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ABSTRACT

A three day survey was conducted during the summer low flow at the
Davenport STP. Water quality and biological sampling was done to test
the efficiency of the sewage treatment plant (STP) and its effects upon
Cottorwood Creek, its receiving waters. It was found that the high
concentration of mutrients and chlorine had a degrading effect wpan
Cottonwood Creek. It was recammended that the STP should be upgraded

to remove the residual chlorine entering the stream.
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diversity indexes.
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INTRODUCTION

The survey of the Davenport Sewage Treatment Plant (STP) and its impact,
both chemically and biologically, upon Cottomwood Creek was done at the
request of the Eastern Regicnal Office, Department of Ecology (DOE), Spokane,
Washington.

The STP is approximately 26 years old and is presently at its maximm
design capacity for this Lincoln County seat's population of 1,450 (Figure 1,
page 2). The STP is a secondary plant with two clarifiers, a trickling
filter, a digester and two polishing ponds. Chlorine is applied in gaseous
form in the pipe which connects the two polishing ponds (Figure 2, page 3).

Its receiving water, Cottormood Creek, starts its perennial flow within
the east side of Davenport and flows through town to the northwest corner,
about 3/16 of a mile, where it receives the effluent from the STP. The creek
flows another six miles where it becames Hawk Creek and flows another 14
miles before it meets Frankl:.n D. Roosevelt Lake of the Columbia River.
Although there are no official water rights permits, the creek system

supplies water for livestock.
MATERTALS AND METHODS
SIP Survey
Manning S~4000 autamatic sequential samplers were installed at the

headworks and at the outfall (Station B, Figure 2, page 3). A 500 ml
sample was taken autamatically every two hours. At the end of 24 hours the
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samples were composited and shipped by bus to the DOE lab at Olympia for
analysis. A Manning Dipper Flowmeter was installed at the 6 inch Parshall
flune of the headworks because the STP does not have an adequate flowmeter.
A check of the dipper's accuracy was made using a Marsh—McBimey flowmeter.
The two methods were within 2% of each other.

Stream Survey

Cottonwoood Creek was sampled at four poirni:s (A, C, D, E, see Figure 1,
page 2) starting just above the STP outfall to a point about two miles down-
stream. At each station, samples were taken for laboratory analysm of
mutrients and total and fecal colifoms. Field parameters taken at each
point were pH, conductivity, temperature, dissolved oxygen (Winkler-azide
method), and residual chlorine using the DED method. At each of these four
sampling points, scrapings were taken from rocks to determine diversity of
attached diatoms. These samples were preserved in fonnélin and then shipped

to Olympia where they were prepared for analysis.
RESULTS

STP Efficiency Survey

The TSS (Total Suspended Solids) in the STP effluent averaged a reduoticn
of 94% and the BOD (Biochemical Oxygen Demand) averaged a reduction of 91%.
The required reduction is 85% or better. However, ammcnia (NHS-N) concentra—
tions in the effluent averaged 16.3 mg/l. The expected ammonia concentration
from a trickling filter should be much lower - averaging around 4 to 5 mg/l.
The ammonia will tend to cambine with the chlorine forming chloramines which



results in a less efficient disinfection. The rest of the parameters loock
fairly normal for this type of STP. Table 1, page 15, lists the three day
average of these parameters. The 24 hour flow starting at 1040 was 162,877
gallons for August 23~24 and 131,445 gallons for August 24-25, 1977..
Nommally the STP flows would have been more unifomm, averaging slightly less
than the August 24-25 flow. However, thunderstorms affected both STP and
stream flow. Precipitation for August 23 was .47 inches, August 24 was .12
inches and August 25 was .19 inches (U.S. Soil Conservation Service, Daven—

port).

Cottonwood Creek. Survey

The STP discharge during the morning maximum flow ranged fram 30% on
the 24th to 55% on the 25th of the total stream flow. The 55% fiqure is
prcbably more typical of the nommal dry sumer condition. This 1:1
dilution is much .less than the DOE accepted dilution of 20:1. Figures 3, 4,
5 and 6 (pages 7, 8, 10, and 11), show the influence of the STP discharge
E;hesrd.cally and biolpgiéally. Stations A, C, Dand E (Figure 1, page 2) are

the stream stations. The effluent enters between stations A and C.

