25

8.75

8.25

7.55

7.55

7.35

8.85

7.85

18.5 6.9

8.85 12.8 6.8

259 132 164 3.2 6.4 31.8 14.0 7.7 1.4 4.88 8.82

235 119 183 5.0 15.7 23.5 22.0 9.5 7.3 1.5 8.07 8.72 II 1.31 1.60

218 88 83 5.7 14.8 3.8 18.0 9.8 7.2 1.6 8.1 8.40 18 1.96 0.71

243 115

255 110 4.0

313 154 149 5.8 11.8 14.0 31.9 12.8 8.7 2.3 0.85 0.88 2.03 0.84

277 126 3.0

537 260 4.8

408 218 260 32.8 6.80

628 231 276 24.0 4.3

163 83 2.8 3.7 4.7 0.35

275 III 1.0 8.31

198 95 18.6 1.08

34 III 6.2 1.5$

445 248 4.8 3.68

792 332 21.6 7.80

598 380 6.7 1.68

615 31$ 4.2 4.11

258 93 11.6 26.88

515 252 5.4 3.41

648 338 321.8 128.80

638 365 2.4 0.51

689 406 20.2 4.60

655 428 2.8 6.89

690 396 3.4 7.30

760 428 5.6 675.80

758 417 4.6 7.40

765 438 3.2 8.28

758 362 4.6 4.68

228 126 4.8 2.00

515 326 4.4 6.10

838 428 8.2 8.10

738 448 3.2 6.88

820 488 4.3 9.28

454 441 280 236 4.2 3.6 11.8 44.8 22.8 11 3.48 0.13

888 435 4.1 11.88

618 433 5.9 7.98

688 374 3.6 4.38

618 417 6.8 44.88

800 450 3.2 7.58

718 420 9.0 5.88

358 356 15.0 11.71

228 III 9.4 1.28

320 175 13.8 0.10

410 280 6.8 4.38

826 788 390 465 4.3 8.7 31.0 87.8 41.8 22 12 8.33 8.82

688 350 1.6 1.80



IAILE 83 ST JOIS LRWFIU ORG H1ER UI.LHT UAIA tib Y//4 fHROUbH 8/86 MUIITORONG UELLS .H1H THROUGH Ft STOREI NOS STJOII15 THROUGH 3TJOFt2 FRI3I DEG ELJ DATA DASE THRUUGH 5/85 14D RECENT A84LYSEO

Cl 09/24/74 CEO

12/10/77 CEO

11/25/78 CEO

12/13/78 CEO

$1188179 CEO

15/11/79 CEO

W19fl9 CEO

17/17/79 CEO

08/21/79 DEC

18/10/79 METRO

11/17/79 METRO

11/06/81 888

03/05/81 METRO

14/16/8 METRO

85/28/81 METRO

11/17/81 METRO

11/18/81 METRO

01/06/81 METRO

12/13/81 METRO

13/13/811 METRO

15/15/81 METRO

17/18181 METRO

11/13/81 METRO

12/12/82 METRO

14/16182 METRO

17/13/82 METRO

11/16/82 METRO

81/13/83 METRO

14/13/83 METRO

17/14/83 METRO

01/27/84 METRO

85/15/84 DEC

06/22/84 METRO

19/26/85 DEC

02/12/86 Cfl1

05/28/86 DEC

81/05/86 CH3I

02 11/18/79 METRO

11/87/79 METRO

13/15/211 METRO

14/16/81 METRO

17/88/81 METRO

18/13/81 METRO

82/02/821 METRO

04/86/82 METRO

17/13/12 METRO

18/84182 METRO

26.11 13.88

28.91 11.98

24.78 15.18

26.11 13.88 14.5

26.98 12.98 18.1

29 11.48 16.8

26.98 12.98 18.5

27.1$ 12.88 16.5

26.40 13.48 18.8

29.67 10.21 19.5

38.46 9.42 18.2

29.6$ 18.28

29.12 11.74 19.0

12.01 13.63

11.00 14.63

11.18 14.63

11.88 13.83

318

290

288

260

382

422

45$

311

259

155

Ill

128

164

166

18

191

135

168

163

169

212

25$

155.8$

115.80

280 221.1$

175 177.00

115 181.81 1.28

211.11

156.8$

114.10

141.11

197.8$

141.1$

242.11

248.0$

142.11

163.11

215.11

188.11

233.8$

210.08

172.1$

ln.lI

285.8$

221.1$

1.3$

181.00

210.1$

222.0$

99 178.11

215.1$

569 781.11

163 Ill

262 95.08

253 81.83

369 131.80

475 137.80

550 162.01

13 164.01

20.08

200.88

388.0$

152.80

LOTUS FILE STJO14.WXI UPDATED 13/11/86 C1P1LED BY JID LIVEIORE SWI11114 U1LSOl 1984

WEI.L DATE CF Wt.ER M.P 5.11.1 EU TEll pH pH CIND W1D CALC LAB AIR -------------------DISSOLVED ------- COD TOO NH3-N N03

ID SAMPLE Eli S.U.L FIELD LAB FIELD LAB IIRD as CL S04-2 Fe Ca Mg Na Zn Mn TOTAL N02-N

14 inhos nhos CaCO3 as

Feet Feet Fet /oi /oo ag/I mg/I ag/i mg/I mg/i mg/i mg/i ag/i mg/i mg/I ag/i mg/i mg/I mg/I mg/i

11/19/84 DEC 6.90 8.85 12.1 6.6 6.9 683 611 350 342 4.4 1.0 28.0 76.0 38.0 3.88 0.82

05/14/85 DEC 7.1$ 8.65 11.5 6.8 6.8 139 400 26$ 186 5.0 8.7 32.8 54.1 28.0 1.69 1.12

09/26/85 DEC 15.75 11.83 4.92 16.1 6.3 6.5 179 175 6I 55 12.1 11.0 3.9 14.1 6.3 0.49 lB 0.85 2.78

82/13/86 01421 15.75 7.2 8.55 6.7 6.9 6.8 188 220 97.1 99.5 7.5 2.7 13.6 19.7 14 5.62 1.29 III

1.0

9.6 65.0

12.8 47.5

21.0 125.0 334

21.0 85.0 222

116.0 8.2 241

81.1 84.0 295

76 0.02 0.83

45

9$ 0.15 1.72

154 0.1 1.08

94.0 334 174 1.1 1.2$

1.10

5.2$

8.58

39.88

39.88

8.6

7.6

7.4 335$

7.3 3358

7.3

7.3 315$

7.2 3710

7.3 340$

7.3

7.5

7.7

7.5

7.5

7.7

7.5

7.3

7.3

7.2

7.8

8.l

7.5

7.4

7.7

7.7

7.6

7.4

7.5

7.4

7.5

6.8

6.8 7.2 3481

7.1

7.5 7.8 10712

7.35 7.7 288$

7.4 5820

4280 545.5 145$ 342.1

2332 482 988 421.1

3271 443 131$ 580.0

4388 633 1271 568.0

3858 176$

4757 1506 520.0

3911 776 1558 431.0

4229 1588 461.1

4284 1621 51.1

3521 615 1488 511.1

321$ 527 1287 352.0

2540 456 251.1

2710 931 332.0

3650 127$ 433.8

295$ 94$ 321.1

448$ 162$ 454$

4291 1510 534.0

3158 123$ 204$

3680 1408 272.8

391$ 1471 243.0

4180 8460 480.8

381$ 1848 411.8

411$ 147$ 360.0

3758 149 576.1

3411 152$ 391.8

3880 147$ 376.0

3780 141 385.8

121$ 580 110.0

2488 968 341.1

3108 1440 360.8

288$ 837$

3488 508 1224 438.0

3680 650 488.0

11180 4610

2508 333 143$ 196

1.1 21.8 141.1

I.e 3.6

2.9 32.8 46.0 92.0

14.1

482 1.2 33.5 42.5

25$

0.20 2280

797

7.9 3900 708 1098 1348.0

7.8 5028 768 2439 1220.1

7.9 5240 155$ 1112.0

7.8 515 1510 8848.0

7.5 5588 1611 1171.1

7.5 5788 146$ 1848.1

7.9 5900 1860 880.8

7.5 5888 188 1848.0

7.3 4880 2850 848.1

6.8 4680 1978 8828.0

0.84

8.85

0.82

r-i 19 TL TAT TR4



T8t.E 63 ST O1$1S LN4DFILL GRO1MLUTER DAL1TY DATA DASE 9/74 THROUGH 0/86 TICU11TORINS t4ELLS AIH THROUGH Fl ST000T NUS STJOItU5 THROUGH STOFtl52 FOOl DED ELL DATA DASE .ThROU6H 5.85 4D RECOT /6LtSES

DATA AT TEEN T14EOES TP .tCURA ITJj OTIS DATA ntS

LOTUS FOUl STJOIU.UXI UPDATED 12/11/86 COlPOLED BY DAVID LOVERIORE SMWI UILS11 1986

WELL DATE OF S61PLER M.P S.W.L Et.EV TBIP pH pH COlD COlD CAIC LAB ALK DISSOLVED COD TOC NH3-N H03

ID SeIPLE ELW S.U.L FIELD LAB FIELD LAB DARD as Cl 834-2 Fe Ca Mg Ha Zn Mn TOTAL N02-H

14 mnhos mnlos CaCO3 as

Feet Feet Feet 1cm 1cm mg/i mg/I mg/i mg/I mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i

81/12/83 METRO 7.1 581$ 1871 981.1 4.11

94/03/83 METRO 6.9 589 2171 1126.1 211.11

95/04/85 088 13.61 12.63 16.5 7.8 7.2 5367 688 981 218 898.8 1.1 28.9 219.6 116.1 288.89 6.02

99/26/85 080 19.6 6.9 7.9 5508 6280 768 2136 859.6 8.4 42.9 191.1 92.9 3.69 526 166 271.81 9.92

2/13/84 CR21 25.63 13.15 12.48 9.7 5.6 6.7 5498 578 1631 211$ 945.8 1.0 35.6 26.6 64.7 459 126 238.99 6.03

08/95/86 CR21 25.63 14.2 11.43 28.9 6.8 6.9 572 558 1141 2161 119.6 1.1 37.6 266.6 1.9 558 156 12.86 6.50

C3 9/10/79 METRO 7.7 215$ 645 866 386.6 121 4.98

01/67/79 METRO 7.7 232 696 887 354.1

93/95/SI METRO 7.8 2411 184$ 316.8 150 4.81

84/16/86 METRO 7.9 2411 1826 233.6 13 4.58

85/28/88 METRO 9.99 12.3 7.6 2429 999 287.6 119 5.60

16/67/80 METRO 11.6$ 16.3$ 8.3 2288 912 246.9 13$ 11.61

11/18/88 METRO 13.81 8.38 7.3 2390 916 184.6 12$ 1.21

61/66/81 METRO 8.1$ 13.3 7.7 2398 1141 218.9 111 5.31

12/13/81 METRO 12.81 9.38 7.6 241$ 1416 179.1 115 5.68

13/13/81 METRO 8.1 .181 1897 141.1 031 5.5

15/15/81 METRO 11.11 11.3$ 8.1 2468 998 171.1 012 1.41

17/18/81 METRO 7.7 fl21 991 512.1 12$ 2.5

11/13/81 METRO 18.88 11.31 7.8 1988 976 224.8 Ill 28.08

92/82/82 METRO 7.8$ 14.3$ 8.2 2111 914 46.1 7.78

IV$6/82 METRO 7.96 14.38 7.9 1611 911 151.1 5.68

67/13/82 METRO 14.51 6.88 7.6 1811 861 152.9 98.66

01/86/82 METRO 11.21 11.1$ 7.4 1850 849 146.8 6.98

11/12/83 METRO 7.1 1981 86 141.1 2.28

14/13/03 METRO 7.9 1851 834 131.9 6.89

17/14/83 METRO 7.9 1580 824 128.1 61.11

85/15/84 088 9.66 11.71 12.8 7.7 8.8 1476 1356 381 916 IllS 1.2 8.2 58.9 58.0 III 34 5.7 9.84

16/22/84 METRO 7.4 1711 81$ 126.6 8.8$

10/19/84 080 8.28 13.16 10.5 7.2 7.6 1548 1516 579 734 113.1 1.7 8.6 128.8 65.6 5.58 6.92

15/14/85 080 9.66 11.78 12.6 7.7 8.9 1476 1356 388 911 119.8 1.2 6.2 58.6 58.8 5.78 8.84

89/26/85 088 11.17 16.13 14.6 7.3 1464

12/13/86 CR21 21.31 8.7$ 12.61 8.4 7.6 7.6 154$ 0478 571 734 133.6 5.2 53.8 39.9 158 75.3 6.46 6.83

85/29186 DEB 9.18 12.28

68/65/86 CR21 21.38 19.43 11.87

C4 92/18/77 DEB 8.98 7.2 918 546 628 7.6 1.1 165.6 69.8 25.2 4.2 16 28.88 8.81

CS 11/25/78 DEQ 8.69 19.11 19.1 7.8 340 177 172 19.6 6.5 6.6 36.0 18.6 11 1.7 6.05 1.95 14 2.66 1.10

12/13/78 088 11.28 9.5 II 7.2 255 349 159 166 02.8 4.8 1.9 29.9 28.8 03.5 3.2 8.95 1.7$ 19 2.63 6.63

11/19/79 088 11.61 8.11 ILl 7.7 255 352 181 18

85/02/7 080 11.1 7.5 380 186 14.9 IS

96/19/79 088 10.69 8.11 12.9 7.9 275 374 181 182 22.6 1.9 2.9 39.8 18.2 14.4 2.2 0.85 9.78 13 3.50 8.75

17/17/79 DEO 11.36 7.41 13.6 7.4 269 358 182 14.6 15

18/21/79 088 12.56 6.21 12.1 7.7 289 367 191 14.6 14

11/19/79 METRO 7.7 318 154 194 32.8 2.8$

11/67/79 METRO 7.7 392 159 177 04.4 2.69

93/85/88 METRO 8.6 445 085 15.5 57 2.21

14/16/81 METRO 8.9 396 181 14.9 12 2.16

65/28/88 METRO 9.98 9.71 8.8 375 166 14.2 15 2.28

18/97/8 METRO 01.88 7.71 8.1 386 171 14.1 2.11

11/181880 METRO 02.09 6.71 8.1 399 062 14.4 2.86

01/16/SI METRO 6.88 12.71 8.0 475 392 11.4 2.69



12/l3/81 METRO 12.11 6.71 8.1

13/13/8 METRO 8.2

85/85/8 METRO 11.11 8.71 8.3

16/13/81 INETRO 8.2

17isaai METRO 8.3

S8/1I/8l METRO 11.11 8.71 8.3

89/15/81 METRO 11.11 7.71 8.8

11/13/81 METRO 11.18 7.7 7.8

11/13/811 METRO 11.11 7.7 8.8

12/18/81 METRO 8.58 18.2 7.5

82/82/82 METRO 7.88 11.71 8.8

13/82/82 METRO 2.88 26.71 7.7

14/16/82 METRO 7.11 11.71 8.1

15/14/82 METRO 21.48 7.3 7.8

86/82/82 METRO 14.88 4.71 8.1

17/13/82 METRO 12.11 6.7 7.8

I8/14/82IIIETRO 7.9

88/31/82 METRO 7.78 11.11 7.7

18/86/82 METRO -7.8

11/$3/B2IMETRO -8.1

12./11/82 METRO 8.1

11/12/83 METRO 8.8

12./16/B3IPETRO 8.2

14/13/831DE8 8.1

14/13/83 METRO 18.5 8.2 8.8

S5/14/83METRO 8.8

16/$2/83IMETRO 8.4

17/14/83IMETRO 8.3

18/11/831MET80 8.1

s9ii METRO 8.3

1I/16/8311TRO .8.2

11/12/83 METRO 8.1

12/18/83 METRO 8.2

81/27/84 METRO 7.9

85/15/84 lEO 6.88 12.71 12.8 8.8 8.2
86/22/84 METRO 7.8

11/19/84 lEO 8.68 11.11 12.5 7.6 7.7

15/14/85 lE8 8.6$ 11.11 12.8 8.1

89/26/85 lEO 11.83 7.88 13.5 7.4 7.5

12/13/86 cH2I 18.71 9.3 9.4 7.79 7.8

85/28/861 lEO 8.2$ 18.51 14.8 8.2 8.2

08/85/86 CR21 18.7 18.52 8.19 16.8 7.8 7.8

118 11/19/84 lEO

85/14/851 lEO

89/26/85

211 11.2

214 8.6

217 8.4

228 8.8

225 9.2

282 9.8

218 18.2

212 18.8

223 11.6

218 18.2

218 18.4

235 2.4

22$ 11.1

28 9.8

217 .8
237 16.8

214 18.2

22$ 11.9

225 18.8

221 11.3

232 11.4

388 11.6

214 11.1

288 348 4.6 1.3 8.1 48.8 19.8

216 II
217 18.1

218 11.3

211 14.4

238 11.2

23$ 16.2

242 11.4

235 11.2

235 16.2

248 11.2

198 225 12.1 2.3 8.1 44.1 19.1

238 18.3

211 228 11.8 1.1 3.5 48.8 21.1

18$ 228 9.4 1.3 8.2 42.1 19.1

168 238 9.8 8.2 2.8 34.0 18.8

214 248 7.2 1.8 8.23 41.1- 21

281 238 11.1 8.2 8.2 42.8 22.8

223 324 8.7 1.8 1.15 43.4 0.8

3.28

3.88

3.58

II 3.31

3.28

21 2.9$

II 2.98

18 4.3$

2.81

2.68

3.11

S.58

2.68

3.28

2.9$

1.11

3.3

3.51

3.6$

3.3$

3.8$

3.7$

3.2$

3.48

4.11

3.6$

4.88

5.88

3.5$

4.3$

3.18

1.2$

3.11

4.31

3.7

3.2

3.2$

1.61 3.41

14 4.34 3.27

1.39 17 4. 4.11

49 4.6 34.88

7.70 0.82

13.7$ 8.82

2.40 14.61 8.02

TBLt 93 SI JOI-tS LIOFiLL IJROI.UAATER IDAUTY DATA HASE 9/74 THROUGH 8/86 MOliTOR1N6 JELLS AIR THROUaH Fl STORET MIS STOtl15 THROUGH STJOt52 rRIll DEl LkLL DATA DASE %THROUGH /65 ..D rLEi1 i.UcE

LOTUS FILE STJOt.JKI UPDATED 12/11/86 CDP1LED BY DAJID LIVERIORE SIUI4CU 1411821 2986

UELL DATE OF I.ER M.P 5.14.1 E1.EV TEMP pH pH C21D COlD C/IC LAB AIX DISSOLVED- CUD TIC NH3-N 9403

ID Sf1P1.E .1 ELJ S.14.L FIELD LAB FIELD LAB RIRD as CL 804-2 Fe Ca Mg Na Zn Im TOTAL P402-UI

24 imehos nhos CaCO3 asC

Feet Feet Feet /cm /an mg/i mg/i mg/i mg/I mg/i mg/I mg/I mg/i mg/I mg/I ig/I mg/i mg/I mg/I mg/I

468

411

498

43$

488

43

44
478

445

38$

43
372

418

411

47$

418

42$

528

37
411

45
455

45
414 451

418

4.5

39
451

43
448

445

445

421

417 421

47
419 448

399 418

429 428

411 448

487 .468

396 420

hA 11/19/84 DEQ 16.11 11.82 15.8 6.8 4.9 2418 140$ 648 554 133.1 49.1 2.1 141.1 71.8 3.21 8.82

15/14/85 lEO 16.68 11.42 17.8 6.7 6.8 1785 1598 788 73 188.1 2.7 16.1 188.8 81.1 5.58 8.82

89/26/85 lEO 19.33 7.6 16.1 6.7 6.9 1519 1471 671 646 198.8 1.3 5.8 158.8 7.3 7.11 32 17 7.4$ 1.12

82/13/86 tH2l 27.82 19.68 7.42 9.8 6.8 6.6 1531 1598 887 734 186.8 1.8 26.9 189.1 59.8 59 2$ 6.29 8.81

85/22/86 lEO 15.8$ 12.12 16.1 6.8 7.0 1852 1678 84$ 796 181.1 8.4 19.1 181.1 94.8 8.81 28 7.78 1.12

08/05/86 0421 27.82 17.68 9.34 14.8 6.1 6.5 194$ 1558 895 865 113.8 1.1 23.8 188.1 4.4 529 514 8.2 0.58

8.82

8.02

0.82

8.82

8.03

8.82

8.58

16.91 11.64 15.8 7.0 7.4 758 757 480 370 7.6 14.8 3.5 93.8 41.1

17.11 18.44 16.1 7.8 1164 119$ 490 613 23.1 6.4 4.9 128.8 47.0

20.83 6.71 16.8 7.8 7.2 1179 168 450 628 8.8 1.2 4.4 110.8 42.8

41 U.T Ti EGN TJ CVTD FTP CCIACY 4119 Si 0ptS



TABLE 83 ST JCIIIS LNDFILL GROtJIC4ATER QDAUTI DATA DAS 9174 IHRU1JGr4 8/84 M01TIRING WEU.S AIH THROUGH El STORET NOS STJOI41Z THROUGH STJ011452 FRill DED WELL DATA DAlE THROUGH 5/85 ISMD REC4T LYSES

LOTUS FILE STJOU.WK1 UPDATED 12/11/84 COIPOLED 81 DAVID LIVEIORE SWtI42I WILSilI 1986

UELL DATE OF S6IPt.ER1 H.P S.14.L ELEV TBIP pH pH 01D CIJ4D CALC tAB PLK -- DISSOLVED------------------------------ COD TOC 2813-N N034

lo sipu EL S.W.L FIELD LAB FIELD LAB DARD is CL 804-2 Ci Hg Ha Zn tin TQTAJ 9402-N

14 nhos inhos CaCO3 inC

Feet Feet Feet 1cm Ion mg/I .g/i .g/8 mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/i

12/12/86 0431 27.54 19.68 7.94 9.8 6.8 6.6 153$ 1148 538 734 186.8 1.8 7.7 819.8 43.1 36 17.3 6.2 III
65/28/84 DEl 16.1$ 22.54 16.6 7.1 7.4 1135 118$ 45$ 432 14.1 6.7 6.9 111.1 42.8 2.11 21 II 17.8$ 8.82

88/65/86 0421 27.54 18.33 9.21 14.5 6.2 6.8 1215 1181 586 712 7.8 1.8 8.6 114.1 1.8 311 184 18.21 8.5$

DIC 11/19/841 DEl 16.88 11.42 15.8 7.2 7.4 499 544 24 273 3.3 6.1 63.8 21.1 8.1$ 1.12

85/14/85 DEl 19.98 7.32 16.1 7.2 7.4 828 73$ 318 379 33.6 1.8 12.8 88.8 27.8 9.4$ 1.12

89/26/85 DEl 19.17 8.85 86.5 7.8 7.2 658 658 26$ 358 17$ 6.3 III 66.8 32.8 2.11 26 13 8.78 1.12

82/13/84 0421 27.22 17.8$ 18.22 8.4 7.8 7.1 558 575 332 347 3.7 1.8 4.6 39.6 22.3 23 7.46 7.81 1.11

15/28/86 DEl 15.6$ 12.62 16.8 7.3 7.4 661 63$ 256 355 3.8 8.2 6.2 65.8 22.8 28 11.2 1.12

18/15/86 CH2I 27.22 17.88 9.34 14.8 6.3 6.4 743 628 326 491 2.2 1.1 6.6 68.4 1.7 429 164 11.8$ 8.5$

12/19/84 DEl 6.91 19.fl 11.5 6.7 6.7 784 48 24$ 288 23.8 7.5 42.8 65.8 19.1 11.8$ 8.82

85/14/85 DEl 12.3$ 14.52 11.5 6.6 6.6 1228 948 358 568 34.1 1.1 111.1 94.8 29.6 19.81 8.82

89/26/85 DEl 24.42 12.4$ 13.5 6.8 6.7 1143 1141 348 546 42.8 S.6 66.8 87.8 29.8 1.4$ 48 26 26.1$ 1.12

82/13/86 0431 26.82 18.51 16.32 3.9 6.7 6.2 348 591 264 372 17.1 1.8 56.8 62.8 19.6 98 22.1 8.61 1.11

85/28/84 DEl 12.6$ 14.22 18.5 6.7 6.6 1156 911 341 476 27.8 8.6 83.8 92.6 27.6 2.78 84 29 16.88 8.82

18/15/86 0431 26.82 14.32 12.5$ 21.8 6.7 4.5 918 92$ 396 469 51.3 1.3 34.5 111.1 1.4 96 27.2 18.2$ 1.51

028 11/19/84 DEl 3.98 23.53 11.1 6.6 6.7 758 723 211 298 24.6 7.9 49.1 71.8 5.1 14.88 8.82

65/14/85 DEl 13.21 24.23 11.5 6.6 6.6 1819 84$ 346 482 32.8 8.6 48.1 89.8 28.8 28.88 1.12

19/W85 DEl 17.5$ 9.93 13.8 6.6 7.8 889 851 31$ 442 19.1 8.3 52.8 71.8 25.8 1.18 41 18 16.18 1.12

82/12/86 CR21 27.43 15.48 12.13 3.7 6.1 6.4 87$ 85 362 531 7.7 1.1 45.3 88.7 25.6 63 14.6 14.3$ III
15/28/86 DEl 14.98 12.53 11.5 6.9 7.1 984 981 36$ 518 9.8 8.2 35.6 89.1 34.8 1.18 39 13 17.1$ 1.12

27.43 16.63 11.81 15.8 6.7 6.7 996 891 456 615 5.5 1.1 79.8 188.8 1.8 65 26.7 14.1$ 8.5$

D3 11/19/84 DEl 25.5 11.96 28.5 7.8 7.2 3261 3411 781 124$ 348.8 3.1 11.8 188.8 81.1 131.81 8.82

65/14/85 DEl 27.2 11.26 19.8 7.8 7.8 2988 331$ 598 2325 321.1 8.3 251 131.1 64.8 151.11 8.84

89/26/85 DEl 23.8$ 9.46 19.8 6.9 7.1 367 371 561 137$ 418.8 8.5 26.8 138.8 56.8 7.68 211 94 198.88 8.83

62/13/84 0421 37.46 25.68 11.86 14.5 6.8 6.7 3358 3788 598 148$ 334.8 1.1 19.8 111.1 49.8 232 69.6 3.63 8.81

85/28/84 DEl 26.4$ 11.16 19.8 7.6 7.3 3221 338$ 46$ 1461 281.1 1.4 23.1 99.8 52.8 3.18 228 72 211.88 1.14

18/15/861 CR21 37.46 27.43 11.13 22.8 6.9 3898 3488 511 1388 119.1 1.8 19.2 99.6 2.9 218 77.8 176.11 8.58

038 11/19/84 DEl 25.4$ 12.56 18.5 7.6 6.9 132$ 1331 641 458 168.1 1.4 23.8 158.8 65.8 3.71 1.12

85/14/85 DEl 26.86 11.96 18.5 6.8 6.8 1266 128$ 598 486 178.8 8.4 19.8 151.1 53.8 3.78 8.82

89/26/85 DEl 21.92 18.84 19.1 6.8 6.8 1368 1348 591 586 171.1 8.3 22.8 158.8 53.8 3.11 32 Ii 4.11 1.13

12/12/86 CH2I 37.96 26.55 11.41 14.8 6.6 6.4 1418 138$ 687 515 169.8 1.6 23.4 162.1 49.8 27 8.81 225.88 8.81

85/28/86 DEl 25.3$ 22.66 19.1 6.9 7.2 1438 1366 611 516 178.8 8.6 23.8 151.1 55.8 1.78 36 12 6.51 8.82

88/85/86 CR21 37.96 26.81 11.25 21.1 6.2 6.5 1372 1358 728 534 118.1 1.1 31.4 172.1 1.7 29 8.71 3.25 8.58

11/19/84 080 18.9$ 11.25 17.5 7.1 7.2 1248 213 588 519 56.8 6.2 7.4 121.8 58.6 15.81 8.82

15/14/85 DEl 12.11 11.15 26.5 7.1 7.1 976 981 428 544 23.8 8.8 6.6 111.1 41.8 15.9$ 8.82

89/26/85 DEl 13.17 8.98 18.1 7.8 7.1 1864 1858 441 538 41.8 1.3 5.3 111.1 42.8 6.5$ 25 II 16.31 8.82

82/11/86 0421 22.15 11.8$ 11.35 24.8 6.5 6.9 1151 121$ 483 536 26.4 1.8 3.7 114.1 39.9 36 15.3 14.58 1.11

85/28/86 DEl II 11.25 16.1 7.1 7.5 1164 1181 468 611 56.8 8.4 5.5 116.6 46.1 4.1$ 59 24 28.88 1.15

88/85/86 CR21 22.15 13.17 8.98 18.8 6.7 6.7 1824 921 494 681 32.6 1.1 15.4 184.8 3.8 4956 637 29.18 8.58

048 11/19/84 DEl 18.2$ 12.82 17.6 7.1 7.2 677 653 268 316 6.8 32.6 7.4 63.1 24.8 28.68 8.82

15/14/85 DEl 11.61 1l.fl 17.1 7.2 7.2 696 678 251 371 38.6 12.8 5.6 68.8 25.8 11.41 6.82

09/26/85 DEl 12.83 11.89 17.5 7.1 7.1 67$ 67$ 258 482 14.6 19.3 8.1 62.6 23.8 2.78 12 23.38 682
82/13/86 CR21 22.92 11.11 12.81 14.6 6.8 7.8 558 681 297 398 3.6 3.3 4.8 58.6 22.6 32 9.65 12.18 1.11

65/28/86 088 18.98 22.82 17.8 7.2 7.5 788 71$ 268 404 4.8 1.7 6.9 62.8 25.8 3.28 35 12 12.91 0.83

08/8586 CR21 22.92 12.14 11.78 21.6 6.9 6.7 659 648 382 445 1.5 1.1 7.6 68.8 3.7 65 28 13.58 8.58

.I E1 CtC U1 lPlL



IfI5Lb JUIf4S LUI1LL iRU LIftH lUll uAIA Sc Y1i4 IRKUUIiK 6/16 tIUITORINI IELU lH TtIROUUH Fl STCRET NU TJO1l iROUGN .3TJOI42 FRL2I uEi 4ftL F6IJIJUTt .li

LOTUS FILE STJOI4.UIU UPDATED 12/11/86 CCIIPILED BY DID LIVEIOIDRE S1W11 UILSCN 1986

WELL DATE OF S11P1.ER N.P SJJ.L ELEV T1P pH pH ColD CIND CAIC LAB ALK -------------DISSOI.VED------------------- CUD IOU NK3-N N03

ID lPI.E ELEJ S.W.L FIELD LAB FIELD LAB DARD as CL 904-2 Fe Ca Mg Na Zn Mn TOTAL P102-N

14 nhos tnhos CaCO3 as

Feet Feet Feet 1cm 1cm mg/I mg/i mg/I mg/i mg/I mg/I mg/i mg/i mg/i mg/i .g/1 ig/i mg/I mg/i mg/I

D5 11/19/84 080 18.41 12.87 17.1 6.7 6.9 1823 1798 740 628 252.8 81.0 8.1 178.8 76.8 12.88 8.82

05/14/85 080 19.78 11.57 17.5 6.5 6.6 2578 2588 1188 778 411.8 78.8 35.8 258.0 111.8 5.71 8.82

89/26/85 DEB 21.25 11.12 13.8 6.7 6.6 2714 2788 1001 862 391.8 76.0 37.8 248.8 188.0 14.08 18 7.88 8.82

02/13/86 CW4 31.27 18.21 13.87 13.7 6.3 6.4 2820 2911 368 1061 343.8 117.1 52.4 266.8 67.3 25 17.5 7.38 1.11

05/28/86 DEO 19.18 12.19 18.1 8.5 6.9 2645 2780 1111 944 341.1 118.1 62.8 260.0 111.1 13.80 68 21 9.18 8.83

08/05/86 CH2I 31.27 28.07 11.2$ 21.1 6.1 6.4 25fl 2688 125$ 912 119.0 98.7 66.5 253.0 12.3 III 28.3 11.11 0.58

058 11/19/84 080 21.5 11.18 17.5 7.1 7.2 62$ 874 32 357 3.8 2.3 5.3 77.8 328 3.61 8.84

syives DEO 21.91 18.68 17.5 7.8 7.0 842 768 381 458 2.2 8.5 8.8 94.8 35.0 6.3 0.02

89/26/85 DEO 23.67 7.91 19.8 7.8 7.8 795 III 378 469 8.3 0.5 6.3 89.8 35.0 1.31 7.31 8.02

82/13/86 CHZI 3158 21.88 9.78 13.5 6.8 6.8 740 840 424 498 3.8 1.8 6.7 93.1 36.9 16 8.97 18.00 1.11

85/28186 080 I9.fl 11.66 18.8 6.9 7.2 828 851 418 583 6.0 II 18.8 98.8 48.8 1.58 27 9.91 0.84

88/05/88 0121 31.58 21.79 9.79 19.0 8.3 6.9 851 840 438 551 2.9 1.8 9.9 182.8 1.1 87 24.8 7.14 0.58

OM 11/19/84 080 18.40 11.64 13.1 6.7 6.9 726 646 280 348 3.3 2.8 8.2 63.0 38.8 6.38 8.02

05/14/85 080 18.10 11.94 12.8 6.7 6.9 715 668 331 381 3.9 1.7 1.6 75.8 34.8 4.3$ 8.82

09/26/85 080 21.33 8.71 12.5 8.8 6.9 644 89$ 310 42 4.8 1.8 0.2 72.8 32.0 3.3 18 4.98 0.03

82/13/86 Cfl31 38.84 19.48 18.64 9.1 6.4 681 788 342 377 4.5 2.6 1.4 75.2 26.5 33 9.35 2.5$ 8.8

85/28/88 DEl 18.42 11.62 14.8 6.8 8.8 76 721 340 413 4.0 1.6 4.7 78.8 36.0 4.48 21 3.98 8.02

18/15/86 0121 38.04 18.82 11.32 14.8 8.3 731 711 384 435 5.8 2.6 4.7 82.6 6.8 63 7.19 3.43 8.50

068 11/19/84 080 18.91 11.54 12.5 7.8 7.2 288 318 131 156 3.3 2.8 2.4 29.0 14.0 2.38 8.02

15/14/85 DEl 17.8 12.64 12.1 6.9 7.8 343 31 138 168 2.2 6.5 2.8 29.0 14.1 4.9 1.12

09/26/85 080 21.11 9.44 14.8 6.8 7.0 344 340 12$ 18$ 3.7 9.8 8.3 38.0 12.1 1.59 10 5.28 8.05

82/13/86 CR21 31.44 21.21 10.24 9.2 6.5 6.8 320 348 lOB 198 2.8 6.9 3.4 32.3 14.0 Il 5.54 5.11 1.11

05/28/86 080 18.17 12.27 14.8 6.9 7.0 355 358 13 188 2.5 4.5 4.7 38.0 13.8 1.20 5.4$ 8.82

08/85/86 CR21 31.44 19.18 11.36 14.8 6.7 396 368 168 233 2.7 4.7 31.2 1.3 95 58.5 5.81 8.50

D6C 11/19/84 DEl 21.6 9.76 12.1 6.7 6.7 308 329 141 III 8.7 29.8 8.8 35.8 14.0 8.85 5.11

85/14/85 DEl 28.08 10.36 12.5 6.4 6.5 30 380 378 8.3 28.1 1.1 138.0 12.0 8.86 1.3$

89/26/85 080 23.00 7.36 13.1 6.5 6.7 299 318 131 117 9.0 15.0 0.1 32.8 12.0 0.85 74 21 8.03 1.12

2/13/88 tH3l 38.36 21.20 9.16 11.0 6.1 6.4 320 33 149 II 7.8 28.3 8.0 32.6 13.1 1.16 0.15 III

85/28/86 080 19.33 11.13 13.1 6.9 7.1 310 328 130 115 7.5 29.0 0.1 31.8 13.8 8.85 1.03 4.90

8/05/86 CR21 38.36 21.28 9.08 I4.I 6.2 6.7 29$ 31$ 155 119 6.7 30.4 8.8 33.9 8.05 1.61 8.08 1.5$

0Th 11/19/841 DEl -- 28.00 9.5 12.1 6.8 7.1 312 337 150 139 8.2 17.8 0.8 35.8 16.8 0.29 0.78

05/14/85 DEl 19.88 9.78 13.0 6.9 8.9 302 280 120 103 9.4 19.8 0.8 29.8 12.0 1.15 3.58

09/26/85 DEl 32.17 7.33 13.8 6.6 8.9 268 270 III III 10.1 21.1 8.1 28.0 9.8 0.85 0.14 1.3$

82/13/88 CR21 29.50 20.1$ 9.40 9.1 6.8 6.8 310 340 187 213 3.9 7.1 8.1 39.7 16.7 10 3.58 8.48 8.01

05/28/86 DEl 18.67 18.83 14.5 6.8 7.1 386 320 13$ 118 9.5 18.8 8.4 31.8 12.8 0.36 II 0.52 3.60

08/85/88 cR21 29.58 20.43 9.87 18.0 6.1 6.8 322 370 212 254 4.9 3.9 0.9 41.0 1.3 5.89 8.2 8.50

DDA 11/19/84 DEl 23.90 9.89 18.0 7.3 7.4 419 426 98 123 38.0 17.8 8.6 23.8 7.8 9.50 0.02

85/14/85 DEl 23.00 10.79 21.1 7.6 7.8 3397 3311 190 1150 411.8 1.8 5.3 27.8 30.8 210.11 1.11

19/26/85 DEl 26.17 7.62 21.0 7.5 7.8 6148 6388 280 2828 911.1 0.4 5.2 22.8 36.0 8.22 580 197 441.88 1.12

2/13/96 CR21 33.79 23.50 18.29 14.8 7.5 7.5 3890 4118 28.8 357 483.0 1.8 1.8 28.8 23.2 281 91.3 248.11 8.03

05/28/86 DEl 22.40 11.39 21.8 7.5 7.7 5832 5880 210 1798 688.8 1.4 4.4 26.8 35.0 8.28 438 193 391.11 1.15

08/85/86 CR21 33.79 23.65 11.14 22.8 6.8 7.5 5775 5700 294 1951 119.1 1.8 8.1 23.2 0.1 542 143 412.01 8.50

EIL 10/11/791 METRO 7.9 382 II 163 7.4 fl 4.1$

SO l1/87fl9 METRO 7.4 142 49 50 4.8 0.40

02/06/801 DED 6.10 7.1 437 228 3.8 2.9 2.5 21 5.90

13/15/81 METRO 7.5 142 54 6.1 18 8.10

tATA 9iE L4i5 plOT SEEN 58tVE0 CCURAC 1114 CUISIUlL DAP T01S AGE



tABLE 6-s O1IS DFILL URU1ER 8tL1 IT IA Y/ HKUUHH d/H8 IUHINO ULLS 1H THROUGH 6RET NOS JO15 THROUGH ETJU52 FR lEO WELL DATA DASE THROUGH 5/85 8ECff LYSES

14 14 rC

LOTUS FILE STJOtI.UKI UPDATED 12/11/86 C1ILED BY C1D LIVE1ORE S14I4O4 UILSO4 1988

WELL DATE OF IPLER H.P 5.10.1 EU TThP pH pH COlD CORD CALC LAB ALK OSSOLVED-- -- COD TOO NH3-N HOOf

ID SIIPLE Eli S.tI.L FIELD LAB FIELD LAB IHRD as CL S042 Fe Ca Mg Ha Zn Mn TOTAL N112-14

14 UhOs wihos CaC03 an

Feet Feet Feet Jui /cm mg/i mg/i mg/i mg/I mg/I mg/I mg/i mg/i mg/i mg/I mg/I mg/i mg/i mg/I mg/i

14/16/81 METRO 7.9 250 185 4.2 4.2 8.20

85/28/88 METRO 6.08 7.2 492 242 3.8 21 7.41

18./26/81 DEB 5.4$ 7.3 488 193 246 3.6 1.6 3.3 7.84

16/12/81 METRO 8.4 79$ 285 92.8 48 2.88

17/18/81 RIJ 7.5 1181 483 113.8 65 125.88

is/il/si METRO 5.0$ 7.5 1858 386 39.8 89 18.11

89/15/81 METRO 6.50 7.6 848 368 51.1 28 16.8$

11/12/81 METRO 6.8$ 7.2 760 357 45.2 35 18.11

11/82/81 METRO 6.11 7.3 74$ 344 36.4 13 15.8$

12/88/81 METRO 4.58 7.5 75$ 318 92.8 7.88

82/02/82 METRO 4.88 7.7 878 328 84.4 1.81

03/82/82 METRO 3.11 6.9 688 338 37.8 4.91

84/06/82 METRO 3.5$ 7.7 485 274 8.4 928

05/84/82 METRO 18.78 6.7 485 280 7.8 9.21

86/82/82 METRO 10.91 7.8 485 264 6.1 8.38

87/13/821 METRO 18.91 7.4 518 262 5.8 oil
08/84/82 METRO 7.8 588 256 7.2 8.58

88/31/82 METRO 8.48 6.7 498 26$ 6.8 8.08

18/06/82 METRO 8.50 7.8 391 251 6.4 9.10

11/83/82 METRO 8.1 419 258 5.6 8.88

12/18/82 METRO 7.9 451 255 5.8 8.4$

81/12/83 METRO 7.8 440 288 14.6 1.3$

12/16/83 METRO 8.2 440 224 9.2 3.40

03/18/83 METRO 6.7 955 261 4.1 8.59

84/13/83 083 18.8 7.1 7.2 505 494 211 26$ 4.8 2.1 9.4 52.8 18.1 11 8.31 8.12

14/13/83 METRO 7.5 488 236 5.8 11.1$

IYIURO METRO 7.0 428 384 81 9.4$

16/12/83 METRO 7.5 46$ 262 11.9 9.91

07/14/83 METRO 7.4 421 238 4.8 7.98

18/11/83 METRO 7.7 450 15$ 5.6 8.51

89/88/83 METRO 8.2 450 248 11.8 7.88

18/86/83 METRO 8.2 440 245 5.4 8.88

11/83/83 METRO 7.1 440 285 5.1 7.11

12/88/83 METRO 7.6 455 248 9.8 7.88

91/27/84 METRO 7.8 380 260 4.5 8.48

15/15/84 083 3.1$ 12.1 6.9 7.1 488 48$ 19$ 256 4.3 8.5 12.8 47.0 17.8 7.1$ 8.82

86/23/84 METRO 8.9 375 245 5.7 8.8$

11/19/84 DEQ 4.88 12.8 7.0 7.1 396 441 18$ 228 4.4 0.9 8.4 46.0 15.1 6.98 8.92

ElM 18/11/79 METRO 8.0 212 99.2399 95 8.1 8.80

DP 11/07/79 METRO 7.7 380 131 171 2.6 21 3.91

82/86/88 083 6.38 6.5 115 12 5.5 10.1 8.6 14 0.22

03/95/80 METRO 7.5 468 241 5.2 21 7.29

84/16/88 METRO 7.8 460 242 4.6 18 7.50

05/28/SI METRO 8.80 7.2 265 112 4.4 19 0.40

88/26/88 REQ 8.88 7.8 259 98 170 4.7 4.2 8.4 34 8.56

86/03/81 METRO 12.4 5280 1318 138.8 188 3.40

87/08/8 METRO 9.2 544 215 46.8 174 10.28

08/11/81 METRO 5.00 11.7 188$ 278 37.8 70 4.59

89/15/81 METRO 6.88 11.7 1148 310 18.8 2.58

18/13/SI METRO 6.08 11.1 1288 265 18.8 29 2.58

11/03/81 METRO 8.58 11.4 848 221 17.6 2.60

12/08/81 METRO 4.58 19.6 435 125 18.4 2.39



IL H3 ST JUrS LRIDFILL URO1IIIXftK IA1L1 II GAlA SASh /14 IHRUUUH 5/86 IIISIITORGNII WELLS AIH THROUGH Fl STURET IllS STJOINIS THROUGH STJOIII52 FRI3I REQ JELL GATA 8ASE THROUGH 5/85 .WD RECT iHLSES

Ct1PILED BY DJID LIVETHIORE SN6IlO4 U1LSl 1986
LOTUS FILE STJOIt4.WKI UPDATED 12/11/86

WELL DATE OF 8/HiP1.ER h.P S.U.L ELEV TEMP pH p8 Ca4D CIRID CALC LAB ALE -----D1SSOt.VED----- COD TX NH3-N N031

io se1Pt.E ELEJ S.W.L FIELD LAB FIELD LAB IHQRD as Cl S04-2 Fe Ca Mg Na IC Zn Mn TOTAL 1402-N

14 nbos wthos CaCO3 as

Feet Feet Feet /an /on mg/i mg/i mg/i mg/i mg/i mg/i mg/i mg/I mg/i mg/i ag/i mg/I ag/I mg/i mg/I

12/12/82 METRO 3.81 18.7 338 147 21.6 l.9l

12/12/82 METRO 8.08 7.9 348 158 2.4 8.58

84/86/82 METRO 8.8 325 158 8.5 8.11

05/84/82 METRO 7.5 358 158 8.2 8.28

06/82/82 METRO 7.7 318 133 7.9 8.11

87/13/82 METRO 12.91 7.3 338 134 1.8 1.11

88/84/82 METRO 7.4 318 127 9.0 89
88/38/82 METRO 9.48 7.2 338 134 9.8 III

18/86/82 METRO 8.7$ 7.4 330 129 9.8 III

11/13/82 METRO 8.8 288 129 8.8 8.11

12/11/82 METRO 7.9 388 132 8.6 8.18

11/12/83 METRO 7.4 358 218 8.6 8.2$

82/16/83 METRO 8.2 358 154 8.8 1.11

13/18/83 METRO 6.8 4RO 161 8.8 1.1$

84113/83 DEl 19.8 7.3 7.4 327 336 148 154 6.8 8.7 8.4 35.8 14.8 8.21 1.38

84/13/83 METRO 7.7 32S 124 7.9 8.11

15/14/83 METRO 7.1 278 129 13.5 8.18

86/13/83 METRO 8.5 318 116 6.8 1.11

87/14/83 METRO 7.8 285 138 8.4 Ill

18/11/83 METRO 7.7 338 248 8.1 8.28

89/88/83 METRO 7.7 318 14$ 13.4 1.11

11/86/83 METRO 8.8 338 148 7.7 8.28

11/13/83 METRO 7.3 335 158 7.4 1.11

12/88/83 METRO 7.5 348 143 12.5 8.18

81/27/84 METRO 7.3 328 178 DI

15/15/84 DEl 8.51 13.1 7.8 7.5 321 328 148 141 6.4 15.8 8.2 34.8 13.8 1.15 1.58

86/22/84 METRO 7.8 288 158 7.2 8.18

11/19/84 DEl 4.11 12.8 7.8 7.3 314 32 137 8.2 15.8 8.8 35.8 13.8 .- 8.13 1.6$

E2L 18/18/79 METRO 6.8 411 228 188 9.8 286 2.88

SN 11/17/79 METRO 6.8 585 217 213 7.8 198 1.61

12/16/81 DEl 7.28 .23.81 6.8 398 186 2.8 4.4 12.4 96 2.11

83/85/881 METRO 7.1 409 283 4.2 33 1.8$

84/16/88 METRO 7.2 421 215 3.2 32 1.51

15/28./88 METRO 11.88 21.81 6.8 488 288 3.3 38 2.38

88/26/88 DEl 16.41 14.41 7.1 458 19 246 4.3 2.8 6.9 65 2.72

11/18/81 METRO 23.88 8.11 7.8 440 285 6.7 24 8.38

11/86/81 METRO 18.8$ 13.11 6.9 475 281 6.2 11 8.60

02/83/81 METRO 19.88 12.11 6.7 490 234 8.8 24 8.88

13/13/81 METRO 8.1 488 231 2.8 23 8.48

05/05/81 METRO 22.88 9.81 8.2 488 248 4.5 21 8.38

86/17/81 METRO 6.7 518 258 5.4 28 8.88

87/88/81 METRO 6.9 588 298 9.8 16 8.50

18/11/81 METRO 23.88 8.81 7.1 568 254 7.6 26 8.28

12/88/81 METRO 28.08 11.81 6.6 495 278 13.6 8.58

82/82/82 METRO 19.51 11.51 7.8 545 268 15.6 8.2$

87/82/82 METRO 14.88 17.11 6.6 1118 478 46.8 7.48

84186/82 METRO 19.58 11.51 8.1 788 421 26.2 8.28

85/84/82 METRO 11.11 19.91 6.3 578 285 16.8 8.58

06/82/82 METRO 13.81 18.11 7.9 67 342 23.8 8.18

17/13/82 METRO 11.18 19.91 7.3 738 437 33.6 8.20

08/04/82 METRO 7.1 728 368 28.8 8.88

08/30/82 METRO 7.98 23.11 23.1 0.18

-r rr.r STA DC



IABLL 83 ST JWtS LRDFILL 6RULIIt41EX UUSLIIT IA Sb Y/14IMKUUUH 8/U6 NIJIITORINS WELLS Alt THROUGH Fl SECRET NOS STJOf15 THROUGH STJO152Y FR8I DES UEU DATA BASE THROUGH 5/85 RECBiTcJLYSES

LOTUS FILE STJOWI.WKI UPDATED 13/11/84 WiPILED BY MID LIVt1ORE Siwlitfi UILSTII 8986

WELL DATE OF Sf6IPI.ER

IDBAIPII

11/06/82 METRO

18/03/82 METRO

13/11/82 METRO

11/12/83 METRO

13/16/83 METRO

03/18/83 METRO

14/13/83 08

84/13/83 METRO

05/84/83 METRO

86/02/83 METRO

17/14/83 METRO

13/08/83 METRO

91/27/84 METRO

85/15/841 DES

06/22/84 METRO

11/19/84 08

05/14/851 08
02/I1/8fl C821

05/28/84 08
18/15/84 0824

28 11/11/79 INETRO

09 11/17/79 METRO

02/06/811 CEO

13/05/881 METRO

s4/lalMETRD
15128/91 METRO

98/26/91 00
11/17/81 METRO

11/18/808 METRO

11/86/812 METRO

1V13/8H METRO

13/111811 METRO

05/05/81 METRO

06/03/811 METRO

17/18/8H METRO

08/11/81 METRO

09/15/811 METRO

I$/13/BH METRO

11/03/81 METRO

12/08/811 METRO

02/82/82 METRO

03/02/82 METRO

04/86/82 METRO

05104/82 METRO

06/82/82 METRO

07/13/82 METRO

88/04/82 METRO

88/30/82 METRO

18/86/82 METRO

18/83/821 METRO

12/88/821 METRO

81/13/83 METRO

N.P S.U.L ELEV TEMP pH

EI2J S.U.L FIELD

84
Feet Feet Feet

pH CC81D Oct60 CALC LAB ALK

LAB FIELD LAB LRD as

inhos tIIhDS CaCO3

/ai /cn mg/I ag/I

7.0 618 342 26.3

8.3 628 356 24.2

8.8 598 386 14.5

7.2 961 458 32.4

7.7 765 373 18.2

6.2 995 18.2

6.7 691 698 33$ 368 14.8 88.0

7.8 848 469 13.4

7.8 648 354 16.4

8.1 420 214 4.9

7.8 538 302 8.8

6.7 630 358 81.5

6.6 448 271 6.5

6.5 413 410 218 213 6.4 11.1

6.3 380 218 9.0

6.5 549 579 230 292 7.6 9.6

6.6 617 530 271 312 5.6 7.5

5.8 548 538 313 326 5.9 5.6

6.6 567 638 291 337 6.0 11.8

5.5 437 498 294 385 7.7 9.9

8.2 23$ 94 92 12.1

7.4 188 III 94 9.1

6.9 326 831 2.1 23.3

7.3 341 141 3.9

6.7 345 151 3.8

6.8 376 855 3.3

7.5 411 187 894 4.9 21.7

8.0 510 254 5.2

6.7 535 253 8.4

6.5 540 98 5.4

6.7 528 254 8.4

7.2 598 385 5.8

8.2 728 343 5.8

7.8 735 375 6.4

6.8 585 295 9.0

7.8 688 376 7.2

7.8 785 395 8.8

7.6 740 385 6.4

6.8 815 437 9.4

8.8 685 418 8.2

4.9 770 422 9.6

6.6 IllS 47$ 40.0

7.8 62$ 325 21.3

6.1 391 195 9.6

7.8 385 19$ 9.6

6.5 358 187 9.8

6.3 438 189 11.0

5.9 420 185 18.8

6.1 438 194 11.1

8.8 378 205 11.2

6.8 549 318 12.1

6.9 969 658 35.2

.45

8.1$

8.9$

0.28

0.28

26 8.18

8.28

8.18

1.11

1.31

8.40

8.6I

8.44

1.38

2.1$

2.10

199 24.3

5.77 12 8.42

25 11.1 0.44

8.1$

8.1$

II 8.81

17 1.11

13 0.28

Il 0.28

328 8.87

221 4.2$

16$ 5.3$

25 1.9$

116 4.80

88 5.1$

44 5.48

46 6.2$

28 1.2$

38 4.88

38 .8.18
23 8.10

12 6.88

7.48

6.91

8.28

1.38

1.11

80.58

0.25

0.2$

0.41

8.50

8.45

0.19

---------DISSOLVED-------- ------ COD ICC 8683 8683

Cl.- 504-2 Fe Ca Mg Na Zn Mn TOTAL 1902-N

as

ag/i mg/i ugh ag/I ag/i mg/I ag/i mg/I mg/i ag/I ag/i mg/I mg/i

31.11

7.68

18.81

21.8$

21.88

21

28.92

22.28

23.41

17.5 6.6

82.21 12.5 6.2

80.81 11.5 6.3

9.21 15.5 6.6

11.11 8.6 6.15

18.19 14.0 4.2

8.73 18.0 5.6

8.3 81.8 26.0

7.6 54.8

5.5 63.0

23.8 69.1

14.2 60.9

2.9 88.8

3.7 72.8

18.8

19.1

23.8

22.3

21.0

0.8

1.18

8.82

8.06

0.02

5.81

1.15

8.50

8.1

8.8

-- 7.81

9.8$

18.10

21.11

23.0$

17.8$

19.88

23.8$

23.98

23.59

23.80

23.1$

22.00

29.88

84.20

28.90

11.39

13.28

12.88

8.28

7.8$

23.47

22.27

13.17

18.27

8.27

14.27

82.27

8.27

8.27

7.77

8.27

8.27

9.27

11.27

17.07

11.27

19.97

18.97

19.27

23.87

23.47

cT arv



T.BLE 63 ST JOIPIS DFIU GRO1RTER W.RU 11 DATA DAS T/74 8/86 thITOR1NG WELLS AIM THROUGH Fl STORE1 1OS STJOt41S THROUGH TTJOIM52 FROl DEQ WELL DATA DASE THROUGH 5/85 .tO REC4T .4LTSE3

12/16/83 METRO

82/18/83 METRO

84/13/83 DEl

14/12/83 METRO

85/84/83 METRO

86/82/83 METRO

87/14/83 METRO

18/11/83 METRO

19/18/83 METRO

18/86/83 METRO

11/81B3IPIETRO

12/18/83 IMETRO

11/21/84 MEtRO

15115/841 DEl

Wfl/84
11/19/84 DEl

85/14/85 DEl

89/26/85 DEl

SV1Y84HH21

S5/2t/841DE0

88/85/86
0131

Fl 1/18/7flMETRO

11/17179 METRO

12/16/881 DEl

13/15/811 METRO

14/16/8IMETRO

85128/88 METRO

88/26/88 DEl

18117/88 METRO

11/18/881 METRO

11/86/81 METRO

82/83/811 METRO

83/13/811 METRO

85/85/81 METRO

17/88/811 METRO

88/11/81 METRO

89/15/81 METRO

18/13/81 IEIRO

11/12/811 METRO

12/I 2/82 METRO

84/86/82 METRO

85/84/82 METRO

86/82/821 METRO

88/84/82 METRO

88/38/82 METRO

11/16/82 METRO

11/13/82 METRO

12/18/821 METRO

82/16/831 METRO

14/13/83 DEO

84/13/83 METRO
85/84/83 METRO

8.2

7.2

7.68 8.76 7.3

7.9

7.6

4.88 12.36 7.1

8.98 7.46 7.7

18.88 6.36 7.7

9.88 7.36 7.2

3.58 12.86 7.1

7.88 9.36 6.6

7.6

7.88 9.36 7.5

7.5

8.81 8.36 7.5

18.88 6.36 7.3

9.58 6.86 7.4

8.11 8.34 7.2

4.58 11.86 8.2

4.88 12.34 8.1

11.48 4.96 6.5

13.68 2.76 7.8

7.1

7.98 8.46 6.7

7.90 8.46 7.1

7.8

8.1

7.6

18.8 7.2 7.4 164

7.8
7.8

283

272

262

292

385

35
288

32$

338

84

89

118

145

178

188

28$

195

21$

288

127

158

168

198

288

165

151

185

Ill

183

158

19

8.6 22.8 91.8 28.8

8.7 24.8 92.8 34.8
8.3 21.1 85.8 25.8

8.3 22.8 88.8 22.8

1.8 22.7 79.8 22.9

4.3 13.8 84.8 22.8

1.5 28.8 84.7 1.6

1.61

.4
26 1.18

8.28

1.21

1.48

2.8$

2.8$

2.88

1.91

1.51

1.91

3.11

II 3.91

5.4$

4.8$

3.68

4.61

7.53 3.7

8.88

28.7 3.34

3.5$

3.3$

3.52

4.1$

4.28

4.5$

2.87

4.88

4.31

1.98

l.18

8.18

8.1$

8.3$

1.28

1.41

1.21

3.11

1.11

8.58

1.11

8.2$

8.58

1.18

8.48

8.48

8.11

1.73 3.44

8.48

2.58

LOTUS FILE $TJOII1.UKI UPDATED 12/11/86

WELL DATE OF SIZIPLER M.P S.W.L ELEV TEMP pH pH COD C040 CAIC LAB ALK ---DISSCLVED--- COD TOC HH3-Hl

ID SlPt.E aJ S.U.L FIELD LA8 FIEI.D LAB DARO as CL S04-2 Fe Ca Mg Na Zn Mn TOTAL

14 nhos wehos CaCO3 as

Feet Feet Feet /an /an mg/i mg/i mg/i mg/I mg/i mg/I mg/i mg/i mg/i mg/i mg/i mg/i mg/i ugh

WiPILED 81 DAVID LIVEEMORE S14I11 WILSEIl 1986

18.1 8.3 98.8 26.8

N03

N02-N

mg/i

7.5 911 424 27.4

6.1 965 538 28.6

18.1 6.7 6.7 759 698 33$ 368 14.1

7.9 718 441 12.3

7.5 688 432 16.6

7.3 138 428 7.8

7.8 725 446 11.2

7.8 728 428 11.2

7.8 728- 44$ 16.7

8.5 818 446 11.6

6.6 788 485 11.4

6.8 III 482 16.7

6.8 72$ 688 9.5

19.3$ 11.97 82.8 6.6 6.8 791 74$ 348 424 9.6

6.7 688 418 7.8

21.81 9.47 12.8 6.6 6.7 744 37$ 416 5.8

21.91 9.37 12.5 6.7 6.8 756 688 321 395 5.6

24.58 4.69 13.8 6.7 6.8 446 648 298 398 6.4

21.4 9.87 8.7 6.47 6.6 61$ 678 326 418 4.6

21.67 18.6$ 15.8 6.4 6.6 644 61$ 311 338 5.8

31.27 22.57 8.71 16.8 5.6 6.2 588 688 363 481 5.7

8.18

1.12

8.82

8.82

8.82

8.11

8.15

8.58

2.11

3$

8.94 14

47

28

IS

.45

.29
27

26

49

12

II

II

18

24

13

246 124 5.2

96 126 3.4

137 2.4 1.4 3.9

142 4.2

148 3.8

148 3.8

122 151 3.6 .2.6 3.2

158 4.4

151 4.8

24 3.8

29 3.9

3$ 2.5

46 4.6

63 6.8

66 7.7

115 7.2

73 7.2

96 9.6
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TABLE B-4

GROUNDWATER ELEVATIONS IN SELECTED WELLS
ST JOHNS LANDFILL 1986

GROWD4iITER ELEVATIONS FTNSL

DAY NO Number of days from 1NOV85

IU LOCATION ------- LAKE SLOUGH
DAY NO DATE DIA DIB D1C D4A D48 D6A D68 06C PA-S LEVEL LEVEL

108 1EB86 7.42 7.94 10.22 10.35 12.81 10.64 10.24 9.16

210 28MAY86 12.02 11.54 11.62 10.25 12.02 11.62 12.27 11.03

218 5JI186 12.35 11.54 9.91 12.76 11.47 10.34 9.99 10.41

226 13JUN86 .11.14 10.54 10.08 10.17 11.09 10.38 .10.07 9.82

230 17JUN86 N/A N/A N/A N/fl N/A P4/fl N/A N/A

233 20JUN86 N/A N/A N/A N/fl N/A N/fl N/fl N/fl

239 26JUN86 N/fl N/A N/fl N/A N/A N/A N/A N/fl

247 4JLL86 8.69 8.77 8.96 8.94 10.13 10.17 9.55 8.53

267 24JLL86 8.35 8.17 8.16 8.73 9.72 9.92 9.15 8.16

276 2AUG86 N/A N/A N/A N/fl N/fl N/fl N/fl N/A

289 15AUG86 7.64 7.25 7.04 7.57 7.76 9.59 8.65 7.16

302 28AUG86 N/A N/fl N/fl N/fl N/fl N/fl N/fl N/fl

315 10SEP86 6.85 6.75 6.79 8.73 8.53 8.36 7.86 6.64

335 30SEP86 6.6 6.54 6.5 8.51 8.3 8.71 7.9 6.24

357 22OCT86 N/A N/A N/A N/A N/fl N/fl N/P N/fl

N/A 17.9 17.9

N/A 10.64 9.8

9.84 9.93 14.8

9.96 10.42 8.1

N/A 10.26 7.6

N/fl 10.22 8.81

N/A 10.09 6.46

10 10.05 5.13

N/A 9.71

N/A 9.44 N/fl

N/A 9.3 4.8

N/A 9.05 N/fl

N/A 8.86 4.4

N/fl 9.03 3.5

9.17 8.83 3.5
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1.0 INTRODUCTION

The primary reason for restricting water flow between Smith and Bybee
Lakes and the Columbia Slough system Fig 11 was to stop outbreaks of avian
botulism In Smith Lake by maintaining higher water level in that lake USACE
1982 1983 The discussion of whether or not to construct the water control
structure at the upper end of North Slough to retain water in the lakes only
rarely mentioned the possible benefit of preventing degraded Slough water from

entering the lakes USACE 1982 Slough water quality has been sleepert in
the process of deciding what to do about water levels in the lakes The
following report on field Investigations and review of previous data on water
quality in the Sloughs provides an evaluation of whether it would be more or
less desirable to restrict water in the Sloughs from the lakes The report
also provides an evaluation of the quality of the impoundment created by the
control structures on the basis of historical data and data obtained during
this study

At least since 1971 when the quality of Slough water began to be

documented water quality conditions in the Columbia Slough have been poor
City of Portland 1972 1986 Oregon Department of Environmental Quality
1974 Apparently water quality before 1971 was very bad due to use of the

Slough to dispose of meat packing and other wastes Barber 1977 The
degraded water quality of the Slough since 1971 has resulted from variety of
identified influences including storm sewer outfalls and wet weather bypassing
of combination of untreated wastes and storm water runoff meat processing
plant wastes septic tanks and cesspools in North Portland and in east
Multnomah County industrial wastes and turbidity from carp Slough water

quality has been improved by diverting meat processing plant and other
Industrial wastes from the Slough but other sources of contaminants remain
ODEQ 1974 City of Portland 1986 Quan Sweet and Illian 1974

Bacterial contamination of ground and surface water by leachates from

sanitary landfills has been reported by the Environmental Protection
Agency EMCON Associates 1983 The St Johns Landfill at the entrance to
both of the Lakes has been identified as source of leachate into the

adjacent Sloughs Sweet Edwards and Associates Inc 1983 ODEQ 1974 As

recently as fall of 1985 leachate and surface water of poor quality being
collected at the perimeter of the Blind Slough area of the St Johns
Landfill was being pumped into Smith Lake and into the remaining segment of
Blind Slough connected to the Columbia Slough Scientific Respurces Inc
1986 During 1986 leachate was pumped to the City sanitary sewer system
but some pumping of water into the Columbia Slough from the remnant of Blind
Slough still occurred This pumping to the Slough was halted in midDecember
1986 when tests revealed that the water was of poor quality Facilities are
in place for this leachate to be collected and diverted by METRO for treatment
at the Columbia Blvd Treatment Plant

As an additional indicator of potential problems with Slough water
quality fecal coliform densities in the Columbia Slough November and December
1985 near the Landfill bridge were found to be 5000 9000 and 160000
col./100 ml Scientific Resources Inc 1986 These numbers suggested
exceedence of the state standards log mean of 200 fecal coliform per 100
milliliters based on minimum of samples in 30day period with no more

S.R.I
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than 10 percent of the samples in the the 30day period exceeding 400 per 100
ml OAR 34041445

Objectives The presence of the Landfill at the entrance to Smith and

Bybee Lakes the indicators of present degraded Slough water quality and the
known or suspected Influence of other contaminant sources on the water quality
of the Slough and possibly the Lakes led to the funding and design of this
water quality study Study objectives included

Investigate the effects of the Landfill and other known sources of
bacterial contamination on Slough water quality

Review historical surface water quality data on the Slough and the
Lakes from the standpoint of compliance with State water quality standards and

projected beneficial uses of these waters

S.R.I C2



2.0 FIELD INVESTIGATIONS

2.1 Methods

Field Investigations were conducted during May and September 1986
These times corresponded with high and low river conditions respectively
The tidal influence on Slough water was used to estimate the influence of the
St Johns Landfill and storm sewer outfalls on Slough water quality Water

quality parameters of WillametteColumbia River water hereafter called River

water were observed during tidal reversal as River water moved up the Slough
to the vicinity of the Landfill these parameters were then observed on the

falling tide River water had distinctly different temperature and
conductivity Information on discharge from the Upper Columbia Slough to the
Lower Slough during the period of Slough sampling were obtained from the

Multnomah County Drainage District

Measurements of fecal coliform bacteria temperature conductance
dissolved oxygen pH velocity and flow direction of surface water were made
at four stations CA and see Fig 1lduring the tidal cycle
Station names are those of historical water quality sampling stations in the
Lower Columbia Slough all of which are shown on Fig 11 Field Hydrolab
and Chemtrlx units were used to obtain measurements of pH conductance
temperature and dissolved oxygen Flow direction and velocity were determined

by timing surface drogue movement through measured distance Triplicate
measurements of the same set of parameters were made and samples collected

within the leading edge of the River water on the rising tide at station
downSlough of the landfill within the upper edge of the farthest
excursion of the River water upSlough and again at Station as the River
waterreceeded on the falling tide These triplicate measurements were made
in midchannel and approximately onethird of the way out from each bank
Chlorophyll samples were obtained during each of the sampling times at
Station from midchannel As an additional Indicator of the location of

Willamette River water numbered drogues were placed in midchannel at Station
within the leading edge of the River water and tracked as they moved

upSlough

On the morning of the same day that sampling was conducted inthe Slough
the City of Portland Bureau of Environmental Services sampled storm and

combined sewers located along the lower stretch of the Columbia Slough from

just above the Columbia Boulevard Treatment Plant sewer No 57 see Fig 11
to the Lombard St Bridge The term combined sewer indicates sewer that

carries sanitary and storm flows diverted during heavy rainfall events to
outfalls discharging into the Slough Sewers were sampled from upland
manholes because many of the outfalls are located beneath the Slough water
levels Two sewers were sampled from the Slough because of inaccessibility
upland Estimates of discharge were made where there was discharge and water

samples were obtained for fecal coliform analysis

Five wells on the north Dlc southwest D4a D4b and northeast

D8a C3 sides of the St Johns landfill were sampled on 2930 May by DEQ
and 18 September by the Project Team Fig 21 Wells were first purged of
three volumes of water using submersible pump or dedicated baler samples
were then obtained using dedicated baler for bacterial analysis Samples

S.R.I
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were analyzed for fecal coliform bacteria Selection of these wells was based
on well depth location in relation to the water table gradient which was
determined from the quarterly sampling of wells at the landfill METRO water

quality data sampled by CH2M Hill February 13 1986 and on location in
relation to recent solid waste disposal Monitoring well specifications are
provided in Table A9 of Appendix

Fecal coliform samples from surface water sampling were analyzed by the

Laboratory at the Columbia Boulevard Treatment Plant Detection levels were
10 fecal coliform colonies/100 ml of sample Chlorophylla samples were
analyzed by SRI

2.2 Findings High Water Sampling 27 May

2.2.1 Hydrology

Water level fluctuations of the Columbia River at Astoria Tongue Point
due to tidal influences the day of sampling were 9.1 ft MSL at 0402 1.4 at
1125 7.1 at 1804 and 3.1 at 2319 The water levels of the Columbia River at
the Vancouver 15 Bridge and the Willamette River at the Morrison Street

Bridge the day of sampling are shown in Fig 22 During the sampling water
levels fluctuated over range of approximately ft Water levels at the
Landfill Bridge recorded through the day are shown as points on the graph in

Fig 22

Rainfall in inches preceding the day of May 27 sampling was 0.0022 0.00 23 0.00 24 0.00 25 trace 26 and 0.00 27 Columbia
Boulevard Treatment Plant

Discharge into the lower Slough from Multnomah Drainage District No
was 217.3 cfs from 600 920 on the 27th pumped water Water freeflowed
from the District into the lower Slough total of 12.5 hours at rate
averaging 59.4 cfs Lower Slough velocity and direction of flow is provided
in Appendix

.2.2.2 Temperature Conductivity and Bacteria in Columbia Slough

River water was tracked on the rising tide as far upSlough as the
landfill bridge and then back to the mouth of Columbia Slough onthe falling
tide Differences In the quality of water at different times through the
tidal cycle reflected the presence of both River and Slough water These
differences in relation to water level changes and time are shown on Figs

23 and 24 Differences in temperature and conductivity between River
and Slough water made it relatively easy to track the River water Generally
the temperature and conductivity of the River water were around 15 17C and

125 135 micromhos/cm respectively while that of the Slough water were 19

20 and 180 220 micromhos/cm Figs 23 and 24 see data in Appendix
Tables Ai through A6

S.R.I
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Triplicate sampling for fecalcoljform bacteria at 0753 hrs at Station
as the River water moved upSlou9h past that station showed no bacteria at
the right and middle sites right righthand side of Slough looking
downSlough or toward the mouth On the left side fecal coliforms were
detected at levels of 100 col/100 ml Fig 22 Temperatures averaged 15.5C
and conductivity averaged 118.3 micromhos/cm

At the furthest excursion of the River water at 1000 hrs at the Landfill

bridge shown as upper River water in Figs 22 23 and 24 temperature
had increased to an average of 18.10C while conductivity had Increased to an

average of 210 micromhos/cm Fecal coliform levelswere 100 200 and 200
col./100 ml suggesting water passing the Landfill may have been influenced by
the Landfill on its upward excursion

As the River water receeded downSlough sampling at 1450 hrs at Station
showed temperature averaged 20.10C and conductivity 195 micromhos/cm Fecal

coliform bacteria were detected at levels of 200 col./100 ml again In the

sample from the left side Fig 22 At approximately the same time 1430
hrs at the Lombard Bridge downSlough temperature averaged 17.4C
conductivity averaged 133.7 micromhos/cm and fecal coliforms were not detected

Fig 25 this was River water that had moved upSlough to just below the
Landfill

The complete data set from Station with sampling from 0543 1703 hrs
is provided in Appendix Table Ai As noted measurements of chlorophyll
and Secchi disk depth were obtained during the day at this station
Chlorophyll levels ranged from 16 mg/rn3 to 69.5 mg/m Appendix TableAi The lo levels correspond with River water while the high values were
typical of Slough water

