9.0 RECEIVING WATER QUALITY ANALYSIS

9.1  GENERAL

In addition to the technology based effluent limits described previously, the effects of effluent
discharge on receiving water quality must also be addressed. This section evaluates water
quality in the Nooksack River downstream of the proposed Ferndale WWTP effluent discharge
(located approximately 1,800 feet downstream from the present discharge location). This
evaluation follows the guidelines outlined in Chapter VI of the Permit Writer’s Manual (DOE,
1994). A mixing zone analysis was performed to estimate the dilution of discharged effluent and
the resulting constituent concentrations. The critical discharge conditions were identified, and
using conservative assumptions for effluent constituent concentrations, were used in modeling
receiving water quality. Both present and future conditions were evaluated and compared to the
relevant criteria for conventional and toxic pollutants, herein.

9.2  GENERAL REGULATORY REQUIREMENTS

The Water Pollution Control Act of 1985 (RCW 90.48) governs discharges into all waters of
Washington State and authorizes the Washington Administrative Code (WAC) 173-201 A which
defines water quality standards for surface waters. The WAC 173-201A delineates mixing zone
boundaries and contains numeric criteria for certain water quality constituents which must be met
outside any authorized mixing zone. In addition, the WAC 173-201A states that aesthetic values
shall not be impaired and that existing beneficial uses shall be maintained.

The mixing zone in rivers and streams, beyond which chronic criteria must be met, must: (1) not
extend downstream more than 300 feet plus the depth of water over the discharge port, (2) not
extend upstream more than 100 feet, (3) not utilize more than 25 percent of flow, and (4) not
occupy greater than 25 percent of the waterbody width. The most restrictive combination of the
above are to be used in defining the mixing zone. A zone of acute criteria exceedance may also
be authorized and must not extend more than 10 percent of the mixing zone centerline distance
(i.e., 30 feet downstream) and not utilize more than 2.5 percent of flow. Acute criteria may be
exceeded only if no barrier to the migration of indigenous organisms is created.

9.3  RECEIVING WATER CHARACTERIZATION

9.3.1 Nooksack River Regulatory Status

The lower Nooksack River is regulated by DOE as a Class A (excellent quality) river. Beneficial
uses of the Nooksack River include: (1) water supply, (2) stock watering, (3) fish and shellfish -
including salmonid and other fish migration, rearing, spawning, and harvesting; clam, oyster, and
mussel rearing, spawning, and harvesting; crustaceans and other shellfish (crabs shrimp, crayfish,
scallops, etc.) rearing, spawning, and harvesting, (4) wildlife habitat, and (5) recreation (primary
contact recreation, sport fishing, boating, and aesthetic enjoyment). Water quality must meet the
requirements for all of these uses. Numerical water quality criteria are given for conventional



pollutants (Class A) in the WAC 173-201A-030(2) and for toxic substances (all classes of
surface water) in WAC 173-201A-040. The criteria for the Nooksack River are shown in Table
9-1, and for toxic pollutants are based on estimates of hardness, pH, and temperature for
receiving water during critical conditions.

9.3.2 Nooksack River Flow

The Nooksack River drains an area of approximately 786 square miles and discharges into north
Puget Sound at Bellingham Bay which is regulated as a Class A marine water. The river gradient
is fairly low at about 0.0002 ft/ft along the lower 10 miles of river. A U.S.G.S. gaging station at
river mile 5.8 in Ferndale has recorded flows since 1966. Flows have ranged from 463 cfs to
55,000 cfs and have averaged 3,867 cfs (U.S.G.S. 1993).

The critical condition is defined as the time of year when the physical, chemical, and biological
characteristics of the receiving water and effluent have the greatest potential to impact water
quality and aquatic biota. Late summer/early autumn flows are believed to be the critical
condition because the lowest flows occur at this time and also because river temperature,
hardness, and dissolved oxygen conditions are such that aquatic organisms are more susceptible
to the effects of toxic pollutants and dissolved oxygen sags. Effluent discharge may be
somewhat higher during the wet season, but dilution factors will not be lower than those
occurring during Nooksack River low flows. Ammonia is the only effluent constituent that has

been substantially higher in concentration during seasons other than the critical flow season, and
will be addressed separately.

The critical condition (i.e., worst-case) for modeling receiving water impacts is during the
seven-day/ten-year (7Q10) low flow. The river exhibits two seasonal hydrographs with
corresponding peaks and low flows. Maximum flows occur during midwinter corresponding to
peak rainfall. The snowmelt hydrograph results in another smaller peak during midspring. The
snowmelt hydrographs continues to recede until early autumn resulting in the annual low flow

occurring during late summer/early autumn. Typically, the annual seven day low flow is in
October.