The top four graphs on Figure 3, page 7, show the effects of high con-
centrations of ammonia entering the stream fram the SIP. As the ammonia
enters the stream it is oxidized by biochemical action according to the
simplified equation.

NH3 Biochemical Actian NO,, Biochemical Action NO,

(ammonia) 0, (oxygen) (nitrite) 0, (nitrate)




This reaction explains the delayed rise in nitrite and nitrate levels.
The nitrite and nitrate levels start dropping off after station D due

to biological assimilation and possibly dilution.

Total Kjeldahl is the organic nitrogen plus ammonia. Most of the
Total Kjeldahl is probably ammenia which explains why it is nearlv

identical +o the ammonia curve.

Ortho-phosphorous (O-PO4, Figure 3, page 7) and total phosphorous
(Total Phos-P, Figure 4, page 8) are initially high fram the STP and

show biological assimilation and possible dilution downstream.

Conductivity (Figure 4, page 8) rises steeply due to the STP and
gradually tails off, perhaps due to dilution from groundwater entering

downstream.

Dissolved oxygen (D.O., Figure 4, page 8) values averaged 4.29 mg/1
or 45% saturation above the cutfall. This low value may be due to either
oxygen consuming wastes entering the stream or an initially low D.O.
content of the ground water entering the stream in that area. The STP
discharge depressed the D.O. to 3.66 mg or 39% saturation at station C.
However, at station D the D.0. increased to 6.03 mg/l or 62% saturation
and to 10.30 mg/l or 106% saturation at station E. The increase is due
to the oxygen demanding material being ‘satisfied' and aeration and algal
production regenerating the D.O.
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Residual chlorine to trace amounts was found as far as two miles
downstream at station E (Figure 4, page 8). The effluent concentration
of 1.8 mg/1 was quickly reduced to .2 at station C, .1 at station D and

trace at station E.

Total and fecal coliform counts (Figure 5, page 10) were also highly
influenced by the STP. Like the rest of the parameters except D.O., the
comts declined rapidly in a downstream direction.

However, the majority of the coliform counts appeared to be coming
fran a small discharge (labeled bypass [flowing], Figure 2, page 3) at the
base of the polishing pand dike. The STP fecal coliform count was 66
while the small discharge fecal coliform count was 320,000. An application
of dye showed that this small discharge, which appears to be partially
treated sewage, originates with either. the headworks bypass, or more
likely, a leak at the standpipe in the old chlorination chamber.

Attached diatams taken fram rock scrapings (Figure 6, page 11) showed
a significant reduction in the diversity index. The camputed Margalef
Natural Log declined fram 2.656 at station A to .660 at station C.

At station C the two most abundant species Nitzschia palea and Gamphonema

augustatum indicate stressed waters when they became the predominate
species. The diversity. improved downstream with 2.466 at station D and

3.283 at station E. The diatom count sheets are presented in the appendix.

The pH showed a slight dip due to the effluent and then a recovery
downstream.
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CONCLUSIONS

The Davenport STP exerted a significant degrading influence upon
Cottonwood Creek. This has been clearly documented by the proceeding
graphs. Every chemical parameter tested showed the STP's effects. The
presence of chloiine downstream was most important because concentrations
as little as .01 mg/1 can be lethal to the resident Rainbow trout (Becker) .
The ammonia concentration of 2.7 mg/1 is mach higher than the toxic level
of .3 mg/1 (Becker). Ammonia and chlorine cambine with each other o

produce toxic chloramines.

The degrading effects of the STP were apparent biologically with the
diatom diversity index as the indicator. The high nutrients, low D.O, high
chlorine residual and high coliform counts probably all put a stress upon

the diatom cammmity.

Another problem is the high total and fecal coliform counts immediately
below the outfall. This sudden: increase mist be caning fram a small flow
marked Bypass (flowing) on Figure 2, page 3). 'This fecal coliformm source
would virtually eliminate this water source for damestic water supply.

