











Figure 3. Generalized view of a two-dimensional sampling grid designed to provide
position control within the mixing zone of an STP discharge.
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Figure 4. Map of Tamoshan and Beverly Beach STPs showing location of discharges and
nearshore sampling sites (A - D) as well as drift paths of a drogue released

at the Tamoshan STP outfall on three separate occasions (V = drogue velocity).
Shaded rectangles denote shoreside residences.
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Figure 5. Location of Seashore Villa STP and outfall as well as nearshore sampling

sites {A - E). Drift paths of a drogue released at the STP outfall on

four different occasions are traced (V = drogue velocity). Shaded rec-
tangles denote shoreside residences.



Table 1. Water quality parameters measured during the Beverly Beach, Tamoshah,
and Seashore Villa STP receiving water surveys conducted in Budd
Inlet, 1985. '

Beverly Beach Tamoshan Seashore Villa
Mixing Mixing Near- Mixing Near-
Zone Zone shore Zone shore
Stations Stations  Stations  Stations Stations
Parameter 1-5 1-5 - A-D 1-5 A-E
Field Analyses
pH X X x1 X X
Temperature X X -- X X
Salinity X X x1 X X
Dissolved Oxygen X X -- X X
Chlorine Residual X2 - -- - -
Secchi Depth -- -- -- X --

Laboratory Analyses

Nutrients X X X X X
Total Suspended Solids X X X X X
Turbidity X X X X X
Fecal Coliforms X X X X X

1 aboratory analyses. _
2Station 2 only.



Table 2. Performance of Hydrolab Surveyor II during receiving water surveys

in Budd Inlet, 1985.

Post-
Survey
Value of Hydrolab  Instrument
Survey Date Parameter Standard Reading Drift
Tamoshan/ June 17-18 Dissolved 7.65 7.83 +0.18
Beverly Beach Oxygen (mg/L)
pH (S.U.) 7.00 7.01 +0.01
10.00 9.90 -0.10
Conductivity 58.64 58.38 -0.26
(mmhos/cm)
Salinityl 39.15 38.96 -0.19
(o/00)
Seashore Villa July 2 Dissolved 7.85 7.83 -0.02
Oxygen (mg/L)
pH (S.U.) 7.00 6.95 -0.05
10.00 9.97 -0.03
Conductivity 58.64 58.46 -0.18
(mmhos/cm)
Salinityl 139.15 39.02 -0.13
(o/00)

1salinity values were computed from conductivity values using the conversion

formula in Hydrolab (1984).



Table 3. Summary of data collected during intensive receiving water surveys on Budd Inlet, 1985 (X = mean;
s.d. = standard deviation; n = sample size). ‘

bU.0.
pH (S.U.) Temperature (°C) Salinity (o/o0) Sigma-t D.0. (mg/L) (% Saturation)

Location Station X s.d. n X s.d. n X s.d. N X s.d. n T s.d. n X s.d. n
SURFACE
Beverly Control 7.7 0.1 3 14.4 0.2 3 28.7 0.3 3 21.3 0.2 3 9.7 0.2 3 112 3 3
Beach Mixing Zone 7.8 0.1 4 14,5 0.3 4 27.4 1.5 4 20.3 1.1 4 10.0 0.1 4 116 3 4
Tamoshan  Control 7.9 -- 1 19.2 -- 1 24,3 -- 1 16.9 -- 1 10.5 -- 1 129  -- 1

Mixing Zone 7.8 0.1 4 20.1 0.9 4 23.8 1.0 4 16.2 1.0 4 10.1 0.5 4 126 4 3

Nearshorel 8.0 0.2 4 -- - e - ce ee em e mm e e e e ee e
Seashore  Control 7.7 -- 1 18.9 -- 1 24.9  -- 1 7.4 -- 1 9.6 -- 1 118 - 1
Villa Mixing Zone 7.8 0.0 4 18.7 0.7 4 26.2 0.3 14 18.4 0.4 4 9.8 0.1 4 120 1 4

Nearshore 7.7 0.0 5 17.1 0.1 5 25.7 0.1 5 18.5 0.1 5 9.6 0.4 5 114 5 5
ALL DEPTHS
Tamoshan  Control 7.9 0.1 5 15.3 2.9 5 27.7 2.4 5 20.3 2.4 5 10.7 0.8 5 126 12 5

‘Mixing Zone 7.9 0.1 20 15.5 3.0 20 27.5 2.3 2C 20.1 2.4 20 10.6 0.7 20 124 10 20
Seashore Control 7.8 0.1 6 17.0 1.5 6 27.8 1.8 6 20.0 1.6 6 10.4 0.9 6 125 10 6
Villa Mixing Zone 7.9 0.1 23 17.0 1.1 23 28.4 1.2 23 20.5 1.1 23 12.2 1.7 23 148 20 23

IResults may show effects of propeller disturbance.



