Publication No. 84-e24

WA-23-1020
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MEMORANDUM
October 29, 1987

To: Jon Neel, Southwest Regional Office
~oZJ . . . .
From: Joe Joy, Water Quality Investigations Section

Subject: Evaluation of Conditions Contributing to the Dissolved Oxygen
Problem in the Chehalis River between Chehalis and Centralia

INTRODUCTION

The Chehalis River in the vicinity of Centralia and Chehalis has lang bheen an
area of concern to the Southwest Regional Office (SWR0O) and the Water Quality
Investigations Section (WQIS). Depressed oxygen concentrations have chroni-
cally occurred in the late summer and early fall during low-flow periods.
These episodes have been investigated by SWRO and WQIS staff at different
times over the past decade (McCall, 1970; Devitt, 1972; Houck, 1980; Yake,
1980; Clark, 1981; and Johnson and Prescott, 1982). The most serious ox ygen-
depletion events in the past have been attributed to inadequate sewage treat-
ment facilities at Chehalis and accidental discharge of food-processing wastes
into Salzer Creek (Devitt, 1972; Houck, 1980). The SWRO has taken steps to
mitigate these problems; e.g., arranging far a series of upgrades of the
Chehalis sewage treatment plant (STP), and requiring an automatic alarm system
on the National Fruit Canning Company waste system adnacent to Salzer Creek
(Morhous, 1983).

The purpose of the 1982 survey was to further investigate the relative contribu-
tion of possible causes of dissolved oxygen (D.0.) depletion between Chehalis
and Centralia and compare results to past low-flow surveys. Present and past
data are evaluated in consideration of the following subjects:

) seasonal and spatial changes in in-stream temperatures and D.O.
concentrations

8 physical reaeration processes

s stratification formation

e benthic oxygen-demanding processes

® point and non-point sources of biochemical oxygen demand (BOD) and
nitrogenous oxygen demand (NOD)

¢ algal oxygen production

® nutrients loads and their effects on algal production

8 nitrification processes

® bacterial growths
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In addition, many of the processes mentioned above are incorporated into a
D.0. model. The model, which was verified in a 1983 survey, is used to
simulate both a past D.0. depletion incident and some theoretical waste
loading situations in the study area.

STUDY AREA

The major study area included approximately 8.5 miles of the Chehalis River,
from the Highway 12 bridge at river mile (r.m.) 74.8 to the Washington State
Department of Game (WDG) boat Taunch below the confluence with the Skookumchuck
River at r.m. 66.5 (Figure 1). However, on one occasion (September 25, 1982),
the study area was expanded to r.m. 54, another 12.5 miles below the major
study area (Figure 1). The lower boundary of the major study area represents
runoff from approximately 830 square miles of forest and agricultural lands.

As the Chehalis River enters the study area, it is relatively shallow and
swift. At about r.m. 74.3, the river channel becomes deep and velocities are
much slower. At r.m. 67, just above the confluence with the Skookumchuck
River, velocities increase and the river becomes wide and shallow once more.

The historical range of discharges passing through the major part of the study
area can be estimated by difference using gaging records of nearby stations.
The average daily river discharge recorded from mid-July through October at
the U.5. Geological Survey (USGS) station number 1202/500 at Grand Mound (r.m.
59.9, Figure 1) ranges from 180 to 300 cubic feet per second (cfs) (WDOE,
1972). According to records from USGS station 12026600, about 100 cfs of this
comes from the Skookumchuck River (WDOL, 1972). This leaves about 100 to 200
cfs average discharge for the study area. The 7-day, 10-year (7Q10) low flow
for Grand Mound is 104 cfs, and 19.5 cfs for the Skookumchuck (base period
1945-1966), leaving about 85 cfs for the 7010 above the Skookumchuck if the
Tow flows presented above occur simultaneously.

The slow-moving characteristics of the area between r.m. 67 and 74.3, coupled
with holes up to 25 to 30 feet deep (8-9 m), create phenomena typically
associated with lakes and impoundments rather than rivers. Previous surveys
have shown mid-summer thermal stratification often occurs from about r.m. 70
to r.m. 67 in areas deeper than 12 feet (4 m). A metalimnion, defined as a
layer of water exhibiting decrease in temperature greater than 1°C per meter,
is formed and may grow for at least a couple of weeks before being broken by
wind-generated currents, increased river discharge, or cooler temperatures.
Oxygen concentrations in the metalimnion decrease during the stratofoed
period. Also, at times the slow-moving, warm water is able to support a
substantial bloom of algae. The blooms cause oxygen supersaturation, nutrient
depletion, and reduced light penetration in the upper layer of water--phenomena
more typically associated with impoundments.
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Several point- and non-point dischargers have the potential to contribute

nutrients
Pollutant
are:

The major
e

and oxygen-demanding effluent to the study arca. The major National
Discharge Elimination System (NPDES) permitted point dischargers

Chehalis STP and Centralia STP

These are the STPs serving Chehalis (estimated population 6,000) and
Centralia (estimated population 11,190). Both discharge secondary
effluent into the study area at r.m. 74.3 and r.m. 67.3, respectively
(Figures 1 and 2). The Centralia STP was upgraded and expanded 1in
1971. The Chehalis STP was undergoing upgrade and expansion construc-
tion during the 1982 surveys.

National Fruit Canning Company

National Fruit Canning Company also discharges to the Chehalis STP.
In addition, they maintain a spray-irrigalion waste disposal system
on Tands adjoining Salzer Creek. Malfunction of the spray system
has been implicated in past water quality pollution incidents
(Houck, 1980).

Consolidated Dairy Products (Darigold)

Darigold was discharging into the Chehalis sewer system during the
1982 survey period. Effluent has periodically bypassed the Chehalis
STP and directly entered the Chehalis River. This occurrcd during
winter and spring storm events (Neel, 1983). Darigold brought a
pretreatment plant on-line in 1983. The plant is designed to dis-
charge secondary effluent directly into the Chehalis River most of
the year. During June 15 to October 15 of each year, however, it

is required to route its treated effluent to the Chehalis STP for
further treatment and chlorination.

potential non-point sources are:
croplands and livestock areas

recreational facilities

various upstream sources; e.g., septic tanks, forest and agricultural
Tand uses.
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Non-point sources have been suspected of contributing to water
quality deterioration in the Chehalis River basin (Singleton and
Joy, 1981). In areas similar to the Chehalis basin (Yakima and
Nooksack basins), intensive agricultural, silvicultural, and rec-
reational Tand uses have been shown to contribute to water quality

degradation (Johnson & Prescott, 1979; U.S. Corps of Engineers,
1978; USDA, 1978).

The water quality in the study area must meet Class A standards (Table 1).

However, a special provision which applies to the Chehalis River from r.m.

65.8 to 75.2 allows the D.0. to reach 5.0 mg/L from June 1 to September 15

(WAC 173-201-080[8]). Class A standards without any special D.0. provision
apply to the Chehalis River above and below this section.

METHODS

Site locations and sample collection information for all surveys are presented
in Table 2. Coal Creek (r.m. 71.5) and China Creek (r.m. 67.1) were not
sampled during any survey because they were dry. Samples were taken on four
occasions in 1982 and once in 1983. The primary objective of the 1982 surveys
was to obtain in-stream and point-source water quality information. Six to
fifteen sites were sampled for this (Figure 2). The objective of the 1983
survey was to verify the accuracy of the dissolved oxygen computer model.

Water samples collected for laboratory analyses were kept in the dark, on ice,
and transported to the WDOE environmental laboratory, Tumwater, within twenty-

four hours. Samples were analyzed using approved procedures (EPA, 1979; AWWA,
1981).

Discharge was measured in the Chehalis River at r.m. 74.8, in Dillenbaugh
Creek, and in Salzer Crcck using the magnetic flow meter. Discharge at r.m.
67.5 (Mellen Street Bridge) was measured using the wire-weight gage and
provisional rating curve (Poole, 1983). Discharge measurements from the
Chehalis and Centralia STPs were obtained from in-plant meters. USGS tele-
metric stations on the Chehalis River at Grand Mound (station 12026400) and
on the Skookumchuck River at Bucoda (station 12027500) provided data for
estimating discharge from the survey area at r.m. 66.09.

Main-channel mean velocities were estimated at most points in the river using
occupied channel volume calculations (Velz, 1970). At r.m. 74.8, velocity
measurements were made in Lhe field as described for discharge measurements.

The estimated velocities were verified during the October 1983 survey with
direct measurements.

Three cross-sectional profiles were obtained during the August 25 survey using

a Sitex-Honda 4-inch strip-chart depth recorder. Profiles were made at river
miles 74.2, 72.6, and 68.1.



Table 1. Class A (excellent) water quality standards (WAC 173-201-045)
and characteristic uses.

Characteristic Uses:

Water Quality Criteria

Fecal Coliform:

Dissolved Oxygen:

Total Dissolved Gas:

Temperature:

pH:

Toxic, Radioactive, or
Deleterious Materials:

Aesthetic Values:

Water supply, wildlife habitat; livestock
watering; general recreation and aesthetic
enjoyment; commerce and navigation; fish
reproducing, migrating, rearing, and
harvesting.

Median not to exceed 100 organisms/100 mlLs
with not more than 10 percent of samples
exceeding 200 organisms/100 mlLs.

Shall exceed 8 mg/L.
Shall not exceed 110 percent saturation.

Shall not exceed 18°C duc to human activity.
Increases shall not, at any time, exceed

t = 28/(T+7); or where temperature exceeds
18°C naturally, no increase greater than
0.3°C. t = temperature in dilution zone,
and T = highest temperature outside the
dilution zone increases from non-point
sources shall not exceed 2.8°C.

Shall be within the range of 6.5 to 8.5,
with man-caused varialion within a range

of Tess than 0.5 unit.

Shall be below concentrations of public
health significance, or which may cause
acute or chronic toxic conditions to the
aquatic biota. or which may adversely
affect any water use.

Shall not be impaired by the presence of
materials or their effects, excluding
those of natural origin, which offend the
senses of sight, smell, touch, or taste.




Table 2. 1982-83 Chehalis-Centralia survey sampling information.

A. July 20, 1982 river and point-source survey

Field and Grab Samples

Sample Location Depth Time Field/Laboratory Analysest
r.m. 74.8 - above Surface 1150 Discharge, Hydrolab 8000, dissolved
Hvy. 12 bridge oxygen/nutrients (5), chlorophyll a,

pheophytin_g, fecal coliform.
r.m. 74.4 - Dillen- Surface 1210 Discharge, dissolved oxygen/nutrients (5),

baugh Cr. at mouth chlorophyll a, pheophytin a.

rom. 74.3 - 200" Surface 1230 Hydrolab 8000/nutricnts (5), chlorophyll a,
below Chehalis STP fecal coliform

outfall 2.5 m 1235 Hydrolab 8000, dissolved oxygen, Secchi/

nutrients (5)
r.m. 72.1 - golf Surface 1300 Hydrolab 8000/nutrients (5), chlorophyll a,

course pheophytin a
r.m. 68.1 - behind Surface 1350 HydroTab 8000/nutrients (5), chlorophyll a,
Midway Meats pheophvtin a

2.0m Hydrolab 8000

4.0 m Hydrolab 8000

6.0 m 1400 Hydrolab 8000, dissolved oxygen, Secchi/

nutrients, chlorides, chlorophyll a,
pheophytin a

r.m. 67.3 - 300' Surface 1425 Hydrolab 8000/nutrients, fecal coliform

below Centralia 2.0m Hyvdrolab 8000

STP 3.5m Hydrolab 8000, dissolved oxygen, Secchi/
nutrients (5), chloride, chlorophyll a,
pheophytin a

ram. 6.5 - WOG Surface 1455 Hydrolab 8000, dissolved oxygen/nutrients
boat Taunch (5), chlorophyll a, pheophytin a

Im Hydrolab 8000, dissolved oxygen/nutrients

(5)

Chehalis STP /nutrients (5), BODs with and without
from chlorine nitrification inhibition. Discharge re-
contact chamber corded from plant meter.
Centralia STP Same as above.
from secondary
clarifier
Salzer Creek Surface Dissolved oxygen, temperature, discharge/
at freeway pH, nutricents (5), BODs with and without
bridge nitrification inhibition

tField analyses and laboratory analyses are separated by the slash mark.

Hydrolab 8000R system includes: dissolved oxygen, pH, conductivity,
temperature, and oxygen-reduction potential.

Dissolved oxygen performed using Winkler method with azide modification.
Nutrients (5): NO3-N, NOp-N, NH3-N, orthophosphate-P, total phosphorus-P.

Solids (4): Total solids, total non-volatile solids, total suspended solids, total
non-volatile suspended solids.
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Table 2. Continued

B. August 25, 1982 river and point-source survey

Sample Location

r.m. 74.8 - above
Hwy. 12 bridge

r.m. 74.3 -
Chehalis STP at
outfall pipe

r.m. 74.3 - 200"
below Chehalis STP
outfall

r.am. 72.1 - golf
course

r.m. 69.72 -
Salzer Creek at
mouth

r.m. 68.1 - behind
Midway Meats

r.m. 67.3 -
Centralia STP at
secondary clarifier

r.m. 67.3 - 300"
below Centralia
STP

r.m. 66.9 -
Skookumchuck River
at mouth

r.m. 66.5 - at WDG
boat Taunch

Field and Grab Samples

Discharge, dissolved oxygen, temperature/pH,

Temperature, dissolved oxygen/pH, conductivity,

Same as at r.m. 74.8 except no discharge taken.

Discharge, dissolved oxygen, temperature/pH,
conductivity, chloride, nutrients (5), chloro-

nutrients (5), chloride, pH, conductivity, BODg

Dissolved oxygen/pH, conductivity, chlorides,

Temperature, dissolved oxygen/pH, conductivity,
chlorides, nutrients (5), chlorophyll a, pheo-

Depth Time Field/Laboratory Analyses
Surface 0945
conductivity, chlorides, nutrients (5),
chlorophyll a, pheophytin a
1035
chlorides, BOD5, nutrients (5)
Surface 1100
2.5 m Temperature, Secchi
Surface 1115 Same as surface at R.M. 74.3 plus BOD,
3.0m Temperature, Secchi
Surface 1200
phyll a, pheophytin a, BODg
Surface 1230 Same as surface at r.m. 72.1.
4.0 m, Temperature, dissolved oxygen
7.5 m 1400 Temperature, dissolved oxygen, Secchi/
nutrients (5), BODg
Surface 1350
phytin a
4 m Temperature, dissolved oxygen, Secchi
Surface 1330 Same as surface at r.m. 67.3.
Surface 1400 Same as surface at r.m. 67.3



Table 2. Continued.

C. August 31, 1982 river and point-source survey

Sample Location Depth
r.m. 74.8 - above Surface
Hwy. 12 bridge
r.am. 74.4 - Surface
Dillenbaugh Creek
at mouth
r.m. 74.3 - 50! Surface
above Chehalis STP
outfall 3m
r.m. 74.3 -
Chehalis STP at
outfall pipe
r.m. 74.3 - 200" Surface
below Chehalis STP

3m
r.m. 74.0 - at Surface
point bar

2 m
r.m. 73.7 - near Surface
eroding banks

4 m
r.am. 72.6 -~ at Surface
profile site #2

4 m
r.an. 72.1 - golf Surface
course

2m

5m
r.m, 70.5 - cattle Surface
access area

7 m

9 m
r.m. 69.9 - near Surface
rt. bank drainage
cut 7 m

Field Monitoring

Hydrolab 8000, dissolved oxygen

Dissolved oxygen, temperature

Hydrolab 8000, dissolved oxygen

Hydrolab 8000, dissolved oxygen

Hydrolab 8000, dissolved oxygen

Time Field Analyses
1200
1225 Same as above.
1235 Same as above.
Hydrolab 8000
1250
1255
Same as above.
1310 Same as above.
Hydrolab 8000
1335 Hydrolab 8000
1400 Same as above.
Same as above.
1410 Same as above.
Hydrolab 8000
Dissolved oxygen
1435
Hydrolab 8000
Same as surface.
1500

Hydrolab 8000, dissolved oxygen

Same as above.
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Table 2. Continued.

C. August 31, 1982 river and point-source survey - Continued

Field Monitoring

Sample Location Depth Time Field Analyses

r.m. 69.4 - above 5 m 1525 Hydrolab 8000, dissolved oxygen
Salzer Creek

r.m. 69.2 - Surface 1530 Same as above.

Salzer Creek at

mouth

r.m. 69.2 - below Surface 1540 Hydrolab 8000
Salzer Creek
5m Hydrolab 8000

7 m Hydrolab 8000, dissolved oxygen

r.n. 68.1 - behind Surface 1555 Hydrolab 8000
Midway Meats
7 m Hydrolab 8000, dissolved oxygen

r.amn. 67.5 - Mellen 2.5 m 1605 Dissolved oxygen
Street bridge

r.m. 67.3 - below Surface 1615 Hydrolab 8000
Centralia STP
3.5m Hydrolab 8000, dissolved oxygen

r.m. 66.5 - WDG Surface 1630 Hydrolab 8000, dissolved oxygen
boat Taunch

D. September 27, 1982 river and point-source survey

Field and Grab Samples

Sample Location Depth Time Field/Laboratory Analyses

r.m. 74.8 - above Surface 1240 Hydrolab 8000, dissolved oxygen/pH, conduc-

Hwy. 12 bridge tivity, chloride, nutrients (5), solids (4),
chlorophle_g, pheophytin a

r.m. 74.4 - Surface 1300 Same as r.m. 74.8, except no solids (4).