The 7Q10 low flow is used in this water quality analysis as the critical condition. The
approximate 7Q10 low flow for the Nooksack River was determined by examination of the five
smallest annual seven-day low flows during 1966-1992. The 7Q10 is estimated to be equivalent
to the 10th percentile annual seven day low flow or midway (in this case) between the second
lowest (680 cfs) and third lowest (699 cfs) flows. Therefore, the 7Q10 is approximately 690 cfs,
conservatively. A Log Pearson analysis would result in a slightly higher estimate.

9.3.3 River Channel Description

The existing Ferndale effluent discharge is located immediately east of the treatment plant.
Flows discharge through an outfall in the river bank and travel across a sand bar to the river
during low streamflows. No initial mixing is achieved; hence, the outfall will be relocated
downstream approximately 1,800 feet to a site providing better initial dilution characteristics.
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TABLE 91

Water Quality Criteria for Class A Fresh Waters (WAC 173-201A)

Criteria for metals and ammonia are based upon the following conditions:

Hardness = 30 mg/L as CaCO3
pH = 7.8
Temperature = 15.4 degrees C

Salmon present?: YES

Fecal coliform (geometric mean) <100 colonies/100 mi
(90% of all samples) <200 colonies/100 mi

Dissolved Oxygen >8.0 mg/L, or not more than

0.2 below background
Temperature <18.0 C, or not more than

0.3 above background
pH within 6.5 to 8.5, or

within 0.5 of background
Turbidity <5 NTU above background,

or <10% if bkg >50 NTU
TOXIC SUBSTANCE CRITERIA Acute Chronic
Aldrin/Dieldrin ug/l 25 0.0018
Ammonia (unionized as N) mg/L 0.169 0.038
Arsenic (total) ug/L 360 190
Cadmium (dissolved) ug/L 1.01 0.44
Chlordane ug/L 2.4 0.0043
Chloride mg/L 860 230
Chiorine (total residual) ug/L. 19.0 11.0
Chloropyrifos ug/l. 0.083 0.041
Chromium (hex) ug/l. 16.0 11.0
Chromium (tri) ug/ 648 77.2
Copper (dissolved) ug/L 570 4.23
Cyanide (dissociable) ug/l 22.0 52
DDT (and metabolites) ug/L 1.1 0.001
Dieldrin/Aldrin ug/L 2.5 0.0019
Endosulfan ug/it 0.22 0.056
Endrin ug/L 0.18 0.0023
Heptachlor ug/L 0.52 0.0038
Hexachlorocyclohexane ug/L 2.0 0.08
Lead {dissolved) ug/l. 17.63 0.69
Mercury (total) uglt. 2.4 0.012
Nickel (dissolved) ug/L. 512 57
Parathion ug/L 0.085 0.013
Pentachlorophenol ug/L. 20.3 12.8
Polychlorinated biphenyls ug/L 2.0 0.014
Selenium (total) ug/L 20 5
Silver (dissolved) ug/L 0.51 -
Toxaphene ug/L ‘ 0.73 0.0002
Zinc (dissolved) ug/L 422 382
vasey engineering
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The proposed Ferndale WWTP effluent discharge will be located approximately at river mile 5.0
on the right bank. At this location the river channel ranges from 240 to 450 feet in width and the
deepest, swiftest portion of the river is near the steep right bank which is an outside bend in the
river. The elevation of the river at the outfall is slightly more than 10 feet NGVD), whereas the

high tide in Bellingham Bay is approximately 4 feet NGVD). Therefore tidal influences on the
river are minimal at the proposed discharge location.

9.3.4 Nooksack River Ambient Water Quality

The water quality of the Nooksack River has not been particularly well established. However,
monthly or semi-monthly monitoring data were collected by the USGS at Ferndale (RM 5.8)
during the water years 1971 and 1974 and near Brennan (RM 3.3) during the water years 1974,
1978, 1979 and 1980. These data, summarized in part in Table 9-2, are believed to adequately
represent present day Nooksack River water quality for conventional water quality parameters
and perhaps also nutrients. Ambient values for dissolved oxygen (DO), pH and temperature have
remained within the Class A (excellent) standards. DO has remained above 9 mg/L at all times
and is much higher during the colder wet season (Class A standard is 8.0 mg/L).

Measurements of fecal coliform bacteria have been quite variable throughout the years, and are
considered by DOE (1992) to be compromising water quality. Peak fecal coliform numbers have
been found to occur from July through February. An August 1979 survey (Johnson and Prescott,
1979) found 200 to 280 colonies per 100 mL in the lower 15 miles of river. The 90th percentile
of all lower Nooksack River samples (USGS, 1974, Johnson and Prescott, 1979; Singleton and
Joy, 1981) was approximately 220 colonies per 100 mL. The technology based discharge limits
for the Ferndale POTW (200 colonies per 100 mL) will prevent receiving water quality from
being further degraded by the POTW discharge. In any case, the 90th percentile Ferndale POTW

discharge value over the 1992-1994 was only 44/100 mL and the maximum was only 150/100
mL.