Table 3. (continued)

Fecal Coliitorms

NO3-N (mg/L) NH3-N (mg/L) 0-P04-P (mg/L)  T-POg4-P (mg/L)  TSS (mg/L) (org/100 mL)
Location Station X s.d. n X s.d. n XY s.d. n X sd. n X s.d. n X s.d. n
SURFACE
Beverly Control 0.17 -- 1 0.05 -- 1 0.10 -- 1 0,13 -- 1 48  -- 1 6 -- 2
Beach Mixing Zone 0.59 0.61 4 0.07 0.04 4 0.90 1.01 4 1.26 1.56 4 80 10 4 1141 -- 8
Tamoshan Control 0.04 -- 1 0.10 -- 1 0.07 -- 1 0.09 -- 1 36 - 1 8 -- 4
Mixing Zone 0.03 0.01 4 0,06 0.03 4 0.06 0.01 4 0.07 0.00 4 40 4 4 2 -- 8
Nearshorel 0.04 0.01 4 0.38 0.37 4 0.12 0.06 3 0.18 0.05 4 168 235 4 42 - 8
Seashore  Control 0.02 -- 1 0.06 -- 1 0.07 -- 1 0.09 -- 1 51  -- 1 <1l -- 2
Villa Mixing Zone 0.02 0.01 4 0.08 0.01 4 0.08 (.00 4 0.10 0.01 4 38 8 4 <1 -- 8
Nearshore 0.03 0.01 5 0.09 0.01 5 0.09 ¢.01 5 0.10 0.01 5 3 17 5 3 -- 10
ALL DEPTHS
Tamoshan  Control 0.06 0.03 3 0.06 0.04 3 0.06 0.00 3 0.08 0.01 3 46 10 3 ce e ee
Mixing Zone 0.06 0.03 12 0.05 0.03 12 0.05 0.01 12 0.07 0,01 12 48 8 12 ce ee o=
Seashore  Control 0.01 0.01 3 0.04 0.02 3 0.07 0.01 3 0.09 0.01 3 45 11 3 o e e=
Villa Mixing Zone 0,02 0.01 12 0.04 0.03 12 0.07 0.01 12 0.10 0.02 12 41 7 12 T

lResults may show effects of propeller disturbance.



Table 4. Summary of historical fecal coliform studies conducted in the vicinity of
the Tamoshan, Beverly Beach, and Seashore Villa developments, 1973 - 198l.

Fecal Colitorm Levels

Percent
of Sam-
Geometric  ples over
Sample Mean (org/ 43 org/
Location Date Investigator Size 100 mL) 100 mL
Tamoshan Nearshore  3/07/79 D. Cunningham, WDOE (WQIS) 6 24 33
10/28/80 Determan ?1981) 8 23 38
11/05/80 Determan (1981) 7 17 29
Tamoshan Offshore 3/07/79 D. Cunningham, WDOE (WQIS) 3 4 0
(near STP outfall) 11/05/80 Determan (1981) 5 1 0
Tamoshan/ 8/14/73
Beverly Beach to J. Lilja, DSHSI 27 10 19
Vicinity 3/15/79
Seashore Villa 8/14/73
Vicinity to J. Lilja, DSHS 25 65 60
1/22/81

lwashington State Department

of Social and Health Services



Appendix A. Compass bearings (variation from true north) and sextant angles
measured in Budd Inlet to precisely locate STP discharge points,

1985.
Discharge Point Landmarks "Shot" with Compass Compass Bearing (CB)
or Sampling Site or Sextant or Sextant Angle (SA)
Beverly Beach Northeast corner of STP 2907 30" (CB)

STP Discharge
Northwest corner of house located

jmmediately south of dock 248°30' (cB)
South extension of bulkhead located 221°30" (CB)
north of 2nd house south of dock
Tamoshan STP Vertical post north of stream to 62°49' (SA)
Discharge northwest corner of white house

located on beach mid-way between
Tamoshan and Beverly Beach

Vertical post north of stream to 32°H8' (SA)
second stairway north of stream
leading uphill to ridgetop house

Seashore Villa Northwest corner of beach shack 65°30" (CB)
STP Discharge located north of DNR facilities
Northwest corner of DNR pier 130°00" (CB)

Southwest corner of DNR pier 139°30° (cB)




Appendix B. Results of an intensive water quality survey conducted on Budd Inlet in the vicinity of the Beverly Beach development,
June 17, 1985 (STP data from 0. Clark, WDOE, personal communication).