Data from water quality sampling at other locations In the Slough is

provided in Appendix Tables A2 A6 Stations CA and above the Landfill
and in North Slough were sampled at midchannel at various times through the
tidal cycle At stations CA and sampled at slack water at 0504 hrs and
0429 hrs respectively no fecal coliform bacteria were detected FIg 22
As water began to move upSlough sampling at Station at 0907 hrs had the

highest fecal coliform levels of the day of 300 col./100 ml while water
sampled at Station CA at 0937 hrs showed no fecal coliforms.Fig 22 After
the tide reversed and Slough water began to flow downSlough about 1100 hrs
sampling at CA and showed the presence of fecal coliform bacteria 100 and
170 col/100 ml at CA at 1351 hrs and 1555 hrs and 100 col./100 ml at 1326
hrs

The data from Slough stations CA and on May 27 do not provide
consistent supporting evidence for bacterial contamination in the vicinity of
the landfill Samples collected from stations CA and at 0937 hrs and 0907

hrs which represented Slough water that had travelled past the Landfill on
the outgoing tide and then upSlough past the Landfill again on the incoming
tide had no fecal coliforms in the 0937 hrs sample at CA and 300 col./100 ml
In the 0907 hrs sample from Fig 22 Fecal coliforms originating from
outfall No 57 may account for these levels at Station see next Section
2.2.3
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The station in North Slough Station was sampled through the tidal

cycle Temperature and conductivity data suggest that cooler River water
travelled along the bottom up North Slough raising water levels In that
deadend arm Appendix Table A2 No fecal coliforms were detected in

water sampled at 0532 hrs and 1110 hrs however fecal coliforms were detected

in samples from 1505 hrs 100 col./100 ml and 1723 hrs 130 col./100 ml on

the falling tide Since there are no storm or combined outfalls in North

Slough these Increases Infecal coliform presumably derive from landfill

surface water runoff or ground water seepage into North Slough see Section
3.5.3

2.2.3 Outfall Bacteria and Flow

Of the 12 sewer outfalls along the length of the Columbia Slough segment

sampled seeFig 11 only had flow sufficient for sampling Results of

sampling were as follows less than 10 col./100 ml
OUTFALL OUTFALL TIME FLOW FECAL COLIFORM

NUMBER TYPE gpm col./100 ml

53B STORM 1430
53D STORM 1009 20

54A STORM 0915 90

56A STORM 0835 40

57 COMB 0817 385000

This source of fecal coliform bacteria near Station could have accounted for

the high fecal coliform level detected there at 0907 hrs see Appendix Table

and discussion in Section 3.2

2.2.4 Bacteria In Selected Landfill Wells

Results of sampling the five wells at the Landfill are presented below
for this study May 30 1986 and two previous sampling periods less

than col./100 ml
WELLNUMBER/ FECAL COLIFORM col./100 ml
REPLICATE Nov 21 1984 May 14 1985 May 30 1986

D8A rep 240 93

rep
C3 rep.1

rep.2
D1C rep 2400 150 23

rep.2
D4A rep 460 43 43

rep.2
D4b rep 2400

rep.2
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Fecal coliforms were present in each of the wells sampled but at relativel
low concentrations Differences between the two separate samples replicates
from each of wells C3 D1C and D4b are not statistically different APHA
1985 Differences between replicates from D8A and D4A were significant
Results of previous DEQ well sampling is provided in the Table for comparison
see Appendix Table A9 for monitoring well specifications The data
suggest that fecal coliform densities in the wells and therefore in the
leachate vary seasonally with highest concentrations occurring during wet
weather November However the series of wells were Installed shortly
before the November 1984 sampling and wells could have been contaminated by
garbage and leachate during Installation These results Indicate that fecal
coliform bacteria are in water within the Landfill Sweet Edwards and
Associates Inc 1983 see also METRO 1983 reported that water within the
Landfill would most likely move Into adjacent Sloughs due to sitespecific
hyudrologic considerations The presence of fecal coliform bacteria in well
samples tend to support the findings of EMCON that fecal collforrn bacteria are
longlived in landfills EMCON 1983

2.2.5 Smith and Bybee Lakes Bacteria

Results of sampling Smith and Bybee Lakes May 30 single samples from
midlake stations In each lake showed fecal coliform bacteria at levels of
col/100 ml In each lake River and hence Slough levels were rising during
this period so that some Slough water may have been introduced Into the
lakes Water level observations on May 28 did not find Slough water entering
the lakes water was entering the lakes on June

2.3 Conductance Survey of Smith and Bybee Lakes

On June 20 an extensive survey was done of the lakes to detect
differences in conductance within each lake that might Indicate influx of

higher or lower conductance ground water1 Higher conductance ground water
might Indicate affects of possible leachate contamination as discussed In
Technical Appendix Shannon and Wilson 1986 Measurements of conductance
have been mapped on the base map and are provided in Appendix as Map
Conductance Is measure of the capabiliti of water to pass an electrical
current all values In this text are micronihos/cm Higher conductance
reflects the presence of more Ionized chemical species In solution Leachate
from the Landfill has high conductivity 4000 6000 micromhos/cm Section
3.5.3

Bybee Lake was surveyed along the side adjacent to the Landfill
Conductance values ranged from 185 197 see Map Appendix Conductance
values In North Slough on the same day along northsouth transect across the
Slough ranged from 200 on the north side to 240 in midSlough to 320 next to
the Landfill Conductance of ground water below the north side of the
Landfill Is as high as 1000 Shannon and Wilson 1986 These data show no
Indication of influence from high conductlvi1y ground water
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Conductance values in the channel connecting Bybee to Smith Lake ranged
from 195200 Conductance values in the southwest corner of Smith Lake

suggest influx of water.of lower conductance values there ranged from 165

173 Values elsewhere in Smith Lake generally ranged between 180 190 with
the exception of higher values in the east end of Smith Lake Seeps of high

conductivity fluid subsequently measured along the shore of Smith Lake along
Marine Drive indicate potential source of higher conductivitles In this area
Technical Appendix Section 3.4

2.4 Findings Low Water Sampling September 17

2.4.1 Hydrology

Water level fluctuations of the Columbia River at Astoria Tongue Point
due to tidal influences September 16 were 8.1 ft MSL at 0009 hrs 1.0 ft at
0705 hrs 75 ft at 1320 hrs and 1.2 ft at 1910 hrs On the day of sampling
September 17 the high and low water levels during the day at Astoria were 8.2
ft at 0102 hrs 0.9 ft at 0745 hrs 79 ft at 1358 hrs and 0.6 ft at 1957
hrs The water levels of the Columbia River at the Vancouver 15 Bridge and

water levels at the Landfill Bridge recorded through the day are shown in Fig
26 Water levels were on average about ft lower than In May and the range
of water level change during sampling was approximately 2.5 ft Water levels

in.the Slough at the time of sampling were ft lower than they were at

the time of the May sampling

Precipitation recorded at the Columbia Boulevard Treatment Plant in the
five days preceding the day of sampling was 0.00 12 0.00 13 0.00 14
.0.10 15 and 0.01 16 Slough sampling began around midnight on September
16 the rain started around 0600 hrs on the 17th and by noon 0.26 in of rain
had fallen

Discharge into the lower Slough from the Upper Columbia Slough which is

controlled by the Multnomah Drainage District No see Fig 11 for location
of this point north of N.E 17th Street was negligible on both the 16th and
17th of September Hayford pers corn 1986 The upper Slough was blocked
off at the lower end of Upper Columbia Slough and the flow gates were closed
This has been done during summer months to impound sufficient water for

irrigation purposes

2.4.2 Slough Temperature Conductivity and Bacteria

Water from the Willamette River began to enter the Columbia Slough around

0100 hrs September 17 see Fig 26 for graph of water level elevations during
sampling Temperature differences between the River and Slough water were

small with Slough temperatures around 180C and River temperatures around 19C
Fig 28. Larger differences in conductance of River and Slough water 150
River versus 200 Slough made It possible to track River water movinq
upSlough Fig 27 By using measurements of conductivity and movement of

drogues River water was tracked to the point shown on Fig 26 less than
onehalf mile northwest of Portland Rd
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Fecal coljform bacteria levels were in excess of state water quality
standards in all samples obtained from Slough surface water Fig 26
Fecal coliform densities at station at 0349 hrs were 300 600 col./100 ml
Based on conductance of over 200 this water was Slough water being pushed
upSlough At this same station at 0450 hrs fecal coliform densities ranged
from 200 300 col./100 ml Conductance of 150 indicated this was River water
Fig 27 Early morning fecal coliform densities at stations upSlough
e.g at Station CA at 0138 hrs with low downSlough see Appendix Table

were 600 col./100 ml similar to Slough water sampled at Station The
hext two samples at Station CA were of mixture of Slough and River water at
0541 hrs again based on conductance with fecal densities of 500 col./100 ml
then at 0840 hrs River water with fecal coliform densities of 600 col./100
ml These data suggest that early morning fecal coliform.densities in the
Slough were generally in the range of 300 600 col./100 ml At the upper
Slough Station however fecal coliform densities were somewhat higher with
1800 col./100 ml in outf lowing water sampled near midnight on the 16th and
800 col/100 ml in Slough water being pushed upSlough at 0637 hrs

Samples collected of River water that had moved upSlough upper River
water in Fig 26 past the Landfill within onehalf mile of the Portland
Road bridge had fecal coljforrn levels of 200 300 and 600 col./100 ml right
side middle and left side respectively This was River water on the basis
of conductance values of around 150 and this water had begun to move
downSlough at the time of sampling Appendix Table A5

Samples collected at all Stations after 0830 hrs of both River and Slough
water flowing downSlough showed sharply increased fecal coliform densities
note four of the five graphs in Fig 26 are in thousands River water

passing by Station moving downSlough at 1140 hrs had fecal coliform
densities of 3500 400 and 3300 col./100 ml right middle and left sides
respectively The high concentrations on the left side facing downSlough
could be accounted for by influx of storm sewer outfall water high in fecal
coliforms The high concentrations on the right side may suggest the
influence of high coliforms in water moving out of North Slough and staying
along the right bank moving downSlough North Slough had sharp increase in
fecal coliform density of from 900 at 0507 hrs then 3500 col./ml at 1222 hrs

Slough water passing Station moving downSlough around 1244 hrs had
even higher densities of 5300 4900 and 7200 col./ml right middle and
left sides respectively

Measurements of
chorophyll in samples obtined from Station thrugh

the day were 45.8 mg/ at 0338 hrs 10.7 mg/mi at 0443 hrs 19.1 mgfm at
1144 hrs and 45.1 mg/me at 1242 hrs Appendix Table A7 The low levels
correspond with River water while the high values wer typical of Slough
water With the exception of the one value of 10.7 mg/rn the other values
exceeded state water quality standards regarding chlorophyll levels of .015
mg/l OAR 34041150

Complete data sets from each of the Stations sampled on the 17th of
September are provided In Appendix Table Ai through Table A6
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24.3 Outfall Bacteria and Flow

Rainfall antecedent to the 17 September sampling was trace on the 12th
trace on the 13th 0.0 on the 14th 0.07 in on the 15th 0.03 in on the 16th
and 0.62 on the 17th National Weather Service Portland Airport On the day
of sampling rainfall started around 0600 hrs and continued through the day
By noon 0.22 in had fallen Combined flows sanitary and storm flows are
diverted during heavy rainfall events to outfalls discharging into the Slough
These diversions are expected from sanitary sewers to storm sewers when
rainfall exceeds 0.02 in/hr Myra pers corn 1986 As result of the
rainfall nearly all of the outfails along the lower Slough from outfall No
57 to the two outfails at Lombard Street bridge had sufficient flow for
sampling between 0755 hrs and 1150 hrs

Results of the outfall sampling were as follows see Fig 11 for outfall
locations

OUTFALL OUTFALL TIME EST FLOW FECAL COLIFORM BACTERIA
NUMBER TYPE gpm col./100 ml

53B STORM 0253 none
53C STORM 1150 1520 102000
53D STORM 1128 200250 27000
53E STORM 1115 2025 45000
54 COMB 1108 500600 162000
54A STORM 1045 350450 36000
55 COMB 1035 300400 180000
55A STORM 1020 450550 27000
56 COMB 1008 40005000 135000
56A STORM 0950 10002000 18000
56C STORM 0755 23 45000
57 COMB 0940 15002000 198000

Total flow from these outfalis wasapproximately 9800 gpm 22 cfs The
influence of these outfalls on Slough water quality is perhaps apparent in the
high fecal coliform densities on the left side of the Slough the southwest
side at the upper River water Station and Station see Fig 26 All of
the storm sewer outfails are with one exception 53C on the southwest side
of the Slough With the one exception of outfall 53C combined sewer outfails

consistently had the highest fecal coliform densities

Slough surface water samples were analyzed for total chloride as an
additional way of detecting influence from the Landfill or outfalis Total
chloride ranged from 7.5 mg/l to 12.0 mg/i in 29 Slough surface water samples
Appendix Table AB The three lowest values 7.5 7.5 and 8.0 mg/l were
of River water at the mouth of the Slough With these three values removed
the remainder of the samples ranged from 9.5 to 12 mg/i Comparisons of
chloride values at Station through the day which ranged from 10.0 to 11

mg/i with chloride values in the upper River samples which ranged from
11.0 to 11.5 mg/i do not show increases that might indicate Landfill leachate
influence on Slough water Chloride values for duplicate samples from one
outfall 56C were 22.5 and 22.5 mg/i AppenIix Table AB suggesting that
outfalls could account for increases in total chloride in Slough water as well
as for increases in fecal coliform bacteria densities
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2.4.4 Bacteria in Selected Landfill Wells

Results of sampling five wells at the Landfill on the day following the

Slough sampling September 18 are shown below results from previous analyses

are included for comparison

FECAL COLIFORM Col./100 ml
WELL NUMBER May 30 1986 Sept 18 1986

D8A rep 93

rep.2
C3 rep.1 130

rep 1600

D1C rep.1 23

rep.2
D4A rep 43

rep.2
D4b rep

rep.2

Fecal coijform bacteria in well water from this sampling date were not

detected in three of the five wells and were at low density col./100

ml in well D1C Densities were high in the shallow well C3 see Table A9 in

Appendix for well specifications and replicate densities were significantly

different in samples from that well on the 18th of September

Well samples from C3 and D1C were analyzed for total chloride The

duplicate samples from C3 each had 140 mg/i while the duplicate samples from

D1C each had 4.0 mg/i These findings tend to support the presence.of higher
levels of fecal coliform bacteria in Landfill water at the screen depth of

well C3

sample of leachate was collected on September 18 from seep in the mud

bank about ft above the water level in North Slough adjacent to well C3
This sample had fecal coliform density of greater than 1600 col./100 ml and

conductance of 4300 The fluid issuing from the seep had field

temperature of 18.70C compared with 20.10C for surface water in North Slough
The unusual increase of fecal coljform densities at Station in North Slough
that would appear not to be influenced greatly by the water in Columbia

Slough may possibly be accounted for by leachate from the Landfill evidenced

by C3 and leachateseepage having high fecal coliform densities

2.4.5 Smith and Bybee Lakes Bacteria

Water samples were obtainedfrom Smith and Bybee Lakes see Fig 11 for

fecal coliform analyses Fecal coliform densities were 70 col./100 ml for
Smith Lake Station SLC and 110 coi/100 ml for Bybee Lake BLA Water

levels In the Slough were well below the level that allows flow into the

lakes the lakes had been isolated from Slough water since June Ogden Beeman

Associates Inc 1986 Neither of these values exceeded state standards
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2.5 Implications and Conclusions

Water quality in the Lower Columbia Slough at traditional sampling
stations below the Portland Road Bridge was influenced by WillametteColumbia
River water moving up and down the Slough under tidal influence During low

discharge September the excursion of River water upSlough was greater than
during the period of high discharge May During both low and high water

periods River water appeared to move upSlough with only slight mixing with
Slough water at the leading edge

The influenceof flow reversals in the Columbia River on water quality
has been evaluated at least since 1968 Clark and Snyder 1969 in their
1968 study of flow reversals near the site of the Trojan Nuclear Plant
concluded that flow reversals could cause water to be affected longer by
point source e.g thermal effluent The flow reversals in the Columbia

Slough will likewise result in Slough and River water being affected longer
by Landfill leachate or sewer outfalls

In order for Columbia Slough water quality monitoring results to be

correctly interpreted sampling must be performed relative to tidal influence
on Slough water

During wet weather conditions accompanying the September sampling
the Lower Columbia Slough water appeared to be greatly influenced by wet
weather bypassing of untreated wastes into the Slough through most of the 21

sewer outfalls

Some bypassing of untreated wastes into the Slough still occurs during
dry weather conditions Portland City of 1986 though this has been reduced
through more frequent sewer maintenance since the time of earlier surveys in
1971 and 1972 Portland City of 1972 The sewer effluent appears to account
for the high levels of fecal coliform bacteria in the lower Slough system
Both storm and combined sewerscontributed fecal coliform bacteria however
highest densities were found in combined sewer flow

While data collected from the May sampling suggested minimal effect
of the Landfill on Slough water quality data from the September sampling
clearly indicated an effect on North Slough water quality from the.Landfill

SinceNórth Slough is now finger embayment of Columbia Slough and

appears to be poorly flushed the water quality in this embayment is likely
degraded by the Landfill There is evidence that leachate from the north side
of the Landfill may be affecting water quality in North Slough as noted in
Sections 2.2.2 and 3.5.3 The evidence consists of increase in
conductance in North Slough water from Landfill towards Bybee Lake high
conductance and high fecal coljform densities in leachate seep from the
Landfill side of North Slough the highest chloride value among all surface
water samples 12 mg/l see Appendix ATable A8 and the high fecal
coliform density at 1222 hrs on September .1.7 in water moving out of upper
North Slough Fig 25 see Appendix Table A2 Since large amount of
sediment on the Landfill banks of the Columbia and North Slough is in various
contact with the Sloughs the cumulative impact of such leachate influence
cannot easily be determined
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Conductance surveysof Bybee and Smith.Lakes in June showed no values in

the lake areas adjacent to the Landfill that suggested leachate influence on
lake water quality

Based on the samples obtained In this study and incomparison with the
combined Influence of the sewer outfalls it appears that the Landfill has

relatively smaller impact on water quality of the Columbia Slough system

State water quality standards for both fecal coliform bacteria
density and the algae pigment chlorophyll were exceeded in water quality
samples obtained from the Slough particularly on 17 September Sufficient
numbers of bacteria samples were collected to meet the DEQ criteria for
exceedence Quan pers corn 1987 samples in 30day period with no
more than 10 percent of the samples in the 30day period exceeding 400 per 100
ml OAR 34041445 Of the 29 surface water samples obtained 17 September
72.4% exceeded 400 col./100 ml Fecal coliform densities In Smith and Bybee
Lakes did not exceed statestandards Chlorophyll values exceeded DEQ
standards in May June and September for Smith and Bybee Lakes and for all

Slough samples obtained except for one on 17 September at Station
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3.0 HISTORICAL DATA BASE EVALUATION

3.1 Background and Objectives

Background During preliminary studies of the Lower Columbia Slough
system and Smith and Bybee Lakes In fall 1985 for the Port of Portland
Scientific Resources Inc and Fishman Environmental Services identified
extensive data on water quality in the vicinity of the St Johns Landfill in

DEQ METRO and the City of Portland files Scientific Resources Inc 1986 and

Fishman Environmental Services 1985 During 1985 and early 1986 DEQ had

created computer files on each of the sampling stations for eventual use in

data analysis It was proposed that as part of the planning effort for the

Port of Portland and the City of Portland historical water quality data be

consolidated and reviewed for possible trends In Lake or Slough conditions

Sweet Edwards and Associates Inc 1983 evaluated historical water

quality data from the Columbia Slough for years 1971 1973 1976 and 1982

1983 They compared mean values of selected parameters for all surface water

data from individual years including data from lake and Slough sampling
points Further comparisons were then made with drinking water standards and

levels of certain nutrients required for algal blooms This approach was not

used in the following evaluation because It apparently did not consider the

tidal effects on River and Slough water found to influence water quality at

the Lower Slough water quality monitoring stations see section 2.0

The approach taken in this historical evaluation focuses on summary
comparisons by parameter by station for the ten year period 1977 1986
Further information on Slough water quality is evaluated with respect to

Slough hydrology Slough and Lake water quality data are treated separately
with respect to compliance with Oregon Water Quality Standards but considered

together for purposes of understanding seasonal LakeSlough interactions

Evaluation Objectives Objectives of the historical data base evaluation

Included the following

establish and make available the most recentten years of monitoring
data from Slough and Lakes stations in hard report form and on disk accessible

with an IBM or IBMcompatible microcomputer

determine what the data from the stations indicate about water quality

in the Lower Columbia Sibugh over ten year period

determIne what the data from the stations indicate about water quality

in Smith and Bybee Lakes over the ten year period

relate findings on historical Slough water quality to present and

future plans for increased public access to the area of the Landfill and Smith

and Bybee Lakes
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3.2 Approach and Methods

Data resulting from the field measurements and laboratory analyses
performed from sampling inthe vicinity of.St Johns Landfill was disbursed

at the start of the project on City of Portland data sheets in the
Environmental Protection Agencys water quality management system called

STORET in data sheets for special DEQ studies and more recently on DEQ and

METRO contractor data sheets DEQ had recently compiled its data into

separate computer data files for each of the surface water stations and these

files Included data from 1979 through May 1985 Kepler pers corn 1986
These files were downloaded from the DEQ Harris computer by way of an IBM

microcomputer to 5.25 in floppy disks then converted to spreadsheet Lotus
files The data files for each of the historical monitoring stations were

then completed with City of Portland Data back through 1977 and forward with

DEQ and METRO data from May 1985 through September 1986 1977 was chosen as

starting point to complement the study by Sweet Edwards and Associates 1983
which reviewed surface water data through 1976 Tables of data for each of

the Slough and Lake Stations are in Appendix

Files were reformatted for ease of review e.g major ions nutrients and

metals were separately clustered as were the gross physical and chemical

parameters such as conductance pH and alkalinity Statistical summaries

were made of each of the files including range of dates for samples number
of samples per parameter mean minimum and maximum parameter values and

parameter standard deviations Results reported as being below the limit of

detection e.g less than 0.01 were entered as 0.0 analytical zero
indicating sample had been collected and an analysis performed These 0.0

values can be traced to original data sheets to determine what the lower limit

of detection was at that point in time Graphs were prepared where trends in

the data or differences among stations appeared to be significant

3.3 Evolution of Slough and Lakes Water Quality Sampling

The Columbia Slough has been sampled systematically to evaluate the

quality of Its water at least since 1967 Earlier sampling programs may have

been conducted but the existence and location of data was not uncovered

during preliminary inquiries of the Oregon Department of Environmental Quality

DEQ the City of Portland or METRO The total number of arameters in DEQ
sUrface water quality files for stations near the St John Landfill along

with the duration of the file record for this review is shown In Table 31

Starting in 1967 the City of Portland Water Pollution Control Laboratory

at the Columbia Blvd Wastewater Treatment Plant conducted monthly sampling of

three stations in the Lower Columbia Slough Stations and see Fig
31

During 19711973 extensive water qUality sampling was done in the

Columbia Slough by DEQ and the City of Portland to evaluate water quality
conditions in the entire Slough watershed extending east to Fairview Lake and

Fairview where the Slough originates Sthnpling of water and sediments was

also done in Smith and Bybee Lakes Data and assessments resulting from the

1971 work are reported in Portland City of 1972 Oregon Department of

S.R.I Cis
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Environmental Quality 1974 and Quan Sweet and lilian 1974 The
assessment of water quality in the Slough system was in part motivated by the

Corps of Engineers planning study in the early 1970s to determine the

feasibility of providing additional flood protection and related water
resource development in the RivergateNorth Portland area Army corps of

Engineers 1976a 1976b
In 1972 the City of Portland increased the number of its sampling

stations in the Lower Columbia Slough to include and see Fig 31
The number of parameters measured was increased to include nitrogen and

phosphorus compounds sulfate total solids and chloride Previously only

temperature pH suspended solids dissolved oxygen 5day Biochemical Oxygen
Demand and total coliform bacteria had been measured regularly Water levels

were continuously recorded at the Landfill bridge starting in 1971 and

continuous record of water levels was produced for 1971 and 1972 which
according to the data records related to leachate monitoring in the
Columbia Slough At the beginning of 1974 specific conductance was added to

the list of analyses for all samples collected Notes concerning water

velocity and direction of flow at two of the six stations were added to data

sheets beginning in 1974 These notes were discontinued toward the end of
1979

In 1979 the agency that is now METRO began collecting samples at the six

stations and the City of Portland analyzed the samples at its Water Pollution

Control Laboratory In late 1980 station was established at the landfill

edge of Smith Lake and was sampled monthly for the same parameters as Slough

stations In early 1981 second station was established in Smith Lake In

deeper water and this was also sampled monthly In 1981 sampling was
discontinued at Stations .A and in Columbia Slough In 1982 METRO began to

contract with private laboratories for analyses of monthly samples In 1983

Station was discontinued This station was located in Smith Channel the
channel connecting Bybee and Smith Lakes Discontinuation of sampling at

this station was probably related to the separation of the lakes from the

Slough by the water control structure installed in 1982

3.4 Present Slough and Lakes Water Quality Sampling Program

Since 1984 DEQ and METRO have alternated sampling quarterly at the

remaining Slough Stations CA CB and the two lake Stations BLA

and SLC There are many differences between the sampling program of DEQ and

that of METRO and its contractor as the matrix on the following pages
indicates METRO and DEQ METRO only DEQ only

SR.I 16



Smith 1k Bybee Lk
SLA SIC BLA

.B

Note DEQ rules pertaining to these parameters in following Section

From this matrix of parameters and the symbols indicating which analyses are

performed by METRO or DEQ It is apparent that DEQ is performing more analyses

per sampling occasion than METRO This suggests that certain parameters may
not be critical parameters to monitor and/on that DEQ has special interest
in obtaining data on particular parameters

35 Choice of Sampling Parameters

Traditionally sampling sites and sampling parameters appear to have been
selected to monitor possible contamination of the SloughLakes system by storm
and combined sewer effluent and the St Johns Landfill leachate
Establishing sampling Stations at sites add seemed to reflect an interest
in the quality of water entering the Lower Columbia Slough from the Slough
above N.E 17th Street see Fig 31 Following METROs assumption of water

STAT ONSPARAMETER

Staff gage reading
Ternperature

pH field
pH lab
Conductivity field
Conductivity lab

Total solids

Suspended solids

Turbidjty
Djss oxygen

Alkalinity
Hardness

Sodium

Magnesium
Potassi urn

Sulfate

Dlssolved iron

Dissolved manganese
Chloride
BOD5

COD
Total Kjeldahlnitrogen
Ainmoni anitrogen
Nitratenitrogen
Nitritenitrogen
Total Phosphorus

Fecal Coliform Bacteria
Enterococcus Bacteria

Total Coliform

Chlorophyll
Pheophytin
Color

Slough
CA CB

BB BBB
BB BBB
BB BBB
BB BBB
DD DDD
DD DDD
DD DDD
DD DDD

BB
BB BBB
DD DDD
DD DDD
DD DDD
DD DDD
DD DDD
DD DDD

.B B.B
BB

BB BBB
BB BBB
BB BBB
BB BBB

BB
D.D

DD DDD
DD DDD
DD DDD
DD DDD
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quality sampling in 1980 the reason for sampling appeared to be restricted to
that of monitoring possible effects on Slough surface water by Landfill
leachate The set of parameters being measured quarterly by METRO has been

defined In the solid waste and NPDES permits for the St Johns Landfill site

In spring of 1986 at the request of the Port of Portland DEQ and METRO
were asked to obtain quarterly samples from Smith and Bybee Lakes and add

algae nutrient parameters e.g total phosphorus nitrate and nitrite
nitrogen and measures of bacterial contamination e.g fecal coliform
bacteria densities to sample analyses These additions to the sampling
program were part of the Port effort to assess the environment of the lakes
and produce Management Plan Accordingto DEQ Schaedel 1986 pers cam
what used to be Landfill leachate monitoring program now has the parameters
of typical surface water monitoring program Aside from the DEQ 1974 study
and the study by Sweet Edwards and Associates 1983 no reports were found
which interpreted data generated and/or explained the rationale for parameter
selection The Geological Survey collected data from Smith and Bybee
Lakes during the period JuneNovember 1982 and issued data report Clifton
1983 but did not interpret the results

3.5.1 ODEQ Surface Water Quality Standards

Some of the parameters that have been monitored through time relate
directly and indirectly to Oregons water quality standards see list of

parameters in previous Section DEQ has the authority to require monitoring
by potential polluters of water bodies such as the operators of the St
Johns Landfill and the authority to monitor to evaluate compliance of water
bodies with the state water quality standards OAR 34041120 DEQ water

quality standards for the 19 major drainages of the state DEQ 1985 describe

water conditions that should be prevented and characteristics that should not
be exceeded so as to protect specified beneficial uses e.g water contact
recreation fishing swimming irrigation etc. There Is no designation of

what the beneficial uses are of Columbia Slough water even though the system
annually drains approximately 100000 acreft of area surface and subsurface
drainage DEQ 1974 The Columbia Slough system extending from the east edge
of Fairview to the Willamette River serves as an areawide drainage system
for 53 square miles within North Portland and North Multnomah County This

system is regulated by Willamette Basin water quality standards DEQ 1985

The following numerical water quality standards apply to the Columbia
Slough and Smith and Bybee Lakes OAR 34041445

PARAMETER STANDARD

DISSOLVED OXYGEN not less than 90% saturation

TEMPERATURE no measurable increases outside of

defined mixing zones due to single
source discharge when temperatures are
68F or higher or more than 0.5F

S.R.I 18



TEMPERATURE increase when temperatures are 67.5F
continued or less or more than 20F increase

from all sources when temperatures are
660F or less

pH 6.58.5

TURBIDITY no more than 10% cumulative increase
in natural stream turbidities

BACTERIA FECAL COLI not to exceed log mean of 200 fecal
coliform per 100 ml based on minimum
of samples in 30day period with no
more than 10% of the samples in the

30day period exceeding 400 per 100 ml

DISSOLVED CHEMICAL

SUBSTANCES these concentrations mg/i shall not be
exceeded

Total dissolved solids 100

Arsenic 0.01
Barium 1.0
Boron 0.5
Cadmium 0.003

Chromium 0.02

Copper 0.005

Cyanide 0.005
Fluoride 1.0
Iron 0.1

Lead 0.05

Manganese 0.05
Phenols totals 0.001
Zinc 0.01

PESTICIDES AND OTHER Shall not exceed current EPA
ORGANIC TOXIC SUBSTANCES standards

CHLOROPHYLL These concentrations mg/i shall not be

exceeded
Natural lakes which thermally
stratify 0.01

Natural lakes which do not thermally
stratify reservoir rivers and

estuaries 0.015

DEQ has additional nonquantitative antiiegradation rules such as those
pertaining to fungal growths floating solids discoloration offensive tastes
or odors but these conditions if present in the Slough during the period of
interest 19771986 were not made part of the data base
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3.5.2 Eutrophication Indices

Studies of the relationship of the thresholds of nuisance algae growth to
concentrations of nutrients used by algae have resulted in empirical
determinations of critical levels of certain phosphorus and nitrogen compounds
e.g Porcella Peterson and Larson 1980 Eutrophication is the enrichment
of water bodies by plant fertilizers particularly nitrogen and phosphorus
compounds Recently DEQ considered the adoption of nutrient standards which
would have resulted in enforcement if concentrations oF certain forms of

nitrogen and phosphorus were exceeded ODEQ 1986 The following
concentrations rng/l reflect recent reviews regarding levels of these plant
nutrients that should not be exceeded In order to prevent nuisance algae
growth

-i-TOTAL PHOSPHORUS in lakes greater than 0.025
-i-TOTAL PHOSPHORUS in streams entering lakes greater than 0.05
-i-TOTAL PHOSPHORUS in other streams greater than 0.1
DIS5OLVED PHOSPHORUS greater than 0.011
TOTAL NITROGEN greater than 0.180
-i-UNIONIZED AMMONIA as ammonia greater than 0.02

DEQ 1986 Porcella Peterson and Larson 1980

There are at least two primary sources of these algae/plant nutrients in the
Slough system scattered and intensive agriculture and ground water
entering the Slough from unsewered areas In East Multnomah County In the

lower Slough the quality of water being pumped into the Slough from North
Pennjnsula Drainage Districts and would most likely each reflect
agricultural and golf course fertilizer applications No data was located on
the quality of water pumped from these Districts into the Columbia Slough

3.5.3 Indicators of Landfill Leachate Influence

All of the Slough sampling stations are within short distance of the
St Johns Landfill The Slough water quality monitoring program is intended
to detect possible influences of Landfill leachate on Slough water
characterization of St Johns Landfill leachate is helpful in determining the
water quality parameters that might reflect leachate contamination in the

Slough

Several measurements are available for water that was being pumped from
the south end of the Landfill site adjacent to the Blind Slough remnant to
Columbia Slough and Smith Lake The Landfill operators are now required to

pump contaminated surface water from the expansion areato the City sanitary
sewer sample of fluid from an active seep along the Landfill bank In North

Slough was also analyzed These data are presented on the following page
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DATE SAMPLE CONDUCTANCE FECAL ORGANIC DATA

micromhos/cm COLIFORM NITROGEN SOURCE
BACTERIA mg/i

coi./iOO ml
1285 Pump line 820 13000 57.4

Blind Slough
area to Smith
Lake

91886 Seep 4300 1600
Slough Bank

12586 Pump line 1255
Blind Slough
area to
Columbia

Slough

12586 Surface seeps 530

NW side of 15380
Landfill

Scientific Resources Inc 1986

Laboratory analysis of sample collected by Fishman
Fishnian Environmental Services
Field measurements by Luzier Shannon Wilson Inc
and P. Fishman Fishman Environmental Services

Samples of water in Blind Slough adjacent to the active Landfill were
obtained by METRO during 1979 and 1980 These data for stations FA and FB
are presented in Table 32 All measured parameters with the exception of
pH had values higher than found in Smith and Bybee Lakes and Columbia It is
obvious that all of the water samples discussed above were contaminated with
Landfill leachate conductance alone is good indicator of contamination in
this system Shannon Wilson Inc 1986

It would be reasonable from this information about Landfill leachate to
use two or three of these parameters that are significantly elevated as an
index of Landfill contamination of Slough water This apparently is being
done with the choice of chloride hardness alkalinity BOD5 COD
conductance and fecal coliform bacteria It would appear essentiaVto have
leachate carefully characterized for toxicjmetals and organic compounds to
assess the severity of leachate contamination of Slough water Since the
toxicity of certain metals tends to be inversely related to the hardness of
the water USEPA 1986 both DEQ and METRO measure the hardness of each
sample
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TABLE 3-2 WATER qL4LflY ITA 1979-1980 SATICtJ FA t4D FB

STATIN FA

CF SAtLERS arD ALK K4RD Cl I3-N 800

S1P1E LAB LAB LAB CAlL
n/l DISS

Wd/y uhs/aii Ca003 n/1 n/1 niJ1 rrJl

SA1vPIES ANQYZED

IEAN VALUE 3647 7.5 1288 848 478 113.5 739 674

MAXIMJI VALUE 4710 8.0 1780 1080 1140 203.0 1860 1490

MINIMJ4 VALUE 2530 7.3 754 642 275 .0 105 53

STAM41 DEVIATICI4 893 0.2 350 138 283 62.6 552 442

STATIt4FB

DATE CF SAMLEiS QTh pH ALK HN Cl FH3-N 800 CU
SPtILE LAB 18 LAB CALC

ng/l DISS
Wd/y uhs/a Ca003 n/l ni/1 ntj/l nrj/l rn/1

SAMPLESANPLYZED 66
FE4N VALUE 4473 7.7 1394 943 639 133 873 1340

MAXIMJI VALUE 8850 8.4 1890 1340 1940 241 1710 1820

MINII4fl VALUE 2440 7.3 803 686 242 60 1090

STAt1AJ CEVIAICt4 2164 0.4 378 218 593 64 515 258

ao

10/18/79 fsETR

11/07/79 fvtfl

01/23/8 rvEr1

2/21/8 fET
03/11/8 fvEfl

04/23/80 E1B
05/28/80 1ETR

4700 8.0 945 800 1140 70.0 105 28
2530 7.5 754 642 34 44.5 650 738
26I 7.3 1150 830 340 2.0 570 53

4140 7.5 1780 1080 362 170.0 1860 1490
2850 7.4 1220 984 275 112.0 108 860

4000 7.5 1500 878 366 158.0 740 860

4710 7.5 1670 722 559 208.0 170 510

10/18/79 FEflO

11/07/79 fvEllD

2/21/a ETI
03/11/9 IETR

04/23/a rrm
05/28/80 fETO

8850 8.4 1760 1340 1940 60 59 148
2440 7.3 83 686 364 64 1150

389 7.5 1480 108 360 164 1710 1820

2700 7.4 1050 749 242 105 98 1090

37X 7.6 138 879 318 161 1040 138
5300 7.8 1890 923 608 241 930 1120



3.5.4 Indicators of Sewer Outfall Influences on Slough Water Quality

Data available on storm sewer effluent was limited to flow total
suspended solids BOD dissolved oxygen total and fecal coliform for 1971
and flow and fecal streptococcus for single samples during summer 1985
Sampling of storm and combined sewers during this project in 1986 provided
information on flowand fecal coliform densities and chloride on two
occasions one with and one without rainfall see Section 2.0 Total storm
overflow volumes from the upper 12 of the 21 sewer outfalls in the Lower
Slough during sixmonth period in 19711972 October 1971 March 1972 was
estimated by the City of Portland to be 182million cubic feet or 4175
acrefeet of water Portland City of 1972 This is approximately the same
volume of water contained in Smith and Bybee Lakes when the water is at an
elevation of 10.7 ft msl see Technical Appendix Surface Water Hydrology

While water from sewer outfalls may be only 6% of the total annual
discharge through the Slough system high fecal coliform densities reported
in Section 2.0 suggest that the sewers may contribute much higher
percentage of the nutrients that enter the system The high levels of toxic
metals generally in the Lower Slough and notably at Stations and detected
in April of 1979 may indicate that the source of these metals is sewer
effluent Slough water quality characteristics that may indicate influence by
sewer effluent would include fecal coliform densities and chloride see
levels detected in sewer effluent in Section2..2 Sewer effluent should be
better characterized so as to know its composition under different hydrologic
conditions As it stands what are being measured as indices of Landfill
leachate contamination of the lower Slough are also indices of sewer
contamination

The present Slough monitoring program does not distinguish sewer effluent
effects from leachate effects Each source needs to be carefully
characterized in order to find indicator parameters for each High fecals
BOD conductivity etc might also be caused by other sources agricultural
industrial eastcounty sewers etc. We do not have among parameters
measured to date unique indicators of either Landfill leachate or sewers
combined or storm
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3.6 Columbia Slough Water Quality Data Review

3.6.1 Statistical Dilution

Results of Slough sampling in May and September described in Section 2.0
of this report suggests that where sampling is conducted downSlough of the
Portland Road Bridges without regard for tidal influences and River water
excursion up the Slough water quality data will reflect the quality of both
River and Slough water

Since the conductance of River water Columbia or Willamette see
Appendix Tables 18 and 19 has been generally lower than that of the Slough
it would be likely that comparison of Stations from upSlough e.g Station

and with Stations downSlough e.g Station would show decreases in
conductance downSlough This decrease in conductance would result from
sampling River water at stations below Station relatively frequently over
tenyear period producing diluting effect in statistical summaries This
effect may be seen in Fig 32 which is comparison of mean conductance
values by station from Station to Station see Appendix Table Bi for
Station values

The same statistical dilution effect would be produced In the
measurement of any parameter that is of lower concentration in the River than
in the Slough Another example of what may be the effect of sampling River
water during Slough sampling is comparison of mean nitratenitritenitrogen
values.Fig 33 The lowest nitratenitritenitrogen value for Slough
stations is 0.62 mg/i for Station in North Slough sample measurements in
that file The average nitratenitritenitrogen value for Willamette River
water 19741981 was 0.57 mg/i Appendix Table B18 and 0.25 mg/i for the
Columbia River for the sample time period

If the focus of interest behind Slough water quality monitoring is the
quality of water discharging from the Columbia Slough watershed then the
Slough must be sampled so as to obtain data on the Slough rather than on the
unknown mixture of regularly intruding River water and Slough water This is
of course problem unique to the Lower Columbia Slough segment

The influence of the unsewered area of east Multnomah County on the upper
Columbia Slough e.g Quan Sweet and lilian 1974 DEQ 1974 also indicates
that monitoring the Upper Slough is important to make sense of Lower Slough
Water Quality

3.6.2 Slough Water Quality

COMPLIANCE WITH STATE WATER QUALITY STANDARDS Slough monitoring data
for dissolved oxygen pH fecal coliform bacteria chlorophyll total
dissolved solids iron and manganese can be compared with state standards
see Section 3.5 forstandarcjs Means of Station data have been reviewed for
compliance with the caveat that comparisons of upper stations with lower are
faulted by the greater frequency of River water being sampled rather than
Slough water increasing from Station CA downSlough see preceding Section
Table .3 shows means of each of the parameters for each of the Stations
from the period 1977 1986 Stations are arranged in the Table from highest
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Table 33 Summary Values of Slough Sampl2nQ Stations 1977 906 Means of 411 Data by Station Parameter

ALL DATA MEANS 1917-86

SAMPLING COND COND TOG ISS pH pH ALE HARD Ca Mg Na Ci 504 4H3-N 502-N 913-N iD3 EJELO P14P Fe Mn in ROD too COLCP

LOCAUON FIELD LAB IFEI.DLAB LAB ICAIC DISS.HDISS 002-N CTOTHTOTI DISS.DISS TO OfIDISS

mg/i D1SS
IC ohs/cm uhs/ca ag/I mg/I CaCO3 mg/i ./i mg/i 11 mg/I mg/i ag/i ag/i mgi mg/i mg/i mg/i mg/i mg/I mg/I mg/I ag/I ag/i ag/I ic/i PTCO

15.7 212 244 61.5 7.4 69.8 90.9 22 5.4 1.0 5.4 8.5 15.1 0.207 0.02 3.80 3.71 0.518 0.00 0.00 0.02 5.0 8.5 12.10

16.8 220 236 45.7 7.6 75.8 92.0 9.2 15.6 0.303 3.28 3.29 0.534 6.6 0.5 12.36

13.8 233 231 234 44.0 7.3 1.7 76.8 67.7 23 LI 3.0 7.9 8.9 13.5 0.223 3.18 2.51 1.00 0.107 0.0k 0.05 5.4 9.6 13.50 Il

6.1 225 214 227 50.7 1.3 7.6 75.6 86.9 23 7.7 2.9 6.6 9.2 15.1 0.355 0.02 5.20 2.9 2.07 0.551 0.05 0.06 0.02 5.8 10.1 11.45 14

13.0 223 221 204 40.2 1.5 T.7 74.6 04.9 23 7.8 2.3 6.9 8.4 13.6 0.227 2.01 7.33 1.00 0.128 0.06 0.05 4.8 9.5 13.03 .17

15.5 205 202 107 41.2 7.5 7.7 69.5 76.9 21 7.1 1.5 6.2 8.4 14.0 0.275 0.02 2.15 2.06 0.60 0.366 0.08 0.02 0.04 4.5 9.0 11.75 14

14.3 203 244 67.3 7.7 67.6 61.2 9.5 0.0 0.079 0.74 1.10 5.200 9.7 13.0

4.4 205 193 lOb 46.6 7.4 7.6 71.1 69.9 19 6.6 1.9 6.9 9.7 7.1 0.423 0.41 0.90 0.62 1.40 0.209 0.04 0.03 0.02 4.3 14.4 9.46 16

14.5 225 189 176 47.4 7.5 7.6 66.6 10.5 21 6.4 2.2 7.0 B.a 3.4 0.452 0.03 .11 1.01 3.04 0.849 0.06 0.03 0.02 3.8 12.1 0.64 13

14.9 200 187 112 37.8 7.5 7.7 64.9 70.0 21 6.7 1.1 5.4 7.8 13.4 0.242 0.02 3.86 1.69 0.70 0.336 0.12 0.03 0.02 3.8 9.4 1.66 14

LOW WATER DATA MEANS JUL.SEFT 1971- 1986

COND COND TRS 155 rpM pH ALt MARL Ce Mg Na Ci -- 504 NH3-N 902-N 903-N NO3 E2ELD P04P in

FIELD LAB FIELD 1140 LAB C1C 0155 DOSS N02-N TOT TOT DSS DOSS
mg/I DOSS

CaCO3 mg/i ag/I mg/i ag/I mg/i mg/I mg/i mg/i ag/i mg/I mg/i ag/i mg/i mg/i mg/i mg/i
ohs/c ohs/cm ag/I ag/I m/i ag/I mg/i ag/i PTED

19.3 723 228 32.6 7.4 77.4 S5.5 9.2 15.9 0.147 4.25 3.83 0.354 6.2 9.4 13.13

22.3 232 241 51.1 7.7 85.8 101.5 10 16.0 0.293 2.95 3.34 0.527 7.9 15.0 12.61

CA 20.2 276 236 251 63.0 6.8 7.6 79.7 88.5 24 8.0 10.5 15.0 0.215 2.95 3.40 0.05 0.09 0.2 10.0 17.10

22.0 255 226 243 55.3 7.8 70.1 83.7 23 7.8 10.0 15.7 0.322 15.60 3.08 0.577 0.09 0.19 6.9 14.0 12.05 II

CB 20.3 243 211 203 62.0 7.1 7.7 78.7 B3.I 24 8.6 15.0 0.190 7.30 3.40 0.06 0.09 7.7 12.0 17.3 20

21.8 246 211 187 53.6 7.6 7.8 74.6 77.8 23 7.8 8.6 12.3 2.241 2.35 2.14 0.525 0.13 0.07 6.4 15.1 11.00 15

19.8 221 233 95.0 7.8 80.5 80.5 9.2 0.175 .10 6.8 17.8

20.2 230 215 185 70.0 7.6 7.8 84.1 73.6 24 9.7 10.9 2.4 0.209 0.00 0.50 0.00 0.159 0.00 0.08 4.9 24.6 12 9.93 30

22.0 233 188 154 61.0 7.7 7.8 71.4 72.8 24 8.0 7.9 9.4 0.201 1.05 0.37 0.100 0.05 0.08 4.3 18.0 11.00 II

21.8 243 202 Ill 47.1 7.7 7.8 -77.1 72.4 23 3.8 8.0 11.0 0.214 1.70 1.43 0.500 0.05 0.08 6.1 12.0 11.88 2C

CA

Ca

SAflPLONG-

LOCATION

BOB COD CDLDR

TO ORDISS.1



to lowest through Station above North Slough then from highest to lowest in

North Slough and finally with Station last see Fig Additional
statistical summaries are provided in Appendix Tables 11 Also included
in Table are means of all values from the traditional low water periods
July September of each year 1977 1986 Data from two special studies of

metals and priority pollutants In the Slough have also been reviewed and

included the Oregon Water Quality Criteria defer to the USEPA 1976 edition of

Quality Criteria for Water for applicable criteria

Dissolved Oxygen Means of all values among all Slough stations

suggests that dissolved oxygen values are usually supersat
urated due to high density of algae in the Slough All

low water values are slightly elevated over all data means
DOs of less than 90% saturation may be uncommon in the

Slough in all seasons due to algal evolution oF oxygen

pH All means have been within the standard 0f 6.5 8.5
However an inspection of the Appendix summary Table
shows that pH commonly exceeded 8.0 and occasionally 9.0

Fecal Coliform Bacteria Historical data presented in

Appendix Table 17 was only available back to 1984
Data acquired during field studies in this project
are presented in Section 2.0 Historical data show

ranges over all stations from to 24000 col./100 ml

during the period from 21 November 1984 through 29

May 1986 Out of 31 values 11 were less than 100
from between 101 and 999 and 13 1000 and above

All values exceeding 1000 occurred during the period
November through May The data suggests that during
this period state standards were exceeded frequently

Chlorophyll Only 1986 data was available for the

period T977 through 1986 for review All 1986 samples
obtained from Slough Stations during SRI field studies

where Columbia Slough rather than River water was

sampled ranged from 0.033 to 0.070 mg/i these results
are tabled separately in Appendix Table and also

from Station in Table All of these exceed state

standards Samples obtained by ODEQ 29 May 1986
from stations below Station and including two

stations in North Slough ranged from 0.014 to 0.025

mg/i ODEQ Laboratory Data Sheets Run No 860456
Four of the stations were just below thethresh
old value of 0.015 mg/i

Total Dissolved Solids mg/i Means of each of the Stations
exceeded the state standard of 100 As with conduct
ance values reviewed in Section.3.6.1 total dissolved
solids values decrease with increasing distance down
Slough from Station
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Dissolved Manganese mg/l Stations CA and CB each had
values at or in excess of the state standard of 0.05 mg/i

Other Metals There is little data on toxic metals in
the Columbia Slough other than series of analyses
that were performed on samples from Stations April
1979 City of Portland Columbia Slough Monitoring Data

Sheets and results of sampling done by ODEQ in 1982
Results from each of these single day studies over the
10 year period show levels of copper lead cadmium and
zinc that exceed state standards

Metals in Columbia Slough The results from the City of Portland work
1979 are

STATIONS

NOTE The data sheet indicates these samples were acidified
with concentrated nitric acid and heated on steam bath for 30
minutes In addition notations on data sheets about hydrologic
conditions at sampling time are that there was no current at
the time of sampling

On the basis of present DEQ water quality standards regarding these toxic
metals Slough water quality would have been out of compliance at all stations
for cadmium copper and zinc On the basis of current IJSEPA water quality
standards IJSEPA 1986 the Slough water would also have been out of
compliance for lead What is of interest about this unique data set is that
there is no apparent pattern of concentrations related to stations Further
Station in North Slough does not have higher concentrations of metals than
other Slough Stations However this data derives from time when North

Dissolved Iron mg/l
Station all

standard of 0.1

may reflect the

River Appendix

With the exception of the lowest

mean values are below the state

mg/l High levels at the lower Station

average higher values in the Willamette
Table 18

METALS ppb

Cadmium 8.2 4.9 6.3 7.3 4.7 3.7

Chromium 164 7.6 17.4 9.1 11.5 5.6

Copper 39.5 18.8 21.0 32.9 29.9 14.6

Iron 25.1 24.6 22.7 24.5 21.1 21.4

Nickel 7.9 6.5 77 10.9 11.6 3.8

Lead 312 59 19.9 12.6 11.5 7.7

Zinc 26.2 22.2 12.6 26.2 13.5 15.4
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Slough was flushed unlike Its present condition as an embayment

Another data set on metals in the Columbia Slough was generated by ODEQ

1984 from sampling conducted 30 August 1982 at Denver Ave see Fig 31
and the Landfill Bridge historical station to determine levels of priority
pollutants 129 parameters measured see Appendix Table 20 There is no
associated data on water levels flow or direction of flow in the Slough

STATIONS

METALS ppb DENVER AVE

Antimony 0.0 0.0
Arsenic 0.0 0.0

Beryllium 0.0 0.0

Cadmium 0.3 0.3

Chromium 1.4 1.4

Copper 50 9.0

Nickel 29.0 11.0
Lead 15.6 22.8

Mercury 0.0 0.0

Selenium 0.0 0.0

Silver 0.0 0.0

Thallium 0.0 0.0

Zinc 16.0 31.0

On the basis of these results only copper and zinc exceed state water quality
standards Associated data on levels of these metals in sediment and in

crayfish captured in the Slough indicate arsenic beryllium cadmium
chromium copper lead mercury and nickel were present in both media at each

station Levels of zinc appeared to be relatively high in both sediment and

crayfish at each station Silver was present only in sediment at each station
Antimony and selenium were not detected in sediment or crayfish for further
information on sediments see Fishman Environmental Services 1986 Technical

Appendix

COMPARISON WITH EUTROPHICATION INDICES

Total Phosphorus mg/i comparison of stations in the

Slough shows that mean values at all stations are in

excess of the suggested threshold value of 0.1 mg/i
Means ranged from 0.107 to 5.2

Total Nitrogen mg/i suggested threshold see Section 3.5
has been 0.180 mg/i Where data was available for

Kjeldahl nitrogen total nitrogen was determined by

using mean values as follows Kjeld.N NH3N NO2N
N03N Resulting values were
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STATION

CA 3.96

6.94
CB 3.58

2.50

2.29

4.18

4.34

All of these values far exceed the suggested threshold

value and indicate eutrophic conditions in the Slough

Unionized Ammonia mg/l suggested threshold see Section

3.5 has been 0.02 mg/l Ranges of NH3N were from
low of 0.207 Station to highs of from 0.423 to 0.479

In North Slough Stations These values indicate excessive

eutrophication in the Slough and especially in North

Slough

COMPARISON WITH LANDFILL LEACHATE INDICES

Values of chloride hardness alkalinity BOD5 COD
conductance and fecal coliform bacteria may indicate
Influence by the Landfill if values are relatively

higher at stations that would be influenced by the
Landfill see Section 3.5 The caveat of the

influence on Slough data of intruding River water
still applies however

Chloride mg/l Means of chloride values were in narrow

range of from 7.8 to 9.7 Table While the

Station in upper North Slough had the highest mean

Station also had high value of 9.2

Hardness mg/l Means of calculated hardness were in

range of 70.0 to 92.0 Table 33 These have been

the calculated values using the sum of factors

applied to calciumand magnesium in Slough water
These values appear to have trend of higher values

at upper stations to lower at lower stations reflecting
perhaps diluting effect from lower hardness in

intruding River water

Alkalinity mg/i Means of alkalinity ranged from 64.9 at

Station to 76.8 at Station CA The range seems fairly

narrow and trend of higher values at upper stations and

lower at lower stations appears to be present here also

BOD5 mg/i If the higher value from Station which was
at the mouth of Smith Channel before the Control Structure

was Installed Is removed values are in narrow range
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of 3.8 at Stations and to 6.6 at Station Lower
values occur at lower stations Data sets for individual
stations are extremely variable

COD mg/i Means of values ranged from 9.0 at Station to

14.4 at Station In North Slough Table 33 There

appears to be no trend In valUes along the Slough nor
does there appear to be relationship to BOD
Data sets for individual stations are extremely variable

Conductance micromhos/cm Conductance values ranged from

187 at Station to 231 at Station CA Fig 32 Table

33 These values appear to be influenced by sampling
intruding River water of lower conductance at lower

stations High values are at upper stations while low
values are at lower stations Trends of these values

agree fairly well with trends among values for total

dissolved solids TDS Table 33
Summary Among these possible indices of the influence

of Landfill leachate on Slough water quality none suggest
that Influence Sampling of River water with Slough water
tends to preclude determination of influence

3.7 Smith and Bybee Lake Water Quality

3.7.1 Evolution of Lakes Monitoring Program

The water quality of Smith and Bybee Lakes was monitored on regular
basis starting in 1981 Prior to 1981 water quality was apparently monitored
only once in each of 1972 1974 and 1980 ODEQ 1974 Shulters 1975 and
Johnson et al 1985 METRO began sampling Smith Lake in late fall of 1980

see Appendix Tables 13 through 16 for the data sets for the

following discussion This sampling may have been prompted by considerations
of water quality as related to valuable wildlife habitat within and adjacent
to the St Johns Landfill The filling of Blind Slough resulting from the

expansion of the Landfill entailed an evaluation of Blind Slough water quality
reviewed in Section 3.5 Considerations of mitigation for wildlife habitat
lost through this expansion as well as concern for impact of the expansion on
adjacent lake water quality may have resulted in the initiation of monitoring
by METRO Herb 1986 Considerations of the construction of the water
control structure in fall of 1982 resulted in the Corps oF Engineers
sponsoring Geological Surveyconducted July October 1982 water

quality data collection program for each of the Lakes Clifton 1983 Three

sites have been monitored in Smith Lake SLA SLB and SLC see Fig
One site BLA has been monitored in Bybee Lake
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3.7.2 Quality of Lake Water

Water quality data in the Appendix Tables 13 16 are summarized in

Appendix Table 12 Bacteria data has been.provided in Appendix Table 17
Each of the parameters monitored have been summarized for entire data set
values and for all low water values July September The data base was
reviewed to determineV quality on the basis of compliance with state water

quality standards eutrophication indices and indices of Landfill
leachate influence .see Seàtion 3.5

COMPLIANCE WITH STATE WATER QUALITY STANDARDS The state standards or
which there is monitoring data for comparison are dissolved oxygen pH fecal
coliform bacteria chlorophyll total dissolved solids iron and manganese
see Section 3.5 for standards

Dissolved Oxygen No values were below 90% saturation
Detailed diurnal studies of dissolved oxygen during
summer of 1982 Clifton 1983 support these results
and showed that water was wellmixed in each of the

lakes and that only rarely were oxygen concentrations
decreased even near the bottom at night

pH All values have been within the standard of 6.5 8.5

Fecal Coliform Bacteria Determination of compliance cannot
be assessed due to the infrequency of sampling. The

highest value recorded in historical data was from Bybee
Lake in September 1974 with 640 col./100 ml data from
that same date for Smith Lake showed comparably high
levels of 420 col./100 ml Data from 1986 showed no
value exceeding 256 col./100 ml Comparison of past
late fall bacteria values with present values suggests
an improvement in fecal contamination

Chlorophyll There are only recent values for comparison
with this recently established standard Water quality

surveys conducted during this study in May and September
of 1986 reported the following values mg/l

30 May 1718 September
Bybee Lake 0.042 0.061/0.076

Smith Lake 0.016 0.086/0.084

These values are each in excess of the state standard of
0.01 mg/i 10 mgI3

Total Dissolved Solids mg/i The mean value at Station SLA
In Smith Lake was 140 at SLB the mean was 148 In Bybee
Lake BLA the mean value was 132 These each exceed the
state standard of 100
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Dissolved Iron mg/i The mean value at Station SLA in Smith
Lake was 0.12 The single value at Station SLC in Smith
Lake was 0.05 there is no data on iron from SLB In

Bybee Lake the mean value was 0.08 The mean value at
Station SLA does exceed state standards

Dissolved Manganese mg/i The mean value at Station SLA In
Smith Lake was 0.2 There was no data from SLB and

manganese was not detected at SLC or at the Station In

Bybee Lake The mean at Station SLA exceeds state
standards

Total Phosphorus mg/i comparison of stations in each of
the lakes shows that values generally indicate eutrophy

MeanS.D All Data MeanS.D Summer
Smith Lake SLA 0.2270.113 0.1800.090
Smith Lake SIB 0.1000.050 0.0800.040
Smith lake SLC 0.1320.034 0.1490.041
Bybee Lake BLA 0.0930.064 0.1170.069

The proposed state standard threshold for problems was
as 0.025 mg/i for lakes see Section 3.5

Total Nitrogen mg/i
has been 0.180 mg/i
and Smith Lake where

dicate eutrophy

Mean Summer
100

070

Unionized Ammonia mg/l
3.5 has been 0.02

each of the lakes

MeanS.D All Data

Smith Lake SLA 0.1800.420
Smith Lake SLB 0.1010.098
Smith Lake SLC 0.0200.010
Bybee Lake BLA 0.1270.104

MeanS.D Summer

0.0500.040
0.1050.O71
0.0200.020
0.0740.044

COMPARISON WITH AVAILABLE LANDFILL LEACHATE INDICATORS

Values of chloride hardness alkalinity BOD5 COD
conductance and fecal coliform bacteria may if higher
than naturally occurring values in the area indicate
influence of the Landfill see Section 3.5 There are

COMPARISON WITH EUTROPHICATION INDICES

suggested threshold see Section 3.5
comparison of Stations from Bybee

data Is available shows values In

Mean All Data
Smith Lake SLB 1.030

Bybee Lake BLA 1.460

suggested threshold see Section

mg/i comparison of Stations from
shows values indicate eutrophy
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only two stations in Smith Lake with sufficient data

for comparison SLA nearest the Landfill and SLB towards
the center of the lake

Chloride mg/i The station nearest the Landfill SLA had

the highest mean value 11.0 whereas Station SLB had

mean value of 7.5 Bybee Lake BLA with only four data

pOints had mean value of 9.4 mg/i

Hardness mg/l Station SLA had mean value of 65.5
Station SLB 66.0 The Bybee Lake Station BLA had

mean value of 74.0

Alkalinity mg/l Station SLA had mean value of 66.1
Station SLB 63.0 The Bybee Lake Station BLA had

mean value of 98.6

BOD5 mg/i Station SLA had mean value of 15 Station SLB

10 The Bybee Lake Station BLA had mean value of 6.0

COD mg/i Station SLA had mean value of 17 Station SLB

The Bybee Lake Station BLA had mean value of 26

Conductance rnlcromhos/cm Station SLA had mean value of 183
Station SLB 185 The Bybee Lake Station BLA had mean
value of 188

Summary These parameters do not indicate consistent

trend nor do.the values appear sufficiently elevated

to .suggest that the Landfill leachate is influencing
Lakes water quality For example chloride values in

Smith Lake are higher near the Landfill Sturgeon
and Blue Lakes have had reported chloride values of 18

and mg/i respectively Johnson et al 1985 neither

appear to be influenced by known sources of chloride
Higher values at the Smith Lake station nearer the Landfill

may reflect the Influence of pumped leachate from the east

Landfill expansion area Scientific Resources inc 1986
however this leachate is now being pumped to the Columbia

Boulevard Wastewater Treatment Plant

3.8 Conclusions and Recommendations

3.8.1 Slough

Conclusion Water within the Lower Columbia Slough is

WillametteColumbja River water Columbia Slough water or mixture of the

two their locations in the Slough at any particular time is determined by

discharge and tidal influences The target water to be sampled in the Slough
should be Columbia Slough water This would seem to follow from an interest

in the quality of water being discharged from the Columbia Slough system
Sampling should therefore be conducted relative to tidal influence on water
levels and water movement
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Recommendation Sampling to determine longterm trends in water quality
should be done by sampling Slough water on the outgoing tide Information on
flow direction and velocity and water level height should be obtained at the
time of sampling and made part of the data base for later interpretation

Conclusion The discharge from the Upper Columbia Slough discharge
from the storm and combined sewers discharge from the two lower drainage
districts and lastly the St Johns Landfill are each known to influence
water quality.jn the Lower Slough Water quality would appear to be
influenced by each and differently at different times of the year

Recommendation Slough sampling stations should be selected which
proviUe information on the known influences on water quality in the lower
Columbia Slough For example discontinuing monitoring at Station just
below where upper Columbia Slough water leaves Multnomah Drainage District No

eliminates the opportunity to track the quality of upper Slough water
through time say for example in relation to the sewering of East Multnomah
County The influence of water pumped from inside the drainage districts to
the Columbia Slough North Penninsula Numbers and and Multnomah County
District is unknown because this water is not being monitored Heavy use of
fertilizers within these districts may be influencing quality of the water
that is discharged

Conclusion Storm and combined sewer outfall appear to be one of the
major influences on Slough water quality during the wet season September
June Selected sewer outfalls should be monitored regularly to determine
quality during base flow where this occurs and quality during wet weather
bypassing

Recommendation Priority pollutant analyses should be performed
reguli1y and interpreted in timely manner on selected sewer outflows
Levels of toxic metals at all stations in the Lower Slough indicate continuing
toxic metals contamination Industrial wastes entering the Slough through the
sewers during wet weather bypassing may be source of this contamination
Data from the City of Portlands Water Pollution Control Laboratory on
industrial effluents in the Columbia Corridor Cook pers comm 1986 may
suggest where monitoring should occur

Conclusion The influence of dischargefrom North Penninsula
Drainage Districts Numbers and 2.on the Columbia Slough is apparently
unknown It Is suspected that water discharged may be seasonally high in

plant fertilizers

Recommendation Slough monitoring should be designed to obtain data on
Drainage District discharges

Conclusion Beneficial uses of the Columbia Slough watershed have
not been defined

Recommendation DEQ should define beneficial uses for the Columbia
Slough watershed and define water quality standards relative to those uses
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Conclusion Recently created surface water data files for the St
Johns Landfill area were made available by ODEQ for use in this study These
files had been created to facilitate ODEQ analysis of sampling results It

appears there has been no analysis and reporting of results from the routine

monitoring throughout the period 1977 1986 by the City of Portland METRO or
DEQ document evaluating and containing results of special 1982 study of
USEPA priority pollutants ODEQ 1984 appeared to be in draft form

Recommendation Water quality data collected by ODEQ METRO or the City
of Portland as required in ODEQ permits should be analyzed in timely
manner to provide feedback on the adequacy of the sampling program We

recommend yearly analyses using updated Station files If it is necessary to
collect data It is at least as important to interpret the data generated If
water quality standards are meant to be the basis for enforcement action then
the lack of timely analysis of routine monitoring data will have the effect of

retarding enforcement of standards

Conclusion There is relative scarcity of information on IJSEPA

priority pollutants in the Slough

Recommendations Priority pollutants should be measured more frequently
Parameters selected for measurement at Slough stations should relate closely
to DEQ and USEPA water quality standards For example at least yearly
priority pollutant analyses should be performed on representative set of

samples from Sloughand Lake stations

Conclusions Water quality parameters currently being monitored

quarterly by ODEQ and METRO differ in many ways ODEQ is monitoring more
parameters than METRO and this appears to result from METROs monitoring
being defined by its permit to operate the St Johns Landfill whereas ODEQ
has added what appear to be additional important parameters nutrients
dissolved oxygen chlorophyll e.g to its monitoring program to test for
compliance six month frequency of monitoring appears to be inadequate to
test for compliance

Recommendation Monitor parameters that test or indicate compliance with
state water quality standards more frequently than once each six months
Provide for changes in METRO permit monitoring requirements to facilitate more
frequent monitoring of appropriate parameters excluding special study
parameters so that sufficient data for evaluation will be obtained
Characterize Landfill leachate and outfall effluent adequately to identify
indicators of these potential contaminant sources

3.8.2 Lakes

Conclusion Fecal coliform data suggests that retention of water in
the lakes has resulted in lower and complying values within each of the lakes
There have been no reported waterfowl deaths due to avian botulism also
bacterial disease since the water control structure was installed Deaths of
waterfowl due to botulism were reported for Smith Lake during the late 1970s
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Recommendation Continue retaining water in Smith Lake by means of
control structure

Conclusion Data on chlorophyll and comparisons with
eutrophication Indices indicates consistently that each of the lakes are

eutrophic This was also the conclusion of Johnson et al 1985 for both

lakes though from one survey data set Under present ODEQenforced Oregon
Administrative Rules 34041150 chlorophyll values have been exceeded

Recommendation ODEQ should request the Environmental Quality Commission
to place these lakes on study schedule and develop proposed control
strategy for attaining compliance DEQ has the option of modifying the

chlorophyll standards for the lakes if it is found that there are natural
reasons for tFe eutrophic condition This determination should most likely be
conducted in association with the determination of beneficial uses for the
Columbia Slough watershed see Section 3.8.1

Conclusion The eutrophic condition of these two lakes has been

exacerbated by the installation of control structure whereby more water is
now retained in the lakes during summer and fall High concentrations of

plant fertilizers nitrogen and phosphorus associated with higher minimum
water levels and larger volumes have resulted in abundant submersed emersed
and microscopic plant growth in each of the Lakes but especially in Smith
Lake see Appendix oF Fishman Environmental Services 1986 Increased
submersed and emergent plant growth may inhibit wind mixing of these Lakes
much as baffles in waterbeds reduce water movement thereby reducing sediment
disturbance and turbidity which has discouraged rooted plant growth in
Vancouver and Sturgeon Lakes

Recommendation Future water quality monitoring should include more
frequent measurements of plant nutrients nitrogen and phosphorus compounds
turbidity and Secchi disk transparency in each lake at least monthly during
the period from the freshet through October

Conclusion The source of the increased fertility of each oF the
Lakes appears to be sediment directly through wind mixing and indirectly
through rooted plants that utilize nutrients from the sediment then partially
decompose and release nutrients to the water That this is indeed the .case
would have to be determined by an appropriate sampling strategy This was
beyond the scope of the present project The nutrient contribution of the
WillametteColumbia Rivers to the enrichment of the lakes appears to be

negligible whereas dilution and flushing effects from freshet refilling of
the lakes by River waterduring winter and spring appears to be especially
beneficial

Recommendation ODEQ should perform loading analysis of Bybee and
Smith Lakes similar to that performed by Schaedel 1986 for Garrison Lake
as part of its response to each of the Lakes being out of compliance with
state water quality standards With recent changes in the USEPA Clean Lakes

1rogram it may be possible for ODEQ to recommend use of these funds for
Phase II improvements particularly in Smith Lake
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4.0 WATER QUALITY MANAGEMENT AND HUMAN USE OF SLOUGH AND LAKES

revised sampling strategy for the Columbia Slough more intensive
sampling of Smith and Bybee Lakes and the definition of Columbia Slough
watershed beneficial water uses will continue the trend toward improved water

quality in this complex system initiated by ODEQ and Corps of Engineers
studies in the early 1970s Additional data will provide important
diagnostic information needed to continue Improving the quality of Slough
Water

Use of Smith Lake for body contact recreation such as swimming may
require the introduction of water to Smith Lake low in nitrogen and phosphorus
to improve the flushing of this lake This has been done with success at

Vancouver Lake and is being accomplished at Sturgeon Lake through the
Introduction of Columbia River water Well water that may contain lower
concentrations of plant nutrients could be an alternativeto Columbia River

water While Columbia River water is also enriched water it has less

nitrogen and phosphorus than water in Smith Lake see Tables 18 and 19 of
Appendix for average Columbia River values more detailed
characterization of Smith Lake water quality will be required in order to

determine benefits from addition of either well water or water from the
Columbia River Since characterizing the hydrology of both Bybee and Smith

Lakes is now complicated by the changing duration and volumes of flooding of
the Lakes by winter and spring freshets the only source of water to the lakes

except for rainfall more detailed characterization of range of most
probable hydrologic scenarios will be required to develop the water budget
required to support projections of nutrient loading

Generally the Lower Columbia Slough and Smith and Bybee Lakes appear to

have better quality water now than in the years preceding the past 10 years
see Section 1.0 This report has documented where future improvements can
be made Possible reductions in nitrogen and phosphorus in ground water

entering the upper Columbia Slough resulting from the sewering of east
Multnomah County will contribute to improvements in water quality in the Lower

Slough Perhaps such improvement will be apparent at the end of the next ten

years of water quality data analysis
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1aE A-I WMtR JJ.QflY SPIRI3 FSLLTS XUBIA aw STATIW MY RI F1WER 1986

DATE TDE/Seip tcc.FLU4/DIFETIW FECAL OIIFBl TEWERATLFE XTftIa DIS1 CYIN DUTBfttL SECOII DI
STA fs tp-cfri Col./1C0 ml Micrathos/an nf nrjla

274y-86 0543 Mtckfle 0.5/LI 19.6 225 12.0 7.3 57.7

0753 RightS 15.6 125

0765 MkkIle 1.VI.P 15.3 18 11.7 7.4 16.0

07LeftS 18 15.6 122

1043 MkkIle 0.61W 15.0 125 12.4 7.7 33.1 0.8

1443 RightS 19.7

1449 t4lckJle 0.3/W a.3 0.5

14 LeftS 21.3 35 13.4

1703 MlckIle 0.4/tN 30 22.1 240 14.7 7.5 0.4

17-S-86 0357 RIght 2.0/IP W0 18.4 35 10.4 7.3

0338 Mtd1e 1.7/IP 18.2 210 10.8 7.2 45.8

0349 left 2.0/LI 3D 18.3 210 10.6 7.3

0451 RIght 2.0P 3D 19.5 153 8.4 7.4

0443 MickIle 2.4/LI 30 19.4 152 8.6 7.3 10.7

0457 Left 2.0/11 28 19.5 154 8.4 7.3

ia Right 0.91W 18.6 165 8.7

1149 IdickIle 1.31W 4X 18.6 165 8.8 19.1

1157 Left 1.a/ 330 18.7 163 8.8

1248 Right 1.31W 533 17.9 3D 9.8

1237 MId1e 1.5/IN 4900 17.9 30 9.7 45.1

1244 Left 1.2/tN 73X 17.9 198 9.7

Blanksrn data avallthle



TAE a- ___ 986 ..1

TE TIW/rp I1fl FtC.L WLIFtRI 1RftI ctWXIN DISSL ac D1I DISK

S4LES fs t-ãi col./lm ml Mthos/an n/l

274by-86

IflBA1 BR 143 R1t o.iirn 17.5 133

143 MickIle 0.1/W 17.5 133

1435 Left 0.11W 17.3 135

SWfl t.OJ11I 1118 R1çJit 1.3/tN 30 19.0 157 8.9

1114 MIckile 1.5/W 300 190 157 8.9

1123 left iS411 19.0 157

Blanks c1at 8ai1th1e
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TABLE -7 .O1Ll.L NI FHEOflIYrIN VALUES 4/OJ MAY 1JE NI SEF1BFE

SrATIaJS/DATE aLa n/cun FHEOa n/ain

MAY 27 1986

Sta E/059 57.7

Sta E/0755 16.0 16.1

Sta E/1047 33.1

Sta E/14E1 49.2 9.2

Sta E/1709 .5 23.3

Slough/1113 12.6

BybLk 30y 41.5 1.7

ith Lk fvy 16.0 15.6

IIIEID1986

B4ee Lk 18.7 9.0

nithLk 21.4 5.3

SEPTEBER 1718 1986

Sta E/0338 9/17 45.8 376
Sta E/0443 9/17 10.7 12.0

.Sta E/1144 9/17 19.1 16.7

Sta E/1242 9/17 45.1 32.7

Bbee Lk.willows .6 46.0

Bbee Lk gage 74.8 24.0

Sflth 1k willows 85.5 17.5

ith 1k gage 83.8 19.4



TABLE Chloride mg/i in 17 September 1986 samples of Columbia
Slough stormwater outfalls and September 18 1986 St
Johns Landfill well water

COLUMBIA SLOUGH STATIONS CHLORIDE mg/i

STATION 0637 10.0
1000 10.5
1217 10.5

UPPER RIVER 0836 11.0
0821 11.5
0827 11.0

STATION CA 0138 10.0
0541 9.5
0839 11.0
1319 10.5

STATION 0349 10.0
0357 10.0
0357 100

STATION 0457 11.0
0442 11.0
0450 11.0

STATION 1157 10.5
1150 10.0
1202 11.0

STATION 1244 10.0
1238 10.5
1248 10.0

STATION 0215 12.0
0507 9.0
1224 11.0

WILL MOUTH 1123 7.5
1114 7.5
1118 8.0

WILL MOUTH 0308 11.0

STORM SEWER OUTFALLS

OUTFALL 56C 0755 22.5
0755 22.5



TABLE Continued

LANDFILL WELLS

C31 9/18 140.0

140.O

D1C 9/18 4.0

4.0



SCIENTIFIC RESOURCES INC

MTD 121844 ILD WIll LPIO Ifl WIlD WIL1O DC

54.33 215$ 41-58 21.5 II .4 6E 21.73 25.34 34.1 1211

5.27 2158 41-58 22 II .1.27 SE 37.17 22.11 24.1 3511

1.27 2158 41-58 22 II 42.27 84151GE 17.11 43.27

2.4$ 33-43 22 II 44.43 141846 11.33 48.21 35.1 1211

45.74 2.48 38-48 22 II 2.24 D.AYEY SILT 29.3 14.43 23.3 438

MOlTS Elpeatiwes of EM welt casinga we frwe Pg 44 of EM dinah twdy 1fl4 111141113

Well EMI elevation iron Moyer Ce..ilatuts Survey 3111/15
Srowad.at.r s1ee aid static water lmls of EM wells .sasirtd we 11515
1ortd deptits nI wells were weaur.d iron original ground urfc Carreat well pts way differ

PWasurisg point elevations relernced City of Pcrtlaad Dat.