Toxic pollutants detected in the Nooksack River are confined to the heavy metals and ammonia.
Chlorine and cyanide are assumed to be absent in the river. Ammonia has been detected only at
levels well below criteria. Heavy metals including cadmium, copper, lead and zinc were detected
in USGS monitoring during 1971 and 1974. Concentrations ranged from near detection limits up
to several hundred parts per million for total metals, with the highest concentrations occurring
during summer dry weather. Dissolved metals were detected at lower levels but often at
concentrations exceeding present day criteria. The accuracy and applicability of this 20 year old
data is unknown (historic metals data is thought to be biased to high values) and will not be used
in the foregoing analysis for this reason. The sporadically high metals concentrations may
possibly be due to mining activity which has been significant in this watershed. These data are
included in Appendix H.

The ambient water quality values used in the receiving water analysis are shown in Section 9.4,
Table 9-3 in comparison to criteria and effluent quality.
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Table 9-2
Summary of Selected Nooksack River Water Quality Parameters

Parameter Number Mean Maximum Minimum  Standard
of samples Deviation
Temperature Cc 37 9.8 17.4 20 49
pH 45 7.33 8.30 6.80 0.29
Dissolved Oxygen mg/L 43 11.7 13.2 9.4 1.3
Total Residual Chlorine mg/L 8 0.00 0.00 0.00 0.00
Turbidity NTU 37 18.3 140.0 0.0 258
BOD mg/L 5] <4 <4 <4 e
Nitrate-N mg/L 49 0.269 1.100 0.000 0.233
Ammonia-N mg/L 49 0.070 0.600 0.000 0.112
Total Phosphate mg/L 49 0.061 0.370 0.020 | 0.062
Orthaphosphorus mg/L 43 0.017 0.120 0.000 0.026
Total Suspended Solids mg/L 6 9.3 12.0 8.0 2.1
Fecal Coliforms orgs/100mL 18 76 250 0 107

Sources: USGS (1978,1979,1980); Johnscn and Prescott (1979) and Singleton and Joy (1981)

vasey engineering
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Table 9-3

Comparison of Ferndale WWTP Effluent and Nooksack River
Water Quality to Class A Freshwater Criteria (WAC 173-201A)

Ferndale WWTP Effluent Class A Criteria
Critical Maximum Nooksack
Condition Measured River 90th
Value Value percentile
Constituent Units Aug-Oct Aug-Oct Value Chronic Acute
Temperature °C 23.0 (1) 24.0 15.4 (9) 18.0 NA
pH (8.U.) 7.9 (1) 8.5 7.8 (9) 6.5-8.5 NA
Dissolved Oxygen mg/L 0.9 (2) 03 * 9.6 (9 >8.0 NA
Fecal Coliform orgs/100mL 44 (3) 150 220 (10,11) 100 ** NA
Turbidity NTU 9.0 (4) 9.0 39.0 (9) 440 NA
Ammonia-N mg/L 3.90 (5) 1.30 0.16 (9) 1.0 = 7.6 =
Cyanide pg/L 36.4 (6) 14.00 0.0 (12) 5.2 22.0
Chlorine Residual - Total pg/l 900.0 (7) 900.0 0.0 (12) 11.0 19.0
Metals****
Arsenic po/L <10 (8) <10 - (13) 190 360
Cadmium pg/L 15.0 (8) 5.0 - (13) 0.44 1.01
Chromium (tri) po/l. <5 (8) <5 - (18) 77 648
Copper Hg/L 96.2 (8) 37.0 -~ (13) 4.2 5.7
Lead pg/l 176.8 (8) 68.0 - (13) 0.69 17.6
Mercury Ho/l 0.16 (8) 0.06 - (13) 0.012 2.40
Nickel pg/L 57.0 (8) 19.0 - (13) 57 512
Silver pg/L ‘ <1 (8) <1 - (13) NA 0.5
Zinc pg/L 369.2 (8) 142.0 - (13) 38.2 42.2
Hardness mg/L CaCO3 140 (4) 140 30 (14) NA NA
1 95th percentile of 1990-1993 August-October monitoring
2 5th percentile of 1990-1993 August-October monitoring
3 90th percentile of 1992-1994 August-October monitoring
4 Single measurement from Ecology inspection monitoring of 2/22/1988
5 Maximum of 1994 August-October monitoring
6 Single measurement from Ecology inspection monitoring of 2/22/1988 corrected to 95th percentile
7 95th percentile of 1992-1994 August-October monitoring
8 Maximum from Ecology inspection of 2/22/1988 and monitoring on 1/24/94 and 11/17/94 corrected to 95th percentile
9 USGS 1978,1979,1980
10  Johnson and Prescott 1979 NA  Not applicable
11 Singleton and Joy 1981 * Minimum value
12  Assumed to be absent > Geometric mean (90% of samples must be <200 orgs/100mL)
13 Accurate data unavailable hhd Criterion is given as total rather than unionized ammonia N
14  USGS 1971,1974 ****  Data and criteria are given as total rather than dissolved metals
vasey engineering
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9.4  EFFLUENT CHARACTERISTICS