Dillenbough Cr.

at mouth

r.m. 74.3 - 200° Surface 1310 Same as r.m. 74.8 + Kjeldahl-N.
below Chehalis STP

2.3 m Hydrolab 8000, dissolved oxygen
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Table 2. Continued.

D. September 27, 1982 river and point-source survey - Continued

Field and Grab Samples

Sample Location Depth Time Field/Laboratory Analyses
r.m. 72.1 - golf Surface 1340 Same as r.m. 74.8.
course
2.9 m Hydrolab 8000, dissolved oxygen
r.m. 70.5 - cattle Surface 1405 Same as r.m. 74.8.
access area
7 m Hydrolab 8000, dissolved oxygen, nutrients (5)
r.am. 69.4 - above Surface 1450 Same as r.m. 74.8.
Salzer Creek
5.5 m Same as r.m. 74.8, except no solids (4)
r.m. 68.1 - hehind Surface 1520 Same as r.m. 71.8.
Midway Meats
6.5 m Same as r.m. 74.8, except no solids.
r.m. 67.3 - below Surface 1540 Same as r.m. 74.3.
Chehatlis STP
3.5m Hydrolab 8000
r.n. 66.9 - Surface 1550 Dissolved oxygen, temperature, pH, conductivity,
Skokumchuck River chlorides, nutrients (5)
at mouth
r.m. 66.5 - at WDG Surface 1600 Same as r.m. 74.8.
boat launch
r.m. 64.2 - mid- Surface 0915 Same as Skookumchuck River.
channel off Galvin
bridge
r.m. 59.9 - mid- Surface 0855 Same as Skookumchuck River.
channel off Prather
Road bridge
r.m. 54.2 - mid- Surface 0805 Same as Skookumchuck Rfver.

channel off Inde-
pendence Rd. bridge

24-hour Composite Samples

General Sample Date Time

Locatioq Installed Begin End Specific Location
-Centralia STP 9/27-28/82 0955 - 1045 Secondary clarifier weir
Chehalis STP 9/27-28/82 1045 - 1115 Chlorine contact chamber
Salzer Creek 9/27-28/82 1145 - 1210 Mouth of creek



Table 2.

Continued.

E. October 11, 1983 river monitoring for computer model verification

Sample Location

Field and Grab Samples

r.m. 74.8 - above
Hwy. 12 bridge

r.m. 74.4 - above
Chehalis STP

r.m. 74.1 - below
Chehalis STP

r.an, 72.6 - at
profile site #2

r.m. 72.1 - golf
course

r.m. 70.5 - cattle
access area

r.n. 69.3 - above
Salzer Creek

r.m. 69.2 -
Salzer Creek at
mouth

r.m. 68.1 - behind
Midway Meats

r.m. 67.5 - at
Mellen Street br.

Field/Laboratory Analyses

Depth Time
Surface 1012
Surface 1057
Surface 1110
Surface 1125
Surface 1140
Surface 1200
7 m

Surface 1233
Surface 1245
Surface 1300
6m

Surface 1320

Discharge, Hydrolab 8000, dissolved

oxygen pH, conductivity, nutrients (5),
TSS, BODs

Hydrolab 8000, dissolved oxygen

Hydrolab 8000, dissolved oxygen/pH, conduc-
tivity, nutrients (5)

Hydrolab 8000, dissolved oxygen

Same as vr.m., 74.1.

Same as r.m. /4.1.
Hydrolab 8000, dissolved oxygen

Same as r.m. 74.8, except no discharge.
Same as r.m. 74.8.

Same as r.m. 74.1.

Hydrolab 8000, dissolved oxygen

Same as r.m. 74.1.

24-hour Composite Samples
General Sampler Date Time
Location Installed Begin End Specific Location
Chehalis STP 10/11/83 0811 - 0845 Chlorine contact chamber
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Time of travel was estimated using the occupied channel volume method (Velz,
1970). The method uses cross-sectional channel area data, velocity, and
discharge measurements.

RESULTS AND DISCUSSION

Flow and Time of Travel

The 1982 survey flows at the upper (r.m. 74.8) and lower (r.m. 66.5) ends of
the major study area are presented in Tables 3 - 6. Flows at r.m. 66.5

were 50 to 70 cfs Tower than the mean monthly flows established for r.m. 59.9.
However, none of these flows were as low as the 7Q10 low flow of 104 cfs.

Dilution ratios in the river at the two STPs in the study area were well above
the 20:1 WDOE guidelines (WDOE, 1980). The lowest ratio of 68:1 occurred dur-
ing the August 25 survey. The dilution ratios for the Chehalis and Centralia
STPs during a 7Q10 low-flow period would be approximately 45:1 and 47:1,
respectively. The dilution ratios of the Chehalis River to Salzer Creek were
also above 20:1.

Mean river velocities throughout most of the study area were less than 0.6
ft/sec except above r.m.74.5 and below r.m. 66.9. In-stream solids settle-out
at velocities below 0.6 ft/sec (Velz, 1970). Estimated and verified velocities
of 0.04 to 0.1 ft/sec were used in computer model simulations for r.m. 66.9

to r.m. 71 (see Model Simulations).

Time of travel is an important component of the D.O. computer model. lUnder
the discharge conditions observed in the 1982 surveys, the time of travel from
the Chehalis STP to the bridge, a distance of 6.8 river miles, was estimated
to be greater than three days. Data from past surveys also produced similar
times of Lravel (Figure 3). These estimated times reflect the characteristics
of the large pool between r.m. 67.5 and 74.3.

Temperature

Seasonal changes in longitudinal and vertical temperature profiles are illus-

trated in Figure 4. The patterns observed reinforce past survey findings

(Johnson and Prescott, 1982).

lhe main features of the collective temperature data show:

® generally warmer surface water temperatures existed between r.m.

66.9 and 70.5 than either above r.m. 70.5 or below the confluence
with the Skookumchuck River (r.m. 66.9)

e only slight vertical changes in temperature were present at points
above r.m. 70.5 throughout the survey season
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Memo to Jon Neel

Evaluation of Conditions Contributing to the Dissolved Oxygen Problem in the
Chehalis River between Chehalis and Centralia

October 29, 1984

e slight vertical gradient throughout the study area was present
in mid-July

® deeper holes from r.m. 67 to 70.5 stratified in August to the
extent that a metalimnion was formed

[ stratification deteriorated by mid-September, but a strong tempera-
ture gradient remained at r.m. 68 to 69

] homogeneous vertical temperature profiles returned by late September

The importance of temperature to in-stream D.0. concentrations and development
of the D.0. model will be discussed in following sections.

Dissolved Oxygen

The following observations were made concerning D.0. concentrations found
during the 1982 surveys (Figure 5):

® Surface concentrations at both ends of the major study area (r.m.
74.8 and 66.5) remained relatively stable; concentrations were
always greater than 8.0 mg/L.

] Surface concentrations in much of the large pool area (r.m. 66.9 to
70.5) after September 15 were below 8.0 mg/L. "This violated the
Class A standard.

® No surface concentrations violated the 5 mg/L D.0. special provision
in effect from June 1 to September 15.

® Subsurface concentrations were often below 8.0 mg/L. In August,
subsurface concentrations at some sites dropped below 5 mg/L(in
violation of water quality standards)--sometimes dropping to zero.
Between r.m. 67.5 and r.m. 71, holes deeper than 4 meters were
especially affected.

[ Surface and depth concentrations at individual sites were similar in
mid-July and late September, but differed greatly in August.

e Supersaturation was evident at the surface at the lower end of the
large pool area (r.m. 67 to 68).

® A slight D.0. sag was observed in the expanded study area on September
27. D.0. was slightly depressed at r.m. 64.2 compared to D.0. at
r.an. 66.5 and r.m. 54.2 (Table 6).
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Memo to Jon Neel

Evaluation of Conditions Contributing to the Dissolved Oxygen Problem in the
Chehalis River between Chehalis and Centralia

October 29, 1984

The data suggest recurrent seasonal and longitudinal D.0. patterns along the
river. Historical data from past surveys support the concept of recurrent
patterns (Figure 6). However, some specific historical incidents also show
how these patterns can be disrupted (see Model Simulations).

The data from present and past surveys also suggest that there are many
interacting factors affecting D.0. in this portion of the Chehalis River.
Among the most prominent are:

pnysical reaeration

stratification

benthic oxygen demand

point-source biochemical and nitrogenous oxygen demand

algal oxygen production

nutrients: limiting, loads, and nitrification

bacterial populations in the river

The interaction of these factors are somewhat complicated. The available data
only suggest the true nature of their interactions. A basic interpretation of
the interactions has been used for constructing the computer model. These
basic interpretations are discussed below.

Physical Reaeration

Physical reaeration in a river is generally mediated by temperature,
velocity, and depth. Shallow, swift reaches such as those above r.m.
74.3 and below r.m. 67 have high reaeration rate (kp) constants. The
ko constants used in the model were calculated to be 5-10 day‘1 (log
base e). However, between these points, the river is relatively slow
and deep. Reaeration rates were calculated from 0'Connor's formula
designed for deeg, slow-moving rivers (Zison et al., 1978). Rates of
0.04 to 0.1 day-! were obtained and used in the model for the large
pool area.

Reaeration processes in the large pool arca can be approached another
way. In lake environments, physical reaeration is more dependent on
winds than internal water movement. Winds around Chehalis are generally
less than 15 mph in the summer (WDOE, 1972). Calculated reaeration rates
using wind speeds of 3 to 15 mph would produce k2 constants of 0.19 to
0.65 day-1 (Zison, et al., 1978). However, the high banks and protec-
tive vegetation along the top of the banks would reduce the maximum
potential reaeration available from wind; therefore, the 0.04 to 0.1

day-l ko constants by 0'Connor's formula seem reasonable for use in
the D.0. model.
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Stratification

Temperature-induced stratification influence oxygen coxchange between
surface and deeper water layers. In August, surface and deeper water
layers became isolated from one another as the metalimnion formed through-
out much of the large pool (r.m. 67 to 70.5). The greater divergence
between surface and deep-water concentrations of D.0. in the August
surveys was partially caused by this lack of circulation of oxygenated
surface waters into deeper layers. With no oxygen entering the metalimnic
layer, oxygen-demanding processes created a rapid depletion of D.0. As
stratification broke up in September, D.0. concentations returned to the
more vertically homogeneous pattern present in mid-July (Figure 5). As
discussed earlier, historical data confirm stratification as a seasonal
phenomenon in the Chehalis River. Severe D.0. deficits in the metalimnion
have also been found in the past (Johnson and Prescott, 1982)

Additional data and a more detailed analysis would be necessary to model
stratification formation and metalimnion oxygen depletion. However,
factors contributing to the rapid depletion of oxygen in the metalimnion
will be discussed below.

Benthic Oxygen Demand

Organic materials from allochthonous and autochthonous sources accumulate
in benthic regions as water velocilies decrease. These materials are
chemicaliy or biochemically converted into basic constituents through
oxygen-demanding processes. Without adequate mixing or reaeration,
oxygen can become totally depleted in the subsurface water.

Low in-stream velocities throughout most of the study area may create a
situation that enhances the influence of benthic oxygen demand. Two
major types of material were thought to settle-out and create benthic
oxygen demand in the study area:

8 algal materials

e point-source effluent solids

Although no sediment oxygen demand measurements were made, depressed
subsurface D.0. values were observed at sites possibly influenced by
these materials. The primary sites were behind Midway Meats (r.m. 68.1)
within much of the large pool (r.m. 6Y.7 to /0.5), and below the Chehalis
STP (r.m. 74.3).

The rapid depletion of oxygen in the metalimnion behind the Midway Meats
Company ( r.m. 68.1) observed in the August surveys may be partially
caused by algal decay and/or accumulated materials from Salzer Creek.
Algae, produced in the upper end of the large pool (r.m. 74 to 72) and
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sinking at a rate of 1 m/day (a rate taken from Zison et al, 1978), could
be deposited in the deep holes r.m. 69.2 to 68.1. Decomposition agents
can potentially use 160 mg oxygcen for cach milligram phosphorus created
from algal detritus (Welch, 1980). These processes create an oxygen
depletion, especially in subsurface waters during stratification.
Calculations in Table 7 illustrate the theoretical situation for the
August 5, 1980 survey.

Salzer Creek could have contributed solids and other materials of high

BOD concentration to this area of the river. Colder, denser water from
Salzer Creek would tend to flow into the deeper areas of the Chehalis
River. Of course, the BOD load during spills from the National Fruit
Canning Company irrigation system certainly made an immediate impact as

far as r.m. 68.1. However, the somewhat "normal" load of solids and BOD
also may have had an accumulative effect after deposition. Data obtained
in 1982 and 1980 surveys suggest suspended solids loads from Salzer Creek
of approximately 110 pounds per day, and BOD from 90 to 370 pounds per day.

Approximately 0.4 mg/L difference in N.0. was ohserved below the Chehalic
STP ( r.m. 74.3) between surface and subsurface during the August 31
survey (Figure 5). No stratification was apparent, so that the oxygenated
surface water should have circulated within the entire water column.
Therefore, benthic oxygen demand was considered a possible source of
depletion. The Chehalis STP effluent and upstream sources of organic
materials could easily accumulate in the area. Poorer-than-normal STP
effluent quality could have further aggravated the situation (see Bio-
chemical and Nitrogenous Demand).

Renthic oxygen demand is a computer model option (see Mode] Simulations).
The value chosen for benthic demand is based on professional judgment.

The calculation uses an equation based on the oxygen demand from various
depths of sludge beds found below STPs (7ison et al., 1978). For example,
a 0.5-inch benthic deposit below the Chehalis STP would translate into a
3.15 gm/m2 oxygen demand.

Point Source Biochemical and Nitrogenous Oxygen Demand

The primary point sources of BOD have been the Centralia and Chehalis

STPs and Salzer Creek. Long-term nitrification-inhibited and uninhibited
BOD analyses were run on both STP effluents and Salzer Creek water taken
as compasite samples on July 20-21, 1982 (Figurc 7). Nitrogenous oxygen
demand (NOD) was a large component of the Chehalis and Centralia.STP
effluents, but not of Salzer Creek water. Ultimate demand concentrations
were 115 mg/L, 25 mg/L, and 38 mg/L, respectively. The high concentration
f;om the Chehalis STP was because of construction-related problems at the
plant.

-20-



Table 7. Calculation of 0o demand exerted by algal decay in metalimnion between
R.M. 67.6 and 69.2 on August 5, 1980. Phosphorus and D.0. data from
Johnson and Prescott, 1982.

Assumptions

Volumes from R.M. 69.2 to 67.6: Total 1 4.36 x 108 liters
3.5 m metalimnion : 1.32 x 108 Jiters
4.5 m epilimnion 3.04 x 108 liters

Concentrations: 0.06 mg/L organic phosphorus in epilimnion

7.5 mg/L dissolved oxygen in metalimnion initially
160 mg Oy demand/mg organic phosphorus decomposed

Calculations

i

Initial metalimnic D.0. (July 15): 7.5 mg/L x 1.32 x 108 L = 1.0 x 109 mg D.O.

Organic phosphorus concentralion: 0.06 mg/L x 3.04 x 108 L = 1.87 x 107 mg

Ultimate demand by organic P: 1.82 x 10/ mg P x 160 mg 0p/mg P = 2.9 x 109 mg 0o

Conclusions

The 2.9 x 109 mg 02 demand is greater than 1.0 x 109 mg 02 initial concen-
tration. The actual daily rate of depletion would depend upon rate and
efficiency of decomposition, and stability of metalimnion.
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Data from the 1982 and past surveys indicate BOD contributions from Cen-
tralia STP have been fairly constant, whereas the Chehalis STP and Salzer
Creek contributions of BOD have been sporadic (Houck, 1980; Johnson and
Prescott, 1982; WDOE 1979, 1980, 1982). Chehalis and Centralia STP
effluent 5-day BOD mean values over the period of these surveys were 50

+ 33 mg/L (mean + S.D., n = 46), and 21 + 7 mg/L (n = 41), respectively.
The wider variability in Chehalis STP effluent values occurred because of
higher BODs in 1982 during STP upgrade construction.

Salzer Creek 1982 5-day BODs were never below 33 mg/L (Tables 3-6). How-
ever, in-stream 5-day BOD concentrations in 1980 ranged from <2 to 18
mg/L (Johnson and Prescott, 1982). And, Houck (1980) found a spill of
vegetable canning process waste into Salzer Creek from spray irrigation
fields had driven creek 5-day BOD concentrations up to 640 mg/L (Houck,
1980). BOD loads from these sources were important factors in modeling
Chehalis River D.0. concentrations.

The July 20, 1982 survey data were used to obtain BOD decay rates for the
computer simulations. These rates were also applied to 5-day BOD concen-
trations to gain ultimate demand concentration (Hammer and MacKichan,
1981). BOD decay rates calculated for Salzer Creek, Chehalis STP, and
Centralia STP wastewaters at 20°C were 0.115 day-l, 0.279 day -1, and
0.163 day-! (log base e), respectively.