14 V1V$4-------E 1177-843
41 PT 81I PTED SCOTh 1D flP.Il OTRIAL 1.W.t. SIlL TDV 1/4 CX 11041 CL

PIEZ aPi IETII lTN LXTII AT an .il TEAL

lU8 VET hefT FEET FET VET OTTRI 1D VET FEET we SVU iL
A1l 14.23

AILIE 84.23

A21i 42.3

aa
4111W 1.0

11W SUI
82.242

II

82 42.333
83 38.7331

84 0.783
35 31.732
84 15.732
Cl 21.02

35.4321
21.212

.14
18.7121

3.5 2.5 425.4

3.5 2.5 44.4 8E
3.5 1.5 421.7 IE
3.5 2.5 44.7

3.5 2.S 431.1

3.5 2.5 44.lSE
3.5 421.4 IlL

21 4I.21
23 31

31 31 -1.2I84eE\QE
21 11 48.21 84lE\U.AY

21 15.71 SILTY DAT

21 -1.NDAr41
43.21

43.0

41.21

-83

-335

14.4L e.u

11.71 42.54

73 41.43

0.21 21.13

14.0 44.13

7.21 8.35

21.44 L42

13.35 32.41

1.71 12.81

1$ 1.4

1745 341.11

171$ mo
4223 217.23

4254 21533

2154 384.51

4213 72.83

1421 481.44

21.5 1775 331.57

1323 531.17

97 4351 122.11

13.8 314 22.42

14.7 VIe 114.33

14.3 8314 152.12

12.4 lfll 11.51

11821.41

13.3 43 3.47

l4 3545 4.21

14.3 1835 12.12

34.3 25 1.48

12.2 415 18.47

III 844 15.58

11.7 347 141.41

35.5 238 41.13

14.1 1377 11.47

27.4 44 32.3

14.7 3532 3.78

37.4 714 7.27

12.4 111 4.22

12.4 335 47
12.4 315 1.17

33.3 321 3.27

34.2 254 211.58

33
372

545

21$

717

94
3531

514

3244

543

13

In

12

344

41

11

32

14

28

13

425

8-IA V.12 335 21-21 32

I-IS 27.54 3118 21-18

1-IC 27.22338 0-155 23

8-31 24.82 3141 31-41

8-28 27.43 3.73 81-71 12

8-31 27.44 3s4 3-4 12

8-21 37.4 311$ 71-0 12

084 23.35 3531 2131 II

8-41 7Lfl 3443 31-83 12

8-51 31.27 341 31-41 12

821 333 371 43-73 32

8U 21.14 3143 3-41 12

048 21.44 3.81 51-lI 11

8-4C 38.31 31111 fl-Ill

0-7 2153 3157 47-57 32

8-84 33.7l 3171 1471

II 30.55 DAT 344 7.42

II -42.44 DAT 17.3 11.34

28 -0.75 DAT31LT 17.11 11.22

14.11 CLAY 18.51 34.32

1$ -43.57 SILT 15.41 12.53

II 3.54 CLAY 35.81 33.84

II 42.14 SILTY DAY 24.35 21.41

II 7.13 SILTY CLAY 13.0 31.35

21.1$ SILTY CLAY 11.11 12.11

II 4.73 DAY 18.3 13.17

II 31.42 SILTY CLAY 21.0 1.78

-1.9 DAY 0.41 11.44

II 21.54 DAY 3.20 11.24

21 -7.84 WilL 21.21 1.14

IS 27.58 SILT 21.11 1.41

-37.21 WWJEI 23.58 15.21

IL Shh 2131 21.5-33 1.5 34.0 SILT

18 OW 2145 43.5-45 3.5 21.41 SVY SILT

21 SWiL 31.11 2131 31.5-31 1.5 34.43 SILT

12111W 31.27 212 14.5-lI 51 3.5 -11.43 Wa
Fl 34.34 3127 25.527 1.5 14.2 CY SILT

111-0

EPA-P

EPA-I

EPA-R

21.11 11.11

21.41 l.17

4.13 11.24

14.1 525 15.32

14.7 515 3.32 33

33 54 1.19 33

13.4 423 335 II

13.4 221 2.22

Tabis it John Landfill monitoring woti sp.clflcatiofls



APPENDIX



TABLE Sumary values of Columbia Slough and North Slough water

quality sampling stations

DATE OF SAMPLERS COND COND TOS 155 pH pH 01K HARD Ci Mg Na Ci 604 NH3-N H02-N N13-N 03 KJELD P04-P Fe Mn Zn DOD COO COLOR

SAMPLE F1ELDIILAB FIELDILAB LAB CALC DISS.HDISS 02-N TOTHTOT DISS.IDISS ITO ORDISS
mg/i DOSS

lid/i us/cm uhs/cm mg/I mg/I CaCO3 mg/I mg/I mg/i mg/I liii mg/i mg/I mg/ mg/i mg/i mgi1 ig/I mg/I mg/I mg/I .gi mgi mg/i mg/I mg/I PTCO

STATION STORET ND STJOHNO1 DATES SAMPLED 1977- 1981

LOW WATER VALUES JULY SEPT

STATION CA STORE NO STJOHNO9I DATES SAMPLED 1979 986

SAMPLES ANALYZED 10 tO 53 10 tO 53 53 53

MEAN VALUE 13.8 233 231 234 44 1.3 7.7 76.8 87.7

MAOIMtJN VALUE 22.5 429 290 300 110 9.0 9.2 98.0 176.0

MINIMUM VALUE 0.8 175 45 ID IS 6.1 52.0

STANDARD DEVIATION 7.0 68 30 35 24 0.8 0.4 9.5 21.8

53 53 15

23 8.1 7.9 8.9 14 0.22 3.2 2.51

25 8.8 7.9 21.9 15 0.90 4.5 3.40

22 7.6 7.9 4.4 11 0.00 2.0 0.26

0.4 2.5 0.19 0.7 1.06

29

0.107 0.C6 0.05 5.4 9.6

0.107 0.11 0.09 11.0 29.0

0.107 0.00 0.00 0.0 0.0

0.3 0.05 3.1 7.4

SAMPLES ANALYZED 64 lOS 89 88 105 25 22 105 61 101 82 80 100 24 80

MEAN VALUE 5.1 212 244 62 7.4 70 91 5.4 5.4 6.5 15.1 0.2 0.02 3.80 3.77 0.5 0.0 0.0 0.02 5.0 8.5 2.8 0.0

MAIIMUM VALUE 24.0 319 827 560 8.5 65 110 22 5.4 5.4 23.9 24.5 1.5 0.02 5.10 5.30 2.1 0.0 0.0 0.02 15.1 27.0 20.0 0.0

MINIMUM VALUE 0.0 126 36 6.6 42 40 22 5.4 5.4 4.3 0.0 0.0 0.0 0.26 0.00 0.2 0.0 0.0 0.02 0.0 0.0 6.5 0.0

STANDARD DEVIATION 5.7 32 74 165 0.4 21 3.4 0.2 1.11 0.80 0.4 2.8 6.3 2.9

LOW WATER VALUES JULY SEPT

SAMPLES ANALYZED 28 31 29 28 31 26 30 26 26 29 26

MEAN VALUE 19.3 223 228 33 7.4 77 96 .9.2 15.9 0.1 4.25 3.83 .4 6.2 9.4 13.1

MAII1RJN VALUE 24.0 214 276 62 6.4 85 97 23.9 19.6 0.5 4.40 4.40 0.6 15.1 20.0 16.9

MINIMUM VALUE 0.0 174 87 20 6.8 72 94 6.6 3.7 0.0 4.10 3.20 0.2 2.4 0.0 7.3

STANDARD DEVIATION 4.4 27 19 0.3 3.1 1.6 0.15 0.34 0.1 2.7 2.4

STATION STORET NO STJOHN/2 DATES SAMPLED 977 1961

SAMPLES ANALYZED 83 105 88 68 104 24 20 104 79 99 79 80 100 23 80

MEAN VALUE 16.8 220 236 46 7.6 76 92.0 9.2 5.6 0.3 3.3 3.3 0.5 6.6 10.5 12.4

MAJIMUM VALUE 28.0 290 640 350 9.1 93 177.0 15.0 20.7 0.9 4.5 4.6 1.2 14.1 31.0 20.0

MINIMUM VALUE 2.5 126 65 6.9 42 9.7 5.8 7.6 0.0 1.9 1.9 0.0 0.0 0.0 6.7

STA012cRD DEVIATION 6.4 32 51 37 0.5 11 26.0 1.5 2.5 0.2 0.7 0.5 0.2 3.2 6.B 2.9

SAMPLES ANALYZED 27 32 28 28 32 32 26 30 26 26 29 26

MEAN VALUE 22.3 232 247 51 7.7 66 01.5 10.1 16.0 0.3 3.0 3.3 0.5 7.9 15.0 12.6

001IMUM VALUE 28.0 290 310 90 6.9 93 106.0 14.2 20.1 0.6 3.3 3.8 0.8 4.0 31.0 16.8

MINIMUM VALUE 7.5 140 188 20 7.0 82 96.0 7.4 13.2 0.0 2.6 2.6 0.3 5.1 0.0 6.7

STANDARD DEVIATION 2.7 33 21 20 0.4 3.6 1.3 2.0 0.1 0.4 0.3 0.1 2.1 10.3 .8

3.5

18.4

4.5

17

20

10

LOW AMER VALUES JULY SEPT



SUMMARY VALUES OF SLOUGH SAMPLING STATIONS

a/dip uhs/cs uhskm ag/i mg/i

SAMPLES ANALYZED 97 10 139 92 92 10 140 57 53

MEAN VALUE 16.1 225 214 22 50.7 7.3 7.6 75.6 86.9

IIAIIMUN VALUE 28.5 303 285 131 510.0 8.9 9.1 91.0 172.0

MINIMUM VALUE 0.8 170 Ill 108 2.0 6.5 6.6 47.0 8.6

STAND/iRD DEVIATION 6.9 32 33 64 58.3 0.1 0.5 9.8 20.6

LOW WATER VALUES .hLP SEPT

SAMPLES ANALYZED 31 40 28 28 40 14 12

MEAN VALUE 22.0 255 226 243 55.3 1.1 7.8 78.1 83.7

MAO1MUM VALUE 28.5 303 205 288 110.0 8.2 0.7 90.3 104.0

MINIMUM VALUE 15.0 225 140 192 26.0 6.5 7.0 58.0 58.0

STANDARD DEVIATION 3.0 34 32 28 20.0 0.8 0.4 10.3 14.9

STATION CE STORET NO STJOHNIO DATES SAMPLED 1919 1986

137 86 135 17 88 84 107

23 7.7 2.9 6.6 9.2 15.1 0.355 0.02 5.20 2.90 2.07 0.56 0.05 0.06 0.l 5.0 10
26 8.5 2.9 7.7 18.6 30.0 1.700 0.02 42.00 8.20 4.00 1.70 0.09 0.19 0.02 15.0 29.0

22 5.5 2.9 5.5 1.9 7.0 0.000 0.02 0.28 0.27 0.83 0.00 0.00 0.00 0.02 0.0 0.0

0.9 1.1 1.9 3.0 0.276 9.27 0.94 1.19 0.26 0.04 0.09 2.6 1.8

40 27 390 21 26

23 7.8 10.0 15.7 0.322 15.60 3.00 0.58 0.09 0.19

23 7.8 18.6 21.3 0.900 42.00 3.70 0.90 0.09 0.19

23 7.8 5.6 12.1 0.00 1.60 2.40 0.40 0.09 0.19

2.1 2.3 0.211 10.68 0.34 0.14

LOW WATER VALUES JILY SEPT

29 32

4.8 9.5

12.0 25.0

0.0 0.0

3.0 6.8

13.0

17.3

7.0

4.2

Il

20

to

STATION STORET NO STJOHN04I DATES SAMFLED 1977 1986

24 0.1

24 8.1

24 8.1

7.7 12.0

12.0 24.0

2.9 0.0

2.9 9.3

17.3

17.3

17.3

DATE OF SAMPLERS COND C000 TOG 355 pH pH ALK HARD Ci Mg Na CI $04 NH3-N 1402-N N03-N 1403 KJELD F04-P Fe Mn Zn POD COO COlOR

SAMPLE FIELD ILAS FIELDLAB 1081 CALC DISS.DISS 1402-N TOTUTOT DISS.DSS ITO ORUDISS

ag/I DISS

CaCO3 mg/I ag/I ag/I mg/I mg/I gI mg/i mg/i i1 mg/I ag/i mg/i mg/I mg/I mg/I mg/i mi1 ag/I ag/i mg/I PTCO

SAMPLESANALYZED 12 12 12 012 12

MEAN VALUE 20.2 276 236 251 63 6.8 7.6 79.7 88.5 24 8.0 10.5 15 0.22 3.0 3.40 0.05 0.09 8.2 10.0 17.1 15

NAIIN$JN VALUE 22.5 429 290 300 110 8.2 8.2 90.0 104.0 24 8.0 21 IS 0.50 3.4 3.40 0.05 0.09 11.0 23.0 Il 15

MINIMUM VALUE 18.0 175 145 226 37 6.1 6.8 59.0 60.0 24 0.0 7.2 IS .00 2.5 3.40 0.05 0.09 6.0 0.0 17.1 IS

STANDARD DEVIATION 1.8 110 37 34 33 1.0 0.4 9.1 12.9 3.8 0.10 0.4 1.9 9.4

STATION STORET NO STJ00003I DATES SAMPLED 1977 1986

86

11.4 IN

17.4 25

6.0

2.7

SAMPLES ANALYZED 10 tO 54 10 10 10 54 54 54

MEAN VALUE 13.8 223 221 204 40 7.5 7.7 74.6 84.9

MAIINUM VALUE 22.4 28 270 266 112 8.6 9.0 113.0 174.0

MINIMUM VALUE 0.8 180 140 155 16 6.7 6.5 41.0 8.0

STANDARD DEVIATION 7.0 29 34 37 26 0.7 0.4 II 21.1

30

6.9 140

I00 29.0

3.7 0.0

1.6 10.3

21

12.1

17.2

1.5

2.1

15

15

IS

SAMPLES ANALYZED 13 13 13 13

MEAN VALUE 20.3 243 217 203 62 7.7 7.7 78.7 83.1

MAXIMUM VALUE 22.4 286 270 266 112 8.5 8.3 113.0 109.0

MINIMUM VALUE 18.5 210 150 160 28 6.7 6.0 54.0 59.0

STANDARD DEVIATION 1.6 32 43 46 36 0.8 0.5 15.7 16.7

1.54 54 15

23 7.8 2.3 6.9 0.4 13.6 0.23 2.8 2.33 0.124 0.06 0.05

25 8.5 2.3 6.9 15.8 15.0 0.80 4.4 3.40 0.121 0.10 0.09

11 6.2 2.3 6.9 1.8 9.6 0.00 1.2 0.21 0.124 0.05 0.00

0.8 2.1 1.8 0.19 1.0 1.12 0.02 0.05

13 13

0.6 15.0 0.19 2.3 3.40

15.8 15.0 0.60 3.4 3.40

1.8 15.0 0.00 3.40

3.4 0.18 1.1

0.06 0.09

0.06 0.09

0.06 0.09

20

20

20



SUMMARY VALUES OF SLOUSIY SAMPL1NS STATIONS

SAMPLES ANALYZED 28 10 10 28 27 23

MEAN VALUE 14.3 203 244 67 7.1 68 61.2

MAIIMUM VALUE 21.5 880 796 180 8.1 170 97.0

MINIMUM VALUE 6.5 94 122 18 1.1 34 6.5

STANDARD DEVIATION 5.9 138 189 49 0.3 26 20.0

LOW WATER VALUES JULY SEPT

SAMPLES ANALYZED

IIERN VALUE 19.8 221 233 95 7.0 01 00.5

MAOIM1IM VALUE 21.5 261 264 120 7.9 86 91.0

MINIMUM VALUE 18.0 165 210 80 7.5 61 69.0

STANDARD DEVIATION 1.0 31 23 19 0.1

28 24 10

9.5 0.0 0.5 0.7 1.1

58.0 0.0 6.2 1.7 1.1

3.2 0.0 0.0 0.0 1.1

9.7 0.0 1.3 0.6

9.2 0.2 1.1

12.2 0.5 1.1

6.4 0.0 1.1

2.0 0.2

17 17

9.1 13.0

104.0 40.0

0.5

2L1 9.8

6.8 17.8

7.7 40.0

5.4 0.0

1.0 13.8

STATION STORET NO STJOHNO7I DATES SAMPLED 1971 1986

SAMPLES ANALYZED 14 10 56 Il .11 tO 57 56 52 57 53 20 30 36

MEAN VALUE 14.4 205 193 186 47 7.4 1.6 11.1 68.9 19 6.6 1.9 6.9 9.1 7.7 0.42 0.41 0.90 0.62 1.4 0.209 0.04 0.03 0.02 4.3 14.4 9.5 16

NADIMUN VALUE 23.4 238 445 351 122 8.4 9.1 130.0 119.0 24 8.7 2.7 8.2 34.0 20.2 5.00 2.01 3.20 3.10 1.4 0.300 0.10 0.08 0.02 11.1 51.0 12 17.2

MINIMUM VALUE 0.9 141 80 114 20 6.6 6.5 26.0 6.3 13 4.6 1.1 5.6 3.4 2.4 0.00 0.00 0.00 0.00 1.4 0.137 0.00 0.00 O.OZ 0.0 0.0 5.5

STANDARD DEVIATION 6.8 29 58 62 21 0.5 0.4 22.3 24.1 1.2 0.8 1.3 5.0 5.7 0.83 0.80 0.78 1.05 0.062 0.04 0.04 2.8 11.9 3.5

LOW WATER VALUES JULY SEPT

DATE OF SAMPLERS COND ClAD TDS TSS pH pH 01K HARD Ca Mg IC Na Cl 504 NH3-N HO2-N ND3-N 003 IJELD P04-P Fe Mn Zn DOD COD COLOR

SAMPLE FIELDIILAB FIELDULAB LAB ICALC OISS.HDISS N02-N TOTTOT DISS.IDISS TO 0010155

ag/I DISS

uld/y CI uhit/ci uhs/c il/I mg/i CaCO mg/i ag/i mg/i ag/i ag/i ag/i ag/I mg/I ag/i mg/i ag/i gIl mg/I ag/i mg/i ag/I ag/i ag/I ag/I eg/i PTCO

SAMPLES ANALYZED 33 10 76 30 30 10 77 57 54 77 27 72 Il 26 21 49 35 24

MEAN VALUE 15.5 205 202 187 41 7.5 7.7 69.5 76.9 21 7.1 1.5 6.2 8.4 14.0 0.28 0.02 2.15 2.06 0.6 0.366 0.08 0.02 0.04 4.5 9.0 11.7 14

PIAZIPIIJM VALUE 27.0 215 210 254 104 8.6 0.8 930 167.0 25 8.3 1.6 6.5 13.8 19.3 1.40 0.02 4.40 4.10 0.6 0.OO 0.18 0.07 0.04 11.0 44.0 17.4 20

MINIMUM VALUE 0.0 110 90 111 6.6 6.6 29.6 7.1 14 4.6 0.3 5.8 3.3 8.0 0.00 0.02 0.28 0.27 0.6 0.000 0.00 0.00 0.04 0.0 0.0 6.9

STANDARD DEVIATION 7.0 48 41 36 22 0.6 0.4 13.8 22.9 1.3 0.2 0.3 2.1 3.2 0.25 1.19 1.10 0.199 0.06 0.03 2.3 8.4 2.3

LOW WATER VALUES JULY SEPT

SAMPLES ANALYZED 18 18 14 lB 16

MEAN VALUE 21.0 246 211 i87 54 7.6 7.8 74.6 77.8 23 7.9 8.6 12.3 0.25 2.35 2.14 0.525 0.13 0.07 6.4 I5.i 11.8 iS

M010NUN VALUE 27.0 275 270 254 104 8.3 8.4 89.0 102.0 23 7.8 13.8 15.0 0.00 3.50 3.40 0.600 0.13 0.07 11.0 44.0 17.4 15

MINIMUM VALUE 18.5 225 140 142 36 6.9 7.2 50.0 54.0 23 7.9 3.3 10.0 0.00 1.20 1.40 0.400 0.13 0.07 2.1 0.0 9.5 IS

STANDARD DEVIAT1ON 2.5 21 44 39 23 0.6 0.3 12.6 16.1 2.1 1.8 0.24 1.15 0.77 0.083 2.3 13.3 2.9

STATION 5TORET NO STJOHPIO8 DATES SAMPLED 1978 1983

5.2

5.2

5.2

0.0

SAMPLES ANALYZED 14 14 14 12 14 12

MEAN VALUE 20.2 230 215 185 70 7.6 7.8 84.1 73.6 24 8.7 10.9 2.4 0.21 0.00 0.50 0.00 0.159 0.00 0.08 4.9 24.6 12 9.9



SUNARY VALUES OF SLOUGH SRMPLIN6 STATIONS

MA1II11J VALUE 23.4 239 269 200 122 8.4 9.1 125.0 10i.O 24 8.7

MINIMUM VALUE 160 225 iSO 176 30 69 68 560 63 24

STANDARD DEViATION 25 33 10 39 06 05 174 241

SAMPLES A4ALVZED 36 tO lB 31 lb 80 58 54

MEAN VALUE 14.5 225 99 116 47.4 7.5 7.6 66.6 7b.5 21 64 2.2
MAILNUM VALUE 21.3 291 3I 256 132.0 8.6 86 108.0 I2i0 24 8.7 3.1
MINIMUM OALIJE 6.9 142 90 014 7.0 65 66 28.6 13 4.2 .2
StA680RO DEViATION 7.8 46 52 44 29.6 0.6 0.4 18.7 227 L7 0.0

LOW WATER VALUES JUL6 SEPT

SAflP1.ESA9AIjZED9 18663180412110
MEAN VALUE 22.0 233 IBB 54 61.0 7.7 7.0 70.4 72.0 24 0.0

MAII$UM VALUE 213 238 260 220 102.0 1.4 94.1 95.0 24 8.0

MININUM VALUE 18.5 225 1I8 121 27.0 6.9 7.2 52.0 52.0 24 9.0

STANDARD DEV100ION 2.8 45 32 26.2 0.6 0.3 13.2 15.3

STATION STDREt N6 SflOHIO5 DATES SAMPLED nh 1986

71 36 76 16 20 48 36

1.0 9.6 13.E 0.452 0.03 Lsl l07 3.04 o.D44 0.06 0.03 0.02 3.0 12.1

8.4 20O 2t7 4.500 0.03 3.70 LID 3.70 10.000 0.11 0.09 0.02 11.7 39.0

5.6 3.1 s.4 0.000 0.03 0.00 0.00 1.40 0.020 0.00 0.03 0.02 0.0 0.0

3.5 4.9 0.725 1.03 0.74 0.95 1.970 0.06 0.04 2.2 10.5

08 16

1.9 9.4 0.201 1.05 6.57 0.100 0.05 0.09 8.0
16.9 1.0 0.700 1.60 1.30 0.000 0.05 0.08 11.7 38.0

3.1 6.0 0.000 0.50 0.30 0.500 0.05 0.08 0.0 0.0

3.7 3.2 0.202 0.55 03i 0.181 3.3 05.0

SAMPLES ANALYZEO 34 10 78 29 29 10 78 58 54 78 21 74 lb 20 49 36MEAN VALUE 149 200 197 172 38 7.5 7.7 64.9 10.0 21 6.1 1I 5.4 1.8 03.4 0.24 0.02 3.9 1.69 0.7 0.34 0.12 0.03 0.02 3.8 9.4MAIIMUM VALUE 26.0 286 270 234 16 8.3 8.6 92.4 166.0 8.1 .2 5.5 16.0 19.3 IO0 0.02 34.0 3.90 0.7 0.80 0.33 0.09 0.02 4.0 32.0MINIMUM vALuE 0.8 101 80 98 6.6 6.6 26.6 6.1 02 3.9 1.0 5.3 3.2 7.3 0.00 0.02 0.0 028 0.7 0.00 0.00 0.00 0.02 6.0 0.0
STANDARD DEVIATION 7.2 54 47 40 lB 0.6 0.4 5.5 23.9 .5 0.1 0.1 2.6 3.9 0.20 7.9 1.10 0.20 0.11 0.04 2.3 8.0

LOW NATER VALUES JULY SEPT

24

II 173 20

6.9

2.2

SAMPLES ANALYZED 18 lB 14 12 19 16
MEAN VALUE 21.0 243 202 Ill 47 7.7 7.0 72.1 72.4 23 7.9 8.0 11.9 0.21 1.7 1.43 0.50 0.05 0.08 6.1 02.0 10.9 20MA0IMDJM VALUE 26.0 296 270 234 76 B.3 8.5 92.4 101.0 23 7.8 13.2 15.0 0.64 3.2 2.40 0.60 0.05 0.09 14.0 25.0 17.3 20MINIMIJM VALUE 19.5 205 135 118 26 6.9 7.2 52.0 54.0 23 7.8 3.4 9.9 0.00 0.2 0.33 0.40 0.05 0.08 2.0 0.0 9.4 20STANARn DEVIAtION 2.3 33 45 38 lB 0.6 0.3 12.8 5.2 2.2 0.21 .5 0.66 0.01 3.1 9.1 2.0

bAj SAMPLERS CONG COND P05 TSS p14 pH ALK HARD Mg Na Cl 504 NH3N N02-N N03-N NIT KJELD P04-P Fe Mn 18 800 COD C0106
SAMPLE FIELD LAO FIELDLAB LA8 CALC DISS.DISS 802-N TOTTDT DlSSlDlSSj ITO ORDISS.l

ig/i 0155
li/dip IC uhsicm uhs/ca ag/i ag/I CaCD3 ag/I mg/i m/l moli mg/I mgi mg/I mg/i mg/i mg/i ag/i mg/i mg/i mg/i mg/I ag/I ag/i mg/I ag/I mg/i PT CD

23.0 2.4 00 0.00 .00 0.00 0.199 0.00 0.08

41 2.4 6.06 0.00 0.00 0.60 0.I3 0.00 0.09

O.i 05O 0.020

STATION ISTORET NO STJOHNOS DATES SAMPLED 977 986

11.0 50.0

0.0 0.0

3.5 15.8

12 1.2 30

12 5.5 30

5.2

25

0.6

7.1 20

5.9

2.4

0.0 IS

17.1 15

8.8 15

3.1



TABLE Columbia Slough Station water quality data 1917 1981

USEPA STORET No STJOHNO1

DATE OF SAMPLERS C000 C000 TDS TSS pH pH 61K HARD Ca Mg Na Ci 504 $03N $02N N03-N $03 YJELD P04P Fa Mn Zn BOO COD COLOR

SAMPLE FIELDILA8 IFIELDIOLAB LAB CALC DISS.DISS $02-N TDTHTOT DISS.IIOISS ITO ORDISS

ag/i 0155 ag/I

ald/y IC uhslcs nhslcm ag/I ag/I CaCD3 mg/I aglI ag/I ag/i mg/i ag/I mg/I ag/I ag/I ag/I ag/I mg/I ag/I ag/I mg/I mqJi mg/i mi/i as ag/I PTCD

0.0 0.0 0.02 0.001/12/77 DED 148 7.5 70 77 22 5.4 5.4 4.3 12.3 0.02 0.26 0.08

01/19177 CITY 11.0 208 230 7.2 10.7 5.30 0.3 3.9 10.3

01126/77 CITY 5.5 208 202 10 7.5 8.8 19.3 0.1 4.50 0.2 13.4

02/02/77 CITY 6.5 207 217 34 6.9 9.0 16.2 4.40 0.2 5.4 12.3

02/09/77 CITY 1.0 211 211 14 6.6 9.0 18.6 0.0 4.10 0.2 4.1 13.3

02/16/77 CITY 10.3 200 230 25 7.2 9.0 20.7 0.1 5.20 0.3 3.6 12.2

03/16/77 CITY 11.0 200 10 33 6.6 8.0 15.5 3.10 0.4 3.7 12.4

04/06/77 CITY 16.0 235 229 31 6.7 9.2 9.2 0.2 3.90 0.4 6.6 16.2

06/08/17 CITY 24.0 195 198 23 0.2 8.2 15.2 0.5 2.60 0.2 10.3 19.3

06/15/77 CITY 19.3 215 217 24 7.5 9.2 18.6 0.2 3.30 0.4 6.5 16.0

06/22/77 CITY 19.5 205 099 24 7.4 8.1 18.6 0.1 3.10 0.3 8.0 16.6

06130/fl CITY 21.3 210 25 22 13.2 18.6 0.2 2.60 0.2 10.1 20.0

02/02/17 CITY 11.0 129 150 6.8 4.4 0.0 0.0 0.00 0.6 6.5 8.1

01/18/78 CITY 0.0 20 38 223 6.0 8.0 14.2 0.2 3.60 0.7 1.0 8.5

01/25/18 CITY 0.0 203 210 27 7.0 7.7 15.0 0.1 3.70 0.4 1.4 8.6

02/02/70 CITY 7.5 lBS 202 36 7.1 6.5 11.4 0.2 3.60 0.8 1.5 9.0

02/08/78 CITY 9.0 142 232 58 6.9 6.2 11.4 0.3 3.00 0.9 2.8 8.6

02/23/78 CITY 210 22 50 7.1 6.5 13.2 0.2 3.10 0.4 2.0 9.8

03/01/78 CITY 9.0 193 22 44 7.2 5.8 12.1 0.3 3.30 0.7 2.3 10.3

03/09/70 CITY 10.0 190 237 72 7.4 7.1 7.7 0.3 3.50 0.4 4.6 10.7

03/15/78 CITY 1.0 201 215 52 7.0 8.1 11.7 0.3 3.80 0.6 3.6 13.2

03/22/78 CITY 14.0 222 243 46 7.3 8.2 15.3 0.2 4.00 0.6 5.0 15.0

04/07/78 CITY 10.0 192 229 37 7.6 7.0 14.7 0.2 3.40 0.5 8.1 06.0

04/12/78 CITY 14.6 208 211 27 7.2 0.2 15.6 0.1 4.50 0.3 3.9 12
05/09/10 CITY 16.5 200 204 32 7.0 7.6 14.2 0.2 4.10 0.4 7.8 14.2

05/17/78 CITY 08.0 190 198 26 6.9 7.2 13.4 0.2 3.40 0.4 6.0 11.8

06/07/18 CITY 22.5 230 217 20 0.2 9.6 15.0 0.2 2.10 0.4 8.8 18.0

06/21/78 CITY 20.0 198 195 26 7.0 7.6 16.3 0.1 3.30 0.2 8.1 17.0

06/28/78 CITY 21.0 230 231 25 6.7 8.2 13.5 0.0 3.70 0.3 8.6 15.2

07/05/70 CITY 16.5 204 227 21 6.0 7.0 14.7 0.1 4.30 0.3 4.2 11
07/12/78 CITY 10.0 212 206 34 7.7 8.5 15.0 0.2 3.00 0.4 8.8 16.5

07/19/78 CITY 10.4 190 181 26 7.2 7.3 03.8 0.1 3.20 0.3 10.0 14.1

07/26/19 CITY 23.0 228 211 26 7.3 8.0 03.8 0.2 3.30 0.2 7.0 16.3

08/02/18 CITY 20.5 220 204 25 7.4 10.0 16.7 0.2 3.90 0.2 10.1 16.9

08/09/78 CITY 23.0 228 221 29 7.3 7.0 16.8 0.1 3.70 0.2 10.2 05.8

08/16/70 CITY 18.5 191 237 32 7.2 7.0 13.7 0.1 3.60 0.2 0.3 11.2

08/23/10 CITY 15.1 188 235 28 6.9 7.0 14.5 4.10 0.4 2.4 10.2

08/30/78 CITY 19.5 202 254 34 7.4 0.2 15.2 0.1 4.20 0.4 3.9 11.8

09/06/78 CITY 6.5 198 221 28 7.3 8.2 15.3 0.1 4.20 0.3 5.1 12.9

09/13/70 CITY 15.0 202 207 29 7.2 6.6 15.0 0.1 3.90 0.4 4.3 11.2

09/20/79 CITY 18.0 245 270 20 7.4 23.9 16.5 0.1 3.90 0.3 6.7 16.0

09/27/79 CITY 13.5 205 259 34 7.4 8.4 14.7 0.0 3.90 0.4 5.0 12.6

10/04/78 CITY 18.2 204 20 7.4 8.8 16.3 0.1 4.10 0.3 4.5 13.0

10/11/18 CITY 11.0 202 208 36 7.3 8.8 15.2 0.0 4.40 0.3 4.3 02.6

10/25/79 CITY 13.0 202 234 38 7.2 8.8 17.0 0.1 5.00 0.4 3.8 11.2

12/13/18 CITY 8.0 152 223 24 7.0 7.5 13.6 0.3 4.00 0.8 2.4 8.1

BLANK SPACES NO S/tES 0.0 VM.UES LESS THAN LOWER LIMIT OF DETECTION



VOTER DUAUTY DATA 19711981 STATION 4STORET NO.- STJOHNOI

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION

DATE OF SAPl.ERS CONS CONS TDS TSS pH ph ALE lIARS Ci Mq Ni Cl 504 NH3-N 022-H 103-N 103 EJELD P04-P Fi PAi Zn BUD COD COLOR

SAMPLE FIELD LAD FIELD LAB LAB ICM.C 0155.1 015$ 102N TOT TOT 0155 IDISS TO OR 0155
sq/I 0155.1

qfl
sldly uh/cs uhi/ti sq/I gll CaCO3 qII TI sq/I sq/i sq/I sq/I sq/I ugh sqlI sq/I sq/I sq/I sq/I sq/I 111 sq/I .qlI Ill ii sq/I PTCO

3.90

4.00

3.90

3.80

4.10

4.00

4.20

4.00

4.00

2.70

3.90

4.30

3.40

4.00

4.30

4.00

4.20

3.80

4.40

3.90

4.00

4.00

3.50

0124/79 CITY 6.5 201 209 26 6.7 9.1 14.3 0.2 4.40 0.7 3.7 9.8

01131179 CITY 2.5 222 212 16 7.0 9.3 15.9 0.1 4.60 0.4 2.3 12.8

02/01/19 DEA 3.5 126 7.1 42 7.0 27O
02/14/79 CITY 11.0 157 205 42 7.0 7.6 13.1 0.3 1.0 0.9

0212179 CITY 9.0 191 211 30 7.0 14 0.1 2.1 10.5
03/01/79 CITY 10.0 183 208 44 6.9 13.7 0.2 2.9 11.3
03/06/79 DED 11.5 186 7.3 65 8.0 14.0

03/01/79 CITY 16.0 183 194 36 6.8 12.8 0.2 2.5 10.2
03/14/79 CITY 13.0 192 207 34 7.5 14 3.8 12.0
03121/79 CITY 14.5 194 210 20 7.5 7.4 13.9 0.1 5.3 16.5
03/29/79 CITY 12.0 IBI 330 154 7.2 8.6 4.4 1.0 2.0 10.5

04/04/19 CITY 17.0 209 444 259 7.3 10.0 15.2 1.5 5.6 II
04/11/79 CITY 12.0 192 270 80 7.2 7.6 15.9 0.4 3.7 12.0
04/18/79 CITY 14.0 193 1827 1560 7.5 12.6 12.4 0.3 6.5

04/25/79 CITY 16.0 197 370 190 7.7 8.6 14.7 1.1 3.9 10.5
05/02/79 CITY 19.0 213 237 64 7.3 8.5 24.5 0.4 4.2 10.9

05/09/79 CITY 16.0 lBS 227 82 7.5 7.7 12.4 0.4 12.3
05/16/79 CITY 20.0 200 163 96 0.2 8.2 13.0 0.5 14.2 IS
05/24/79 METRO 22.0 255 248 42 7.7 8.1 14.1 0.2 10.0 14
5/30/79 METRO 21.0 212 233 54 8.5 7.9 12.3 0.2 10.3 17.3
06/06/79 METRO 20.5 230 261 80 7.6 8.0 20.0 0.4 5.0 10.7
06/13/79 tIETRO 20.5 241 239 48 8.1 7.8 19.2 0.2 6.3 14.9
06/20/79 METRO 17.0 20 255 45 6.9 7.7 20.7 0.3 3.1 9.7
06/27/79 METRO 22.0 246 231 54 8.5 10.2 0.3 6.3 16.3
07/05/79 METRO 20.0 232 230 40 7.6 8.3 17.0 0.2 5.6 14.1
07/11179 METRO 20.3 239 220 40 7.7 14.0 18.7 0.3 4.7 13.7
07/18179 METRO 24.0 274 230 30 LI 9.7 18.9 0.2 6.9 16.9
07/21/79 DES 0.0

07/25/79 METRO 22.0 230 247 30 7.5 8.5 19.8 0.1 4.30

07/30/79 lED 21.5 265 7.6 75 10.0 20.0
08/01/79 METRO 24.0 237 236 40 7.8 7.8 17.0 3.50

09/08/79 METRO 22.5 242 239 42 9.4 16.3 0.2 3.50

08/15/79 METRO 21.0 248 241 34 7.3 7.3 18.5 0.1 4.00

08/22/79 METRO 21.0 192 235 30 7.1 8.6 14.6 0.1 3.60

08129/79 METRO 20.5 200 220 32 7.2 8.4 15.7 0.1 3.70

09/05/79 METRO 19.5 114 206 30 7.0 8.2 14.2 0.2 3.50

09/12/79 METRO 22.0 226 220 42 7.3 9.0 16.3 4.40

09/19/79 METRO 21.0 198 249 62 7.5 9.0 15.2 0.2 3.30

09/26/79 MEtRO 20.0 29 227 7.5 9.9 15.2 0.2 4.30

10/18/79 METRO 220 7.9 70 84 0.5 0.1 2.4 10.0
11/07/79 METRO 253 72 70 86 7.8 0.2 1.9 11.0
01/23/80 METRO 220 7.9 67 97 8.0 0.2 4.40 1.9 4.0
02/21/00 METRO 222 7.9 70 8.4 0.1 1.5 5.0
03/11/80 METRO 220 7.3 68 06 L6 0.2 4.40 3.0 6.0
04/23/90 METRO 140 7.8 70 89 7.8 0.0 3.60 5.0 6.0
05/28/90 METRO 245 7.3 67 170 8.9 0.0 4.40 6.0 10.0

0.8

0.4

0.6

0.6

0.5

0.4

2.0

2.7

1.1

0.2

1.9

0.8

I.0

I.0

0.6

0.6

0.8

0.5

0.5

0.6

0.5

0.4

0.4

0.3

0.4

0.4

0.3

0.3

0.3

0.5

0.4

0.6

0.4

3.8

15.1

4.5

2.6

4.8

4.6

13.2

14.5

15.9

11.2

10.3

11.0

7.3

12.2

11.7

12.2



RATER QUALITY DATA 19171981 STATION STORET NB STJOHNOII

DATE OF AltERS CORD TOND TDS TSS pH pH ALK HARD Ca Mg Na CI 504 NH3N NO2-N N03-N N03 KJELD P04-P Fe Rn in BUD COD COLOR

SAIWLE IFIELOPILAB FIELDLAB LAB ICALC DISS.IDISS N02-N ITDTIIOT DISS.IIDISS TO ORDISS.I

ag/i D1SS ag/I

fa/d/y IC vhs/ca vhs/ca ag/i ag/I CaCO3 ag/i ag/I ag/i ag/I ag/I ugh ag/I ugh ag/I ag/i ag/I agii ag/i ag/I ag/I ag/I ag/I ag/i as ghi PTCO

06/26/80 METRO 39 7.6 73 90 10.6 0.1 4.20 6.7 10.0

07/24/80 CITY 270 7.6 85 97 12.4 0.1 4.40 5.9 6.0

11/18/80 METRO 257 8.0 69 93 8.2 0.2 5.10 3.1 0.0

01/06/Il METRO 250 7.3 68 98 7.4 0.4 1.3 4.0

02/03/8 METRO 270 1.1 69 40 7.8 0.2 4.60 1.3 3.0

04/06/B CITY 216 190 32 7.6 66 78 7.0 0.2 3.20 3.0 13.0

05/06/8 METRO 247 224 36 8.5 71 88 7.7 0.1 3.30 0.0 8.0

06/01/B METRO 260 270 48 8.0 79 95 8.8 0.2 3.10 0.0 9.2

07/06/B METRO 250 212 22 7.3 72 94 8.4 0.5 4.10 5.9 3.0

08/12/B METRO 260 196 32 7.0 82 94 9.6 0.1 7.9 18.0

09/16/81 METRO 260 236 24 7.7 73 97 8.0 0.0 6.7 0.0

0/14/8 METRO 250 240 42 6.9 65 93 7.2 0.1 3.6 5.0

11/04/81 METRO 232 266 36 1.6 70 93 11.2 0.2 4.40 1.8 2.0

2/08/81 METRO lBS 204 40 7.1 62 79 16.0 0.2 3.50 1.3

SAtES ANALYZED 84 105 09 BR 105 25 22 lOS 81 101 14 82 80 00 24 80

MEN VAU 15.7 712 244 62 7.4 70 22 5.4 5.4 8.5 15.1 0.2 0.02 3.80 3.77 0.5 0.0 0.0 0.02 5.0 8.5 12.0 0.0

MIHNM VOIlE 24.0 319 1827 1560 8.5 85 170 22 5.4 5.4 23.9 24.5 .5 0.02 5.10 5.30 2.7 0.0 0.0 0.02 15.1 27.0 20.0 0.0

IIINII9JM VALUE 0.0 126 38 6.6 42 40 22 5.4 5.4 4.3 0.0 0.0 0.02 0.26 0.00 0.2 0.0 0.0 0.02 0.0 0.0 6.5 0.0

STANDARD MEVIATIOII 5.7 32 74 165 0.4 21 2.2 3.4 0.2 1.11 0.80 0.4 2.8 6.3 2.9

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOVER LIMIT OF RETECTION



BLANX SPACES NO SAMPLES 0.0 VALUES LESS THAN LOIER LIMIT OF DETECTION

-TABLE Columbia Slough Station water quality data 19771981
USEPA STORET No.STJOHNO2

DATE OF SAMPLERS ClAD COIID TDS TSS pH pH ALK HARD Ca Mg Na CI Sal 083-N N02-N 103-N 103 YJELD P04-P Fe Mn Zn NOD COD COLOR
SAMPLE FIELDLAB FIELDLAB LAB CAi.C IDISS.DISS.I 102-N ITDTTOTI DISS.DISS TO ORIDISS

mg/I DISS

m/d/yI CI uhs/cm uhs/c ag/I ugh CaCO3 mg/i mg/I mg/I mg/I .g/I mg/i ag/i mg/i ag/i mg/I mg/I mg/i ag/I mg/I mg/i mg/I mg/i mg/I mg/i mg/i PTCO

01/19/77 CITY 0.5 214 213 33 7.0 10.6 7.0 0.5 4.6 0.3 3.2 9.2
01/26/77 CITY 5.0 213 295 7.6 9.2 20.0 0.4 4.0 0.3 11.7
02/02/77 CITY 5.5 227 228 21 7.4 10.6 17.3 0.1 4.2 0.2 6.4 2.7
02/09/77 CITY 6.0 231 233 40 7.4 10.3 20.5 0.1 0.2 6.1 14.1
02116/71 CITY 10.1 205 256 42 7.3 9.5 19.2 0.3 4.4 0.3 4.4 10.2
03/16/77 CITY 9.5 203 210 41 7.2 8.6 17.4 0.2 3.1 0.4 3.7 20.6
04/06/77 CITY 21.0 245 236 40 7.1 10.2 7.6 0.2 3.6 0.4 13.3
06/08/77 CITY 23.0 205 202 32 8.3 8.4 13.5 0.9 1.9 0.0 11.8 17.7
06/23/77 CITY 22.5 221 234 56 7.7 9.4 28.7 0.3 2.2 0.6 16.7
06/22/77 CITY 22.0 235 272 58 7.6 10.1 20.7 0.3 2.6 0.5 20.4 24.5
06/30/71 CITY 24.0 218 252 62 8.4 15.0 19.3 0.4 2.2 0.3 9.9 16.5
12/02/77 CITY 21.2 143 173 20 6.9 5.8 0.4 0.6 4.5 7.4
01/18/78 CITY 7.5 224 215 33 7.0 8.5 15.3 0.4 2.9 0.7 2.2 8.2
02/25/78 CITY 7.5 23 220 25 7.0 8.5 17.0 0.3 3.2 0.6 2.0 7.3
02/02/78 CITY 7.6 190 218 41 1.1 8.4 25.0 0.6 3.0 0.8 2.2 9.4
02/09/7B CITY 9.0 62 728 42 7.0 7.1 26 0.4 2.7 0.8 3.9 7.6
02/23/78 CiTY 0.4 220 224 38 7.2 6.9 14.7 0.2 3.6 0.5 2.5 9.5
03/01/78 C1YY 9.0 210 28 39 7.3 6.6 8.4 0.3 3.0 0.6 9.0
03/09/78 CITY 11.2 202 219 40 7.4 6.9 22.4 0.2 3.2 0.4 5.6 10.1
03/15/79 CITY 11.5 214 198 26 7.2 4.0 0.2 3.8 0.5 6.5 15.4
03/22/78 CITY 14.7 210 252 60 7.7 8.2 15.3 0.2 3.4 0.6 7.6 27.1
04/07/78 CiTY 15.0 199 218 24 8.4 7.9 15.6 0.2 3.3 0.4 10.3 18.2
04/12/78 CITY 4.0 229 204 lb 7.4 8.6 6.0 0.2 3.4 0.3 6.0 12.0
05/09/78 CITY 26.0 204 214 32 7.6 9.5 25.6 0.3 3.3 0.3 14.1 15.7
05/17/78 CITY 17.5 179 174 18 7.3 6.6 12.6 0.2 2.2 0.3 7.4 12.2
06/07/79 CITY 25.0 238 224 44 8.9 9.6 14.0 0.2 2.4 0.6 13.2 20.0
06/21/79 CITY 20.0 210 203 30 7.2 9.4 9.3 0.2 2.6 0.5 10.9 13.1
06/28/78 CITY 24.5 243 226 20 8.0 9.2 15.7 2.7 0.3 12.2 16.8
0705/79 CITY 18.5 218 243 36 7.1 9.1 15.0 0.3 3.6 0.5 7.8 13.2
07/12/78 CITY 22.3 250 231 48 7.7 9.9 17.3 0.5 3.4 0.5 7.3 12.0
07/29/78 CITY 23.0 140 206 32 7.5 9.3 13.2 0.2 3.0 0.4 6.5 12.1
07/26/79 CITY 75.5 237 230 44 7.6 20.4 14.2 0.2 2.6 0.4 Li 14.6
08/02/79 CITY 23.0 229 249 66 7.5 10.6 15.0 0.3 3.2 0.5 11.0 13.2
08/09/78 CITY 27.0 255 257 52 7.6 20.6 16.4 0.4 3.3 0.6 9.8 12.4
09/26/78 CITY 19.8 219 284 68 7.4 9.8 15.0 0.3 3.2 0.5 9.0 10.9
08/23/78 CITY 17.5 191 234 7.0 7.4 13.7 0.2 3.3 0.4 5.1 20.9
08/30/lB CITY 22.5 229 275 44 7.4 ii 13.0 0.1 3.4 0.6 7.4 12.6
09106/79 CITY lB 213 233 26 7.4 20.2 14.7 0.2 3.7 0.4 6.5 12.8
09/23/78 CITY 295 189 23 7.2 8.0 13.9 0.2 3.4 0.4 5.5 21.3
09/20/78 CiTY 29.0 204 223 20 7.6 9.4 16.5 0.2 3.5 0.3 8.4 13.6
09/21/78 CITY 20.5 210 743 29 7.5 9.9 14.7 0.2 3.5 0.4 5.7 23.7
0/04/79 CITY 19.0 210 223 28 8.0 9.7 16.0 0.1 3.7 0.4 6.0 14.1
10/11/78 CiTY 28.2 201 222 46 7.5 9.2 14.3 0.2 3.8 0.4 6.0 13.5
10/25/79 CiTY 23.2 201 240 46 7.2 9.2 26.5 0.4 4.6 0.4 4.8 21.1
12/13/78 CITY 7.5 260 228 20 7.2 8.2 5.9 0.4 0.7 6.1 7.5
02/24/79 CITY 5.5 27 209 22 6.9 i19 15.9 0.7 3.6 0.6 4.6 8.6



WATER DUALUY DATA 1979-1981 STATION STORET NO STUHNO2

DATE OF SAMPtERS CORD COAD TDS TSS pH pH ALK HARD Ca Mg Na Ci S04 NH3-N N02-N N03-N N03 reaD P04-P Fe Mn Zn ROD COD COLOR

SAMPLE IFIELDHLABI FIELDLAB LAB CALC DISS.DISS N02N ITOTTOTP D1SS.DISS.l TO ORIIDISS

mg/I D1SS

mId/y uhsku uhs/ca mg/i mg/I CaCO3 mg/I mg/I mg/i mg/i mg/I mg/I mg/i ag/i mg/I mg/i mg/I mg/I mg/I mg/I mg/I ag/i mg/i ag/I mg/I mg/I PTCO

01131/79 CITY 2.5 239 239 32 7.1 11.4 15.9 0.0 3.9 0.6 5.9 12.0

02107/79 lED 4.0 126 1.3 42 7.0 19.0

02/14/79 CITY 11.0 153 207 44 1.0 0.9 9.9 0.7 2.8 1.2 4.6 7.9

02/21/79 CITY 8.5 192 216 34 7.0 7.0 15.2 0.3 3.1 0.7 2.5 8.4

03/01/79 CITY 9.5 183 189 24 7.2 7.3 14.7 0.2 3.2 0.6 3.9 10.0

03/06/79 lED 11.0 182 1.7 65 7.0 15.0

03/07/79 CiTY 14.0 ill 181 36 6.7 12.1 0.4 2.8 0.7 9.1

03114/79 CITY 14.0 I9B 211 32 7.3 9.2 13.7 0.2 4.0 0.6 4.1 12.0

03/21/19 CiTY 14.5 198 220 34 7.6 8.3 15.1 0.2 3.4 0.5 6.9 16.3

03/29/79 CITY 13.0 93 213 34 7.9 8.8 16.3 0.2 3.4 0.5 8.5 17.0

04/04/19 CITY 14.0 214 230 42 7.4 8.9 15.0 0.3 3.5 0.6 5.9 13.0

04/11/79 CITY 13.0 193 243 36 7.4 9.6 16.3 0.3 3.4 0.6 5.2 12.0

04/19/79 CITY 14.0 199 640 350 1.3 8.8 15.5 0.2 3.0 0.2 3.0 7.2

04/25/79 CITY 16.0 210 260 78 7.4 8.7 14.7 0.8 3.1 1.2 5.4 10.8

05/02/79 CITY 19.0 211 230 58 7.3 8.8 15.2 0.7 3.3 0.9 3.0 7.3

05/09/79 CITY 16.0 182 165 24 7.6 7.4 13.6 0.2 2.6 0.5 7.3 11.1

05/IA/i CITY 21.0 210 204 42 7.9 9.0 14.2 0.2 3.2 0.6 6.9 13.4

05/24/79 METRO 21.5 23 226 36 8.5 9.2 15.9 0.3 3.0 0.5 13.9 14.4

05/30/19 METRO 21.5 223 232 36 8.6 9.9 15.3 0.2 3.2 0.4 12.0 15.7

06/06/79 METRO 21.5 221 229 54 8.0 9.5 16.3 0.5 3.3 0.7 7.6 11.4

06/13/79 METRO 21.5 230 248 48 8.9 9.1 19.9 0.2 3.5 0.6 12.0 15.0

06/20/7 METRO 20.0 212 280 85 7.9 9.4 17.4 0.4 3.6 1.0 11.4 14.6

06/27/7 METRO 25.0 234 .276 80 8.5 9.6 17.5 0.5 3.4 1.0 9.5 13.7

07/05/79 METRO 22.0 244 285 90 7.8 9.5 18.7 0.5 3.6 0.0 1.8 12.6

01/Il/i METRO 22.0 252 260 76 8.0 11.0 19.4 0.4 3.5 0.8 6.4 11.7

01/18/79 METRO 28.0 201 257 46 8.2 10.5 20.1 0.4 3.3 06 7.8 13.2

07/21/19 lED 19.0 260 7.7 93 11.0 31.0

07/25/79 METRO 25.0 242 275 52 9.1 10.2 18.2 0.3 3.4 0.6 5.4 11.9

07/30/79 lED 22.0 265 7.6 84 10.0 20.0

08/01/79 METRO 27.0 256 280 82 9.3 9.4 17.5 0.3 3.4 0.7 9.2 13.2

08/08/79 METRO 25.0 248 249 66 0.9 10.9 18.9 0.2 2.9 0.6 10.4 16.0

08/IS/i METRO 23.0 251 310 7.4 0.3 19.0 0.3 3.8 0.5 1.0 9.6

08/22/79 METRO 24.0 220 213 54 7.9 16.0 0.3 2.9 0.5 12.4 13.8

08/29/79 METRO 22.0 210 233 34 7.7 9.7 15.3 0.2 3.4 0.4 6.6 12.9

09/05/79 METRO 20.0 80 207 38 7.1 11.0 13.3 0.6 2.9 0.5 6.9 6.7

09/12/79 METRO 22.0 215 233 56 9.5 14.3 0.2 3.7 0.5 7.5 13.6

09/19/79 METRO 22.0 191 241 66 7.9 9.7 14.7 0.2 3.2 0.7 6.2 14.2

09/26/79 METRO 21.0 217 8.0 9.0 15.6 0.4 3.8 0.6 14.5

10/18/79 METRO 230 7.0 73 85.0 9.6 0.3 5.1 11.0

11/07/79 METRO 230 7.2 69 19.0 7.8 .0.2 2.9 5.0

01/23/00 METRO 230 7.9 77 94.0 8.9 0.2 2.2 5.0

02/21/80 METRO 232 7.9 73 93.0 95 0.5 2.4 6.0

03/11/80 METRO 222 1.3 71 82.0 8.6 0.2 3.5 2.7 8.0

04/23/80 METRO 230 7.9 82 97.0 8.6 0.2 LI 10.0 10.0

05/28/80 METRO 260 1.6 77 177.0 9.9 0.1 3.2 9.5 11.0

06/26/80 METRO 262 8.0 80 95.0 10.2 0.1 3.0 1.5 11.0

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION



WATER DUALITY DATA 19791901 STATION STORET NO STJOHMO2I

DATE SAMPLERS CUND COND TDS TSS pit pH All HARD Ca Mg Na Ci S04 WIlT-N N02-N NOT-N N03G KJELD P04-P tin in ROD COD CO1.OR

SAHP1.E IFIELOHLAB IFILDILAB 1108 CAIC ID1SS.DISS N02-N ITOTTOT OSS.DISS.l ITO ORIIDISS

ig/l DISS.I

sIdIyI Cl uhs/cu uhsIca .gil sq/I CaC03 sq/i sq/I sq/i sq/i sq/I agil sq/i sq/i i/I gil .q/I sq/i sq/i sq/i sg/i sgfl gil sq/i gil sq/i PTCO

07/24/80 CITY 260 7.9 82 102.0 12.2 0.4 3.3 9.4 9.0

11118/80 METRO 250 8.3 77 96.0 Li 0.3 4.5 2.7 10.0

01/06/81 METRO 257 7.8 70 82.0 7.4 0.5 1.7 6.0

02/03/B METRO 280 7.4 77 94.0 8.2 0.2 4.2 1.5 4.0

04/06/81 CITY 250 264 32 4.7

05/06/SI METRO 253 222 30 9.1 81 93.0 7.9 0.1 2.7 0.0 11.0

06101/81 METRO 265 226 IA 8.3 84 9.7 8.0 0.0 3.1 7.2 6.9

07106/81 METRO 272 226 38 7.6 87 102.0 9.6 0.4 2.6 14.0 8.0

08/12/01 METRO 270 246 86 8.0 82 96.0 11.8 0.4 8.5 22.0

0/16/8l METRO 290 270 37 7.7 87 106.0 9.6 0.0 6.7 0.0

10/14/81 METRO 260 230 36 7.2 73 94.0 9.4 0.1 3.6 8.0

11104/81 METRO 250 266 36 7.6 79 98.0 12.0 0.2 3.9 3.8 4.0

12/08/01 METRO 145 190 46 7.1 53 65.0 12.9 0.4 1.9 1.1

SAMPLES ANALY2ED 03 105 88 88 104 24 20 104 79 99 13 79 80 100 23 00
MEAN VALUE 16.8 220 236 46 7.6 76 92.0 9.2 15.6 0.3 3.3 3.3 0.5 6.6 10.5 12.4
MAIIMIJI VALUE 20.0 290 640 350 9.1 93 177.0 15.0 20.7 0.9 4.5 4.9 2.2 14 31.0 20.0

IfiNIMIJI VOIlE 2.5 126 lAS 6.9 42 9.7 5.8 7.6 0.0 1.9 1.0 0.0 0.0 0.0 6.7

STANDARD DEVIATION 6.4 32 SI 37 0.5 Ii 28.0 1.5 2.5 0.2 0.7 0.5 0.2 3.2 6.8 2.9

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOVER LIMIT OF DETECTION



TABLE Columbia Slough Station CA water quality data 1979 1986
USEPA STORET No STJOHNO9

DATE OF SAMPLERS COND COND 115 TSS pH pH 01K HARD Ca Mg Na Ci $04 NH3N N02N NO3N 823 KJELD P04-P Fa Mn Zn BUD COD COLORSAMPLE FIELDULAB IFIELD1LAE LAB ERIC DISS.DISS N02-N TOTITOT DISS.UD1SS ITO ORDISS
sq/i DISS

s/dip aDs/cs aDs/cu sq/i ag/I CaCO3 sq/I sq/I sq/i sq/i ag/I ag/i sq/I sq/i ag/i sq/I sq/I sq/i sq/i gII sq/i sq/I sq/i sq/i ag/i ag/i PTCO

10/18179 METRO 220 7.9 66.0 80.0 9.0 0.30 4.4 7.0
11/07/7 METRO 239 7.3 65.0 78.0 7.8 0.20 3.7 4.0
01123/80 METRO 230 7.9 79.0 93.0 9.0 0.40 .6 6.0
02/21180 METRO 210 7.9 67.0 60.0 10.0 0.60 1.7 6.0
03/11/80 METRO 225 7.4 74.0 85.0 9.4 0.20 3.2 2.3 0.0
04/23/80 METRO 240 7.8 83.0 91.0 8.9 0.70 2.8 7.5 9.0
05/28/80 METRO 26 7.6 68.0 176.0 9.3 0.10 3.0 .9.5 i2.006126/80 METRO 255 8.4 .82.0 94.0 10.4 0.10 2.7 11.0 12.0
07/24/80 CITY 260 B.i 80.0 00.0 2.5 0.40 3.4 1.0 9.010/22/80 METRO 265 1.9 76.0 99.0 9.2 0.20 4.2 4.6 5.0il/IB/BO METRO 266 0.2 74.0 94.0 8.7 0.30 4.5 2.4 11.001/06/Ui METRO 259 7.6 74.0 89.0 1.4 0.40 1.3 8.002/03/B METRO 280 7.7 74.0 93.0 8.0 0.20 4.1 2.2 5.003/0218 METRO 245 8.0 78.0 89.0 0.20 20.004106/Bi CiTY 252 270 32 7.7 76.0 90.0 8.4 0.20 3.4 5.9 13.005/06/81 METRO 246 220 32 9.2 05.0 94.0 8.4 0.10 2.5 0.0 11.006101/81 METRO 240 208 28 7.7 78.0 9.1 7.6 0.10 2.4 5.9 5.007/06/8 METRO 272 228 42 7.5 90.0 104.0 8.8 0.30 2.5 9.7 6.008/12/8 METRO 275 300 110 7.9 07.0 101.0 11.5 0.50

1.9 22.009/16/81 METRO 245 226 37 1.6 77.0 87.0 9.6 0.00 6.5 0.0iO/14/Bi METRO 250 246 52 7.4 70.0 89.0 8.0 0.10 3.2 7.6 10.011/04/81 METRO 250 264 48 7.5 76.0 98.0 11.6 0.20 3.8 4.4 4.012/08/81 METRO ISO 192 44 52.0 60.0 10.1 0.30 2.0 0.802/03/82 METRO 65 6.9 79.0 96.0 9.8 0.20
03/02/82 METRO 220 1.2 .76.0 86.0 8.6 0.10
04/07/82 METRO 205 8.1 73.0 65.0 7.2 0.00 4.9
05/05/82 METRO 240 7.5 119.0 101.0 8.2 0.00
06/03/82 METRO 220 1.11 07.0 04.0 8.6 0.00

7.907/14/82 METRO 225 7.5 83.0 99.0 8.0 0.00
08/04/82 METRO 250 7.4 86.0 96.0 9.4 0.20
09/01/82 METRO 200 6.9 65.0 73.0 10.4 0.40
0/04/82 METRO 190 7.8 59.0 68.0 9.6 0.10
01/06/83 MEIRO i86 7.6 65.0 76.0 0.0 0.90
03/17/83 METRO 200 7.5 72.0 76.0 4.4 0.10
04112/83 lEO 11.0 224 226 7.5 7.4 60.0 88.0 22 8.0 4.7 0.05 3.00 0.1 21.0 2004/i2/83 METRO 230 7.5 80.0 90.0 0.10
05/11/83 METRO 25 7.6 78.0 93.0 13 0.10
06/01/83 METRO 230 0.4 93.0 97.0 1.9 0.40
07/20/83 METRO 25 7.9 74.0 68.0 7.2 0.00
08/10/83 METRO 230 7.9 86.0 68.0 7.6 0.40
09/07/83 METRO 145 0.2 59.0 60.0 10.5 0.00
0/05/83 METRO 230 7.8 86.0 92.0 8.4 0.00
11/02/83 METRO 230 1.6 79.0 89.0 7.6 0.20
02/28/84 METRO 205 7.0 77.0 88.0 7.8 0.20
05/15/84 lEO 6.5 225 240 7.4 7.7 87.0 99.0 25 8.0 0.5 13 0.35 3.00 0.06 0.006/20/84 METRO 230 7.7 98.0 93.0 8.0 0.10

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOMER LIMIT OF DETECT1



WATER DUALITY DATA l7919B5 STATION CA STORET NO STJOHNOY

SAMPLES ANALYZED 10 10 53

MEAN VALUE 13.8 233 231

IIAIIMUR VALUE 22.5 29 290

MINIMUM VALUE .0.8 175 145

STANDARD DEVIATION 7.0 68 30

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION

53

14 0.22

IS 0.90

II 0.00

0.19

13.5

18.4

1.1

0.5

DATE OF SAMPLERS CORD CONO lOS 155 pH pH ALX HARD Ca Na Cl 504 P1113-N 1102-N N03-N NUll 310 P04-P Mn Zn BOO COD COLOR

SAMPLE FIELDLAB flLDILO8 LAB ICALC DISS.IDISS 1102N TOTIIIOT IDISS.IDISS TO ORIOISS
.qIl 0155

CaCO3 Il/I SW/I sq/I Se/I sq/I sq/I sq/I sI/l ag/I se/I sq/i ag/i sq/I sq/I sq/I sq/I sg/I sq/I sq/I PTCOlaIdIl IC uhs/rs uhs/cu sq/I sq/I

11121184 08 8.3 199 246 7.4 7.2 67.0 86.0 22 7.6 13.0 14 0.28 3.10 0.00 0.0 7.1 20

03/15/85 DEA 16.0 233 240 9.0 8.2 82.0 94.0 24 8.2 8.2 IS 0.01 0.26 0.07 0.0 18.4 20

09/26/85 08 18.0 224 230 8.2 8.1 81.0 930 24 8.0 8.4 15 0.08 3.40 0.05 0.09 0.0 17.1 15

01/02/86 METRO 0.8 224 240 6.9 7.3 75.2 103.0 0.42 5.0 14.0

02/20/86 METRO 3.8 180 IBO 6.6 6.7 52.0 10.9 5.4 0.39 11.0 29.0

05/29/86 09 20.5 221 230 182 IS 7.4 7.6 83.0 90.0 23 8.0 7.9 8.5 II 0.26 2.30 0.107 0.05 0.00 4.0 11.0 11.4 15

07131/86 METRO 20.0 429 290 6.1 6.8 87.8 13.0 21.9 0.30 6.0 23.0

00128/86 METRO 22.5 175 6.2

tO 10 10 33 53 53 53

234 44 7.3 7.7 76.8 87.7 23 8.1 7.9 B.9

300 110 9.0 9.2 98.0 176.0 25 8.8 7.9 21.9

182 IS 6.1 6.7 52.0 9.1 22 7.6 7.9 4.4

35 24 0.8 0.4 9.5 21.8 0.4 2.5

IS 29

3.2 2.51 0.107 0.06 0.05 5.4 9.6

4.5 3.40 0.107 0.11 0.09 11.0 29.0

2.0 0.26 0.101 0.00 0.00 0.0 0.0

0.7 1.06 0.03 0.03 7.4

17

20

10



TABLE ColumbIa Slough Station water qual Ity data 1977 1986

USEPA STORET No STJOHNO3

--

DATE OF SAMPLERS ClOD ClOD TOS TSS pH pH ALk HARD Mg Na CI S04 NH3-N 002-N 003-N 003 KJELD P04-P Fe Zn BOO

SAMPLE- FIELDIILAB FIELDLABI LAB ICAIC DISS.OISS.l 002-N TDITOT DISS.DISS.I

sq/i DISS

a/dly CI hs/cm uhs/cm mg/I mg/I CaCO3 mg/i mg/i mg/I mg/I mg/i ag/I mg/I mg/I mg/i mg/I mg/I mg/I mg/I mg/I ugh mg/i mg/I sq/I mg/I mg/I PTCO