The worst case effluent flow and water quality characteristics were determined for the Ferndale
POTW during the critical conditions. Because the critical condition is during low flows that
occur in late summer or early fall, effluent characteristics for the months of August, September,
and October over the years 1990-1994 were examined to predict worst case effluent
characteristics.

9.4.1 Flow

The Permit Writer’s Manual (PMW) specifies the use of the highest average monthly effluent
flow for the previous three years during the critical discharge conditions (i.e. 7Q10) for mixing
zone analysis. The highest monthly average flow of 0.945 MGD occurred in October of 1993.
This flow (1.46 cfs) was used in dilution modeling for the existing chronic critical condition.
The highest daily effluent flow over the past three years during critical conditions should be used
to determine acute criteria dilution factors. The highest daily flow of 1.597 MGD occurred in
October of 1993. This flow (2.47 cfs) was used in dilution modeling for the existing acute
critical condition. Future effluent flows were predicted by assuming a 7 percent annual increase
in domestic/institutional wastewater flows and assuming no increase in industrial wastewater
flows.

Industrial wastewater flows, mostly from Recomp of Washington, are currently 8 percent of
total, therefore future flows in year i are predicted to be '

Q; = Q94 X (1 - 0.08) x 1.07"%* + Q94 x 0.08
These predicted flows are presented along with their calculated dilution factors in Section 9.6.

9.4.2 Effluent Quality

The critical condition effluent constituent concentrations were determined as described in the
PMW and are shown in Table 9-3 along with the modeled Nooksack River constituent
concentrations and applicable criteria. '

Effluent temperature, pH, and DO measurements used in modeling receiving water impacts are
the 95th percentile of daily measurements over 4 years during August-October (5th percentile is
used for DO). Temperature (23°C) and DO (0.9 mg/L) do not meet criteria, whereas pH is well
within criteria limits at 7.9 (8.5 maximum).

The S0th percentile fecal coliform effluent concentration is more appropriate due to the statistics
of the laboratory method and is 44 colonies per 100 mL. However, critical condition ambient
concentrations are already in exceedance of criteria and even effluent containing maximum
numbers (150 colonies per 100 mL) will only dilute and improve water quality with respect to
this criteria. Fecal coliform is addressed by technology based limits and is therefore not
applicable in water quality-based limits analysis.



Toxic pollutants are the primary concern in this analysis. Ammonia has been monitored
beginning in 1994 and has been measured at 18 mg/L during the cold wet season but at only a
maximum of 1.3 mg/L during August-October. With the exception of total residual chlorine
(TRC) and ammonia, none of the toxic pollutants have been measured more than a few times.
Therefore, the worst-case (i.e. 95th percentile) concentration is not known with certainty. The
Technical Support Document for Water Quality-Based Toxics Control (TSD) (EPA, 1991)
stipulates that a multiplier be applied to the maximum effluent value, according to the number of
measurements made in order to estimate the 95th percentile value. For data sets with less than 10
measurements, a coefficient of variation (CV) of 0.6 is assumed and multipliers are as follows
for each sample size:

Samples Multiplier
1 6.2
2 4.3
3 3.0
4 2.6
5 2.3

The 95th percentile and maximum value for total residual chlorine (TRC) for 1992 - 1994 were
both 900 pg/L. The maximum of three ammonia measurements for August-October 1994 was
1.3 mgN/L, which, multiplied by 3.0, gives a 95th percentile estimate of 3.9 mg/L. Four
measurements of cyanide have been made and the maximum was 14 pg/L which converts to an
estimated 36.4 ng/L for a 95th percentile. Several samples have been analyzed for total metals
(including those collected in months other than August - October). The maximum measured
concentrations of total metals are shown in Table 9-3. Relative to criteria, the highest metals
concentrations (in descending order) are for lead, copper, cadmium, and zinc. Mercury was
detected only in 1988 at 0.06 ug/L. Nickel was detected only well below criteria limits. Arsenic,
chromium, and silver were not detected in any samples. For comparative purposes, downstream
receiving water concentrations for these undetected metals were calculated assuming they would
be present at the detection limit concentration. Lead is of particular concern with respect to
chronic criteria, whereas copper, cadmium, and zinc are primarily of concern with respect to
acute criteria.