Algal Oxygen Production

The data show algal oxygen production greatly influences D.0. concentra-
tions in the epilimnic layer, especially in late July and throughout
August. Oxygen supersaturation was observed in the surface during the
August 25 survey (Table 4). Elevated pH levels (8.7 to 8.9) and low
inorganic nitrogen concentrations further indicated algal production.
However, the concentrations of chlorophyll a were lower than would be
expected during a bloom. -

In 1980, elevated chlorophyll a concentrations and Tow Secchi readings
accompanied D.0. supersaturation occurring in areas with suspected algal
blooms (Johnson and Prescott, 1982). D.0. supersaturation in 1980

occurred over a wider portion of the study area than in 1982 (Figures 5
and 6).

No large diel changes in D.0. resulting from algal respiration and
photosynthesis were detected during a 24-hour D.0. survey performed in
1980 (Johnson and Prescott, 1982).  The survey monitored various sites
in the study area and the usual night D.0. depression and day D.0. peak
in concentrations were not observed.
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Algal oxygen production rates were calculated for use in the D.O. computer
model. Maximum potential rates were estimated to be 4.5 to 5.5 mg/L/day,
with average rates of 0.2 to 2.3 mg/L/day. A1l were based on chlorophyll
a levels (Zison et al., 1978).

Nutrients

Nutrients are important to the D.0. problem in two major respects; (1)
nutrients are essential for algal, bacterial, and macrophyte growth--
sources of D.0. production and demand; and (2) nutrients in the form of
organic nitrogen and ammonia exert an oxygen demand if conditions are
favorable for decay and/or nitrification. Therefore, identifying primary
sources of nutrients and their relative contribution may help to better
understand this aspect of the D.0. problen.

Nutrient Limitation

Welch (1980) has presented ratios of "soluble usable" nitrogen and
phosphorus concentrations determined by various researchers. He
states, these data suggest nitrogen is the limiting nutrient for
algal growth when nitrogen-to-phosphorus ratios are below 7:1 (by
weight). The ratios above Chehalis STP did not conclusively indi-
cate a limiting nutrient. Ratios averaged 5:1 with a range of 0.7:1
to 9:1 over the period covered by the 1979, 1980, and 1982 surveys.
Below the STP ratios definitely indicated a nitrogen-limited system.
Nitrogen Timitation from r.m. 66.9 to 74.3 has been pointed out in
past reports (Yake, 1980; Johnson and Prescott, 1982). Below the
STP ratios in the epilimnion averaged 2.3 with a range of 0.3 to
4.5. Also, the Timited data from the September 1982 expanded study
area survey indicated that in-stream ratios may not increase to 7:1
until r.m. 54.2.

Inorganic nitrogen in the epilimnic region was not as completely
depleted during 1982 surveys as during some 1980 surveys. During
the August 25, 1982 survey, some NH3-N remained in the epilimnic
region of the lower Targe pool area (r.m. 66.9 to 69.2) (Table 4y.
However, on August 5, 1980, Johnson and Prescott (1982) found Lolal
inorganic nitrogen depletion in the same area. In both surveys, at
lTeast 0.05 mg/L 0-PO4-P remained in the epilimnic region.

Nitrogen-limited algal systems are uncommon in freshwater except
rivers and lakes receiving a large portion of their nutrient input
from domestic effluent (Welch, 1980). This is because domestic
effluent, fertilizers, and agricultural runoff contain more phos-
phorus relative to nitrogen than is normally available by natural
sources; e.g., atmospheric, geologic, and biotic.
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Often, enriched freshwater systems are nitrogen-limited in the short
term and phosphorus-limited in the long term (Welch, 1980). Nitrogen-
fixing blue-green algae play a crucial role in this switch. However,
no evidence of this situation was observed for the study area during
these surveys. The presence of blue-green algae and the probability
of a significant bloom occurving in this portion of Chehalis River

is unknown.

Nutrient Loads

Loading calculations for various point sources and selected in-stream
sites were made from 1979, 1980, and 1982 survey data (Table 8).

Organic nitrogen (Org.N) and total nitrogen (TN) data were calculated
for many sites and point sources using a method described in Appendix I.

Four major sources of nutrient loading were identified in the study
area:

e upstream sources
® Chehalis STP
e Centralia STP

[ Skookumchuck River

Nutrient contributions from Salzer Creek and non-point sources

within the study area seemed to be of minor importance. No obvious
increases in nutrient loads could be detected downstream of livestock
access areas, farm lands, and the golf course. Salzer Creek NH3-N
concentrations were often elevated, but calculated loads remained
small in comparison to the major sources Tisted above (Table 8).
Nutrient contributions from non-point sources could become more
important during a summer storm event.

The upstream sources of nutrients were not investigated. However,
agricultural runoff, silvaculture practices, and septic system
failures are potential sources of nutrients in the watershed.

The relative contribution of nitrogen to the study area from upstream
sources would be important if basin-wide nutrient controi were con-
sidered in the future. Theoretical loading calculations indicate
upstream nitrogen loads, especially Org.N may be significant (Table
9). The contribution of upstream Org.N over the low-flow season may
substantially modify the precentage of nitrogen entering the study
area and attributed to the Chehalis STP.
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The Chehalis STP was a very significant source of nutrients to the
study area during the low-flow season. Values taken from Table 9
show that whcon compared to upstream loads, the Chehalis STP contribu-
ted an estimated seasonal average at r.m. 74.3 of:

66 percent total inorganic nitrogen

22 percent organic nitrogen

46 percent total nitrogen

84 percent orthophosphate-phosphorus

® & © 9 e

72 percent total phosphorus

These estimated percentages contain a moderate degree of variability
(S.D. = 10 to 21 percent). Much of the variablity is tied to treat-
ment processes and influent character. For example, Yake (1980) com-
pared total inorganic nitrogen (TIN) effluent data from the July 30
and August 5, 1980 survey. He showed the variability in the nitrogen
loads from the Chehalis STP when the plant was under normal operation
and when experiencing uncontrolled denitrification. Also, sudden
discharges from Consolidated Dairy Products and National Fruit Canning
Company have upset plant treating efficiency in the past (Neel, 1983).
This could, in turn, influence nutrient effluent concentrations.

In-stream nutrient loads at below the Chehalis STP (r.m. 74.3) from
mid-July through August were usually greater than the in-stream load
at the Tower end of the large pool (r.m. 68.1) and above the Centralia
STP outfall (Table 8). However, throughout September, loads leaving
the large pool area were greater than those entering. Possible mecha-
nisms for this apparent seasonal nutrient pattern include:

detrital sedimentation

algal nutrient uptake

algal settling and decay

macrophyte nutrient uptake

macrophyté decay

nutrient sediment or metalimnic release

These are all common factors for nutrient cycles in lakes (Wetzel,
19755 Welch, 1980). Also, the conversion of inorganic nutrients
into organic forms such as algal biomass was especially evident in
this portion of the river. For example, the limited data suggest
that during the August 5, 1980 survey, approximately 100 pounds of
TIN was converted into organic nitrogen between r.m. 72 and r.m.
69.4 (Table 8).
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Below r.m. 67.5, the river received substantial nutrient lgoads from
the Centralia STP and the Skookumchuck River. The Chehalis River
nutrient load carried from upstrean was also usually quite substan-
tial (Table 8). In terms of inorganic, organic, and total nitrogen,
the relationship between the Centralia STP and in-stream loads ap-
peared to be similar to the situation discussed for the Chehalis STP.

The Skookumchuck River contributed a substantial nitrogen load to
the Chehalis River, but only a minor load of phosphorus (Table 8).
Nitrogen from the Skookumchuck River was primarily in the nitrate
(NO3-N) form.

Nitrification

Habitat throughout most of the study area was not conducive for
nitrifying organisms. Nitrifiers prefer shallow, stable rock
substrate and a good supply of oxygen with a pH between 7.5 - 8.0
(Hammer and MacKichan, 1981). However, nitrifiers can populate
deeper, less stable habitats and continue to perform nitrification
at reduced rates until oxygen levels approach 0.3 mg/L (Wetzel,
1975).

The best nitrifier habitats in the study area were located below
the confluence of the Skookumchuck River and at a submerged point
bar about 1/4 mile below the Chehalis STP. Nitrifying bacteria
would be only a part of the rich assemblage of macrophytes, aquatic
mosses, attached algae, and periphyton observed below the Skookum-
chuck. Although the data suggest that nitrification processes
probably proceeded below the Skookumchuck, interference from other
processes such as biomass growth and decay made calculations of
nitrification rates (k) highly speculative.

The inorganic nitrogen data also suggest that nitrification occurred
in deeper, slow-moving reaches of the study area (Tables 3-6). Ni-
trification rates (k) for use in the computer model were calcula-
ted to be in the range of 0.07 to 0.19 day-! in those areas. These
are relatively slow rates when compared to many river systems (Zison
et al., 1978; Hines et al., 1977).

Bacterial Growths

During the September 1982 survey, between Salzer Creek (r.m. 69.4) and
r.n. 68.1, TIN in the Chehalis was rapidly converted to organic nitrogen
without the usual indications of algal growth; e.g., increased 02 pro-
duction and elevated chlorophyll a values (Table 6). Observing similar
conditions, Houck (1980) postulated a heavy bacterial growth in the
entire water column below Salzer Creek in October 1979. It may be
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that various bacterial populations in the Chehalis River below Salzer
Creek utilize the nitrogen in the Chehalis as an energy source and nu-
tricnt to assimilate the high carbonaceous, but Tow nitrogenous, waste
from Salzer Creek in the early fall. Researchers have also found bac-
terial populations often peak in freshwater systems during the fall
(Silvey and Wyatt, 1969; Wetzel, 1879).

The presence of nitrate and changes in nitrate-to-ammonia ratios may
suggest various bacterial-mediated processes of denitrification in
deeper waters and nitrification in upper water (Wetzel, 1975; Hutchin-
son, 1975). However, the exact mechanisms for the Chehalis system are
not clear.

Fishery

The upper Chehalis River basin has received recent interest as an area for
fishery enhancement projects (Hiss et al., 1982; Morhous, 1982). The area
supports some salmonid spawning and rearing habitat, but currently these are
below potential. Many researchers believe that general environmental degrada-
tion in the upper basin has depleted natural fish populations (Hiss et al.,
1982). Poor water quality caused by poor agricultural practices and by the
Chehalis and Centralia STPs have been specifically cited.

The data from the 1982 and past surveys suggest that water quality in the
study area may be detrimental to tish. For example, upstream salmonid migra-
tion occurs between August and November (Hiss et al., 1982). The migration
could be seriously hampered by the combination of high surface temperatures
and depressed D.0. concentrations in the metal imnic region observed at the
Tower end of the large pool (r.m. 69.2 and r.m. 67.5).

Model and Simulations

CHEHALIZ

A dissolved oxygen computer model, "CHEHALIZ" (Appendix 1) was prepared

to help illustrate factors influencing longitudinal changes in D.0. and

to be used as a predictive tool. CHEHALIZ is a modified version of the
one-dimensional, steady-state D.0. stream model used in previous studies
by the WQIS (Singleton and Joy, 1982; Joy, 1983). It incorporates the
following ratcs and parameters to calculate in-strean D.0. concentrations:

e stream reaeration (kp) rate

e BOD decay (kp) rate

® nitrification (k3) rate

® temperature

® initial in-stream oxygen concentration
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® carbonaceous and nitrogeneous oxygen demands from point-source
and in-stream loads

e benthic oxygen demand

[ algal respiration and photosynthetic oxygen production

The algal respiration and photosynthetic oxygen production modifications
to the model program are very approximate and simplistic in form and are
included only to estimate algal influences on the system. The respira-
tion value is calculated from chlorophyll a concentrations as suggested
by Zison et al. (1978). Photosynthetic oxygen production is calculated
from an areal value supplied by the user based on professional judgment.

Model calculations are made on a reach-by-reach basis. A river reach is
defined as a stretch of river that is hydrologically uniform. Where hy-
drologic characteristics change or where point sources enter, a new reach
is defined. The Chehalis River from r.m. 74.3 to r.m. 67.8 was divided
into four rcaches (Figure 8). Some simulations conlained Lwo addilional
reaches, r.m. 67.8 to r.m. 66.5, to include Centralia STP and the Skookum-
chuck River.

The model was calibrated; then this calibration was verified during the
October 1983 survey (Appendix III). The predicted in-stream D.0. values
fit actual field data very well (Figure 9). Other past surveys were simu-
lated for model component testing. Simulations made of data collected
during periods of vertically homogeneous temperature and D.0. river con-
ditions fit fairly well; e.g., mid-July, September, and October surveys.
However, since stratification was not built into the model, those simula-
tions of late-July and August surveys did not fit well.

The D.0. model can be used to estimate the effects of various point-source
wastes and in-stream factors on D.0. concentrations. Simulations can be
performed to analyze past events or to predict D.0. concentrations under
various hypothetical situations. '

Two simulations will be used to demonstrate the utility of the model.
The first is the October 11, 1979 cannery waste spill from irrigation
Tines via Salzer Creek into the Chehalis River. The second is the theo-
retical overloading of the Chehalis STP by vegetable and dairy food
processing wastes while water quality in the river has been degraded by
upstrean sources. Both simulations occur during the Chehalis River 7-
day, 10-year low flow at r.m. 74.8 of approximately 73 cfs, and while
the river downstream is not stratified. -
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October 11, 1979 Spill

The October 1979 Salzer Creek spill incident will be used to demonstrate
the following on D.0.:

° the eflfecls of high-slrenglh canning wastes from Salzer Creek

° the effects of Chehalis STP effluent when the effluent has a
relatively high 5-day BOD

8 the effects of natural channel characteristics

Variables and rates used in the model simulations are listed by reach in
Appendix IV. The following component simulations of the October 1979
incident are presented in Figures 10 and 11:

e a total simulation of the spill incident (Figure 10)

® a simulation without the spill but with Chehalis STP effluent
(Figure 11)

o a simulation without either Salzer Creek or Chehalis STP
effluent (Figure 11)

Houck's (1980) field data are superimposed on Figure 10. The field data
and total spill incident simulation match very well. The poor-quality
Chehalis STP effluent caused some decline in D.0. concentrations between
the outfall and Salzer Creek. However, Salzer Creek water with a 5-day
BOD of 650 mg/L clearly drove D.0. concentrations in the Chehalis River
near zero. Dilution by the Skookumchuck River and increased reaeration
below the Skookumchuck returned D.0. concentrations to normal. Estimated
time of travel from Salzer Creek at r.m. 69.2 to the Mellen Street Bridge
at r.m. 67.5 (a WDOE water quality monitoring station) was about two days

(Appendix IV). The Chehalis River to Salzer Creek dilution ratio was
37:1.

The simulation points out the importance of controlling the irrigated
waste system on Salzer Creek. Wastes are of high strength and can
severely affect Chehalis River D.0. A September 27, 1982 survey simula-
tion of a similar but less severe incident confirmed this. 1In addition,
if by chance a spill is detected during the monthly monitoring at Mellen
Street Bridge, because of the slow travel time in the river, the incident

would be at least two days old. The October 1979 incident was detected
in just this way (Houck, 1980).

The two additional component simulations of the survey area in October
1979 were compared. The observed decline from 10 mg/L at r.m. 74.3 to
7.7 mg/L at r.m. 69.2 was apparently caused by:

e an estimated 1.1 mg/L loss from natural channel conditions
® another 1.1 mg/L loss from Chehalis STP effluent
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The combined loss resulted in a violation of the Class A 8.0 mg/L D.0. water
quality criterion before Salzer Creek wastes were added. These findings

are significant considering the 45:1 dilution ratio of Chchalis River water
to effluent was at the approximate 7-day, 10-year low-flow value.

Chehalis STP Overload

Simulations were made of individual and combinations of theoretical worst-
case events involving the Chehalis STP and receiving water quality. In
some, the river water quality is seriously degraded from upstream wastes.
These elevated in-stream BOD and ammonia levels. In others, the Chehalis
STP receives a load of food-processing wastes it cannot adequately treat.
Therefore, wastes with high BOD and ammonia levels are discharged into

the river. And as a final problem, a demand from benthic deposits is ex-
erted in the first river reach--below the Chchalis STP.

Five simulations were made during a worst-case in-stream water temperature
of 20°C (Figure 12):

Upstream water quality normal, STP effluent normal (baseline)
Upstream water quality normal, STP effluent poor

Upstream water quality poor, STP effluent normal

Upstream water quality poor. STP effluent poor

Upstream water quality poor, STP effluent poor, benthic demand
present

Gl B W N
e s e e

The simulation variables are presented in Appendix V. In addition, the
influence of in-stream temperature was assessed with simulations made at

20°C and 15°C while upstream water and STP effluent quality were both
poor (Figure 13).

The set of six simulations shows how vulnerable the study area can be
under low-flow conditions. Data from the simulations indicate:

e Under "normal" STP and in-stream conditions (curve 1), a 2.5
mg/L D.0. loss is shown between r.m. 74.3 and r.m. 67.6 (Table
10).

e Except under henthic demand conditions (curve 5), the most

rapid decline in D.0. occurs in Reach 3, where the very slow
section of the study area begins.

¢ Neither the overloaded STP (curve 2) nor the poor upstream
water quality (curve 3) simulation shows D.0. concentrations
declining below 5.0 mg/L. However, the model is not accurate
enough to be certain of this prediction.