7.6 70.0 77.0 22 5.5

212 31.0 1.1

169 7.0 7.5

224 30.0 1.5

150 20.0 7.6

250 46.0 7.4

202 37.0 7.2

246 45.0 1.5

204 49.0 8.3

243 76.0 8.1

225 50.0 7.9

227 74.0 8.7

106 2.0

168 35.0 7.1

212 26.0 1.1

199 36.0 7.1

215 35.0 7.0

237 50.0 7.2

201 33.0 7.3

228 43.0 7.4

205 42.0 7.3

272 80.0 7.7

213 23.0 7.9

201 17.0 7.5

210 20.0 7.7

165 16.0 7.3

219 50.0 8.1

208 63.0 1.3

231 35.0 8.0

256 55.0 7.1

220 48.0 7.7

203 50.0 1.7

236 58.0

265 74.0 1.0

266 64.0 7.5

275 76.0 7.5

259 30.0 7.0

210 54.0 7.5

223 30.0 7.5

203 26.0 7.3

192 30.0 7.5

251 30.0 7.7

158 24.0 7.8

230 46.0 7.5

241 46.0 7.3

214 16.0

lOB 14.0 7.0

212 24.0 7.1

7.3 66.0

197 30.0 7.0

5.5 1.9 13.2 0.110

22.2 16.7 0.600

9.3 20.4 0.300

10.5 11.4 0.100

6.3 19.3 0.100

00.2 30.0 0.300

9.8 17.3 0.200

11.0 8.4 0.300

9.7 13.4 0.800

9.6 18.9 1.700

10.8 19.5 0.800

14.8 18.0 0.400

5.8 0.500

8.3 11.2 0.400

8.3 15.3 0.400

8.1 23.3 0.600

7.0 14.6 0.400

7.0 15.7 0.200

7.3 13.0 0.400

7.4 23.8 0.200

8.8 15.0 0.300

8.8 23.8 0.200

8.2 15.6 0.200

8.6 16.3 0.200

9.4 15.0 0.400

6.7 12.7 0.200

9.2 14.2 0.300

8.8 13.2 0.400

9.4 14.6

9.8 16.1 0.600

20.5 15.7 0.900

0.8 12.1 0.400

11.6 03.0 0.400

11.4 16.0 0.500

10.2 16.5 0.600

9.5 11.1 0.400

8.4 13.7 0.200

9.7 14.3 0.200

20.4 13.6 0.500

7.9 13.6 0.100

8.1 14.9 0.200

9.0 14.3 0.100

9.6 22.2 0.200

10.2 15.2 0.200

9.8 15.3 0.500

8.8 15.3 0.400

6.6 7.0 0.500

00.9 14 0.800

12.0

9.0 12.3 0.700

4.20 0.30

2.10 0.20

4.10 0.20

1.00 0.10

4.30 0.30

3.00 0.40

3.50 0.40

2.00 0.00

8.20 0.80

3.20 0.50

2.10 0.40

0.00

0.60 0.50

2.80 0.60

2.50 0.60

2.60 0.80

3.10 0.50

2.50 0.60

3.60 0.30

3.30 0.60

3.40 0.80

3.10 0.30

3.40 0.40

3.40 0.40

2.30 0.30

2.30 0.80

2.50 0.60

2.70 0.60

3.20 0.60

2.80 0.50

2.40 0.60

2.40 0.50

3.00 0.60

3.00 0.80

3.00 0.60

3.30 0.40

3.30 0.60

2.90 0.40

3.20 0.40

2.50 0.40

2.50 0.40

1.90 0.40

3.70 0.40

4.60 0.50

3.00 0.60

0.30 0.40

3.30 0.60

2.80 0.10

3.9

2.9

5.4

2.8

8.4

4.7

5.0

7.5

-7.0

8.1

8.1

2.8

4.9

I.B

3.7

3.8

3.6

3.0

6.2

6.2

7.2

5.1

5.5

11.5

7.6

8.8

7.8

8.2

6.3

6.4

6.6

7.2

7.9

9.3

0.1

5.2

5.8

5.2

5.8

7.6

3.9

6.1

5.2

3.8

4.2

4.0

7.3

12.2

23.5

13.5

10.7

10.2

12.2

15.5

04.6

02.5

15.1

6.4

9.0

6.7

8.4

7.2

8.8

9.1

00.1

13.9

17.2

23.5

12.4

14.3

12.0

04.1

10.1

16.9

00.2

11.3

10.6

23.2

21.9

10.6

9.8

10.6

11.4

20.6

11.6

11.5

14.6

21.1

12.8

11.6

7.8

12.9

21.9

0.02 0.28

CCDC COLOR

TO ORHOISS

0.00 0.00 0.02 0.001/12/77 BED 150

01/19/71 CITY 10.0 219

02/26/77 CITY 4.0 209

02/02/77 CITY 6.0 222

02/09/77 CITY 4.0 186

02/16/77 CITY 9.5 220

03/16/77 CITY 10.0 209

04/06/71 CITY 27.0 242

06/08/71 CITY 22.5 200

06/15/77 CITY 22.0 221

06/22/77 CITY 23.0 233

06/30/77 CITY 23.0 185

02/02/71 CITY 10.0 169

01/18/78 CITY 7.0 180

01/25/78 CITY 1.2 232

02/02/78 CITY 7.0 205

02/00/70 CiTY 9.0 160

02/23/7B CITY 12.0 234

03/02/78 CITY 9.0 202

03/09/78 CITY 10.5 210

03/15/78 CITY 10.0 213

03/22/78 CITY 15.0 230

04/07/78 CITY 14.0 209

04/12/78 CITY 15.0 222

03/09/78 CITY 16.0 215

05/07/78 CITY 17.0 271

06/07/78 CITY 24.5 240

06/22/78 CITY 21.0 203

06/28/78 CITY 25.0 241

07/03/78 CITY 19.0 225

07/12/78 CITY 22.0 250

07/09/78 CITY 22.0 220

07/26/78 CITY 27.0 249

08/02/78 CITY 23.0 230

08/09/78 CITY 26 255

08/16/78 CITY 20.0 223

08/23/lB CITY 28.0 193

08/30/78 CITY 22.5 212

09/06/78 CITY 19.4 200

09/13/78 CITY 15.0 202

09/20/78 CITY 10.0 183

09/27/78 CITY 20.5 212

20/04/78 CITY 28.8 159

10/11/78 CITY 18.8 209

10/25/78 CITY 23.8 201

12/13/78 CITY 7.0 164

01/24/79 CITY 4.5 III

01/31/79 CITY 2.5 216

02/07/79 DEl 5.0 193

02/14/79 CITY 10.0 131

23.0

7.2

BLANK SPACES NO SAJIPI.ES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION



MATER DUALITY DATA 1971-1995 STATION STORET ND STJOHNO3

BLANK SPACES PAl SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION

DATE OF SAHPI.ERS COND ClOD TOS 155 pH pH ALK HARD Ca Mg Na CI 504 003-N P102-N 003-N 803 KJELD P04-P Fe Mn in BOO COD COLOR
SAMPLE FELDLA8 FIELDLAB LAB ICALC DISS.DISS 002N TOIHIOTI IDISS.DISS.I TO ORIIDISS

mg/I DISS

lid CI uh/c uhski iqIl .qIl taCD3 ag/I gil mg/I ag/I mg/I .6/I .q/I mg/I .gIl mg/I .g/I mg/I 1q/1 1q11 igII mg/I mg/I mg/I mg/I mg/I PTCO

02121179 CITY 7.5 167 202 36.0 7.1 8.1 12.2 0.600 2.70 0.70 2.9 9.4
03101/79 CITY 9.0 180 192 30.0 7.2 7.9 14 0.200 3.10 0.60 9.5
03/06/79 BED 11.3 186 7.6 65.0 9.0 12.0

03/01/79 CITY 13.0 175 192 38.0 7.1 7.9 II 1.100 2.70 1.20 3.6 8.4
03111179 CITY 13.0 200 222 46.0 7.3 8.2 14.4 0.200 3.70 0.60 3.6 10.3
03/21/79 CITY 14.0 260 204 54.0 7.7 8.0 10.7 0.300 2.30 0.70 8.1 14.6
03/29/79 CITY 14.0 293 215 36.0 7.9 9.1 17.0 0.200 3.20 0.50 5.8 15.0
04/04/79 CITY 14.0 19 54.0 7.7 8.7 11.2 0.000 2.40 0.10 5.3 12.9
04111119 CITY 13.5 185 247 54.0 7.3 8.7 15.8 0.600 3.20 0.80 3.9 9.4
04/19/79 CITY 14.0 lBS 731 570.0 7.3 10.7 14.0 0.400 2.70 0.20 3.0 6.0
04/20/79 CITY 18.3 202 280 100.0 7.4 9.7 13.9 1.500 3.10 1.70 4.6 0.6
05/02/79 CITY 19.0 191 222 70.0 7.4 9.6 13.7 1.000 2.70 1.00 4.2 7.6
05/09/79 CII 16.0 179 164 18.0 7.5 LI 13.7 0.300 2.70 0.40 5.7 9.6
05/16179 CITY 21.0 204 205 38.0 7.7 9.4 13.6 0.200 2.90 0.50 4.6 12.0
05/24/79 METRO 23.0 216 229 36.0 9.9 9.4 14.8 0.400 2.40 0.70 12.3 17.2
05/30/79 METRO 23.0 225 242 40.0 8.9 10.2 14.2 0.200 2.90 0.50 13.2 17.4
06/06/79 METRO 21.5 168 174 60.0 8.2 7.6 11.0 0.500 1.20 0.90 7.9 10.9
06/13/79 METRO 23.0 237 236 64.0 8.2 9.4 19.8 0.300 2.90 0.70 7.9 12.0
06/20/79 METRO 20.0 219 281 03.0 7.7 10.5 17.3 0.800 3.50 1.00 7.3 12.1
06/21/79 METRO 25.0 253 285 80.0 1.9 10.3 17.5 0.700 3.40 1.00 9.6 10.9
07/05/79 METRO 22.5 245 276 96.0 7.8 10.7 17.6 0.700 3.50 0.90 10.0 10.8
07/11/79 METRO 23.0 246 263 72.0 8.3 10.0 19.9 0.400 3.00 0.80 9.2 11.9
07/18/79 METRO 29.3 285 231 48.0 8.2 10.4 21.3 0.400 3.40 0.70 6.1 13.2
07121/79 BED 18.0 267 7.6 83.0 10.0 29.0
07/25/79 METRO 25.0 233 273 70.0 8.1 10.2 17.5 0.400 3.20 0.70 5.2 10.8
07/30/79 lED 22.0 24 7.6 82.0 11.0 20.0
08/01/79 METRO 26.5 253 272 60.0 9.2 9.7 29.9 0.300 3.30 0.10 1.0 12.2
0808/79 METRO 25.5 241 251 78.0 Li 11.7 19.6 0.300 2.90 0.60 7.9 14.3
08/13/79 METRO 23.0 258 269 65.0 7.3 9.2 19.4 0.400 3.70 0.50 6.6 9.6
08/22/79 METRO 24.0 201 266 36.0 7.7 11.3 15 0.200 3.00 0.50 12.1
08/29/79 METRO 23.0 213 231 32.0 8.1 10.2 25.8 0.700 3.20 0.40 6.6 13.2
09/05/79 METRO 21.0 188 200 42.0 7.2 9.7 13.2 0.400 2.80 0.50 3.7 7.0
09112/79 METRO 22.7 211 216 36.0 8.1 9.7 14.7 0.200 3.30 0.00 8.4 24.6
09/19/79 METRO 23.0 198 269 70.0 9.3 13.7 14.8 0.200 3.30 0.80 7.9 13.2
09/26/79 METRO 21.0 226 8.2 20.3 14.6 0.300 3.60 0.60 14.9
10/19/79 METRO 223 7.7 67.0 79.0 9.3 0.400 4.3 7.0
21/07/79 METRO 223 6.8 63.0 74.0 9.0 0.200 2.9 3.0
01123/80 METRO 180 7.8 59.0 67.0 7.9 0.300 Ii 6.0
02/21/80 METRO 212 8.0 69.0 80.0 9.8 0.600 2.9 5.0
03/11/80 METRO 212 7.3 77.0 87.0 9.8 0.300 3.00 3.4 1.0
04/23/80 METRO 230 7.7 79.0 06.0 9.3 0.800 2.60 7.3 9.0
05/28/80 METRO 202 7.6 85.0 172.0 8.5 0.100 2.90 9.1 11.0
06/26/80 METRO 252 8.2 80.0 93.0 10.4 0.200 2.70 15.0 13.0
07/24/80 CITY 262 8.2 97.0 101.0 13.3 0.400 3.20 10.0 11.0
10/22/80 METRO 263 7.5 78.0 99.0 9.9 0.200 5.00 4.2 3.0
11/18/80 METRO 242 8.3 75.0 95.0 0.6 0.400 4.50 2.5 11.0
01/06/81 METRO 252 7.6 73.0 86.0 7.4 0.400 1.6 8.0
02/03/81 METRO 280 7.4 76.0 92.0 8.4 0.200 4.00 1.6 5.0
03/02/81 METRO 245 8.2 76.0 92.0 7.1 0.200 11.0
04/06/81 CITY 229 256 30.0 7.8 73.0 85.0 8.2 0.200 2.80 5.1 12.0



WATER QUALITY DATA 1977-1985 STATION ST000T NO STJOHNO3

TATE SMPLERS CORD C000 TUS TSS pH pH ALK HARD Ca Mg Na Cl 504 NH3-N NO2-N NO3-N NO3 OJELD P04-P Mn Zn BOO COD COLOR
SAMPLE IFIELDLAB FIELDLAB LAB CAIC IDISS.DISS NO2-N TOTTOT DISS.IDISS TO ORIDISS

sq/I DISS
aIdy ahs/c uhs/cs sql sq/i CaCO3 1q11 sq/i sq/i sq/I sq/I sq/i sq/i sq/I sq/I ag/I sq/I sq/I sq/I sq/i q/I sq/i sq/i sq/i .q/i sq/I PTCO

05106181 METRO 264 222 30.0 84.0 95.0 8.4 0.100 2.40 0.0 .0
06/01/81 METRO 232 200 32.0 7.9 76.0 8.6 7.6 0.000 2.00 4.9 4.6

07/06/BI METRO 246 198 40.0 7.6 86.0 93.0 7.4 0.200 1.60 7.7 7.0

09/12/81 METRO 270 280 0.0 7.9 88.0 104.0 11.0 0.600 8.6 22.0

09/16181 METRO 25 22 42.0 7.8 64.0 74.0 9.4 0.000 42.00 4.4 0.0

10/14/81 METRO 245 242 58.0 7.5 69.0 84.0 8.0 0.100 3.40 6.2 8.0
11104/81 METRO 248 250 44.0 7.7 76.0 95.0 12.0 0.200 4.00 4.5 4.0

12/08/81 METRO 155 186 42.0 7.2 54.0 60.0 10.4 0.400 1.90 0.7

02/03/82 METRO 220 7.3 84.0 99.0 0.0 0.200

03/02/82 METRO 230 76.0 86.0 8.6 0.100

04/07/82 METRO 20 7.7 75.0 89.0 7.2 0.000 4.B

05/05/82 METRO 245 7.4 89.0 100.0 8.4 0.000 4.5

06/03/82 METRO 245 7.0 88.0 004.0 0.5 0.000 7.9
07/14/82 METRO 250 7.6 85.0 99.0 8.0 0.000

08/01/82 METRO 250 7.4 84.0 94.0 9.1 0.200

09/01/82 METRO 70 7.1 58.0 60.0 8.0 0.200

0/04/82 METRO 140 1.6 47.0 4B.0 7.4 0.100

01/06/83 METRO 192 7.7 67.0 75.0 8.3 0.800

03/11/83 METRO 210 7.2 73.0 81.0 7.4 0.000

04/12/83 BED 11.0 227 23 1.5 7.4 79.0 91.0 23 8.0 7.6 14.0 0.130 3.20 0.09 19.0 20

04/12/83 METRO 240 7.6 83.0 95.0 7.6 0.100

05/11/83 METRO 220 7.6 79.0 93.0 13.4 0.100

06/01/83 METRO 233 0.2 91.0 00.0 7.5 0.300

07/20/83 METRO 220 8.2 76.0 86.0 7.2 0.000

08/10/83 METRO 160 7.8 73.0 72.0 5.6 0.200

09/07/93 METRO 140 8.0 60.0 58.0 8.1 0.000

10/05/83 METRO 7.0 78.0 86.0 8.3 0.000

11/02/83 METRO 230 7.7 79.0 89.0 7.6 0.200

05/15/84 ME9 16.5 236 240 7.4 7.4 87.0 00.0 26 8.5 11.0 14.0 0.370 2.90 0.05 0.0 10
06/20/84 METRO 240 7.6 90.0 94.0 8.2 0.000

11/21/84 lED 0.5 204 253 7.4 7.3 67.0 88.0 23 7.4 15.0 14.0 0.310 2.90 0.08 7.0 6.7 20
05/15/85 lED 17.0 270 230 8.9 8.1 81.0 94.0 24 8.2 8.2 15.0 0.110 0.27 0.06 0.0 25
09/26/85 DEl 8.0 238 230 8.2 8.2 77.0 90.0 23 7.0 11.0 15.0 0.090 3.40 0.09 0.19 0.0 17.2 15
11/13/85 SRI 6.5 62 158 23.0 7.3 0.830 0.66 0.83 0.26 9.5
11/14/85 SRI 5.0 167 44 06.0 6.8 0.780 0.85 4.00 0.75 8.3
12/06/85 SRI 3.0 172 209 8.9 7.3 0.176 2.5 2.06 0.46 9.5

01/02/86 METRO 0.8 219 225 6.0 6.8 77.0 23.0 7.0 0.540 5.0 5.0
02/20/86 METRO 3.7 170 178 6.6 6.6 59.7 72.5 5.5 0.380 8.0 29.0
05/29/86 lED 20.5 203 210 183 29.0 7.4 7.3 79.0 89.0 23 8.1 2.9 7.1 7.9 14.0 0.390 2.10 1.40 0.14 0.00 0.00 .15.0 9.5 tO
07/31/86 METRO 20.0 303 280 6.5 7.3 90.3 73.0 18.6 0.360 6.0 23.0
08/28/86 METRO 22.3 225 6.6

SAMPLES ANALYOED 97 tO 139 92 92 40 57 53 137 86 35 17 89 84 107 36 86
MEAN VALUE 06.0 225 214 227 50.7 7.3 7.6 75.6 86.9 23 7.7 2.9 6.6 9.2 15.1 0.355- 0.02 5.20 2.90 2.07 0.56 0.05 0.06 0.02 5.8 11.4
MAOIMIO VALUE 29.5 303 205 737 570.0 8.9 91.0 177.0 26 8.5 2.9 7.7 18.6 30.0 1.700 0.02 42.00 8.20 4.00 1.70 0.09 0.19 0.02 15.0 29.0 17.4 25
MINIMUM VALUE 0.8 70 III 108 2.0 6.5 6.6 47.0 8.6 22 5.5 2.9 5.5 .9 7.0 0.000 0.02 0.28 0.77 0.83 0.00 0.00 0.00 0.02 0.0 0.0 6.0
STANDARD DEVIATION 6.9 32 33 64 58.3 0.7 0.5 9.8 20.6 0.9 1.1 1.9 3.0 0.276 9.27 0.94 1.19 0.26 0.04 0.09 2.6 7.8 2.7

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LONER LIMIT OF DETECTION



BLANK SPACES MO SAMPLES 0.0 VALUES LESS THAN LORER LIMIT OF DETECTION

TABLE B6 Coluub1a Slough Station CB water quality data 1979 1986

USEPA STORET No STJOHN1O

DATE OF SAMPLERS COND CORD TDS 155 p9 pH ALK HARD Ci Mg Na CI SOS MW39 NO2N N03-N 8803 KJELD P04-P Mn ii DOD COD COLOR

SAMPLE FIELD LAB FIELD LAB LAB ICALC 8155 DISS N02-N TOT TOT 88155 IDISS ITO OR BISS
ag/i DISS

i/dip IC vhs/cl vhs/cl ag/I sq/I CiCOJ ag/I sgIl ag/I ag/i sq/i ag/i ag/I ag/i sq/i ag/I ll iii ill ag/i sq/i 58/1 ag/i ag/I ag/i ag/i PT-CD

10/18/79 METRO 20 8.2 64.0 76.0 B.9 0.40 4.0 7.0

11/07/79 METRO 220 7.5 62.0 71.0 8.0 0.20 3.1 5.0

01123180 METRO 170 8.0 58.0 68.0 7.5 0.20 1.7 6.0

02/21/80 METRO 211 8.1 67.0 79.0 9.6 0.60 2.7 5.0

03/Il/SO METRO 230 7.4 77.0 88.0 9.8 0.20 3.1 2.9 7.0

04/23/80 METRO 230 7.7 79.0 86.0 9.5 0.80 2.5 5.8 9.0

05/28/80 METRO 252 7.9 77.0 174.0 8.6 0.80 2.8 9.3 11.0

06/26/80 METRO 250 8.3 01.0 92.0 10.6 0.20 2.7 12.0 13.0

07/24/80 CITY 258 8.8 04.0 101.0 13.0 0.40 3.4 12.0 81.0

80/22/80 METRO 265 7.9 78.0 .99.0 9.2 0.20 4.2 4.3 5.0

11/18/80 METRO 266 8.8 74.0 94.0 8.8 0.50 4.4 2.8 12.0

01/06/81 METRO 260 7.7 74.0 89.0 7.4 0.60 1.6 8.0

02/03/81 METRO 270 7.3 76.0 90.0 8.3 0.30 3.9 1.8 5.0

03/02/81 METRO 245 8.0 75.0 98.0 7.1 0.20 0.0

04/06/01 CITY 855 892 26 7.6 47.0 53.0 6.9 0.10 1.7 4.9 12.0

05/06/81 METRO 250 230 22 9.0 80.0 88.0 0.0 0.10 2.0 0.0 9.0

06/01/81 METRO 285 880 28 7.7 74.0 8.0 7.6 0.00 1.7 4.0 4.6

07/06/81 METRO 230 182 46 8.0 84.0 81.0 7.0 0.20 8.2 7.6 8.0

08/12/01 METRO 270 266 112 7.9 08.0 99.0 81.2 0.60 9.8 24.0

09/86/81 METRO 175 860 29 7.6 54.0 61.0 8.8 0.00 2.9 0.0

10114/81 METRO 230 222 50 7.4 61.0 81.0 7.6 0.10 3.0 6.5 8.0

18/04/81 METRO 240 256 36 7.5 77.0 97.0 82.0 0.20 3.7 4.4 4.0

82/00/81 METRO 155 186 30 7.2 54.0 59.0 10.0 0.40 1.8 0.7

02/03/82 METRO 230 7.2 84.0 99.0 10.4 0.30

03/02/82 METRO 230 1.2 77.0 81.0 9.0 0.10

04/07/82 METRO 210 7.9 760 88.0 7.2 0.00 5.3

05/05/82 METRO 240 7.3 87.0 99.0 0.4 0.00 3.8

06/03/82 METRO 250 7.8 90.0 104.0 8.6 0.00 7.6

07/84/82 METRO 230 7.5 06.0 91.0 8.0 0.00

09/04/82 METRO 240 7.5 83.0 90.0 0.8 0.20

09/08/82 METRO 165 7.1 57.0 59.0 7.9 0.10

80/04/82 METRO 140 7.8 51.0 51.0 4.9 0.10

01/06/83 METRO 200 1.6 69.0 79.0 7.9 0.70

03/17/83 METRO 280 7.2 73.0 81.0 7.2 0.10

04/12/93 00 88.0 227 228 1.5 7.5 69.0 91.0 23 8.2 7.6 14.0 0.19

04/12/B3 METRO 235 7.5 80.0 90.0 7.9 0.10

05/1I/B3 METRO 195 7.7 74.0 82.0 12.8 0.10

06/08/83 METRO 230 9.8 91.0 99.0 7.4 0.20

07/20/83 METRO 190 8.3 75.0 86.0 7.2 0.00

09/10/83 METRO 150 8.0 65.0 65.0 4.3 0.20

09/07/83 METRO 150 9.0 61.0 60.0 9.8 0.00

10/05/03 METRO 190 7.9 73.0 75.0 8.0 0.00

11/02/93 METRO 230 7.8 78.0 99.0 7.4 0.20

02/28/84 METRO 220 7.4 66.0 93.0 6.7 0.10

05/15/84 DED 17.0 234 240 7.3 7.4 06.0 97.0 25 LI 9.6 14.0 0.27

06/20/84 METRO 240 7.2 98.0 94.0 8.2 0.20

3.00 0.10 25.0 20

2.90 0.06 0.0 10



WATER QUALITY DATA 1919-1985 STATION C-W STORET NO STJOHNIO

DATE OF SAMPLERS COND COND TDS TSS pH pH 810 HARD Ca Mq Na Ci S04 NH3-N N02-N N03-N N03 KJELD P04P Fs Mn in BOD COD COLOR

SAMPLE FIELD LAB FIELD LAD LAB CALC DISS 0155 N02-N II TOT TOT DISS BIBS ITO OR DISS
sq/I DISS

s/dip uhsku uhs/cs sq/I sq/i CaCO3 sq/i sq/I sq/i s/I sq/I sq/I sq/i sq/I sq/I sq/I sq/I sq/i sq/I sq/i sq/I sq/i sq/i sq/i sq/I q/ PTCO

6.0 7.0 20

0.0 16.7 20

0.0 7.3 20

5.0 8.0

4.0 20.0

2.9 09.0 II 10

7.0 23.0

8.0

11/21184 DEQ 8.5 20 235 7.4 7.3 68.0 87.0 22 7.7 10.0 14.0 0.3

05/15/85 09 6.0 240 240 8.6 7.9 82.0 96.0 25 8.2 8.7 5.0 0.35

09/26/85 BED 18.5 234 230 8.5 8.3 80.0 93.0 24 0.1 8.5 5.0 0.06

01/02/06 METRO 0.8 228 240 6.7 6.9 78.9 103.0 6.8 0.50

02/20/86 METRO 3.7 80 183 6.7 6.5 58.1 71.4 5.4 0.31

05/29/86 DED 20.0 81 177 155 26 7.5 7.6 67.0 68.0 17 6.2 2.3 6.9 9.6 0.22

07/31/86 METRO 20.0 286 270 8.0 7.1 92.9 73.0 5.8 0.30

08/28/86 METRO 22.4 210 260 6.7 6.8 13.0 09.0 .8 0.41

3.00

0.27

3.40

0.05

0.07

0.06 0.09

.40 0.024 0.05 0.00

SAMPLES ANALYZED 00 54 10 10 10 54 54 54 54 54 15 32

DEAN VALUE 3.8 223 221 204 40 1.5 7.7 74.6 84.9 23 7.8 2.3 6.9 8.4 3.6 0.23 2.0 2.33 0.024 0.06 0.05 4.8 9.5 13.0 17

MAIIMU1I VALUE 22.4 286 270 266 0.6 9.0 13.0 74.0 25 8.5 2.3 6.9 i5.8 5.0 0.80 4.4 3.40 0.124 0.10 0.09 12.0 25.0 7.3 20

MINIMUM VALUE 0.8 180 140 55 6.7 6.5 47.0 8.0 6.2 2.3 6.9 1.8 9.6 0.00 .2 0.21 0.024 0.05 0.00 0.0 0.0 1.0 00

STANDARD DEVIATION 7.0 29 34 37 26 0.1 0.4 11.9 21.1 0.8 2.1 .8 0.19 1.0 1.12 0.02 0.05 3.0 6.0 4.2

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION



BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LONER LIMIT OF DETECTION

TABLE ColumbIa Slough Station water quality data 1977- 1986 --

USEPA STORET No STJOHNO4

DATE OF SPdIPLERS COND COND TOS TS5 pH pH ALE HARD Ca Mg Ni CI 504 143N N02-N NOT-N NO3 EJELD P04-P Fe Rn in ODD COD cmoR

SAMPLE FIELDLABI IFIELDLAD LAB ICALC IDISS.DISS N02-N TOTTOT IDISS.DISS TO ORIIDISS

sq/I 0155

i/dip IC uhs/ci uhs/s sq/I .qfl taCO3 sq/i sq/I sq/i mg/I .g/1 sq/i sq/I sq/I sq/i sq/I sq/I mg/I sq/I sq/I sq/I sq/I sq/I mg/I sq/I mg/I PTCO

0.00 0.00 0.04 0.001/12117 CEO 149 7.6 70.0 00.0 22 6.1 1.3 6.5 7.0 12.5 0.13 0.02 0.28

01/19/77 CITY 9.0 215 201 26 7.1 12.6 16.9 0.60 4.10 .0.300 2.4 7.4

01/26/17 CITY 3.5 183 133 7.6 6.3 19.3 0.10 0.80 0.100 1.5 12.9

02/02/77 CITY 5.5 222 214 22 7.6 10.4 17.8 0.10 4.00 0.200 4.7 13.2

02/09/71 CITY 4.0 172 123 12 1.8 5.5 18.7 0.00 0.30 0.100 I.5 13.1

02/16/fl CITY 8.2 203 215 28 7.5 9.4 19.9 0.20 3.50 0.300 5.9 11.9

03/IA/fl CITY 10.0 210 205 35 1.2 10.1 17.2 0.20 2.80 0.400 4.4 10.1

04/06/71 CITY 17.0 232 232 42 7.5 10.9 9.3 0.40 3.40 0.400 5.3 11.4

06/09/71 CITY 22.0 182 188 50 8.3 7.7 14.0 0.70 1.30 0.000 7.6 14.3

06/15/77 CITY 21.5 216 225 70 7.9 9.5 18.5 0.30 2.00 0.700 5.7 13.6

06/fl/il CITY 21.0 162 143 46 0.4 00.3 12.8 0.90 0.400 6.4 9.7

06/30/77 CITY 22.0 170 182 60 8.6 12.6 16.0 1.10 0.300 5.5 13.0

04/07/79 CiTY 13.8 213 lii 20 7.1 8.7 15.6 0.20 3.10 0.200 4.8 12.4

04/12/73 CITY 14.9 199 190 15 7.5 8.4 15.0 0.40 2.50 5.0 II
06/07/79 CITY 23.5 210 190 60 8.3 7.7 10.7 0.40 1.40 0.600 4.6 10.7

06/21/70 CITY 20.5 182 177 56 7.6 7.6 11.4 0.40 1.30 0.600 6.7 9.9

07/12/78 CITY 22.5 183 ISO 30 7.7 7.2 11.7 0.50 1.40 0.400 4.1 10.2

07/19/78 CITY 22.0 188 194 59 7.7 8.0 11.0 0.40 1.90 .0.600 6.1 9.5

07/26/73 CITY 27.0 198 112 30 3.0 7.9 10.0 0.20 1.40 0.500 6.0 11.0

08/02/13 CITY 23.5 222 232 63 7.7 12.2 13.7 0.60 2.60 0.600 6.7 10.9

03106/79 DEP 11.5 193 7.5 68.0 9.0 9.0

04/04/79 CITY 14.0 172 191 44 7.7 9.9 12.5 0.70 2.00 0.600 5.0 12.9

07/21/79 DEP 18.5 262 8.0 85.0 10.0 10.0

07/30/7 CEO 21.5 265 1.6 85.0 9.0 16.0

10/18/79 METRO 222 7.9 66.0 78.0 9.1 0.50 3.0 6.0

11/01/79 METRO 218 7.2 61.0 70.0 8.0 0.20 2.6 4.0

01/23/80 METRO 190 7.9 64.0 75.0 7.7 0.30 1.4 6.0

02/21/00 METRO 160 9.1 48.0 55.0 9.4 0.50 2.1 4.0

03/11180 METRO 214 1.4 74.0 85.0 9.8 0.40 2.90 3.2 8.0

04/23/80 METRO 100 7.7 61.0 60.0 8.3 0.70 1.60 3.2 0.0

05/29/00 METRO 249 7.7 71.0 167.0 8.1 0.20 2.30 5.6 12.0

0/26/80 METRO 259 7.9 82.0 94.0 10.8 0.30 2.70 10.0 13.0

07/24/80 CITY 265 8.1 91.0 102.0 13.3 0.40 3.50 11.0 12.0

10/22/00 METRO 270 7.6 78.0 101.0 9.2 0.20 4.10 4.1 3.0

11/18/80 METRO 270 8.2 75.0 95.0 9.8 0.40 4.40 2.5 10.0

01/06/81 METRO 190 7.7 59.0 64.0 9.2 1.40 1.4 8.0

02/03/81 METRO 230 7.7 70.0 79.0 7.6 0.50 2.40 1.4 4.0

03/02/91 METRO 250 8.2 75.0 90.0 7.9 0.40 0.40 10.0

04/06/81 CITY 90 153 12 7.6 34.0 36.0 6.1 0.10 1.10 2.6 10.0

05/06/81 METRO 241 212 36 8.8 80.0 93.0 8.5 0.10 2.00 6.1 8.0

06/01/81 METRO lBS 150 24 8.0 64.0 7.1 4.8 0.00 0.70 3.6 3.4

07/06/91 METRO 220 164 36 7.9 81.0 83.0 6.8 0.10 1.20 7.8 9.0

08/12/91 METRO 260 254 104 7.9 83.0 93.0 11.0 0.80 7.6 44.0

09/16/01 METRO 160 142 37 7.5 50.0 61.0 7.2 0.00 2.1 0.0

10/14/81 METRO 230 200 50 7.5 65.0 79.0 7.6 0.10 2.80 4.9 5.0

11/04/81 METRO 232 240 44 8.0 76.0 94.0 11.0 0.20 2.80 4.2 4.0

__



WATER DUAUTY DATA 1977-1985 STATION STORET NO STJDHNO4

DATE OF SAMPLERS COWO COND TDS TSS pH p14 ALK HARD Ca Mg Na CI 504 NHS-N N02-N 003-N Nil KJELD P04-P Fe in DOD COD COLOR

SAMPLE IFIELOLABI FOELDLABJ LAB TALC IDISS.DISS.P N02-N TOTUTOT IDISS.lDISS TO ORDISS
sq/I 0155

lid/VP CI uhsic uhnlcs sq/I sq/i CaCO3 sq/i sq/I sq/i sq/I sq/i sq/I sq/i sq/I sq/i sq/I sq/i sq/i .g/i sq/I sq/i sq/i sq/I sq/I .qII sq/i PTCO

1.30 1.0

4.1

i.B

7.8

12108/SI METRO 55 212 88 7.3 59.0 63.0 10.8 0.60

02/03/82 METRO 115 7.3 44.0 45.0 6.0 0.10

03/02/82 METRO 170 7.0 59.0 64.0 7.2 0.10

04/07/82 METRO 210 7.8 77.0 88.0 7.3 0.00

05/05/82 METRO 145 7.6 54.0 57.0 5.2 0.00

06/03/82 METRO 205 7.8 92.0 103.0 9.1 0.00

07/14/82 METRO 235 7.6 88.0 99.0 8.4 0.00

08/04/82 METRO 190 7.5 66.0 73.0 7.7 0.20

09101/82 METRO 140 7.4 55.0 54.0 4.4 0.10

10/04/82 METRO ISO 7.8 54.0 54.0 3.9 0.10

01/06/83 METRO 202 7.3 71.0 81.0 7.9 0.60

03/17/83 METRO 210 7.0 73.0 81.0 6.8 0.10

04/12/83 DEQ 10.5 196 196 7.5 7.4 68.0 75.0 19 6.7 6.8 11.0 0.18

04/12/83 METRO 205 7.6 71.0 78.0 8.2 0.10

05/11/83 METRO 160 7.8 64.0 65.0 10.0 0.00

06/01/83 METRO 230 8.1 93.0 90.0 7.3 0.30

07/20/83 METRO 225 7.9 78.0 87.0 7.6 0.00

08/10/83 METRO 140 8.0 62.0 62.0 3.3 0.10

09/07/83 METRO 140 8.2 61.0 57.0 7.0 0.00

10/05183 METRO 8.0 61.0 56.0 7.0 0.00

11/02/83 METRO 230 8.0 80.0 90.0 7.7 0.30

02/28/84 METRO 220 7.4 88.0 89.0 7.2 0.30

05/15/84 DED 16.5 225 230 7.3 7.5 85.0 94.0 24 8.3 9.6 13.0 0.25

06128/84 METRO 245 7.1 86.0 95.0 8.4 0.20

11/21/84 DED 8.5 209 238 7.4 7.3 69.0 87.0 22 7.9 11.0 14.0 0.45

05/15/85 DEQ 15.5 248 240 8.6 7.9 82.0 96.0 25 8.1 8.7 15.0 0.24

09/26/85 DE8 18.5 237 230 8.3 8.4 81.0 90.0 23 7.8 9.6 15.0 0.14

01/02/86 METRO 0.8 110 98 6.7 6.9 29.6 34.3 5.8 0.14

02/20/86 METRO 3.8 185 180 6.6 6.6 60.2 77.5 5.6 0.43

05/29/86 DEO 18.0 136 137 ill 18 7.8 7.6 52.0 54.0 14 4.6 l.A 5.8 6.3 8.0 0.05

07/31/86 METRO 20.0 275 270 7.5 7.2 09.0 73.0 13.8 0.41

08/28/86 METRO .22.5 225 6.9

1.70 0.09 18.0 20

2.60 0.18 0.0 IS

3.00 0.04 5.0 6.9 20

0.27 0.06 0.0 16.0 20

3.40 0.23 0.07 0.0 27.4 15

0.0 5.0

5.0 21.0

0.69 0.6 0.093 0.05 0.00 3.3 10.0 1.8

6.0 23.0

SAMPLES ANALYZED 33 10 76 30 30 10 77 57 54 71 .27 72 Il 26 21 49 35 24

MEAN VALUE 15.5 205 202 187 II 7.5 7.7 69.5 76.9 21 7.1 .5 6.2 8.4 14.0 0.28 0.02 2.15 2.06 0.6 0.366 0.08 0.02 0.04 4.5 9.0 11.7 14

MAXIMUM VALUE 27.0 275 270 254 104 8.6 8.8 93.0 167.0 25 8.3 1.6 6.5 3.8 19.3 1.40 0.02 4.40 4.10 0.6 0.700 0.18 0.07 0.04 11.0 44.0 17.4 20

MINIMUM VALUE 0.8 110 90 III 6.6 6.6 29.6 14 4.6 1.3 5.8 3.3 8.0 0.00 0.02 0.20 0.27 0.6 0.000 0.00 0.00 0.04 0.0 0.0 6.9

STANDARD DEVIATION 7.0 40 41 36 22 0.6 0.4 13.8 22.9 1.3 0.2 0.3 2.1 3.2 0.25 1.19 1.10 0.199 0.06 0.03 2.3 8.4 2.3

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAW LOWER LIMIT OF DETECTION



TABLE North Slough Station water quality data 1978 1983

USEPA STORET No STJOHNOB

DATE OF SAMPLERS COMB CON TIS TSS pH pH AIR HARD Ci Mg Na Cl S04 NN3-N 802-N 003-N N03 KJEID P04-P Fi Mn In DOD COO COlOR

SAMPLE flELDLAB FIELDIILOB LAB ICAIC DISS.IDISS N02N TOTIITOI DSS.DISS TO ORIIDISS

sq/i DISS

ildly IC uhs/c uhi/cu iq/1 ag/I CaCO3 sq/I sq/i sq/i sq/I sq/I sq/I sq/i 1q11 sq/I sq/I sq/i sq/I sql sq/i sq/I sq/i sq/I sq/i sq/I 1q11 PT CO

04/07/18 Cli 880 196 180 7.6 58.0 0.0 6.2 .1 5.2 104.0

02107/79 DEB 6.5 209 7.1 69 16.0 25.0

03/06/19 DEB 11.0 89 7.4 63 9.0 14.0

07/21/79 DEO 18.0 261 1.9 10.0 2I.o

07/30/79 00 21.5 243 7.5 86 10.0 21.0

10/22180 METRO 260 8.0 100 97.0 9.6 0.3 0.0 5.2 11.0

11/18/80 METRO 200 0.1 64 74.0 8.2 0.3 0.4 3.2 16.0

01/06/81 METRO 120 7.4 34 39.0 0.4 2.3 13.0

02/03/B 6ETRO 200 7.2 63 71.0 .1 0.5 1.1 2.1 6.0

03/02/B METRO 35 8.0 42 44.0 4.4 0.1 12.0

04/06/81 CITY 140 202 38 7.9 46 48.0 9.1 0.0 1.2 6.5 10.0

05/06/81 METRO 192 152 00 8.1 64 65.0 5.3 0.8 1.4 3.0

06/01/81 METRO 160 124 24 8.0 80 6.5 3.2 0.0 0.0 1.2 2.3

01/06/81 METRO 221 20 80 7.8 81 84.0 9.0 0.2 1.1 7.3 7.0

08/12/81 METRO 180 226 20 7.9 85 70.0 7.0 0.5 7.7 40.0
09/16/81 METRO 255 264 85 7.8 83 91.0 2.2 0.0 5.4 0.0

10/14/81 METRO 170 092 60 7.5 55 63.0 6.4 1.0 4.9 5.0

11/04/81 METRO 75 156 20 7.5 67 73.0 9.2 0.0 0.0 4.2 6.0

12/08/61 METRO 94 122 40 7.1 34 40.0 7.9 0.4 1.2 0.5

02/03/82 METRO 110 41 40.0 7.0

03/02/02 METRO 100 7.7 170 00.8 5.6 0.1

04/07/82 METRO 152 7.8 50 61.0 6.6 0.0 4.0

05/05/82 METRO 150 7.9 60 60.0 4.2 0.0 0.7

06/03/82 METRO 183 7.8 72 76.0 6.6 0.0 3.1

01/14/82 METRO 165 7.6 67 69.0 6.4 0.0

01/06/03 METRO 192 7.7 62 65.0 9.9 1.9

03/17/83 METRO 140 7.1 50 52.0 6.6

06/01/83 METRO 170 9.0 77 71.0 5.5 0.1

SAMPLES ANALYZED 28 lo 10 28 27 23 28 24 10 17 17

MEAN VALUE 14.3 203 244 67 7.7 68 61.2 9.5 0.0 0.5 0.7 1.1 5.2 9.7 03.0

MAXIMuM VALUE 21.5 880 796 180 Li 170 97.0 58.0 0.0 6.2 1.7 1.1 5.2 104.0 40.0

MINIMUM VALUE 6.5 94 122 lB 7.1 34 8.5 3.2 0.0 0.0 0.0 5.2 0.5 0.0

STANDARD DEVIATION 5.9 138 189 48 0.3 26 20.0 9.7 0.0 1.3 0.6 0.0 23.7 9.8

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF IETECTION



TABLE 89 North Slough Station water quality data 1977 1986
IJSEPA STORET No STJOHNO7

DATE IF SAMPLERS COOl CORD TOS 155 pH pH 01K HARD Ca Mg IC Na CI 504 0413-N 002-N P103-N 003f KJEI.D P04-P Fe Mn Zn BOO COD COLOR5ALE FIaDIILAB IFIEI.DILAB LAB ICALC DISS.IIO1SS 002-N TOTIITOT IDISS.IDISS TO ORDSS
mg/I AISS

sldly vhs/c vhs/cm mg/I mg/I CaCO3 mg/I mg/I mg/i .9/1 mgIi mg/i mg/i .9/1 mg/i mg/I mg/i mg/i mg/I mg/i mg/I mg/I .g/i ag/i mg/I mg/i PTCO

18.0 22 5.6 5.6 0.02 0.44
11112177 MED 150 7.7 70.0 4.6 13.0 0.20 0.00 0.00 0.02 0.0
14/07179 CITY 445 350 43 7.5 34.0 20.2 5.00 3.10 0.300 0.1
02101/79 DO 11.0 196 7.0 74.0 12.0 29.0
03/06/79 DEl 11.0 096 7.6 69.0 9.0 12.0
M21/79 DEl 06.0 250 1.7 89.0 9.0 14.0

.07i30179 lED 21.5 254 7.5 95.0 10.0 23.0
11/07/19 METRO 090 7.6 52.0 58.0 09.2 0.60 3.3 6.0
01123/90 METRO 110 7.7 36.0 3.0 5.6 0.20 2.5 3.0
02/21190 METRO 103 7.9 32.0 36.0 9.5 0.20 2.0 4.0
13/11/80 METRO 050 7.4 49.0 55.0 9.2 3.29 1.80 4.4 9.0
04123/80 METRO 80 7.5 26.0 26.0 5.4 0.00 0.60 0.4 5.0
05/28/90 METRO 185 7.8 59.0 119.0 5.5 0.10 0.20 3.6 02.0
06/26/80 METRO 200 9.0 68.0 71.0 7.8 0.20 1.00 4.9 13.0
07/34/80 CITY 215 9.1 79.0 96.0 12.6 0.90 1.00 0.0 51.0
10122/80 METRO 280 7.9 95.0 100.0 II 0.50 3.20 5.3 9.0
11/19/80 METRO 210 9.1 5.0 70.0 8.7 0.40 0.70 3.0 16.0
11/06/81 METRO 120 7.1 37.0 39.0 5.2 0.40 2.0 3.O
02103/91 METRO 190 7.3 61.0 69.0 6.1 0.50 0.70 2.1 7.0
03/02/81 METRO 140 8.1 48.0 47.0 4.2 0.20 11.0
04/06/81 CITY 169 224 48 7.8 52.0 56.0 8.6 0.10 1.30 7.0 14.0
05106/91 METRO 199 059 20 8.2 63.0 67.0 5.4 0.10 1.30 2.4 4.0
16/01/81 METRO 165 024 22 8.0 59.0 6.3 3.4 0.00 0.20 1.5 2.3
07/06/81 METRO 214 180 58 7.9 79.0 91.0 8.5 0.20 1.00 7.0 7.0
1/12/81 METRO 160 200 122 7.9 61.0 6.3 5.6 0.30 2.7 18.0
09/16/81 METRO 215 176 30 7.8 65.0 75.0 9.6 0.00 3.5 0.0
11/11/81 METRO 210 204 62 7.6 61.0 72.0 7.6 0.10 2.00 4.7 5.0
11104/81 METRO 095 192 32 7.6 72.0 79.0 10.2 0.10 0.20 4.9 6.0
12/08/81 METRO 84 114 46 7.1 30.0 34.0 9.5 0.40 1.20 0.6
02/03/82 METRO 100 7.3 41.0 41.0 6.7 0.00

02/02/82 METRO 130 7.7 130.0 45.0 6.4 0.10

01/07/82 METRO 140 7.8 52.0 56.0 6.4 0.00 3.1
05/05/82 METRO 150 8.0 60.0 60.0 4.2 0.00 2.0
0603/82 METRO 190 7.9 73.0 77.0 6.6 0.00 3.2
07I4/92 METRO 180 7.3 75.0 72.0 6.2 0.00

1104/82 METRO 150 7.7 56.0 56.0 4.7 0.10

01106183 METRO 220 7.6 73.0 79.0 10.3 1.50
03/11/83 METRO 015 6.9 60.0 67.0 6.0 0.10

04/12183 DEl 10.5 141 139 7.7 7.5 50.0 50.0 13 4.6 9.8 6.0 0.00 0.02 0.10
04112/83 METRO 145 1.7 54.0 50.0 9.4 0.00

05/Il/el METRO 210 7.4 77.0 80.0 12.8 0.00

06/00/83 METRO 195 8.0 81.0 90.0 6.0 0.10

07/20/93 METRO 190 8.1 79.0 75.0 7.4 0.00

18/lT/83 METRO 250 8.0 100.0 91.0 12.0 0.70

0907/83 METRO 220 8.4 93.0 95.0 18.3 0.00

iYTZiBT METRO 8.3 109.0 106.0 13.3 0.60

iI02/83 METRO 290 7.4 109.0 105.0 17.2 1.20

19.0 15

SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION



DATE SAMPLERS CORD COND TIS TSS pH pH 01K HARD Ca Mg Na Ci SQl NH3-N N02-N N03-N 03$ KJELD P04-P Ps Mn Zn ROD COD COlOR
SAMPI.E flELD LAB FIEI.DI LAB LAB CALC 0155 0155 02-N TOT TOT 8155 DISS TO OR 8155

sq/I 0153

uldly ulis/cs sM/cs sq/I sql CaCO3 sq/I sq/i sq/I sq/i sql sq/i sq/I sq/i sq/i sq/i sq/I sq/i sq/i sq/i sq/i il sq/i sq/i sq/I sq/i PTCO

02/28/84- ITRO 250 7.6 84.0 86.0 11.0 2.60

05/15/84 DEP 17.0 177 180 7.3 7.4 73.0 75.0 67 9.6 7.7 0.02 0.67 0.05 13.0 15
06/20/84 METRO 240 7.4 93.0 93.0 8.4 0.20

11/21/84 DEP 0.0 197 209 7.4 7.5 82.0 82.0 21 7.3 10.0 2.8 0.02 0.00 0.07 10.0 7.7 20
05/IS/OS DEP 16.4 24 200 7.6 7.3 83.0 78.0 20 6.9 12.0 3.0 0.02 0.00 0.04 0.0 6.5 10
09/26/85 OCO 19.0 238 260 8.4 7.7 103.0 96.0 24 8.7 23.0 2.4 0.02 0.00 0.00 0.00 29.0 12 17.2 30
01/02/86 METRO 0.0 238 250 6.7 7.0 102.0 106.0 12.2 0.34 0.01 0.10 0.290 8.0 26.0 10.0
02/20/86 METRO 3.0 210 230 6.6 6.5 77.5 81.1 10.5 2.20 2.01 0.02 0.170 6.0 25.0 10.0
05/29/86 DEP 22.5 181 ISO 136 30 7.7 7.3 71.0 68.0 17 6.3 2.7 0.2 9.0 6.4 0.20 0.55 1.4 0.170 0.00 10.0 18.0 11.0 20
07/31/86 METRO 21.0 227 220 7.6 7.2 89.5 59.0 11.0 0.00 0.00 0.00 0.131 5.0 36.0 7.1
08/28/86 METRO 23.4 225 225 6.9 6.8 125.0 101.0 14.5 0.29 0.00 0.00 0.180 11.0 43.0 5.5

BLANK SPACES ND SAMPLES 0.0 VALUES LESS THAN LONER LIMIT OF DETECTION

NATER DUALITY DATA 1977-1985 STATION STORET NO STJOHNOT

SAMPLES ANALYZED 14 10 56 ii Ii 10 51 56 52 57 53 20

MEAN VALUE 14.4 205 193 186 47 7.4 7.6 71.1 68.9 19 6.6 1.9 6.9 9.7 7.7 0.42 0.41 0.90 0.62
MAIUNJM VALUE 23.4 230 445 351 122 8.4 9.1 130.0 119.0 24 0.7 2.7 8.2 34.0 20.2 5.00 2.01 3.20 3.10
MINIMUM VALUE 0.0 141 80 114 20 6.6 6.5 26.0 6.3 13 4.6 5.6 3.4 2.4 0.00 0.00 0.00 0.00
STANDARD DEVIATION 6.0 29 58 62 27 0.5 0.4 22.3 24.1 1.2 0.0 1.3 5.0 5.7 0.83 0.80 0.78 1.05

30 36

1.4 0.209 0.04 0.03 0.02 4.3 14.4 9.5 16

1.4 0.300 0.10 0.08 0.02 11.1 51.0 12 17.2 30

1.4 0.137 0.00 0.00 0.02 0.0 0.0 5.5

0.062 0.04 0.04 2.0 1.9 3.5



TABLE 10 North Slough Station water quality data 1977 1986

USEPA STORET No STJOHNO6

DATE OF SAMPLERS CONO COlIC TOS TSS pH pH At.K HARD Ca Mq Na Cl 504 WH3-N 402-N 103-N 403 1310 P04-P Fe Mn Zn ROD COD COLOR

SMPI.E FIELDILAB IFIELDLAB LAB CALC DISS.DISS 402-N ITOTTOTI D1SS.HDISS TO ORIIDISS

sq/I 0199

s/dip Cl uhs/cs hsIc 1q11 sq/I CaCO3 1q11 sq/I sq/I sq/I sq/I sq/I sq/i sq/I 1q11 sq/i sq/I sq/I sq/I sq/I sq/I sq/i sq/i sq/I sqII sq/I PTCO

63.0 78.0 22 5.7 1.2 5.6 0.00 0.00 0.02 5.0

0.300 2.2 7.5

0.200 1.7 13.3

0.500 3.1 10.2

0.200 2.8 14.0

0.600 6.5 8.4

0.800 5.1 11.3

0.000 5.6 9.4

0.100 0.8 7.0

10.000 7.6 11.6

0.800 4.3 11.1

0.200 6.2 12.0

0.200 4.0 10.6

0.400 5.5 12.6

0.700 3.0 11.6

0.500 5.8 10.8

0.600 4.9 10.0

0.500 3.2 9.2

1.000 11.7 8.8

0.700 4.6 9.9

0I1I2/77 00 157 7.1 5.4 19.3 0.060 0.03 0.67

01/19/77 CITY 7.0 175 157 40.0 7.2 14.1 18.0 0.300 1.40

01/26/77 CITY 3.0 100 123 7.0 1.0 5.6 19.6 0.100 0.50

02/02/77 CITY 4.0 175 107 60.0 7.7 9.0 20.7 0.400 0.90

02/09/77 CITY 5.0 190 164 30.0 7.9 7.3 18.4 0.100 1.50

02/00/77 CITY 8.0 110 216 76.0 7.5 10.1 00.8 0.400 0.90

03/16/71 CITY 8.5 142 249 73.0 7.4 8.0 21.7 0.600 0.50

04/06/77 CITY 10.0 236 255 65.0 7.6 12.4 11.0 0.800 3.10

06/08/77 CITY 22.0 161 251 132.0 7.5 8.1 11.7 0.500 0.30

06/15/77 CITY 22.5 211 256 96.0 1.7 10.0 18.4 0.400 1.60

06/22171 CITY 25.0 265 254 72.0 8.0 14.6 20.1 1.000 1.60

06/30/77 CITY 25.0 149 50.0 8.3 10.1 04.5 0.400 1.00

0407/78 CITY 13.4 197 192 16.0 7.8 8.0 14.5 0.200 1.90

04/12/78 CITY 03.8 160 145 29.0 8.1 7.0 13.3 0.200 0.60

0607/78 CITY 09.0 182 114 34.0 0.5 3.4 9.5 0.200 0.30

06/21/78 CITY 19.5 131 042 55.0 7.6 4.4 8.6 0.100 0.30

07/12/10 CITY 21.0 180 156 50.0 7.0 7.0 10.3 0.600 1.30

07/19/78 CITY 23.0 118 121 49.0 7.0 3.4 7.1 0.200 0.30

07/26/78 CITY 21.3 172 220 102.0 8.0 7.4 6.0 0.200 0.50

08/02/78 CITY 23.5 122 7.7 5.0 8.4 0.400 0.40

0207/79 CEO 6.0 136 7.4 69.0 16.0 31.0

03/06/79 lEO 11.0 196 7.4 65.0 9.0 11.0

07/20/19 CEO 08.5 257 7.5 84.0 10.0 30.0

07/30/79 00 22.0 260 7.6 75.0 10.0 19.0

10/10/7 METRO 282 7.9 85.0 92.0 14.9 1.900 1.6 0.0

11/07/79 METRO 212 7.5 59.0 66.0 8.6 0.300 3.2 5.0

01/23/80 METRO 150 7.9 41.0 59.0 6.6 0.200 I.B 4.0

02/21/80 METRO 120 7.9 35.0 39.0 9.0 0.200 2.3 3.0

03/11/80 METRO 262 7.4 55.0 61.0 8.8 0.300 2.20 4.1 8.0

04/23/80 METRO 00 7.5 28.0 32.0 5.2 0.100 0.60 2.0 5.0

05/28/80 METRO 195 7.6 62.0 127.0 5.7 0.200 1.40 3.7 11.0

06/26/80 METRO 201 0.0 68.0 72.0 0.6 0.300 1.10 4.2 13.0

07/24/80 CITY 225 8.6 78.0 86.0 12.0 0.700 1.60 0.0 38.0

10/22/80 METRO 295 7.7 89.0 101.0 12.7 1.100 3.40 4.3 5.0

11/10/80 METRO 261 8.3 76.0 06.0 10.8 1.000 2.90 2.5 13.0

01/06/81 METRO 130 7.0 37.0 42.0 5.6 0.600 1.4 13.0

02/03/81 METRO 190 7.4 53.0 58.0 7.2 0.400 1.80 1.3 5.0

03/02/81 METRO 160 8.1 47.0 54.0 6.2 0.300 9.0

04/06/01 CITY 109 162 12.0 7.8 34.0 33.0 5.8 0.100 0.70 2.5 9.0

05/06/81 METRO 200 074 24.0 8.5 70.0 74.0 6.8 0.100 2.00 3.1 5.0

06/01/81 METRO 170 136 22.0 8.1 58.0 6.1 3.6 0.000 0.00 2.3

07/06/81 METRO 190 034 48.0 7.8 71.0 73.0 5.0 0.100 0.50 5.8 5.0

08/12/81 METRO ISO 150 90.0 7.9 56.0 59.0 4.3 0.200 1.4 13.0

09/16/81 METRI 160 140 21.0 7.0 52.0 58.0 6.0 0.000 1.3 0.0

10/1481 METRO ISO 170 54.0 7.6 42.0 47.0 8.0 0.100 1.40 2.6 5.0

11/04/81 METRO 250 242 28.0 7.5 78.0 95.0 13.0 0.200 3.70 4.2 4.0

BLAfl SPACES SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION



WATER DUALITY DATA 19771985 STATION ISTORET NO STJ0HIIO6

BLANK SPACES ND SAMPLES 0.0 VALUES LESS 1MM LOWER LIMIT OF DETECTION

DATE OF SAMPLERS CON COW 105 155 p14 pH AIX HARD Ca Mg Ni Ci SON 14143-N 1402-N 1403-14 1403 K3EID P04-P Fe Mn Zn MOD COD COOF

SAMPLE IFIELDLAB FIELDIILABI LAB CALC IDISS.IDISS 1402-N 4T01IDT IDISS.ISS TO ORIIDISS

mg/i DISS

a/dip IC uhs/c nOn/c ag/I .g/I CaCO3 mg/i mg/I ag/i ag/i mg/I mg/I mg/I mg/I ag/i mg/I g/l mg/i mg/I ag/i ugh mg/I mg/I mg/i ag/i mg/I PTD

12/08/MI METRO 82 128 54.0 7.2 29.0 36.0 8.4 0.400 1.20 0.6

02/03/82 METRO 95 7.2 41.0 42.0 6.1 0.100

03/02/82 METRO 150 7.1 55.0 34.0 6.2 0.100

04/07/82 METRO 150 7.4 53.0 61.0 6.6 0.000 3.3

05/05/82 METRO 130 7.9 60.0 62.0 4.2 0.000 2.2

06/03/82 METRO lAO 7.7 70.0 76.0 5.8 0.000 3.1

07/14/82 METRO 185 7.6 73.0 71.0 6.2 0.000

08/04/82 METRO 130 1.7 53.0 32.0 4.2 0.100

09/01182 METRO 135 7.5 58.0 53.0 3.1 0.100

10/04/82 METRO 230 7.7 71.0 88.0 LB 0.100

01/06/83 METRO 204 1.3 70.0 80.0 8.2 0.600

03/17/83 METRO 185 6.8 66.0 71.0 6.0 0.100

04/12/83 VED 10.5 142 142 7.6 1.5 49.0 50.0 13 4.3 11.0 5.9 0.000

04/12/83 METRO 150 7.7 54.0 39.0 9.3 0.000

05/11/83 METRO 130 7.7 53.0 49 8.4 0.000

06/01/83 METRO 220 8.0 89.0 88.0 0.300

07/20/83 METRO 210 B.0 81.0 78.0 8.2 0.000

08/10/83 METRO 240 7.8 58.0 92.0 8.0 0.300

09/07/83 METRO 195 LI 81.0 95.0 16.9 0.200

10/05/83 METRO 7.5 92.0 100.0 7.4 0.400

11/02/83 METRO 270 7.4 90.0 96.0 11.9 1.300

02/28/84 METRO 300 7.3 99.0 91.0 15.4 4.300

05/15/84 OEM 06.5 230 240 7.3 7.6 85.0 77.0 24 4.2 9.6 13.0 0.260

06/20/84 METRO 245 7.4 85.0 94.0 8.4 0.300

11/21/84 OEM 8.5 291 311 7.2 7.2 101.0 96.0 24 8.7 20.0 14.0 3.900

05113/85 OEM 16.0 250 240 8.6 7.7 86.0 90.0 23 7.8 12.0 8.6 0.780

09/26/85 OEM 18.5 236 230 8.4 8.3 80.0 93.0 24 8.0 12.0 15.0 0.080

11/13/85 SRI 6.5 235 179 21.5 6.7 0.760

11/14/85 SRI 5.0 248 175 22.5 6.9 0.630

12/16/85 SRI 4.0 205 186 7.9 6.7 0.238

01/02/86 METRO 0.8 286 300 6.9 7.1 108.0 110.0 15.8 1.860

02/20/86 METRO 3.8 175 180 6.5 6.6 64.3 76.4 5.3 0.690

05/29/86 OEM 21.5 175 187 143 22.0 7.9 7.8 70.0 70.0 18 6.2 3.1 8.4 10.0 8.2 0.440

07/31/86 METRO 21.0 238 230 7.7 7.2 94.1 63.0 13.4 0.040

08/28186 METRO 23.5 225 6.9

0.00 0.08 17.0 IS

2.70 0.18 5.0

.50 0.05 21.0 5.9 21

1.50 0.00 0.0 IS

0.33 0.05 0.08 0.0 17.1 15

.80 3.70 0.120 12.0

0.80 3.60 0.160 7.0

1.26 3.46 0.020 12.0

6.0 28.0

3.0 21.0

1.20 1.40 0.117 0.03 0.00 5.4 24.0 11.7 IS

6.0 38.0

SAMPLES ANALYZED 36 10 78 31 10 80 58 54 71 26 76 IA 28 23 48 36 25

MEAN VALUE 14.5 225 109 116 47.4 1.5 7.6 66.6 70.5 21 6.4 2.2 7.0 8.6 13.4 0.452 0.03 1.57 1.07 3.04 0.849 0.06 0.03 0.02 3.8 12.1 10.6 II

MAXIMIl VALUE 27.3 291 311 256 132.0 8.6 8.6 108.0 127.0 24 8.7 3.1 8.4 20.0 21.7 4.500 0.03 3.70 3.10 3.70 i0.00 0.18 0.08 0.02 11.7 38.0 17.1 20

MINIALNI VALUE 0.8 142 80 114 7.0 6.5 6.6 28.0 6.1 13 4.2 1.2 5.6 3.1 5.9 0.000 0.03 0.00 0.00 1.40 0.020 0.00 0.00 0.02 0.0 0.0 3.9

STANDARD DEVIATiON 7.8 46 52 44 27.6 0.6 0.4 18.7 22.7 1.7 1.0 1.4 3.5 4.9 0.725 1.03 0.74 0.95 1.970 0.06 0.04 2.2 10.5 2.4



TABLE 11 Columbia Slough Station water quality data 1977 1986
USEPA STORET No STJOHNO5

DATE OF SAMPlERS COND COND 105 TSS pH pH ALK HARD Ca Mg Na CI 504 NH3-N NO2-N 403-N NO3 RJE1.D P04-P Fm Mn Zn ROD COD COLOR
SAMPLE FIELDHLABI FIELDLABI LAB CAIC DISS.UDISS.I N02-N ITOTUTOT DISS.HDISS.I TO ORDISS

mg/i 0155
mldly uhs/cu uhslcm mg/i mg/i CaCQ3 sq/i mg/i sq/I mg/i mg/i mg/I mg/i mg/i 1q11 sq/I mg/i sq/i mg/i mg/i mg/i mg/i mg/i mg/I mg/i ag/i PTCD

3.80

0.30

3.90

0.30

3.00

2.50

3.30

1.20

1.80

0.60

0.90

3.00

2.00

1.30

0.90

1.30

1.60

1.50

2.40

0.90

0.30

iD

0.20

0.10

0.20

0.50

0.40

0.00

0.60

0.30

0.20

0.20

0.30

0.80

0.50

0.50

0.50

0.40

0.60

0.30

3.2

4.9

2.0

4.5

.4.0

4.2

7.0

6.9

4.5-

5.3

4.2

4.7

4.2

4.6

4.6

4.8

5.7

6.7

7.5

13.4

13.3

13.1

II
10.2

11.3

14.3

13.5

9.3

12.7

12.1

11.7

11.1

10.0

10.7

9.4

11.3

10.7

11.5

01/12/77 DEB 148 7.1 67.0 77.0 22 5.5 1.0 5.5 4.6 11.5 0.13 0.02 34.0 0.00 0.00 0.02 5.0
01/19/77 CITY 9.0 210 201 30 7.2 12.7 16.9 0.70

01/26/77 CITY 3.0 173 7.7 5.0 19.3 0.10

02/02/77 CITY 5.5 222 220 30 7.6 10.4 17.9 0.20

02/09/71 CiTY 4.0 170 123 14 7.8 5.3 18.6 0.00

02/16/77 CITY 8.0 200 204 26 7.5 9.0 19.3 0.20

03/16/77 CITY 9.5 200 211 52 7.3 10.1 18.4 0.30

04/06/77 CITY 17.0 228 225 33 7.6 10.8 8.4 0.40

06/08/77 CiTY 22.0 182 187 50 8.2 6.9 13.5 0.70

06/15/77 CITY 21.2 216 223 66 7.1 9.3 18.0 0.30

06/22/17 CITY 21.0 140 128 34 8.1 9.9 11.2 0.30

06/30/77 CITY 22.0 60 170 54 8.6 ii 15.5 0.30

04/07/78 CITT 13.5 191 210 Il 7.7 8.7 16.0 0.20

04/12/78 CITY 13.8 190 170 ii 7.6 8.0 14.2 0.30

06/07/10 CITY 23.5 200 179 56 8.3 7.2 10.4 0.40

06/21/78 CITY 19.5 141 157 58 7.5 5.2 8.8 0.30

07/12/78 CITY 22.0 180 143 40 7.0 7.0 10.0 0.50

07/19/78 CITY 22.5 175 178 56 7.7 6.7 9.8 0.40

01/26/78 CITY 26.0 95 172 34 8.1 7.4 10.3 0.10

08/02/70 CITY 23.5 215 234 68 7.7 12.2 14.1 0.50

02/07/7 lEO 6.0 264 7.2 92.0 18.0 32.0
03/06/79 lEO 7.6 219 7.6 74.0 11.0 15.0
04/04/1 CiTY 12.0 93 107 14 7.6 6.7 7.3 0.20 1.8
07/21/7 lEO 18.5 262 7.7 04.0 10.0 13.0
0730/7 OfO 22.5 237 7.6 86.0 11.0 19.0
10/18/7 METRO 216 7.9 68.0 80.0 9.5 0.50 3.2 6.0
11/07/79 METRO 190 7.4 52.0 57.0 8.0 0.20 2.5 4.0
01/23/80 METRO 100 7.8 36.0 40.0 5.6 0.20 1.9 3.0
02/21/80 METRO 130 8.0 41.0 47.0 9.0 0.30 1.7 3.0
03/11/80 METRO 158 7.4 53.0 63.0 8.7 0.30 2.0 2.9 7.0
04/23/80 METRO 80 7.5 26.0 30.0 5.2 0.10 0.6 1.5 5.0
05/2880 METRO 249 7.7 77.0 166.0 8.0 0.30 2.2 5.7 13.0
06/26/80 METRO 219 8.1 72.0 77.0 8.8 0.20 1.6 4.6 12.0
07/24/80 CITY 270 8.1 82.0 lOi.0 13.2 0.40 3.2 14.0 14.0
10/22/80 METRO 270 7.9 80.0 99.0 9.3 0.20 4.1 5.0 3.0
11/18/80 METRO 270 8.2 77.0 96.0 8.9 0.40 4.4 2.3 10.0
01/06/81 METRO 200 7.6 60.0 65.0 8.2 1.00 1.4 10.0
0203/81 METRO 180 7.3 51.0 59.0 7.4 0.40 1.9 3.0 4.0
03/02/81 METRO 230 8.2 71.0 82.0 7.2 0.40 9.0
04/06/81 CITY 101 158 12 7.8 35.0 37.0 5.4 0.10 0.9 2.4 13.0
05/06/SI METRO 174 138 8.1 63.0 64.0 7.0 0.10 0.7 1.6 3.0
06/01/81 METRO 160 120 8.0 59.0 3.2 0.00 0.0 1.7 2.3
07/06/81 METRO 165 118 26 7.9 62.0 63.0 3.8 0.10 0.2 4.2 4.0
08/12/81 METRO 240 20 76 7.9 78.0 84.0 8.8 0.40 6.0 21.0
09/16/81 METRO 60 142 30 7.8 52.0 59.0 7.0 0.00 2.0 0.0
10/14/il METRO 205 188 44 7.6 59.0 69.0 7.2 0.10 1.7 3.6 5.0

BLANK SPACES SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION



WATER BUALITY DATA 09771985 STATION ISTORET NO STJOHNO5

DATE OF SAflPIIRS COMB COMB TOO TSS pH pH 01K HARD Ca Mg Na Cl 504 43-N N02-N NO3-N N03 KJELD P04-P Fe Mn Zn ROD COO COLOR

SAMPLE IFIELDLAB1 IFIELDILABI LAB CAIC 0150.DiSS N02N TOTTOT DiSS.DISS TO 0010155

mg/i 0155

i/dill uha/ci abs/cm eq/i ag/I CaCO3 mg/I ag/i ag/I ag/i mg/i ag/I mg/I ag/i mg/i ag/i ag/I ag/I ag/I ag/I ag/i ag/I ag/I ag/i ag/I ag/I PtCO

11/04/81 METRO 232 230 40 7.5 74.0 09.0 12.1 0.20 3.0 4.0

12/08/01 METRO 100 140 60 7.2 36.0 40.0 8.8 0.40 1.3 1.0

02/03/82 METRO 100 7.3 41.0 41.0 6.7 0.10

03/02182 METRO 160 7.0 55.0 60.0 6.6 0.10

04/07/82 METRO 170 1.3 62.0 70.0 6.8 0.00 3.7

05/05/82 METRO ISO 8.0 64.0 67.0 4.2 0.00 1.9

06/03/82 METRO lBS 7.8 74.0 12.0 6.0 0.00 3.1

07/14/82 METRO 200 7.3 79.0 82.0 6.8 0.00

08/04/82 METRO i70 7.6 59.0 62.0 6.5 0.10

09/01/82 METRO 35 7.5 54.0 54.0 3.6 0.10

10/04/82 METRO 145 7.8 55.0 58.0 3.3 0.10

01/06/83 METRO 210 7.6 12.0 84.0 8.2 0.60

03/11/83 METRO 175 6.9 60.0 66.0 6.0 0.00

04/12/83 000 10.5 113 174 7.5 7.5 62.0 67.0 17 6.0 8.4 8.7 0.08 .20 0.10 28.0 15

04/12/83 METRO 180 1.7 63.0 74.0 8.2 0.10

05/11/83 METRO 130 7.9 57.0 56.0 7.0 0.00

06/00/83 METRO 205 8.1 82.0 90.0 6.3 0.20

01/20/83 METRO 225 7.9 78.0 88.0 7.6 0.00

08/10/83 METRO 140 8.1 61.0 57.0 3.4 0.10

09/07/83 METRO 040 8.3 61.0 57.0 6.8 0.00

10/05/83 METRO lAO 8.0 60.0 54.0 6.9 0.00

11/02/83 METRO 230 7.4 Bi.0 90.0 7.7 0.30

02/28/84 METRO 220 7.4 78.0 89.0 7.3 0.40

05/15/84 DEB 15.5 216 220 7.3 7.5 84.0 90.0 23 7.9 9.6 13.0 0.22 2.20 0.33 0.0 II 20

06/20/84 METRO 240 7.2 85.0 96.0 8.4 0.30

11/2/84 DEB 0.5 219 233 7.3 7.4 70.0 87.0 22 7.0 8.5 14.0 0.5 3.00 0.26 10.0 6.8 20

05/15/85 BED 15.0 256 240 8.2 7.8 84.0 96.0 25 8.1 9.5 15.0 0.35 0.28 0.06 0.0 15.0 15

09/26/85 BED 18.5 237 230 8.3 8.5 81.0 90.0 23 7.8 11.0 15.0 0.08 0.33 0.05 0.08 0.0 11.3 20

01102/86 METRO 0.8 101 90 6.6 6.8 32.7 32.3 5.8 0.09 0.0 8.0

02/20/86 METRO Li lBS 087 6.6 6.6 61.7 74.2 4.3 0.42 3.0 19.0

05/29/86 BED 18.0 122 124 98 28 8.1 7.9 49.0 46.0 12 3.8 .2 5.3 3.3 7.5 0.02 0.30 0.7 0.06 0.05 0.00 2.4 8.0 u.S
07131/86 METRO 20.0 286 270 7.8 7.2 92.4 72.0 10.8 0.64 7.0 25.0

08/28/86 METRO 22.4 205 6.9

SAMPLES ANALYZED 36 78 29 29 10 78 58 54 78 27 74 16 26 49 36 24

MEAN VALUE 14.9 200 187 172 38 7.5 7.T 64.9 70.0 21 6.7 .1 5.4 7.8 13.4 0.24 0.02 3.9 1.69 0.7 0.34 0.12 0.03 0.02 3.8 9.4 11.7 14

MAXIMUM VALUE 26.0 286 270 234 76 8.3 8.6 92.4 166.0 25 8.1 1.2 5.5 18.0 19.3 1.00 0.02 34.0 3.90 0.7 0.80 0.33 0.08 0.02 14.0 32.0 ii 17.3 20

MINIMUM VALUE 0.8 101 80 98 6.6 6.6 26.0 6.1 i2 3.8 1.0 5.3 3.2 7.3 0.00 0.02 0.0 0.28 0.7 0.00 0.00 0.00 0.02 0.0 0.0 6.8

STANDARD DEVIATION 7.2 54 47 40 18 0.6 0.4 15.5 23.9 1.5 0.1 0.1 2.6 3.8 0.20 7.9 1.01 0.20 0.11 0.04 2.3 8.0 2.2

BLANK SPACES NO SAMPLESg 0.0 VALUES LESS THAN LOVER LIMIT OF DETECTION



TABLE 12 SmIth and Bybee Lakes water quality stations suIrIary
values

15

7.5

15.1

4.0

2.8

20

0.101 0.3 0.0 1.03 0.10

0.400 0.6 0.0 1.90 0.17

0.000 0.1 0.0 0.00 0.05

0.098 0.2 0.0 0.58 0.05

10

5.1 21 6.5 9.3

12.0 33 8.1 12.0

2.2 4.6 6.5

3.3 1.3 2.7

LOW WATER VALUES JILY SEPT

SAMPLES ANALYZED

MEAN VALUE 200 022 12.0

MAXIMUM VALUE 200 170 12.0

MINIMUM VALUE 200 100 12.0

STANDARD DEVIATION 28

1.7 70 71.0

1.7 81 71.0

7.7 45 11.0

16

0.8 0.132 0.05 0.0

0.8 0.190 0.05 0.0

0.8 0.108 0.05 0.0

0.0 0.034

5.0 IS 6.4

5.0 15 8.1

5.0 15 4.6

1.4

5.4 32 B.3

8.0 31 10.9 20

3.5 26 7.0 20

1.6 1.5

DATE OF SAMPLERS CORD COND IRS T5S pH pH ALE HARD Ca Mg Na CI S34 NH3-N N02N P103-N P103 EJELD P04-P Fe Mn DOD COD COLOR
SAMPLE FIELDIILAB IFIELOLAB LAD CALE DISS.UDISS.l P102-N T0TITOI IDISS.ItDISS ITO 0610159

ag/i 0055.1

Ia/diy Cl uhs/c iRs/ca ag/I ag/I CaCO3 ag/I ag/i ag/I gil gil ag/I ag/I ag/I ag/I ag/I ag/I gi1 ag/I ag/I ag/I ag/I ag/I gii ag/I P1CO