9.4.3 Industrial Wastewater Loading

Industrial wastewater sources are a significant source of metals loading to the Ferndale POTW.
Table 9-4 compares average flows and loading from domestic wastewater and the two major
industrial wastewater sources. Recomp wastewater constitutes the majority of estimated loading
for lead (84%), zinc (79%) and cadmium (74%). These estimated loadings have been verified in
the Ferndale Biosolids Management Plan (Vasey Engineering, 1996) for cadmium and lead and
is relatively close for zinc (67% vs. 79%). Flows of these industrial wastewater sources are
expected to remain unchanged or decrease in the future. Therefore, Ferndale effluent quality is

expected to improve in the future due to the decreasing proportional contribution from these
flows. ‘
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Table 9-4
Estimated Average Loading of Metals to Ferndale WWTP
from Domestic and Industrial Wastewater Sources

SQURCE
Ferndale
PARAMETER Domestic Cedarville Recomp Total
Wastewater Leachate \Wastewater

Average Flow* (MGD) 0.831 0.014 0.08 0.93
Cadmium

Concentration? (mg/L) 0.005 0.002 0.145

Loading (ppd) 0.0347 0.0002 0.0967 0.132

Percent of Total 26.3% 0.2% 73.5% 100
Copper

Concentration? (mg/L) 0.065 0.01 0.411

Loading (ppd) 0.450 0.001 0.274 0.726

Percent of Total 62.1% 0.2% 37.8% 100
Lead

Concentration? (mg/L) 0.041 0.0005 2.213

Loading (ppd) 0.2842 0.0001 1.4765 1.761

Percent of Total 16.1% 0.0% 83.9% 100
Zinc

Concentration? (mg/L) 0.124 0.053 4.818

Loading (ppd) 0.859 0.006 3.215 4.080

Percent of Total 21.1% 0.2% 78.8% 100

* Average flows are as estimated in Task 3 memo for Ferndale wastewater facilities plan for the
period 1989-1993, except for Recomp flows (1990-1993 records).
z Concentrations are as reported in a letter report to John Eley from HLA July 14, 1992, except for

copper in Recomp wastewater (Recomp monitoring data from 1991-1994) and in Cedarville
leachate (estimated).

vasey engineering
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9.4.4 Future Effluent Quality

Estimates of receiving water quality under future conditions require predictions of future effluent
quality. For this evaluation two principal assumptions were made in predicting future effluent
concentrations. The first assumption is that industrial wastewater flows and loadings will remain
the same. The second assumption is that domestic wastewater flows will increase while
constituent concentrations remain unchanged (except for TRC). Therefore, loading from
domestic wastewater will increase; whereas the proportional load from industrial wastewater will
decrease in the future. The predicted effluent concentrations accounting for decreased
proportional loading from industrial wastewater are shown in Table 9-5. Only cadmium, copper,
lead, zinc and cyanide concentrations are modeled to change as domestic flows increase in the
future.

9.5  MODEL DESCRIPTION AND INPUT

The dilution of the Ferndale WWTP effluent discharge in the Nooksack River was modeled
using a spreadsheet model REIVPLUME3.WK1 developed by DOE and referenced in the PWM.
This spreadsheet calculates dilution at a specified point of interest (in two dimensions)
downstream from a point discharge to a river. The procedure used is described in Fischer et al
(1979) and referenced in the TSD (EPA, 1991). The calculation for dilution factors incorporates
the boundary effect of shorelines (Fischer et al., equation 5.9) using the method of superposition.

This spreadsheet is based on the assumption that the discharge: (1) is a single point source,
which is most appropriate for single port or short diffusers, or side-bank discharges; and (2) is
completely and rapidly mixed vertically, which usually only occurs in shallow rivers. If the
diffuser length occupies a substantial portion of the stream width, or the discharge is not
vertically mixed over the entire water column within the acute mixing zone, an alternative model
should be used. RIVPLUM3.WK1 is useful for estimating dilution in shallow rivers for side-
bank discharges or single-port outfalls, which is the case for the proposed Ferndale WWTP
outfall. The size of the outfall pipe will be approximately equivalent in scale to the depth of the
river during the 7Q10 low flow and therefore the assumption of complete and rapid vertical
mixing is appropriate.