RECOMMENDATTONS

Improvements must be done with the Davenport STP in order to eliminate

the toxic levels of ammonia and chlorine.
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The flow in the small ditch with its very high coliform counts which

was labeled Bypass (flowing) in Figure 2 must be eliminated.

The cyclone fencing presently encampasses all of the STP except for
the polishing ponds and the sludge drying beds. The fencing should be
expanded to enclose the whole facility. This would remove a health and
safety hazard to the children who occasionally play in the area.

-13-
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Table 1

DAVENPORT SEWAGE TREATMENT PLANT
AVERAGE CONCENTRATION FOR THREE DAYS
August 23, 24, 25, 1977

Influent Effluent (Station B) % Reduction
pH* 7.4
Temperature, °C 20.1
Dissolved Oxygen, mg/l 6.25
Conductivity, umhos 727
Chlorine Residual, mg/l 1.8
NO,-N, mg/1 .7
NOZ—N, mg/1 <.05
NHB—N, mg/1 16.4
T. Kjeldahl-N, mg/1 16.3
O-PO,-P, mg/1 8.4
Total Phos.-P, mg/l 9.2
COD, mg/1 380 98 74
BOD, mg/1 138 13 91
Total Solids, mg/1 555 426
Total Non-Volatile 295 309
Solids, mg/1
Totzal Suspended 199 12 94
Solids, mg/1
Total Suspended 34 3 91
Non-Volatile Solids, mg/l
Total Coliforms, * 10,976
colonies/100 ml
zcal Coliforms,* 66

ocolonies/100 ml

* Geanetric Mean



Table 2

COTTONWOOD CREEK
AVERAGE CONCENTRATIONS FOR THREE DAYS
August 23, 24 and 25, 1977

* Geametric mean

A c

Total Colif. *Col./100 ml 2132 234,459

Fecal Colif. *Col./100 ml 400 16,406

pH* 7.4 7.2
Temperature °C 14.7 16.1
Conductivity umhos 303 442

Dissolved axygen mg/l 4.29 3.66
Chlorine residual mg/l 0.0 .2
NO,-N mg/1 1.5 1.4
NO,-N mg/1 .04 .15
NH,-N mg/1 .02 4.4
T-Kjeldahl mg/1 .35 5.1
0-PO,~P mg/1 .10 2.3
Total Phos-P mg/l .15 2.9

~16-

81,271
6,376
7.5
17.1
413
5.53
1
1.7

2.7
4.1
1.9
2.5

1651
800
7.9
17.3
382
9.45
Trace
.08
.04
.03
.95

1.1



Table 3
DIATOM PROPORTICNAL COUNT

Sample No. 14 _ . Notebock No.. . , . DPage No. _ .
Major or Sub-Major Basin . Minor Basin
Water and Iocation (:'gﬁqamaaa Creek nﬁ, Mﬁy_&d.‘r
Comumity Diatom . Substrate _Cobhle scrape composite
Date Aug 24 .77 . Collector/Agency mgg Meoart / beé - Project
(NIKON SKE) RELATTVE
|  2BUNDANCE
_Mgm mf’;ﬂ/q. 123 .78
ﬂluuasglamg carvate | s “19. 0%
H’ chia Wissipata Y47 | /.38
Schin e-puP‘v-m‘ac-a. | zs _ 6.08
N. schia pa.!ca. 24 | $.&1
Naviesla Feipenciate zZ | £33
Actinmtics [anecolata | 2o 4.€4
Achnanthes miwstissima |19 1 ge0
Nob gebiia. Jonticola | 4 3.7
Achomnthes [lnearis ' 13 .15
Naviewla. ytridula 1-) Z.42.
GConphonema, wqu.s\‘ud'«-m - 2.42

Cuelotella huu'k‘u.uuuu. -9

Naviewla secreta 1.63

Cqm.bc.uq, TR .73

8
2 _
Cocconeds placentula | s N Y
| <
3

Frc-.m(mhx _pinnata BRET)