Field Analyses

Laboratory Analyses

0.0. Secchi
Depth pH  Temp Sal. Sigma  nmg/L [epth  NO3-N  NOp-N  NH3-N  0-P0Og-P T-POg-P  TSS Turb  Fecal Coliforms

site (m) Time (S.U.) (°C) (of/oo) -t (% Sat.) {m) (mg/L) (mg/L) (mg/t) (mg/L) (mg/L) (mg/L) (NTU) {org/100 mi)
STP Effluent -- 7.3 19.61 - .- 1.21(13) -- 3.40 <0.01 0.20 7.1 9.0 24 11 32; 420
MIXING ZONE
1A 0 oe3s 7.7 14.5 29.0 21.5 9.8(114) -- -- -- .- -- -- -- -- .-

0¢85  -- - - -~ —{-=) -- 0.17 <0.01 0.05 0.10 0.13 48 9 72; 62

. i

18 0 0636 7.6 14.4 28.5 ?21.1 9.8(113) -- -- - -- -- - -- - .-
1C 0 0934 7.7 14.2 28.5 21.2  9.5(109) -- -- -- -- -- -- -- -- .-
2 0 0925 7.7 14,3 25,2 18.6  9.9(112) -- -- -- -- -- .- .- -- --

1000 -- -- .- .- (=) -- 1.5 0.0l 0.12 2.4 3.6 87 18 22,8002; 50,000
3 0 0928 7.7 14.2 28.3 21.0 10.0(115) .- .- -- -- -- -- -- -- --

1003  -- -- -- -- === -- 0.32 <0.01 0.05 0.52 0.63 66 10 500; 1,200
4 0 0930 7.8 14.9 28.0 20.6 10.2(118) .- -- -- -- - -- - - --

1006  -- - - -- --(==) .- 0.33 <0.01 0.06 0.44 0.51 81 22 320; 480
5 0 0932 7.8 14.7 28.3 20.9 10.1(117) -- -- -- -- -- -- -- -- -

1008 -~ -- -- .- o -- 0.22 <0.01 0.04 0,23 0.32 86 18 184; 124

IMean of 5-6 effluent grab samples collected over a 31-hour period (remaining STP parameters, except FC, were estimated from a
24-hour composite effluent sample).

2Estimated (FC count was less than the required minimum of 20 colonies per plate).



Appendix C. Results of an intensive water guality survey conducted on Budd Inlet in the vicinity of the Tamoshan development, June 18, 1985
(STP data from D. Clark, WDOE, personal communication).