-43-



L9 89 69 - R al XA ZL4 _ £L i . St
A . F) 3 - ) 2 w A. . 1 : k-
~+ ot
e o"F d
M
+o& R
-0
lob w
0 h
1 Tes
N
X A
] +09 w,
: <
A"
U 4ol @
3 Q
N
+o8 3
a/Hw 08 — — T .mM
e §
A
door
<
»
EX-21 WM
O
*3X81 UL paqLuosan SUOLILPUOD |enplALpUL 03 Uiejddd SJBQUNU 3AUN  *SUOLILPUOD MO 4=40]
Butanp A3t enb ustem weaursdn Jdood pue PEOC[JIDA0 dIS SLIBYSY) JO SUOLFLPUOD [BDL18409Y] J4aDun
uotienuits uaindwod Aq pagoLpaud (uoLjedanies usdaad S2) UalAX0 paA[0SSLP JBALY SL|RY3Y) *21 9unblLy

44



R34
= - Voo S = A 1 ~=t_
418 VIParueD 4O 422V S : . . ALS 51TouRYD
“e9 89 m¢-+ aL rL L €L oy 5L
g .

N -

2 L] N = | . ) 1 i

&
Q

3 Y

=06

L]l

“(QY0TYIA0 dLS SITYHIHD :3x23 93s) A3i|end Jajem uwesdisdn uood pue A3Lienb jusn|ida 41§ SLLRUYD .
ADLoog UM D _GT pue 507 404 balejnuis (uoiLjednies qusd4ad se) USBAX0 PaALOSSLP JBALY SLIBWY) “El 24nb L4

G

INOILYINALYS NIDAXO QINANTOSS I ANIDHITL

~45-



Memo to Jon Neel

Evaluation of Conditions Contributing to the Dissolved Oxygen Problem in the
Chehalis River between Chehalis and Centralia

October 29, 1984

Table 10.

The STP overload (curve 2) and the poor upstream quality (curve
3) simulations result in similar D.0. concentrations at r.m.
67.6 and similar percentage of D.0. loss over the study area
(Table 10). However, the two curves look slightly different.
Curve 2 is a more gradual decline while curve 3 has a step
downward between r.m. /0 and /1. Again, the area is the head
of reach 3 where the river is slowest and D.0. deficits easily
overcome reaeration processes.

The combination of an STP overload and poor upstream water
quality yields a 52 percent loss of D.0. between r.m. 74.3 and
r.n. 67.6 (Table 10). D.0. concentrations drop to 3.8 mg/L at
r.n. 67.6. In comparison, the simulation at 15°C shows a 42
percent loss of D.0. over the same area with a final D.O.
concentration of 5.1 mq/L (Figure 13). Lower decay rates and
higher initial in-stream oxygen values at 15°C account for much
of the difference from the 20°C simulation.

Comparison of D.0. values obtained from computer model simu-
lations for beginning (r.m. 74.3) and end (r.m. 67.5) of the
Chehalis River study area.

D.0. (mg/L)
Percent
ran. r.m. mg/L D.0.

Model Simulation Conditions /5.3 67.5 loss Loss

YO W N
ve ve o6 oo on

20°C, Upstream normal, STP normal
20°C, Upstream normal, STP poor

: 20°C, Upsiream poor, STP normal
20°C, Upstream poor, STP poor
20°C, same as #4 + benthic demand
15°C, Upstream poor, STP poor

28.4
40.2
36.2
52.5
66.2
42.0

0 CO o 0 o O
. s . ] ° o
OO OTON®
TINY U T Oy
0 ° . . 3 °
sl 00 N W
WU SN2 wMN
e e e e e e
~NwW N WO o

The addition of benthic demand (curve 5) to the worst-case
condition (curve 4) results in an additional 1.1 mg/L D.0. loss
at r.m. 67.6, and an overall 66 percent loss in D.0. over the
study area. The benthic demand in reach 1 produces an initial
steep D.0. decline similar to the decline found between r.m.

70 and 71.
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CONCLUSIONS

The 1982 water quality surveys showed continued problems with point-source BOD
loading. The 1982 and past surveys have shown conditions in the study area
gave rise to accelerated algal growth, benthic deposition, high temperatures,
slow mixing., low reaeration, and stratification. These conditions impaired or
complicated the waste assimilative capacity of this section of the river and
resulted in chronic violations of dissolved oxygen standards.

As a point source, Salzer Creek has had the greatest impact on dissolved oxy-
gen levels. The most serious episodes of oxygen depletion can be traced to
spills of food-processing wastes with a high BOD from irrigation fields or
lines into the Chehalis River via Salzer Creek. Even when an obvious spill of
waste was not reported, Salzer Creek BODs in 1982 were greater than 30 mg/L

and probably contributed to a metalimnic oxygen depletion in the Chehalis
River.

The SWRO has recently directed the National Fruit Canning Company, owner of
the irrigation operation, to install an alarm system to warn of line breaks;
this should prevent large spills in the future (Morhous, 1983). However, the
"background" BOD concentrations in Salzer Creek of 18 to 42 mg/L warrant
further investigation. :

The surveys suggest that BOD and NOD loads from the Chehalis and Centralia

STPs now have only a small direct impact on dissolved oxygen depletion in this
scction of the Chehalis River. However, the STPs may also be indirectly af-
fecting D.0. through sludge deposits and nutrient loading. Sludge deposits
may account for slightly depressed subsurface D.0. values a short distance
below the Chehalis STP. The Chehalis STP contributed an average ul 65 percent
of the total inorganic nitrogen and an estmiated average of 46 percent of the
total nitrogen load to the upper end of the study area. A similar contribution
of nutrients was made by the Centralia STP. The surveys suggest that the algal
population in the study area was nitrogen-limited. This being the case, the
STPs, as major sources of nitrogen, affect oxygen concentrations through algal
production, respiration, and decay.

The contribution of algal decay to metalimnic D.O. depletion could not be
quantified from these data. If D.0. violations persist while Salzer Creek is
under control, a closer look at the impacts of algal growth and decay would be
warranted. '

This would be especially important if a salmonid enhancement proqram commenced
for the upper Chehalis. It would be important to ensure that the combination
of high epilimnic temperatures and low metalimnic D.0. concentrations in the
study area do not impede salmonid migration and rearing.

Water quality in the Chehalis River below the confluence with the Skookumchuck
River was very good compared to the study area above this point. The rapid
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reaeration rate and rich benthic community in the river below the confluence
seemed to diminish the impacts of the Centralia STP wastes and Chehalis River
water. However, one late-September survey suggested that a minor D.0. sag occurs
in the twelve-mile stretch of river below the confluence with the Skookumchuck.

In summary, the data from these surveys and from ambient monitoring data in
1983 suggest that the major impediments to improving water quality in this
section of the Chehalis River have been removed (Appendix VI; WDOE 1977-1983).
The actions taken by the SWRO to improve controls over wastes from the Che-
halis STP and the National Fruit Canning Company irrigation system have
achieved this end. Further improvement might be made by controlling algal
growth through nutrient source elimination, but the impacts of algal growth
on metalimnic oxygen depletion have not been quantified.

Metalimnic oxygen depletion by organic wastes or nutrient-stimulated algal

growth would need to be addressed before any additional wastewater outfalls
could be located in the study area.

The computer model may be of assistance for determining the general impact of
an additional source with oxygen-demanding wastes. However, the effects of
nutrients upon algal growth and the effects of wastes upon metalimnic oxygen
depletion would not be adequately covered by the model.

Jdd:cp

Attachments

cc: Dick Cunningham
Files
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Organic and Total Nitrogen Estimates

In order to establish the in-stream nitrogen loads and those from various
sources for samples without adequate data, organic nitrogen concentrations
were derived from other available field data. In-stream OrgN concentrations
were derived assuming that the difference between the total phosphorus and
orthophosphate-phosphorus concentrations in samples was roughly equivalent to
the organic phosphorus concentration. Since the ratio of organic nitrogen to
organic phosphorus in algae is typically about 7.1:1 by weight (Stumm and
Morgan, 1978), the organic phosphorus value was multiplied by 7.1 to obtain an
estimated organic nitrogen value.

For example, given the following analytical results from the September 16, 1980
survey at r.m. 70.3 (Johnson and Prescott, 1982):

Total phospohrus Ortho-phosphorus

0.12 mg/L 0.09 mg/L
The organic phosphorus should be: 0.12 - 0.09 = 0.03 mg/L.
The organic nitrogen concentration would then be:

0.03 x 7.1 = 0.21 mg/L

The organic nitrogen value derived from total Kjeldahl and NH3 results
reported by Johnson and Prescott (1982) was 0.22 mg/L.

The 7:1 ratio of organic nitrogen to organic phosphorus was tested using 13
ratios from the field data (Johnson & Prescott, 1982; Houck, 1980). The mean
value was found to be 7.6:1 with a 95 percent probability of the mean value
being between 6.7 and 8.5.

The STP organic nitrogen concentrations were estimated based on ratios calcu-
lated from the sample results of the October 1979 and September 1980 surveys.
Organic nitrogen accounted for approximately 17 percent of the total nitrogen
concentration. Total inorganic nitrogen accounted for approximately 83
percent of the total nitrogen concentration in the effluent. This is 20
percent higher than normal domestic influents (Metcalf and Eddy, 1972).
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APPENDIX I1I

PRINTOUT OF "CHEHALIZ" DISSOLVED OXYGEN PROGRAM
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10 DEFFH’14YSELECTLISTO0S(B0)HEX(OD)
20 DEFFI15"SELECTLIST2ES(1I2) " SHEX(OD)
J0 DEFFIUCO"CELECTPRINT215(132) " HEX(0D)
40 DEFFNTTSELECTIRINTO0S(80) " THEX{0D)
€ DEFFIZ 30 "03="3HEX(22); "CHEHALIZ" sHEX (2234) 1 "SCRATCH F G4 HEXCOD)
&0 DEFFN’3L “SAVE DC FS(A3)A$"THEX(OD)
70 RER PROGRAN NARE-~ CHEHALIZ
£0 REA THIS HODELS THE DO COMCENTRATION IN THE CHEHALIS RIVER AT CHEMALIS
90 RER PROGRAMMER JOE JOY
100 REA JULY, 1982,1983
110 REF SOURCES; HAMMER AND RACKICHAN, 19B0 AND YAKE, 19815 SINGLETON, 1981
120 P1=740
130 RER wxxxsxssax INPUT RODULE sxxsxxzxss
140 DI A360
150 IHPUT VENTER TITLE:CONDITIONS OR DATE(USE HUOTATION HARKS)",A$
160 INPUT “TOTAL NUNMBER OF REACHES 10 NODEL",A
170 FOR £0=1 70 &
180 IMPUT “ARE THERE PDINT SOURCES IN THIS REACH (1=Y,2=H)",Y1
190 IF Y1=2 THEN 240
200 THFUT "UP FLOW, PT. SDURCE FLOY (CFS)",Fi,F2
210 INPUT “TERP UP,PT.SOURCE TENMPY,T1,T2
220 INFUT “D.0. UF,PT. BOURCE D.D.",Di,D2
2306 THPUT “HH3-H UP, PT. SOURCE NH3-N",N1,N2
250 THPUT IS BOD FIVE DAY (1) OR LLTIMATE (2)",C
50 INPUT “ENTER BOD UP, PT.SOURCE BOD',C1,L2 @ GOTO 300
260 IHPUT ENTER TOP GF REACH FLOW(LFS)s D.0.» TCHP., 8 NH3Y, F:€0,T0,N0
270 RO=No#4,33
260 IRFUT “IS BOD FIVE DAY {1) OR ULTIBATE ()¢
290 THPUT “ENTER ROD",Ct
300 IHPUT "DO YOU WISH TO CALCULATE SED. OXY .DERAND, 1=Y,2=N",Y
310 IF Y=2 THEN 330
320 IHPUT “DEPTH OF SEDINENT?",6
330 THPUT "DOES THE BOD RATE MEED TEWP. ADJUSTHENT {Y=1,N=2)",Y2
S50 JUPUT VEXTER BOD & NOD RATES".XI,K3
330 TUPUT "HAVE YOU A REAERATION RATE (Y=1,N=2)",Y3
350 IF Y3=2 THEW 380
570 INPUT “ENTER REAERATION RATE €20 DEG. ch, K2
380 INPUT "HAVE YOU A CHLORDPHYLL A VALUE FOR RESPIRATIONCY=1,K=2)",Y9
00 IF Y9=2 THEN 410
400 INPUT “CHLOROPHYLL A IN UG/LY,A9
- 410 TEPUT “MHAVE YOU AN ALGAL PRODUCTION RATE(Y=1,H=2)",Y8
426 TF '(3=2 THEN 440 .
430 INPUT "ENTER RATE IN GHS/S0.KETER™.R3
440 THPUT "HAVE YOU A NON-HOD ANMCNIA DEPLETION RATE(Y=1,N=2)",Y5
450 11" Y5=2 THEN 470
A60 INPUT “ENTER NH3 DEPLETION RATE™.R?
470 THFUT “DD YOU HAVE SINGLE VALUES (1), O FARTIAL VALUES (2} FOR DEPTH,WIDTH,AND VELOCITY",E
480 IF E=1 THEN 520
490 INPUT "ENTER FARTIAL REAN DEFTHS AND HIDTHb",Zl 12,52, %3
306 TNPUT “ENTER PARTIAL DISCHARGES",F3,F4
10 INPUT "ENTER PARTIAL VELOCITIES®,V1,V2: 6010 540
S20 INPUT “ENTER NMEAN DEPTH AND WIDTH".Z3:X5
930 IHFUT "ENTER VELOCITY",VS
340 INPUT “ENTER RIVER RILE AT TOP OF REACH",I9
u50 THPUT “ENTER CALCULATION INTERVAL (HILES)", 15
380 IHPUT “ENTER LENGTH OF REACH IN RILES”, 14
570 1F £0>1 THEN 580% FRINT HEX(OC)
OE0 PRINT HEX(OAOA): KEM RN R RN XN NN RN R RN NI R R IR ¥
390 GOSUB 740
600 Do=B1 IF DS/2>5 THEN Dé=D5/2
610 GOSUB 1090
620 FOR 15 =0 TO 16 STEF 15
630 GOSUB 1490
640 IF X=1 THEN 670

ey
o



869 X=1
670 FRINT ROUNDCR,3), ROUND(T,3),ROUNDCLY,2) ROUNDHS, 2), ROUND (D, 23, KOUND (D, 2) , ROUND (D/D5% 100, 1)
630 NEXT 715
670 PRINT 3 FRINT "HH3=";ROUND(H9/4.33,2)
700 PRINT ¥ - - ——==t
710 XGEFLEZL T, 72,01:02, 01,02, €, 01, C2, 00, 6, K2, 21,72, 15, X2, X3, XJ7F3 F4,U1,U2,R2,89,Y9,R3.F2=0
220 HEXT A
730G EHD
740 RER %% INITIAL CALCULATIDNS SUPROUTIME 2%
250 IF Yi=2 THEN 800
760 Ri=F1/F2
T70 CO=(F1xDI+F22D2) /{F1+FD)
FED TO=(FI3TI+F2%T2)/(F1+FD)
770 UO=({FI=NI+F 25N JAFL1+F2))%4,33
86C IF Y=2 THEN B850
810 IF E=1 THEN 840
820 23={(21+22)/2)%.3048
B30 S2=C(T0x.15)+(,3x())/73: GOTOD 830
40 2= ((T0x,15)4 (. 3%6) )/ (25%.3048)
830 IF Y8=2 THEN 900
880 IF £=1 THEN 8%0
870 13=((11+72)/2)%.3043
oB® P2=R3/13% 6OT0 900
899 P2=R3/(15%0.3048)
QG0 REN xxxxsexxs D0, 7 SAT #exxsxxsx
QL0 P={P1-4.879222EXP (L 06370%T0) )/ {760-4.879225EXP( .046378%T0))
920 Da=€14.6254-.40265T0+4. 851 6E-03¥T0A242, 2619E-04%T0A3-2, 499BE - 058 TOA44R, 5054E - 074T0AG-1,0512E-05%T078) 2P
930 IF Y3=1 THEN 970
A0 IF F=2 THEN 94D
9 R2={12,9%V540,5)/(2541.50): GOTO 970
980 R2=((F3/CF34FA) ) % (21, 63U1A 87/20M L B5) )+ ((F 4/ (F34F4) Y2 (21, 43U2A, 67/72M .B5) )
970 R2=K221.0167(10-20)
98¢ IF (=2 THEH 1020
990 Bi=E1/(1-10A(-0x(K1/2.303))) IF Yi=2 THEM 1040
1000 B2=C2/{1-10M-5%{K1/2.303)))
1010 GOTO 1039
1020 Bi=Cir IF Y1=2 THEN 1040: B2=(C2
1030 Lo= (F1r8l+f2¥82)/(P1+F2) G070 1030
1040 LO=R{
1050 IF Y2=2 THEN 1070
1060 Ki=K1%1,0474(10-20)
170 DO-DS-CO
1680 RETURN
1090 REA sx%23x PRINT SUBRDUTINE xx¥xx
1100 IF AD>1 THEN 1130
1110 FRINT HEX(OE);TARC4);"CHEHALIS RIVER D.0. HODEL®; HEX(OF)
1120 PRINY HEX{OE);TAB(4) ;A%
1130 PRINT ¢ IF Yi=2 THEN 1310
T140 FRINT U33¥sss xSy s¥snsssss INPUT ECHG AERRRFAERLEXIAIFFARIRRY
1150 IF E=1THEN 1200
1160 FRINT “UPSTREAR FLOY,PT.SDURCE FLOW (CFS)";F13F2,"PARTIAL DEPTHS AND HIDTHS";:215223%2;%3
1170 PRIND “IERP UP,PT.SOURCE TERP "T13T2, "PARTIAL DISCHARGES";F3;F4
1160 FRINT "D.0. UP,FT.SOURCE D.O. “3D13D2,"PARTIAL VELOCITIES "301;3y2
1190 GOTD 1230
1290 FRINT "UPSTREAK FLOW,FT.50URCE FLOW (CFS)",Fi F2," DEFTH AND WIDTH  ™;725:%5