The necessary input for the model is shown in Table 9-6. The 7Q10 flow is 690 cfs. The
effluent discharge varies depending on the year and is higher for the acute condition (Table 9-7a
and 9-7b). The depth is estimated to be (conservatively) 3 feet on average downstream from the
outfall. The thalweg, and thus the deepest part of the river, is nearer the right bank downstream
of the outfall, and thus the channel is likely to be deeper in the actual mixing zone. Modeling a
shallower depth results in a smaller calculated dilution factor, therefore the depth assumption is
conservative. The width of flowing water is confined primarily to the right half of the channel or
about 200 feet in width.
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TABLE 9-5
Present and Future Estimated Ferndale WWTP Effluent
Constituent Concentrations During Critical Conditions

Estimated Critical Condition Concentration

YEAR
1994 1995 2000 2005 2010 2015

Projected Effluent Flows (cfs)

Constituent Units 1.46 1.56 2.14 2.95 4.09 5.69
Temperature °C 23.0 23.0 23.0 23.0 23.0 23.0
pH (s.U) 7.9 7.9 7.9 7.9 7.9 7.9
Dissolved Oxygen mg/L 0.9 0.9 0.9 0.9 0.9 0.9
Fecal Coliform orgs/100mL 44 44 44 44 44 44
Turbidity NTU 9.0 8.0 9.0 9.0 9.0 9.0
Ammonia-N mg/L 3.90 3.90 3.90 3.90 3.90 3.90
Cyanide Hg/L 36.4 34.9 28.9 244 21.2 18.8
Chlorine Residual - Total ug/L 900.0 100.0 100.0 100.0 100.0 100.0
Metals****

Arsenic pa/l <10 0.0 0.0 0.0 0.0 0.0
Cadmium Hg/L 158.0 14.3 11.5 9.4 ' 7.9 6.8
Chromium (tri) Hg/L <5 0.0 0.0 0.0 0.0 0.0
Copper ug/L 96.2 93.9 84.6 77.8 72.7 69.1
Lead yg/l 176.8 167.3 129.7 101.9 81.5 66.6
Mercury ug/L 0.16 0.2 0.2 0.2 0.2 0.2
Nickel g/l 57.0 57.0 57.0 57.0 57.0 57.0
Silver pa/l <1 0.0 0.0 ., 0.0 0.0 0.0
Zinc Hg/l 369.2 350.5 276.6 222.0 181.8 152.5
Hardness mg/L CaCO3 140

Notes: Only cadmium, copper, lead, zinc and cyanide concentrations were adjusted to account for
the decreasing proportion of industrial wastewater (see Table 9-4) in future Ferndale WWTP influent.
Other metals were aiready only present in effluent at low levels (relative to criteria) or were undetected.
Industrial wastewater cyanide loading was calculated to be 65 percent of total cyanide loading.
Reduction in residual chlorine is due to proposed dechlorination (not to Recomp diversion).

vasey engineering
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Table 9-6
River Plumes Mixing Model Input

Chronic Acute

Parameter : Condition Conditions
7Q10 Nooksack River flow (cfs): 630 690
Effluent discharge rate (cfs): 1.34-569 * 227961 *
Receiving water characteristics downstream fram outfall:

Average stream depth (ft): 3 3

Average stream velocity (ft/sec): 1.15 1.15

Channel width (ft): 200 200

Stream slope (f/ft) 0.0002 0.0002
Discharge distance from nearest shoreline (ft): 5 5
Location where dilution factor is determined:

Distance downstream from outfall (ft): 300 30

Distance from nearest shoreline (ft): 5 5
Transverse mixing coefficient constant: 0.6 0.6

* Modeled effluent flows are progressively higher in future scenarios

vasey engineering
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Table 9-7a
Ferndale WWTP Present and Projected Effluent Flows
and Corresponding Receiving Water Dilution
Factors for Chronic Criteria Critical Conditions

7Q10 Nooksack River Flow: 690 cfs

October Altern.1 Altern. 2 Dilution

Monthly Modeled Modeled Using

Effluent Dilution  Dilution 25% of
YEAR Flow (cfs) Factor Factor  River Flow
1994 1.46 40.2 67.5 118.0
1995 1.56 37.7 63.2 110.9
2000 2.14 27.5 46.1 80.8
2005 2.95 19.92 334 58.5
2010 4.09 14.36 24.1 42.2
2015 5.69 10.32 17.33 30.3

Table 9-7b

Ferndale WWTP Present and Projected Effluent Flows
and Corresponding Receiving Water Dilution
Factors for Acute Criteria Critical Conditions

7Q10 Nooksack River Flow: 690 cfs
Dilution Altern.1
Peak October Using Modeled
Daily Effluent 2.5% of Dilution
YEAR Flow (cfs) River Flow  Factor
1994 2.47 6.98 12.38
1995 2.63 6.56 11.63
2000 3.61 4.78 8.47
2005 4.98 3.46 6.14
2010 6.91 2.50 4.43
2015 9.61 1.80 3.18

Alternative 1: Single port submerged discharge 5 feet from shore
Alternative 2: Single port submerged discharge 20 feet from shore

Note:

Projected flows were determined by assuming a 7 percent

annual increase in domestic wastewater flows and no
increase in industrial wastewater flows

vasey engineering
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The position of the outfall across the stream transect is important in determining dilution factors.
The farther out into the stream (up to about 25 feet), the better will be the dilution. The right
bank is steep and therefore the shoreline does not recede much during low flows; thus, the outfall
location 1s assumed to be 5 feet from the low flow shoreline. The momentum of the effluent
discharge may actually carry the effluent further out into the river. The centerline of the mixing
plume is assumed to be also at 5 feet from the bank. In this scenario higher concentrations of
effluent may occur closer to the shoreline due to boundary effects, theoretically. However, it is
unlikely that any significant difference exists between zero and 5 feet from shore 300 feet
downstream. Some difference in concentrations may exist 30 feet downstream at the acute
mixing zone boundary, however.