ﬂd-; L«. lm«w-s

Nf. : l‘-K‘ﬁJ‘lé
N:g sehhion hu%ih%'.%

Neaviewla. eruptoc a

Naviewla cwd g: dal

AMM ovalid

Qompkene.w\ +oncatum

C.luc.h-h-lk alomerecta

nedra lna

'Dna.'i-bma. vu-(qm

Mv.n ‘dion civewlare

ANNMNRNENNNRN

Fro-a_g. \aupia. conmdpuens



TVLWM“SI-E.)J
| ABUNDANCE

Sunedra, Tumpens T |

Saciela gvata T

sgnulm a1 4 T

frasloria capucina T
Total Toxa 33 . .Taxa _Countg_i [Ny A Cells Counted (N} - %fj’
Diversity: Margalef Natural Tog (@) __ & . &5 % ; Other. S o

Notes and Sketches: p 7w/

302395



Table 4
DIATOM PROPORTIONAL COUNT

Sample No. (% . Notebock No.: _. Page No. .
Major or Sub~Major Basin . Minor Basin .
Water and Location COTTONWSOD CREEL NEAR DAVEWPORT
Cammmity ~  DiATOM . Substrate .
Date ﬂu.q z‘lll'n . Collector/Agency mha-u»n-l‘ DOE - Project e

(NIKCN SKE) RETATIVE

ABUNDANCE

Nirzsesia palea | 108 39.25~
_Qﬁgk_g_g_.mq, m&s‘('a:l'um _lz=ze 2790
Q-qc.(b‘('tlhg. me.u.c.qlu»m-uo. z3 , 5.37
ﬁcw“'kta lm&ng 1% | 3.27
_Ml_!}.ﬁéﬁlﬂ 010530,04-‘,& 3 . - 70
Com phontimm, +r wreachuom

5‘1 W‘-de Y lu.q.,

Su.v wralle ovate |

su-fof-u& | watetn,

_Coceconeis o\u-e-u.*v-l\

C‘-t""‘-*colm Solea,

C«n&d(a. wminuta,

_Milesira yerians

N#Vu.u.-lq_ virtdala L

— N’J’ ' '-"d'- "l'l"t pmc\-q.‘l\

Q“M ove o;

_Cymbela, {uniida,

Phsico spheniea wv..:(—

Naviewla e.r-Lp‘ioc.c.pko.h.

Foaa) lavia  constewansg

Mermdiaw circewlore

Nitarachia c.pupk:.,i.,“ -

N"‘}“—‘U* [ineeis

Achineanling minutissima

Nt sdiia sp.

AHHEREEYNNNNNRMNR NN

c—t\;lb‘ft“q‘ sjp
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TAXON CCORDINATES NUMBER ' PERCENT
(NIKON SKE) | | RELATIVE
' ' ABUNDANCE
Total Taxa &7 . Taxa Comted (m) = S . Cells Counted (N) {[;LF
Diversity: Margalef Natural Iog . (3} v é(o_O - ; Other
Notes aﬁi‘m— 5-_ / | -
B
AR Y12

/%,é;rdm /oaﬁ'a. oot Eangbntﬂ& an uslﬂ-fam art Gofh
md/taf, 7 Some Sori )7 c.uu;fanmm‘{u-l strets



:I'able‘_‘,S
DIATOM PROPORTIONAL COUNT

Sample No._ D - Notebook No. . Page No.
Major or Sub-Major Basin | . Minor Basin
Water and Iocation CoTTonwood cetex weap DAvewport
Cammity ~ Dintem . Substrate Cobblt scragt compos;ie
Date ﬂuf}wfl' 1‘1#11 Collector/aAgency (Alen Moot [nue . Project
~ TAXON COORDINATES |  NRMBER | eErcmr
* (NIKON SKE) RELATIVE
| ABUNDANCE
Gomphontma on g ustatum 129 2945
Nitxscma palea St 18.93
A;L\»M‘H\cs [ineanis T4 | _116.%9
Cuclotelln, mweneohiniana ™ | & _ | 1. 64
Naviesda, <. 4o | 913
fratuonthas lanceolota 1% | 3.5
NiTzschia amphibia ) .43
Mowuda. a‘qp'l'ou.pk&h. | 6 1.37
Nirzachia §u!=lm¢aﬂs [ 1.37
Cumbella minwde, o |1 & ' ' .14
Naviewla. viridwla & | I 14
" Nitasclia epiphytice | S 1.4
Rhoicosphewia carvata 3
Nitachia d.‘s-s‘,fufu 2 6%
Fr:gg laria congfruens 3 69
Achnanthas minuwtissima 3 68