1210 PRINT “TEMP UP,PT.SOURCE TEHP “3T1312
1220 PRINT "D.0. UP,FT.SOURCE 0.0. "3D1302, "WELOCITY ;UG
1230 PRINT "NH3-N UP, PT.SOURCE NH3-N "THEINZ

12490 IF C=2 THEN 1270

1250 PRINT “FIVE DAY BOD UP,» FT.SOURCE ROD meie2

1240 60OTO 1290 ‘ g
1270 PRINT "ULTIKATE POD UP, PT.SOURCE URBGD  *;01302

1280 Bi=Cl: B2=C2: GOYO 1290

1290 FRINT Messsstdd st e mmn ity p A e XA Ny RN R R RAR R B R R RE R RRARREAD



Trrmrem s esrcnmes e YALULAS ALY FEJIFrYirVAY QUIU 40Uy

1330 FRINT "DOMNSTREAN FLOW (CFS)  "iF1+F2

1340 FRINT "DILUTICN RATIO "SROUNDIRL,2)
1350 PRINT "AIXED ULY. BOD (RG/L)  ";ROUND(LO,Z
- 1340 PRINY “RIXED ULY. NOD (HG/LY  ";ROUND(NO,?
1370 FRINT "MIXED TERFERATURE (C)  “;ROUND(T0,2)

1380 PRINT "BIXED D.O. (HG/L) " ROUNDLCO,2)
1330 FRINT "D.0, 100% GAT = "I ROURD(DS, 2)
1400 PRINT "Ki= ";ROUND(KL,2)
1410 FRINT "K2= "SROUND(KZ,2)
1420 FRINT "K3= "7 ROUND(KS,2)

1430 PRINT "SEDIMENT DEPTH IM INCHES";6: FRINT "HON-HOD ARHDNIA DEFLETION RATE";KZ
1450 FRINT "CHLOROPHYLL A COMCENTRATION (UG/L)";A9
§450 FRINT "ALGAL PRODUCTION RAYE (GNS./SH.H.)"5 R3,F2
- 1400 PRINT ¢ PRINT * K EATCH ";a0
1470 PRINT HEX(0AOR)
1480 RFTURN
1470 REM xx¥% STREAA HODEL SUBROUTINE #xxx
1300 R=19-13
1510 IF E=1 THEN 1530
1520 T=(({T525280%X2571) /(F3) (1552802 X3522) /(F4) ) /(F34F 4)) /864002 GOTO 1560
1530 IF Y1=2 THEN 1350
§540 T=C(T5x52B04X5425) /(F14F2) ) /86400 GOTOD 1540
2300 T={{T5%5280%X5%23) /F) /84400
1580 IF T5=0 THEN 7=.00001 :
1570 D7=((KIxLO)/(R2-K1D )3 (EXP(-KET)-EXP (-K22T) )+ (K30 / (K2-K3) Y4 (EXPC-K3AT)~EXP (~K257T) )4 (DOSEXPL-K2¥T) Y+ L ({524 (A9, 024)-F2) /K2) &
L-EXP(-K22TI)
760 L9=LO*EXP(-KI*¥T)+ N9=HOSEXP(-K3:T)
1570 IF Y5=1 THEN H9=NOx{{EXP(-KI*T)+EXP(-R22T))-1)
1400 D=D5-D9
1619 RETURN

57



APPENDIX IT11

PRINTOUT OF VERIFICATION OF "CHEHALIZ" PROGRAM
USING OCTOBER 11, 1983, FIELD DATA

g
2N



CHEHALIS RIVER D.O. MODEL

DOWHSTREA# FLOW (CFS)

152 DEPTH & WIDTH 10.25 100 VELOCITY .13

BIXED ULT. BOD (NB/L) 4.08
RIXED ULT. HOD (8G/L) 36
RIXED TEHPERATURE (L) 10.7
HIXED 0.0, (NG/L) 10.13
D.0. 1007 SAT = 11,15
Ki= .08
2= 13
K3= 12

oCcT. 11-. 1983

FRAREEARFREFRNFRERHEEE INPUT ECHD ¥ R¥SREMARFERXNERTENERY

UPSTREAIS FLOW,PT.S0URCE FLOYW (CFS) 150 1.7 DEPTH AND WIDTH 9.8 100

TefiF UP.PT.SCURCE TEHP 10.7 16 :

0.0, UP,PT.SCURCE D.O. 10.3 9.8 VELOCITY .17

HH3-N UP, PT.SDURCE HH3-H 02 1

ULTIATE 80D UP, PT.SOURCE UBCD 4 30

FEEEERFREFFEARERARERER RN AR RRTRARRERE RN RN R AR RREI AR NS

DOWNSTREAA FLOW (CFS) 131.7

DILUTION RATIO 88,24

RIXED ULT. BOD {itG/L) 4.29

HIXED ULT. HOD (HG/L) .62

RIXED TEAPERATURE (L) 10.76

AIXED D.0. (HG/L) 10.29

D.0. 1007 SAT = 11.14

Ki= .08

Kz= B b

3= 12

SEDIAENT DEPTH IN INCHES ©

HON-HOD ARMUNIA DEPLETION RATE ©

CHLOROPHYLL A CONCENTRATION (UG/L) 0

ALGAL FRODUCTION RATE (GAS./SH.A.L) 0 0

REACLCH 1

RIVER HILE DAYS ROD NOD b.0. DEFICIT % SAT.
74.3 0 4,29 .62 10.27 84 92.4
4.1 077 4,26 N3 10.27 .84 92.2
73.9 158 4,24 .81 10.25 .89 92

.7 237 4.1 b 10.73 .91 91.9
73.5 316 4,19 b 10.2 93 91.7
73.3 395 4.16 %) 10.19 99 71.5
73.1 474 4,13 Y 10.17 97 91.3
72.9 03 4.1 .08 10.15 .99 91.1
72.7 632 4.08 i/ 10.13 1.01 91
NH3= .13

SEDIHENT DEPTH IN INCHES 0

HON-HOD AMSONIA DEPLETION RATE ©
CHLOROPHYLL & CONCENTRATION (UG/LY ©
ALGAL PREDUCTION RATE (GHS./SRLK.) 0



RIVER RILE DAYS BoD HOD D.o. DEFICIT 4 BAT.
72.6 0 4,08 »3b 10.13 1.02 90.8
72,4 .082 4.05 1) 10.14 1.04 70.7
72.2 163 4.03 .33 10.09 1.06 90.5
72 247 4 W95 10.07 1.08 90.3
71.8 .33 3.98 .4 10.035 1.1 90.1
1.6 412 3.95 94 10.03 1.12 90
L4 A5 3.93 .23 10.01 1.14 89.8
71.2 977 3.9 .33 9.99 1.16 89.6
2 .639 3.87 .52 9.%98 1.17 87.5

HHI= ,12

DOWNSTREAR FLOW (CFS) 154 DEPTH & WIDTH 14.7 120 VELOCITY .08
RIXED ULY. BOD (HB/L) 4

RIXED ULT. NOD (HG/L) .32

RIXED TEAPERATURE (C) 1.4

HIXED D.0Q. (#6/L) 9.98
D.0. 100% SAT = 10.98
Ki- .08
Ka= 03
3= 12

- SEDIRENT DEPTH IN INCHES ©

{ON-NOD ARMONIA DEPLETION RATE 0
CRLOROPHYLL A CONCENTRATION (UG/LY ©
ALGAL PRODUCTION RATE (GMS./SQ.H.) ©

REACH 3

RIVER RILE DAYS BoD NOD D.0. DEFICIT 1 SAT.
71 0 4 32 9.98 1 90.9
70.8 159 3.95% 20l 9.93 1.05 90.4
70.6 318 3.9 o 9.87 1.1 90
70.4 477 3.85 49 9.82 1.15 89.3
70.2 536 3.8 .48 ¥.77 1.2 gy
70 793 3.75 W47 9.73 1.25 88.4
89.8 954 3.7 b 9.68 1.3 88.2
69.6 1.113 3.66 43 7.63 1.34 7.8
69.4 1.272 3.81 4D 9.59 1.39 87.3
49.2 1.431 3.56 44 9.54 1.43 B6.9
Nil3= .1

EXEEEEERERFERLRNEEFEEE THPUT ECHO Srrerysspsysisrserrsss
UPSTREAR FLOW,PT.SDURCE FLOY (CFS) 155 4.2 DEFTH AND WIDTH 16.7 120

TEHP UP,PT.50URCE TEAP 1.6 10.3
0.0. UP,PT.SOUKRCE D.0. 9.54 4,85 VELOCITY .08
HH3-N UP, PT.SOURCE NH3-H 1001

ULTIHATE BOD UP, FT.SOURCE UROD 4 22 o



DOUNSTREAH FLOM (CFS) 159.2
DILUTION RATIO 36.9
BIXED ULT, BOD (HG/L) 4.47
RIXED ULT. NOD (HG/L) A2

RIXED TENPERATURE (L) 11.57

RIXED D.0. (RG/L) 9.42
D.0. 100% 64T = 10.94
Ki= A1
2= 05
Ki= .08

SEDINEAT DEPTH IN INCHES 0

HOH-HOD AADNIA DEPLETION RATE 0
CHLOROPHYLL A CONCENTRATION (UG/L) O
ALGAC PRODUCTION RATE (GHS./58.1.) 0

RE&CH 4

RIVER HIL DAYS BOD NOD D.0. DEFICIT 1
59.2 0 4.47 42 9.42 1.52 8
69 A5 4.4 .42 9.35 1.59 B
48.8 .308 4,33 »41 9.28 1.43 8
£5.6 462 4.26 .41 9.22 1.72 8
59.4 L6135 4.19 o4 9.15 1.78 8
53.2 .49 412 A 2.09 1.84 8
ofl 923 4,05 -39 2.03 1.9 8
47.8 1.077 3.98 » 39 B8.98 1.96 B
b7.56 1.231 3.91 .38 8.92 2.02 8
£7.4 1.385% 3.85 .38 8.84 2.07 8

 andiianadill 2 I o3C IR JN RN TN R S ) I - A 1
- .

Bil= .09

>
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APPENDIX IV

“CHEHALIZ" PROGRAM SIMULATIONS
OF THE OCTOBER 11, 1979, SPILL



CHEHALIS RIVER D.O. MODEL
O0CT. 11, 1979 BASIC DATA

EXAENFRLRAFRANRARRARNE INPUT ECHO s Rausiraeuedpussss
UPSTREAR FLOW,PT.SOURCE FLOW (CFS) 73 1.4 DEPTH AND WIDTH 8.8 95

TEAF UPSFT.SOURCE TERP
D.0. UP,PT.S6URCE D.G.

14 15
10 4.9 VELOCITY .09

HH3-N UP, PT.SOURCE HH3-H 02 16
ULTIHATE BOD UP, PT.SOURCE URDD 4 140
FRRERERERES AN R R RR AR R AR N AR AR RN RSN RS FFRE R RRRRY

DOUNSTREAR FLOW (CFS)
DILUTION RATIO

fIXED ULT. BOD {RG/L)
HIXED ULT. HOD (HG/L)
HIXED TEAPERATURE {(C)
RIXED D.0. (HG/L)
D.0. 1007 SAT =

Ki=

K2=-

K3=

SEDIAENT DEPTH IN INCHES ©

12

HON-NOD ARACHIA DEPLETION KRIL ©
CHLOROPHYLL A CONCENTRATION (UG/L) 0

ALGAL PRODUCTION RATE (GHS./S0.H.) © 0

R EACH 1
RIVER HILE DAYS 0D HOD D.0. DEFICIT
743 0 7.35 .57 .89 A7
74.1 137 7.28 1,55 9.81 .54
73.9 274 7.21 1.52 7.72 b4
73.7 LAl 7.14 1.5 9.64 72
73.5 .48 7.08 1.47 9.57 .8
75.3 683 7.01 1.45 9.4% 87
73.1 822 6.94 1.42 9.42 74
72.9 999 6.88 1.4 - 9.35 1.01
72.7 1.096 6.82 1.38 9.28 1.08
HH3= .32

DOWNSTREAR FLOW (CFS)
HIXED ULT. BOD (HG/L)
AIXED ULT. HOD (HG/L)
RIXED TERPERATURE (C)
RIZED D.0. (AG/L)
D.0. 1007 GAT =

Ki=

Koz

K3=

78 DEPTH & WIDTH 9.25 95 VELOCITY .09
6.82

1

°
Lo L) G

9.28
10,15
07
13
A2

SEDIHENT DEPTH IN IHCHES 0
. HON-NOD ARMONIA DEPLETION RATE 0

CHLOROPHYLL & CONCENTRATION (US/L) 0
ALGAL PRODUCTION RATE (GNS./508.#.) ¢

1 SAT.

95.4
94.6
93.8
93.1
92.3°
91.6
90.9
70.2
89.6



RIVER HILE
72.6

72.4

72.2

72
71.
1.
71.
71,
7i

rY S O~ oo

HH3= 04

DAYS
0
138
275
413
Rk}
.688

826

964
1.102

o
[l
=

O~ o O8N On O N O o O
A AR Al Al
uw..:\br_ncﬁcs\,m

DS I o, X

2

[==]

L

coccwso:og:o@@.

N s e v -
SIS I e R Ny P .

WrE N RN P NS

v
o0 o

DOUNSTREAR FLOW {CFS)
KIXED ULT. BOD (HG/L)
HIXED ULT. NOD ¢HG/L)
RIXED TEHPERATURE ()
fIXED D.O. (HG/L)

D.0. 100% 8AT =

k1=
ko=
K3=

82 DEPTH & WIDTH 16

6.3

74

15
8.88
10.15
07
04
.12

SEDIHENT DEPTH IN INCHES 0

NON-HOD ARAONIA DEPLETION RATE ¢

CHLOROPHYLL A CONCENTRATION (UG/L) 0
ALGAL FRODUCTION RATE (GH5./50.H.) 0

R EACH
KIVER HILE DAYS
/1 0
70.8 286
70.6 372
70.4 839
70.2 1.145
70 1.434
69.8 1.717
69.6 2.003
67.4 2,289
89.2 2.574
HH3= .12

_____________

EEERFEEEFEFSAAERRN T3] INFUT ECHD

3

120 VELDCITY .04

UPSTREAM FLOY,PT.SOURCE FLOY (CFS) 84 2.3

TEAP UP,PT.SOURCE TERP
0.0, UP,PT.SOURCE D.0.

KH3-N UP» PT.SOURCE NH3-N

ULTIMATE BOD UP, PT.SOURCE UBOD

15 15
7.8 .8
4 .03
3.28 B840

VELOCITY .04

*X“f%’c*¥€¥5:€*{‘y’9‘¥¥3€?:ii):*k*i***{%i***i*iif**!i}***iii*iiii

0
ROD HOD b.0.
6.3 74 8.88
6.17 71 B.74
6.03 49 8.61
w92 .64 - B.48
1.8 b4 8.36
5.69 .62 8.24
3.97 N 8.12
5,46 0B 8.01
3.35 1) 7.9
5.24 004 7.8
FEEREEERRENRRERRRRARLR
DEPTH AND WIDTH

.
&'

16 120

DEFICIT

.87
.93
.78
1.03
1.08
1.13
1.18
123
1.27

DEFICIT

1.27
1.41
1.54
1.47
1.79
1.91
2.03
2.14
2.25
2.85

1 5AT.
91.4
90.9
90.3
89.8
89.3
88.8
88.4
87.9
87.5

X BAT.
87.5
86.1
84.8
83.5
82.3
81.1
80

78.9
77.%9
76.9




DOUNSTREAR FLOW (CFS)
DILUTION RATIO

RIXED ULT. ROD {HG/L)
RIXED ULT. HOD (KG/L)
RIXED TEAPERATURE (C)
RIXED D.O, (HG/L)
D.0. 1001 SAT =

K=

(2=

K3=

86.3
36.52
28.06
42
1
7.41
10.15
13
04
.08

SEDTHENT DEPTH IN INCHES 0

RON-HOD ANHONIA DEFLETION RATE ¢

CHLOROPHYLL A COMCENTRATION (UG/L) 0

ALGAL PRODUCTION RATE (GHS./50.8.) 0 0

kR EACH

RIVER HILE DAYS

69.2 0

89 272
63.8 44
£8.4 814
88.4 1.088
68.2 1.36
68 ' 1.632
67.8 1.903
HH3= .08

4‘

BOD NOD D.0. DEFICIT
28.04 242 7.61 2.54
27.11 .42 6.68 3.47
26.18 41 3.79 4.36
25.29 4 4.94 9.2
24,43 w39 4.13 6.02
23.6 .38 3.35 &6.77
2.8 37 2,42 7.53
22.03 36 1.91 8.24

EREAFEAEERRREERERERERR THPUT ECHD S¥mdsrssyssrssessyssss

UFSTREAN FLOW,PT.SDURCE FLOW (CFS) B8 2.75

TE#P UP,PT.S0URCE TERP
0.0, UP,FT.50URCE D.0.