A value of 0.6 is assumed for the transverse mixing coefficient as recommended for natural
channels. This is probably a conservative assumption for this section of the river where
transverse shear is fairly high. The bending of the river may result in differences between
surface and bottom velocity vectors of up to 45 degrees.

9.6  DILUTION MODELING RESULTS

The results of the dilution modeling are shown in Table 9-7a and 9-7b. The maximum allowable
dilution factors based on using 25 percent (chronic) and 2.5 percent (acute) of river flow are also
shown. For the chronic condition, the modeled dilution factors are lower than the dilution
achieved using 25 percent of the river flow, and thus will be used in determining downstream
receiving water concentrations for comparison to chronic criteria. For the acute condition, the
modeled dilution factors are higher; therefore, the dilution obtained using 2.5 percent of the

7Q10 (17.25 cfs) will be used in determining downstream receiving water concentrations for
comparison to acute criteria.

For the chronic condition, the dilution factors resulting from a discharge further into the channel
(20 feet from shore) are shown to illustrate the effect of shoreline boundary conditions on

dilution factors. The assumption of a near shore discharge results in more conservative dilution
factors.

9.7  PREDICTED DOWNSTREAM RECEIVING WATER QUALITY

The predicted critical chronic condition (i.e. worst-case) water quality for the Nooksack River
300 feet downstream from the Ferndale WWTP outfall is shown in Table 9-8. These results
show that under existing conditions the effluent discharge is unlikely to degrade water quality
except with respect to total residual chlorine and some metals. Fecal coliform numbers exceed
criteria; however, Ferndale WWTP effluent would actually lower receiving water fecal coliform
concentrations. After the treatment plant upgrade including dechlorination, total residual
chlorine (TRC) levels will drop below the chronic criterion in the worst-case scenario. In future
years, up to the year 2015, water quality is still predicted to meet criteria, except with respect to
metals. Based on the results presented in Table 9-8, lead presents by far the greatest likelihood
of causing an exceedance of water quality criteria. The other metals of concern (copper,
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TABLE 9-8
Predicted Receiving Water Quality During the Critical Chronic Condition
(Worst-case) Compared to Class A Freshwater Chronic Criteria (WAC 173-201A)

Constituent concentrations at the plume center

Nooksack line 300 feet downstream from the outfall

River 90th :

percentile Year Chronic
Constituent Units Value 1994 2000 2005 2010 2015 Criteria
Temperature °C 15.4 15.6 18.7 15.8 15.9 16.1 18.0
pH (8.U.) 7.8 7.8 7.8 7.8 7.8 78 6.5-8.5
Dissolved Oxygen ma/L 9.6 * 9.4 9.3 9.2 8.0 8.8 >8.0
Fecal Coliform orgs/100mL | 220 | 216] 214] 211] 208] 203] 100
Turbidity NTU 39.0 38.3 37.9 37.5 36.9 36.1 440
Ammonia-N mg/L 0.16 025 0.30 0.35 0.42 0.52 1.03
Cyanide ug/L 0.0 0.9 1.1 1.2 1.5 1.8 52
Chlorine Residual - Total pg/L 0.0 3.6 5.0 7.0 9.7 11.0
Metals ****
Arsenic pg/l - 0.2 0.4 0.5 0.7 1.0 190.0
Cadmium Mg/l - 0.37 0.42] 047] 0.55] 0.66] 0.44
Chromium (tri) Hg/L - 0.1 0.2 0.3 0.3 0.5 77.2
Copper Mg/l - 2.4 3.1 3.9 5.1 6.7 4.2
Lead pg/l - I 4.4] 4.7] 5.1 57 6.5 0.7
Mercury pg/L - 0.004 0.006 0.008 0.011 0.015 0.012
Nicke! Hg/L - 1.4 2.1 2.9 4.0 55 56.9
Silver Ha/t - 0.0 0.0 0.0502 0.1 0.1 NA
Zinc pa/L - 9.2 10.1 11.1 127 148 38.2
Hardness mg/L CaCO3 30 NA
Notes:

Boxed entries indicate values exceeding the corresponding criterion -
Ambient background metals concentrations are set to zero

Dechlorination (TRC <= 100 pg/L) is assumed for the year 2000 and beyond
* Minimum value

Geometric mean (90% of samples must be <200 orgs/100mL)
Criterion is given as total rather than unionized ammonia N

Data and criteria are given as total rather than dissolved metals

i
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cadmium, and mercury) are much less likely to cause a significant increase in receiving water
metals concentrations.