STATION SLA ISTORET NO STJOHNI3P DATES SAMPLED 1980 1986

SAMPLES ANALYZED 29 28 29 29 29 II 15 Il
MEAN VALUE 14.5 209 183 140 24 7.4 1.5 66.1 65.5 20 8.0 11.0 4.9 0.18 0.01 0.10 0.00 0.227 0.12 0.2 6.6 24 9.5 28
MAXIMUM VALUE 24.0 246 320 224 32 8.3 8.4 112.0 126.0 26 9.4 26.5 7.8 2.30 0.01 0.30 0.02 0.390 0.22 0.2 12.0 54.0 13 11.0 50
MINIMUM VALUE 0.8 137 tOO 90 14 6.1 .6.6 34.0 5.6 12 6.6 5.2 2.2 0.00 0.00 0.00 0.00 0.098 0.00 0.2 1.4 0.0 5.3 IS
STANDARD DEVIATION 8.1 33 53 45 0.5 0.5 20.8 23.5 1.0 4.7 1.9 0.42 0.01 0.13 0.01 0.113 0.08 3.2 13.6 3.7 14

ION WATER VALUES JULY SEPT

SAMPLESANALYIED

MEAM VALUE 23.0 224 218 136 32 7.6 7.5 93.4 79.0 26 9.4 11.5 2.2 0.05 0.00 0.00 0.00 0.18 0.00 0.2 7.2 33.5 13 10.3 50
MAIINIJM VALUE 24.0 237 280 136 32 8.3 7.9 112.0 100.0 26 9.4 13.1 2.2 0.10 0.00 0.00 0.00 0.27 0.00 0.2 11.0 54.0 13 17.0 50
MINIMUM VALUE 22.0 210 190 136 32 7.2 6.6 73.0 53.0 26 9.4 7.7 2.2 0.00 0.00 0.00 0.00 0.10 0.00 0.2 4.6 10.0 13 6.2 50
STANDARD DEVIATION 0.8 14 36 0.5 0.5 16.9 18.1 2.2 0.04 0.09 2.7 16.0 4.8

STATION SIB ISTORET NO STJOHNI4 DATES SAMPLED 1981 1986

SAMPLES ANALYZED Ii II Il 19 IS

MEAN VALUE 185 148 30.1 7.5 63 66.0

MAIIMUN VALUE 340 268 58.0 8.4 94 138.0

MINIMUM VALUE 94 100 1.3 6.6 32 5.4

STANDARD DEVIATiON 69 49 19.8 0.5 Il 32.2

5.2

5.2

5.2

0.105 0.2 1.10 0.08

0.200 0.2 1.40 0.13

0.000 0.2 0.80 0.05

0.071 0.24 0.04

STATION SIC ISTORET ND STJOHN54 DATES SAMPLED 1986

SAPIPLESANALYZED

MEAN VALUE 18.3 164 201 110 14 7.3 7.3 85.5 74 15 5.4 2.1 9.1 14.0 0.02 0.00 0.00

MAXIMUM VALUE 24.0 205 225 110 14 1.9 7.8 112.0 92 15 5.4 2.1 9.1 15.0 0.03 0.01 0.01

MINIMUM VALUE 3.8 157 160 110 14 6.1 6.8 61.0 56 15 5.4 2.1 9.1 12.0 0.00 0.00 0.00

STANDARD DEVIATION 8.4 20 25 04 0.4 18.1 16 1.2 0.01



TABLE 14 SmIth Lake Station SLB water quality data 1981 1985
USEPA STORET No ST3OHN14

DATE OF SAMPLERS CORD CORD TDS TSS pH pH AIX HARD Ca Mg Na Cl 504 NH3-N 2402-N 2403-N 2403 K3ELD P04-P Fe Mn BOO COO COlOR

SAMPLE FIELDILAB FIELDILAB LAB CALC DSS.DISS 2402-N CTDTITOT DISS.HD1SS ITO ORID1SS
sq/i 0155

Ia/d/y IC uhs/cs uhs/rs sq/I 1q11 CaCO3 sq/I sq/I mg/i sq/I sq/I sq/I sq/i sq/I ag/i sq/I ag/I sq/I sq/i ag/i sq/i sq/I sq/I sq/I sq/i PTCO

01/06/81 METRO 125 7.2 32 37.0 5.0 0.400 IS

02/03/01 METRO 290 7.0 13 110.0 6.6 0.200 0.2 4.5 Il

03/02/81 METRO 340 0.2 94 138.0 4.0 0.200 24

04/06/RI CITY 306 268 58.0 7.9 32 206.0 15.2 0.200 0.3 22.0 32

05/06/B METRO 230 192 42.0 7.6 60 10.0 11.7 0.200 0.6 9.4 33

06/02/SI METRO 145 206 24.0 7.3 55 5.4 5.4 0.000 0.3 2.2

01/06/81 METRO 200 270 12.0 7.7 79 71.0 5.2 0.200 0.2 5.0 iS

12/08/81 METRO 125 130 22.0 7.2 42 55.0 10.5 0.200 0.2 9.5

02/03/82 METRO 270 7.2 72 70.0 8.6 0.100

03/02/82 METRO 94 8.4 74 32.0 6.0 0.100

04/07182 METRO 225 7.7 54 49.0 6.9 0.000 4.3

05/05/82 METRO 135 7.4 51 50.0 0.2 0.000 2.3

06103/82 METRO 180 7.8 79 72.0 1.2 0.000 74
07/21182 0568 100 69 0.108 2.10 0.05 4.6

08/29/82 1156$ III 87 0.110 0.00 0.05 6.4

00/16/82 11565 lOB 45 0.000 1.40 0.13 8.1

10/12/82 0565 110 77 0.070 2.90 0.06 7.0

03117/83 METRO 235 55 49.0 6.6 0.000

06/01/83 METRO 165 7.8 74 69.0 5.8 0.200

12/13/OS SRI 205 175 55.5 6.7 0.000 0.0 0.00 0.17 12.0

12/16/85 SRI 187 153 7.3 6.6 0.138 0.0 2.02 0.24 6.5

SAMPLES ANALYZED 17 11 17 19 15 15 21 10

MEAN- VAIIL lBS 148 30.2 7.5- 63 66.0 7.5 0.101 0.3 0.0 1.03 0.10 5.7 21 6.5 9.3

MNIIIRJM VALUE 340 268 50.0 0.4 94 238.0 15.1 0.400 0.6 0.0 2.90 0.11 12.0 33 0.1 22.0
MINIMUM VALUE 94 100 7.3 6.6 32 5.4 4.0 0.000 0.1 0.0 0.00 0.05 2.2 4.6 6.5
STANDARD DEVIATION 69 49 19.8 0.5 Il 32.2 2.0 0.098 0.2 0.0 0.58 0.05 3.3 1.3 2.1

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIHRT OF DETECTION

_i



02120/86 METRO 3.8 190 210 6.7 6.8 83.7 92 15.0

05129186 DED 22.0 157 t2 110 14 7.9 7.5 61.0 60 IS 5.4 2.1 9.1 12.0

07131186 ETR0 24.0 210 7.2 7.8 85.2 56 14.2

08128/86 METRO 23.5 205 7.2 7.2 112.0 B9 14.9

SAMPLES ANALYZED

MEAN VALUE 18.3 184 110 14 7.3 7.3 85.5 74 IS 5.4 2.1 9.1 14.0 0.02 0.00 0.00

MARIMUN VALUE 24.0 205 110 14 1.9 7.8 112.0 92 15 5.4 2.1 9.1 15.0 0.03 0.01 0.01

MINIMUM VALUE 3.8 151 12 110 14 6.7 6.8 61.0 56 iS 5.4 2.1 9.1 12.0 0.00 0.00 0.00

STANDARD DEVIATION 8.4 20 0.4 0.4 181 16 1.2 0.01

TABLE 15 Smith Lake Station SLC water quality data 1986 IJSEPA
STflRET No STJOHN54

DATE OF SAMPLERS COD i. OS 155 pH pH ALK HARD Ca Na Cl S04 1103-N W02-PI N03-N 11031 K2ELD P04-P Fe Mn 800 COD COLOR

SAMPLE FiELDL IFIELDILAB LAB CALC DISS.HDISS 1102-N 1001101 D1SS.IDISS ITO ORDISS.1

ag/I DISS

Ia/d/y IC uhs/ca hs1ca ag/i ag/I CaCO3 ag/I ag/I ag/I ag/I ag/I ag/i ag/I ag/I ag/i ag/I ag/I ag/I ag/I ag/i ag/i ag/I ag/i ag/I 1911 P1-CO

0.03 0.01 0.01 0.120 5.0 28 10.9

0.8 0.109 0.05 0.0 3.5 26 7.7 20

0.00 0.00 0.00 0.108 5.0 37 7.0

0.03 0.00 0.00 0.190 8.0 37 7.5

I_ 4_
0.8 0.132 0.05 0.0

0.8 0.190 0.05 0.0

0.8 0.108 0.05 0.0

0.0 0.034

5.4 32 9.3 20

8.0 37 10.9 20

3.5 26 7.0 20

1.6 1.5

BLANK SPACES NO SAMPLES 00 VALEE LESS THAN LOWER LIMIT OF DETECTION



TABLE 16 Bybee Lake Station BLA water quality data 1982 1986

IJSEPA STORET No STJOHN53

SAMPLES ANALYZED

MEAN VALUE 13.0

MAXIMUM VALUE 23.0

MINIMUM VALUE 2.0

STANDARD DEVIATION 9.7

177 189

200 200

142 148

25 18

26 6.3 9.6 25

10 36 10.0 12.6 25

2.3 6.2 25

2.9 2.6

BLANK SPACES NO SAMPLES 0.0 VALUES LESS THAN LOWER LIMIT OF DETECTION

DATE OF SAMPLERS CORD CORD lOS ISS pH pH AIX HARD Ca Mg Na Cl S14 N03-N N02-N N03-N NO3 K1EID P04-P Fe Mn ROD COD COLOR

SAMPLE IFIELDI LAB FIELDILABI LAB CALC DISS.HDISS 002-N TOTHTOT DISS.IDISS TO 0810155

ag/i 0155

a/d/y IC ubs/ca uhs/ca ag/i ag/i CaCO3 ag/I ag/i .gII ag/i ag/I ag/i ag/I ag/i ag/I ag/i ag/I ag/i ag/I ag/I ag/I ag/I ag/I ag/I ag/i PTCO

07/21/82 USGS 09 65.0 0.090 1.00 0.030 3.4

09/20/82 USGS 81 54.0 0.140 0.70 0.070 2.3

09/16/82 USGS 166 64.0 0.012 1.50 0.100 8.2

10/12/82 US6S 140 97.0 0.100 0.90 0.070 7.4

11/13/85 SRI 4.0 195 60 13.5 6.8 0.350 0.00 3.80 0.000 2.6

12/16/85 SRI 2.0 192 152 9.6 6.3 0.265 0.18 0.91 0.080 12.4

02/20/86 METRO 3.8 190 194 7.1 1.3 17.5 79.8 9.2 0.060 0.01 0.01 0.050 11.4

05/29/86 DEB 23.0 142 148 113 25.0 7.9 7.3 63.0 57.0 14 5.4 7.0 0.03 0.90 0.149 0.09 0.0 23 10.0 7.8 25

07/31/96 METRO 22.0 200 6.7 7.3 85.6 57.0 10.2 0.090 0.00 0.00 0.153 36 6.2

09/28/86 METRO 23.0 200 200 1.3 7.4 113.0 92.0 11.1 0.040 0.00 0.00 0.230 10 7.0

132 16.0 7.3 7.1 77.4 71.5

166 25.0 7.9 7.4 113.0 92.0

81 9.6 6.7 6.3 54.0 57.0

29 6.5 0.4 0.4 18.7 15.1

10

5.4 9.4 0.127 0.00 0.00 0.07 .39 0.093 0.09 0.0

5.4 11.1 0.350 0.01 0.0 0.18 3.80 0.230 0.08 0.0

14 5.4 7.0 0.02 0.00 0.00 0.00 0.70 0.000 0.08 0.0

1.5 0.104 0.08 1.01 0.064



T48LE 17 Coluthla Slcuf Snlth 1kes fa1 llforn nd enterococcus bacteria density No Co1./lX ml

LcCATKV/flTE SbREl FECAL ENTEFO- UtATICfVflTE SlREF FECAL ENFEO
LIFtR4 QX0 Q1IFR1 0fl
J101 I01/l1 0LJlcXR 0i/icnt

QJWIA Ufl1 STATIX6 tXE STATIWS

CA BYBEEBLA

11/21/84 EQ 240 09/10/74 I6GS

05/15/85 EQ 460 11/13/85 SRI

6/29/86 93 12 12/16/85 SRI

2/20/86 IE1T4

11/21/84 EQ 240 05/29/86

05/15/85 EQ 460 07/31/86 TR
11/13/85 SRI 160 8/28/86 IETm

11/14/85 SRI 09/27/86 SRI

12/16/85 SRI

05/29/86 -EQ 23 24

CS 1ITh9.A
11/21/84 240 11/21/84

05/15/85 240 05/15/85 EQ
05/29/86 EQ 43 16 0112/86 E11O

2/20/86 TTO
11/21/84 460 07/31/86 IETR

C6/15/8.5 240 8/28/86 ET
05/29/86cEQ 23

11/21/84 EQ
05/15/85 EQ 240 4IN
0112/86 ETTO 124 09/09/74 iGS
2/20/86 lElm 140 244 11/13/85 SRI

05/29/86 EQ 23 16 12/16/85 SRI

07/31/86 PEllO 204 103

8/28/86 PtIO 3B 654

11/21/84 lEO 1flH

05/15/85 240 2/20/86 tEflO

11/13/85 SRI 27 05/29/86 EQ
11/14/85 SRI 23 07/31/86 PETR
12/16/85 SRI 8/28/86 PETIO

05/29/86 EQ 43 28 09/27/86 SRI

11/21/84 EQ 21X
05/15/85 240

05/29/86 EQ 43

640

70

256

68

110

lEO

240

14

134

64

24

420

140

70

119

16

Fos

482

161

24

24



SCIENTIFIC RESOURCES INC

Station ID

142117.2j

Common QuaLity Constituents
sampLed monthLy

Temperature erees
Cvnductivity urn/cm
Turbidity JTLJ
pHstd units as

ALkaLinity as CaCO3
SuLfate as S04

or

SiLica
CaLcium
Magnesium
Sodium
Pot ass urn

DissoLvea SoLids
Suspended Sediment
Phosphorus totaL as
NitrateNitrite totaL as
Ammonia totaL as
Oryanic Carbon totaL as
DissoLved Oxygen
Fecat Cotiform cot/100 it
Fecat Strep.cot/lOt tnt
Phytoptarikton cet Ls/mL

Concent ration
MEAN STANDARD

mg/U DEVIATION

12.4 5.5
.75.6 13.9

7.2 4.3
7.2 0.5

22.3 3.9
5.3 2.3
4.7 1.5

15.1 2.2
6.8 1.1

2.2 0.4
4.8 1.0
0.8 0.2

54.2 7.4
20.4 23.5

0.09 0.03
0.57 0.46
0.10 0..05
3.1 1.0

10.9 2.1

424.0 576.0
148.0 197.0

5103.0 11180.0

.1

Station Location
.JLLAMETTE RIVER AT PORTLAUDOREG

070

70

33
70
61

70

71

71

71

70
71

71

69
58

71
71

45
43

b2

45
45
45

TABLE ia Statistical summary of water uallty data 1974 1981

from NASQAN Station 142117.20 Willamette River at

Portland Oregon Smith and Alexander 1983



_____ SCIENTIFIC RESOURCES INC

Station ID Station Location
141289.10 COLUMOIA RIVER AT WARRENDALEOREG

Common QuaLity Constituents
saipLecf monthLy

Pot as si urn

DissoLved Solids
Suspended Sediment
Phosphorus total as
NitrateNitrite total as
Ammonia total as

Organic Caroon total as
Dissotvec Oxygen
Fecat Cotiform cot/100 ml
Fecat Strep col/lOD ml
Phytoptankton ceL Is/mI

Concentration
MEAN STANDARD

mg/I DEVIATION

11.5 5.8
161.6 33.7

5.8 3.6
7.8 0.3

61.2 10.1
13.6 4.0
3.4 1.1

9.2 2.5
18.7 2.8
5.2 1.1

6.4 .1.6
1.4 0.3

95.2 16.2
.17.8 15.0

0.04 0.03
0.25 0.58
0.04 0.03
3.1 1.6

11.5 1.8
5.0 7.0

25.0 48.0
5973.0 7052.0

TABLE 19 Statistical summary of water quality data 1974 1981
from NASQAN Station 141289.10 Columbia River at

Warrendale Oregon Smith and Alexander 1983

Temperature degrees
Conductivity urn/cm
Turbidity JTIJ
pHstd unitstransport as

Alkalinity as CaCO3
Sulfate as S04
Chloride
Silica
Calcium
Majnesi urn

Sodium

70
oS
35

69

61

69
68
70
70
70
70
70
69
60
69
67
46
40
67
42
43
43



TABLE 20 USEPAlisted priority pollutants detected in Columbia
Slough at two locations 30 August 1982 ODEQ 1984
out of total of 129 pollutants tested

STATIONS microgram/l

PARAMETER Denver Ave Landfill Bridge STA

PesticideBHC 0.006 0.0
DDE 44t 0.002 0.0

Metals

Antimony 0.0 0.0
Arsenic 0.0 0.0
Beryllium 0.0 0.0
Cadmium 0.3 0.3
Chromium 1.4 1.4

Copper 5.0 9.0
Lead 15.6 22.8
Mercury 0.0 0.0
Nickel 29.0 11.0
Selenium 0.0 0.0

II Silver 0.0 0.0
1/ Thallium 0.0 0.0
Zinc 16.0 31.0

PCBs
PCB 1254 Arochior 0.028 0.037

Halogenated Aliphatics
Ethylene Tetrachioro 18.000 6.400
Ethylene 112Trichi 4.800 3.900

Pthalate Esters
Phthalate Bis 2Ethyl

hexyl 2.0 54.0
Phthalate DiNButyl 0.2 0.2
Phthalate DiNOctyl 0.0 0.9
Phthalate NButyl

Benzyl 0.24 0.0

Polycyclic Aromatics
Fluroanthene 0.11 0.0

exceeds state water quality standards
present also in sediment and crayfish tissue from station
found also in sediment from station

.1
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BACKGROUND AND OBJECTIVES

lowlevel sampling and analysis program was designed to
characterize sediments in the Smith/Bybee Lakes study area
by broad grain size categories This information will
provide limited baseline for possible future
investigations Sediment d8ta will provide insights into
sediment dynamics including sources deposition and
scouring

Previous knowledge of the study area sediments is limited
to samples collected from Columbia Slough during 1971-1973
ODEQ 1974 end lake sediment samples collected during 1982
Clifton 1983 The DEQ also sampled Columbia Slough
sediments for toxic chemicals priority pollutants during
1982 as part of the Portland Area Water Quality Toxica
Investigation study ODEQ 1984

METHODS

Sediment samples were collected on September 18 and October
25 1986 Sediments were collected with 234 sq cm 36 sq
in Ekman sampler Samples for grain size analysiB were
taken from the contents of the Ekman sampler using 3.6 cm
1.4 in diameter plastic tube Sediment volume in the tube
was calculated and the sample was extruded into labeled
plastic bag and frozen

Sediment samples were thawed in the laboratory and
ovendried in preweighed aluminum foil dishes Dry samples
were screened using vibrating table through number 10

mm or 0.08 in end number 200 0.074 mm or 0.0029 in
standard sieve Gravel consists of mineral sediments larger
then mm sand is mineral sediment smaller than mm and

larger than 0.074 mm clay and silt is mineral sediment
smaller then 0.074 mm Cowerdin et el 1979

The material retained on each screen and passed through
the number 200 screen was weighed Samples containing
clay/silt fractions were lightly pulverized using mortar
arid pestle before screening to break up large clods formed
in the drying process

D-1



Sediment size classes were expressed as percent dry
weight Each size class was also examined using
microscope to provide visual characterization The total
dry weight of each sample per original wet sample volume was
also calculated No attempt was made to determine organic
content of the samples drying temperatures were not high
enough to volatilize these materials

The percent volume of detritus decaying organic material
was measured for sediment samples that were analysed for
invertebrate composition and abundance Sediments remaining
in the Ekman sampler after removal of the sediment core were
field screened through 1.0 mm mesh material remaining on
the screen was preserved for lab analysis see Fishman
Environmentea Services 1986 The material remaining alter
removal of benthic organisms in the laboratory was
measured for volume using water displacement method This
volume was compared to the original sample volume

Sampling locations are shown in Figure D-1 lake stations
were sampled on September 18 Columbia Slough stations were
sampled on October 25 Many of the stations correspond to
sampling sites for fish and water quality

Slough samples were taken in mid-channel with the

exception of October sample number 02 at station CSO1
Sample 02 was taken from the Mouth of small embayment on
the east shore of the slough that receives fill overflow
from Rivergate Industrial District fill activity

The results of sediment analyses are presented in Table
D-1 Grain size distributions at each sampling station are
indicated on Figure D-2 Columbia Slough sediment samples
generally contained high percentage 80 or greater with
one exception of larger size grains These larger size
particles were generally sand but often were mixed with

aggregations of silt and/or organic materials The

percentage of larger particles decreased with distance from
the mouth of the Slough The weight to volume ratio of the
samples also generally decreased with distance from the
mouth The samples from stations CS3 and CSO8 had more
plant debris than slough stationa downstream The sample
from North Slough had lower percentage of sandsize
particles than Columbia Slough proper 27.7 this sample
was more similar to the uppermost Columbia Slough station
CSO8 than to the lower slough stations
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TABLE D-1
SEDIMENT DATA SMITH AND BYBEE LAKES STUDY AREA

Dry weight per wet volume

Materiel 0.074mm cix of fine light brown send end aggregated cut particles
Materiel 0.074mm grey cut
Gray clay hard lumps very difficult to clay.

Cc Material 0.074mm mix of fine gray aend and perticlea
Materiel 0.074mm gray silt

Cd Material O.074mm fine send materiel 0.074cm grey aLit
Ce Materiel O.074mm Line Band materiel 0.074mm gray silt

Materiel 0.074mm fine brown Band materiel 0.074mm auperfine sand with come other material
Material O.074mc brown mix of fine aend end email aggregate particles
Meterial O.074mm ten silt
Material 0.074mm brown fine sand material 0.074mm cuperf ins send

Ci Material 2mm wood debria material 0.074cc Line Band come plant debria
Material 0.074mm auperfine send
Dark brown sand with mica flecka

Ck Materiel O.074mm gray-brown fine eand material 0.074cc gray-brownault Some plant debrie
Material 0.O74mc brown Line cand fair amount of plant debris
Material 0.074mm superf ins sand and cut

Cm Material 0.074mm brown fine aend with mica flecka plant debris and silt perticlee
Materiel 0.074mm brown silt some fine send

DATE SAMPLE
NUMBER

STATION LOCATION SAMPLE DRY WT BY PARTICLE SIZE WT./VOL REMARKS
VOLUME
CC

MM g/cc

20.074 0.074

20JUN86 SL1 SMITH 21.9 78.1

20JUN86 5L04 SMITH 3.6 96.4

18SEP86 5L04 SMITH 103.4 9.8 90.2 0.356

18SEP86 SLO5 SMITH 97.0 42.0 58.0 0.738

20JUN86 SCO2 SMITH CH 52.1 47.9

18SEP86 SCO1 SMITH Ch 103.4 19.7 80.3 0.374 Cc

18SEP86 BL1O BYBEE 77.6 1.1 98.9 0.366 Cd

18SEP86 BL1 BYBEE 77.6 5.7 94.3 0.432 Ce

20JUN86 BLS BYBEE 43.1 56.9

20JUN86 BLW BYBEE 22.4 77.6

25OCT86 01 CS1 COL 51 43.8 0.2 98.2 1.6 1.144 CL

25OCT86 02 CSO1 CDL 51 N/A 51.5 48.5 N/A Cg

25OCT86 03 CSO1 CDL Si 51.9 0.2 97.3 2.5 1.010 Ch

25OCT86 04 C502 CDL 51 30.5 0.8 95.5 3.7 1.243 Ci

25OCT86 05 CS2 COL 51 56.0 99.2 0.8 0.938

25OCT86 06 C504 NORTH 51 82.4 27.7 72.3 0.424

25OCT86 07 C53 COL 51 45.8 80.2 19.8 0854 Cl

25OCT86 08 C508 COL 51 38.7 33.5 66.5 0.558 Cm
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Lake sediment samples were generally less sandy than
slough samples 52k or less Several of the lake samples
were more than 90 silt The samples with the highest sand
content were along line from the eastern end of Smith
Lake near Marine Drive through Smith Channel to the
northwest corner of Bybee Lake

The volume of benthic samples represented by detritus is
presented below

STATION NO DETRITUS
volume

CS1 0.0
CSO2 5.0
CSO4 2.1
CSO8 11.2
SCO1 1.5
BL1 1.1
BL1O 0.3
SLO4 0.2 0.4

Bottom elevations in the study area derived from field
measurements during 1986 are shown on Figure D-3 The
bottom of Columbia Slough from the landfill bridge to the
mouth is generally below sealevel with the exception of
shoaled area iust off the mouth of North Slough The slough
bottom is slightly above sealevel near the North Portland
Road bridge

The lowest measured bottom elevations in the lakes were in
Smith Channel on both sides of sill that is remnant of

previous dike across the channel the remnant dike is
shown as elevation 5.2 ft. Measured elevation in Smith
Lake ranged from 3.7 ft MSL to 5.7 ft MSL shallow clay
sill in the SE corner of the lake rises to 8.3 ft MSL Smith
Lake elevations are generally to It MSL in the portion
west of the Smith Channel entrance and between and ft
MSL in the eastern portion

Measured elevations in Bybee Lake ranged from 2.8 ft MSL
to 6.1 ft IISL the highest elevations were found in the
central body and NW arm of the lake The elevations in the
SE arm of the lake are between 4.0 and 4.5 ft MSL with the

exception of high spot near the west central portion 5.3
It on the Figure The bottoms of the northern arms of the
lake are generally higher than 5.0 t.MSL
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CONCLUSIONS

The sediments from Smith and Bybee Lakes are indicative of
the lowenergy enriched nature of these lakes The gray
siltsize sediments reflect minimal scouring and

deposition environment infl.ienced by organic materials The
lower stations of Columbia Slough are influenced by one or
more of the following factors greater current
velocities mostly tidal deposition of sand from
inflowing Willamette River water influx of sand from

filling activity in the Rivergate Industrial District The
lower percentages of sand at stations upstream reflect
decreasing influence of the factor or factors listed above
The sediments from North Slough and Smith Channel indicate
areas that have minimal flows or perhaps only seasonal
flows

Data for sediment samples taken by the U.S Geological
Survey USGS during 1982 were presented as percent by
weight coarser than 0.053 mm sieve size Clifton 1983
These data are not directly comparable to the data for the
0.074 mm sieve used in the present study however an

assumption can be made that the coarser grain sizes in both
studies represent sandsize particles Results for the top
10 cm of sediment at USGS station in Smith Lake near

station SLO4 in this study had sand-size particles at

by weight Results for USGS station in Bybee Lake near
station BL1 in this study had sand-size particles The

sediment at USGS station near our station BL1O had

sandsize particles These results are very similar to

those obtained for the present study suggesting little

change over the past years

Lake and slough bottom sediment data collected by DEQ

during 1971-72 are presented in Appendix D-A to this

report In Columbia Slough from Union Pacific RR Bridge
above Portland Road to the mouth measures of organic
content volatile solids COD organic carbon showed
decreasing levels from the upper to lower stations The

Organic Sediment Index 051 values derived in the study
indicated that Columbia Slough sediments were in state of

active decomposition during the sampling period The

organic nature of slough sediments was attributed to annual

leaf fall and storm sewer runoff with accumulation

resulting from poor flushing in the slough The organic
nature of deeper sediments was attributed to many years of

meat packing and other organic effluents discharged to the

D-8



slough these types of effluents are no longer discharged to
Columbia Slough

Data for metal8 are also presented in the slough data
table for 1972 The metals include iron Femanganese Mn
zinc Zn lead Pb chromium Cr and copper Cu Levels
of iron were highest between Portland Road and the landfill
and at the mouth manganese generally increased from upper
to lower stations and zinc lead chromium and copper were
highest between Portland Road and the landfill

Data for stations in Smith Lake end Bybee Lake collected
during the 1971 DEQ study showed lower levels than slough
stations for all parameters measured except for iron and
manganese

The more recent DEQ sediment data 1982 were collected as
part of toxics screening survey designed to provide
general inIormatiorion the classes of compounds found in
water sediment and tissues of aquatic organisms ODEQ
1984 Data tables from the DEQ Draft Report are included as
Appendix D-B The EPA lists 129 toxic chemicals as priority
pollutants 10 of these were found in sediment samples in
the Portland area study Samples from the two Columbia
Slough stations below Denver Avenue and below Landfill
bridge contained pesticides heavy metalá PCBa
monocyclic arometica phthalate eaters and PAWs These
slough stations were similar to other urban-industrial areas
sampled in the Portlend area

No criteria presently exIst relating priority pollutant
levels in sedirnente with effects on aquatic life or human
health Research and environmental monitoring in this
technical area are on-going at both the EPA and DEQ
Columbia Slough is one of several areas identified in the
Portland area Beaverton Creek and Willarnet.te River near
Deane Lake that shows sediment contamination typical and
expected in heavily urbanized-industrialized setting

PCBs are polychioririated biphenels primarily used
until recently in electrical transformers and capacitors
Monocyclic aroinatics are chemicals generally used for
industrial purposes Phthalate esters are primarily used as
plasticizers in the production of polyvinyl chloride
PAHs or polycyclic aromatic hydrocarbons are present in
creosote and petroleum products and generally result from
incomplete combustion processes
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TABLE II

Smith aid Bybee Lakes

Summarized ilottoin Sediment Data

December29 1971

Total mq/kq dry weiçjht

LaIes ou1e DOD COD 1103-N P04 Fe Mn Zn Pb Cr Cu Fig

Smith 6.3- 3000 53000- 4773 1760 37100 653 144 20 2028 40- O.56

6.7 56200 1880 41800 907 193 47 0.65

Bybee 6.3- 4000 51300- 29137 1760- 33200 532 153 14 2324 .33- 0.47

6.5 55600 1820 40600 635 182 46 0.53



TrcLl

Sampling Desc
Union Pacific Railroad Bridge

Top
Bottom

North Portland Rd Bridge
-a

Top

Bottom

old Radio Tower

Top
Bottom

Landfill Access Road

Top
Bottom

tJorth Slough near Head

Top
Bottom

1/U Mile above Sand Plug

Top
Bottom

LOCR COLtflflUt IflUrII

Juno 1972

Notes rnj/kg Lx expressed on dry weight basis

organic sediment index

Core

Length
Inches

Total

Kjeldahl ______
COD Organic Nitrogen Organic P04

VS mg/kg Carbon mg/kg K-N Nitrogen OSI as

mg/kg

Fe Mn Zn Pb Ct Cu pfl

10
17.7 244.300 9.2 41000 4.1 2.9 26.7 328 31200 312 328 164 54 53 77
15.7 203400 7.6 3200O 3.2 2.2 16.7 377 36100 320 440 91.5 6d 62 7.6

14

12.2 112000 4.2 30000 3.0 1.6 6.7 404 31600 378 353 182 63 51 7.3

16.1 176.000 6.6 43000 4.3 2.3 15.2 414 38900 420 423 147 66 65 7.7

4.25

12.6 151.300 5.7 42000 4.2 2.2 12.5 600 45.200 597 440 295 84 80 7.2

8.2 70000 2.6 20000 2.0 1.1 2.9 215 18500 351 363 14 77 41 7.4

11

11.9 134000 5.0 30000 3.0 1.1 5.5 386 43200 694 468 159 73 86 7.2

9.8 55900 2.1 8620 0.8 0.45 0.95 328 28400 476 153 39 33 33 7.2

10.5

8.9 92900 3.5 14000 1.4 1.0 3.5 253 23.400 972 299 86 72 54 7.2

18.4 244.200 9.1 1000 1.6 1.2 10.9 55 31600 322 72 24 67 38 7.1

10.5

7.6 72600 2.7 12000 1.2 1.3 3.51 355 48300 1090 300 51 6S 56 7.2

7.4 81.900 3.1 2.000 2.2 1.0 3.1 181 30300 494 295 72 80 45 7.2
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Table 3.1 portland Area Water Quality TOXiCS Investigation site Lr

Willaette River

above wilsonville

Tualat in River

above Gaston

Tualatin River

near Hilisboro

Cedar Mill

at l45thPNe
BeavertOn Cr4

below TektroniX

FannO Creek

near mouth

Tualat in River

below jrhaIT
Creek

.iear mouth
Lckalnas River

above Carver
River

near mouth

.lnette River

above Sellod Br1

jnette River

at SPS

Land Use Codes
çricultural
Forestry
Industrial
Municipal

Charactri$tlc
Lard Use

influenCing

Site

Residential
Solid Waste/Landfill

uUrban
potential secondary

impacts

Station Name IEr

Lver

near IXane Lake area

Drain
near DDane Lake area

fliamette River

below_sps east bank

nanah

near Rafton
Ilamette River

1.5 mile above mouth

1unbia Slough

below Denver Ave
Iintbia slough
below LafldfI

Metals only
Suckers substituted for carp

Fish and crayfish samples re
carpcsited at each site

11



Table 4.2 GeographiC SLimiary l9fl2 portland Survey

Station Name

lamelte River

above wiláonville

rualatin River

above Gaston

iialatifl River

near HilisborO

..ec1ar Mill Ci

at 145th Ave
BeavertOfl Creek

below flktrOfliX

FannO Creek

near mouth

Tualatifl River

below irhanSTP
ackamaS River

near mouth

4illaiflette River

above Seliwood

willamette River

at SPSBr
MUltflclnah

near Raftofl

Willamette River

1.5 mile above mouth

Coluubia slough

below Denver Ave
Columbia slough

below Landfill Bridge

M000cyclic Phenols

Aranatlcs Cresols Esters

WST

WST

WST

WST

WST

ws
WST

WST

Media identified by position

chemical group detected

chemical group detected

chemical group detected

in water at station left
in sediment at station center
in crayfish tissue at station right

19

..---

ST ws

Ethers

.T

w-

-ST -TWST

WSTWST

.T

WST

--T

WS W-T

--T

W-T

JST ws ST w-
wS
WS

-ST WST -ST

.T

w- -ST wS

WST Ws

.T

WST

wS

WST WST

w-
WST

WS
w-

no analysis of chnical group at station

chemical group not detected at station

WS
WST WS
W.S



station

t.bçqUa
Scottsbizg

Jçer Bay

Qon Bay catthirç 51

Isthnus Slough

Lr Oboe BayCiss Area

South s1h

ue Rbert5Ofl Br

fCxue ab qness
Illinois mouth

gue Labeter

txter peservoir

tte Grove Reservoir

Dzrena Reservoir

wil13tte sprirfld
McKenzie ccburg Br

Fern R.ice Reservoir

Conser Slouh
SantLat mouth

Willanette 1eatland

Ynhi11 ytOn
willanette nr wilsonvil

Rg Lake

Tualatin below D.irhfl

Reservoir

Willanette SPS Br

Colubia Slough Dxc Br

Portland HarbOr-l

schuteS mouth

K1aTath Keno

T- TI TI It
.L .1 .L

7-.i.T.T

7.7.

.L

runber of chnicalS detected nunber of chenicals analyzed

DRAFT

DRAFT

Geographic S.rlnary for 1979 1982 Fish Tissue ta

Oiler1 Hgtt W1 kd1c1ta1
PPI aPI PP opl tin in nfl hir zen ane Fish Liver

.1

.7

-L

.L

__It.j
-I II TI TI

7- T- IL IL

5/21

9/22

._
._ 1/15

3/21

_.5/2l
T.lO/22

T.14/22

L4/2l 7/21

._ .I 3/21

.1
3/21 3/15

7.110/22

.7 7... .7/22
T.i 9/22

4/21

TI TL11/22 4/15

T.l0/22

TI TI TI 12/22 11/16

TI TI TI TL 17/22 7/15

TI TL 9/21 5/15

T.t T.15/22

.1
3/13

TI 9/21 5/15

3/13

.1 6/6 2/15

TI TL113/21 8/16

TI TI TI TI.15/21 10/16

T.11/22

TI. 7- 11Jl7/22 5/15

TI 1Lt11/22 2/15

Tissue type identified by pitiOn
edible portion of fish tissue left side

liver saTçle right side

-I T- TI

.1

T- II TI IL -L

TI IL TI TI

IL 7- TI IL

7- 7-

no analysis of chenical grip at station

chenical group not detected at station



DRAFT

tatia ate/Tire tepth

09Xt24

09Ct44

09C008

09C003

o9crlO

09B100

0917
09MS1
09AT12

O9.tP.6

O9A3

0.005

0.007

0.002

0.006

107-028 croleth
309002 1drin
319-846 814C Alpha
319-857 BHC Beta

319868 alta

css CSI
725 50293

0.002

0.002

24

100

17

0.020

0.001

0.004
0.003

0.001
0.004

0.003

0.003

0.003

0.024

0.004

CAS
.7028 30900-2

rable pesticides

CASI CI CPS CPSi CASS CAS$

319846 319857 31986-4 58899 57749 7254B

8/31 1700
9/01 1040
9/01 755
9/01 835
8/31 1210
8/31 1310
9/01 955
8/31 840
9/01 115O
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500
8/30 1830
8/30 1740__

SIM ug/kg

8/31 1630 020B

9/01 745 003B

9/01 900 0018

8/31 1200 002B

8/31 1255 0068

8/31 940 0068

8/30 1545 020B

8/30 1640 0158

8/30 1650 0208

8/30 1845 0058

8/30 1750 0108

irç/kg

1.0

09AT24

O9CEi4

09c008

0903
09Cr10

O9RTOO
09AT17

O9AT11

O9AT1O

O9ATM

TISJE

09AT24
09C190

09Cr40

09C1744

09C003

09Cr10

09AT17

O9AT11
O9ATIO

09A1t4

09A702

O9ATM
O9ATA3

140

613

20

7/29

7/28
7/28

7/28

7/29

7/29

7/30

7/27

7/27

7/27
7/28

7/27

7/27

crayfish

crayfish

Crayfish

crayfish

Crayfish

crayfish
crayfish

Crayfish

crayfish

crayfish

crayfish
crayfish

crayfish

2700

-1

0.0021

Codes

0.002

0.002

0.002
0.002

0.002

5889-9 BHC GaTna

57749 Cilordafle

72548 000 44
72559 00E 44
50-29-3 wr 4.4

DRAFT
analyzed bit not detected

detected bit be1 limit of quantification

blank insufficient saç1e not analyzed

Bi



ir

09AT24

ogcm4
09c008
09C003

09CT10

098700

09AT17

09A711

O9AT1O

8/31 1630 020B

9/01 745 0038

9/01 900 0018

8/31 1200 0028

8/31 1255 006B

8/31 940 006B

8/30 1545 020B

8/30 1640 0153

8/30 1650 0208

8/30 1845 005B

8/30 1750 O1OB

7421934
76448

1024573
78S91

1746016

CMI CMI CMI CM
76448 1024573 78591 174601

drin Aidehyde

I4eptachlOr

Heptachior oxide
IscchorcCe
24.78_Tetrath1O10Cth

..

CMI CMI

te/T cpth 60-571 1031-078

axrR ts/1

09AT24

o9cm44

09C008

09c003
09CT10

098T00

09AT17

09A7S1

09AT12

09.TA6

09P.Th3

8/31 1700
9/01 1040
9/01 755
9/01 835
8/31 1210
8/31 1310
9/01 955
8/31 840
9/01 1150
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500
8/30 1830
8/30 1740

fl
09A724 7/29 crayfish

09C190 7/28 Crayfish

09Cr40 7/28 CrayfiSh

09C1144 7/28 crayfish

09C003 7/29 crayfiSh

o9Crlc 7/29 crayfish

09AT17 7/30 crayfish

O9AT1I 7/27 crayfiSh

O9AT1O 7/27 crayfish

09A7C4 7/27 crayfish

09AT02 7/28 crayfish

409IM 7/27 CrayfiSh

09PTA3 7/27 crayfish

Dieldrifl

Ddosulfafl sulfate

Fxvjosulfan P.lpha

ixksu1f an Beta
Ddrin

60571
1031078
959988

33213659
7220-8

ccdes analyzed bt rct detected

detected it belo limit of quantifiC3tiOfl

blank insufficient saiçle rxt analyzed

DRAFT



09AT24 8/31 1630 0208

09C44 9/01 745 003B

09C008 9/01 900 0013

09C003 8/31 1200 002B

09CT10 8/31 1255 006B

O9BTOO 8/31 940 006B

09AT17 8/30 1545 0208

O9AT1I 8/30 1640 015B

09A710 8/30 1650 02DB

4O9TM 8/30 1845 OOSB

O9AtP3 8/30 1750 O1OB

Canpours 800135-2
7440360
7440382
7440417
7440439

ces

4000

3500

4800

3300

3300
2300
4000

5000

5500

9000

4800

xaphene
MtiTCfly

rsertiC

eeryiliu
CaciIfl

DRJFT

0.2
0.2

0.6

0.5

0.5

0.2

0.2

0.6
0.8

11 0.2

0.6
0.2

0.3

0.3

1.0

2.0
6.0

15.0

4.5

3.0

3.0

1.5

1.5
1.0

2.0

1.0

8.0
5.5

3.0
2.0

5.0
9.0

.29

20

17

17

10

.5

IS

83

23

14

29

11

DRAFT

CAS4

..tati tte/T1i Depth 8001352

_TtR u/1

Table 8.1 Pesticidee ar1 ta1s

CAS$ pSt CASE CPiSS CAS$ CASS CASS CAS -.

7440360 740038-2 7440417 7400439 1400473 740050-8 7439921 743996 7.t404 -O

09AT24 8/31 1700
9/01 i040

09C1144 9/01 755
0908 9/01 835
09C003 8/31 1210
09cT10 8/31 1310

9/01 955
09Bt 8/3 1005

09BI5 8/31 1030

093100 8/31 840
9/01 1150

09AT17 8/30 1520

O9ATS1 9/01 1545

09fl2 8/30 1620
9/01 1455
9/01 1500

09A1A6 8/30 1830
09PIA3 8/30 1740

12.5

0.7

5.6
0.7

0.7

1.4

1.4

6.0

13

13

1.8
1.8

1.2

1.8

14

1.8

15

22

ssut

740 200 19600 28000 1200 30 31000

710 100 15400 19000 5000 40 15000

620 1900 49700 115000 113000 160 52000

580 14000 14000 3400 10 16000

680 200 44800 20000 210000 30 17000

490 10500 14500 00 30 15000

700 20300 27500 1300 30 26000

730 18900 26500 3200 80 22000

990 100 26600 54000 2R00 70 33000

1180 1500 44100 82000 204000 120 32000

660 1500 16100 27500 5500 80 15000

..-I

09.T24 7/29 crayfish

09C190 7/28 crayfish

09CT40 7/28 crayfish

09Cfl44 7/28 crayfish

09C003 7/29 crayfish

O9CT1O 7/29 crayfish

09AT17 7/30 crayfish

O9AT11 7/27 crayfish

O9AT1O 7/27 crayfish

O9ATC4 7/27 crayfish

09A702 7/28 crayfish

d09M 7/27 crayfish

09A1A3 7/27 crayfish

0.11 b.008 0.035 0.47 14.5

0.12 0.005

0.12 0.002 0.004

0.92

0.68
59

0.29 26.5

0.20 21.7

0.14 0.005

0.07

0.50

0.23 13.5 0.55

7440473 iraitr
7440508 Cccper

7439921 Lead

74 39-976 Mercury

7440-020 Nickel

analyzed bit not detected

detected bit be1 thnit of quantification

blank insufficient sanple not analyzed



DRAFI

__TP Ic/i

CPS Cs
778249-2 7440-224

Table R.4 Metals and PCB

C.S CpSi CAS CASS CASS CpSi CkSS CASI

7440280 7440664 91587 12674112 11104282 11141165 53469219 12672296

09AT24

09C44
09C008

09C003

a9crlO

098102
098T15

098100

09AT17

O9ATS1

09AT12

O9ATM
O9ATA3

29

15

8/31 1700
9/01 10z40

9/01 755
9/01 835
8/31 1210
8/31 1310
9/01 955
8/31 1005
8/31 1030
8/31 840
9/01 1150
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500
8/30 1830
8/30 1740

16

31

SIM Ic/kg

09.T24 8/31 1630 020B
130 79000

09C014 9/01 745 0038
60 100 109000

09C008 9/01 900 OOIB
1600 237000

09C003 8/31 1200 002B
180 145000

O9CT1O 8/31 1255 006B
130 121000

098700 8/31 9400068
100 45000

09AT17 8/30 1545 020B
130

85000

O9AT11 8/30 1640 015B 150 100 147000

O9AT1O 8/30 1650 020B
230 126000

o9rp6 8/30 1845 0058 1200 100 357000

O9ATP.3 8/30 1750 0108
200 148000

09M24 7/29 crayfish

09Cr90 7/28 crayfish

09C40 7/28 crayfish

09C044 7/28 crayfish

0903 7/29 crayfish

o9crlo 7/29 crayfish

09Pl7 7/30 crayfish

O9ATI1 7/27 crayfish

09.T10 7/27 crayfish

09TC4 7/27 crayfIsh

09AT02 7/28 crayfish

O9ATAS 7/27 crayfish

O9ATA3 7/27 crayfish

0.08 0.085
15.70

17.10

17.50

carpourids
779249-2
7440224
7440280
744066-6

0.05 0.032

Seleniull

silver
ma iliun

Zinc

Napthalefle 2-C1Ot0

es

12674112 PCB1016 Arch1Or 1016

1110428-2 PCB1221 roch1or 1221

11141165 c81232 ArochiOr 1232

53469219 191242 ArochiOr 1242

1267229-6 FCB-4248 Arochlor 1248

analyzed bit nct detected

detected bit be1 lthtit of quantification

blank insufficient sanpie nct analyzed

DRAFT



DRAFT

_________
pcis and Ha1aented Aliphatics

cs cP.s cs$ c.sa cP.s c.s c.ss

StttC1 tpth 11097691 11096825 87683 77474 71554 79345 79-00-5 75343 107062 75003

__ /1

09AT24 8/31 17
9/01 10

O94 9/01 755
09C008 9/01 835

1.200

09C003 8/31 1210 0.020

09a10 8/31 1310
9/01 955

Q90 8/31 840
9/01 1150

097 8/30 15 20
O9ATS1 9/01 1545 0.085

09AT12 8/30 1620
9/01 1455
9/01 1500

09AM 8/30 1830 0.028

09A3 8/30 1740 0.037___
SEt14 u/kg

09AT24 8/31 1630 0208 28.00

09C144 9/01 745 0039

0908 9/01 900 OO1B

09C003 8/31 1200 0028

0910 8/31 1255 0068 64.00

09B100 8/31 940 006B

09AT17 8/30 1545 0208 15.00

O9ATII 8/30 1640 0153 314.00

09A10 8/30 1650 0203 76.00

09ATA6 8/30 1845 005B 115.00

09ATA3 8/30 1750 O1OB 51.00

u/kg

09AT24 7/29 crayfish

O9CX0 7/28 crayfish 0.055

0940 7/28 crayfish

O9CI44 7/28 crayfish 0.021

09C003 7/29 crayfish 0.025

O9CT1O 7/29 CrayfiSh 0.102

09AT17 7/30 crayfish

09AT11 7/27 crayfish 0.058

7/28 crayfish

09iIlO 7/27 crayfish

09XrC4 7/27 crayfish

09AT02 7/28 crayfish09 7/27 crayfish 0.187

09AT.3 7/27 crayfish 0.016

CCTou 1109769-1 PCB.1254 Arochior 1254
79345 Ethane ll22_Tetrachloro

11096825 1260 Arh1Ot 1260 7900-5 Ethafle ll.2_TriChloro

87683 jtadlene HexaChlOrO
75343 Ethane 11Dich10r

77474 cyc1ccentathe Hexad1orO 107-062 Ethane 2D1Ch1O0

71556 Ethane 11 i_TrlchlorO
75003 Ethane C1oro-

Codes analyzed not detected

detected tit telow limit of quantification

blank insufficient saçle not analyzed B-S

DRAFT

-I



DRAr

CMS CASS

stati tte/Trr pth 67721 75354

ThbIe Hale Aliphatics

CsI
127--4 l6-60-S 79-01-6 74-83-9

CsS
74873

c.s CABS
124481 09

09AT24

o9crM4

o9c008
o9ao3
o9crlO

09Bt0

09AT17
O9XZS1

09T12

09PM
093

8/31 1700
9/01 1040
9/01 755
9/01 835
8/31 1210
9/31 1310

9/01 955
8/31 840
9/01 1150
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500
8/30 1830
9/30 1740

39.000 36.000

4.800

3.900

3.800

09A124 8/31 1630 02DB

09C1M4 9/01 745 0038

09c008 9/01 900 OO1B

09C003 8/31 1200 0028

09C10 8/31 1255 006B

098700 8/31 940 0068

09AT17 8/30 1545 0208

091l 8/30 1640 015B

O9AT1O 8/301650 02DB

.o9AV$
8/30 1845 005B

O9ATA3 8/30 1750 O1OB

lTq/kg

1.500

18.000

6.400

3.100

0.050

Ethare Hexachioro

Ethylene 1DiCh10
Ethylene CtlOrO

Ethylene TetraChlOr

Ethylene .2_Tra.Dith0r0

Ethylene 11 .2TriChlOrO
Methane BrTO
Methane Clcr
Methane C1orodibr
Methane Didiloro

09AT24

09C190

09cr40
09C1144

09C003

ogcrlo

09AT17
O9ATll

O9AT1O

09A7C4

oga02
fl9PTh6

09t3

7/29

7/28
7/28

7/28

7/29

7/29

7/30
7/27

7/28

7/27
7/27

7/28

7/27

7/27

crayfish

crayfish
crayfish

crayfish

crayfish

crayfish
crayfish

crayfish

crayfish

crayfish
crayfish

crayfish

crayfish

crayf isr

67721
75354
75014

12718-4
15660-5

79-01-6

74839
74873

12448-1
75-092

Ces analyzed but rct detected

detected but below 1jnit of quantifiCattol%

blank tsufficieflt sarçle not analyzed



--

B7

CMI
station tte/Tii tpth 75-274

u/3

Cp.s

75718

TablS 8.7 Halaenated Aliphatics

CMI CMI CMI CMI CMI
56235 75-25-2 67663 75694 78875

09AT24

09CI44

09C008

09C003

O9CT0

098100

09AT17

09MS1
09AT12

09TM
O9ATA3

8/31 17Q0
9/01 1040
9/01 755
9/01 835
8/31 1210
8/31 1310
9/01 955
8/31 840
9/01 1150
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500

0_

8/30 1830
8/30 1740

CASI CMI
10061015 1006026

3.2

09AT24 8/31 1630 020B

09C11i4 9/01 745 0038

09a08 9/01 900 OO1B

0903 8/31 1200 0028

09db 8/31 1255 0068

098100 8/31 940 006B

09PT17 8/30 1545 020B

O9AT11 8/30 1640 015B

09Tb0 8/30 1650 0208

09ATA6 8/30 1845 005B

O9ATA3 8/30 1750 O1OB__ --
uq/kg

09C190 7/28 crayfish

09CT40 7/28 crayfish

09dfl4 7/28 Crayfish

09C003 7/29 crayfish

O9CT1O 7/29 crayfish

O9AT11 7/27 crayfish

09.Tb0 7/27 crayfiSh

O9ATC4 7/27 Crayfish

es

7527-4 Methane DiChlorObraTO

75-71-8 Methane Did%1orcdiflIr

5623-5 Methane trach1orO Carbin etrachl

75-252 Methane Tribra BraTcfOrm

67-663 Methane Trichioro- Q1or0f0rTTI

ana1yzed bit not detected

detected bit below unit of quantification

blank insufficient saTçle not analyzed

75694
7887S

1006101S
10061026

Methane trich1erof1UOO-

prçafle 1.2DichlOrO

prcçene Cts-1 .3Dichioro-

prclpene TransI 3DichlOrO



DflY

Stat Lou tzte/Tb Depth

jrER tJ1

________
Ethers and pnocyc1tC ArUMttCS

09.T24

09Cl4
09C008

09C003

098100

09T17

09Xr12

09TA3

8/31 1700

9/01 1040

9/01 755
9/01 85
8/31 1210

8/31 1310
9/01 955
8/31 840
9/01 1150
8/30 1520

9/01 1545

8/30 1620
9/01 1455
9/01 1500
8/30 1830
8/30 1740

CASO CASE CS cs C.S CASt CASt CASt cASt

101553 7005-723 11144 39638329 542881 111914 71432 120824 95-501

1.2

--
__ug/k
09AT24 8/31 1630 020B

09CD4 .9/01 745 0038

09C008 9/01 900 0018

09D03 8/31 1200 0028

ogCrlo 8/31 1255 006B

098100 8/31 940 0068

OgXfl7 8/30 1545 020B

O9AT11 8/30 1640 0158

0910 8/30 1650 0208

O9ATM 8/30 1845 0058

09AtA3 8/30 17500108__
n/kQ

CM
11075-8

________ _________

Ether C%1OrthYl Vthyl

Ether 4Bracçhenyl phenyl

Ether 4_al1Orcvheyl eny1
Ether Rls2_t10t0thYl
Ether Bist2_Ot1orotsop

09P.T24 7/29 crayfish

09C190 7/28 crayfish

09cr40 7/28 crayfish

09CTh4 7/28 crayfish

.09C003 7/29 crayfish

O9CrlO 7/29 crayfish

09AT17 7/30 crayfish

09PT11 7/27 crayfish

7/28 Crayfish

O9ATIO 7/27 crayfish

O9ATC4 7/27 crayfish

09M02 7/28 crayfish

O9ATAS 7/27 crayfish

09AT.3 7/27 crayfish

13.0
13.0

542884 Ether Bjsth1oraTIethyl

111911 Methane Bis2_O%1oroe0xY

71432 Benzene

120-821 Benzefle 1.24_TriCh10r0

95501 Benzefle 1.2Dich10ro

Ccdes

I1075R
10155-3

700572-3
11144i

3963832-9

analyzed but rct detected

detected but be1 lthiit of quantifiCatiofl

blank insufficient saç1e analyzed
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Statici tte/TI pth

Tab1e itwccyclic Manaties

CAS4 CASI CPS$ CMO CMI CMI CMI CMI cp.sI

54131 .u667 10890-7 100-414 118741 98953 10888-3 121142 606202 38976288

09AT24

09C1744

o9coo8

0903
ogcrlo

O9BTOO

09AT17

O9ATS1

09AT12

O9ATM
O9xrP.3

8/31 1700

9/01 1040
9/01 755
9/01 835
8/31 1210
0/31 1310
9/01 955
8/31 840
9/01 1150
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500
8/30 1830
8/30 1740

1.1 9.4

SED u1
09AT24 8/31 1630 020B

09C1M4 9/01 745 003B

09C008 9/01 900 OO1B

09C003 8/31 1200 0028

o9crlo 8/31 1255 006B

090 8/31 940 0068

0917 8/30 1545 020B

O9AT1I 8/30 1640 0158

.O9AT1O 8/30 1650 020B

4O9ATM
8/30 1845 0058

O9ATA3 8/30 1750 0108

TIS9JE rçftQ

09AT24 7/29 crayfish
09C190 7/28 crayfish

0.03

09CT40 7/28 crayfish

o.o

09C4 7/28 Crayfish

0.03

09C003 7/29 Crayfish

O9crlo 7/29 CrayfiSh

09AT17 7/30 Crayfish

0911 7/27 Crayfish

7/28 crayfish

O9AT1O 7/27 Crayfish

09X1C4 7/27 Crayfish

09T02 7/28 crayfish

409XIA6 7/27 Crayfish

09AV3 7/27 Crayfish

0.01

Cars
108907
100414
118741

Oenzefle 3DichlOrO

Benzere 4-DiChlOro
Benzefle O1oro
eenzene Ethyl
Oenzefle HexachlOrO

Odes

98953 8enzene Nitro

10888-3 71uene
121142 1uene 2.4tir%itro

60620-2 11uene 260irtitE

38976288

analyzed but not detected

detected but below lthiit of quantification

blank jrufficient saçle not analyzed



Table 9.10 Phenols ari Cresols

CP..SI C.SI C.SS CSI CM$ CS C- CAS CM$ CAS$

Stati tte/Tlifle pth 5950-7 534521 108952 88062 120-83-2 i0S d5 95578 $755 100027

---- __ -- ---

09AT24 8/31 1700

u/1

9/01 1040

O94 9/01 755

0903 1210
09C008 9/01 835

ogcrlo 8/31 1310
9/01 955

o9Broo 8/31 840
0917 8/30 1520

09xrs1 9/01 1545
0.7 22.0 3.3

0.4

09fl2 8/30 1620
9/01 1455
9/01 1500

O9AIAG 8/30 1830

09TA3 8/30 1740

1ME ug
09AT24 8/31 1630 0208

09CTh4 9/01 745 0038

09C008 9/01 900 OOIB

09C003 8/31 1200 0028

O9CT1O 8/31 1255 006B

O9T00 8/31 940 0068

09AT17 8/30 15450209
20.0

O9AT1I 8/30 1640 0153
130 2100

O9AT1O 8/30 1650 020B
13.0

09PaM 8/30 1845 0053

O9ATA3 8/30 1750 0108
___________

09AT24 7/29 crayfish

09CT90 7/28 CrayfiSh

09Cr40 7/28 crayfish

09CI14 7/28 crayfish

09C003 7/29 crayfish

ogCrlo 7/29 CrayfiSh

09AT17 7/30 crayfish

O9AT11 7/V crayfish

7/28 CrayfiSh

O9AT1O 7/27 crayfish

09MC4 7/27 crayfish

09X102 7/28 crayfish

O9ATM 7/27 crayfish

O9ATA3 7/27 crayfish

ccrcounds 59-507

10895-2
88062

120832

4-cresol p-OilorO
o-Cresol 460iflltr0

phenol
phenol 24 _TrtCh1or0
phenol 24_0ich10r0-

Ces

105679 phenol 4_Direthy1

5128S Phenol 2.4Dinitro-

95 578 phenOl 2Ciloro
88755 Phenol 2Nitro

100027 Phenol 4NItrO

analyzed not detected

detected it bela limit of quantifiCati0f

blank insufficient saçle not analyzed
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Codes

87865
117817
84742

117840
84662

240

1900

160
950

260

130

180

98

620

160

18.0

190
17

68 22.0

70
40

70

98

131113
85687
8332-9

20R968
120127

pItha late Dunethyl

pitha1ate N-aty1 Benzyl

pceraphthefle

AceMphthYlefle
MthraCefle

13.0

630.0
81.0

25.0

22.0

290.0

100.0
55.0

55.0

rJ

Table 8.11 Therw1s ptthalate Esters and polycyclic pranat Los

csO CM CM$ CS$ CPS CASt CAst CAst

Stati Dete/T1Te Depth 8786-5 117817 84742 117840 84662 131113 g568-7 83329 208968 120_12_1

/1
094 8/31 1700

4.7 2.3

9/01 1040 2.0

09C1714 9/01 755
1.7 0.12

09C008 9/01 835
0.4

090O3 8/31 1210
0.4

090 31 1310
1.3

9/01 955
09ff100 8/31 840 1.5

0.2

9/01 1150
0.14

Q917 8/30 1520 2.4

091 9/01 1545 6.5 0.15

0912 8/30 1620 5.6 0.2

9/01 1455
1.0

0.13

O9ATA6 8/30 1830
2.0 0.2

0.24
9/01 1500

0.3

O9ATA3 8/30 1740 54.0 0.2 0.9 --
SEDT.M t/kQ

09AT24 8/31 1630 0208

09CI4 9/01 745 0038

09C008 9/01 900 OO1B

09C003 8/31 1200 002B

O9CT1O 8/31 1255 0068

fl981V0 8/31 940 006B

09AT17 8/30 1545 020B

O9AT11 8/30 1640 015B

09A710 8/30 1650 020B

O9ATA6 8/30 1845 0058

O9ATA3 8/30 1750 0108

46.0
12.0

12.0 330.0

3.0

3.0

40 6.0 5.0

44.0

8.0 6.0

09Ar24 7/29 Crayfish
0.34 0.22

09C190 7/28 CrayfiSh
0.11

09CT40 7/28 Crayfish
0.61

09C114 7/28 CrayfiSh
0.80

09C003 7/29 Crayfish
0.15

O9CT1O 7/29 crayfish
0.10

0917 7/30 Crayfish
1.00

09PT11 7/27 Crayfish
0.13

7/28 CrayfiSh
0.13

0910 7/27 CrayfiSh
0.03

09A7C4 7/27 crayfiSh
0.06

09M02 7/28 CrayfiSh
1.50

09ATA6 7/27 CrayfiSh
0.36

O9ATA3 7/27 CrayfiSh
0.05

17.3

3.0

EEl
EEl

El

3.2

4.2

undS phenol entachlOro

phthalate Bis 2_EthytheIYU

Phthalate DiN.1tYl
phtha.ate DjNxtyL
phthalate Diethyl

analyzed .it rct detected

detected b.t be1 limit of quantificatl0fl

blank insufficient swçle not analyzed
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Table 9.12 polycycliC Aranatics

tati tte/Tiif pth 56-55.3 53703 218019 206-440 205992 2070fi9 8673-7 9120-3 191242 85018CAS CM CASI cs CAS4 CPS c_As4 CPSI CASS cp.ss

9Xt24 8/31 1700
9/01 1040

09Cfl44 9/01 755
09C008 9/01 835
0903 8/31 1210

09CT10 8/31 1310
9/01 955

090700 8/31 840

09AT17 8/30 1520
9/01 1150

O9ATS1 9/01 1545
09AT12 8/30 1620

9/011455
9/01 1500

O9XtM 8/30 1830
0.11

09.T.3 8/30 1740

sDIMr

09AT24 8/31 1630 0208
9.0

09CTh4 9/01 745 003B
240.0

50.0

0908 9/01 900 0018
90.0

09C003 8/31 1200 0028
5.0

O9CTIO 8/31 1255 006B 22.0
22.0 19.0

O9BTOO 8/31 940 006B

09AT17 8/30 1545 02DB 4.0 4.0 7.7

O9AT11 8/30 1640 0158 45.0 100.0 330.0
49.0

Q9AT1O R/30 1650 0209 5.0 12.0 58.0
7.0

409ATA6 8/30 1845 0058 53.0
53.0 66.0

O9ATA3 8/301750 01DB 19.0
49.0 74 10.0

______

TIS nv/kg

4.0 13.0

85.0 630.0

6.0 81.0

4.0 25.0

60 22.0

140.0 19.0 290.0

14.0 100.0

11.0 55.0

54.0 22.0 90.0

09AT24 7/29 Crayfish

09C190 7/28 CrayfiSh

09CT40 7/28 Crayfish

09CTh4 7/28 CrayfisPt

09C003 7/29 Crayfish

09CrlO 7/29 Crayfish

09T17 7/30 Crayfish

O9ATI1 7/27 Crayfish

7/28 Crayfish

O9AT1O 7/27 Crayfish

094 7/27 Crayfish

09A102 7/28 Crayfish

09.IM 7/27 CrayfiSh

09ATA3 7/27 Crayfish
207089
86737
91203

191242
85018

rds
F1LXraflthe nzO
Fluorefle

Napthalefle

perylene eenG.HI
penanthrene

56-55-3 Mthracefle flenrolAl

5370-3 AnthraCer DibenzoAHJ

218019 Cwysefle

206-440 Fluoranthefle

205992 Fluoranthefle 34n
analyzed bit not detected

detected bat be1 lthit of quantificatiOn

b1anl insufficient sanple not analyzed 812



DRAFT

09a24

09C1144

09C008

o9c003

o9crlO

098T00

Q9IhT17

O9ATS1

09AT12

O9ATM
09P.T.3

Wx/kQ
09AT24

09Cll4

09C008
o9c003

o9crlO

098700

09AT17

o9r11
09TlO

409ATA6

/kg

8/31 1700
9/01 .1040

9/01 755
9/01 835
8/31 1210
8/31 1310
9/01 955
8/31 840
9/01 1150
8/30 1520
9/01 1545
8/30 1620
9/01 1455
9/01 1500
8/30 1830
8/30 1740

91941
12266-7
621647

62754
8630-6

8enzjdifle Dich1Or0

Wdrazine 2Diphefly1Nitr Di-NPrCPY1

Nitrwune DiznethYl

Nitrosxtfle DiphenYl

DRAFr

____ PcLyLiC AzanaticS and NitrOSaflLfl

CSI CPSS C$ CASI CAS CAS

statta tflt.trtm Depth 129000 j9339-5 032- 0712-t 92875 91941 122667 621647

--

CM CM$

6T
T

T

21

___ ___ ___
--I

8/31 1630 020B 15.0

9/01 745 0038 370.0

9/01 900 OO1B 300.0

8/31 1200 0028 18.0

8/31 1255 0OB 31.0

8/31 940 006

8/30 1545 0208 20.0

8/30 1640 0158 520.0

8/30 1650 020B 10.0

8/30 1845 0058 110.0

8/30 1750 0108 140.0

09PT24 7/29 Crayfish

09cr90 7/28 Crayfish

o9Cr40 7/28 crayfish

09CIl4 7/28 crayfiSh

09C003 7/29 crayfish

o9crlo 7/29 crayfish

09.T17 7/30 CrayfiSh

09A711 7/27 Crayfish

7/28 crayfish

O9PflO 7/27 crayfish

09C4 7/27 crayfish

09T02 7/28 crayfish

O9ATM 7/27 crayfisfl

O9ATA3 7/27 crayfish

CaTunds 129-fl0-0 pyrene

19339-5 Pyrene treno12.3.C.D

50-32-8 Pyrene
107134 ry1cnttrile
92875 .nzidine

des analyzed it not detected

detected bit be1 Ibnit of quantification

blank insufficient saçle not analyzed
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1.0 BACKGROUND AND OBJECTIVES

1.1 Background

The pressures from an urbanizing area to develop land conveni.ent to the

waterways coupled with the lack of appreciation of Lowland vegetation or its

lower ranking vis vis other biota have resulted in an extensive change or

loss in wetland habitat and vegetation along the lower Columbia and Willamette

Rivers Recently the City of Portland assembled and displayed maps of the

North PortlandVancouver Washington area from 1905 1940 and 1961 that show

the profound reduction in Lowland wetlands and associated vegetation
particularly since 1940 Portland City of1986 What remains of these
Lowland wetlands are relicts Remaining relicts such as Smith and Bybee
Lakes Sturgeon and Vancouver Lakes and associated smaller lakes have been

influenced by human development and activity Smith and Bybee Lakes in

particular have been heavily influenced by such developments as the filling

of the perimeter wetlands with dredge spoils bisection with transmission

corridors an adjacent industrial perimeter the St Johns Sanitary Landfill
and more recently the water control structure at the outlet of each of the

lakes see aerial photo

During early discussions of water control structure at the entrance to

Smith and Bybee Lakes there was some concern about the effect of the structure

on wetland plants -The primary reason for approving the structure was to

reduce the occurrence of avian botulism in ducks and geese using Smith Lake-in

late summer Army Corps of Engineers 1982 Alterations of the

environment even in the best interest of particular-wildlife such as geese
and ducks dying from avian botulism often occur at the expense of another

component of the biota e.g plants that is not as highly valued by those

contemplating alterations Sponsors of the the present planning study felt

that more inclusive evaluation of the effects of this structure on plant

growth was in order

Previous studies that have characterized the Lowland vegetation at Smith

and Bybee Lakes include Army Corps of Engineers 19761982 Ellifrit

1982 Geological Survey 1983 Lev and Jennings 1986 Johnson et

al 1985 Fishman Environmental Services 1985 and Scientific Resources
Tii 1986a Studies of vegetation in nearby Columbia River Lowlands include

labor 1976 and Jones and Stokes Associates Inc 1977 Detrick 1980 and

the Army Corps of Engineers 1985

1.2 Objectives

The overall objective of this component of the Smith and Bybee Lakes

St Johns Landfill area planning project was to characterize the vegetation

in order to better plan for and manage future wildlife and human use of the

area Specific objectives of the work were to

Update existing vegetation-and habitat maps of the area

E1



Characterize the microscopic plant communities the algae of the
Columbia Slough and Lakes and

Estimate the effects of Increased water levels on tree species
within the area on phytoplankton microscopic algae plant
communities and on submersed and emergent vegetation

E-2



2.0 METHODS

2.1 Lowland Macrophytic Vegetation

2.1.1 Vegetation mapping

Recent color aerial photographs were used to discriminate and map visual

differences in assemblages of vegetation in the project area An aerial color

photograph taken June 19 1985 was enlarged to scale of in 500 ft and

developed asa transparency This was used to trace visually different
boundaries of vegetation and open water colorinfra red aerial photograph

taken September 1983 at scale of in 500 ft was used to better define

differences in recent vegetation types within the project Additional black

and white color and colorinfra red aerial photographs were obtained from the

files of the Portland District Corps of Engineers METRO and the Fish

and Wildlife Service for years between 1936 and 1981 to provide background

documentation on the area

1982 composite of topographic maps that had been prepared by the Port

of Portland 19691970 Bach and Marlow 1982 at scale of in 500 ft was

used to study relief within the project boundaries generally determine lake

depths and define approximate boundaries of upland areas transparency was

made of the topographic map to overlay color photographs and further define

and suggest vegetative differences copy of this topographic map is

provided as Appendix Map E3

Vegetation was mapped on the basis of the classification system of the

Fish and Wildlife Service Cowardin et al 1979 The wetland boundary

within the project area has not been specifically determined The 16 ft

elevation was used as an approximation of the upper extent of wetland on the

basis of the wetland classification done by the Fish and Wildlife
Service Ellifrit 1982 see map in the Appendix and other work in the

vicinity e.g Jones and Stokes Associates Inc 1977 FWS classifications

were used forvegetation in presumably upland areas along the Columbia Slough

and the the hookedshaped slough on the northwest side of the lakes because of

the lack of an empirically determined wetland boundary see Appendix Map E1
The preparation of draft wetland classification map of the area

provided the basis for planning field surveys to observe what appeared to be

unusual habitats heights of trees versus shrubs less than 20 ft tall
determine dominant species and resolve differences between 1982 wetland

classification map of the area Ellifrit 1982 and the draft map Walking

surveys were made of the entire perimeter of the lakes and during each of the

seasons e.g Scientific Resources Inc 1986 Various surveys were made of

the lake surfaces of Bybee and Smith Lakes also during each of the seasons
to collect and identify submersed and emergent vegetation Information on the

hydrophyte status of plants identified was obtained from Reed 1986

Areas of the various classes of wetland and the upland areas were

determined by weighing cut discrete polygons by class of velum 11 copy of

the final map Weights were determined with Mettler H35 balance to 0.0001

gram Five polygons of known area were averaged to determine an areaweight
ratio
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Finally WildlifeFisheries Habitat map was prepared which converted
information contained in the letternumber class symbols map into map where

these wetland and upland areas were visually discriminated using color
shading and screening patterns These two maps are provided as Wetland
Classification Map Appendix Map E1 and the Wildlife/Fisheries Map
Appendix Map E2