HH3-H UP, PY.SUURCE HH3-N
ULTINATE ROD UP, PT.SOURCE UROD

DOHNSTREAH FLOY (CFS)
DILUTION RATIO

RIXED ULT. BOD (AG/L)
RIXED ULT. NOD (HG/L)
RIXED TEHPERATURE (C)
- BIXED D.0. (HiG/L)
D.0. 100% SAT =

Ki=

K2=

Ki=

DEFTH AND WIDTH 5.5 95

15 16
1.91 &
.08 16
22 2

VELOCITY .19

96.75
32
21.94
2.44
15.03
2.03
10.14
43
o4
.08

SEDINENT DEPTH IN INCHES 0
KON-HOD AMMONIA DEPLETION RATE 0 )
CHLOROFHYLL A CONCENTRATION (UG/L) 0 bo

ALGAL PRODUCTION RATE {GHS /SG.R.)_Q B 0

X GAT.
75
65.8
37.1
48.7
£0.7
33.1
25.8
18.9




K E R L H 2

RIVER AILE DAYS k0D
67.8 0 21.94
67.6 07 21.74
67.4 141 - 2L.55
67.2 21 21.36
67 281 21.17

HH3= .55

=z

=
e A
O - Ry
- o

< v
O ¢

N3 R RS RN B
* & 5 e ®
W

Lad

oo
IRy B2 py B
B H

.—-:...o

ra

RESEEEEERREREXENNNNNEY INPUT COHO Rrresrsrspryyirrresres

UPSTREAN FLOW,PT.S0URCE FLOW (CFS) 91 132

TEf? UP,PT.SO0URCE TERP 15 13

D.0. UP,FT.S0URCE D.O, 2.1 8.4 VELOCITY .56
HH3-N UP, PT.SOURCE MH3-N k]

ULTINATE BOD UP, PT.SOURCE URDD 21,2 4

FEEEEERER R R RSN RN N R R R R R AR R R R R R SRR RRERRERY

DOWNGTREAR FLOW (CF5) 223
DILUTION RATID 49
AIYED ULT. BOD CHG/L) 11.02
AIXED ULT. NOD (HG/L) 1.05
BIXED TERPERATURE ([) 13.62

AIXED D.0. (AG/L) 5.83
D.0. 1007 SAT = 10.41
Kl= _ 12
Ko 1.09
K= .08

SEDIFENT DEPTH TH THRHFS 6
HOH-HED ARAONIA DEPLETION RATE 0
HCORGPHYLL A CONCENTRATION (UG/L) 0

ALGAL PRODUCTION RATE (GHS./S8.H.) 0

REACH &

RIVER 8ILE DAYS _ BOD
&7 0 11.02
66.8 022 1099
bb.6 044 10.96
b6.4 ' 086 10.93
4.2 .089 10.9
&6 .11 10.87

HH3= .24

DEFTH AND WIDTH

=
=
L=

M
£ DO O D

Pl SRR L
On O O W e O e
R R R
™Mool R e Rl
B TS S N N )
a ¥ » & w 0®
b DI ey

[UIP AV N T
. = e

-

DEFICIT

8.11
8.09
8.07
8.04
8.02

DEFICIT

w

n
HOJ(,_H(N& fo'm ]



CHEHALIS RIVER D.O. MODEL
OCT. 11, 1979 NO STP, W-W/ /0 SALZER UPSE

DOWNSTRLAR FLOW (CFS) 73 DEPTH § WIDTH 8.8 95 VELOCITY .09

AIXED ULT. BOD (RG/L) 4
HIXED ULT. HOD (RG/L) 09
[IXED TEAFERATURE (C) 14
AIXED D.O. (AG/L) 10
D.0. 100X SAT = 10.37
K= 09
K2= A3
K= - 0

SEDINENT DEPTH IN INCHES 0

HON-NOD ARHONIA DEPLETION RATE 0

CHLOROPHYLL A CONCENTRATION (UG/L) 0

ALGAL PRODUCTION RATF (RAS./50.H.) 0 0

R EACH 1
RIVER HILE DAYS ROD NoD D.0. DEFICIT 7 BAT.
74.3 0 4 .09 10 .37 96.5
74.1 14 3.95 .09 9.9 it 9
73.9 .28 3.9 09 9.91 A5 95.4
73.7 42 2,85 .09 9.87 A9 5.2
73.5 b 3.8 09 9.84 .53 94,9
73.3 .7 3.75 .09 9.8 57 94.5
73.1 B4 3 09 9.76 3 9,1
72,9 .98 3,66 .09 9.73 .64 93.8
72.7 1.12 3.61 09 9.49 68 93.5
NH3= .02
DOYNSTREAR FLOW (CFS) 74 DEPTH & WIDTH 9.25 95 VELOCITY .09
RIXED ULT. BOD (RG/L) 3.6
HIXED ULT. NOD (HG/L) 09
RIXED TEHPERATURE (C) 15
AIXED D.O. {HG/L) 9.69
D.D. 100% 54T = 10.15
e .09
K2= .43
Ki= 0
SEDIFENT DEPTH IM INCHES ©
HON-HOD ARRONIA DEPLETION RATE O
CHLORDPHYLL & CONCENTRATION (UG/L) ©
ALGAL PRODUCTION RATE (BRS./50.H.) 0 0

kK E&CH 2
RIVER RILE DAYS EOD NOD D.0. DEFICIT 1 GAT,
72.6 0 3.6 .09 9.49 b 95.5
72.4 14 3.55 09 .65 5 95.1
72.2 283 3.51 .09 9.62 .53 94,7
72 24 3.46 .09 9.58 .57 94,4
71.8 565 3.42 09 9.55 .6 94.1
7.6 . 707 3.37 .09 951 Lt .44 93.7
7.4 .B48 3,33 09 9.48 47 93.4
71,2 969 3,29 09 9.45 .7 93.1
71 1.131 3.25 09 9.42 .73 9.0



DOWHSTREAR FLOW (CFS)
HIXED ULT. BOD (#G/L)
ftIXED ULT. HOD (iG/L)
RIXED TERPERATURE (L)
HIXED D.0. (i6/L)
D.0. 1001 SAT =

K=

K2=

K=

1 & WIDTH 14 120 VELOCITY .04

EPT
3

SEDIRENT DEFTH IN INCHES 0
HON-NOD ABHONIA DEPLETION RATE 0
CHLORGFHYLL A CONCENTRATION (UG/L) 0

ALGAL PRODUCTION RATE (GHS./5.1.) © 0
R EACH 3

RIVER HILE DAYS BOD HOD D.0. DEFICIT
71 0 3.25 .09 9.42 .73
70.8 293 3.16 .09 9.34 .81
70.4 587 3.08 .09 9.27 .88
70.4 .88 3 09 2.2 95
70.2 1.173 2.92 09 “9.15 1.02
70 1.467 2.84 09 9.06 1.09
69.8 .76 2.77 09 9 1.15
£9.6 2,053 2,69 09 8.94 1.21
69,4 2,347 2.62 09 8.88 1.27
69.2 S 2,64 2.55 .09 8.83 1.32
HHZ= .02,

Lot e
pe Y SRS S -

UPSTREAR FLOY,PT.SOURCE FLOW (CFS) 82 2.3

TEAP UP,PT.SOURCE TE#P
D.0. UP,FT.50UKCE D.0.

HH3-H UP, PT.SOURCE NH3-N

R Ef e Py

DEFTH AHD WIDTH 16 120
15 14
8.83 .8

02 .03

VELOCITY .04

ULTIRATE BOD UP» PT.SOURCE LROD 3 B840
B RN R R R R R R R R R E RS R R R RN RN AR R R R R R

DOWNSTREAH FLOM (CF5)
DILUTION RATIO

RIXED ULT. ROD (HG/L)
RIXED ULT. HOD (HG/L)
RIXED TERPERATURE (C)
RIXED 0.0, {(MG/L)
D.0. 1007 SAT =

Ki=

k2=

Ki=

84.3
33.63
26.38
09
15.03
B.61
10.14
13
04
.08

SEDIRENT DEPTH IN INCHES 0
HON-NOD ARAONIA DEPLETION RATE 0

CHLOROPHYLL & CONCENTRATION (UG/L) 0 L%

ALGAL FRODUCTION RATE (GHS./S8.4.) 0 0

1 54T,
92.8
92

91.3
90.4
89.9
89.3
88.7
68.1
87.5
87



RIVER RILE  DAYS EOD HOD D.0.
6v.2 0 26,34 09 8.61
69 278 25,46 07 7.1
£8.8 .997 24.58 .08 6.83
68.6 B35 23,72 .08 6.03
63.4 .13 22.89 .08 9.23
68.2 1,352 22.1 .08 4,51
48 1.47 21.33 .08 3.8
67.8 1.949 20,99 08 3.12
67.4 2.227 19.87 07 2.48

HEE

SHELIER 2. SRAS

prevernrrrreresreress JNPUT ECHO ®eE¥Xesfrnsdyssieiiiix

UPSTREAN FLOY,FT.SOURCE FLOW (CFS) 82 2.3 DEPTH AHD WIDTH 15
TEHP UP,PT.SOURCE TEAP 15 15

p.U. UP,PT.SOURCE D.0. 8.83 8 VELBCITY .04

NH3-N UF, PT.SOURCE NH3-N L2 .03

ULTIAATE ROD UP, PT.SOURCE UBOD 3 4
EEEREEEEEEER R AR REERE RN EF R R RN AR E R RN R RN RN RN RENE

HDWHSTREAH FLOW (CFO) B84.3
DILUTION RATIO 33.63
RIZED ULT, ROD (AG/L) 3.03
RIXED ULY. HOD (HG/L) 07

ATXED TEHPERATURE (©) 15.03

BIXED D.0. (RG/L) g8t
D.0. 100% SAT = 10.14
Ki= 09
ji2= 04
K= 0

CEEDTHFNT DEPTH TN INCHES 0

HOR-NOD ANGONIA DEPLETION RATE 0

CHLOROPHYLL A COMCENTRATION (UG/L) ©

ALGAL PRODUCTION RATE {(GMS./58.R.) © b

REACH 2

RIVER RILE DAYS BOD HOD D.0.
69.2 0 3.03 07 8.81
67 .278 2.95 . .09 8.75
68.8 997 2.8 07 8.469
68.6 .835 2.8 07 B.63
68.4 1.113 2.73 09 8.5%7
8.2 1.392 2.67 09 8.52
68 1.67 2.4 09 8.47
67.8 1.94% 2,53 09 B.42
67.6 2.227 2.47 09 8.33

HH3= .02

4

i

0

DEFICIT

DEFICIT
1.34

L SAT.
84.9
76

67.5
9.5
51.8
44.4
37.4
30.8
255

1 SAT,
86.8
B6.2

I~
S

1
Ja

4.
B4
83.5
83
82.6

[, O = N



CHEHA&LIE RIVER D.O. MODEL
0CT. 197%9: CHEHALIS STP + SALZER CR. OKAY

eyereesrrvicerrnensxyd [THPUT ECHO SSFSpyseasysysstvssess

UPSTREAH FLOY,PT.SOURCE FLOW (CFS) 84 2.3 DEPTH AND WIDTH 16 120
1ERP UPLPT.SOURCE Teap 1y 16

.0, Up,PT.S3URCE D.0. 7.8 8 VELDCITY .04

HE3-H UP, PT.SOURCE MH3-H 10,03

JLTTAATE BOD UP, PT.SOURCE UBDD  5.24 4

R S e R TSI EL T L

SOUNSTREA® FLOW {CF3) 86.3
BILUTION 4ATIO 34.52
CRIAED ULT. BOD (HG/L) 5.21
RIXED ULT. HED (RG/L) 42
ATKED TEAPERATURE (L) 15.03

S1SED D.0. (36/L) 7.81
0.0, 1007 BAT = 10,14
X1 .06
k1= 04
3 0
SEDIRENT DEPTH TN INCHES 0

DEP
d0E-10D ARACHIA DEPLETION RATE 0
CHLORDPHYLL & CONCENTRATION (UB/LY 0
4.GAL PRODUCTION RATE (GHS./59.R.) 0 ¢

REACLH “G

STIER ALLE batYs BOD HGD D.0. DEFICIT 1 SAT.
L 0 5.2 42 _ 7.81 2,34 76.7
&2 »272 9.12 A2 7.74 2.4 76.3
55,8 EL 3.03 .42 7.4% 2.47 73.7
S3.4 818 4.94 W42 1.62 2.53 75.1
5.4 1088 £.86 42 7.36 2,99 745
68.2 1.36 £28 42 1.5 2.64 73.%
88 1.632 4,469 Y 7.44 2.7 73.4
47,8 1.903 £.61 A2 - 1.39 2,75 72.9
7.6 2.175 o h53 42 7.34 2.8 72.4

S IKERS!

DOVHSTREAA FLOY (CFS) 3 DEPTH & YIDTH 5.5 95 VELOCITY .19
BIYED ULT. BOD (#6/0) 4.5

RIXED ULT. HBD (H5/L) 243

RIXED TEBPERATURE (C) 15

RIXED D.0. (BB/L) 7.3

D.0. 1001 54T = 10.15

tl= 07

k2= . o4

Ra= 0

SEUTREHT DEPTH IN IMCHES 0

HON-10D AAHDHIA DEPLETION RATE 0 “Iy
CHLOROFHYLL & CONCEHTRATION (UG/L) 0 -
ALGAL PRODUCTIOY RATE (GAS./50.8.) 0 0

B £ A P u e



ALVER RILE LT Buy HY] v.U. BEEIGLE

7.4 ) 4.5 A3 7.3 2,45

67.4 073 4,43 A3 7.36 2.79

47.2 145 4.45 W43 1.42 2.73
b7 218 4,43 43 1.47 2.68
LERCI!

e e e ]
Lad € P32 b O
v« e e w

e N . - g



APPENDIX V

PRINTOUTS FOR CHEHALIS STP OVERLOGAD SIMULATIONS

CURVE NUMBERS CORRESPOND TO FIGURES 12, 13,
AND ASSOCIATED SIMULATION CONDITIONS



CREHALIS RIVER D.O. MODEL
QUVERLOAD/20/0.K./NQ BEENTHIC DEMAND

COXREERFRERREERRAFEREEE INPUT ECHD ¥¥ s s reS¥sderssssssss

- UPSTREAY FLOW,PT.SOURCE FLOY (CFS) 73 2.3 DEPTH AND WIDTH 8.9 95
TERP UP,PT.SOURCE TERP 20 20
D.0. UP,PT.SOURCE D.O. 8.6 9.03  VELOCITY .09
HH3-H U7, PT.SOURCE HH3-H S.02 1

ULTIRATE BOD UP, PT.SOURCE UBDD 4 30
FEEEERE AR R AR R R R R R R R R RN R P RTINS RS

DOUHSTREAN FLOW (CFS) 75.3
" DILUTION RATID 3L

RIXED ULT. BOD (#G/L) 4,79
BIXED ULT. HOD (HG/L) 1.54

RIXED TEHPERATURE (L) 20

HIXED D.0. (A6/L) 3.81
D.0. 1097 SAT = 7.18
Ki= .1

K2= 15
k3= 12

SEDIRENT DEPTH IN INCHES 0

HON-HOD AHADNIA DEPLETICN RATE O
CHLORDPHYLL A COMCLHIRATION (UB/L) 0

ALGAL PRODUCTION RATE (GHS./50.H.) 0 0

REACLCH 1

RIVER &ILE DAYS BOD X0D b.0.
74.7 0 R W1 1.54 3.81
74.1 137 473 1.51 8.72
73.9 274 bbb 1.49 8.5
8.1 412 4.4 1.45 8.57
73.5 549 4,54 1.44 8.5
73.3 686 4,148 1.42 3.42
73.1 323 4,42 1.39 8.34
72.% RT3 4.34 1.37 8.29
12.7 1.093 £.3 1.35 8.23
3= L5t

O 10 6 4 0 0 e b 0 1 e o e 2 ) B 2 B e 9 S b £ o

DUUNSTREAR FLODY (CFS) 79 DEPTH & WIDTH 9.25 95 VELOCITY .09
RLAED ULT. BOD (R6/L) 4.3

RIXED ULT. HGD (HB/L) 1.34
BIXED TERPERATURE (C) 20

#IXED D.0. {RB/L) 8.23
p.0. 1001 5AT = 9.18
K1= 8}
2= .14
k3= 12

SEDIRENT DEPTH IN INCHES ¢

HON-HOD ARADNIA DEPLETION RATE ¢

CHLOROPHYLL & CONCENTRATION (UG/L) A
ALGAL PRODUCTION RATE (GHS./S0.R.) © 0 1

DEFICIT
37

NH
.53
N
-68
h
.82
89
93

1 GAT.

96

3.1
94.2
9.4
92.6
1.8
91.1
90.3
83.7



REACLCH 2

RIVER AILE DAYS BOD HOD D.0. DEFICIT 1 SAT.
72.6 D £.3 1,34 8.23 95 89.7
72.4 136 4,24 1,32 §.17 1.01 89
72.2 272 4,18 1.3 8.11 1.07 83.4
Iy 408 4,13 1.28 8.05 1.12 87.3
71.8 544 4,07 1.26 8 1.18 87.2
.4 .83 4,02 1.24 7.94 1,23 8.6
.4 816 3.94 1.22 7.8% 1.28 84
71.2 .952 3.91 1.2 7.84 1.33 85.5
n 1,088 .84 1,13 7.8 1.3 &3

H43= .27

DOYHSTREAA FLOY (CFS) 83 DEPTH & WIDTH 16 120 VELOCITY .04

RIXED ULT. BDD (R6/L) %

AIXED ULT. HOD (HG/L) 1.17

RIXED TEHPERATURE (C) 20

KIXEP D.0. (R6/L) 7.8

9.9, 1001 BAT = 9.18

Ki= . .