The predicted critical acute condition water quality, based on a dilution of effluent with 17.25 cfs
of river water, is shown in Table 9-9. Cadmium, copper, lead, and zinc appear to have the
greatest potential for degrading water quality. TRC also presents a toxicity problem under
existing conditions of no dechlorination. Assuming the worst-case TRC remaining after
dechlorination is 100 pg/L, the acute criterion would still be exceeded under the critical
condition. Dechlorination operations, in practice, should be able to maintain much lower
residuals, however. Copper is the constituent most likely to exceed criteria particularly in future
years due to its greater percentage of loading from domestic wastewater which will constitute an
increasing proportion of the effluent.

It should be noted that the effluent metals concentrations modeled are 2.6 to 3.0 times higher
than the maximum measured in monitoring (see Table 9-3), that total metals were measured
(rather than dissolved metals which are often considerably lower), and that the criteria are

conservatively low because they do not reflect the increase in hardness in receiving water due to
high effluent hardness.

9.8 EFFECTS OF THE REMOVAL OF INDUSTRIAL WASTEWATER FLOWS

Removing industrial wastewater from the influent to the Ferndale WWTP would have a
significant effect on the content of metals in the discharged effluent. Wastewater from Recomp
of Washington makes up the majority of industrial wastewater flow and metals loading (Table 9-
4). The estimated composition of Ferndale WWTP effluent (present and future) resulting from
the diversion of Recomp wastewater is presented in Table 9-10. Present and future Ferndale
WWTP effluent flow volumes and modeled dilution factors are presented in Table 9-11a and 9-
11b. The predicted critical chronic and acute condition receiving water quality in this scenario is
shown in Tables 9-12 and 9-13 respectively. Only cadmium, copper, lead, zinc, and cyanide
loadings were adjusted (i.e. lowered) to reflect the diversion of Recomp wastewater. Mercury
and other metal concentrations are also likely to be lower in this scenario, however their
concentrations are already low in the effluent and adequate loading data is unavailable for
making any estimates. With Recomp flows diverted, metals chronic criteria are unlikely to be
exceeded, provided background levels are not already high. Lead is still the primary concern in
the critical chronic condition. For the critical acute condition, copper becomes the primary
constituent of concern. Other metals have a much lower chance of causing criteria to be
exceeded. However, cadmium, lead, and zinc concentrations are still predicted to be near criteria
in the worst-case scenario.

9.9  DISSOLVED OXYGEN SAG MODELING
Although the criteria for dissolved oxygen (DO) may be met at the mixing zone boundary, it

must also be shown that downstream DO levels will not sag due to exertion of CBOD and
NBOD (carbonaceous and nitrogenous biochemical oxygen demand). A relatively simple
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TABLE 8-9
Predicted Receiving Water Quality During the Critical Acute Condition
(Worst-case) Compared to Class A Freshwater Acute Criteria (WAC 173-201A)

Constituent concentrations resulting from a

Nooksack dilution of Ferndale WWTP effluent with 2.5

River 90th percent of the 7Q10 Nooksack River flow

percentile Year Acute
Constituent Units Value 1994 2000 2005 2010 2015 Criteria
Ammonia-N mg/L 0.16 0.70 0.94 1.24 1.66 224 7.58
Cyanide pg/l 0.0 5.2 6.0 7.1 85 105 22.0
Chlorine Residual - Total pg/L 0.0 128.9] 20.9] 289 400 557 19.0
Metals **
Arsenic pg/l. - 1.4 2.1 2.9 4.0 56  360.0
Cadmium Hg/L - 2.1] 2.4] 2.7] 3.2] 38| 1.0
Chromium (tri) pg/l - 0.7 1.0 14 2.0 28 6478
Copper ug/l - 13.8 17.7 22.5 29.11 38.5 57
Lead pg/l - 25.3 271 29.4 326] 371 17.6
Mercury pa/l - 0.02 0.03 0.05 0.06 0.09 2.40
Nickel pa/l - 8.2 11.9 16.5 228 318 5121
Silver Hg/l - 0.1 0.2 0.3 0.4 06| 0.5
Zinc ug/l - 52.9| 57.9{ 64.1] 72.8] 85.0 42,2
Hardness mg/L CaCO3 30 NA
Notes:

Boxed entries indicate values exceeding the corresponding criterion

Ambient background metals concentrations are set to zero

Dechlorination (TRC <= 100 ug/L} is assumed for the year 2000 and beyond
Criterion is given as total rather than unionized ammonia N
Data and criteria are given as total rather than dissolved metals

*
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