2.1.2 Water Level Changes and Vegetation

The mapping of vegetation and the determination of the 10.5 ft msl

contour level provided the basic information on the extent of flooding of

vegetation within project.boundaries resulting from the water control

structure The top of the weir of the water control structure installed

summer of 1982 is at an elevation of 10.41 ft msl resurvey of the structure

in 1986 provided this elevation which corrects an earlier report of 11.22 ft
for the weir in Scientific Resources Inc 1986 During field surveys tree

species with trunks partially inundated were noted and depths of submergence
of trunks of ash and willow trees were recorded

Visits were made in August to the approximate or exact sites of

transects established by Ellifrit and Lightcap in 1982 Fishnian Environmental

Services 1986 These transects were established to provide baseline data on

plants following construction of the watercontrol structure and before lakes

had filled to the 10.41 ft rnsl elevation Speciesspecific literature reviews

were made to get information on the effects of prolonged submergence of plants
or plant parts e.g the Fish and Wildlife Service wetland species data
base and the University of Florida AquaticWeed Program

2.2 Lowland Drifting Algae Vegetation Phtoplankton

Some plants because of their diminutive size can only form background
color in aquatic landscapes These small plants usually visible only with

microscope are collectively called algae and function as tithe grass of many
waterst Tiffany 1958 They are important as water conditioners through
their production of oxygen and organic compounds and use of carbon dioxide
and as food for small aquatic animals whichinturn are food for fish and

wildlife

Surface water samples were collected for microscopic analysi% in May
June and August from the Columbia Slough and Bybee and Smith Lakes Densities
were determined using Zeiss compound phase contrast microscopes at

magnifications of xl000 and counts of 100 units per sample were made to
characterize species and relative densities Greeson et al 1977 Pigment
extractions for recovery of the pigmentchlorophyll were performed to

characterize relative biomass of the drifting plant material APHA 1981
Assistance with identifications of algae species was provided by Sweet Of

Aquatic Analysts who had performed previous analyses for Clifton 1983
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3.0 RESULTS

3.1 Upland Vegetative Types

3.1.1 Upland

In the following discussion it is recommended the reader have Appendix

Map E1 visible for reference This map was prepared to classify the various

components of wetland and upland in the project area Table 31 provides an

overview of these components as they were classified in upland and wetland

zones in 1982 and in this project 1986 Upland is indicated by the omega

sign and was that area above 16 ft elevation

As noted in Table 31 the largest area of upland was the Landfill which

was separated from the lakes and sloughs by perimeter dike Other upland

occurred on the northwest side of the lakes which was comprised of black

cottonwood forest and reed canarygrass grassland and is indicated on Map E1
as within dotted lines On the southwest side along Portland Road was

upland created by filling which was being used by trucking company Along

the southwestern side of the area bordering Columbia Slough was narrow

upland area comprised of black cottonwood forest and variety of grasses and

forbs Three small islands of upland occurred northwest of North Slough

near Bybee Lake The total upland area was 299.4 ac

Vegetation on these upland sites around the perimeter of the project
area consisted of 47 tree shrub forb and grass species see Appendix Table

total of 108 macrophyte plant species were identified from the entire

project area Since dumping at the St Johns Landfill has been an additional

source of new plant introductions to this area the relatively wide variety of

species observed was not unusual

3.2 Wetland Classes and Vegetation

Three wetland systems were defined within the project boundaries
palustrine lacustrine and riverine The letternumber classifiers on

Appendix Map E1 each begin with or to designate one of these three

wetlands Table 31 provides information on wetland systems classes and

areas of each class below two elevations 16 ft and 10.5 ft Palustrine

wetland is what we generally associate with marsh swamp or bog where trees

shrubs or shorter plants occur on soggy soils or in standing water
Lacustrine indicates lake wetland where there is less than 30% coverage of the

surface by emergent species the body of water is in topographic depression
and the total area exceeds 20 acres Cowardin et al 1979 Riverine refers

to channelled flowing water

3.2.1 Palustrine Wetland

The palustrine was the most complex of the three systems present with

five classes and mixtures of classes represented Appendix Map E1
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Tthle 3-1 plsa of of t1ar c1s In the SiIth etd ftee rroject aree 19id 1966

TUTNS 9.4 1468.8 16.0

FRl ELLIFRIT L5flG fl4lNl DNIO1OIThL JI5

l1.1

1U114 PA 1UThL MA 1UThL IMN l9 1UThL a1UIN NA
PLNI/%Eflftfl TYPE LWU 16 ft ael NEA .EllMJ TY1E 10.5 ft

USFWS c1ass 16 ft tisi 10.5 ft n1 tISFvS c1ass

flU
LxffI11 ZL1
TnjckIrCo 7.1

Fcrestad 37.3

ass1ard .9

NU
Ptustrlnet Pa1ustrtn

101 0.7 0.7 ION Z.6
18.0 11.4 IOJZ 27.3 11.5

Pfl83 13.5 1034 11.0 11.0

173.5

PBI1 196.9 66.6 P114f 18.1 78.9

1M1 3.5 1.5

PB1/SSY 12.3 12.3

PEM/S4 197.3 197.3

PSS1 32.1 .9 PSSY 266.7 175.1

P55/la 73.9 73.9 PS1 .8 p15.4

Flal 2S.1 15.5 PFOISSY 134.5

PFO/SS 9.6 PF0/SI

PlaY 344 3.8
104.1 46.1

Lvstrinm

12B41 312.4 312.4 PFLZ 61.5 61.5

1a83 198.7 196.7 Pfl.Y 74.7 74.7

Rtvlne
R1IB3 Q1.il S1i .9



PFO1 Forested Broadleaved Deciduous

PSS1 Scrub Shrub Broadleaved Deciduous

PEM1 Emergent Persistent

PAB3 Aquatic Bed Rooted Vascular

PUB3 Unconsolidated Bottom Mud

POW Open Water

The soils of the project area excluding the Landfill and the filled areas at

the north and northwest perimeter of the lakes are classified as Rafton and

Sauvie silt barns Green 1977 These soils are very poorly drained and

found on the broad Columbia River flood plains Each of the soils has been
classified as hydric Soil Conservation Service 1985 and do generally

support wetland vegetation In the projbct area they provide the substrate

for virtually all of the palustrine classes The conservative estimate of the

average high water mark for this area 16 ft msl Jones and Stokes Inc
1977 was chosen as the upper elevation of wetland habitat As noted in the

previous Section out of the approximatefly
1768 ac of the project area 17%

was above the 16 ft elevation Of the total amount of upland the Landfill

comprised 78%

Forested Broadleaved Deciduous PFO1 This category includes trees

greater than 20 ft in height Generally the species forming the most
extensive cover on the site was the Pacific willow Salix laisandra see
Appendix Table for the list of species identified On the northwest side

of the project bordering the hookshaped cutoff slough and along Columbia

Slough were mature stands of black cottonwood Populus trichocara
Northwest of the entrance of Smith Channel on the Bybee Lake sid were

mature stands of Oregon ash Fraxinus latifolia Mature ash trees were

intermingled with black cottonwood along North and Columbia Sloughs

Extensive new growth of Oregon ash was present on the southern penninsula

designated as PEM1 because of its dominance by reed canarygrass near the

far southwestern edge of the area near the ephemeral pond see following on

the southwestern end of the penninsula separating Smith and Bybee Lakes and

in the area immediately northwest of the water control structure near Bybee

Lake The understory of areas dominated by Oregon ash was generally reed

canarygrass Phalaris arundinacea and occasionally common orchard grass
Dactylis gbomerata The total area classified PFO1 and PFO/SS1 was 259.7 ac

Table 31
Scrub Shrub Broadleaved Deciduous PSS1 This category included woody

plants less than 20 ft in height Extensive stands of younger Pacific willow

were at the perimeter of each of the lakes From the lake where they were

standing in water into the shore these plants increased in height to the

category of trees hence the frequent designation of mixtures of scrub shrub

and tree willow PSS/FO From cross sections of plants of the scrub shrub

willow fringe of each lake the ages of the plants were 45 yrs Other
deciduous shrubs none of which were dominant were observed on the site such

as red osier dogwood Cornus stolonifera snowberry Symphoricarpos albus
Himalayan blackberry Rubus procerus Scots broom Cytisis scoparius red

elderberry Sambucus racemosa arborescens and Douglas spiraea Spiraea
douglasii The total area classified PSS1 was 376 ac Table 31
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Emergent Persistent PEM1 This category included plants that emerge
from saturated soils or standing water and tend to have plant parts persist
above ground or above water until the next growing season One species reed

canarygrass occurred throughout the project as understory in ash forest and

most often as grassland Generally reed canarygrass was the dominant or only

vegetation in most of the areas designated PEM1 However there were many
unique depressions within the project boundaries that deserve special
consideration These are shown on Appendix Map E2 as Ephemeral Ponds and

Sedge Meadows Comparison of Map E1 with Map E2 will show where these ponds
and meadows are within thePEM1 areas

Distinct sedge meadows composed almost entirely of Columbia sedge Carex
aperta occurred at six locations see Map E2 These areas were inundated
by the freshét and then eventually isolated as ponds as the water level
decreased frequently trapping numerous carp and then eventually dried out

by the end of summer The liverwort marchantia growing appressed to the mud
and occasionally Epilobium watsonii occurred within these Columbia sedge
meadows at the end of summer Generally reed canarygrass occurred at the

perimeter at slightly higher elevations

The more interesting areas from the standpoint of plant and animal

diversity were the ephemeral ponds which were observed at nine locations Map
E2 Not all ofthese ponds were alike For example the four ponds along
Marine Drive had been colonized by Eurasian watermilfoil These ponds are
discussed below under PAB3 As these ponds evaporated mud flats were created

at their perimeters which were colonized by variety of plants in succession
Four of the five remaining ephemeral ponds see Map E2 progressed through
the same sequence of water level changes as described for the sedge meadows
The difference in the resulting vegetation may have been due to the latter

pond bottoms being at lOwer elevations resulting in prolonged inundation As

these ponds evaporated the resulting mud flats were colonized by wide
variety of plants including sedges Carex comosa Cyperus erythrorhizos
rushes Juncus effusus Scirpus validus grasses Heleochloa alopecuroides
Echinochloa crusgali Paspalum distichum Holcus lanatus forbs Gnaphalium
uliginosum Potentilla anserina Sagittaria latifolia and Polygonurn hydropiper

and hydropiperoides and Bidens cernuasee Appendix Table for common

names of these species. Stranded on the mud and floating on the surface of

the remaining water were the diminutive plants Lemna minor Spirodela
polyrhiza and the fern Azolla mexicana

The ephemeral ponds were not only of interest for the variety and
zonatlon of plants but for theirattractiveness to wildlife The

concentration of fish in the remaining water provided foodfor birds snakes
and aquatic furbearers What happened in these remaining ephemeral ponds was

presumably what happened on larger scale on the mud flats PFLZ and PFLY in

Bybee Lake prior to construction of the Control Structure in 1982 The single
remaining ephemeral pond was the shallow borrow pit mentioned below PUB3
which appeared to retain water longer than the other ponds and have less mud
flat development

The total area classified as PEM1 was 197 ac Table 31
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Aquatic Bed Rooted Vascular PAB3 There are three locations on the
site with this designation and all are on the northwest side along Marine
Drive The most striking example of this kind of wetland is the segment of
former slough in the shape of hook that was cutoff by previous filling
Like the other areas Eurasian watermilfoil virtually covers the entire
bottom of this otherwise very attractive body of water Maximum depth of this
area was approximately ft The total area of this class was 13.5 ac

Unconsolidated Bottom Mud PUB3 This category refers to open water

areas less than 20 acres which have mud bottoms In addition to the channel
which connects Bybee and Smith Lakes there were two other locations where

this seemed the appropriate category the large pond next to Marine Drive
which contained two or three stands of yellow waterlily and no watermilfoil
and smaller pond south of the water control structure resulting from former
use of this site as borrow pit for constructing the structure The total

area for this class was 18.0 ac The acreage of Smith Channel was 11.4

Open Water POW Finally two sites just southeast of the Landfill at

the edge of Smith Lake were designated as open water because of their small

area and unique background These two ponds and two additional small pot
hole ponds adjacent and southeast of them were created as mitigation Each

are less than onehalf to onethird of an acre and each contain small

island They serve as waterfowl resting areas According to Herb 1986 they
were one of the first mitigation projects in Oregon created as compensation
for the loss of Potato and Twin Lakes that were within the proposed expansion
area of the Landfill in 1979 There was no compensation required for the loss
of that segment of Blind Slough within the expansion area due to the poor
quality of its water see the associated report in this series on water
quality for characterization of that water These ponds appear to have mud

bottoms and are edged with dense stands of reed canarygrass which also

covers the islands

3.2.2 Lacustrine Wetland

There were two classes of Lacustrine wetland identified in the project
area

L2UB3 Littoral Unconsolidated Mud
L2EM1 Littoral Emergent Persistent

Smith and Bybee Lakes have been called lakes for many years and yet during
late summer and early fall of most years the lakes have apparently been mud
flats and marsh see Section 3.3.2 No Lacustrine wetland was identified in

the fall 1982 survey by Ellifrit 1982 The lakes were designated Lacustrine

systems in this project because of the increased annual average water levels
their situation in natural topographic depressions the total acreage of open
water greater than 20 ac in each lake and finally because of their
historical status as lakes e.g Shulters 1975 Johnson et al 1985 Because

of the relatively shallow average depth during the growing season the lakes

were classified as littoral lacustrine wetland
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Littoral Unconsolidated Bottom Mud L2UB3 As noted in Table 31 the
total inundated area less than 10.5 ft msl within the project is
approximately 1086 ac including the 11.4 ac connecting link of Smith Channel
PUB3 The 1086 Ac includes willow scrub shrub and trees standing within the
inundated area Bybee Lake has water surface of approximately 345 ac and
Smith Lake 741 ac The estimated open water area of each of the lakes which
is designated L2UB3 littoral unconsolidated bottom mud was 129.5 ac 37.5%
in Bybee Lake and only 70.0 ac 9.4% in Smith Lake Appendix Map E2 shows
more clearly than Map E1 the large area of inundated vegetation .in Smith Lake
that includes palustrine emergent PEM1 scrubshrub willow PSS1 and willow
forest PFO1

Occurring commonly within the open water areas of Bybee Lake and in the
Smith Lake end of Smith Channel were the submersed species coontail
Ceratophyllum demersuiji and curlyleaved pondweed Potatnogeton crispus
Occurring also within the inundated area were the drifting microscopic
plants algae which are discussed in Section 3.2

Littoral Emer ent Persistent L2EM1 The largest component of
Lacustrine wet an was tFt area occupied by the emergent rooted macrophyté
Smartweed Polygonurn coccineum pratincola In Smith Lake this emergent
plant occupied approximately 272.0 ac 36.7% of the total inundated area at
10.5 ft elevation In Bybee Lake the plant occupied approximately 40.4 ac

11.7% of the total inundated area Recent aerial photographs of the Lakes
show the extent of Smartweed clearly however observations on the lake within
Smartweed were that the robust plant may not in act cover more than 30% of
most of the area where it occurs More detailed studies would be required to
define its actual percent cover For this reason where this plant occurred
was considered Lacustrine wetland The term persistent was used for
Smartweed because of the persistence through winter and spring of underwater
live stems and emergent and apparently dead stems The submersed plants
coontail and curlyleaved pondweed were also observed but rarely within
L2EM1

3.2.3 Riverine

There was one class of Riverine wetland identified within the project

R1UB3 Tidal Unconsolidated Mud

Tidal Unconsolidated Mud R1UB3 Columbia Slough including North
Slough serves as collector of runoff from watershed of approximately 53
sq mi that is parallel with the Columbia River and extends to Fairview Water
in the Lower Slough that segment lying northwest of N.E 33rd St and
extending to the Willamette River is under tidal influence description of
the hydrology of the Slough was reported in Technical Appendix of this Smith
and Bybee Lakes Environmental Studies Scientific Resources Inc 1986b
Aside from the microscopic algae of the Slough see Section 3.3.7 there were
virtually no submersed or rooted emergent macrophytes in the 92.9 ac of the
Columbia and North Slough within the project boundaries The Slough bottom
was unconsolidated mud from the Landfill east and sand in the lower section
see Technical Appendix Fishman Environmental Services 1986a
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33 Effects of Water Contràl Structure On Vegetation

3.3.1 Control Structure Installations Failures and Repairs

water level control structure was installed in the fall of 1982 at Its

present site see Appendix Map E1 to retain water at an elevation of 10.5 ft

MSL Water was allowed to enter the lakes but not flow back into the slough

except over the weir The first structure failed during the winter freshet of

198283 Water was not retained in the lakes during the summer of 1983 The

structure was repaired and retained water during the summer of 1984 Material

for the dike appears to have been taken from the area immediately southeast of

the dike ere water now forms shallow pond through much of the growing
season

At some time in the spring of 1985 the structure was vandalized

Boards on the structure were removed and water was allowed to drain down to

the level of the remaining boards elevation unknown The structure was

repaired and water was retained during the summer and fall of 1985 though at

level lower than the 10.41 ft elevation of the top of the replacement metal

weir During the late winter freshet of FebruaryMarch 1986 the top 23 ft

of the left side of the dike across North Slough washed out The dike was

repaired during April and water was retained in the lakesat the beginning of

the recession of river water levels

The water level control structure has maintained higher seasonal water

levels in the lakes through three growing seasons 1984 1985 and 1986 since

the structure was put in place Only during the growing seasons of 1984 and

1986 was water retained at the elevation of 10.5 ft at the start of the

growing season During the 1985 growing season water was retained at

lower but unknown elevation at the start of river.wáter level recession

The present structure at this location was the most recent of attempts to

control water levels in the lakes An aerial photograph of the area from 1948

shows control structure blocking off North Slough approxImately 200300 ft

upslough from its present location USACE 1948 photograph from 1940

shows.a control structure in place at the mouth of Bybee Lake USACE 1940
1956 photograph shows control structure at the Bybee Lake end of Smith

Channel and across North Slough hundred feet up from its present location

USACE 1956 According to the Army Corps of Engineers 1982 this last

structure impounding water in Bybee Lake was removed in 1967 For nearly 30

years water had been impounded in Bybee Lake Another control structure

appears in 1972 photograph in Smith Channel few hundred feet further in

towards Smith Lake USACE 1972 This last structure appears in number of

subsequent photographs and remaining underwater sill is still in place

3.3.2 Hydrologic Effects

The primary effects of the water control structure on the aquatic
environment have been to retard the water level recession rate from the

level of winterspring freshet to late summerearly fall and maintain

higher average water level in each of the basins Geological Survey

water level records from summerfall of 1982 show rapid drop in water levels

from June highs to late summerearly fall lows Figure 31 Water levels in
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1986 for this same period are quite different Figure 31 The average
bottom depth of Smith and Bybee Lakes is approximately 5.6 ft msl Records

from 1982 show that each of the lakes had less than 1.0 ft of water from the
first of August through November This contrasts with data from 1986 which
shows that at the lowest lake levels there was still 3.2 ft of water in the

Lakes In 1982 water levels decreased from June through August at rate of
6.6 ft in approximately 73 days 0.09 ft/day whereas in 1986 water levels
decreased during this early summer period only 1.6 ft in approximately 88 days
0.02 ft/day or about five times slower Figure 31

Determining what the effects of the control structure have been in fact

is confounded by structure failures and changes since 1982 Recent changes in

vegetation have occurred in the lakes as documented by earlier photographs
The near absence of field data on vegetation in and around the lakes before
and after the control structure was constructed replaced and repaired has

made it difficult to relate the structure to vegetation changes

3.3.3 Reduction of Area of Exposed Lake Bottom

Of the total area of wetland on the site in 1986 approximately 1469 ac

Table 31 palustrine wetland comprised 864.8 ac or 58.9% This is

considerably less than the total estimated palustrine wetland in fall 1982 of

1321.1 ac or what was then 93.4% of the entire wetland The loss of 136 ac

of mud flats PFLZ and PFLY accounts for large part of the change These

exposed areas of the lake bottom were present from mid to late summer into

late fall of each year affording habitat similar to the unique ephemeral pond

areas within PEM1 mentioned above Section 3.2.1

The results of revisiting seven 1982 vegetation transects originally

described by Ellifrit and Lightcap Fishman Environmental Services 1985b are

presented in Appendix Map E4 and Table Missing transect markers at six

of the seven sites made exact comparisons impossible however it was possible
to describe vegetation now present at locations approximate to the original
transects Generally vegetation present above late summer lakelevels was

similar to what had been described previously What had changed was the

vegetation at the lower elevations of the transects that are now flooded

Transect at the NW corner of Bybee Lake previously had variety of

typical residents of exposed lake bottoms and shallow water at the lower

elevations Bidens Eleocharis Equisetum Polygonum coccineum Azolla
Callitriche and scattered clumps of wapato further out At the time of

revisit there was no wapato Azolla or Callitriche Eleocharis Eguisetum
Potentilla and Carex aperta were present on the narrow band of exposed
shoreline In the shallow water off the shoreline the submersed plant
Potamogeton crispus was common growing amidst tree and shrub Pacific willow
Beyond the willows and into the lake the swamp srnartweed Polygonum coccineum
was common At Transect at the NW corner of Smith Lake the revisit found

vegetation virtually the same as that described in 1982 Apparently swamp
smartweed was dominating the shallow water or exposed Smith Lake bottom

preventingthe growth of other plants revisit to the ephemeral pond at the

southwest corner of Smith Lake Transects and found similar but

slightly more diverse plant assemblage than was described in 1982 However
this ephemeral pond had probably also been affected by the control structure
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It now depended on evaporation from the lake to lower water levels
sufficiently to isolate it from Smith Lake whereas previously the lake would
have been isolated earlier in the summer and would have evaporated sooner
permitting the growth of more vegetation on the exposed bottom

The effect of retarding the rate of decrease in water levels has been to

expose to air less soil surface in the two basins and to have that smaller
surface area exposed later in the growing season Germination of seeds
present in the mud from the previous growing seasons will now occur later or
for flooded soils not at all and plants will tend to be smaller and perhaps
less productive of biomass and seed due to their shortened growing season
With the reduction in the exposed bottom habitat there has been reduction in

the total biomass of species associated with this habitat particularly
beggarticks Bidens cernua and wapato Sagittaria latifolia In study of

exposed bottom of side channel to the Columbia Slough adjacent to Smith Lake

Fishman Environmental Services 1985a the end of season net primary
production NPP for a.mixed stand of beggarticks and wapato was 255.7 g/sq
rn/yr live dry weight only 50% that of reed canarygrass Unlike reed

canarygrass however the entire standing crop of beggarticks/wapato would be
removed each year during winter and be flushed downstream as detritus With
the control structure there is now less export of this detrital material from
the Bybee Lake area

Finally the reduction in the exposed lake bottom habitat has resulted
in less area for colonization by species best suited for these conditions
The table of plant species in Appendix Table lists five species observed in

the project area that are commonly present on mud flats resulting from
drawndown lakes or ponds see the sixth column in the table and note plants
with DRA Added to these species are the variety of plants that were
observed on mud flats of the ephemeral ponds Section 3.2.1 PEM1

3.3.4 Inundation of Trees and Grasslands

Perhaps the most extensive impact of controlling water at higher
elevation has been the flooding of the roots and lower trunks of the common
trees Pacific willow Sal ix lasiandra and to lesser extent Oregon ash
Fraxinus latifolia and reed canarygrass Phalaris arundinacea grassland
Due to the lower water levels when the area was mapped in fall of 1982
extensive area was then designated POW/EMZ and PEM/SSW together totalling
370.8 ac Table 31 From the field notes made in 1982 see Appendix Map
E4 and Table it would appear that the same vegetation was being observed
in 1982 and 1986 but that changes in water level resulted in changes in
classification from Palustrine to Lacustrine The following table summarizes
what we now know about plant community coverage at the 10.5 ft inundation
level

12



CLASS SMITH LAKE BYBEE LAKE

Open Water 70.0 ac 129.5 ac

Sniartweed 272.0 ac 40.4 ac
Reed Canarygrass 10.0 ac 56.0 ac

Oregon Ash 5.0 ac 5.0 ac

Pacific Willow 384.0 ac 114.1 ac

TOTAL INUNDATED AREA 741.0 ac 345.0 ac

Approximately 500 ac of the inundated area is scrub shrub or tree Pacific
willow forest followed by 66.0 ac of reed canarygrass and 10 ac of Oregon
ash

Most of the younger Pacific willow tees that form fringe on the inner

side of the tree willows had died when inspected during the 1986 growing
season with the remainder severely affected to the extent of sparse leaf

production This inner band closest to the lake of younger scrub shrub
willows is defined on Appendix Map E1 as1 PSS1 and on Appendix Map E2 as

shrub willow swamp Older willow trees standing in water from 23 ft deep
into the shoreline had no apparent symptoms of disease or deterioration that

may have been due to the inundation of roots and partial trunks Prospects
however are not good for these older trees As of the writing of this

report these trees have been flooded continuously for three growing seasons

since the structure was installed in 1982 see Section 3.3.1 In order to

assess impact on species previously subject to periodic flooding that are now

subject to permanent flooding literature was reviewed on each of these three

species Salix laisandra Fraxinus latifolia and Phalaris arundinacea with

respect to effects of flooding and wildlife value

Pacific Willow Salix laisandra Benth

Walter et al 1980 report that Salix speôies in general are

very tolerant of flooding i.e they can withstand flooding up to

or more growing seasons Comes and McCreary 1986 conclude that the

species is best planted in water depths up to ft however
germination of seed appears to be related to exposed mud bank
Whitlow and Harris 1979 state that dormant season flooding has no

effect on woody plants and may be beneficial by increasing soil

water through the dry season They show Salix lasiandra as able to
survive deep prolonged flooding for more than one year Wakefield

1966 produced data showing this species grew where flooding
occurred an average of 135 days per year

Washington Department of Game WDOG lists Salix among plants
that have high wildlife value and should be planted or retained

around ponds and streams As component of riparian zones it is

valuable for cover and nesting habitat and for shading the water

Oakley et al 1985 Comes and McCreary 1986 and Tabor 1976
report that the species is used by birds and small mammals for cover
and lightly browsed by deer in winter
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The literature on the Pacific willow suggests that while this species
might tolerate prolonged flooding perhaps even as long as two growing
seasons the tree will eventually die No report was found on when death

would occur however the young willow fringe in Smith and Bybee Lakes is

virtually dead Since some of the trees were yet sparsely leaved the death

of these trees has probably been within the past two years The age of these

younger trees from sectioning appeared to be around five years While
abundant snags and stumps in the shallow water of lake may be of benefit to

fishermen and birds Gilrnore 1986 it would appear that maintaining the water

level at the 10.5 ft elevation through the growing season will eventually

produce 500 ac of dead willow timber

Oregon Ash Fraxinus latifolia Benth

The habitat of the ash is deep fertile rather moist soil
Hitchcock et al 1959 Franklin and Dyrness 1973 describe it as

occurring on seasonally flooded and swampy habitats in interior

valleys and higher elevation forests It is common in swales and

bottomlands which are flooded for much of the rainy season and is

listed in Reed 1986 as hydrophyte see Appendix Table
Walter et al 1980 report it as tolerant of flooding and able to

withstand inundation for most of one growing season Dead trees

seen in one altered wetland indicate that it is intolerantof
permanent standing water Glad pers corn 1986

WDOG 1985 lists it as desirable species in freshwater
wetlands Nothing in the literature indicated that it is food

source but it is possible that birds or small mammals mayutilize
its fruits but probably not to great degree Primary value to

wildlife and fish is its presence in riparian communities where it

provides cover nesting habitat and shading of adjacent water

Oakley et al 1985 Dead trees snags are also valuable habitat

resting nesting food sources when part of live tree/shrub
community Oakley et al 1985

The review of information on the ash would suggest it is less tolerant of

flooding than Pacific willow Mature ash trees which were seen within the

flooded area were generally without visible signs of damage However an

occasional ash tree standing in water was observed to be dead or had yellowing
leaves in midsummer suggesting damage It is likely that the approximately
10 ac of ash trees standing in water will die as result of the prolonged

flooding Ash saplings were abundant throughout the project area above the

inundated areas perhaps indicating extensive future changes in the overall

appearance of vegetation around the lakes

Reed Canarygrass Phalaris arundinacea

Reed canarygrass commonly occurs In ponds marshes and wet

meadows As Appendix Table indicates It is facultative wetland

plant also occurring occasionally at drier locations e.g
roadsides upper ditch banks etc Whitlow and Harris 1979 cite
data showing that it is tolerant of inundation Hoffman et al
1979 found it to be the most successful species in experimental
inundation study it tolerated up to weeks of inundation during

E14



the growing season but the longer periods caused some dieback
Stewart and Kantrud 1972 stated that it will tolerate slightly
brackish water and thrives in fresh water Haslam 1978 says it

needs to have shoots above water surface for at least part of the

growing season if it is to grow well nutrient uptake occurs most

effectively when living roots are present rhizomes and aerial parts
do not function as well SCS undated says it can withstand up to

70 days inundation duringgrowing season inOregon Boss 1982
reported reed canarygrass tolerated annual flooding for
approximately months however the net aerial primary productivity
NAPP was less at lower and longer inundated elevations Boss
1982 reported mean NAPP g/sq m/yr of 1509 mm 215 max 3082
apparently live and dead dry weight for reed canarygrass This

compares with values from the Smith and Bybee Lake area of 827 and
1236 g/sq rn/yr Fishman Environmental Services 1985a and 1351 g/sq
rn/yr Scientific Resources Inc 1986

Landin 1978 noted the seeds are good wildlife food source
Comes et al 1981 consider it less desirable as wildlife food than

Agrostis alba and Festuca rubra On summerdry sites small birds
and mammals are commonly seen and small mammal runs are common at

ground level Fishman Environmental Services 1985a Sampling of
reed canarygrass stands along the Lower Columbia River reported by
Tabor 1976 indicated consistent use by 35 species of small
mammals particularly in stands not grazed by cattle where there

were logs and other debris for small mammal cover The presence of

marsh hawks redtailed hawks and owls in the Smith and Bybee Lake
area may be at least partially related to the reed canarygrass
habitat as productive food source

The literature indicated reed canarygrass has wide range
including most of the except extreme southeast British Isles
Eurasia probably native to most midlatitude low to moderate
elevation parts of northern hemisphere although Hitchcock et al
1969 indicate it is native to Eurasia Other references e.g
Hitchcock et al.1969 indicate that it was introduced to

agricultural areas as constituent of pasture grasses for wet
meadows but there is no evidence that it was not present in the

United States before European settlement Hitchcock says it is

constituent of lowland hay from Montana to Wisconsin The

Army Corps of Engineers Environmental Laboratory 1978 shows it as

dominant or associated species In typical riparian and lacustrine
marshes and freshwater riparian swamps in Pacific Northwest For
lack of information to the contrary it would appear reed canarygrass
is native plant

At various locations at the perimeter of summer water levels around each of

the lakes reed canarygrass was found in shallow water behind the flooded
Pacific willow trees At many locations the tops of the grass had been
cropped by waterfowl or deer Whether the grass will persist at these

locations cannot be predicted from the literature review As small mammal

habitat the approximately 66 ac of flooded grassland is at least no longer
available
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3.3.5 Habitat For Submersed and Emergent Macrophytes .1

There are three submersed plant species curly leaved pondweed coontail

and Eurasian watermilfoil and one emergent species swamp smartweed that

appear to have optimum habitat for growth as result of the water control

structure Information on each of these species was reviewed as the basis for

an assessment of future growth in the lakes vis vis human use of the area

The submersed plants curly leaf pondweed Potamogeton crispus and

coontail Ceratophyllum demersum are now common in Bybee Lake and also occur
in Smith Lake These plants would not have grown in Bybee Lake under the

previous water regimes where the lake would virtually dry up during late

summer and fall In similar manner Eurasian watermilfoil Myriophyllum
spicatuni now grows in the isolated hookshaped segment of former slough
north of Bybee and Smith Lake because water is trapped in this slough segment
which would otherwise have drained down and dried up in late summer Each of
these three submersed species has the potential to become nuisance plants

Warrington 1980 Water in each of the lakes is rich In plant nutrients see
Technical Appendix Water Quality in this series on Smith and Bybee Lakes
as are sediments and densities of coóntail and curly leaf pondweed can be

expected to increase in Bybee Lake and Smith Lake where habitat is still
available Watermilfoil has achieved nuisance growth conditions in the

isolated hookshaped slough with respect to use of that slough for small

boats With stable water conditions in Bybee and Smith Lakes this plant
which has been nuisance in nearby lakes e.g Blue Lake see Geiger Foster

and Mulvihill 1983 can be expected to spread to Bybee Lake where more
habitat is available

The emergent plant swamp smartweed Polygonurn coccineum was mapped as

established on approximately 312 ac of the inundated area and most of this in

Smith Lake As noted in an earlier report Scientific Resources Inc 1986
the submerged stems of this plant are nearly leafless and of similar diameter

throughout The plant proliferates by branching at nodes that occur at

frequent intervals along the stem thus forming an underwater lattice In

spring branches emerge from the water and leaf out to height of 34 ft
These tops are killed by winter low temperatures but the lattice below the
surface lives and overwinters The cover of this plant varies within Smith
Lake from around 80% cover in the southwest region of the lake to less than
30% in the region of the lake extending from the Landfill to the southeast
Swamp smartweed has established itself at many locations in Bybee Lake though
its cover where it is established is less than in Smith Lake Estimates of
end of season net primary production for swamp smartweed were 1004.9 g/m2/yr
as compared with 1350.6 g/m2/yr for reed canarygrass and 842.9 g/m2/yr for
Columbia sedge Scientific Resources Inc 1986 It would appear from the
field notes of Lightcap and Ellifrit in Appendix Map E4 and Table and in

Army Corps of Engineers 1982 that whereas sniartweed was well
established in Smith Lake it was confined to the upper perimeter of the

tidally fluctuating Bybee Lake adjacent to the Pacific willow fringe

The fairly recent 10 yr colonization and spread of swamp smartweed in
the lakes can be tracked through historical aerial photographs of the lakes
In color Infrared photograph from September 1983 Port of Portland 1983 the
most dense growth was in the southeast embayment of Smith Lake and in the
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small embayment adjacent to the Landfill northwest of the penninsula extending
into the lake from the southwest Cover and distribution was similar though
slightlyless than in 1986 In an April 1981 color Infrared photograph
Army Engineers 1981 when water levels were unusually low in the area swamp
smartweed vegetation is present as fringe in the areas where it later
increased its cover In April however the plant would have had dried
emergent stems and minimal new leaf growth In black and white aerial

photograph from April of 1980 however the emergent stems of smartweed are
visible at approximately the same locations as in April of 1981 METRO 1980
In an October 10 1979 black and white aerial smartweed appears to bepresent
at locations and in cover similar to the preceding two years METRO 1979
24 September1974 color infrared photograph shows very low water in Bybee
Lake and very low water level in Smith Lake Smartweed is only visible and
then sparsely in the northwest enibayment of Smith Lake and at scattered
locations around the perimeter of the lake

It appears that the conditions are suitable for the growth of smartweed
with water retained in the lakes The review of available literature suggests
and the name arnphibium as well that swamp smartweed does well in

fluctuating shallow water systems and does persist under conditions of

continuous flooding as has been observed in Smith and Bybee Lakes since the

control structure was installed

Swamp Smartweed Polygonuni coccineum Muhl
amphibium coccineum Farw

As Hitchcock et al 19591969 report swamp smartweed is

Almost throughout North America.. It is closely related if not

synonymous with Polygonuni amphibium with which it may merge The

latter occurs in the British Isles Haslam 1978 Martin 1982 It

is almost certainly native to North America

Miller 1972 found it in marshes 76 percent frequency that
were flooded all year in Saskatchewan His study involved
measurement of dieback under different flooding depths he found
that none occurred at water depths less than or equal to 30 and the

dieback increased with increasing water depth above 30 36 percent
in water deeper than 42 Die back peaked in first year of
continuous flooding but individual plants survived up to or

years of continuous flooding Haslam 1978 found that Polygonum
amphibium was mostly indifferent to depth of water but usually
because it rooted on banks at the edges of streams or out of the
water and then grew out into the water Stewart and Kantrud 1972
found It in shallow marsh communities

Landin 1978 said that Polygonum in general were good wildlife

food Polygonum coccineum provides excellent waterfowl food good
cover WDOG 1985 considers the species excellent for planting in

wetlands because of good wildlife values

After three growing seasons of maintained water levels smartweed is

extending its cover perhaps even at an accelerated rate Since bottom
elevations are similar where smartweed now grows and where it does not yet
grow in Smith Lake this plant could invade and cover the entire lake It is
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well established and extending its cover in Bybee Lake

3.3.6 Increase in Phytoplankton Biomass

The drifting microscopic algae of the lakes and small ponds in the
wetland area area hidden but important component of the system They are

apparent without microscope in the coloration of the water in the reduction

in water transparency and in late fall production of the green films on water
surfaces The complexity of this hidden biota is suggested by the

identification of total of 86 species of algae in 14 separate liter water

samples obtained from November 1985 August 1986 see Appendix Table
Five major divisions of algae were represented in this collection

DI VISIONS SPECIES

CHLOROPHYTA green algae 42

CHRYSOPIIYTA golden brown algae 28

EUGLENOPHYTA euglenoid algae
CYANOPHYTA bluegreen algae
CRYPTOPHYTA cryptophyte algae

TOTAL SPECIES 86

Densities of algae in these samples ranged from 9620 units/mi in May to

152718 units/mi in August Chlorophyll the major and common pigment in

algae chloroplasts was extracted from lake water samples during the project
Values ranged from low of 16.0 mg/rn3 in May to high of 85.5 mg/3 in

September see Appendix Table

Water samples from JuneNovember 1982 U.S.G.S study of Smith and Bybee
Lakes Clifton 1983 were analyzed for algae Densities of algae determined
in that study compared with those found during 19851986 are shown in Figure
32 marked increase in densities is apparent or both lakes over 1982
values Figure 3lin Section 3.3.2 shows the lake levels in each of the

lakes during the 1982 study as well as the lake levels during similar period
in 1986 Less than one foot of water was present in Smith Lake from August
through November 1982 Slightly more was in Bybee Lake This contrasts with

the impoundment of remaining 34 ft of water in each of Smith and Bybee
Lakes in late fall of 1986 bottom elevation of the lakes is around 5.O.ft
msl Figure 31

The increase in phytoplankton densities coupled with the increase in the
volume of water impounded in the lakes suggests the creation of very large

drifting algae plant bjomass within the lakes Assuming the plant pigment
chlorophyll is approximately 2% of total dry weight plant biomass Stewart
1974 and using mean value for chlorophyll from all 19851986 samples 10
samples of 45.27 mg/rn3 and total impounded volume for both of the lakes at
10.5 surface elevation of 4.811 100 m3 the average dry wei9ht biornass

standing crop in the lakes would have been 10.9 106 or 2.46 g/m2 of total
lake surface Assuming further that this drifting algae is the food of

zooplankton the algae support very large populations Of zooplankton Two
estimates of zooplankton densities in fall of 1985 were 122219 individuals/rn3

for Bybee Lake and 22941 individuals/rn3 for Smith Lake Scientific
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Resources Inc 1986a

In spite of the large number of species comprising the phytoplankton
populations only few were dominant in any sample in terms of

density or individual biovolume very large differences among species of

algae During the project there were 29 species that were individually at

least 5% of the total density or comprised 5% of the total biovolume of the

algae assemblages Twelve of these dominants were common to both of the

Lakes The remainder were dominants in one of the two lakes but still

present in both of the lakes Composition of the phytoplankton changed from

spring through fall with green algae dominating in May through June with

diatoms golden brown and bluegreen algae dominating in the fall Whether
the limegreen surface films of bluegreen algae that appeared in fall will

constitute nuisance will depend on the awareness of thosewho use the lake
and proposed uses of the lake While bluegreen algae are an annoyance to

swimmers they do not indicate polluted lake they do suggest an enriched

lake

Additional information on the water chemistry and quality of the lakes

and Columbia Slough has been provided in Technical Appendix of this series
which reports high concentrations of plant nutrients that support the large

drifting algae populations
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 Summary of Vegetation Changes and Previously Predicted Changes

There have been various changes in the vegetation of Smith and Bybee
Lakes resulting from the installation of the water control structure

Reduction in the amount of exposed lake bottom and its assoc
iated diverse vegetation particularly in Bybee Lake

The virtual death of the inner band of Pacific willow shrub

and the likely death of the remainder ofwhat will be 300 ac

of trees regeneration of willow was sparse
The likely death of 10 ac of Oregon ash but an associated

increase in the number of ash trees regenerating at higher
elevations

The loss of 60 ac of reed canarygrass as small mammal habitat

but the possible persistence of this grass at lower density

as shallow water fringe in both Bybee and Smith Lakes
Colonization of Bybee Lake by potentially nuisance submersed

plant species curly leaf pondweed and coontail and the

likelihood of colonization by Eurasian watermilfoil which

has invaded cutoff slough and small ponds eastof Bybee

Lake
Extension of swamp smartweed in Smith Lake with spread

by 1986 to at least 37% of the lake surface and an apparent

extension in Bybee Lake to 12% of the lake surface
Increase in phytoplankton biomass on the basis of chlorophyll

in each of the lakes apparently both as mass or plant
volume per volume of water and as total increase at the end

of summer due to the larger residual volumes of water in the

lakes

Many of these changes that have occurred in vegetation in Smith and Bybee

Lakes as result of the water control structure were predicted by Lightcap in

1982 Army Corps of Engineers 1982 BBybee SSmith

loss of about 200 ac of exposed lake bottom vegetation
increase in the perimeter of the lakes but decrease in the width

of the wetland and higher elevation riparian plant zones
willows may be killed at the 68 ft msl elevations but willows

will invade at higher elevations
extensive stands of swamp smartweed will be eliminated by the more

permanent body of water but recolonization by smartweed will occur

in newly created shallow zones

there will be significant losses of reed canarygrass and slough

sedge grassy meadows
there will be loss of mature Oregon ash however it will regen
erate

invasion by the submersed plant Eurasian watermilfoil
increase in bluegreen algae populations
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What was not predicted well was the extension of the amphibious smartweed
into more of Smith and Bybee Lakes than it previously occupied The total
acreage of willows that would die was not predicted but younger willows
growing at lower elevations have died The loss of reed canarygrass is
apparently much less significant than predicted and indications are that it
has been providing palatable food for ducks In its flooded condition
Lightcap predicted dominance In late summer by bluegreen algae Bluegreen
algae were indeed present at the end of summer and prominent because of their
buoyancy rising to the surface and forming limegreen films The drifting
algae populations In each of the lakes are similar and complex There was
great diversity of primarily green algae in contrast to a.prelmpoundment
diatom flora which apparently supports abundant zooplankton see the
Technical Appendix Aquatic Invertebrates in this series and provides in
turn food for fish The high levels of plant nutrients in the lakes will
provide adequate food for wide variety of phytoplankton typically found In
eutrophic lakes and for submersed and emergent plants

The significance of these changes In vegetation are of course related to
changes in wildlife and fishery habitat which are discussed In two other
Technical Appendices in this series Technical Appendices and It would
appear that the significance of these changes in part depends on what human
uses are proposed for the area especially from the standpoint of ease of
navigation The significance also depends on what your favorite plants are
There may be slight sympathy for the loss of 300 ac of Salix laisandra anger
at the reduction of Sagittaria latifolia and indifference to whether there
are 30 or 100 more or less microscopic algae species from the change in water
level

4.2 Plant Management Guidelines

Common sense and observations of the way revegetation has occurred in
the Smith and Bybee Lakes area suggests guidelines that may be followed to
prevent future radical changes to this relict wetland area

Dont remove plants unless you are reasonably sure of
what will replace them nature abhors bare ground
or empty water

Dont kill plant until you know how it is being used
Choose the alternative that will result in the least maintenance

With these in mind the following modifications are suggested as possible
improvements and preventive measures

4.3 Achieving Greater Diversity through Instability

Various ephemeral ponds within the project area have supported wide
variety of plants and animal Use deriving from water level reduction and
evaporation The instability of changing water levels resulting in variously
exposed lake bottom produces variety of occasions and opportunities for
plant colonization The knowledge that Bybee Lake was larger example of
this relatively scarce phenomenon in the Columbia River Lowlands suggests
that an improvement In overall habitat diversity in the area would be achieved
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by returning Bybee Lake to tidally influenced condition This would prevent
the growth of nuisance submersed plant species which appear to have minimal

wildlife value and which would need to be controlled with herbicides to

prevent their interfering with small boat use of the Lake Plants growing on

the exposed lake bottom will provide detritus during tidal flushing in late

fall and winter for use by invertebrates in the lower Slough system and

rivers

This change would entail the construction of water control structure

perhaps at the location of previous control structure in the lower Smith

Channel where sill remains Siting the structure at that location would

also provide for walking access from the northeast lakes penninsula to the

southwest area of the lakes

4.4 Mitigation Opportunity Wetland Nursery

Development within the urban area has resulted and will result in the

loss of wetland habitat in spite of increasing constraints by government
Approved projects that entail wetland removals or substitutions and which

require mitigation are frequently handicapped by the lack of native wetland

plant material Wetlands marked for change are occasionally removed long
before the new development and its associated new mitigation wetland can be

constructed The result is waste of valuable diverse and mature plant

material Acquiring native plant material to accomplish adequate mitigation
is frequently limited by what can be obtained from local nursery Surveys
ofavailable wetland plant material from local nurseries suggests that little

is available

jointly funded interagencyintergovernmental wetland nursery associated

with Bybee Lake would provide protected site for relocating plant material

from urban wetlands marked for removal or change and in turn provide
materials for creating viable and adequate new wetlands The Division of

State Lands would appear to be suitable agency for coordinating nursery
transactions given its position as arbiter with the Corps of Engineers on

wetland loss and mitigation Funding to maintain the nursery could be

provided as portion of development costs The City of Portland through the

services of its City Forester could lend support and guidance for the design

of the nursery area And the City with the Port of Portland could determine
the best and most controlled access to the nursery under all weather
cOnditions

4.5 Managing Smith Lake for Human Use

1948 aerial photograph of the southwest onehalf of Smith Lake
including the Blind Slough area showed recent extensive and complete clearing

of vegetation from the perimeter of the Lake Army Corps of Engineers
1948 Piles of trees and brush lines were clearly visible There is no

record of what was intended by such modifications To provide for future

active nonmotorized or small motor boating use on Smith Lake it may be
desirable to make similarly large changes in living and dead vegetation The

following three management efforts would provide for more intense human use of

the lake
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Selectively remove dead willow scrubshrub and trees to provide
better access to the lake

Selectively control the spread of swamp smartweed to provide
for ease of navigation and perhaps for an improved fishery

Provide for increased flushing of the lake with water lower in

plant nutrients to reduce phytoplankton biomass and undesirable

species of algae

Willow Removal Access to the lake from traditional locations e.g the
boat ramp In the southwest corner of the lake is severely impeded by willow
vegetation The closely spaced nearly dead willow fringe around the lake also
restricts boaters from access to the bank through more widely spaced willows
which will eventually die Selective removal of willow would enhance the
usability of the lake without sacrificing the value of willow snags as habitat
for birds

Selective Control of Smartweed The emergent nature of this plant lends
it to control by an aerial application of systemic herbicide such as
glyphosate Proper timing of application would provide for the elimination of
both emergent and submersed plant stems and open pathways for boating and

possibly for improved fishery more structure Since the plant has been
identified as valuable for waterfowl total elimination of the plant would be
undesirable It would appear that longterm control of smartweed will.be

necessary to prevent the further encroachment of the remaining open water by
this plant

Flushing to Reduce Algae Density The quantity of rooted plants in Smith
Lake compete with the drifting algae for plant nutrients Smartweed however
like other plants may be pumping nutrients from the sediments into the water
as well as using nutrients from the water for growth Having the capability
of being able to replace 12% of the total water volume per day in the lake
with water of lower amounts of plant nutrients would reduce algae biomass
This approach has improved the water quality of Vancouver Lake Washington
Ogden Beeman Associates 1985 Cooper Consultants Inc 1985 The estimated
volume of Smith Lake maintained at an elevation of 10.5 ft is 2660 ac ft
116 millIon cubic feet Introduction of 2.3 million cubic feet per day
wouldbe required to replace 2% of the lake volume

4.6 Preventive milfoil control in the cutoff Slough

To prevent the spread of Eurasian watermilfoji from the small ponds and
the cutoff Slough to available habitat in Smith Lake it is recommnded that
herbicide control of the milfoil be considered Presently the cutoff or
hookshaped slough is unsuitable for small boat use due to the density of the
milfoil The slough however could be very attractive setting for small
boat use and an easily accessible fishery Control of milfoil growth if not
elimination would provide for both uses
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4.7 Selective Black Cottonwood Plantings

The tall black cottonwoods on the higher ground near the southeast edge
of the area near Marine Drive and those along the Columbia Slough are
attractive landmarks for the area and valuable avian habitat Consideration

should be given to assuring the continued growth of replacement cottonwoods at

suitable sites in the project area

4.8 Monitoring for Improved Protection and Management

Due to the foresight of individuals in the Corps of Engineers and the

Fish and Wildlife Service summertime monitoring of water quality in each of

the lakes was conducted in 1982 That fall some observations were made of

vegetation at selected and defined sites That information made comparisons
between pre and postimpoundment conditions possible

vegetation monitoring program is recommended to provide timely
Information for people who will be managing this area and information for

people who will track the progress of this area 10 or more years from now
Human use and disturbance of the area will continue Clearing of transmission

right of ways for example effects lot of vegetation It may be that other

ways of managing this vegetation are preferable to those being used The

stabilizing of water levels provides an opportunity for the growth of cattail
Typha latifolia Small clumps of this plant and numerous new starts around
the perimeter of Smith Lake suggests that very large niche exists at the

lakes for the growth of this invasive plant Growth of potentially nuisance
submersed plant species could be rapid producing growth that will interfere
with proposed human uses Early detection would enable simpler control The

system is dynamic because new habitat was created by controlling water
level Changes presently taking place will result in wetland somewhat
different from what was there in 1986 Documentation of these changes and

their progression to an eventual new stabi.lity in this relict wetland will be

of value in managing this area intelligently
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TABLE ECI6 CF WCRF1TIC PLANTS ICi1TIFID Fitti 1HE 1fl Mi BE LAKES AREA 1986

1JJS ECI6 kJTR WOi NPE HABP R9IND tPLAD

Alisna A1ia p1anta-piatica Comm Waterplantain FtiEF El

Pcsinckia Peinckia retrorsa Suksd Rigid Ficldleneck Ml

AnaçMlis Anaçkialis nergaritacea Pear1-ev1asting Ml

Mthenis Mthnis cothia Thgfemel AlE FNIJ

Prctiun kctiuii ndris Hill Bernh Comm Bunicok Ml

Artonisia Artanisia biennis Wilid Biennial brmxDd AXE F.4

Aster Aster thilensis Nees P1fic Aster FtiF FPC

Azolla Azolla nexicana Schlecht Chaii Ex Presl xican Water-fern PM34 B.

Barbarea Barbarea vulgaris Br Bitter Wlntercress BIF Ff
Bassia Bassia sscpifo1ia Pallas Kurrtze Fivthook Bassia AIF FNl

Bideos Bider cerma Nedling Beggarticks AIF FPO4C4A

Bidens Bidens frcalosa Leafy Beggarticks MF FPQ4fCfA

Carex Ca aperta Bcott Coluthia Se FX3L FPG1

Carex Carex casa Boott Longhair Sedje I4Bl EL

Carex Carex thrvpta LH Bailey Slough Sedje R3L EL

Ceratcçhyllun Ceratq1ltzn deersun Coentail EF2F EL

thertodiun Qierqodiun aihin Larbsquarters AXE FAC if

thencdiun Chencçxxiiun athrosioides Pdexican Tea AIF if

thertçodiun Qertpodiun nurale vbane Ml if

Chr.ptantha thrptantha sp White Fcrget-ne-rKt Ml if

thrysanthenun Qrysanthaun leanthaiun 1eye Daisy Ml if

Cithoriun Cichoriun inthjs Blue Sailors Ml if

Cirsiun Cirsiun arvere Sxp Canada Thistle PIE FPWF if

Cirsiun Cirsiun vulgare Savi Tenore Bull Thistle Ml if

Caiyza Caiyza canaderis Cronq Canada bseweed MF FPOJ

onus Corrus stolcnifera Midix Ral Osier I3gwcxxJ NS FO.4

Crataeg.s Crataegis sp Hthorne Ml

O.isajta Qiscuta suksdcrFii Yuncker Suksdorffs Ml

Cpenis Qperus e-ythrorhizcz iil Red-iwted flatsedje MffGL ELIRA

Cytisus Cytisus sccçarius
Link Scots Broan Ml

Dtylis tylis glamrata Canien Orchard Grass PIG FPOJ

Dauais carota .ieen Anns Lace Ml

Dipsacus Dipsacus sylvestris
Fjds Teasel MJL

Echinochlca Echinochloa cnisgali CL Beauv Barnyard Grass AIG FtO4CA

Eleocharis Eleocharis thtusa Wilid Schiltes Blunt ikanith PPNEGL EL

Eleocharis Eleocharis ovate Roth Roan J.A Sctultes Ovate Spikerush .ANEl 01

Epilthiun Epilthiun tscnii Barbey Watsons Wi1l-Ierb Ml

Equisetun Eqiisetun sp Horsetail MJL

Fraxinus Fraxirus latifolia Benth Oregi Ash NT FPO.4

Giaphaliun Giaphaliun uliginosun Warsh Ced.eaI Ml

Heleniun Heleniuii aubimale grandif Sneezeed FE Ff4

Heleochloa Heleochloa alcpeairoides Pill and Mitterp Host arsh Grass Ml

FCR GLANAtICti SY1BS PATS IMvEDIArELY RXW.4ING TABLE



TaE EI6 CF MC1tfffflC PIAMTS ICT1FIED Fl liE 4flH BYBE EA

P5 ECI6 .41J1tR Q114th NPlE HBfl PE-IV BND

Hloracluii Hieraclun vulgatun Fries

Fblcus Iblais lanatus

Hericun Hpericun pefcratun

Inpatiens Inpatier capensis

Junais Junais effusns var paciflais

Lactuca Lactuca ltIciana Nutt RIc1ell

Lactuca l.actuca seniola

Lactuca Lactuca

L9ITIa nflnci

Lwitockn l.toth rudicaulis

Lotus Lotus pirshiana

Lyersim Lviesl esculerthin

Lythrun Lythnjn salicarla

arcIntla tarchantla

ntha ftntha arveosis

Minulus Minulus gsttatus IL

i1clluu i1cckwlluu icatuu
Hovarretla Hovarretia sqarrosa

IIar pelalun
ther nathera
Panlain Paniain capillare

Paspalun Paspalun disticlun

Fhalaris Fhalarls armdlnacea

Planta Plantag lanceolata

Plantag Plantago

P13run Pol9nuT1

Polpun Palygcrun

Polrun Polctizn

Ftlguu Palun
Polygcwn Polorun
Fpulus ftpulus

PotaTtgeta Potacgetcn
Ibtentilla Potentilla

Prtziella Prunella

ruiculus Rarunajlus

Paa Ranm
Ribes Ribes

Roripa Rorippa

Rosa Rosa

Rubs

bis Rzus sp

nm
Velvet Grass

Camtn St Jciiis-wort

Spatted Tajth-ne-rot

SoftThish

Blarnial Lettuce

Prickly iettuce

Lettuce

Lesser loeed
Lrat HalryHei1thit

Benth Cleints Cleients Spanish-clover

Mill Taeto

14nl Lx Barta iEr1can iglerI
Purple Loosestrife

Livencrt

Field Mint

Camci key-fl
1. Eurasian ta-ndlfo1l
Esdi HoOk Am SkunIoeed

Engelm Yell ter-lily
Mkze ish Gatam Ewnli-print

Wltth-grass

Knotzrass

Reed Canarrass

English Plantain

C.amtin Plantain

Prostrate Kxrtweed

atp Persicarla

Water Pper
Mild Water Pper
Water Tarbed
Black Cottcmd
Qirlyleaverl Pccided

Silveri
Camm Self-heal

Celeyleaf Buttercup

Wild Raflsh

1ku21 Spreading seber-ry

Ikx Bessey Ex Britt Wasta Yellccress

sp Pose

procerus discolor Weihe Noes Hlealayan BlacIerry

Trailing blackberr

FCR EXPL4lATIQ CF SYRlS SEE PAS IEDIATELY FCtLD.41E TABLE

Ml
Ml
ia if

NF FtC.4

IEl FfO
NF
PEIF FPC- if

ra if

RV

Ml
Ca

PIF

Ml
FPC

NF Ca
ZF ffl

Ml
Ml

PG FPC

FAO.4 ERA

ffl FPql

ASPIF F4OJf

PIF FPCi

fPIF FP.4
Ml

AIEF CR
REF Ca
REF Ca

Ml
PIZF Ca

Ca
PIE FOJi- if

PNEF Ca
if

if

EF if

Ml if

FPOJ
Ml if

nejcr

aviculare

coccineun pratin Greene Stanford

lqiper
rtpiperoides Mlthx

punctatun Elliott

tridiosarpa

crispis

ansermna

vulgaris

sceleratus

satluis

divaricatun

airvisiliia



T1B1E SPECIES CF WCFCfflC PLPIITS ICENIIFIED FITh 11 SII1H tkW BBEE LfiXES IREA 1986

INJS SPECIES PLIflR OTO1 MAI HPBIl REr-IUY LPL1

RuTex Rtzex crispus

Sagittarla Sagittarta latifolia Wilid

Salix Salix fluviatilis Nutt

Salix Salix lasiara Benth

Satvais Sias raconosa arirescensL

Scirpus Scirpus validis Vahi

Scnctus Sondus oleraceus

Seneio Senlo jbaea
Solarm Solarun àj1catra

So1ld3 So1ld canadensis

So11da So1ida oceldentalis

Solldag3 So11da sp
Siraea Splra dcuglasil

lrode1a lrode1a plyrhlza

Sç1carpos Soricarpc alLvs

Tanacetazn Tanacetun wigare

Trlfollun Trlfolltzn arvense

Trifoliun Trlfolltn pratense

Trifollun Trifollun

Ta Tçiia

Urtica Urtica

Veronica Veronica

Veronica Veronica sp
Xanthiun Xaithiun stnitriun

if

if

if

if

tt Tort Gray

CL ifleid
Blake

latifolia

dloica

anaga11is-ariatica

Qirly xk
adleaf knmkead
Colurbia River Willow

Pacific Willow

Red Eldetteriy

Softstan Bulrush

Camm Sow-thistle

Tansy Ragwcrt

Bltterset Nightshade

Canada Doldenrod

Western GDldenruf

Dolderrod

Douglas Slraea

Big Buc1aeul

Cam xbey
CanTon Tansy

Haresfoot

Pad Clover

Clover

Comon Cat-tail

S1inEtir Nettle

Weter el1
Sçeerell
Cosklebir

PIF FPO
EF

NS1 FP.4f

FpoJ

RIEGI CFL

PIF FPC

FNF FPJ

NS FPO.4

i/F ia
NS FPOJ

tIl

IF FPOJ

REF
PIF

EF
IF FCcA

if

if

if

1UThL IEEWflFIED itE UPtftD 47
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EXPLANATION OF SYMBOLS USED IN PLANT SPECIES TABLE

THESE PAGES HAVE BEEN COPIED FROM REED 1986 1986 WETLAND PLANT LIST FOR
THE NORTHWEST REGION FISH AND WILDLIFE SERVICE

FNUM

The family number assigned to the species in the NLSPN

NATIND

Frequency of occurrence in wetland versus nonwetland across the entire
distribution of the species frequency for example of 67%99%
Facultative Wetland means that 6799% of all individuals of species
that occur in an area occur in wetlands question mark following the
indicator denotes tentative assignment based upon the botanical litera
ture and not confirmed by regional review When two indicators are
given they reflect the range from the lowest to the highest frequency of
occurrence in wetlands across the regions in which the species is found

Obligate OBL Always found in wetlands under natural not planted
conditions frequency greater than 99% but may persist In nonwetlands
if planted there by man or In wetlands that have been drained filled or
otherwise transformed into nonwetlands

II



Facultative Wetland FACW Usually found In wetlands 67%99%
frequency but occasionally found in nonwetlands

Facultative FAC Sometimes found In wetlands 34%66% frequency
but also occurs in nonwetlands

Facultative Upland FACU Seldom found In wetlands 1%33%
frequency and usually occurs in nonwetlands

Nonwetland UPL Occurs In wetlands In another region but not
found frequency In wetlands in the region specified If species
does not occur in wetlands in any region It is not on the list

Drawdown DRA Typically associated with the drier stages of
wetlands such as mud flats vernal pools and playa lakes

R_ ND

Frequency of occurrence In wetlands versus nonwetlands In the region
Regional Indicators reflect the unanimous agreement of the regional

-interagency review panel If regional panel was not able to reach
unanimous decision on species approximately 350 specIes Nationwide
NA no agreement was recorded In the regional indicator R_IND field
An NR no review was recorded for those species that have not received
any regional review approximately 800 species Nationwide An NC not
considered identifies those species that have not been reviewed because
of their recent addition to the list These species have been added
either because of revision in the distribution of the species or the
documentation of wetland citation In the botanical literature An NO
designates that no indicator has been assigned because.the species does
not occur In particular region according to the region distributional
field positive or negative symbol was used with the Eaculta
tive Indicator categories to more specifically define the regional
frequency of occurrence In wetlands The positive sign indicates
frequency toward the higher end of the category more frequently found in
wetlands and negative sign Indicates frequency toward the lower end
of the category less frequently found in wetlands

SdNAME

The genus and species applied to the taxon in the NLSPN

AUTHOR

The author of the scientific name as cited by the NLSPN

SYNONYMY

Alternate scientific names applied to the species by major regional or
state floras

III



SYMBOL

Symbol assigned in the National List of Scientific Plant Names NLSPN
consisting of the first two letters of the genus name and the first two
lettersof the specles.eplthet with additional numbers added in numeric

sequence to the fourletter symbol to breakties Tentative plant symbols
for species not in the NLSPN have been created by taking the first two
letters of the genus and the species names adding numeric tie breaker
if necessary and ending with question mark All records have unique
symbol

COMMON-NAME

HABIT

popular name applied to the species

The plant characteristics and life

NLSPN

sIHABITII symbols used by the NLSPN

form assigned to each species in the

E2

F2
F3

GL

HS

Annual

Biennial
Clubmoss

Emergent
Epiphytic
Forb

Floating
Fern

Grass
Grasslike

Partly woody
Half shrub
Introduced

Native

.P2

P3

S2

S3

S4

WV

Perennial

Parasitic

Pepperwort
Qulliwort
Shrub
Saprophytic

Submerged
Succulent

Tree

Vine

Woody

Woody vine

Hybrid
On trees

These HABIT symbols are
annual native grass PIT

combined to describe the species e.g
means perennial introduced tree.