K= 04

s 09

SC0TUENT DEPTH IM INCHES ©

UGH 0D AAHCHIA DEPLETION RATE

CHLOZOPHYLL & CONCEHTRATION (UG/LY O

4LGAL PRDOUCTION RATE (GHS./58.8.) 0 0

REACH 3

RIVER HILE DAYS BOD K0D D.0. DEFICIT 1 S4T.
7 0 4 1.17 7.8 1.38 85
70.8 283 3.89 1.14 7.63 1.5 §3.7
70.5 565 3.78 1.11 7.54 1,42 82.4
70.4 848 3.67 1.08 7.44 1.73 8.1
10.2 1.131 3.57 1.06 7.33 1.84 79.9
1) 1.414 3.47 1.03 7.23 1.95 78.8
69.8 1,696 3.38 i 7.13 2.03 71.1
$9.4 1,979 .23 .98 7.03 2,14 76.7
69.4 2.262 1.19 .95 6.9 2.23 75.7
£9.2 2.545 1.1 93 6.85 2.32 74.7
BH3= .21

FRRRRRRRRRRRRERRRRRERE INPUT ECHOD 2r¥dsveyasvsnsssszsssey
UPSTREA® FLOW,PT.SOURCE FLOY (CF5) 83 2.2 DEPTH AND WIDTH 16 120

TERP UP,PT.SOURCE TEHP 20 20
D.0. UF,PT.SOURCE D.0. 6.8% 8 VELBCITY .04
YR3-4 UP, PT.SOURCE HH3-W 21 .03

ULTIAATE BOD UP, PT.SOURCE UBOD 4 4 :
N R R R RN RN R R R RN RN AP ER IR EAS T4



JOYNSTREAR FLOY (CF5) 83.3
DILUTION RATIO 36.09
BIXED WLT. BAD {AG/1)Y &
RIXED ULT. NOD (HG/L) 29
HIXED TERPERATURE (L) 20

-

GIXED D.0. (BG/L) 6.88
D.0. 1007 SAT = 9.18
i1= g
2= 04
Yi= 0
SEDIRENT DEPTH IN IHCHES 0

SOH-HOD ARKONIA DEPLETION RATE 0
CHLOROPHYLL A COHCEMTRATION (UG/L) ©
- ALGAL PRODUCTION RATE (GAS./50.R.) 0

REATLH 4

RIVER HILE DAYS ROD

6.2 0 4
69 275 3.89
63.8 .55 R
6.4 825 3.48
6.4 1.1 3.58
8.2 1,376 3.49
52 1631 3.39
67.8 1.926 1.3

£7.6 2o 3.1

oD
.89
A9
88
B8

B8
.88
A7
.87

(=
o

WWJ‘—!"-MO’*\JC@E:!

-

-
T Gad ~ O~ S~ D

S O O O O O O O O o
° v s o« . .

[N

DEFICIT

2.29
2.38
2,46
2,54
2.61
2,68

S 2.1

2.81
2.87

1 54T,
13
74.1
13.2
72.3
71.3
79.8
70.1
9.4
63.7



CHEHALIS RIVER D.O. MODEL
OVERLOAD/N.RB/Z720/UPSTN. 0K

FXERERERAIRRALRREFRREE THPUT ECHD i*&ri*;&;f;i%f;&%?*}i;
UPSTREAM FLOW,PT.SOURCE FLOY (CFS)Y 73 2.3 DEPTH AND WIDTH 8.9 95

TEAP UP,PT.SOURCE TEWP 20 20
D.0. UP,PT.SOURCE D.0. 8.8 6.5 VELDCITY .09
Hi3-k UP, PT.SOURCE HH3-N 0220

ULTIRATE BOD UP, PT.SOURCE USOD 4 105
FRERRE RN AR R R O R R R AR KRR FHERE R R RIS

- DCYHSTREAY FLDY (CFS) 75.3

DILUTION RATIO 31,74
RIXED ULT. BOD {H&/L) 1.08

- RIXED ULT. HOD (#G/L) 2.13

A1XED TEAPERATURE (() 20

BIVED D.D. (AG/L) 8.13
b.0. 1007 SAT = 9.13
fi= : .1

K2= B ]
3= 12

SEDIRENT DEPTH IN IHCHES ¢
HON-HOD ARROHIA DEPLETION RATL ¢
CELORDPHYLL & COMCENTRATION (UB/L) 0

ALGAL FRODUCTION RATE (GHS./80.8.) O ]
RE AL H i

RIVER HILE DAYS -+ BOD i) 0.0, DEFICIT
74.3 0 . 1.08 2.73 8.73 .45
74,1 W37 6.99 2.48 8.6 .58
73.9 L2274 6.49 2.64 8,47 7
73.7 412 6.3 2.6 8.35 .82
73.5 ‘ 549 8,71 2.56 8.23 .94
73.3 488 6.62 2.51 8.12 1.06
73.1 823 6.52 2.47 8.01 1.16
72.% 961 b.44 2.43 7.91 1.27
2.7 1.093 §.35 2.39 7.21 1.37
HH3= .55

DOSHSTREAR FLOW (CFSY 79 DEPTH & WIDTH 9.25 95 VELOCITY .09
RIXED ULT. BOD (RB/L) 6.35

RIXED ULT. HOD (HG/L) 2,38
hIXED TERPERATURE (C) 20

RIXED D.O. (RG/L) 7.81
D.0. 1007 54T = 9.18
k1= .1
K2= . 44
k3= 12

SEDINENT DEPTH IN INCHES 0

HON-HOD AMNONIA DEPLETION RATE 0

CHLORDPHYLL & CONCENTRATION (UB/L) ©

ALGAL PRODUCYION RATE (GAS./50.K.) O : 0 T

1 GAT,
3.1
§3.7
92.3
91
83.7
88.5
87.3
86.2
§5.1



RIVER RILE
2.4

12,4

72.2

12

71.8
11.6
11.4
7.2

it

3= .48

DAYS
0
136
212
408
344
N1
B16
2§52
1.088

80D

6.35
6.26
6.18
6.1

6.01
3.93
3.83
9.77
3.7

HOD
2.38
2,34
2,31
2.27
2.3
2.1%
2.14
2,12
2.09

DOWHSTREAR FLOY (DFS)
ATXED GLT. BOD (BB/L)
RIXED ULT. HOD (RG/L)
RIXED TERPERATURE (C)
HIAED D.O. (HG/L)

D.0. 1007 5AT =

Ki=
K2=
§3=

83 DEPTH & HIDTH 16 120 VELOCITY .04

3.7

2,08

20
7.12
7.18
.1
04
09

 SEDIHERT DEPTH IN INCHES 0

HOB-HOD ARADNIA DEPLETION RATE 0

CELOROPHYLL & CONCEMTRATIOR (U6/L) 0
ALGAL PRODUCTIDH RATE (GHS./S50.A.) 0

RIVER RILE

I}
70.8
10.4
70.4
- 70.2
2]
63.3
6.6
69.4
9.2

RE&CH

DAYS

0
283
J543
848
1138
1.414
1.6%6
1.97%
2,262
2,543

3

BOD

5.7

3.94
5.39
3.24

R

4,95
4.81
4,68
4.5
.42

D.g.

7.12
.93
6.75

6.42
6.26
6.11
3.97
3.83
27

BERRRRRARFERXALERRERE INPUY FCHO XBE¥ratprXsRrssrsssyss
UPSTREAR FLOW,PT.SOURCE FLOY (CFS) 43 2.3
TEAP UP,PT.SOURCE TEHP
%.0. UP,PT.SOURCE D.0.

HH3-N UP, PT.SOURCE MH3-N

ZBLTIRATE 80D uP, PT.SQURCE U2OD

IHTHREEBILL AT PROOBEHD Y tQ-sao.t;ocwq«n&*ko-#&u&v“mc-v’»:we~
e . . JE e e

20 20
3.7 &

.38
L&.6 &

DEPTH AHD WIDTH

VELOCITY .04

16 120

DEFICIT

1.3/
1.46
1.56
1.65

BT bt poeh  pots et
w & e
> O O G~
[

e oo

DEFICIT

2.06
2.24
2.42
2,59
2.76
2.91
3.06
3.21
3.34
3.47

1 SAT.
83.1
4.1
83
82
81.1
80.2
19.3
18.4
17.6

L 58T,

77.6
5.4
73.4
1.8
70

68.3
b6.6
63.1
6.6
§2.2



DILUTION KATIO 36,09
hIXED ULT. BOD (HG/L) 4,39
~ BIXED ULT. 0D (HG/L) 1.6
- AIXER TERPERATURE (L) 20

- AIXED D.0. (#6/L) 3.76
.0, 1007 54T = .18

= .1
k2= .04
¥3= .01

SEQIRENT DEPTH IH INCHES 0

FON-H0D ARHONIA DEPLETION RATE 0

CHLCROPHYLL & CONCENTRATION (UG/L) 0
)

RLOAL PRODUCTION RATE (GAS./S54.8.) 0
KE & CH {

- RIVER RILE DAYS BOD 0D b.0. DEFICIT 1 SAT.
59.2 0 4.39 1.6 3.6 3.41 62.8
6% 275 4,27 1.6 368 3.5 61.9
$8.8 233 4.1% 1.6 3.4 3.58 &1
$8.6 825 4.04 1.59 9,32 3.46 69.2
33,4 ‘ 1.1 3.93 1.57 3,43 3.73 39.4
£3.2 1.376 3.83 1.58 3,38 3.8 38.6
88 1.451 3.72 1.58 5.31 1.4 57.9
£7.38 1.926 3.62 1.58 5.23 3.92 37.2
7.6 2,201 3.32 1.57 3.19 3.98 3b.6

......................................................................



CHEHALIS RIVER D.O. MODEL
OVERLOAD/N.B./20/8TF QK

AREXLXLXFLRXEREXLRREEF INPUT ECHD 33 FEXRRRXFEFENELERFET

UPSTREAR FLOW,PT.SOURCE FLOW (CFS) 73 2.3 DEPTH AND WIDTH 8.9 95
TEAP UP,PT.SOURCE TERP 2020

D.0. UP,PT.SOURLE D.0. & 7.03 VELOCITY .09

HH3-N UP, PT.SOURCE KH3-N BEES!

ULTIBATE BOD UP, PT.SOURCE UBDD- 6 30
FEREE AR R R N R R R AR A R R AR R R PR R RN ERANAE RS

DDURSTREAR FLOW (CFS) 75.3
- DILUTION RATID 31,74

RIXED ULT. BOD (H6/L) 6.73
RIXED ULT. HOD (HB/L) 2.08

RIXED TEHPERATURE () 20

RIXED D.D. {#B/L) 8.03
0.0, 1007 SAT = 9.18
i1= .4

Y= A5
K3= A2

SEDIRENT DEPTH IN INCHES 0

HOA-HOD ARHONYA DEPLETION RATE 0
CHLORDPHYLL A CONCENTRATION (US/L) ©

GLEAL PRODUCTION RATE (GHS./S59.H.) 9 0
R E&CH i

RIVER HILE DAYS BOD 0D D.0. DEFICIT
7%.3 0 = 8,73 2.08 8.03 f.14
74.1 137 6.84 2,05 1.93 .25
73.9 274 - 6,53 2,02 7.83 1.34
13.7 JA12 .46 1.98 1.74 f.44
3.3 49 6.37 1.95 71.45 1.53
73.3 686 ’ 6.29 1.92 7.56 1.62
.1 823 6.2 1.8% 7.48 1.7
72.% 961 6.12 .86 7.3% 1.78

- 12,7 1.098 6.03 1.83 1.32 1.86

KH3= .42

DOUNSTREAR FLOW (CFS) 79 DEPTH & WIDTH 9.25 95 VELOCITY .09
HIXED ULT. BOD (AG/L) .03 '

BIXED ULT. HOD (HG/L} 1.82

RIXED TEAPERATURE (L) 20

HIXED D.0. (HG/L) 7.32
D.0. 1007 54T = 9.18
ki= A
k2= 14
K= 12

SEDIRENT DEPTH IH INCHES ¢

HON-HOD ANACNIA DEPLETION RATE 0
- CHLOROPHYLL & COMCENTRATION (UG/L) 0
ALGAL PRODUCTION RATE (6AS./50.K.) 0 0

1 SAT.
87.5
6.4
3.4
§4.3
3.3
§2.4
B1.3
80.6
9.8




RIVER HILE DAYS BOD HOD D.0. DEFICIT Y SAT.

72,8 0 6.03 1.62 7.32 1.86 79.8
12.4 138 5.9 1.79 1.24 1.93 79
12.2 272 3.87 1.76 1.17 2 78.2
72 408 a.79 1.73 1.1 2.07 17.4
1.8 044 3.7 1.7 7.04 2.14 76.7
n.6 48 2.63 1.68 6.97 2.2 76
11.4 316 3.96 1.65 6.94 2.26 75.3
1.2 952 9.4 1.62 6.85 2.32 74.7
) 1.083 3.41 1.4 6.8 2,38 74.1
ihd= .37

R 4 1 e 4 e e e 2 e e e B Bk o B e o o B e o o

BOUNSTREAR FLOY {CFS) 83 DEPTH & WIDTH 16 120 VELOCITY .04
RIXED DLY. BOD (HB/L) 0.4
RIXED ULT. HOD (HG/L) 1.6
RIXED TENPERATURE (D) 20

AIXED D.0. (HG/L) 6.8
D.0. 1007 541 = .18
K1= ' .4
k2= W04
3= 709

SEDIMEHY DEPTH IN INEHES

HOR-KDD ARADNIA DEPLETION RATE 0

CHLOROPEYLL & CONCENTRATION (UG/L) ©

ALGAL PRODUCTION RATE (GHS./S50.8.) 0 ]

REA&CH 3

RIVER RILE DAYS BOD Hop - b.0. DEFICLT 1 54T,
) 0 3.4 1.6 6.8 2.38 741
70.% 283 9.25 1.54 6,64 2.54 2.3
70.4 545 s B 1.52 6.45 2.69 10.6
70.4 848 £.96 1.48 6,33 2.84 89
70.2 1131 4.82 1.43 6.19 2.99 67.5
70 1.414 £.89 .41 .05 312 1)
69.8 1.698 £.56 1.38 3.92 3.25 64.6

67,6 1.977 .43 1.34 3.8 3.37 63.2
63.4 2,262 £.31 1.3 9.68 3.49 61.9
63.2 2,545 .19 1.27 3.97 3.61 60.7

HH3= .29

FERXERRCLRL22 8222 REEE JNPUT ECHU X¥RSXsesXyIssssessssss

UPSTREAN FLOW,PT.SOURCE FLOY (CFS) 83 2.3 DEPTH AND WIDTH 16 120
TERP UP,PT.SOURCE TEH#P ' 2020

D.0. UP,PT.SDURCE D.0. 3.97 & VELOCITY .04

NH3-§ UP, PT.SOURCE HHI-N .29 .03

ULTINATE BOD UP, PT.SOURCE UBDD 4.2 4

&

R R R R R R R R E R R RN R R RS R R NN E R Y %o ol




OILUTION RATID 36.09
RIXED UL, BOD (h6/L) 4.19
RIAED ULT. MDD (RG/L)  1.23
RIYED TEHPERATURE (L) 20

RIXED D.0. (AB/L) 3.64
0.9, 1007 AT = §.18
= .4

¥2= 04
3= 01

SEBIREHT DEPTH IN IHCHES 0

ROK-N0D ARAGNIA DEPLEVION RATE O

CRLOROPEYLL A COMCENTRATION (UB/L) 9

SLOAL PRODUCTION RATE (GHS./88.8.) 0 0

R E&CH {

RIVER BILE . DAYS 80D HOD .0, DEFICIT L 5AT.
6%.2 0 4,19 1.23 3.64 3.54 b1.4
42 215 4,08 1.22 3,98 3.62 60.6
£5.8 .99 .97 1.22 3,49 3.69 39.8
63,0 825 3.6 1.22 3.42 3.74 X
664 1.1 3.76 1.21 3.35 3.83 38.3
hé 2 1,376 3.64 1.21 1,29 3.89 57.6
58 1.631 3.56 1.2 5.23 3.95 37
67,8 1.926 3.46 1.2 a.17 4 36.4
al.4 2.201 3.37 1.2 3.12 4,05 33.4
3= 28

N EEEYIRIE T e om0 ey Vailo e
i | ’5’;;} ‘ )
B



oI Ve A

CHEHALIS RIVER D.O. MODEL .
OVERLGAD/N.D./20

SEEXAERRERREFERFLLFFER TUPUT ECHO ¥R #EFEFFPRFEFREEFEREEF

HPSTREAD FLOY,PT.SOURCE FLOW (CFS) 73 2.3 DEPTH AND WIDTH 8.9 95
iE#P U2,PT.S0URCE TEHP 20 20

2.5, UP,PT.SOURCE D.O. 8 6.5 VELOCITY .09

#H3-3 UP, PT.SOURCE HR3-N L1920 ' @ En

JLTIRATE BOD UP, PT.SOURCE UBOD & 105
FER RN R AR IR R AR RN R R E R R AR R AR AFEFRRRIFHRERFL

SOUKBTRELR FLUY (CFS) 75.3
DILUTIGN RATIO .74
AIXED GLT. ROD (AG/L) 9.02
#1XED ULT. #0D (R8/L) 3.27
AIXED TEAPERATURE (L) 20

HIXED D.0. (#5/L) 7.93
. 100L SAT = .18
e

7= .13

43 .12

STGIRENT DEPTH IN INCHES €

AL ANADRIA DEPLETION RATE 0

SHLGROPHYLL & CONCEMTRATION (UB/L) ©

£.00L PROTUCTION RATE (GHS./50.8.) 0 0

R-E A& CH i

RIVER AILE DAYS BOD DD 0.0, DEFICIT
74,3 ) $.02 3.27 1.93 1.22
1£.1 437 8.9 3.22 1.2 1.37
LR 2274 8.78 3.47 1.66 1.52.
3.7 412 §.66 3.12 7.02 1.66
133 -1 S 854 - 3,07 1.38 - 1.79
73.3 656 B.43 3.02 7.26 1.92
3.1 823 8.31 2.97 7.13 2.04
72.8 961 82 2.92 7.01 2.16
12.7 1.098 8.09 2.87 6.9 2.28

k3= .46

DOYHSTREAN FLOY (CFS) 79 DEPTH & WIDTH 9.25 95 VELOCITY .09

RIXED ULT. BOD (aG/L) 8.1

AIXED ULT. HOD (RHG/L) 2.84

RIXED TEAPERATURE (C) 20

BINED D.0. (HG/L) 6.9

b.B. 1001 54T = 9.18

M=o A

a= .14

ki= B V.