Coccona'rs p(uzsd ula,

Sumvrella. ovata

Sunedra.  wlna

Kiviewla radisss

Navieslo tripunctate

Amphora, evelis

Sunedrs. aews

Raviewla. eus pi Jecl-q

Dintoma, v k—(qwt

Gomphontma Mﬂd’

NMMLJA 5%

" Sucirella anawsteta

el la el luluinlulnlniniyl

CAJQQH& g\o-wua*\

-18~.




LAXUN UUORLUNALRD INUDISE P S

: ABCNDANCE
Merdion circulare T
’(Tl schin ku.“"qn\qs AR, T
N Tz,sdu o GOVV"I :.ola. T
Total Taxa 32. . Taxa Counted (m) /6’-- . . Cells Coum:ed (). 238
Diversity: Margalef Natural Iog (d) . Y66 ; Other.

Notes and Sketchés-: 16~/
§.0823 2
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Table 6
DIATOM PROPORTIONAL COUNT

Sample No.___ & . Notebook No. . Page No.
Major or Sub-Major Basin . Minor Basin

Water and Location Corrovweon catiit Nt.A[; Dﬂ VENPORT

Commumity - TIATOM . Substrate cobhle srape componite
DateAKg ;_.‘f!" . Collector/Agencﬂ'l“-M»ﬁ I'DOE. . Project

TAXON COORDINATES - NUMBER PERCENT

(NIKON SKE) RELATIVE .
~ Naviewla ‘Lﬁtpwu"n-“" 106 | 12398
'Nﬂ'ﬁ"‘-“b *MP‘MBM. 159 | » (2:2C
Cue mcwu\lnmo.m 46 , ' 10.41
__Nirzsdos ,oq,jf_g_ Y | 9.28
__ Coceoness ph.u-vuh-ls Yo | 9.8
_Naviewla crgg'@u.a.?ka.l& 126 | s88
-N-r;,gcmﬁ fowhicoln. ' 26 | 588
Nireschio chissapate, | 7 | 385
Rhseosphenia curvato, 112 | 27
 Gemphonema, anaustudum I | 249
“Acnaschhes lawcesfato 9 2.0
 NAviewlo. . virinula 9 2.64
Naviewla Y- . 8 I
Nitzschia.  Subliveans Z 158
Acwnmawthes linearis [ 13
~Mrzsdde epnpkqhm. b | 136
Melosira. yorions” 5 3
Sqnulm wina, y .90
frony [oria consjfms 3 ¥
Sweieddla, ovata 3 - N
Nitzackia $p 3 b8
Navicwla, ¢ecretal 1 '
Naviewla. eus pidata T _
Amphora. ovalis y
___Gamphonewa. frum catwm 17
 HANTzSCchia _amphioxys _ T
chuantlhes Mminutssima 7
_ Jynedra_rampens T
Gamphenema sutri cotum T

10—



TAXON | cocmnmaTES NUMBER PERCENT
(NTZON SKE) RELAT VE
UNDANCE

Cucfofefl_almersda
ﬂ/;’f’-schr’% ! Qf&(;l;ﬁ'
| Zp:l‘l\.& im'al *quo’q
| M’h schin_aciendoyis

bolh, minuta
ﬁ; feschia frastulum
| Suntdva minuscufa
Ermsfulia 5P

AP

Total Taxa &7 . Tava Counted fm) 2/  Cells L.ounted (20 _9' ‘%TL .
Diversityr Margalef Natuwal Leg (@) <. 282 ; Other . N .

Notes and Skstches:

7 .09