Field Analyses Laboratory Analyses
D.0. Secchi

Depth pH Tenp Sal. Sigma  mg/L Depth NO3-N  NOp-N  NH3-N  0-PO4-P T-PO4-P  TSS Turb  Fecal Coliforms
Site ~ (m) Time (S.U.) (°C) (o/op) -t (% Sat.; (m) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (NTU)} (org/100 mk.)
STP Effluent -- 7.41 1821 .. . 5.31(56) - 8.6 0.3 8,7 9.7 11.5 9 7 660; 1,500
MIXING ZONE
1 0 1238 7.9 19.2  24.3 16.9 10.5(129) -- 0.04 <0.01 0.10  0.07 0.09 . 3 2 102; 72
1 .- 8.0 17.5  26.2 18.7 11.1(134)  -- -- .- - - - - - -
2 - 7.9 14,5  28.7 21.3 11.5(133)  -- . - - . -- - - -
5 - 7.9 131 29.4 22,1 11.2(127) -- 0.05 <0.01 D0.02 0,05 0.07 47 i -
11.5 -- 7.7 12.3  29.8 22.5  9.4(105)  -- 0.09 <0.01 0.05  0.06 0.08 56 2 -
2 0 1210 7.8 2.0 22.7 15.2  9.6(121) -- 0.02 <0.01 0.04 0.05 0.07 34 2 <13«
1 .- 8.0 17.6 26.4 18.8 11.3(137)  -- - -- .- - -- - - .-
2 - 7.9 14,5 28.6 21.2 11.4(132)  -- .- - - - - - - -
5 - 7.8 130 29,2 21.9 10.72121) - 0.04 <0.01 0.02 0.05 0.06 44 1 .-
9.5 -- 7.7 1.6  29.4 22.2  9.8(110)  -- 0.10 <0.01 0.06 0.06 0.08 60 i -
3 0 - 7.9 19,9  23.8 16.3 10.1(126)  -- 0.04 <0.01 0.10 0.07 0.08 40 1 a3 12
1 - 8.0 17.4 26.6 19.0 11.2(13)  -- - -- -- - - -- - .
2 - 7.9 14,2 28,7 21.3 11.4§131; -- . - -- - . - - .-
5 - 7.8 12.7 29,3 22.1 10.1(113 - 0.04 <0.01 0.02 0.04 0.05 54 R
9 - 7.8 1.6 29.5 22.2  9.8(110) - 0.09 <0.01 0.06 0.06 0.08 54 3 -
4 0 -- 7.8 20,6 23.5 15.9 10.0(125)  -- 0.03 <0.01 0.05 0.05 0.07 42 1 32 22
1 - 8.0 17.5 26.3 18.8 11.2(133) - - .- -- - - -- - -
2 - 7.9 14,4 28,7 21,3 11.3(13) @ -- - -- -- - - -- . -
5 - 7.8 12,8 29.3 22.1 10.4 117; -- 0.04 <0.01 0.02 0.04 0.05 54 | R—
9.5 -- 7.8 12,5 29.5 22.3  9.7(108 - 0.09 <0.01 0.09 0.06 0.09 52 3 -
5 0 1232 7.9 18,9 25,0 17.5 10.7(132) - 0.03 <0.01 0.05  0.06 0.07 43 1 32 22
1 - 8.0 17.4 26.5 19.0 11,2(135 .- -- -- -- - - - IO,
2 - 7.9 15,2  28.2 20.7 11.2(13l) -- -- - .- - - - . e
5 - 7.8 12.8  29.3 22.0 1o.7§123§ - 0.05 <0.01 0.02  0.04 0.06 52 7 e
10 -- 7.8 12.4 29.6 22.4  9.6(107 -- 0.10 <0.01 0.06  0.06 0.07 49 3 -
NEARSHORE STATIONS3
a4 0 1345 8.0 .- 25 -- -- - 0.04 <0.01 0.55  -- 0.19 66 8 53; 37
0 1350 8.1 - 25 - -- - 0.03 <0.01 0.08  0.09 0.15 42 4 84; 200
0 1355 8.2 - 26 - -- -- 0.04 <0.01 0.05  0.08 0.13 46 1 32;
pé 0 1400 7.8 - 25 -- .- .- 0.03 <0.01 0.82 0.18 0.24 520 8 112; 35

IMean of 6-8 effluent grab samples collected over a 30-hour period (remaining STP perameters, except FC, were estimated from a 24-hour
compos ite effluent sample). |

2Estimated (fecal coliform count was less than the required minimum of 20 colonies per plate).
3salinity and pH measured in laboratory.
4Results may show effects of propeller disturbance.



Appendix D. -Results of an intensive water quality survey conducted on Budd Inlet in the vicinity of the Seashore Villa development,
July 2, 1985 (STP data from D, Clark, WDOE, personal communication),

Field Analyses Laboratory Analyses
D.0O. Secchi
Depth pH Tenp Sal, Sigma mg/L Depth  NO3-N  NOp-N  MH3-N  0-PO4-P T-PO4-P  TSS Turb  Fecal Coliforms

Site (m) Time (S.U.) (°C) (o/oo) -t (% Sat.) {m) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (NTU) (org/100 mL)
STP Effluent -- 6,71 18,21 .. -- 0.91¢(10)  -- 8.2 <0.1 4.0 10.1 14,2 200 120 80; 100
MIXING ZONE
1 0 1040 1.7 18,9 24,9 17.4 9.62118) 3,33 0.02 <0.01 0.06 0.07 0.09 51 1 <1; 12