SEDINENT DEPTH IN INCHES ¢

HOH-HOD ARADNIA DEPLETION RATE 0 )

CHLOROPHYLL A CONCENTRATION (UG/L) © %k

6LGAL PRODUCTION RATE (GAS./56.H.) 0 V 0

A

B e R T P e
OB St e i A S

I SAT,
86.7
85.1
3.5
81.9

80.5

9.1
77,7
76.4
13.2




RIVER allE DAYS B0D HUD

D.0. DEFICIT
2.6 0 8.1 2.86 6.9 2.28
72.4 138 7.99 2.8 6.79 2.39
72.2 272 7.88 2.77 6,68 2.49
7 408 774 2.72 6.5 2.4
71.8 544 7.67 2,48 6.43 2.7
.4 .48 7.57 2.43 6.3 2.79
1.4 8316 7.47 2.59 6.29 2.9
2.2 952 7.3 2.55 6.2 2.97
1 1,083 7.27 2.51 412 1.06
M= .53
DOWHSTREAA FLOY (CFS) 23 DEPTH % WIDTH 15 120 VELOCITY .04
RIXED ULT. BOD (KG/L)  7.27
RIXED ULT. HOD (#G/L)  2.51
RINED TERPERATURE (D) 20
RIXED D.0. (HB/L) 6.12
D.0. 1007 5AT = 9,15
U= A
12= .04
k3= 09
SEBIHERT DEPTH I¥ INCHES 0
HON-HOL ARAGHIA DEPLETIDY RATE 0
CHLORBPHUYLL & CONCENTRATION (US/L) 0
CALGAL PRODUCTION RATE {GHS./50.8.) 0 0
REACH 3
RIVER RILE DAYS BOD HOD D.0. DEFICIT
n 0 .27 2.51 6.12 3.06
70.8 .263 2.7 2,45 5.9 3.2
70.5 565 6,87 2,39 5.67 1.5
70.4 848 6,66 2.33 5.46 371
70.2 1.131 649 2,07 5.2 3.2
L 1,414 8.3 2.2 5.07 411
I 1.69 6.14 214 4,28 4.2
0.6 1.979 5.94 2.1 N 4,47
§9.4 2.262 . 5.8 2.05 4,54 4,63
89,7 2,545 5,64 2 5,38 AL
#H3= 4
E33 3323333322233 3 322221 INPUT ECHO E3233333 322232332 22535
UPSTREAA FLOW,PT.SOURCE FLOW (CFS) 83 2.3 DEPTH AMD WIDTH 16 120
TEHP UP,PT.SOURCE TEAP 20020
D.0. UP,PT.SGURCE D.0. £33 8 VELOCITY .04
¥H3-1 UP, PT.SOURCE HH3-H 4603

ULTIRATE BOD UP, PT.SOURCE UBDD 5.5 4

By
4
Py
sl
B
o
=
B
=
e
»
e
e
<
Bl
e
e
basd
¢
e
e
"
¢
<
e
e
e
<
e
<
¥
P
He
P
"~
Bl
e
oo
e
N
i
"
P
bead
e
<
N
,
%<
e
e
4
e
e
i
e
el
S

1 SAT.
73.2
74
72.8
1.7
70.4
69.6
6.6
67.6
66.7

i SKT.
66.7
64.2
61.3
89,3
57.3
35.2
33.2
3.3
49.5
47.8



HHSTREAR FLOY (CFS) 83.3
2ILUTION RATID 36.09
CFIXED ULT. BOD (HG/L) 5.54
RIXED ULT. HOD (BG/L) 1.94
- RIXED TEAPERATURE (C) 20

CHIXED D.0. (AG/L) 448
B0, 1002 SAT = 9.18
e A

2= 04
3= .01

SEDIRENT DEPTH IH INCHES 0
HOU-HOD AMADHIA DEPLETION RATE 0
THLOROPHYLL A& CONCEMTRATION (UG/L) 0

CALGAL PRODUCTION RATE (GHS./50.8.) 0 0

RE & CH %+

RIVER RILE -~ DAYS E0D HoD b.0. BEFICIT 1 5AT.

£9.2 0 9,34 1.94 .43 4.7 43.8
59 275 9,41 1.94 4,37 4.8 41.7
£8.8 - ] 3.26 1.93 4,28 49 48.4
8.4 823 5.12 1.93 .18 4.99 45,4
3.4 1.1 4.98 1.92 4.1 3,08 44,6
6.2 1.376 4.84 1.92 4.01 3.16 43.7
.88 1.631 4.1 I.71 1.94 2,24 42,9
4 1.926 4.58 1.91 3.86 3.31 42.1
LT 1.9 3.7% 3,38 41.3

7.6 - 2.201



~— Y W >

CHEHALIS RIVER D.O. NODEL
OUVERLDAD/20/BENTHIC

SEERRISRFRFRRE R RRREEE THPUT ECHO FXEEPEREEIRLRVIRNRFREE

SPSTREAN FLOY,PT.SOURCE FLOY (CFS) 73 2.3 DEPTH AND WIDTH 8.9 93
TEEP LP,PT.SOURCE TEAP 20 20

.0, U FT.SDUREE D.G. 8 4.3 VELOCITY .09

N3-¥ UF, PT.SOURCE HH3-H 5020

ALTIRATE BOD UP, PT.SOURCE UBOD & 105
TOREEHEER R ERERRRR RO PR A EE R R RO R

SURHSTREAN FLOW (IFS) 75.3
HLUTIGH RATIO 3174
GIVED LLY, 80D (8B/L) .02
SIXED ULT. ¥OD {#6/L) 3.27
HUAED TERPERATURE (D) 20

HIXED D.0. (85/L) 7.95
nod. 1001 GAT = 9.18
fi= oA

e A3
13= .12

SFOIREHT DEPTH IN IRCHES .5

NG-NOD ARHOKIA DEPLETIOM RATE 0

G QRDPHTLL & CONCENTRATION (UB/LY D

AUERL PRODUCTION RATE {(GAS./53.8.) 0 0

REACLH i

CRIVER BILE DATS 80D K0D 0.0. DEFICIT
743 0 w3402 .0 1.93 1.22
74.1 137 8.9 3.2 1.63 £.53
i3 274 2.7 .17 71.35 .83
LETY 412 B.66 3.12 7.03 2.12
Y33 349 8.04 3.01 6.77 2.4
PR 636 8.43 3.02 b.5 2.68
RT3 823 185 2.97 6.23 2.3
72.9 981 8.2 2.92 5.97 3.2
3.7 1.093 8.09 2.87 3.72 3.46

BHS= 88

DGHHSTREAN FLOY (CFSY 79 DEPTH & WIDTR 9.25 93 VELOCITY .09
RIXED ULY. BOD {H6/L) 8.1 '

HINED ULT. HDD (HB/L) 2.86
ATYED TERPERATURE (L) 20

a1xed .0, (RG/LY 3.72
9.0, 1007 54T = 7.18
K= A0
{)= 14
Ki= .12

SEOIRENT DEPTH IH INCHES O

HON-HOD ARADHIA DEPLETION RATE 0
CHLORDPHYLL A CONCENTRATION (UG/L) 0 ‘
ALGAL PRODUCTIOH RATE (GHS./5R.8.) ¢ 0 7

1 54T,
8.7
83.3
80.1
16.%
73.8
70.8
67.9
85,1
62.3



AIVER RILE DAYS £0D 0D b.0. DEFICIT 1 5AT.

v

12.6 0 8.1 2.86 9.12 3.46 §2.3
12.4 136 7.99 2.81 5.63 3.593 61.4
7z, 212 7.88 2.77 5.54 3.43 . 60.4
72 408 7.7% 2.72 9,48 LN 59.9
1.8 L3hh 7.467 2,68 5.38 .9 58.7
714 b8 1.57 2.43 5.31 3.87 37.8
.4 216 7.47 2.59 5.24 3.94 57.1
7.2 952 1.34 2.5% 5.17 4,01 56.3
71 1.088 1.27 2.51 3.1 .07 95.4
3= .58
oOUNSTREAN FLOW (CFS) B3 DEPTH % YIDTH 14 120 VELOCITY .04
HILED ULY, BOD (HB/L) 7.27
JIXED ULT. HOD (RE/L) 2.51
HIXED TERPERATURE (L) 20
HIXED D.D. (HG/L) 3.1
9 G, 1007 SAT = y.18
L1 .1
Cagn .04
= 09
SEDIRCNT DEPTH IN IHCHES ©
HOH-HGD ARAONIA DEPLETION RATE 0
CHLOROFHYLL & CONCENTRATION (UB/L) 0
£iGAL PRODUCTIDN RATE (GH5./50.5.) 0 ]
REAKRCH 3
RIVER HILE paYS BoD HOD 0.0, DEFICIT 1 S4T.
i 0 1.21 2.51 3.1 £.08 35.6
n.& 283 7.07 2,45 4,88 4.29 3.2
LN 345 6.87 2.39 4,67 4.5 30.9
L £48 .68 2.33 4.47 4.7 £8.8
102 1.138 6.49 2.27 £.28 449 48,7
A 1.414 6.31 2.21 4.1 3.07 44,7
£9.8 1,696 6.4 2.1 3.93 3.24 42.8
47.6 1.979 5.96 2.1 .n 5.41 41
{3.4- 2,262 5.8 2.05 3.6t 5.57 39.3
89.7 2,545 5.64 2 3.48 578 31.7
3= &b
FEERFEEREFREEFERLRAERE TNPUT ECHOD RAE¥rassrsssXsrsssssss
UPSTREAK FLOY,PT.SOURCE FLDW (CFS) 83 2.3 DEFTH AMD WIDTH 18 120
TERP UP,PT.SOURCE TEHP 20 20
4.0, UP,PT.S0URCE D.0. 3.5 8 VELOCITY .04
HH3-H UP, PT.50URCE HH3-N A6 .03

JLYIKATE BDD UP, PT.SOURCE UBOD 5.7 4
AEFEEEEREE R ERE AR RE R R R ER RN R R R R AN R R RN AR RERNA LSS



DILUTION RATIO

RIYED ULY. 80D (HG/L)
RIXED LY. HOD (HB/L)
RIAED TEHPERATURE (L)
RIXED D.0. (26/L)
0.0, 1007 SAT =

fi=

12=

£3=

36.09
3.65
1.94
20
3.62
9.18
A
.04
09

SEDIAENT DEPTH IN IHCHES 0
HON-NOD ARAUNIA DEPLETION RATE 0
CHLORGPAYLL & CONCEMTRATION (UG/L) 0
ALGAL PRODUCTION BATE (GRS./56.K.) 0

REACH

RIVER AILE LAYS

9.2 0

69 V2T
63.8 .35
68.6 425
£3.4 1.1
68.2 1.37%
43 1.651
67.8 1.925
7.5 2.201

4

80D
3.65
5.5
3.33
5.21
3.06
4,93

£.7%
4.66

£.34

v

NI RO NS R Cd Cd Cod Gt G »
. v e s = s .

e S O D e RO Cd W O e
NI NS SO G e G T 00 P

DEFICIT

3.93
5.69
9,82
9.95
6.07
6.13
5.99
6.3%
.43

1 5AT.

39.5
38

36.5
35.2
33.9
32.6
n.s
30.4
29.3
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SOHIISTREAR FLOY (CF5)

83 DEPTH & WIDTH 16 120 VELOCITY .04

AIXED ULY. BOD (HG/L) 1.6
AIXED ULY. HOD (HB/L) 2.5t
RIXED TEAPERATURE (C) 13
HIZED D.0. (#B/L) 7.23
B, 1057 SAT = 10.15
2 .03
s 4
LES 09

3éﬁiﬁ£ﬁf DEPTH IN INCHES 0

B34 RED AAHONIA DEPLETION RATE 0
CHLORGPHYLL 4 CONCEMTRATION {US/L) @
#LGAL PRODUSTION RATE (6R5./59.8.) 0

.11
LR
ViR
R
1.2
79
_67.8
£9.4
69.4
9.2

k3= .4h

SIYER 4ILE

R EACH

DAYS

0
.283
365
B4k
1,131
1.414
1.6%4
1.979
2,262

3

BOD
1.5
7.43
1.27
7.1
6.95
6.79
b.64
6.49
6.33
6.21

5.0, HENIN)
i? K
7.7% R
7242 I.5%
7. 2.41
IR 28y
7213

]

HOD .0, DEFICIY
2.51 7.23 2.92
2,43 7.03 J.12
2.39 6.94 3.3
2.33 b.63 3.5
2.27 b.47 3.68
2.2¢ 6.3 3.85
2.16 b.14 4,01
2.1 3.98 §.17
2.03 5.83 £,32
2 3.68 §.47

SEEEEEARRRERRERRERRFREE THPUT ECHD ER¥sese¥pysysssssssass

UPSTREAR FLOY,PT.SOURCE FLOW (CFS) 83 2.3 DEPTH AND WIDTH 16 120
YEAP UP,PT.SOURCE TERP
2.0, UP,PT.SOURCE D.O.

- KH3-H UP, PY.SOURCE HH3-H
© ULTINATE BOD UP, PT.SOURCE UBDD

; FAEEERE RS R R LR AT RO IR E AR AR R LR R E LR LERERERER

15 15

9.68 8 VELOCITY .04

l46
6.2 4
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LCFNSTREAR FLOW (CFS) 85.3
STLUTION RATIO 36.09
\IXED ULT. BOD (HG/L) 6.14
ASXED ULT. HOD (HB/L) 1.94
SIXED TEHPERATURE (L) 13

dIXED D.0. (RB/L) 3.7k
5.0, 1007 SAT = 10.15
K= 08
£2= 04
k3= 01

SEDIAENT DEPTH IN IMCHES 0

FDU-ROD ARNDNIA DEPLETIDN RATE 0

JRLOXOPHYLL & COMCENTRATION (UG/L) €

- #LGAL PRODUCTION RATE (GS./50.8.) 0 0

RERCH 2

RIVER RILE DAYS BOD KOD D.0. DEFICIT 1

5AT.
63.2 0 b.14 1.94 3.74 4,41 26.6
87 275 6.01 1.94 3.63 4.5 5.7
8.8 35 3.88 1.93 3.36 .59 34,8
63,6 425 5.75 1.93 3.48 4,67 24
Ak 1.1 3.63 - 1.92 3.4 473 33.2
£3.2 1.37% 5.5 1.92 3.32 4,83 92.4
48 1.4651 3.39 1.91 3.23 .9 21,7
8.3 1.926 3.27 1.91 318 4.97 a1
47,4 2,201 114 1.9 511 3.04 303
3= 44

....................................................................
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APPENDIX VI

SOME WATER QUALITY DATA FROM 1977 TO 1984
FOR THE CHEHALIS RIVER AT CENTRALIA
(MELLON STREET BRIDGE STATION)
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