ANG means

IV



TABLE.c CHLOROPHYLL AND PHEOPHYTIL MG/CUM IN 1986 LAKE
AND SLOUGH SAMPLES

rATIa1s/uTE

WY 1986

Sta E/O5
Sta E/0755

Sta E/1047
Sta E/1450
Sta E/1709

S1oth/1113

Bbee 1k 30 by
nithU3y
1E 1986

Bybee
ithLL

SEPTEBER 1718 1986

Sta E/03389/17
Sta E/0443 9/17
Sta E/1144 9/17
Sta E/1242 9/17
Bybee Lk.wil1cw
Bye Lk.gage
nith wi11cs
nith 1k gage

57.7

16.0

33.1

49.2

69.5

12.6

41.5

16.0

45.8

.10.7

19.1

45.1

W16
74.8

85.5

83.8

16.1

1.0
9.2

23.3

30.0
1.7

15.6

18.7

21.4
9.0

5.3

37.6

12.0

16.7

46.0

24.0

17.5

19.4



TABLES B-2

RESULTS OF 1986 SMITH AND BYBEE LAKES PHYTOPLApjT ANALYSES



PHYTOPLANITON SAMPLE ANALYSIS

SAMPLE Bybee Lake

SAMPLE DATE 860530

TOTAL DENSITY fl/mi 14362

TOTAL BIOVOLUME cu.uM/mi 4302233

DIVERSITY iNDEX 4.12

SPECIES DENSITY PCT BIOVOL PCI

Melosira distans 3116 21.7 1068959 24.4

Crucigenia quadrata 1761 12.3 149720 3.5

Pediastrum tetras 1084 7.5 325183 7.6
Scenedesrnus quadricauda 948 6.6 88158 2.0

Stephanodiscus hantzschi 813 5.7 97555 2.3

Crucigenia tetrapedia 677 4.7 92135
Ankistrodesmus falcatus 677 4.7 23711 0.6

Aphanizorienon flosaquac 542 3.8 325183 7.6
Melosira ambigua 542 3.8 1037470 24.1

10 Sphaerocystis schroeteri 406 2.8 211369 4.9
11 Selenastrum minutum 406 2.8 8130 0.2
12 Nit2schia acicularis 406 2.8 113814 2.6
13 Scenedesmus acuminatus 271 1.9 65037 1.5
14 Cryptomonas sp 271 1.9 108394 2.5
15 Tetraedron caudatUm 271 1.9 10839 0.3
16 Micractinium pusillum 271 1.9 59617 1.4
17 Pediastrum duplex 271 1.9 108394 2.5
18 Scenedesmus sp 271 1.9 54197 1.3
19 Stephanodiscus astraea minutula 135 0.9 47423 1.1

20 Scenedesmus abundans 135 0.9 13549 0.3
21 Crucigenia fenestrata 135 0.9 11517 0.3
22 Tetraedron regulars 135 0.9 15582 0.4
23 Crucigenia crucifera 135 0.9 11517 0.3
24 Fandorina sp 135 0.9 142268 3.3
25 Cymblla minuta 135 0.9 50132 1.2
26 Tetrastrum staurogeniaforme 15 0.9 29266 0.7
27 Fragilaria construens 135 0.9 15175 0.4
28 Scenedesmus bijuga 135 0.9 37938 0.9

E87



FHYTOPLANITON SAMPLE ANALYSIS

SAMPLE Smith Lake

SAMPLE DATE 860-30

TOTAL DENSITY /ml 9620

TOTAL IOVOLUME cu.uM/ml 1647730

DIVERSITY INDEX 2.95

SPECIES DENSITY PCT BIOVOL PCT

Crucigenia quadrata 4561 47.4 500136 30.4

Crucigenia tetrapedia 912 .9.5 91498 5.6

Crucigenia crucifera 829 8.6 119835 7.3

Melosira distans 581 6.0 164368 10.0

Scenedesmus quadricauda 581 6.0 91693 5.6

Pediastrum tetras 498 5.2 149276 9.1

Micractiniurn pusillum 249 2.6 54734 .3.3

Selenastrum minutum 166 1.7 3317 0.2

Ankistrodesmus falcatus 166 1.7 6147 0.3

10 Anabaena sp 83 0.9 82931 5.0

11 Stephanodiscus hantzschi 83 0.9 9952 0.6

12 Trachelomonas volvocina 83 0.9 156325 9.5

13 Tetraedron regular 83 0.9 9537 0.6

14 Pediastrurn duplex 83 0.9 33172 2.0

15 Scenedesmus sp 83 0.9 16586 1.0

16 Tetraedron sp 83 0.9 2239 0.1

17 Achnanthes minutissima 83 0.9 4147 0.3

18 Chrysococcus rufescens 83 0.9 7049 0.4

19 Pandorina sp 0.9 87078 5.3

20 Oocystis pat-va 83 0.9 9952 0.6

21 Scenedesmus abundans 83 0.9 16586 1.0

22 Cryptomonas sp 83 0.9 33172 2.0

86



.1
PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Smith Lake7 NE corner 1300

SAMFLE DATE 860620

TOTAL DENSITY /ml 250O

TOTAL BIOVOLUME cu.uM/ml 3.544826E07

DIVERSITY INDEX 2.11

SPECIES DENSITY PCT IOVOL PëT

Crucigenia quadrata 60680 65.6 648828 18.3

Crucigeruia tetrapedia 9620 10.4 17989tOO 50.7

Sphaerocystis schroeteri 4440 4.8 2308800 6.5

Crucigenia crucifera 2220 2.4 503829 1.4

Trachelornonas volvocina 2220 2.4 4184700 11.8

Oocystis parva 2220 2.4 266400 0.8

Cruptomonas etosa. 1480 1.6 769600 2.2

Rhodomonas minuta 1480 1.6 29600 0.1

Selenastrum minutum 1480 1.6 29600 0.1

10 Scenedesrnus.quadricauda 1480 1.6 384800 1.1

11 Crptomonas sp 740 0.8 296000 0.8

12 Trachelomonas sp 740 0.8 1480000 .4.2

13 Scenedesmus abundans 740 0.8 148000 0.4

14 Pedi astrum tetr.as 740 0.8 222000 0.6

15 Scenedesriius.bijuga 740 .0.8 207200 0.6

16 AnkistrodesmusfaLcatus 740 0.8 18500 0.1

17 Naviculà sp 740 0.8 111000 0.3

.1
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PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Smith Lake

SAMPLE DATE 860620

TOTAL DENSITY /ml 33749

TOTAL BIOVOLUME Ccu.uM/ml 5059698

DIVERSITY INDEX 2.86

SPECIES DENSITY .PCT 8IOVOL PCi

Crucigenia quadrata 15770 46.7 181780 31.3

Crucigenia tetrapedia 4416 13.1 589280 11.6

Ankistrodesmus falcatus 2523 7.5 63082 1.2

Melosira distans 2208 6.5 747540 14.8

Sceredesmus quadricauda 1892 5.6 328436 6.5

Sphaerocystis schroeteri 1262 3.7 656053 13.0

Oocstis pusilia 946 2.8 56774 1.1

Scenedesmus abundans 631 1.9 126164 2.5

Selenastrum minutum 631 1.9 12616 0.2

10 Micractinium pusillum 631 1.9 13870 2.7

11 Melosira granulata 631 1.9 346951 6.9

12 Oocystis parva 315 0.9 9462 0.2
13 Tetraedron caudatuni 315 0.9 12616 0.2

1.4 Cruciqenia crucifera 315 0.9 26810 0.5

15 Achrianthes linearis 315 0.9 41634 0.8

16 Cruptomonas erosa 315 0.9 164013 3.2

17 Pediastrum tetras 315 0.9 94623 1.9

18 Scenedesmus sp 315 0.9 63082 1.2
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PHYTOPLANTON SAMPLE ANALYSIS

SAMFLE Bybee Lake 1431

SAMPLE DATE 860620

TOTAL DENSITY fl/rnl 1672

TOTAL BIOVOLUME cu.uM/rnl 9391932

DIVERSITY.INDEX 3.26

SPECIES DENSITY PCT BIOVOL PCI

Melosira distans 15096 47.7 5230764 55
Crucigenia quadrata 2664 8.4 452880 4.8

Scenedesmus quadricauda 1776 5.6 173160 1.8

Ankistrodesrnus falcatus 1184 3.7 29600 0.3

Crucigenia tet.rapedia 1184 3.7 176120 1.9

Stephanodiscus hantzschi 1184 3.7 142080 1.5

Crucigenia crucifera 1184 3.7 176120 1.9

Selenastrurn minuturn 888 2.8 17760 0.2

Stephanodiscus astraea minutula 592 1.9 207200 2.2

10 Fragilaria pinnata 296 0.9 35520 0.4

11 Apharuizornenon flosaquae 296 0.9 177600 1.9

12 Melosira granulata 296 0.9 325600 3.5

13 Rhodornonas minuta 296 0.9 5920 0.1

14 Trachelornonas volvocina 296 0.9 557960 5.9

15 Tetraedron regul.are 296 0.9 34040 0.4

16 Trachelornonas robusta 296 0.9 621600 6.6

17 Micractiniurn pusitlurn 296 0.9 65120 0.7

18 Scenedesrnus arcuatus 296 0.9 41440 0.4

19 Tetraedron caudatun 296 0.9 11840 0.1

20 Oocystis lacustris 296 0.9 71040 0.8

21 Anacystis sp 296 0.9 88800 0.9

22 Pediastrum duplex 296 0.9 118400 1.3

23 Anabaena sp 296 0.9 296000 3.2

24 Scenedesmus sp 296 0.9 59200 0.6

25 Oocystis sp 296 0.9 44400 0.5

26 Navicula cryptocephala 296 0.9 54760 0.6

27 Navicula biconica 296 0.9 17760 0.2

28 Iirchneriella sp 296 0.9 5328 0.1

29 Cryptornonas erosa 296 0.9 153920 1.6

BB9O



PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Smith Lake SL

SAMPLE DATE 860828

TOTAL DENSITY /ml 22504

TOTAL BIOVOLUME cu.uM/ml 1.228916E07

DIVERSITY INDEX 4.72

SPECIES DENSITY PCT BIUVOL PCT

Cclotella kutzingiana 3779 16.8 434618 3.5

Melosira granulata angustissima 1890 8.4 2191986 17.8

Ankistrodesmus facatus 1374 6.1 34357 0.3

Oscillatoria sp 1203 5.3 1551225 12.6

Aphanizomerion f1osaquae 1203 5.3 822510 6.7

Anabaena flosaquac 1031 4.6 1030714 8.4

Sterastrum minutum 1031 4.6 68646 0.6
Trachelomonas volvocina 687 3.1 1295264 10.5

Sunedra radians 687 3.1 247371 2.0

10 Dictyosphacrium ehrenbergianum 687 3.1 123686 1.0

11 Melosira distans 687 3.1 238095 1.9

12 Crucigenia tetrapedia 15 2.3 43805 0.4

13 Sphaerocystis schroeteri 515 2.3 267986 2.2

14 Micractinium pusillum 515 2.3 113379 0.9

15 Melosira ambigua 515 2.3 1010806 8.2

16 Scenedesmus quadricauda 344 1.5 66996 0.5

17 Crucigenia quadrata 344 1.5 29204 0.2

18 Crucigenia crucifera 344 1.5 87611 0.7

19 Cryptomonas sp 344 1.5 137429 1.1

20 Chiamydomonas sp 344 1.5 111661 0.9

21 Nephrocytium sp 344 1.5 32639 0.3

22 Scenedesmus aburidans 344 1.5 34357 0.3

23 Stephanodiscus astraea minutula 344 1.5 120250 1.0

24 Cryptomonas erosa 344 1.5 178657 1.5

25 Scenedesmus sp 344 .1.5 17179 0.1

26 Anabactia sp 344 1.5 343571 2.8

27 Scenedesrnus bijuga 172 0.8 48100 0.4

28 Chrgsoccus rufescens 172 0.8 14602 0.1

29 Nitzschia cicularis 172 0.8 .48100 0.4

30 Trachelomonas p.ulchella 172 0.8 343571 2.8

31 Nitzschia frust.ulum 172 0.8 20614 0.2

32 Euglena elongata 172 0.8 396653 3.2

33 Closteriopsis longissima 172 0.8 61156

34 Rhodomonas minuta 172 0.8 3436 0.0

35 Parudorina sp 172 0.8 180375 1.5

36 Crucigenia fenestrata 172 0.8 14602 0.1

37 Eugleria sp 172 0.8 99636 0.8

38 Cyclotella meneghiniana 172 0.8 65279 0.5

39 Scenedesmus denticulatus 172 0.8 15461 0.1

40 Trachelomonas sp 172 0.8 343571 2.8

E.E\9



PHYTOPLANITON SAMPLE ANALYSIS

SAMPLE Smith Lake SL

SAMPLE DATE 860828

TOTAL DENSITY it/mi 19946

TOTAL BIOVOLUME cu.uM/mU i.14OO18E07

DIVERSITY INDEX 4.47

SPECIES DENSITY PCT BIOVOL PCT

Osciiiatoria sp 2648 13.3 3177268 27.9
Ankistrodesmus faicatus 1942 9.7 97083 0.9
Anabaena fiosaquac 1765 8.8 1941651 17.0

Aphanizomenon flosaquae 1412 7.1 847266 7.4

Sphaerocystis schroeteri 1059 5.3 550723 4.8
Melosira distans 1059 5.3 419397 3.7
Trachelomonas voivocina 706 3.5 1330914 11.7

Dictosphaerium ehrenbergianum 706 3.5 127090 1.1

Cryptomonas erosa 706 3.5 367149 3.2
10 Synedra radians 706 3.5 254180 2.2
11 Cycioteila sp 706 3.5 120029 1.1

12 Nitzschia acicularis 706 3.5 197695 1.7
13 Cycioteila meneghiniana 706 3.5 402451 3.5
14 Melosira granulata angustissima 706 3.5 264771 2.3
15 Scieriastrum mirutum 530 2.7 17681 0.2
16 Rhodomonas minuta 353 1.8 7061 0.1
17 Stephanodiscus astraca minutula 353 1.8 123560 1.1

18 Tetraedron sp 353 1.8 9532 0.1
19 Chrysococus rufescens 353 1.8 30007 0.3
20 Scenedesmus quadricàuda 353 1.8 45894 0.4
21 Crucigenia quadrata 353 1.8 30007 0.3
22 Phacus sp 177 0.9 61780 0.5
23 Scenedesnius abundans 177 0.9 35303 0.3
24 Chodatelia wratisiawiensis 177 0.9 10591 0.1
25 Crucigenia tetrapedia 177 0.9 15004 0.1
26 Caeiastrum sp 177 0.9 141211 1.2
27 Pandorina sp 177 0.9 185339 1.6
28 Scenedesmus acuminatus 177 0.9 21182 0.2
29 Anabaena sp 177 0.9 176514 1.5
30 Trachelomonas sp. 177 0.9 353028 3.1
31 Micractiriium pusilium 177 0.9 38833 0.3

E.E.92



PHYTOPLANITON SAMPLE ANALYSIS

SAMPLE Smith Channi

SAMPLE DATE 8608-28

TOTAL DENSITY $4/mi 28996

TOTAL BIOVOLUME cu.uM/ml 1.872042E07

DIVERSITY INDEX 4.65

SPECIES DENSITY PCT BIOVOL PCI

Anabaina flosaqua 5691 19.6 5690704 30.4

Mlosira qranulata angustissima 2439 8.4 2304735 12.3

Crucignia tstrapdia 2168 7.5 436721 2.3

Trachlomonas vol.vocina 1355 4.7 2554042 13.6

Scenidsmus hystrix 1084 3.7 216789 1.2

Ankistrodesmus falcatus 1084 3.7 67746 0.4

Cryptomonas erosa 1084 3.7 563651 3.0

Crucigenia quadrata 1084 3.7 253372 1.4

Stephanodiscus astraca minutula 813 2.8 284535 1.5

10 Scenedesmus quadricauda 813 2.8 105685 0.6

11 Cryptomonas sp 542 1.9 216789 1.2

12 Pediastrum tetras 542 1.9 162592 0.9

13 Meiosira distans 562 1.9 321931 1.7

14 Trachelomonas sp 542 1.9 1083944 5.8

15 Chrysococcus rufescens 542 1.9 46068 0.2

16 Cyciotella giomerata 542 1.9 32518 0.2

17 Oscillatoria sp 542 1.9 541972 2.9

18 Anabaena sp 542 1.9 541972 2.9

19 Synedra radians 542 1.9 195110 1.0

20 Achnanthes minutissima 542 1.9 27099 0.1

21 Dictyosphacrium ehrenbergianum 542 1.9 97555 0.5

22 Cyciotella kutzingiana 542 1.9 62327 0.3

23 Selenastrum miriutuni 542 1.9 37938 0.2

24 Meiosira ambiqua 271 0.9 1436496 7.7

25 Schroderia sp 271 0.9 12194 0.1

26 Cyciotella sp 271 0.9 23034 0.1

27 Tetraedron sp 271 0.9 7317 0.0

28 Fhacus sp 271 0.9 94845 0.5

29 Unident green alga 271 0.9 40648 0.2

30 Nitzschia acicularis 271 0.9 75876 0.4

31 Cycloteila pseudostelligera 271 0.9 17614 0.1

32 Trachelornonas sp 271 0.9 541972 2.9

33 Rhodomonas sp 271 0.9 5420 0.0

34 Tetraedron caudatum 271 0.9 10839 0.1

35 Nitzschia sp 27.1 0.9 32518 0.2

36 Synedra rumpens 271 0.9 101620 0.5

37 Stephanodiscus hantzschii 271 0.9 32518 0.2

38 Euglena sp 271 0.9 157172 0.8

39 Fandorina sp 271 0.9 284535 1.5

BB93



PHYTOPLANITON SAMPLE ANALYSIS

SAMFLE Lake NE

SAMPLE DATE 860828

TOTAL DENSITY /rnl 34336

TOTAL BIOVOLUME cu.uM/rnl 2.997207E07

DIVERSITY INDEX 2.99

SPECIES DENSITY PCT BIOVOL FCT

Anabaena flos-tqu 17760 51.7 1981200 66.4

Oscillatorie sp 3256 9.5 3256000 10.9

Mlosira.granulata angustissirna 2072 6.0 2144520 7.2

Ankistrodesmus falcatus 1184 .4 29600 0.1

Melosira distans 1184 3.4 293040 1.0

.Stpheriodiscus astraa minutule 1184 3.4 4i4400 1.4

Dictosphariurn hrenbrgianum 888 2.6 159840 0.5

Scenidisrnus hystrix 592 1.7 94720 0.3

Rhodornonas sp 592 1.7 11840 0.0

10 Pandorina sp 592 1.7 621600 2.1

11 Cyclotlla kutingiana 592 1.7 68080 0.2

12 Caloneis hyalina 296 0.9 65120 0.2

13 Melosira arnbigua 296 0.9 1046064 3.5

14 Achnaiiths minutissima 296 0.9 14800 0.0

15 Scenedsriius abundans 296 0.9 29600 0.1

16 Scenedsrnus sp 296 0.9 59200 0.2

17 Slenastrurn minuturn 296 0.9 5920 0.0

18 Cryptornorias erosa 296 0.9 153920 0.5

19 Navicula sp 296 0.9 44400 0.1

20 Trachlomonas volvocina 296 0.9 557960 1.9

21 Cyclotlla glomerata 296 0.9 17760 0.1

22 Trachelornonas hispida 296 0.9 621600 2.1

23 Stephanodiscus haritzschii 296 0.9 35520 0.1

24 Arabana sp 296 0.9 296000 1.0

25 Cyclotella sp 296 0.9 25160 0.1

26 Fragilaria construns vnter 296 0.9 14208 0.0

BE 94



PHYTOPLANITON SAMPLE ANALYSIS

SAMPLE Bybet Lake NW Channel

SAMPLE DATE 860828

TOTAL DENSITY t$/rnl 152718

TOTAL BIOVOLIJME cu.uM/rn1 1.037404E08

DIVERSITY INDEX 4.09

SPECIES DENSITY FCT BIOVOL FCT

Trachlornonas volvocina 31265 20.5 58934530 56.8
Nitzschia acicularis 21645 14.2 6060600 5.8
Scendsrnus quadricauda 14430 9.4 2654399 2.6
Ankistrodsrnus falcatus 12025 7.9 330688 0.3

Cjclotella glornsrata 9620 6.3 577200 0.6
Scndesmus acurninatus 8418 5.5 1732322 1.7

Cryptornonas rosa 6013 3.9 3126500 3.0
Melosira granulata angustissirna 3608 2.4 2408006 2.3
Melosira arbigua 3608 2.4 9200460 8.9

10 Nitzschia palea 3608 2.4 649350 0.6

11 Chiarnydornonas sp 3608 2.4 1172438 1.1

12 Uniderit green alga 3608 2.4 541125 0.5

13 Anabaena flosaquac 2405 1.6 2405000 2.3
14 Dictyosphacriurn chrenbergianurn 2405 1.6 432900 0.4
15 Cclotella sp 2405 1.6 204425 0.2
16 Melos Ira distaris 2405 1.6 952380 0.9
17 Trachelornorias acarithostorna 2405 1.6 6183255 6.0
18 Sphaerocystis schroeteri 2405 1.6 1250600 1.2

19 Chodate1la wratislawiensis 2405 1.6 144300 0.1

20 Nitzschia sp 2405 1.6 288600 0.3

21 Euglena sp 1203 0.8 697450 0.7

22 Scenedesmus hystrix 1203 0.8 192400 0.2

23 Act inastrum hantzschi 1203 0.8 865800 0.8

24 Pandorina sp 1203 0.8 1262625 1.2

25 Stephanodiscus astraca minutula 1203 0.8 841750 0.8

26 Seleriastrurn ninutum 1203 0.8 24050 0.0

27 Pediastrum tetras 1203 0.8 360750 0.3

28 Scenedesrnus bijuqa 1203 0.8 168350 0.2

29 Schroderia sp 1203 0.8 54113 0.1

30 Rhodornonas sp 1203 0.8 24050 0.0

BB9S



PHYTOPLANRTUN SAMPLE ANALYSIS

SAMPLE Ebee Lake West end

SAMPLE DATE 8608-28

TOTAL DENSITY $4/mi 25178

TOTAL BIOVOLUME cu.uM/ml l.172429E07

DIVERSITY INDEX 4.90

SFECIES DENSITY PCT BIOVOL FCT

Stephanodiscus astraca minutula 1900 7.5 665086 5.7

Melosira granulata angustissima 1900 7.5 475062 4.1

Nitzschia acicularis 1663 6.6 465561 4.0

Anabaena flosaquac 1425 5.7 1425185 12.2

Chiamdomonas sp 1188 4.7 385988 3.3

Osciliatoria sp 1188 4.7 2137778 18.2

Chrysococcus rufescens 1188 4.7 100951 0.9

Melosira distans 1188 4.7 329218 2.8

Sphaerocystis schroeteri 1188 4.7 617580 5.3

10 Scenedesmus quadricauda 1188 4.7 216153 1.8

ii Cycloteila giomerata 950 3.8 57007 0.5

12 Trachelomonas vculvocina 950 3.8 1790983 15.3

13 Dictyosphaerium ehrenbergianum 713 2.8 128267 1.1

14 Cryptomonas erosa 713 2.8 370548 3.2

15 Crucigenia tetrapedia 713 2.8 121141 1.0

16 Scilenastrum minutum 713 2.8 14252 0.1

17 Ankistrodesmus falcatus 475 1.9 11877 0.1

18 Pediastrum tetras 475 1.9 142519 1.2

19 Scenedesmus aburdans 475 1.9 47506 0.4

20 Tetrastruni staurogeniaforme 238 0.9 51307 0.4

21 Tetraedron regulare 238 0.9 27316 0.2

22 Nitzschia sp 238 0.9 28504 0.2

23 Crucigenia crucifera 238 0.9 20190 0.2

24 Schroderia sp 238 0.9 10689 0.1

25 Melosira ambigua 238 0.9 699528 6.0

26 Nitschia sp 238 0.9 28504 0.2

27 Rirchnerieila sp 238 0.9 17102 0.1

28 Crucigenia quadrata 238 0.9 444183 3.8

29 Scenedesmus hystrix 238 0.9 38005 0.3

30 Cycloteila sp 238 0.9 20190 0.2

31 Pediastrum duplex 238 0.9 95012 0.8

32 Rhodomonas minuta 238 0.9 4751 0.0

33 Nitzschia sp 238 0.9 28504 0.2

34 Stephanodiscus hantzschii 238 0.9 28504 0.2

35 Tetraedron caudaturn 238 0.9 9501 0.1

36 Coscinodiscus sp 238 0.9 356296 3.0

37 Scenedesmus acuminatus 238 0.9 57007 0.5

38 Chodateiia wratislawiensis 238 0.9 14252 0.1

39 Coelastrurn sp 238 0.9 190025 1.6

40 Micractinium pusilium 238 0.9 52257 0.4

BE96



PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Bybee Lake Staff gage

SAMPLE DATE 860828

TOTAL DENSITY /rnl 36146

TOTAL BIOVOLtJME cu.uM/rnl 2.154078E07

DIVERSITY INDEX 4.63

SPECIES DENSITY PCT BIOVOL PCT

Anabaena flosaquac 5247 14.5 6139309 28.5

Oscillatoria sp 3207 8.9 4072467 18.9

Nitzschia acicularis 3207 8.9 897867 4.2

Melosira granulata arigustissirna 2915 8.1 2550758 11.8

Ankistrodesmus falcatus 2041 5.6 58157 0.3

Melosira distans 1749 4.8 751514 3.5

Stephanodiscus astraca minutula 1458 4.0 510152 2.4

Rhodornorias sp 1166 3.2 23321 0.1

Crucigenia tetrapedia 1166 3.2 173452 0.8

10 CycloteUa glornerata 875 2.4 52473 0.2

11 Micractiniurn pusilluni 875 2.4 192400 0.9

12 Sphaerocystis schroeteri 875 2.4 454764 2.1

13 Trachelonionas volvocina 875 2.4 1648518 7.7

14 Pandorira sp 583 1.6 612182 2.8

15 Chodatella wratisiawiensis 583 1.6 34982 0.2

16 Mel.osira arnbigua 583 1.6 686810 3.2

17 Aphanizortienon flosaquae 583 1.6 349818 1.6

18 Cyclotella sp 583 L6 49558 0.2

19 Dictyôsphaeriurn chrenbergianuni 583 1.6 104945 0.5

20 Cyclotella pseudostelligera 583 1.6 37897 0.2

21 Anabacria sp 583 1.6 583030 2.7

22 Scenedesrnus quadricauda 583 1.6 75794 0.4

23 Chrysococcus rufescens 583 1.6 49558 0.2

24 Pediastrurn tetras 583 1.6 174909 0.8

25 Pediastrurn duplex 292 0.8 116606 0.5

26 Scenedesriius hystrix 292 0.8 46642 0.2

27 Gomphosphacria lacustris 292 0.8 244873 1.1

28 Cryptornonas erosa 292 0.8 151588 0.7

29 Closteriopsis longissirna 292 0.8 103779 0.5

30 Eucilena sp 292 0.8 169079 0.8

31 Rhodornorias minuta 292 0.8 5830 0.0

32 Nitzschia paleacea 292 0.8 28568 0.1

33 Scenedesriius acunilnatus 292 0.8 69964 0.3

34 Oocystis lacustris 292 0.8 34982 0.2

35 Cryptornorias sp 292 0.8 116606 0.5

36 Crucigeriia crucifera 292 0.8 99115 0.5

37 Cyclotella kutzingiana 292 0.8 33524 0.2

38 Nitzschia sp 292 0.8 34982 0.2

BB97
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PHYTOPLANKTON SAMPLE ANALYSIS

SAMFLE Willamett River 0619

SAMPLE DATE 860527

TOTAL DENSITY /nil 2190

TOTAL BIOVOLUME cu.uM/ml 205069

DIVERSITY INDEX 3.80

SPECIES DENSITY PCT B1OVOL PCT

Stephanodiscus hantzschii 474 21.6 56832 2.8

Stphanodiscus astraa miriutula 414 18.9 145040 7.1

Astrionella formosa 296 13.5 143838 7.0

Mlosira italica 257 11.7 1133359 55.3

Cuclotella sp 79 3.6 6709 0.3

Chrysococcus rufescens 59 2.7 5032 0.2

Diatorna tenue elongatum 59 2.7 42624 2.1

.8 Scenedesmus quaclricauda 39 1.8 7696 0.4

Nitzschia acicularis 39 1.8 11051 0.5

10 Melosira distans 39 1.8 23443 1.1

11 Fragilaria construens 20 0.9 2210 0.1

12 Aphanizornenon flosaquae 20 0.9 23680 1.2

13 Melosira.varians 20 0.9 12827 0.6

14 Gomphonema sp 20 0.9 3947 0.2

15 Achnanthes minutissima 20 0.9 987 0.0

16 Stephanodiscus subsalsus 20 0.9 1125 0.1

17 Trachelomonas sp 20 0.9 39467 1.9

18 Cycl.otella meneghiniana 20 0.9 7499 0.4

19 Synedra ulna 20 0.9 39269 1.9

20 Cyclotella pseudostelligera 20 0.9 1283 0.1

21 Cymbella minuta 20 0.9 7301 0.4

22 Rhoicosphenia curvata 20 0.9 2309 0.1

23 Navicula cryptocephala veneta 20 0.9 1875 0.1

24 Cymbella sinuata 20 0.9 2763 0.1

25 Gomphoneis herculeana 20 0.9 106560 5.2

26 Nitzschia fonticota 20 0.9 829 0.0

27 Cryptomonas erosa 20 0.9 10261 0.5

28 Gomphonerna angustatum 20 0.9 3552 0.2

29 Stephanodiscus astraea 20 0.9 158695 7.7

30 Nitzschia palea 20 0.9 39072 1.9

31 Achnanthes lanceolata 20 0.9 3552 0.2

32 Fragilaria vaucheria 20 0.9 5683 0.3



PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Sta 0550

SAMPLE DATE 860527

TOTAL DENSITY H/nil 14271

TOTAL BIOVOLUME cu.uM/ml 4189771

DIVERSiTY INDEX 4.08

SPECIES DENSITY PCI BIOVOL PCI

Stephanodiscus hantzschii 4587 32.1 121080 17.2

Scenedesmus quadricauda 1019 7.1 26414 6.1

Nitzschia acicularis 892 6.3 249738 6.0

Stephanodiscus astraea minutula 765 5.4 267576 6.4

Nitschia holsatica 637 4.5 280318 6.7

Cryptomonas sp 510 3.6 203868 4.9

Rhodomonas sp 510 3.6 10193 0.2

Asterionella formosa 382 2.7 226576 5.4

Melosira distans 382 2.7 126395 3.0

10 Synedra rumpens 382 2.7 143344 3.4

11 Scenedesriius abundans 382 2.7 63645 1.5

12 CyclotIla kutzingiana 255 1.8 29306 0.7

13 Cyclotella meneghiniana 255 1.8 96837 2.3

14 Nitzschia palea 255 1.8 45870 1.1

15 Fragilaria construens venter 255 1.8 12232 0.3

16 Nitzschi.a amphibia 255 1.8 24464 0.6

17 Nitzschia clausil 255 1.8 81547 1.9

18 Ankistrodesmus falcatus 255 1.8 6371 0.2

19 Trachelomonas volvocina 127 0.9 240181 5.7

20 Cruptomonas erosa 127 0.9 66257 1.6

21 Nitzschia dissipata 127 0.9 34275 0.8

22 Cyclotella pseudcstelligera 127 0.9 8282 0.2

23 Fragilaria vaucheria 127 0.9 36696 0.9

24 Achnanthes minutissinia 127 0.9 6371 0.2

25 Anabaena sp 127 0.9 127417 3.0

26 Nitzschia microcephala 127 0.9 12742 0.3

27 Melosira granulata 127 0.9 70079 1.7

28 Nitzschia paleacea 127 0.9 12487 0.3

29 Cyclotella sp 127 0.9 10830 0.3

30 Selenastrum minutum 127 0.9 2548 0.1

31 Ochronionas sp 127 0.9 10830 0.3

32 Nitschia sp 127 0.9 15290 0.4

33 Melosira anibigua 127 0.9 675439 16.1

34 Fragilaria construeris 127 0.9 14271 0.3

BB 80



PHYTOPLANKTON SAMFLE ANALYSIS

SAMFLE Sta center 0755

SAMPLE DATE 8605-24

TOTAL DENSITY /mU 2782

TOTAL BIOVOLUME cu.uM/ml 149490

DIVERSITY INDEX 4.17

SPECIES DENSITY PCT BIOVOL PCT

Melosira italica 438 15.7 800177 45.7

Stephanodiscus hantzschii 412 14.8 49452 2.8

Stephariodiscus astraea minutula 361 13.0 126206 7.2

Aster ionella formosa 335 12.0 87016 5.0

Unident pennate diatom 129 4.6 202831 11.6

Scenedesmus quadricauda 129 4.6 33483 .1.9

Fragilaria construens venter 77 2.8 40798 2.3

Diatoma tenue elongatum 77 2.8 55634 3.2

Gornphonema angustatum 52 1.9 9272 0.5

10 Cruptomonas erosa 52 1.9 26787 1.5

11 Scenedesmus abündans 52 1.9 6439 0.4

12 Ankistrodesmus faLcatus 52 1.9 1288 0i
13 Chrysococcus rufescens 52 1.9 4379 0.3

14 Fragilaria pinnata 52 1.9 3091 0.2

15 Nitzschia amphibia 26 0.9 2473 0.1

16 Fragilaria vaucheria 26 0.9 37089 2.1

17 Fragilaria crotonensis 26 0.9 43271 2.5

18 Unident centric diatom 26 0.9 2576 0.1

19 Navicula cryptocephala veneta 26 0.9 2447 0.1

20 Fragilaria construens 26 0.9 2885 0.2

21 Synedra ulna 26 0.9 51255 2.9

22 Achrianthes linearis 26 0.9 3400 0.2

23 Cyclottla sp .26 0.9 2189 0.1

24 Cryptomonas ovata 26 0.9 44481 2.5

25 Tabellaria fenestrata 26 0.9 61815 3.5

26 Nitzschia palea 26 0.9 4636 0.3

27 Cruptomonas sp 26 0.9 10303 0.6

28 Cyclotella meneghiniana 26 0.9 9787 0.6

29 Chiamydomonas sp 26 0.9 8371 0.5

30 Cyclotella pseudostelligera 26 0.9 1674 01
31 Navicula contenta biceps 26 0.9 2061 0.1

32 Melosira distans 26 0.9 5100 0.3

33 Navicula sp 26 0.9 3863 0.2

34 Cyclotella kutzingiana 26 0.9 2962 0.2

BE79



PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Sta E7 1047

SAMPLE DATE 8605-27

TOTAL DENSITY fl/mi 3064

TOTAL BIOVOLUME cu.uM/mi 3140161

DIVERSITY INDEX 3.37

SPECIES DENSITY PCI BIOVOL PCT

Melosira itailca 1059 34.6 2185408 69.6

Stephanodiscus astraca minutula 458 15.0 160333 5.1

Asterionelia formosa 344 11.2 111915 3.6

Stephanodiscus hantzschii 258 8.4 30921 1.0

Scenedesmus quadricauda 115 3.7 20471 0.7

Diatomatenue elongatum 115 3.7 82457 2.6

Fragiiaria construens 86 2.8 9620 0.3

Fragiiaria construens venter 57 1.9 2749 0.1

Ankistrodesmus fatcatus 57 1.9 1432 0.0

10 Fragilaria crotonensis 57 1.9 192400 6.1

11 Crptomonas erosa 57 1.9 29776 0.9

12 Chrysococcus rufescens 57 1.9 4867 0.2

13 Scienastrum minutum 57 1.9 1145 0.0

14 Ste.phariodiscus astraca 29 0.9 230250 7.3

15 Frustulia rhomboides 29 0.9 30921 1.0

16 Cocconeis pl.acentuia 29 0.9 13170 0.4

17 Nitzschia amphibia 29 0.9 2749 0.1

18 Cycioteila meneghiniana 29 0.9 10880 0.3

19 Dinobryon sertularia 29 0.9 3436 0.1

20 Cryptornonas sp 29 0.9 11452 0.4

21 Crucigenia quadrata 29 0.9 2434 0.1

22 Ouadrigula.ciosterioides 29 0.9 802 0.0

23 Rhodomonas minuta 29 0.9 573 0.0

BB8



PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE Sta 1450

SAMPLE DATE 860527

TOTAL DENSITY /ml 6992

TOTAL BIOVOLUME cu.uM/ml 1739622

DIVERSITY INDEX 4.37

SPECIES DENSITY PCT BIOVOL PCI

Unident pennate diatom 942 13.5 242372 13.9

.2 Stephànodiscus hantzschii 693 12.8 107109 6.2
Ankistrodesmus falcatus 545 7.8 13637 0.8

Chrysococcus rufescens 545 7.8 46364 2.7

Scenedesmus quadricauda 496 7.1 119258 6.9

Stephanodiscus astraca minutula 446 6.4 156201 9.0

Melosira distans 347 5.0 98282 5.6

Asterionella formosa 298 4.3 70436 4.0

.Cryptomonas erosa 298 4.3 154713 8.9

10 Selenastrum minutum 298 4.3 7914 0.5

11 Scenedesnius abundans 198 2.8 32232 1.9

12 Cryptomonas sp 149 2.1 59505 3.4

13 Fediastrum duplex 99 1.4 39670 2.3

14 Ilelosira italica .99 1.4 140135 8.1

15 Scenedesmus acuminatus .99 1.4 23802 1.4

16 Nitzschia amphibia 99 1.4 9521 0.5

17 Melosira granulata 99 1.4 54546 3.1

18 Fragi.laria pinnata 99 1.4 8926 0.5

19 Chiamydomonas sp 99 1.4 32232 1.9

20 Dinobryon sertularia 99 1.4 11901 0.7

21 Fragilaria construens 99 1.4 11108 0.6

22 Melosira ambigua 50 0.7 29207 1.7

23 Tetraedron caudatum 50 0.7 1984 0.1
.24 Stephanodiscus subsalsus 50 0.7 5653 0.3
25 Sphaerocystis schroeteri 50 0.7 25786 1.5
26 Navicula sp 50 0.7 7438 0.4
27 Crucigenia quadrata 50 0.7 4215 0.2
28 Navicula minima 50 0.7 2182 .0.1

29 Trachelamonas granulosa 50 0.7 178020 10.2
30 Rhodomorias minuta 50 0.7 992 0.1

31 Synedra rumpers 50 0.7 18595 1.1

32 Fragilaria vaucheria 50 0.7 14281 0.8

33 Scenedesmus dent iculatus 50 0.7 8926 0.5

34 Achranthes minutissima 50 0.7 2479 0.1

82



PHYTOPLANFTON SAMPLE ANALYSIS

SAMPLE Sta 1709

SAMFLE DATE 860527

TOTAL DENSITY 11/mi 13280

TOTAL BIOVOLUME cu.uM/mi 3108546

DIVERSITY INDEX 4.19

SPECIES DENSITY PCT IOVOL PCT

Unid.nt pennate diatom 2614 19.7 512370 16.5

Stephanodiscus hantzschi 1o7 12.6 200765 6.5

Scenedesrnus quadricauda 1150 8.7 210CF 6.8

Rhodomonas minuta 1150 8.7 23004 0.7

Cryptomonas erosa 732 5.5 380617 12.2

Rhodomonas sp 627 4.7 12548 0.4

Ankistrodesmus faicatus 627 4.7 15685 0.5

Cryptomonas sp 523 3.9 209130 6.7

Stephanodiscus astraea minutuia 418 3.1 146391 4.7

10 Meiosira sp. 418 3.1 261413 84
11 Scenedesmus abundans 314 2.4 62739 2.0

12 Scieriastrum minutuni 209 1.6 4183 0.1

13 Crucigenia t.etrapedia 209 1.6 17776 0.6

14 Navicuia pupula 209 1.6 56465 1.8

15 Melosira ambigua 209 1.6 369533 11.9

16 Dinobryon sertularia 209 1.6 25096 0.8

17 Cyciotella pseudosteliigera 209 1.6 13593 0.4

18 Stephanodiscus subsaisus 209 1.6 47682 1.5

19 Asterionella formosa 209 1.6 37225 1.2

20 Achnarithes iewisiaria 105 0.8 13071 0.4

21 Anabaena sp 105 0.8 104565 3.4

22 Cyciotelia kutzingiana 105 0.8 12025 .0.4

23 Unident pennate diatom 105 0.8 6598 1.2

24 Amphora perpusilia 105 0.8 17358 0.6

25 Achnanthes minutissima 105 0.8 5228 0.2

26 Meiosira distans 105 0.8 20704 0.7

27 Crucigenia quadrata 105 0.8 8888 0.3

28 Tracheiomonas hispida 105 0.8 219587 7.1

29 Fraqilaria construeris 105 0.8 11711 0.4

30 Cycioteila sp 105 0.8 8888 0.3

31 ChrLsococcus rufescens 105 0.8 .8888 0.3

32 Chiamydomonas sp 105 0.8 33984 1.1
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PHYTOPLANITON SAMPLE ANALYSIS

SAMPLE North Slough 1113

SAMPLE DATE 860527

TOTAL DENSITY 11/mi 13837

TOTAL BIOVOLUME cu.uM/ml 4346370

DIVERSITY INDEX 4.09

SPECIES DENSTY PCT BIOVOL FCT

Stphanodiscus hantzschii 3953 28.6 48643 11.2

Scndsmus quadricauda 1186 8.6 248236 5.7

Mlosira distans 1186 8.6 469667 10.8

Cryptomonas erosa 791 5.7 411156 9.5

Cruciqenia tetrapedia 527 3.8 44805 1.0
Nitzschia hoisatica 527 3.8 304414 7.0
Antdstrodesrnus faicatus 395 2.9 9884 0.2

Sphaerocystis schroeteri 395 2.9 205578 4.7

Cyclotella sp 395 2.9 33604 0.8

10 Asterioneila formosa 395 2.9 234335 5.4

11 Cryptomonas sp 395 2.9 158137 3.6

12 Meiosira ambigua 395 2.9 388871 8.9
13 Arabaena sp 395 2.9 395342 9.1
14 Fragilaria construens venter 264 1.9 12651 0.3
15 Fragilaria pinnata 264 1.9 15814 0.4
16 Crucigenia quadrata 264 1.9 22403 0.5
17 Nitzschia frustulum 132 1.0 15814 .0.4

18 Stephanodiscus astraca minutula 132 1.0 46123 1.1

19 Nitzschia clausii 132 1.0 42170 1.0
20 Melosira italica 132 1.0 248275 5.7
21 Rhodoriionas nilnuta 132 1.0 .2636 0.1

22 Chiorella sp 132 1.0 7907 0.2
23 Unident green alga 132 1.0 19767 0.5
24 Cryptomonas ovata 132 1.0 227585 5.2
25 Amphora ovalis 132 1.0 76169 1.8
26 Cyciotella meneghiniana 132 1.0 50077 1.2
27 Eunotia sp 132 1.0 59301 1.4
28 Nitzschia sp 132 1.0 15814 0.4
29 Pediastrum duplex 132 1.0 52712 1.2
30 Scenedesmus denticulatus 132 1.0 5930 0.1
31 Achnanthes linearis 132 1.0 17395 0.4
32 Cyciotella kutzingiana 132 1.0 15155 0.3

.1
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PHYTOPLANKTON SAMPLE ANALYSIS

SAMPLE North Siough

SAMPLE DATE 860828

TOTAL DENSITY $4/mi 22738

TOTAL BIOVOLUME cu.uM/mi 1.244701E07

DIVERSITY INDEX 4.76

SPECIES DENSITY PCI BIOVOL PCI

Anabaena fiosaqua 3061 13.5 3703700 29.8

Nitzschia acicuiaris 2186 9.6 612182 4.9

Melosiragranulata angustissima 1968 8.7 1421683 11.4

Scenedesmus quadricauda 1312 5.8 198675 1.6

Stephanodiscus astraea mi.nutula 1093 4.8 382614 3.1

Melosira distans 1093 4.8 432900 3.5

Ankistrodesmus falcatus 875 3.8 21864 0.2

Anacystis sp 656 2.9 196773 1.6

Crucigenia tetrapedia 656 2.9 111505 0.9

10 Trachelomonas voivocina 656 2.9 1236389 .9.9

11 Osciliatoria sp 656 2.9 655909 5.3

12 Cyclotelia giomerata 656 2.9 39355 0.3

13 Dictyosphaerium chrenbergianum 437 1.9 78709 0.6

14 Cyciotella pseudosteiiigera 437 1.9 28423 0.2

15 Tetraedron sp 437 1.9 11806 0.1

16 Fediastrumtetras 437 1.9 131182 1.1

17 Anabaena sp 437 1.9 437273 3.5

18 Fragilaria pinnata 437 1.9 26236 0.2

19 Melosira ambigua 437 1.9 1545322 12.4

20 Cyciotella meneghiniana 437 1.9 166164 1.3

21 Stephanodiscus subsalsus 219 1.0 24925 0.2

22 Achhanthes minutissima 219 1.0 10932 0.1

23 Tetraedron regulare 219 1.0 25143 0.2

24 Cycloteila kutzingiana .219 1.0 25143 0.2

25 Navicula cryptocephala 219 1.0 40448 0.3

26 Scenedesmus abundans 219 1.0 21864 0.2

27 Tetrastrurn.staurogeniaforrne 219 1.0 47225 0.4

28 Fandorina sp 219 1.0 229568 1.8

29 Achnanthes linearis 219 1.0 28860 0.2

30 Phacus sp 219 1.0 76523 0.6

31 Fragilaria construens venter 219 1.0 10495 0.1

32 Fragilaria construens 219 1.0 24487 0.2

33 Stephanodiscus hantzschii 219 1.0 26236 0.2

34 Selenastrum minutum 219 1.0 17491 0.1

35 Chrysococcus rufescens 219 1.0 18584 0.1

36 Nitzschia palea 219 1.0 39355 0.3

37 Scenedesmus denticulatus 219 1.0 19677 0.2

38 Coelastrurn sp 219 1.0 174909 1.4

39 Unident green alga 219 1.0 32795 0.3

40 Cryptomonas ersa 219 1.0 113691 0.9
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PHYTOFLANTON SAMPLE ANALYSIS

SAMPLE Columbia Slough

SAMPLE DATE 8608-28

TOTAL DENSITY fl/mi 38197

TOTAL BIOVOLUfIE cu.uM/ml 9825270

DIVERSITY INDEX 3.81

SPECIES DENSITY PCT BIOVOL PCT

Cyciotlla psudostliigra 7639 20.0 496562 5.1

Scnedesmus quadricauda 5376 14.1 1212530 12.3

Stephanodiscus astraa miriutula 5093 13.3 1782530 18.1

Melosira distans 3678 9.6 1454581 14.8

Cjcioteila glomerata 3395 89 220015 2.2

Rhodomonas minuta 1698 4.4 33953 0.3
Nitzschia palea 1415 3.7 356506 3.6

Crptomonas erosa 1415 3.7 735647 7.5

.9 Stephanodiscus hantzschii 1132 3.0 135812 1.4
10 Scenedesmus abundans 1132 3.0 169765 1.7
11 Stephanodiscus subsalsus 849 2.2 64349 0.7
12 Pandoriria sp 566 1.5 594176 6.0
13 Selenastrum minutum 566 1.5 33953 0.3
14 Crptomonas ovata 566 1.5 977279 9.9

15 Melosira ambigua 283 0.7 833262 8.5
16 Achnanthes hunqarica 283 0.7 43856 0.4
17 Chiamydomonas sp 283 0.7 91956 0.9

.18 Tetraedrcn regular 283 0.7 32538 0.3
19 Synedra rumpens 283 0.7 106103 1.1

20 Scenedesmus acuminatus 2B3 0.7 67906 0.7
21 Navicula pupula 283 0.7 76394 0.8
22 Pediastrum duplex 283 0.7 113176 1.2
23 Chrysococcus rufescens 283 0.7 24050 0.2
24 Crucigenia quadrata 283 0.7 24050 0.2
25 Asterionelia formosa 283 0.7 50364 0.5
26 Cyclotelia sp 283 0.7 24050 0.2
27 Nitzschia frustulum 283 0.7 67906 0.7
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TABLES

VEGETATION TRANSECTS AT SMITH AND BYBEE LAKES 1982 AND 1986



SNITh-BYBEE LRES

VEGETATION TRAMSECTS
.1

/O/ /2
Ill Bybee Lhke outlet channel south side

Channel

QQ
Emergent Polygonun seturn Eleocharjs Potentilla

cudweed Bidens liverwort rice cut grass Mazus

Shrub Pacific willow some forb understory swamp smartweed

Shrub Taller Pacific willow no understory

Canopy break few young ash trees

Forested Pacific willow Carex understory

c21

Forest Mature ash Reed canarygrass understory Scattered
Carex mature Pacific willow young redosier dogwood

TRANSECT REVISITED

SCIENTIFIC RESOURCES INC SEPTEMBER 1986

No transect markers found Starting at channel into Bybee Lake scattered
Polygonum coccineum then shrub Pacific willows most dead Walking
toward North Slough in water where shrub willows were standing there was
some Polygonum hydropiperojdes but generally no other vegetation in water
at base of older Pacific Willow trees At slightly higher elevation
soggy but not inundated soils some scattered young Oregon ash trees with
mature Pacific Willow trees and understory of scattered reed canarygrass
Moving toward North Slough at higher elevation Pacific Willow trees with
understory of reed canarygrass occasional red osier dogwood Carex
aperta Occasional mature ash trees in with Pacific willow

II



SMITU-EThEE LAKES

VEGETATION TRANSECTS ioh-q/g i.

P2 SE corner Smith Lake PEMY wetland east side east to west

Carex reed canarygrass 100% cover

Po1ygonump Mostly species but crosses patch of swamp
sm4tweed Standing water rain Stnartveed dead

TRANSECT REVISITED

SCIENTIFIC RESOURCES INC SEPTEMBER 15 1986

No transect stakes found This large ephemeral pond had nearly
evaporated exposing Polygonurn hydropiperojdes in the center of the pond
and at the edge of the center narrow stem variety of wapato Sagittaria
latifolia Earlier when there was more water inthis pond ducks were
cropping the wapato Moving across the exposed bottom towards the
shoreline the water fern was abundant Near the shoreline was scattered
reed canarygrass then band of Carex aperta then dense band of Bidens
cernua and finally surrounding grassland of reed canarygrass



SHITU-BYBEE LAXES

VEGETATION TRMSECTS O/

i13 SE corner Smith Lake PENY wetland south side south to north

Forested Pacific willow fringe mature trees Reed canarygrass
understory

Emergent Polygonum Same as Transect stake in

deeper water

.1
Emergent Polygonumpp Crosses patch of swamp amartwaed

TRANSECT REVISITED

SCIENTIFIC RESOURCES INC SEPTEMBER 15 1986

No transect stakes found The vegetation in the then exposed pond bottom
was Polygonum hydropiperoicles then Sagittarja latifolia wapato The
Mexican water fern was abundant on the exposed mud bottom At the edge of
the exposed bottom were younger then mature Pacific willow trees with
juvenile Oregon ashcommon At slightly higher elevation reed canarygrassbecame the only understory



SMITBBYBEE LAKES

VEGETATION TRANSECTS liz/ca

i4 Bybee Lake NW corner

Emergent Carex upland

Emergent Mixed Carex Eguisetum Potentilla

/01
Shrub Small Pacific willow Understory of Carex

Potentilla Equisetum

Emergent Eleocharis with scattered ri plants of vapato
Very vet and soft

14

Shrub/forest Mature Pacific willow Little understory

Emergent Bybee Lake Bidens Eleocharis Eguisetum wainp
smartweed Azoila Calitiche scattered
climps pf wapato further out Water up so some

covered that normally grow out of water
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TRANSECT REVISITED

SCIENTIFIC RESOURCES INC 28 AUGUST 1986

There was no marker found to Identify the exact location of the transect
most likely site was found using transect locations on photograph

provided by Ellifrit see Photo Appendix The increased elevation of
the water the lack of previous markers and the previous length of the
transect led to choice of transect leading from the now flooded area
lying between Bybee and Smith Lakes to Bybee Lake Along this transect
approximately 220 ft from waters edge to waters edge was slight rise
in elevation which creates the penninsula between the lakes At the edge
of the interior flooded area and moving towards Bybee Lake Pacific willow
extended from in water onto the shoreline The understory of the
shoreline was Carex aperta with occasional young Oregon ash trees
Present also on the shoreline was Veronica Polygonum sp and trailing
blackberry At slightly higher elevation along the transect was reed
canarygrass with occasional Douglas spiraea and red osier dogwood
Nearing Bybee Lake shoreline vegetation changed to Carex aperta which
appeared to be cropped by geese or ducks Other plants present on the
shoreline exposed during summer were Solanum dulcamara Potentilla
Eguisetum Eleocharis Cirsium arvense and Aster chilensis Within the
lake water were Pacific willow trees moving out changing to scrub shrub
Pacific willow trees that were dead From the lake shore out fifty feet
growing among the willows was the submersed plant Potamogeton crispus No
wapato was observed along the transect



SMITB-BThEE LAXES

VEGETATION TRMSECTS

Spit of land between Smith and Bybee Lakes north side finger

wetlands Wapato transplant plants each stake Standing water

PEMY wetlands like Transects and

Emergent Reed canarygrass mixed with Carex

Emergent Break between Carex and Polygonum sp Small ash

Emergent Polygonu sp Scattered Nuiularia

1PfÔ
Emergent Polygonum

5T Emergent Polygonum ep

TRANSECT REVISITED

SCIENTIFIC RESOURCES INC AUGUST 28 1986

One stake of the five original ones was found in 2.5 ft of water There

was generally open water with scattered Polygonum coccineurn near the

stake At the shoreline was mud flat with three wapato plants

Sagittaria latifolia These appeared to be the plants transplanted by
Lightcap No other wapato was found On the exposed mud the water fern

Azolla mexicana was abundant Carex aperta was growing at slightly
higher elevation near the mud flat and above that reed canarygrass



SHITB-BYBEE LAKES

VEGETATION TRANSErS

Spit of land between Smith and Bybee lakes north side
Depression will not be flooded

Forested Cottonwood

Emergent Reed canarygrass

Emergent Dead Carex
33

7l Emergent live Carex

Disturbed Road

Emergent Reed Canarygrass

___Emergent Carex to low spot

TRANSECT REVISITED

SCIENTIFIC RESOURCES INC AUGUST 28 1986

No stake found at low spot of this tephemeral pond location The
vegetation along the transect from the ow spot of this then dry pond to
the tall black cottonwood trees toward Marine Drive was the same as
previously reported Scattered Epjloblum watsonil occurred among theCarex 4perta in the lowest area of the then dry pond



SHITR-BYBEE LANES

VEGETATION TRANSECTS

NW corner Smith Lake to SE

Forested Ash tree

Emergent High Nostly reed canarygrass occasional ash
Columbia River and Pacific willow redosier
dogwood cottonwood

Shrub/Forested Pacific willow Understory Potentilla
Eguisetum swamp smartweed reed canarygrass

Forested Pc.cif1ctillow no understory
-L

lCD

Emergent Swamp smartweed occasional Eleocharis

Shrub Scrub Pacific willow very dense Occasional

swamp smartweed

Emergent Smith Lake almost totally covered with

swamp smartweed

TRANSECT REVISITED

SCIENTIFIC RESOURCES INC AUGUST 1986

No transect markers found Generally vegetation from Smith Lake into
shore was same as observed in 1982 At the shoreline only sparse
Eleocharis with occasional Potentilla and Eguisétum The understory of
the Pacific willow is reed canarygrass with occasional Polygonum sp not
coccineum At slightly higher elevation Oregon ash and understory of
reed canrygrass At higher elevation toward Marine Drive mature black

cottonwood with understory of Himalayan blackberry red osier dogwood
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INTRODUCTION

Collections of zooplankton and benthic invertebrates from

the Smith and Bybee Lakes study area wore designed at

survey level The obective of these collections was

to gather information on species composition relative
abundance and community composition through the study

period and relate these factors to other wetland

parameters

METHODS

Zooplenktonsaznples were collected with O.5m diameter net

with 130
j.z

mesh All samples consisted of vertical hauls

through to feet of water Sampling was accomplished
eIther from boat or from the three bridges across

Columbia Slough in the study area Samples were preserved
in 10 buffered formalin.

Benthic invertebrate samples were collected with 0.024

sq Ekman sampler Sediments from the sampler were field

screened through 1.0 mm mesh material retained on the

screen was preserved in 10 buffered formalin

The obectivè of the zooplenkton analyses was to determine
the relative abundance of species in each sample rather

than total percent abundance by species representative
portion of each sample was examined the number of animals
counted varied with the size and diversity of samples The

number of animals counted per sample ranged from about 200

to 530 relative species abundances were expressed as

percent of total count Animals were identified to the

lowest possible taxonomic level

Benthic samples were examined and animals were separated
from sediment and/or debris Benthic animals were

identified and counted and notes were kept concerning the

Zooplankton refers to generally microscopic animals found
in natural waters The term benthic refers to the bottom

of body of water
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type of material in each sample Identifications were to
major taxonomic category rather than Genera or species The
volume of detritus or organic material in each sample was
measured by water displacement

RESULTS

The distributions of plankton and benthic samples through
time and space are presented in Figure Fi

3.1 Zooplankton

The relative zoopiankton counts for late Nay mid September
and mid October are presented in Tables F-i through F-3
Table F4 presents surmary of relative abundance by major
taxonomic categories the table also indicates the tidal
condition in Columbia Slough during the sampling

Zooplenkton sampled in Smith and Bybee Lakes was similar
in the two lakes in terms of abundance of general.taxonomic
categories Table F-4 The Nay samples were dominated by
the same species of Cladoceran wéter Lies The September
samples showed that Cladoceran populations had greatly
decreased and the samples were dominated by rotifera and
cyclopoid copepods in Smith Lake and cyclopoid copepods in
Bybee Lake The major difference during September was the
greater abundance of rotifers in the Smith Lake sample

Zooplenkton samples from Columbia Slough in Nay were
dominated either by cladocerans or rotifers Differences in
species composition in these samples might be explained on
the basis of the water being sampled The water Eampled at
CS1 was river water coming into the slough on the rising
tide while the samples at CSO3 and CS5 were from slough
water on the falling tide The river water had cladoceran
population dominated by the species Boarnina longiroatris
with abundance similar to the lakes and North Slough
station CSO4 The abundance of .onglrostrja was much
lower in the slough water Samples from the slough water
on the other hand were dominated by rotifera particularly
the species Brachionua ca1c111orua and Po1arthra vu1aria
abundance of these species in lake and river water was much
lower
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TABLE Fi

RELATIVE ZOOPLANKTON COUNTS
from the AREA cf the COLUMBIAWILLAMETTE CONFLUENCE

COLLECTION PERIOD 2729 May 1986

COUNTING DATES 2425 October 1986

Species _____ _____

SAMPLE IDENTIFICATION

Subphylum CRUSTACEA

Cladoceraris

Aloria costata
Bosmina longirostris

Ceriodaphriia puichella

Chydorus sphaericus
Daphnia spp

galeata mendotae
Eubosmina hagmanni
Macrothrix laticornis

Calanoid Copepods

Diaptomus franciscanus

Diaptomus copepodites

Cyclopoid Copepods

Cyclops spp
bicuspidatus thomasi varicans

Cyclops copepodites

Harpacticoid Copepods

Phylum ROTIFERA

Psplanchria priodonta
Brachiorius calyciflorus

ruberis

Euchianis dilatata

Kellicottia bcstoniensis

Keratella cochlearis

Polyarthra vulgaris

Synchaeta oblonga

3.7 2.7 3.0

rubellus vernalis
5.3 3.5 4.7

5.9 2.9 5.1

2.8 11.3 2.1

25.2 40.8 12.0

0.4 2.1

0.4

5.6

0.4

28.2 15.1

0.7 1.4

5.3
1.6

0.3

10.6

Other Zooplankton

Total Numbers Counted
Total Species Observed

457

12

451 234

12 17

303 392

11 11
205

Rotifers counted separately from

few of the bosminids counted as

sample but they are less than 5% of
number of species observed for Bybee
counted Bybee Lake before Smith

species in Smith Lake

crustaceans due to their very high numbers
longirostris are probably hatmanni in this

the total numbers of lonirestrjs The total
Lake assumes that hagmarini is present
Lake and only positively distinguished the twc

of Total Count

C503 CS5 CS1 CSO4
St St Rivergate St

Col.Sl Brdg N.Sl
Col.Sl

BL1
Bybee
Lake

793
0.3

0.3

3.0

0.9
55.5

0.9

1.7

8.8

0.2
23.8 14.0

0.2 1.6

1.8 3.5

1.8

schodleri

0.1

pulex rosea

SLO4
Smith

Lake

50.2
9.3

3.4

57.4

1.0

0.3

4.6

0.4 4.9

0.9
2.5

0.3 2.9
0.7 1.2 7.8

5.6 4.8 6.8

Copepod nauplii

7.0 5.9 6.8

3.6 6.4

0.7 1.5

0.3

0.3
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TABLE F2
RELATIVE ZOOPLPNKTON COUNTS

from the AREA of the COLUMBIAWILLAMETTE CONFLUENCE

COLLECTION PERIOD 18 September 1986

COUNTING DATES 25 31 October 1986

species

SRMPLE IDENTIFICATION

Subphylum CRUSTACEA

Cladocerans

Alona costata
Bosmina lonirostris
Ceriodaphnla puichella

Chydorus sphaericus

Daphnia spp
aleata mendotae pulex

Diaphanosoma brachyurum

Leptodora kindti

Moina brachiata

Pleuroxus aduncus

of Total

CS
Ri vergate

Brd
ColSi

0.2
5.3

0.7

0.7

0.2

0.5 1.1 5..1

0.2

0.e

Calaroid Copepods

Diaptomus spp 1.4
connexus franciscanus novamexicanus

Diaptomus copepcdites 7.4

Cyclopoid Copepcds

Cyclops spp 19.0 36.0
bicuspidatus thomasi varicans rubellus vernalis

Cyclops copepodites 21.4 42.4
Eucyclops ailis 2.3

Harpacticoid Copepods
either Canthocamptus sp

Copepod nauplii

or Mesochra sp
14.0 5.7 11.3

Other Zooplankton

Chironomid larvae
nemat ode

immature oligöchaete

FS

0.7

15.8

0.4

24.1

0.8

5L04
Smith

Lake

Count

BL1
By bee

Lake

0.4
0.4

1.1

20.0

0.5

7.9

2.7

3.0 0.2

1.1 2.2

9.8

22.9

Phylum ROTIFER
Asplarichria priodonta
Brachionus calyciflorus
Euchianis dilatata
Kellicottia bostoniensis

Polyarthra vulgaris

Synchaeta oblonga

1.5

1.93.7

0.5

0.5

0.5

215

13

iotai Numbers Counted
Total Species Observed

0.4

264

15

532

15



TABLE F3
RELATIVE ZOOPLPNKTON COUNTS

from the AREA of the COLUMBIAWILLAMETTE CONFLUENCE

COLLECTION PERIOD 13 October 1986
COUNTING DRIES 25 31 October and November 1986

Species Total Count

CS1 C53 C54 C5O
SRMPLE IDENTIFICRTION Columbia River Si Bridges Willarnette

Riverate Landfill Portland Rd River
Subphylum CRUSTACEA

Ci adocerans

Acroperus harpae -- 0.4
Alona costata sp 0.6 2.6
Bosmina 1onirostris 8.0 3.1 5.0 347
Chydorus .sphaericus 1.4 0.6 0.3 1.2
Daphnia spp 0.3 4.2

pulex rosea
Diaphanosoma brachyurum 0.3 0.4
Macrothrix laticornis 0.7 0.8
Pleuroxus aduncus 25.6 69.4 69.2 57

Calanoid Copepods
Diaptomus novamexicarius 0.4

Diaptomus copepodites 0.7 3.4

Cyclopoid Copepods

Cyclops bicuspidatus thomasi 17.7 7.4 1.3 6.5
Cyclops copepodites 29.2 4.9 2.1 11.8

Harpacticoid Copepods

Brycicamptus washirigtonensis 0.3 1.5
either Canthocampus sp or Mesochra sp 5.0

Copepod naupili 3.6 1.9 0.5 11.0

Phylum ROTIFERR

Asplanchna priodonta 3.2 1.9
Brachionus calyciflorus 8.0 8.0 10.5 1.1

rubens 0.4
Polyarthra vulgaris 6.3 1.9
Rotaria neptunia 0.3

Other Zooplankton
Chironomid larvae 0.4
nematode 2.7
immature oligochaete 0.4 1.2 5.7
ostracod 0.3

Total Numbers Counted 277 323 381 262
Total Species Observed 10 11 12 18

F-6



TABLE F-4

ZOOPLANKTON SUMMARY
SMITH AND BYBEE LAKES STUDY AREA 1986

RELATIVE ABUNDANCE WITHIN SAMPt..E

CLADOCERA CALANOID CYCLOPOID IRPACTICOID COPEPOD ROTIFER OTHERS

STATION DATE COPEPOD COPEPOD COPEPOD NAUPLII

Smith Lake

SLO4 NAY 67.8 10.7 13.6 6.4 1.5

SEP 12.6 .2.4 32.7 11.3 41

Bybee Like

BLI NAY 82.9 1.5 10.7 3.6 1.3

SEP 4.1 4.1 80.7 .8 5.7 4.2 .4

Columbia Slough

CSI 68.2 3.4 7.7 5.1 20.5

SEP 31.6 8.8 40.4 14 4.2

OCT 35.7 1.1 46.9 1.1 3.6 11.2 .4

CSO OCT 46.6 4.6 18.3 6.5 11 3.4 8.8

CSO3 NAY 27.8 5.9 57.3

c504 NAY 63.3 13.3 12.6 5.6 17.8

CS3 OCT 74 12.3 .3 1.9 10.2 1.2

cS4 OCT 78.2 3.4 .8 .5 16.8 .3

CS5 NAY 20.2 6.2 6.2 2.9 70.7

tide flowing rising

tide ebbing falling

.1
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The September and October Columbia Slough samples still
showed moderate to high relative abundance for cladocerans
with cyclopoid copepoda more abundant than during May

3.2 Benthic Invertebrates

The numbers of animals per sample nd the calculated
numbers per square meter for benthic samples are presented
in Table F-5

Oligochaete worms were the dominant organism in all

samples These worms were with the exception of small
number of midge fly larvae Chironomidse the only benthic
organisms found in the Smith Lake samples and except for
clams and some other organisms were the only organisms
found in Columbia Slough samples Bybee Lake and Smith
Channel samples contained small to moderate numbers of midge
fly larvae some phantom midge fly larvae Cheoborus and
few others

The characteristics of sample sediment are shown in Table
F6 Data for percent silt and sand are from Fishman
Environmental Services 1986a

DISCUSSION

Some trends are evident in the data for invertebrates
collected in the study area It is important to keep in

mind however that this was survey level study rather
than an indepth assessment any conclusions drawn from

non-replicated sampling must be kept in this context

4.1 Zooplankton

The two previous studies of zooplankton in Smith and Bybee
Lakes are summarized by Fishmari Environmental Services
1985 The data from 1982 Clifton 1983 showed peak in

zooplankton abundance in both lakes during June very low
abundance by midAugust and second peak during October
see Figure 2.2-1 Fishmen Environmental Services 1985

F-8



TABLE F-5

BENTHIC INVERTEBRATES SAMPLED IN
SMITH AND BYBEE LAKES STUDY AREA 1986

-------NtJPIBER OF INDIVIDUALS PER SAMPLE NUNDER PER SQUARE IIETER---

STATION DATE OLIOCHRETE
WORN

CHIROWOMIO CHIPCtt1ID CHROBORUS
LARVA PUPA LARVA

NEtIATODE CLAM OTHER
WORM

TOTAL

Smith Lake

Smith Channel

Columbia Slough

ol igochaete fresh water earthworm
Chironomid midge fly
Chaoborus phantom midge fly

c_ s_

Bybee Lake

9/375

3/125

18/750

4/167

3/125

511 20JUN86 6/250
6/250

5101 20JUN86 20/833 2/83 22/916

SLO4 20JUN86 7/292 2/83 9/375

5104 18SEP86 15/655
15/655

SCO1 18SEP86 34/1417 44/1834

SC02 20JUN86 6/250 2/83 11/458

811 20JUN86 46/1917 652709

811 18SEP86 20/833 32/1334

81.10 18SEP86 3/125 7/292

CS1 25OCT86 1/42
1/42

CSO2 25OCT86 20/833 1/42 21/875

CSO4 25OCT86 24/1000 24/1000

CSO8 25OCT86 158/6584 1/42 7/292 166/6918

1/42

1/42

7/292 1/42

1/42



TABLE F-6

BENTHIC SAMPLE SEDIMENT CHARACTERISTICS

STATION DATE SILT SAND DETRITUS

SL1 20JUN86 78.1 21.9 5.8

SLO1 20JUN86 90.2 9.8 N/A

SLO4 20JUN86 97.5 2.5 0.4

SLO4 18SEP86 96.4 3.6 0.2

SCO1 18SEP86 80.3 19.7 1.5

SCO2 20JUN86 47.9 52.1 N/A

BL1 18SEP86 94.3 5.7 1.1

BL1O 18SEP86 98.9 1.1 .0.3

CS1 25OCT86 1.6 98.2 0.0

CSO2 25OCT86 3.7 95.5 5.0

CSO4 25OCT86 72.3 27.7 2.1

CSO8 25OCT86 66.5 33.5 11.2
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The data presented by Clifton suggest that cladocerana
were more abundant during June and copepods were perhaps
more abundant during the fell the 1982 data are not
analysed merely presented as tables Zooplankton date
collected during 1986 for this study clearly indicate that
cladocerans were the most abundant group during late May
while cyclopoid copepods were more abundant during
September Rotifers were very abundant in the sample from
Smith Lake during September Fish feeding data collected
during 1986 also point to the abundance of cladocerana
during early summer Fishman Environmental Services 1986b

The zooplenkton data for Columbia Slough samples suggest
an interesting pattern The May sample at station CS1 the
Lombard Road bridge was collected on rising tide thus
the sample was from river water Table F-4 The May samples
at stations CSO3 and C505 were taken during felling tide
and were from slough water. The relative abundance of taxa
in the river water sample was very similar to that for both
Smith and Bybee Lakes with the exception of more abundant
rotifera in river water These samples were all dominated
by cladocerans The samples from slough water were
dominated by rotifera with much lower abundance of
cladocerana The sample from CSO4 in North Slough is more
similar to the lake samples this slough arm is blind
lowflow channel that receives some water from the lakes

The October slough samples are generally dominated by
cladocerana with rotifera much less abundant then in MayTable F-4 The sample from station CSO was in the
Willamette River just upstream from the mouth of the
Columbia Slough The sample from station CS1 the Lombard
bridge was during falling tide the water sampled was
likely mixture of river and slough water The other
October slough samples stations CS3 and CS4 were sloughwater sampled on falling tide

The abundances of certain species found in fall slough
samples is explained by the seasonal dieoff and subsequent
downstream drift of Lilamentous algae which these species
inhabit This group of species includes harpacticoid
copepods ostracoda nemetode worms nUdge fly larvae and
the cladoceran P1euroxu Vogel 1986

4.2 Benthic Invertebrates

The USGS study of the lakes in 1982 reported on benthic
invertebrate samples Clifton 1983 The data tables
presented for that study show greater variety of benthic
invertebrates than found in the few samples taken during
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1986 the number of 1982 samples however was not much

larger than the 1986 study

Oligocheates generally dominated the lake samples in 1982

as they did during 1986 The samples.Irom station SLO4 in

1982 their station SL1 had 1220 animals per square meter

in July end 184 per square meter in August The June end

September .1986 values were 375 and 655 per square meter
respectively see Table F-5 The samples at station BL1

in Bybee Lake their station BL3 during 1982 had total

numbers of animals per square meter ranging from 312 to 3212

monthly samples June through October The samples
from 1986 at this station had totals of 2709 and 1334

animals per square meter June and September
respectively

Another point of reference is the Columbia River backwater

study in which benthic invertebrates were sampled Parente
and Smith 1981 The total numbers of benthic organisms per

square meter reported in that study were 80 to 1380 June
40 to 2900 August and 20 to 2460 November/December

The relationship between benthic invertebrate abundance

and sediment characteristics was examined for the 1986

data Examination of the data suggested that the total

abundance of benthic animals might be related to the

relative sand and silt composition of sediments
Calculation of the correlation coefficient for animal

abundance end silt content resulted in very low

correlation r0.1734 results of this calculation are

shown in Figure F-2

The relationship between animal abundance and percent

detritus organic material in samples was examined using

correlation techniques This result showed very high

correlation between these parameters r0.8981 as shown in

Figure F-3 The samples with the lowest detritus volume had

the lowest animal abundance This relationship might be

related to food supply or the physical matrix of detritus

that provides microhabitat for oligochaetes and other

animals

Populations of benthic organisms in alougha and shallow

lakes are extremely variable both spatially and seasonally
Perhaps the most important result of the present survey is

the seeming greater diversity of organisms in Rybee Lake end

Smith Channel compared with Smith Lake and the Columbia

Slough The relationship between animal abundance and

detrital volume also suggests an explaination for the

generally lower benthic invertebrate abundance in Smith Lake

indicated by this survey
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BACKGROUND AND OBJECTIVES

Little information is available concerning fish populations
in the Smith and Bybee Lakes study area Fish were sampled
with gilineta in Smith Lake and Columbia Slough during 1973
and 1982 and in Bybee Lake during 1982 Oregon State Game
Commission 1973 3. Massey ODFW pera commun. These
samples were limited in time and number and provided only
general indications of fish population characteristics in
these waters

The present study was designed to collect population and
habitat utilization information for fish species in the

study area It was anticipated that study results would

contribute to the development of a.Nanagement Plan for Smith
and Bybee Lakes particularly for planning related to

recreational fisheries The study would also provide data
for better understanding of wetland functions inherent in

Smith and Bybee Lakes

METHODS

The primary sampling method chosen for the study was the use
of boat-mounted electrofishing equipment portable GPP

Electrofiaher 13 was used in an aluminum flatbottom
skiff The equipment consisted of gaspowered generator
an output-control circuit box and an anode array mounted
off the front of the boat The aluminum boat acted as the
cathode Alternating current at 60 cycles per second was

used output voltage was adjusted to meet specific field
conditions An elapsed time counter was incorporated in the
control unit

Specific habitats were fished with the electrofiaher for

periods of ten minutes at the slowest speed possible using
5-HP outboard motor Al aquatic habitats in the lakes and

The GPP gas-powered pulsator e.ectrofiaher is
manufactured by Smith-Root Inc Vancouver WA
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slougha were sampled with this method willow swamps could
only be sampled along their edges Fish stunned by the
electric current were netted from the water and put in
containers of water in the boat At the end of each ten
minute sampling period fish were identified counted and
weighed the information was recorded on field date sheets
Representative numbers of several species were kept for
stomach content analysis most fish were returned live to
the lake or slough

Environmental information generally recorded for each fish
collection included average water depth water temperature
and habitat type Notes were also recorded concerning
reproductive state of fiah disease and parasite problems
and other points of possible interest

total of 29 stations were sampled with electrofishing
gear during the project many of these were sampled
seasonally Station numbers and locations are shown on
Figure G-1

small beach seine was used few times during the
study set net was also used to collect fish leaving the
lakes through breached dike on April 11 1986

Fish kept for feeding habits analysis were preserved in
1O buffered formalin Each fish was measured for length in
the laboratory and stomach contents were examined An
estimate of stomach fullneBs was recorded end stomach
contents were identified to the level of major taxonomic
groups The percent of unidentifiable material and plant
material in stomachs was also recorded

Dat.a analyseE consisted of the following calculations

the total number and group weight of each species per
sample

the catch rate for each species expressed as the mean
number and mean weight per ten minutes electrofishing
for large areas i.e Smith Lake by season and
specific habitats

the total number and mean of each food item per fish
species
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RESULTS

The sampling schedul.e and stations sampled are presented in

Table G-1 total of 55 electrofiahing samples were

conducted totaling 9.2 hours of sampling

total of 747 fish were captured representing 16 taxe
Length data ware recorded for most of these fish list of

fish taxa captured during the study is presented in Table
G-2

3.1 Catch Data

The effectiveness of electrofishing varies with species of

fish size of individual fish conductivity and temperature
of the water An assumption was made that the effectiveness
of the electrofiahing technique was equal for the three

sampling periods This may not be totally accurate

assumption because environmental factors particularly
temperature varied with sampling period Water

temperatures measured at collection stations during the

late-April/early-May sampling period ranged from 13.0

degrees to 15.0 degrees Water temperatures recorded

during the late-June sampling ranged from 24.0 to 25.5

degrees October temperatures were again in the 15 degree

range

Fish catch data are presented in Appendix G-A Appendix
Table GA1 Catch data were converted to mean number per

10minutes and mean weight grams per 10minutes in order

to compare catch rates general comparison was made for

five sampling areas in the Study Area Bybee Lake Smith

Lake Smith Channel connecting the lakes Columbia Slough
and the area on the lakes aide of the water control

structure refered to as Dam Pool These areas were

chosen for their particular characteristics that appear to

separate them into distinct areas of aquatic habitat Mean

catch date are presented in Appendix G-A Appendix Table

G-A-2 and graphically in Appendix G-A as Figures G-A-1

through G- A-iS
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TABLEG-1
FISH SAMPLING SCHEDULE AND STATIONS

SMITH AND BYBEELAKES STUDY AREA 1986

SAMPLING APR 30 MAY MAY9 JUN 26 OCT24. OCT 25
STATION

BLO1
BLO2
8L03
BLO4
BLO5
8L06
BLO7
BLO8
BLO9
BL1OBL11
SLO1
5L02 s.--..

5L03 --

5L04 --
SLOS .-
SLO6- .-.--.--

Scol
SCO2 --
5C03

CSO1
0S02
CSO3
CSO4 4.- 00

CSOS --

CSO6 4.-

CSO7
CSO8
CSO9

BL Bybee Lake SL Smith Lake
SC Smith Channel CS Columbia Slough

G-5



TABLE G-2
FISH SPECIES COLLECTED DURING 1986

SMITH AND BYBEE LAKES STUDY AREA

SCIENTIFIC NAME COMMON NAME CODE

Family Salinonidse trouts
Oncorhynchus tahawytacha chinook salmon Ch

Family Cyprinidae
Carassius auratus
Cyprinus carpio
Mylocheilus caurinus
Ptychochei lus oregonensia

Family Catostoinidae
Catoatomus macrocheilus

Family Ictaluridae
Ictalurus nebulosus

Family Poecillidae
Gaisbusia affinis

Family Centrerchidae
Lepomis gibboaus

gulosus
mecrochirus

Micropterus salmoidea
Pomoxia ennuleria

nigromeculetus

Family Percidae
Perca flavescens

Family Pleuronectidae
Platichthya atellatus

minnows and carps
goldfish
carp
peamouth
northern squawfish

suckers
largeacale sucker LSu

freshwater cat.fishes
brown bullhead BrB

.ivebearera
mosquitofish Gin

aunfishes
pumpkinseed
wermouth
bluegill
lergemouth bees
white crappie
black crappie

Family Cottidee eculpins Cot

Oregon Dept of Fish and Wildlife codes used for data records

Gf

Cp
Pm
Sq

Sf
PB
Wm
Bg
LB
WC
BC

perches
yellow perch YP

righteye flounders
starry flounder SF
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Catch data expressed as numbers of ish are referred to as
abundance data while catch weights are biomass data
Because of the great weight differences between individuals
of different fish species abundance data present clearer
picture of the population sizes Biomasa data on the other
hand are important for understanding aspects of energy flow
in the ecosystem or the amount of life sustained at
different ecological levels The following discussions deal
with both abundance and biomasa data

3.1.1 Seasonal Comparisons Abundance

Sampling conducted on April 30 flay and Nay was the
most intensive of the three seasonal efforts this was
primarily an attempt to sample wide variety of habitats
and locations.

The major distinguishing feature of abundance data for
late spring sampling April 30 Nay was the large number
of juvenile salmon everywhere in the system Table G3
Salmon represented 13 of the catch in Bybee Lake 12 in
Smith Lake 12 in Smith Channel 29g in the Dam Pool and
30 in Columbia Slough Salmon were first observed in the
system when set net was placed across breach in the
water level control structure dike on April 11 1986.23 The
net beach seine with large smallmesh beg effectively
strained all water flowing from the lakes into North Slough
The net contents were examined every 30 minutes for total
of hours between and 10AM Fish captured included 14
juvenile salmon young peemouth and aculpine

The spring freahet in early June raised slough water
levels above lake levels and water entered the lakes
through the control structure On June juvenile salmon

High water in late February aboat 18 feet NSL inundated
the land between North Slough and the lakes the water
control structure and its dike were completely submerged
When these flood waters receded the control structure was
intact but channel had been eroded in the dike alongside
the structure This channel was approximately 15 feet wide
and feet deep as measured from the top of the dike This
condition existed with the lakes tidally connected to North
Slough until April 22 when the Port repaired the dike

G-7



TABLE G-3

FISH ABUNDANCE IN SMITH AND BYBEE LAKES STUDY AREA
DURING 1986

PERCENT WITHIN SAMPLING AREA

SPECIES BYBEE SMITH SMITH DAM COLUMBIA
LAKE LAKE CHANNEL POOL SLOUGH

ee3OAPR-9MAY
n58 n65 n41 n45 n143

No of stations

Bl.Crappie 12
Bluegill
Br Bullhead
Chinook Salmon 13 12 12 29 30

Cottid aculpin
Carp 27 34 29 36 15

Goldfish
LMBaas 15
Laaucker 19

Peamouth 13

Pupkinaeed
Squawfieh

crappie 22 22 13

WerMouth
Yellow perch 25 17 10

2GJUNw
n18 n21 n26 n36 n49

No of etat.ions

B. crappie 14 12

Bluegill 17

Br bullhead
Chinook salmon
Cott.id acülpin
Carp 44 43 46 64 39

Goldfish 14

LMbaaa 14 31

Leaucker 10

Peamouth 14

Pumpkinaeed
Squewfiah

crappie 28 10 12

Warmouth
Yellow perch 17
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TABLE G-3 continued

SPECIES

PERCENT WITHIN SAMPLING AREA

BYBEE SMITH SMITH DAM -COLUMBIA
LAKE LAKE CHANNEL POOL SLOUGH

24-25OCTs --
n93 n17 n6 n21 n45

No of stations -.