0.5 -- 7.8 17.8 2.7 19.0 10.3(125) .-  -- .- - -- -- - - .-

1.0 -- 7.8 17.7 27.7  19.8  9.6(117)  -- - -- - - - -- - -

1.5 -- 7.9 16,6 29.1 21.1 10.3(124) -~  <0.01 <0.01 0.03  0.06 0.08 33 1 --

2.0 -- 8.0 15,9  29.2 21,3 12.1(144) --  -- - -- -- - ot - —

3.0 -- 7.8 14.9  29.4 21,7 10.3(121] --  <0.01 <0.01 0.02  0.07 0.10 52 1 -
2 0 1207 7.8 19.0 25.8 18.0 9.75120} 2,13 0.03 <0.01 0.08 0.08 0.11 41 2 <1; 12

0.5 -- £.0 17.8 28.5 20.4 14.8(182) @ -- - -- -- -- - - - -

1.0 -- £.2 16.8 28.9 20.9 15,7(1%0' - 0.02 <0.01 0,01  0.06 0.08 51 1 -

1.5 -- €.1 162 29.2 21.3 13.8(166! .-  -. - . .- . - - .-

2.0 -- £.0 16.0 29.2 21.3 12,9(154) -- <0.01 <0.01 0.02 0.06 0.15 37 3 -
3 0 1185 7.8 19.5 26.0 18.1 9.75122 2.43 0.03 <0.01 0.09 0.08 0.10 44 1 <1; <1

0.5 -- 7.9 17.9  28.3 20.2 12.3(152 - .- - -- -- -- -- - -

1.0 -- 8.0 17.1  28.9 20.8 14.8(180) --  -- -- .- - .- -- - -

1.5 -- 8.0 16,0  29.3 21.4 13.3(159) --  <0.01 <0.01 0.02 0.06 0.08 42 1 -

2.0 -- 8.0 15.3  29.3 21.4 12,5(149) - - - -- - -- -- - --

2.4 -- 8.0 157  29.4 21.5 12.4(148) --  <0.01 <0.01 0.02  0.07 0.10 52 2 -
4 0 1115 7.8 17.9 26.6 18.9 9.95121; 2.83 0.02 <0.01 0.06 0.08 0.09 26 1 <1; 12

0.5 -- 7.9 17.3  28.0 20.0 10.3(126 - - - -- -- -- -- - --

1.0 -- 7.9 17.5  28.5 20.4 12.3(151) .-  -- -- -- -- - - . -

1.5 -- 80 16.3 29.0 21.1 13.7(164) -- <0.01 <0.01 0.02 0.06 0.10 40 1 --

2.0 -- 8.0 153 29.1 21.3 12.6(150) -~  -- - - -- - - N ..

2.6 -- 8.0 15.3  29.1 21.3 12.3(146) --  <0.01 <0.01 0.02  0.06 0.09 43 2 -
5 0 -- 7.8 18.4 26,2 18.5 9.7(119) 2.63 0.02 <0.01 0.08 0.08 0.10 42 1 <1; <1

0.5 -- 7.8 177 27.3 19.5 10.05122) - e e -- - .- -- - -

1.0 - 7.9 17.5  28.6 20.5 11.5(141) --  -- - - .- .- - . -

1.5 - 8.0 16,3 29.3 21.3 12.5(150) --  <0.01 <0.01 0.02 0.06 0.08 42 1 -

2.0 -- 7.9 15.8  29.4 21,5 11.9(142)  -- - - -- -- .- - - -

2.6 -- 7.9 15.8  29.3 21.4 11.9(142) -~  <0.01 <0.01 0.02 0.06 0.07 35 1 .-
NEARSHORE STATIONS
A 0 0930 7.6 17.2 25.8 18.5  9.,5(114) - 0.04 <0.01 0.08 0.10 0.12 25 1 112; 92
B 0 093 7.7 17.2 25.8 18.5  9.6(115)  ~- 0.02 <0.01 0.08 0.08 0.10 15 1 <1; <1
c 0 0945 7.7 17.1 25.8 18.5  9.1(109) - 0.04 <0.01 0.10 0.09 0.10 38 1 102; 32
D 0 0955 77 17.2 257 18.4 10.2(122) .-  0.03 <0.01 0.0 0.0 0.10 45 2 42; 22
E 9 1000 7.7 17.0 _25.6 18.4  9.4(112) --  <0.01 <0.01 0.08 0.0 0.10 59 3 32; 32

IMean of 6 effluent grab samples collected over a 25-hour period (remaining STP parameters, except FC, estimated from a 24-hour
composite effluent semple).

2Estimated (fecal coliform count was less than the required minimum of 20 colonies per plate).
30n bottom.