Bi crappie 18 17
BluegilL 75 30 81
Br. bullhead
Chinookealmon
Cottid aculpin 17
Carp .. 24 33 10 13
Goldfish .-.O 27
LMbaaa 33
La àucker 11
Peamouth
Pupkineeed
Sunfiáhunjd
Star flOunder
Squawfiah

crappie
Warmouth
Yellow perch
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were observed around the control structure on the lake aide

and jumping out of the lake water end into the slough water

cascading out of the vertical culvert of the control
structure No salmon were seen or collected during the June

and October sampling periods

Carp were the most abundant fish in Bybee Lake and Smith

Lake 27 and 34% Smith Channel 29 and the Dam Pool

36% but were third in abundance 15% in the slough
salmon 30% largescale suckers 19%

White crappie were abundant in Bybee Lake and Smith

Channel 22% each and less so in Columbia SLdugh 13%
Yellow perch were abundant in Bybee Lake and Smith Lake

samples 25% and 17% but less abundant in other areas

Summer

Analyses for the June 26 sampling are limited by the

relatively small numbers of fish collected Carp clearly
dominated all sampling areas representing 39% to 64% of

the individuals collected in the areas White crappie and

yellow perch were relatively abundant in Bybee Lake

Autumn

The October 24-25 sampling was similar to the June effort
in number of stations sampled and in the low numbers of

fish collected Small bluegill were numerically dominant in

Bybee Lake 75% the Dam Pool 81% and Smith Lake 30%
Goldfish were the most abundant species in Columbia Slough

3.1.2 Seasonal Comparisons Biomasa

Carp accounted for the meor portion of fish biomasa in

allsampling areas during spring sampling Table G-4 The

percentage of fish biomass sampled on the lakes side of the

water level control structure ranged from 80% to 93% carp
Columbia Slough fish biomass was 64% carp Largemouth bass

accounted for 12% of fish biomass sampled in Smith Channel
this was primarily due to large bass taken near the remnant

of an old cross-channel dike Station SCO3 Largeacale
sucker biomasa was significant in Columbia Slough 29% and

the Dam Pool area or station BLO8 11% White crappie and

yellow perch represented the greatest biomasa of smaller
fish species sampled

G-10



TABLE G-4
FISH BIOMASS IN SMITH AND BYBEE LAKES STUDY AREA

DURING 1986

PERCENT WITHIN SAMPLING AREA

SPECIES BYBEE SMITH SMITH DAM COLUMBIA
LAKE LAKE CHANNEL POOL SLOUGH

3OAPR-9MAY
n58 n65 n42 n45 n143

No of stations

Bl.Crappie
Bluegill
Br Bullhead
Chinook Salmon
Cottid sculpin
Carp 92 93 81 80 64
Goldfish
LMBaaa 12
Lcauckei- 11 29
Peamouth
Pumpkineead
Squawfiah

crappie .3

Warmouth .0

Yellowperch

263UN.
n18 n21 n26 n36 n49

No of stations

Bl.crappie
Bluegill
Br bullhead
Chinook salmon
Cottid sculpin
Carp 92 88 86 93 81
Goldfish
LMbaea 11
La sucker 13
Peamouth
Pumpkinaeed
Squawfiah

crappie
Warmouth
Yellow perch
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TABLE G-4 continued

PERCENT WITHIN SAMPLING AREA

SPECIES BYBEE SMITH SMITH DAM COLUMBIA
LAKE LAKE CHANNEL POOL SLOUGH

s24-25OCT
n93 n17 n6 ñ21 n45

No of stations

Bl crappie
Bluegill
Br bullhead
Chinook salmon
Cottid aculpin .0

Carp 82 76 97 95 42

Goldfish 25

LMbaaa
La sucker 26

Peamouth
Pumpkinseed
Sunfish unid
Star flounder
Squewfiah

crappie
Warmouth
Yellow perch

G-12



Summer

fore than 8O of the sampled biómass in all five areas was
carp Bass were again significant portion 11 of
sampled biomass in the Smith Channel area and suckers were
en important component of Columbia Slough biornees l3

Autumn

Carp biomasa was comparatively lower
Bybee Lakes during late October 76k
or greater in the Smith Channel and
biomeas in Columbia Slough however
carp 42 goldfish 25s and suckers

in both Smith and
and 82s and was 95
Dam Pool areas Fish
wee divided between26

.1
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3.1.3 Habitat Comparisons

Fish catch data were sorted by season and habitat to compare
seasonal changes within habitat types and to compare fish

assemblages between habitats simple graphing technique
using the numbers of each species collected was used to

display these data for comparative purposes The email

numbers of fish collected during some sampling periods did

not warrant more complex analysis

Six aquatic habitats were used for these analyses These
habitats are described below symbols in parentheses refer

to USFWS habitat c.aasificetiona and as shown in the

Habitat Map Technical Appendix

Open Water L2UB3 mid-lake areas in Bybee Lake no

emergent vegetation little submerged vegetation
stations BLO2 BLO5 BLO7 BLO9

Open water/Smartweed L2EM1/UB3 areas in the south

and southwest portions of Smith Lake smertweed patches

interspersed with large areas of open water stations

SL04 SLO5 SLO6

Smartweed Swamp L2EM1 areas in both lakes with dense

stands of smartweed only small patches of open water

in the aaartweed stationB BLO4 BL1O SLO1 SLO2

No-flow Channel PUB3 Smith Channel stations little

to no current no emergent or submerged vegetation
stations SCO1 SCO2 SCO3

Dan Pool L2UB3 open water on the lakes side of the

water level control structure station BLOB

Tidal Slough R1UB3 stations in Columbia Slough
tidal riverine habitat no emergent vegetation
stations CSO1 through CSO9

White crappie and then yellow perch were the most

abundant fish in the open water habitat collections during

spring Figure G2 Juvenile salmon carp and largescale

sucker were also present No fish were éollected in this

habitat during summer and autumn sampling however only one

station wee fished in each of these seasons

G-14



10

-dz5

FISH ABUNDANCE OPEN WATER

15
Springs 1986

Ch
Cp

LSu

WC

S1ITh BYBEE L.ES
Black Crait LB Largeuouth Bass

STUDIES
STAT1OS 10 MIN EICH Bg Bluegill LSu Largescale Sucker

BrB Brown llhead Pi

Ch thinook salmon SF Starry Flounder

Cot culpin Sq Squawfish FI tJLDdCE IN OPEN ITER

Cp Carp mite Craim FBlTPT

Of 6oldfii VP Yellow Perch

FISHMAN ENVIRONMENTAL SERVICES 615 DECEMBER 1986 FIGURE -2



Q2
Carp end then 3uvenile salmon were the most abundant

species in this habitat during spring followed by yellow

perch white crappie and aquawfish Figure G-3 Goldfish
peemouth end suckers were also present Carp was the most

abundant species in summer collections followed by black

crappie bass brown bullhead and white crappie were also

present Bluegill were moat abundant in autumn samples
followed by black crappie Carp goldfish end bass were

also preaent

Carp was the moat abundant species in smartweed swamp

samples during spring Figure G-4 Black crappie and yellow

perch were much less abundant but more numerous than

bluegill juvenile salmon peamouth and squawfiah Summer

samples had carp and peamouth equally abundant followed by
white crappie and yellow perch bass were also present
Carp was again the moat numerous species in autumn samples
with black crappie bluegill sucker peemouth and yellow

perch present as well

No-flow Channel

Carp was the most abundant species during spring followed

by white crappie and bass end lower numbers of juvenile

salmon yellow perch bluegill and goldfish Figure G-5
The most abundant species in summer samples was carp
followed by bass black crappie bluegill and white crappie

were present in lower numbers Carp and bass were also most

abundant but much fewer during autumn sampling black

crappie and aculpin were present

DainPool

Carp and juvenile salmon dominated the spring sample
followed by peamouth end bass squawfish and perch were

present Figure G-6 Carp was clearly the most abundant

species in the summer sample with bluegill much less

abundant aquàwfish white crappie peamouth and perch were

present The autumn sample was dominated by small bluegill

carp were much less abundant and perch and an unidentified

sunfish were present

ILi i23
Juvenile salmon was clearly the most abundant species in

spring samples followed by sucker and then carp Figure
G-7 White crappie and perch were also abundant bluegill
aculpiri goldfish peamouth end squawfish were present

Carp dominated the summer samples with goldfish and white

crappie less numerous Several other species were of less

G-16
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importance Goldfish was the most abundant species in

autumn collections carp end sucker were less numerous
followed by bluegill and peemouth end several other

species

The species that were numerically dominant within each

habit by season are shown in Table G5 Carp were clearly
dominant in all lake habitats except open water during

spring and summer Youngoftheyear bluegill were

numerically dominant in the open water/smartweed end dam

pool habitats during autumn This dominance by carp was not

always the case in Columbia Slough where other species were

relatively very abundant
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TABLE G-5
DOMINANT FISH SPECIES IN AQUATIC HABITATS

BY SEASON

SEASON HABITATS
OPEN WATER OPEN WATER SMARTWEED NO-FLOW DAM TIDAL

SMARTWEED SWAMP CHANNEL POOL SLOUGH

Spring crappie carpe carp carp carp salmonw

perch salmon b..crappie w..crappie salmon sucker

perch perch bass peamouth carp
w.crappie
perch

Summer carpw carp cerp carpw cerp
b..crappie peemouth bass bluegill goldfish

w.crappie w.crappie

perch sucker

Autumn -- bluegill carps carp bluegill goldfiah
b.crappie bass carp carp

sucker

moat abundant species in samples
moat abundant by large number in samples
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3.2 Species Accounts

3.2.1 Length and Food Habits Data

Dat.a on length and feeding habits were collected for many of
the fish species in the study area Analyses of these data
are presented in the following sections for each species
Complete data tables are found in Appendix G-A Fish ages
can only be estimated from length data and accounts in the

literature the scope of this project did not include age
determination from scale examinations

Juvenile Salmon

Juvenile salmon were captured only during the late-April
and early-Nay collections all verified identifications were
chinook These fish ranged in size from 59 to 146 mm fork
length the 95 fish measured had mean length of 102.16 mm

Figure G- Fish sampled in the lakes system were
generally larger than those collected from Columbia Slough
Lake system samples were obtained on April 11 and 30 and

May Slough samples were obtained on Nay The 51 fish
measured from the lakes had mean length of 114.31 mm fish

from the Slough averaged 88.07 mm length Figure G- At
least two explanations can account for this difference
fiah in the lakes represented different hatchery release
than those inthe slough or conditions in the lakes

were more favorable for growth The available data are not
sufficient to explain this size difference

The 21 salmon examined for diet had fed primarily on
cladocerans Six of identifiable stomach contents and then

copepoda 15 with minor amounts of ostracoda insects
spiders and mites Figure G-iO Only three fish had

relatively empty stomachs Many fish had consumed hundreds
of ciedocerana as many as 1200 in one stomach while

copepod consumption by individual fish was relatively low
with the exception of one stomach containing 1200

copepods No benthic organisms were found in salmon
stomachs indicating clear preference for planktonic and

floating food

Goldfish

The 27 goldfish measured ranged from 59 to 270 mm length
with mean of 202.37 mm Goldfish diets were not
examined

G-24
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c2
total of 174 carp lengths were obtained during the

study These fish ranged from 255 to 590 mm length with
mean of 409.74 mm Lengthfrequency graphs for carp
collected during spring summer and autumn are shown in

Figure G11 The seasonal means for carp length are
similar The carp population in the lakes and slough is

dominated by fish in the 350 to 450 mm length range these
fish are at least two or more years old

Spawning carp were observed in shallow grassy areas of
the lakes during summer Fish in reproductive condition
were noted in the electrofiahing data base for collections
in Smith Lake and Columbia Slough during early May and in
Smith Lake during late June No young-of-the-year carp were
seen during the study nor were any collected considered to
be younger then or years

Food habits of carp were not investigated

Peamouth

The 21 peanouth measured ranged from 79 to 270 mm length
with mean of 173.8 mm These fish were all in the lakes

system

The stomach contents of 10 peamouth were examined Most
of the stomach contents of these fish were unidentifiable
however some stomachs did contain identifiable organisms
One stomach contained several hundred cladocerans another
had 34 segmented wOrms Midge fly Chironomidae larvae

were found in stomachs

The 18 squawfish measured ranged from 56 to 330 mm length
with mean of 115.3 mm The smallest fish were generally
collected in Columbia Slough as was the largest
individual This species was only found in the lakes during
the spring sampling

Feeding habits of aquawfish were not examined

Largeecale sucker lengths ranged from 71 to 480 mm with
mean of 353.3 mm for the 52 fish measured The graph of

length frequencies for this species Figure G-12 indicates
at least distinct age groups fish with lengths about 100

mm 200 mm and 400 mm Squawfish length data from British
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Columbia and Nontana show fish of these sizes to be between
ages to years to years and years or older
respectively Wydoaki and Whitney 1979

The stomach contents of large suckers were examined
The contents of stomachs were totally unidentifiable the
third contained 75 plant material about 25
unidentifiable and approximately 700 ostracods

Length data were obtained for 11 pumpkinaeed They ranged
from 74 to 135 mm length with mean of 105 mm Stomach
contents were not examined

The 110 bluegill lengths recorded ranged from 22 to 238
mm with mean of 67.03 mm Lengthfrequency graphs are
presented in Figure G-13 for fish collected during spring
summer and autumn These data indicate that the population
is dominated by smaller fish with young-of-the-year fish
very abundant in the September autumn collection The
data although scant for the spring and summer collections
probable show the growth of the age fish between spring
30 to 50 mm summer 40 to 60 mm and autumn 60 to 100
mm The 1986 spawn isrepresented by the 20 to 40 mm fish
shown in the autumn data

Food habit data for 25 bluegill are summarized in Figure
G14 The overall diet based on numerical abundance of food
items was dominated by copepoda 54 and cladocerana
36k Fish collected during spring had fed heavily on both
cladocerans and copepoda whereas fish taken during autumn
had virtually no cladocerans in their guts This seasonal
change in importance of food items is reflection of
changes in zooplankton populations in the lakes see
Technical Appendix Bluegill collected in autumn had fed
more on midge fly larvae and amphipods than fish taken in

spring These food items are very important in the autumn
diet especially if their weight and caloric content is
considered compared to individual planktonic organisms

The lengths of the 37 bass measured ranged from 25 to 400
mm with mean of 220.08 mm Lengthfrequency data are
graphed for spring summer and autumn in Figure G-15 Again
although data are scanty they indicated reproducing
population with several age classes Growth of age fish
can be seen in the graphs from 80 mm in spring to about 120
mm in summer and about 170 mm in autumn Age
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youngoftheyear fish were about 30 mm in summer and
about 70 mm in autumn

The stomachs of base were examined The fish taken in

Bybee Lake on April 30 all had empty stomachs these fish
ranged from 205 to 305 mm length Two of the three fish
examined from the autumn collection had empty stomachs the
third had eaten cladocerana 86x and copepods 14 These
later fish ranged from 62 to 83 mm length age

The 74 white crappie lengths recorded ranged from 55 to
256 mm with mean of 147.08 mm Length-frequency graphs
for the three sampling seasons are presented in Figure G16
The spring data show four or five distinct age classes in

the sampled population the summer and autumn data are too
scant to follow growth in these classes The 55 to 75 mm
fish collected in autumn represent the 1986 spawn

Gravid female white crappie were collected during early
May indicating spring reproduction for this species

Stomach contents were examined for 18 white crappie
These fish were almost exclusively plankton eaters with
cl.adocera and copepods comprising most of the food items
identified 50 and 48k respectively The larger fish
sampled during spring ranging from 87 to 235 mm length fed
moat heavily on cladocerans followed by copepoda and then
ostracods Figure G17 These fish also ate an occasional
midge fly larva or pupa The smaller fish sampled in

autumn ranging from 29 to 67 mm length ate primarily
copepoda and ostracoda with few cladocerans present in the
samples This is reflection of the decline in cladoceran
populations in the lakes

2P
total of 18 black crappie were measured ranging from 33

to 206 mm length with mean of 118.78 mm

Male and female black crappie in reproductive condition
were observed during early May

Stomach contents were examined for black crappie ranging
from 153 to 171 mm length These fish had eaten cladocerans
77x copepods lix and ostracoda lix Amphipods were
also important in the diets of these fish although
numerically this prey item was only of the total food
items individual fish contained many as 99 amphipods
This is significant volume of food in these diets Midge
fly larvae and pupae were also present in small numbers
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ll2 cJ
The 71 perch lengths recorded ranged from 77 to 224 mm

length with mean of 147.32 mm Most perch were taken

during the spring collection as seen in the

length-frequency graphs in Figure G-18 The spring
collection had or 5diatinct age classes these are not

clearly represented in the few fish sampled during summer
end autumn collections

Stomach contents were examined for 28 perch ranging in

size from 79 to 215 mm All but of these fish were from

spring collections Perch stomachs contained wide variety
of food items Figure G-19 The numerically dominant item
was copepods 79s followed by midge fly larvae 13s
Cledocera ostracods end spiders each comprised about of
the stomach contents Perch also had eaten atonefly nymphs
amphipoda isopods and snails

Two starry flounder were collected in the lower pert of

Columbia Slough during October third wee seen but not

captured The fish captured were 161 and 192 mm long
The stomachs of these fish were examined one was empty the

other contained .2 isopods

3.2.2 Fish Health

Observations were recorded in the fIeld notes concerning
fish health Fin parasites were noted for several

pumpkineeed sunfish in Bybee Lake on April 30 and on one

peamouth in Smith Lake on June 26 Open body sores perhaps

resulting from wounds were noted for goldfish in Columbia

Slough on May and brown bullhead in North Slough on

June 26

Eroded or rotted fins were noted for carp on June 26 in

Bybee Lake and Columbia Slough this condition was also

noted for yellow perch and bluegill in Columbia Slough on
that date Three white crappie collected in North Slough on
June 26 had very severe fin erosion

The Oregon Department of Environmental Quality DEQ has

collected and analysed fish tissue for toxic compounds

annually between 1979 and 1982 throughout the state Data

for Columbia Slough stations are included in Appendix G-B
Interpretation of these data is not attempted in this

report
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Smith and Bybee Lakes and Columbia Slough are populated
by variety of fish species While carp dominate most
habitats throughout the year populations of game fish

species are fairly well developed particularly in the
lakes modest recreational fishery is presently supported
by largemouth bass crappie and catfish

4.0.1 Comparison with Similar Lakes

Limited information is available for fish populations in

similar lakes in the Portland area Fish were collected in

Sturgeon Lake Sauvies Island over 2-day period in July
1981 using gillneta and traps Klingeman at al 1982 The
most abundant fish in these samples were white crappie
followed by carp Other abundant species included black
crappie and brown bullhead Mestof the species found in
Smith and Bybee Lakes were sampled in Sturgeon Lake An
additional species were found in Sturgeon Lake that were
not found in Smith and Bybee Lakes redaide shiner
chiselmouth atickleback channel- catfish rainbow trout
and welleye

The data for Sturgeon Lake suggest similar but more
diverse fish fauna in that system The length ranges of
species compared between the two systems are generally
similar with major exception The Smith and Bybee Lake
samples contained smaller fish for many species This
difference is likely result of sampling technique and
sampling season One interesting point is that carp in

Sturgeon Lake ranged from 7.7 cm to larger lengths while
the smallest carp sampled in Smith and Bybee Lakes was 25.5
cm This absense of small carp in Smith and Bybee and
Columbia Slough is an interesting point in the data

report by Fies 1971 presented fish data for alougha of
the lower Columbia River Areas sampled during spring 1970
near Portland included Cunningham and Willow Bar Slougha on
Sauvies Island and Government Island Slough Cunningham
Slough samples were dominated by Columbia River chub not
found in Smith and Bybee Lakes study area Coarseacale
Largescala sucker and carp with smaller numbers of
bullhead white and black crappieand yellow perch Willow
Bar Slough samples were dominated by white crappie Columbia
River chub and carp with fewer numbers of aquawfish
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sucker black crappie and perch The Government Island

Slough samples wora dominated by suckers perch and white

crappie followed by fewer numbers of bullhead chub and

black crappie

An interesting aspect of the slougha study was the

arbitrary designation of minimum acceptable size used to

provide measure of value to anglers These values can be

applied to the Smith and Bybee Lakes study area data
Twelve of the thirteen bees sampled in spring were above the

minimum acceptable size 8.0 inches or 203 mm as were

eight of the fourteen sampled in summer Most bass sampled
during august were below this size limit Only of the 18

black crappie sampled in the study area were above the

minimum acceptable size 7.0 in or 177.8 mm
Only of the 110 bluegill sampled in the Smith and Bybee

Lakes study area were above the minimum acceptable size
The minimum acceptable size for white crappie 7.0 in or

177.8 mm was exceeded by 20 of the 74 fish sampled in the

study area and 17 of the 71 perch sampled exceeded the

minimum acceptable size for that species 7.0 in or 177.8

mm

Based on the sampling data arid minimum acceptable size

values the Smith and Bybee Lakes study area appears to have

good angling potential for bass and moderate to good

angling potential for white crappie and yellow perch The

angling potential for bluegill and black crappie appears
poor It must be kept in mind that this acceptable size

value is arbitrary and many fish below these sizes are

probably kept by anglers Fishermen interviewed at Smith

and Bybee Lakes report good success for bass end white

crappie

study of Columbia River backwaters above Bonneville Dam

was reported by Parente and Smith 1981 The study was

directed toward determining the use of these backwaters by

juvenile salmonids General conclusions were that juvenile
salmon abundance in the backwater areas of the Columbia
River corresponded with hatchery releases and in few

cases assumed natural spawning cycles Fish tended to

remain longer in culverted backwaters than in those with

channel entrances Very little predation on juvenile salmon

was found for assumed predators such as bass arid crappie

Stomach analyses for juvenile salmon in backwaters found

variety of insect and crustacean prey items with the

quantity and aveilablity of prey generally determining the

feeding habits of the fish For most sampling areas
insects were the numerically dominant food item during
winter During spring and summer insects dominated stomach
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contents in some backwaters while crustaceans mostly
planktonic were moat abundant numerically in other
backwaters The results of feeding habit analyses in Smith
and Bybee Lakes indicated great reliance on planktonic
crustaceans over insects during spring this agrees with the
results of benthic and plankton sampling that showed low
diversity and abundance of benthic organisms and high
populations of zooplankton see Fishman Environmental
Services 1986

fisheries monitoring program in Vancouver Lake WA
described resident and migratory fish populations in that
system and the Columbia River Knutzen and Cardwell 1984
The numerically dominant species in the lake were black and
white crappie carp were dominant in terms of bioinasa Fish
populations in the Columbia River during the same sampling
periods were dominated numerically by American shad
threespine stickleback and chinook salmon juveniles while
largescale sucker carp and peamouth were dominant in terms
of biomass

The Vancouver Lake study concluded that juvenile salmon
have historically entered Vancouver Lake during early
spring traveling 10 miles up Lake River from the Columbia
River The construction and opening of flushing channel
into the lake provides new entry and exit point for these
fish Juvenile chinook salmon sampled in the lake during
June and July were larger than fish sampled concurrently in
the Columbia River indicating good growth for fish in the
Lake

The Vancouver Lake study also found that juvenile salmon
in the lake congregated near the flushing channel entrance
in late June and July likely due to an attraction to cooler
Columbia River water The abundance of salmonida in the
Lake declined markedly by July it was inferred although
not proven that fish had left the lake through the flushing
channel culverts and Lake River Predation on juvenile
salmon appeared to be minimal in the lake

Feeding habits of juvenile salmon in Vancouver Lake were
similar to those described for Smith and Bybee Lakes
zooplcnkton especially cledocerana was the major food
category

The Vancouver Lake study lends support to our conclusion
that Smith and Bybso Lakes provide good rearing
environment for juvenile salmon during spring and early
summer food is abundant and predation is minimal It
appears that juvenile salmon entered Smith and Bybee Lakes
during the late February freahet and likely left the system
during the early Juno freahet
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The Vancouver Lake fish community wee numerically
dominated by white crappie 35% and black crappie 18%
unidentified crappie accounted for another of the average
monthly densities between November 1982 end September
1.984 All other speciàs including carp perch shad bass
peamouth ealmonida and others accounted for lass than 1Ot

each Knutzen and Cerdwell 1984 Smith and Bybee Lakes date
show very different composition the averages for all

samples over the three sampling periods show carp most
abundant about 33% followed by bluegill 19.% and bass

10.4% All other species represented less than 10% of the

average abundance each white crappie accounted for about

8% black crappie were about 6%

The Lake River fish data from the Vancouver Lake study
show very different fish fauna compared with Columbia

Slough Lake River samples were numerically dominated by
black crappie 44% white crappie 36.5% and carp 10.4%
with much fewer suckers sturgeon salmonida and others
Knutzen and Cardwell 1984 Columbia Slough samples from
this study were dominated by carp 22.3% goldfish 14.7%
and largeacale suckers 13.3% Juvenile salmon accounted

for 10% of average fish abundance in Columbia Slough white

crappie was 9.7% no black crappies were taken from Columbia

Slough

While similarities exist between the Smith and Bybee Lakes
fish fauna and the other area lakes discussed above some

interesting differences are evident Smith and Bybee Lakes
and Columbia Slough appear to have larger populations of

carp suckers and other rough fish species On the other

hand Smith and Bybee Lakes appear to have more well

developed warmwater game fish fauna dominated by bass and

crappie with good base of small bluegill available as

forage Vancouver and Sturgeon Lakes contain species

typical of the Columbia River such as shad sturgeon
sticklebacks and chubs these were not found in Smith and

Bybee

4.0.2 Seasonal and Habitat Relationships

The population dynamics of the fish fauna in the Smith and

Bybee Lakes Columbia Slough system are driven by

combination of hydrological conditions and habitat
variables The presence of water control structure that

separates the lakes from the slough during most of the year
has certainly had profound effect on the fish fauna since
1982 Unfortunately little is known about the fish fauna in

the lakes prior to 1982 except for the experience of local

fishermen
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The water control structure has essentially created an
impoundment in system that was previously atidal wetland
Bybee Lake and bottomland lake Smith Lake This
impoundment of water has increased the area of certain fish
habitat such as open deeper water and restricted the
movement of fish between the lakes and the
Columbia/Willamette Rivera through Columbia Slough The
extent of movement between the lakeá and rivers is totally
dependent on thetimingand height of high waterèvents in
the rivers Duringthe sampling period 1986 fish were
able to move between the rivera end lakes during late
February and early June

The spring samples late April early May were
characterized by juvenile salmon everywhere in the system
Carp were numerically dominant inthelakes but notin the
slough this might reflect their movement into shallow
vegetated areas for spawning White crappie and yellow
perch ware also abundant in the lakes

The summer samples late June can be described in word
carp These fish were dominant everywhere fish were found
In general fish abundance was much lower in summer and
autumn samples than spring The autumn samples October in
the lakes were dominated by the past summers bluegill
hatch while goldfish were numerically dominant in Columbia
Slough

Carp were dominant in terms of biomasa during all
seasons and in all areas They were less dominant in the
slough than in the lakes suckers and goldfish represented
significant biomeas in the slough

Carp also were dominant in all habitats throughout the
sampling season with the exception of small bluegill in the
open water/amartweed end dam pool habitats during autumn
Bass were more abundant in the noflow channel habitat than
they were in any other habitat Perch were moat abundant in
the amartweed and open water/amartweed habitats than they
were elsewhere Black crappie were more abundant in
habitats with amartweed than without white crappie were in
these habitats as well as the open water channel and slough
habitats

4.0.3 Feunel Composition General Comments

Carp is certainly the dominant species in both the
Columbia Slough and Smith and Bybee Lakes The low numbers
or absence of game fish species in the slough when compared
with the lakes is reflection of habitat structure and
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quality The turbid water unconsolidated bottom lack of

rooted aquatic vegetation and perhaps water quality in the

slough provide conditions more suited to the rough fish
species than game fish It is interesting to note that

perch end crappie were more abundant in North Slough then in

the main slough this could be due to the abundance of logs
snags debris and grounded barge in North Slough Ponded
areas of deadend side channel of Columbia Slough east of

the landfill on the south aide of the slough were sampled
during previous study Fishman Environmental Services
1985 These areas which contained rooted submerged and

emergent aquatic vegetation contained variety of small

game fish species as well as carp

Smith and Bybee Lakes while generally dominated by carp
support fairly diverse and apparently healthy1 fauna of

warmwater game fish species Length data presented in this

report indicate good 8preed of age classes and good
reproduction for these species Abundant plankton and
insects provide food for thee species Carp are not direct
competitors with game species for food and habitat

resources neither are they predators on these species The

major interaction beween carp and the game fish is probably
the secondary effects of habitat disturbance such as

increased turbidity from carp feeding on mud bottoms While

carp were observed spawning in the lakes no carp younger
than or more years were taken in any of the samples

RECOMMENDATIONS

Management Plan for Smith and Bybee Lakes should
consider two primary aspects of fish populations in the

lakes the importance of the lakes as fish habitat and the

use of the lakes for recreational fishing Recommendations
are based on these two aspects

An in-depth study should be conducted to assess the

use of the lakes by juvenile salmon Date from the

present study indicate that the lakes and Columbia

Slough are heavily utilized by juvenile salmon during
the spring Abundant zooplankton provide food and

warmer temperatures favor rapid growth of these young
fish There is some evidence of more rapid growth in

the lakes compared with the slough The impoundment
of high water during the freshet potentially traps
these fish in the lakes rather than allowing them to

continue their migration Water level management
should allow for the release of juvenile salmon from
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the lakes during June

Carp is the dominant species in the lake and slough
system and contributes to poor water quality by
resuspending bottom sediments Since it would be
virtually impossible to eliminate carp from the
system water levels should be managed to reduce
populations in the lakes when possible It was
evident during the summer of 1986 that large numbers
of carp were attempting to return to Columbia Slough
from the lakes but were trapped by the water control
structure Selective releases of water from the lakes
could reduce the carp populations Although carp are
often considered rough fish they are actually
desired sport species and food item within certain
communities Encouraging sport fishery for carp in
the lakes should also be part of Management Plan

Habitat enhancement efforts should be planned to
provide more habite for largemouth bass bluegill and
crappie These enhancements could include
meintenence of channels through amertweed areas
construction of brush piles in open water areas end
placement of sediments suitable for spawning
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APPENDIX G-A

FISH CATCH DATA

FISH CATCH DATA MEANS

LENGTH FREQUENCY DATA

FOOD HABITS DATA

FIGURES COUNTER-CLOCKWISE
THE OCLOCK POSITION

SMITH LAKE FISH CATCH DATA MAY 1986

BYBEE LAKE FISH CATCH DATA MAY 1986

SMITH CHANNEL FISH CATCH DATA MAY 1986

DAM POOL FISH CATCH DATA MAY 1986

COLUMBIA SLOUGH FISH CATCH DATA MAY 1986

SMITH LAKE FISH CATCH DATA JUNE 1986

BYBEE LAKE FISH CATCH DATA JUNE 1986

SMITH CHANNEL FISH CATCH DATA JUNE 1986

DAM POOL FISH CATCH DATA JUNE 1986

COLUMBIA SLOUGH FISH CATCH DATA JUNE 1986

SMITH LAKE FISH CATCH DATA OCTOBER 1986

BYBEE LAKE FISH CATCH DATA OCTOBER 1986

SMITH CHANNEL FISH CATCH DATA OCTOBER 1986

DAM POOL FISH CATCH DATA OCTOBER 1986

COLUMBIA SLOUGH FISH CATCH DATA OCTOBER 1986

TABLE G-A-1

TABLE G-A-2

TABLE G-A-3

TABLE G-A-4

NOTE READ PIE
BEGINNING FROM

FIGURE G-A-1

FIGURE G-A-2

FIGURE G-A--3

FIGURE G-A-4

FIGURE G-A-5

FIGURE G-A-6

FIGURE G-A-7

FIGURE G-A--8

FIGURE G-A-9

FIGURE G-A-1O

FIGURE GA-11

FIGURE G-A-12

FIGURE G-A-13

FIGURE G-A-14

FIGURE G-A-15



FISH TCH DATA FOR ITh 1D BYBEE LAKES SilLY AREA 1986

TABLE G-A-1 FISH CATCH DATA

DATE IL STATION GEAR TI DUTION DEPTH TEMP W8ITflT SPECIES 1OBER GW6HT

24hr mm

.043086 8101

043086 .1 81.01

043086 8101

.043086 8101

043086 8101

1200

EF 1200

EF 1200

EF 1200

EF 1200

10 1.0 14.0 PSS1

10 1.0 14.0 P981

10 1.0 14.0 P991

10 1.0 14.0 P981

10 1.0 14.0 P991

Cp 9534

BrB 361

VP 188

WC 78

Eq 14

8102 EF 1330 10 2.0

8102 EF 1330 10 2.0

L2tJB3 IC 10 610

121183 YP .4 111

043086 8103

043086 8103

043086 81.03

043086 8103

043086 8103

043086 8103

043086 8103

10 1.3 13.8 LN1
10 1.3 13.8 LM1
10 1.3 13.8 LM1
10 1.3 13.8 LAM
10 1.3 13.8 L2EM1

CD 8308

205

Ch 25

VP 93

212

NDDYY

043086

043086

gram

LM1f IC

L2EM1 VP

L2EN1 Sq

L2EM1 LB

L2EMI Ps

L2EPII Sf

L2EM1 Cp

182

29

140

2542

1.0

1.0

1.0

1.0

.9 1.0

1.0

1.0

10 1.0
10 1.0

10 1.0

10 1.0

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

EF 1400

EF 1400
EF 1400

EF 1400

EF 1400

EF 1400

EF 1400

EF 1500

EF 1500

EF 1500

EF 1500

1530

1530

1530

1530

1530

1600

1600

1600

1600

1700

1700

1800

1800

1800

1800

1800

1800

1800

1130

1130

1130

1130

1130

1230

1230

1230

1230

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086

043086
043086

043086

043086

043086

050286

050286

050286

050286

050286

050286

050286

050286

050286

LN1
L1
LM1
LM1

L2U83

L23
121183

121183

L2UB3

P99/EM

PSS/EM1

P69/EM

P98/EM

15.0 L2UB3

15.0 L2U83

121183

L2UB3

121183

12UB
121183

1211834

8104

8104

8104

8104

BIOS

BLOS

8105

.5 8105

8105

8106

8106

8106

8106

8107

8107

8108

8108

81.08

BLOC

8108

8106

8108

8101

810

9101

9101

9101

9102

9102

8102

9102

CD 10 13166

VP 94

Di 11

Eq

CD

LSu

VP

IC

Di

Cp 8762

YP 256

Di 117

Bg

VP N/fl

Di N/A

Cp 16 20430

ISu .4 2724

746

LB 1415

Di 13 228

VP 42

Sf

1.3 13.8 L2EMI

1.3 13.8 LM1
1.3 13.8 L2EMI

1.3 13.8 LM1

Cp

YP

BC

Eq

5675

252

157

61



050 2. 1230 1.3 13.8 L2EMI Sq 109

10 1.8

10 1.8

10 1.8

10 1.8

10 1.8

PUB3

PUB3

RE3

PUB3

050286 8103 1300 1.3 P98/EM VP N/A

050286 8103 1300 1.3 PBS/EM N/A

050286 9103 1300 1.3 PBS/EM Cp N/A

050286 8104 1335 10 1.7 L2EN1/LJB3 Cp 3450

050286 9104 1335 10 1.7 LM/UB3 Di 44

050286 8104 1335 10 1.7 L26M/L3 MC 266

050286 8104 1335 10 1.7 L2EM1/LJB3 YP

050286 8105 1400 10 L26M1/L3 Cp 6265

050286 9105 1400 10 L2EN1/1JB3 VP 235

050286 8105 1400 10 L2EM/I3 Di 24

050286 9105 1400 10 L26NL/UB3 Ps 34

050286 6105 1400 10 L2ENI/U83 MC

050286 6105 1400 10 L2EM1/UB3 Su

050286 8105 1400 10 L2EMI/UB3 Sf 127

050286 9106 1500 10 1.8 L2EN1/UB3 Cp 2315

050286 6106 1500 10 1.8 L2Ett/L3 Sq 87

050286 5106 1500 10 1.8 L2E$1/UB3 Ch 43

050286 6106 1500 10 1.8 L2ENI/3

050286 SCOt 1600 Cp 5448

05086 SCOt 1600 Sf 494

050286 SCOt 1600 Di 33

050286 SCOt 1600 MC 14

050286 SCOt 1600

050286 SCO2 1640 10 15 PUB3 LB 1135

050286 SCO2 1640 10 15 PIJB3 Cp 4858

050286 SCO2 1640 10 15 PUB3 MC 818

050286 SCO2 1640 10 15 PJB3 VP 154

050286 SCO2 1640 10 15 PL3 Bg 47

050286 SCO2 1640 10 15 PJB3 Di 17

050286 SCO3 1710 Cp 13302

050286 5C03 1710 LB 2257

050286 SCO3 1710 197

050286 9C03 1710 MC 150

050286 SCO3 1710 VP 152

050286 5C03 1710 Di 33

050986 CSOI 1030 10 13 RIL LSu 690

050986 CSO1 1030 10 13 RIIJB3 Sq 16

CSO2 1100 10 13 R1t23 Di 17

050986 CSO3 1115 10 RUJB3 Cp 2769

050986 CSO3 1115 10 R1LS3 LSu 2267

050986 CSO3 1115 10 R1L183 Pu 118

050986 CSO3 1115 10 R1t3 Sf 292

050986 C903 1115 10 R1UB3 IC 177

050986 CSO3 1115 10 RILE3 YP 53

050986 CSO3 1115 10 RIUB3 Di 52

050986 CSO4 1200 10 15.8 RILE3 VP 14

050986 CSO4 1200 10 15.8 R1L3 IC 223

050986 CSO4 1200 10 15.8 RILL3 Di 34

050986 CSO4 1200 10 15.8 R1LiB3 Bg

1.5

1.5

1.5

1.5

1.5

1.5

10

10

10

10

10

10

PUB3

PUB3

P3
PUB3

PUB3

PUB3



09

10 15.8 R11E3 Cp

10 15.8 RIUB3 LSu

10 15.8 PILE3 Sf

10 15.8 PIUB3 VP

10 15.8 RILE3 Cot

10 15.8 R1UB3 MC

10 15.8 RILE3 Di

1100 10

7854

1135

268

327

76

201

L2UB3 N/A N/A N/A

15.8 RILJB3 Cp

15.8 R11B3 LSu

15.8 RIUB3 Sf

15.8 RILE3 MC

15.8 RIIJB3 VP

15.8 PIW3 Di

7536

11 3674

274

276

56

44

1S05

csos

S05

csos

S05

csos

csos

I%
cSO6

1S06

506

cSO6

S06

S07

S07

S07

S07

S07

S07

csoe

1S08

S08

tSO8

csoa

cSOB

8101

8101

8106

8106

8106

8106

8106

10

10

10

10

10

10

10

10

10

10

10

10

10 1.5

10 1.5

10 1.5

10 1.5

10 1.5

10 1.5

1330

1330

1330

1330

1330

1330

1330

1430

1430

130

1430

1430

1430

1515

1515

1515

1515

1515

1515

1615

1615

1615

1615

1615

1615

1000

1000

1030

1030

1030

1030

1030

Di 19 224

MC 120

LSu 3788

Sq

VP 38

CP 11532

15.5 R1LIB3

15.5 RILB3

15.5 RItJB3

15.5 RILE3

15.5 RILJB3

15.5 R113

R1LIB3

R1L3

R1U83

R1L3

RIUB3

RILE3

0986
050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

050986

.050986

002686

062686

002686

062686

062686

062686

062686

062686

062686

062686

062686

062686

062686

062686

Cp

LSu

Di

MC

Sq

Pm

6538

1861

86

69

21

10

10 1.5 24 PSS1

10 1.5 24 P951

10 1.5

10 1.5

10 1.5

10 1.5

10 1.5

PSS/EMI

PSS/EM1

PSS/EM1

PSS/EPU

PSS/EIl1

CP 426

MC 102

LB 379

MC 79

YP 32

Bg

Cp 4495

8110 1130 10 LM1 MC 26

8110 1130 10 L2E11 VP 182

8110 1130 10 LM1 Cp 863

SLOI 1230 10 1.7 L26MI 386

5101 1230 10 1.7 L2E1 MC 79

5101 1230 10 1.7 L2EMI LB 24

SLOI 1230 10 1.7 L1 Cp 3087

9104 1300 10 1.7 24L2EM1IL3 Cp 2134

SLO4 1300 10 1.7 24L2E1/UB3 MC 165

5104 1300 10 1.7 24L26M1/L3 BC 87

5L04 1300 10 1.7 24L26M1/U83 LB 37

SLO5 1400 20 L2E1/L3 Cp 6038

9105 1400 20 L261/UB3 BrB 351

9105 1400 20 L2E1/LiB3 LB 324

9105 1400 20 126M1/UB3 BC 39

9C02 1435 10 1.5 25.5 P3 Pg 314

9C02 1435 10 1.5 25.5 RJB3 BC 78



1435

1435

1435

10 1.5 25.5 P123 IC

to 1.5 25.5 P123 LB

10 1.5 25.5 P123 Cp

1518 10 25.5 P123 Sq

1518 10 25.5 PIJB3 LB

1518 10 25.5 PIJB3 Cp

1600
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1600
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1800
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10
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8081

1659

5947
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23 24380
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RILIB3
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R1LIB3

1900 10

1900 10

1900 10

5C02

scot
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SCO3

sco3

9c03
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10 81.08
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10 5108

10 81.08

10 5108

10 81.08

11 c804

11 cS04

11 cSO4

11 cSO4

11 cS04

11 cSO4

11 cSo4

11 cso4
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12 S03
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13 cs06
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13 08
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14 cs09
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14 cso

14 cS09
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$1.05

9105
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6101

5101
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91.01
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062688

062686

062688

062688

062688

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

102486

1930 10 P11183

1930 10 R1UB3

1930 10 P1123

1930 10 P11183

1930 10 P1183

2000 10 R1UB3

2000 10 P1123

2000 10 P1183

2000 10 R1L23

2000 10 RIIJB3

2000 10 P123

ISu 1725

Cp 1135

YP 27

Cp 295i

Sf

Sq

Sq 11

Yp 29

Cp 6401

LSu 726

Sf 155

IC 173

Sq 19

Sq 47

Sq 44

Sf 681

148

LB 61

Sq

Cp 1362

Sq 91

90

Yp 51

130

LSu 681

Cp 4767

930 10 1.2 15126M11UB3

930 10 1.2 1512E1/tJB3

10 1.1

10 1.1

10 1.1

10 1.1

1020

1020

1020

1020

1100

1100

1100

1100

.1100

1100

1140

L26M1/UB3

L2E1/UB3

L26N1/UB3

L1/23

L1
L2E1

L2EM1

L2EMI

L261

L2E1

10

10

10

10

10

10

1.1

1.1

1.1

1.1

1.1

1.1

10

1310 10

1310 10

1310 10

P123 LB 88

1.7

1.7

1.7

PUB3

P123

P1183

LB

81 .1
Cot



102486 SCO2 1310 10 1.7 P3 Cp 3087

102586

102586

102586

102586

102586

102586

S03

S03

S03

R1UB3

R113

RIUB3

R1L3

R1LJB3

RILE3

LSu .1952

Sq

SF 125

102486 8108 1350 10 1.5 L23 VP 103

102486 8108 1350 10 1.5 12JB3 If 14

102486 8108 1350 10 1.5 L21E3 Bg 17 80

102486 8108 1350 10 1.5 L2UB3I Cp 3995

102486 8101 1440 10 PSS1 VP 156

102486 8101 1440 10 PSS1 LB 133

102486 8101 1440 10 P991 Ps 62

102486 8101 1440 10 P991 Bg 14 164

102486 8101 1440 10 P991

102486 8101 1440 10 P991 Cp 6401

102486 8102 1530 10 1.4 L2JB3 N/fl N/A N/A

102486 8106 1600 10 P99/EM LB 738

102486 8106 1600 10 P99/EM IC 55

102486 8106 1600 10 PSS/EM1 14 71

102486 8106 1600 10 P69/EN Cp 1362

102486 10 8111 1630 10 .6 PEN Co 1350

102486 10 8111 1630 10 .6 PEN WC 239

102486 10 8111 1630 10 .6 PEN Bg 349

102486 10 8111 1630 10 .6 PEN Ps 64

102586 CSO1

.102586 CSO1

102586 CSO1

930 10 15 R1LE3

930 10 15 R1IJB3

930 10 15 R1LL3

1045 10 1.5

1045 10 1.5

1045 10 1.5

102586

102586

102586

102586

102586

102586

102586

102586

102586

102586

1S04

cso4

cS04

1S04

S04

S04

1S04

S04

S06

.4 1906

S08

1S08

cS08

1130 10 1.5 P1L3

1130 10 1.5 RIUB3

1130 10 1.5 RILB3

1130 10 1.5 RILJB3

1130 10 1.5 RILE3

1130 10 1.5 RIIJB3

1130 10 1.5 RILL3

1130 10 1.5 R1LJB3

Sc

LB 16

LSu 953

Sf 12 3898

Yp 107

Ps 89

Bg 55

IC 125

LB 227

Cp 2179

LSu 817

1300 10 .6

1300 10 .6

1330 10 .6

1330 10 .6

1330 10 .6

R1W3 Sq 456

RIUB3 Co 1362

Cot

Cp 3065

LSu 409



TABLE G-A-2 FISH CATCH DATA MEANS

F194 TD Th

AP1L30-Y9 1986

IYE 981Th LACE 987TH DPJC Ll1Ifl tIISI

tsticr 69 .1i itat 50 ufn tatioii 30 .in stationi 80 un stati 10 .in

Vt IiI inIàt hant Y.anWt VwNo anWt Y.anNo Wan Mt

1.5 73.8

.4 3.1 .8 12.2 82.7 .4 1.1

frI .1 61.2

1.38 21.69 1.5 27.2 1.7 27.7 5.5 13

Cot .4 9.5

2.91 4304.3 4.2 02.6 7869.3 2.8 3622.9 16 430
If .2 26.4 .7 164.7 .5 104.3

LB .13 1.02 1130.7 1415

.13 .17 .2 .6 3.5 1676.9 2724

Pu .2 41 .4 16 746

.4 23.7 .2 6.8

.23 1.14 38.2 .5

2.3 147.5 .6 54.6 .3 2.3 1.3

VP 2.66 115.08 2.1 123.2 1.3 102 1.8 61 42

1DT.s 10.65 4678.9 12.5 %06.6 13.7 5704.4 ILl 8688 45 89
10 11 10

JtIE26 1986

tati 40 .in statiors 40 mn stati.i mn tatigi 40 un ctatiu 10 .in
.75 31.5 1.5 38

.26 1.26 114.5 .75 16 215

frI .26 17.75 .26 40.75

Cot .0 0.0
Cp 2406.5 2.26 8814.75 7014 4.75 8618.26 23 24380

If 1.75241.26

LB .26 94.75 .75 96.26 881.5 1362

LSu 1.26905.75

.75 96.5 136

Pu

Sq 37

IC 1.26 51.75 .5 61 .5 16 1.5 115 72

1k .5 10

VP .75 .5 .0 .5 14 76

TOTj 4.5 2607.75 5.26 3187.75 13 8138 12.26 6967 36 26278

Pbr an pm 10 inut
an Mt it in 10 .Inuti

SIES UIl crai LSu Lr91.caI SiWa
89 1i11 PuPmcutli

from 11hsad P. Ppknsi
Cimok sa1n Sq- Squawfih

Cot Cottid sculpin IC l1lt Caie
Cp.Carp 1k 1kriooth

If GoIdfii VP Yelicu Pmd
Lfr Lruth Ian



FITD4Tfl
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gtatias 40 .in itatianit .i .tatis 20 un

No No Nor Ut Nor No Nor Ut Nor No Nor Ut

Pg 17.5 146

Cot

Cp 1.578
Sf

LB 1217.75
LSa

No

Pu .75 31.5

Sf

75.5

VP .5 39

1U1 v.75 2149

931
1.67 40.67

1.31 2043

.31

.3120.31

.31

.31 4L

.31 17

5.31 26.66

.5
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15435
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statis 50 iln utatiorn 10 un
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11

17 20

39

103
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826.2

.8 7.800

.4

.6 .2

.4
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Nor No an 10 uinut
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I6 l1 Qipiu Lj wgu.oaj rw
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cpcarp No Noruuth
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LLothlaus

___

20 4089
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LDIGTh FRE0UCY YFeLES FUR FISH EC2ES

SHITH F410 L5 5T1Y fl 1986

TABLE G-A-3 LENGTH FREQUENCY DATA

lI3R FISH WITH WTH 05ERTER THlz

05 60 65 70 75 00 05 90 95 100 105 120 115 120 125 130 155 140 145 150

.J%PV1LZ QIHG 15 12 10 15

JU.ENILE4lJSZES 915 51

JWq1LE 0tX2H 13 11 44

LSIU. LENGTH F0tECY

20 30 40 50 60 70 00 90 100 110 120 130 140 150 160 170 100 190 200 210 220 230 240

SPRI05 13

11

fljttft4 82114 51015 86

LENGTH F0tENCY

250 260 270 200 290 300 510 320 30 340 550 360 370 300 390 400 410 420 430 440 450 460 470 400 490 500 510 520 530 540 550 560 570 500 590

RlP 00 81414
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556065
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YtLL55 PH L.ENGTH FQtENCV

90 05 90 55 I0005 110 115120 25 130135 140 145 50 55 160 65 170 175 180 195 90 195 200 205 210 215 320 ii

23 0.2 59

0.1 10 00

L59GRtE StKER LEITh F5EENCY

60 80 00 20 140 160 100 200 320 240 260 200 300 320 310 360 500 400 420 440 460 100 ii

LSP1..S II 25 00 811 52

20 5.610 512 82
00 00 to

68

20

70 75 00 95 90 95 100 05 110115 120 25 30 135 140 45 150 55 160 165 170 175 100 105 190 195 200 205 210 215 320 225 230 240 245 250 255

0.2 01 l2 711 0-1
00 00 I-tO

1.0 0.0 00 00



ISEVUTH BS
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JTL144
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APPENDIX G-B

FISH TISSUE ANALYSES DATA

SOURCE Oregon DEQ 1984 DRAFT REPORT Oregon Ambient
Water Quality Toxica Data Summary 1979 to 1983

copy of this draft report was obtained from DEQ for
review related to the Smith and Bybee Lakes Environmental
Studies project The accumulation of toxic compounds in

aquatic environments is presently under study by DEQ and the
U.S Environmental Protection Agency Bioaccurnulation

pathways and the relationship between compound
concentrations and the health of organisms including human
consumers are topics receiving wide attention however
interpretation of survey results is very difficult
Interpretation of the data presented here is left to the

investigating agencies



DRAFT rT
Thol C.1 PetaLs in Fish Tls.i cont

Stat ion tt Tis

Station 402822 10/13/82 127 SiX

Fern P162e ReservOir 10/13/82 127

StatIon 402017 9/23/8 127

Conaer 5loçh 9/23/82 127

Station 402451 9/27/79 128

Santiae River at riith 9/27/79 128
11/04/80 127
11/04/80 127
10/01/81 127

.10/01/81 127
10/01/81 127

9/23/82 127
9/23/82 127

StatIon 402012 9/26/79 128

Wi11aitte River at 9/26/79 128

ieat1ar Ferry 11/04/80 127
11/04/80 127
11/04/80 127
10/15/81 127

127
10/15/81 127

Station 02031 10721/8 127
yathill River at ytcn 10/21/82 127

Station 412380 11/25/80 127

North Fork Reservoir 11/25/80 127
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BACKGROUND AND OBJECTIVES

The Smith and Bybee Lakes area contains diversity of

habitats which in the nearby areas of Sauvie Island the

Vancouver lowlands and Ridgefield National Wildlife Refuge
are extraordinarily rich in wildlife especially waterfowl

Fish and Wildlife waterfowl censuses 1979-1986 It

is likely that the Smith and Bybee Lakes area was also once

similarly rich in both species and numbers of wildlife but

the combined effects of several urbanrelated disturbances
have apparently been associated with decreased abundances of

this wildlife in recent years The area of the wetland
habitats suitable for wildlife usage has been greatly
reduced by filling for urban and industrial development

The adjacent St Johns landfill in addition to replacing
about 250 acres of wetland habitat is source of

considerable noise and attracts enormous numbers of

scavenging species such as gulls and starlings which
dominate the surrounding area The nearby Portland
International Airport is source of additional noise

disturbance In addition to these disturbances the recent
construction of dam on North Slough with the resulting
impoundment of the lakes has resulted in major changes to

the vegetation and thus the overall structure of the

remaining habitats

Although no detailed censuses of the wildlife of the Smith
and Bybee Lakes area had been conducted previous to this

investigation the area had been included in casual censuses
conducted by amateur birdwatchers in previous years Audubon
Society Christmas Bird Counts etc and the area had been
included in aerial waterfowl surveys conducted by the U.S
Fish and Wildlife Service on an irregular basis over the

last few years In order to evaluate the current usage of

the Smith and Bybee Lakes area by birds and other wildlife

species this report combines information from these sources
with more thorough survey of the areas avifaune conducted
in late spring 1986
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METHODS

total of field surveys were conducted between 20
May and 19 June 1986 in order to census the breeding
community the 7th on 29 October to evaluate the wintering
waterfowl community Although different routes were
followed on each of the surveys each began at the Blind
Slough remnant in the landfill where waterfowl tended to be
concentrated An attempt was made to visit all significant
habitat types and all important subregions of the study area
at least once Four of the surveys were conducted by canoe
three by foot

The general numbers and associated habitats of each
observed species were recorded The habitat classification
used was that devised for the study area by Stan Geiger
Scientific Resources Inc SRI 1986 These habitat
designations however were not completely applicable for
all species Two additional designations were therefore
added to those specified by Geiger SRI 1986 Shore Line
was used for those species which forage at the edges of
water and wetland habitats regardless of the specific type
of wetland habitat Overhead was used for those species
sighted flying over the study area but without any specific
habitat association Although the primary objective of the
surveys was to census the avian community incidental
observations of species from other groups of wildlife were
also recorded

Consultations were made with representatives of the .U
Fish and Wildlife Service the Oregon Department of Fish and
Wildlife and the Portland Audubon Society in order to
obtain records useful in evaluating historical changes in
the wildlife of the study area The Fish and Wildlife
Service provided information gained from four aerial surveys
made in January 1985 January February and March 1986 The
Audubon Society provided list of 80 species of birds
observed in the study area All of these records were
combined into one master list of bird species known to occur
in the study area

Lists were prepared for potentially occurring species of
amphibians reptiles and mammals These lists were
compiled from the literature of the known vertebrate faunas
of the region in addition to observations of the species and
their signs References used were Nuasbaum et al
1983 Marshall 1985 Maser et al 1981 and
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Ingles 1965

RESULTS

The wildlife species observed in the study area along with
those recorded by others are listed in Tables H-i throughH3 Since systematic surveys were conducted primarily
during the late spring and early summer this list may be
incomplete with regard to wintering species El Judging by
the wildlife usage patterns of surrounding areas it can be
expected that it is in the winter that the largest numbers
of wildlife occur in the area and that these numbers are
comprised primarily of waterfowl The survey of 29 October
however revealed only one additional species of waterfowl
the Ringnecked Duck Furthermore fewer waterfowl were
observed on this survey than on the earlier breeding season
surveys Several species of waterfowl which had been
expected based on observations in previous years were not
present These species included Ruddy Duck Scaup
fluff lehead Wigeon and Canvasback

total of 97 species of birds have been reported to be
present in recent years or can be expected to occur in the
study area with 49 species presumed to breed there
However only 72 species were actually confirmed in the
study area in the present study Six amphibian reptile
and 31 mammal species can also be expected to occur in the
study area

Waterfowl were found in very low densities in all habitats
and subregions of the study area with the exception of the
Blind Slough in the landfill where they were consistently
found in impressive abundance and diversity However since
this area will soon be eliminated by the landfill and since
several species were found only there the overall diversity
of the study area will soon be reduced Greenwinged Teal
Gadwall Shoveller Ring-necked Duck and Pied- billed Grebe
were observed only in this location This also appeared to
be the primary breeding area for waterfowl The great

Project Managers note Subsequent to the completion of
this report bird survey was conducted from canoes on
March 17 1987 In addition to the contractors biologists
from ODFW and PGE participated in the survey species
list from this effort is included in this report as Table
H-4
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majority of baétátióiis cf bi-oôda óf Mallard and Cinnamon
Teal were at thiá ldtioñ

.. ...

Séavengir--apie iere iéentin.t.énormous ube
eseciá.ly rndfiIland iu ediately adjacent areas
Starlings and Common Crows were observed over the active
landfill area end making flights in large flocks to roost
areas in adjacent willow and swamp forests House Sparrows
were also abundant in the vicinity of the active landfill
House Sparrow nests were ob8erved in the willow and ash
orest.a adjcent to the landfill Since the House Sparrows
as well -aa-the Starlings nest in natural tree cavities
resource which is in short supply and critical to the
survival of many species of naturally occurring bird

species the well known ability of these scavenging species
to outcompete the naturally occurring species for nest
cavitiei-serJóuadesimpactY Swallows -Bêwick
Wrens Hoüs.Wrena BlacI-cappedYChickadees .Flickers Downy
Woodpeckers HáiWoâdpèckera -Scxeech-Owla ànd Wood Ducks
are potentially impeced -7 --

Lergeñubeieof gülThófseverl peciesre alao
observedin hèactive lãridfill.-Theéspecies dö-not-breéd
in the stud éa--b frequently roo8tôri open water
after óragirg àr--er -dibt.leasespbnaible for the
transport of large quantities of nutrient from the landfill
to -the lakèg -.. .._

.-

An immature BaldEle ae.ightedbvar the tudy area by
the Fish and Wildlife Services aerial waterfowl
survey in March 1986 An active winter eagle roost is known
to be located in the hills to the west of Scappoose The
individual sighted in March 1986 was probably from this
roost This species was not observed in the study area
during the breeding season

Although smartweed gonurn coccineurn is generally
considered desirable species for waterfowl habitat and
the seeds are good food source the large expanse covered
by this species in Smith Lake was almost entirely devoid of
waterfowl during the breeding season nor was it being used
by waterfowl during the 29 October survey The paucity of
waterfowl in Smith Lake could possibly be explained by the
fact that invasion of smartweed in Smith Lake is recent
phenomenon since the impoundment of Smith Lake in 1982 and
either it may not have been there long enough for the

Project Managers Note bald eagle was observed soaring
above NE Bybee Lake and the Columbia River area during the
March 17 1987 survey
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waterfowl to learn of its existence or perhaps it has not
yet built up to sufficient densities to be significant
resource

The willow swamps of the study area have undergone
considerable dieback since the impoundment of water in
1982 With the exception of Downy Woodpeckers and Marsh
Wrens very few other species of birds were seen in the
willow swamps The stem size of the willows less than
inches where the Downy Woodpeckers were repeatedly observed
was not sufficient to provide nesting habitat and it was
unclear what had attracted them there The Harsh Wrens
however were clearly nesting in the willow swamps at the
north end of Bybee Lake and perhaps elsewhere The Yellow
Warbler had been seen in the study area in recent years but
was not observed during the 1986 breeding season although
considerable effort was expended to find it This species
normally breeds in willow swamps and has been used as an
indicator of the overall health of this habitat by the .S
Fish and WildlifeService Schroeder 1982

Several threatened and endangered species or species of
special concern have been noted as possible residents or
visitors for the area that includes Smith and Bybee Lakes
The peregrine falcon is designated as endangered by the U.S
Fish and Wildlife Service USFWS the bald eagle is listed
as threatened by the USFWS The peregrine is potential
visitor to the study area eagles have been observed in the
area

The Oregon Natural Heritage Date Base lists the western
pond turtle on its review list due to recent decline in
numbers and apparent elimination from the Portland
metropolitan area This species was not observed in the
study area Tricolor blackbird is Candidate for

Endangered Species Status by the USFWS breeding colony of
this species was located within the Blind Slough area of the
St Johns landfill but has been displaced by landfill

expansion its fate is unknown

The willow flycatcher is designated as sensitive by the
USFWS This species was observed in the study area during
project surveys

Project Managers note The density of waterfowl observed
during the March 17 1987 survey was typical for similar
wetland areas according to Pesek ODFW This bird
density appeared higher than previous surveys conducted for
this study
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It should be noted that the Smith end Bybee Lakes complex
was the site of severe eviaz botulism outbreak during the
late 1970s This problem was the driving factor behind the
construction of the water control structure in 1983 that
resulted in impoundment of water in the lakes

CONCLUSIONS

Although relatively large number of species 91 has
been known to use the study area in recent years the
actual number of species confirmed by this study to be
using the area 72 is considerably lower

Overall numbers of waterfowl were considerably lower
then expected based on wildlife usage patterns in
comparable habitats in the nearby Sauvie Island and
Ridgefield National Wildlife Sanctuary

Species diversity and overall numbers of waterfowl can
be expected to decline in the near future with the
loss of the Blind Slough remnant in the landfill
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TABLE H-i

OBSERVED AND POTENTIALLY OCCURRING SPECIES
OF AMPHIBIANS AND REPTILES

COMMON NAME
SCIENTIFIC NAME HABITATS

OW SL SmS SWS UG RCG SM LF
Northwestern Salamander

Ambystoma gracile

Longtoed Salamander
Ambystoina macrodactylum

Rough-skinned Newt
Taricha granulosa

Ensatina
Ensatina eschscholtzi

Pacific Treefrog
Hyla regilla

Bullfrog
Rana catesbeian

West.ern Pond Turtle
Clemys marmorata

Painted Turtle
Chrysemys picta

Northern Alligator Lizard
ElgsrJ.a coerulea

Western Terrestrial Garter Snake
Thamnophia elegans vagrana

Northwestern Garter Snake
Themnophia ordinoidea

Red-spotted Garter Snake
Thainnophis airtalis concinnus

Codes
OW Open Water

SI Shore Line

SitS Saiartweed Swamp

SWS Smartweed/ Willow Swaip

FForest

US Upland Grassland old parts of landfill

RCS Reed Canarygrass Grassland

SM Sedge Meadows

IF Landfill active

OH Overhead birds seen flyinq over no specific habitat association

S.Status

observed expected expected



TABLE H-2

HABITAT ASSOCIATIONS ABUNDANCE AND SEASONAL OCCURRENCE
OF OBSERVED AND POTENTIALLY OCCURRING BIRD SPECIES

COON
SCIENTIFIC NAtE NABITAT

OW SL SiS SWS JiG RCG SM LF OH

Piedbilled Grebe

Podily.bus podiceps oy

Doublecrested Cormorant

Phalacrocorax auritus oy

Tundra Swan

Cygnus colubianus

Canada Goose

Branta canadensis ub oy

Mallard

Anas platyrynchos ab oy

Northern Pintail

Anas acuta ew

Gadwall

Anas strepera cb

American Wigeon

Anas americana

Northern Shoveler

Pnas clypeata oy

Blue-winged Teal

Anas discors cb oy

Cinnaion Teal

Anas cyanopt era ab

Greenwinged Teal

Anas crecca ow

Ringnecked Duck

Aythya collarls ow

Wood Duck

Aix sponsa o1y

Lesser Scaup

Aythya affinis ow

Ruddy Duck

Oxyura jaiaicensis ew



TAB1E 112 cont

SCJENTIFICME ________

Hooded Merganser.

Lophodyes cucullatus ow

Cowmon Merganser

Mergus erganser ew

Turkey..Yulture

Cathartes.aura...

Northern Harrier

Circus cyaneus ow

Cooper s.Hawk...

Accipiter cooperii .. .o ow

Sharpshinned Hawk

flccipiter..stiatus.. ew

Red-tailed Hawk

Buteo jaaaicensis ... ub oy

ericanKestre1

Falco.sparverius ob ob oy

Bald-Eagle.

Haliaeetus Ieucocephaius

Ringnecked.Pheasant

Phasianus colchicus ub ub oy

Great Blue Heron

Ardea herodias .. -.-

Greenbacked Heron

Putoridesstriatus. nY

Sandhill Crane

Grus canadensis .. ..u. ew

American Coot
Fulica americana ... oy

Kilideer

Charadrius vociferus oy

Greater Yellowlegs

Tiingame1ano1eucus

Lesser Yellowlegs

Tringa flavipes -- ew

Spotted Sandpiper

Petitis macularia ub oy



TRBIE 14-2 cont

co
SCIENTIFIC ME

OW St SiS SWS US RCG SM LF OH

Western Sandpiper

Calidris mauri ew

Least Sandpiper

Calidris inutilla ew

Coiaion Snipe

Gallinago gallinago ey

Glaucous-winged Gull

Larus gi aucewens

Herring Gull

Larus argentatus
oy

Ringbilled Gull

Larus delawarensis o1y

Rock Dove

Columba livia
ab oy

Bandtailed Pigeon

Columba fasciata ey

Mourning Dove

Zenaida wacroura cb oy

BarnOwl

Tyto alba ey

Western Screech Owl

Otus kennicottii ey

Great Horned Owl

Butt virginianus
ub oy

Vauxs Swift

Chaetura vauxii os

Belted Kingfisher

Ceryle alcyon ub oy

Co.on Flicker

Colaptes auratus cb oy

Hairy Woodpecker

Picoides villosus ub oy

Downy Woodpecker

Picoides pubescens cb oy

Willow Flycatcher

Eipidonax traillii cb 05



COH
SCIENTIFIC PUE

Western Wood Pewee

Contopus sordidulus

Barn Swallow

Hirundo rust ica

Cliff Swallow

Hirundo pyrrhonota

Tree Swallow

Tathycineta bicolor

Violetgreen Swallow

Tadiycineta thalissina

Scrub Jay

Aphelocosa ultrauarina

American Crow

Corvus brathyrhynchos

Black-capped Chickadee

Parus atricapillus

Coon Bushtit

Psaltriparus minimus

House- Wren

Troglodytes aedon

Winter Wren

Troglodytes troglodytes

Bewick Wren

Thryomanes bewickii

Marsh Wren

Cistothorus palustris

American Robin

Turdus migratorius

Hermit Thrush

Catharus guttatus

Swainsons Thrush

Catharus ustulatus

Ruby-crowned Ringlet

Regulus calendula

Boldencrowned Ringlet

Regulus satrapa

TABLE H2 cont

OW SLSmS SWS

FBITflT

13 RCI3 SM IF OH

cb

ab

ub

cb

cb

ub

cb

ob

cb

1-

11

-i

05

05

os

Os
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TABlE 142 cant

CON1ONE
SCIENTIFIC NAPE FBITAT

OW SI. 85 SWS US RCI3 SM LF Xl

Cedar Waxwing

Boibycilla cedrorua cb oy

European Starling

Sturnus vulgaris ab ab oy

Warbling Vireo

Vireo gilvus

Huttons Vireo

Vireo huttoni ob

Orangecrowned Warbler

Yersivora celata cb 05

Yellow Warbler

Dendrolca petechia es

Yellowrueped Warbler

flendroica coronata ow

Blackthroated Oray Warbler

Dendroica nigrescens cb os

Coimon Yellowthroat

Geothlypis trichas ab ab 05

Wilsons Warbler

Wilsonia pusilla

House Sparrow

Passer dosiesticus cb oy

Redwinged Blackbird

Aelaius phoeniceus ab oy

Tricolored Blackbird

Agelaius tricolor ey

Brewers Blackbird

Euphagus cyanocephalus ii oy

Brownheaded Cowbird

Molothrus ater cb oy

Northern Bullocks Oriole

Icterus qalbula cb 05

Blackheaded Grosbeak

Pheucticus melanocephalus cb

Purple Finch

Carpodacus purpureus



T1E H2 cont

coioN NA
SCIENTIFIC PME _________

House inch

Carpodacusuexicanus

American Soldinch

Carduelis tristis

Rufous-sided Toiee

Pipilo erythrophthalaius

Darkeyed Juncà

Junco hyemalis

Savannah Sparrow

Passerculus sandwichensis

White-crowned Sparrow

Zonotrichia Ieucophrys

Golden-crowned Sparrow

Zonotrichia atricapilla

Fox Sparrow

Passerella iliaca

Song Sparrow

Plelospiza.uelodia

Codes Habitats

OH Open Water

SLoreLine
SmS Seartweed Swamp

Forest

hO Upland Sras5land old parts of landfill

RCC Reed Canarygrass Grassland

SM Sedge Meadows

IF Landfill active

OH Overhead birds seen flying over no specific habitat association

Status

flbundance

oècasional12 sitings

uncoion 35 sitings regular occurrance

coion sitings

abundant

breeder r.- tj
Status

oóbserved

expected

ssprinand.suer.
wwinter

year-round

IBITAT--- --
OW SL SeS SWS hO RCS SM LF OH

ob oy

cb oy

ey

ow

cb oy

ew

ew

II



TABLE H-3

OBSERVED AND POTENTIALLY OCCURRING SPECIES OF MAMMALS

OH
SCIENTIFIC tI1IHI

ow si SiSSWSF hG RCSSN LF OH

Opossu

Dideiphis virginiana

Vagrant Shrew

Sorex vagrans

Dusky Shrew

Sorex obscurus

Pacific Water Shrew

Sorexbendirei

ShrewMole

Neurotrichus gibbsi

Coast Mole

Scapanus orarius

Little Brown Bat

Plyotis lucifugus

Long-eared Myotis

Nyotis evotis

Hairywinged Myotis

Plyotis volans

California Myotis

Myotis californicus

Rig Brown Bat

Eptesicus fuscus

Brush Rabbit

Sylvilagus bachuani

Eastern Cottontail

Sylvilagus floridanus

California Ground Squirrel

Sperophi1us beecheyi

Western Pocket Gopher

Thouoiiys razaia

Beaver

Castor canadensic



TABLE H3 cont

NA
SCIENTIFIC NtE I%BITAT-

OW SI SSSWSF UG RCSSM IF C1

DeerMouse

Pero.yscus uanlculatus

Bushytailed Woodrat

Neotcua cinerea

Oregon Vole

Microtusoregoni

Townsend Vole

Nicrotus towneendil

Muskrat

Ondatra zibethicus

Nutria

Nyoca coypus

Coyote
Canis latrans ii

Feral Doeestic Dog

Canis fauiliaris

Raccoon

Procyonlotor

Shorttailed Weasel

Plustela er.inea ii

Long-tailed Weasel

Mustela frenata ii

Mink

Muotelavison

Striped Skunk

Wephitis sephitis ii

River Otter

Lutra canadensis

Blacktailed Deer

LIocoilius heeionus

Codesi

OW Open Water RCG Reed Cariarygrass Grassland

SI Shore Line SM Sedge

SeS S.artweed Swaip IF Landfill active
SWS Seartweed/Willow Swaap OH Overhead birds seen flying over no specific habitat association

FForest Status

US Upland Grassland old parts of landfill observed

expected



TABLE H-4

BIRD SPECIES OBSERVED ON SMITH AND BYBEE LAKES
MARCH 17 1987

Doublecreated cororant
Canada gooce
Mallard
Gadwal

Widgeon
Shoveler
Northern harrier
Red-tailed hawk
Bald eagle
Great blue heron
Aaerican coot

Glaucoua-winged gull
Herring gull
Ring-billed gull
Mourning dove
Kingfiaher
Downy woodpecker
Tree awallow
Violet-green ewallow
American crow
Black-capped chickadee
Bewick wren
Marab wren
Robin
Ruby-crowned kinglet
Cedar waxwing
Starling
Yellow-ruped warbler
Red-winged blackbird
Houae finch
Song aperrow


