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and by John R. Bouzoun. Environmental Engineer, Civil Engineering Research
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and Engineering Laboratory.
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water Land Treatment. This study was performed by the Vermont Water
Resources Research Center, under contract to the U.S. Army Corps of Engineers,
C R R E L . Purc hase Order No. DACA 89-77-1360.

Technical reviewers of the manuscript were C.J . Martel and C.J . Merry of
C R R E L .

The authors express their appreciation to the Prudential Committee of the
North Branch Fire District No. 1, West Dover, Vermont , for their cooperation in
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plant staff for their cooperation and invaluable assistance throughout the study.
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and transported them to CRREL. Paul Folkman, also of the University of Vermont ,
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Helen Hare of CRREL performed the analyses and coordinated the sample
delivery schedule.

The contents of this report are not to be used for advertising or promotional
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approval of the use of such commercial products.
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SPRAY APPL ICATION OF WASTEWAT ER
EFFLUENT IN WEST DOVER, VERMONT:
AN INiTIAL ASSESSMENT

E.A. Cassell, D.W. Meals and J.R. Bouzoun

INTRODUCTION more extensive, investigation, particu larly in
winter months.

In recent years, land application has become
increasingly recognized as an effective method
of providing advanced treatment to municipal SITE DESCRIPTION
wastewater. Highly efficient renovation rates
(nutrient removal) have been reported in a van e- Location
ty of land treatment systems. T he North Branch The general locations of the West Dover, Ver-
Fire District (NBFD) No. 1 land treatment system mont, North Branch Fire District No. 1, the
in West Dover, Vermont , is, in some respects , wastewater treatment facility and the spray site
typical of land treatment practice; however, it is are shown in Figure 1. The treatment facility and
one of only a few faci lities known to employ the spray site are located Just southeast of West
land treatment of eff luent during the winter in a Dover , Vermont , about 14 miles north of the
cold region. Previously no data existed concern- Massac husetts-Vermont state line.
ing the performance of this system.

This stur! y consisted of a six-week monitoring Climate
program designed to determine the amounts of Because of West Dover’s approximate ly
nitrogen, phosphorus, and other constituents ap- 1700-ft elevation and its location just east of the
plied to the eastern slope of the effluent spray peaks of the Green Mountains, the area ex-
fie ld, and the amounts of these constitutents in periences a climate similar to that of extremely
drainage from the spray field. Site performance northern Vermont. Cooling air masses that rise

- • was assessed in terms of mass balance of various across the Green Mountains cause high
• nutrient forms across the eastern slope. In addi- precipitation, averaging about 55 in /yr. Snowfall

tion , data on site groundwater and adjacent averages over 100 in. annua lly; 170 in. of snow
streams were collected and examined to provide fell in 1972.
an initial estimate of the impact of effluent ap- Mean annual temperatures for the West • -

plication. Dover areas are 40-45°F. Frost-free periods
• T he results of this study serve as an initial ap- average 60-90 days annually with the first fall

proximation of the performance of the NBFD freeze genera lly occurring in late September . On
No. 1 land treatment system. The results the average, the area has about 120 days of snow
reported may serve as a foundation for furt her, cover per year .
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Figure 1. General location map.

Table I. Design loadings summary.* Plant loading
North Branch Fire District No. 1 serves an area

Initia l Des ign that is dominated by two major ski areas and
Design loadings (1974 1 (1992) their associated lodging, eating, and service es-

ta blishments . [here are numerous recreationa lPopulation egu~valent
Winter maximum day 7.250 10.250 and permanent residences as well . The

Flows (MCD) estimated wastewater flow for the Fire District ,
Winter season (121 days) population equivalents , and BOD~ loadings that

Average daily flow 0 35 0 55 ser ved as a basis for the origina l design of t he
Max~mum dads’ flow 0.58 0.82 plant (Cassell 1977) are:Peak flow , maximum hour 20 4 2 154

Spring season (61 days)
Average daily flow 007 011 Wastewater
Maximum daily flow 0.21 048 flow Population 800S
Peak flow , maximum hour 0 38 085 Year (gal /day) equivalent (lb/day)

Summer.Iaff season (183 days)
Average daily flow 017 030

1972 578,000 7,250 1,230Maximum daily f low 0 32 0.78
Peak flow , maximum hour 059 1,38 1992 ± 820,000 10,250 ‘ 1,745

Suspended solids
Primary influent (mg/ I) 300 300

lb/day, average day The wastewater is essentially municipal and 
-

Winter season 880 1,380 its flow varies seasonal ly. Its greatest flows oc-Spring season • 175 425
Summer-f all season 275 750 cur during the winter season. Table I presents a 

‘

tb/day, winter maximum day 1,460 2,050 summary of design loadings and indicates the
Biochemical oxygen demand antic ipated magnitudes of these seasonal varia-

Primary influent (mg/I) 255 255 tions
BOO3 loading, lb/day, average day

Winter season 740 1,170
Spring season 150 360 Plant process

,1i- .- ’ Summer-fall season 235 635 The North Branch Fire District No . 1 waste-
6OO~ loading, lb/day water treatment facil i ty provides secondary

Winter maximum day 1.205 1,745
___________________________________________ treatment and disposes of chlorinated effluent -

- 
1Source Cassell (1977) 
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by spraying onto forested land T he process flow eac h hour ‘unti l thi’The’sirt’d volume has been
diagram for the treatment facility is shown in sprayed. Ue’(.ause of noitle fres’t ing problems.
Figure 2. The plant and spray field layout are winter spraying is (lone’ manually w ith no alter-
presented in Figure 3. The treatment facility can nation between line’s , I 3ic h time spraying ter-
be described as an extended aeration (by oxida- minate’s in a given line an ,iutomatk. drain valve
t ion ditch) activated sludge process with ef- opens, and the manifold is drained ha k into the
fluent chlorination. Since the treatment process polishing Pond.
has been described in detail in earlier reports The 12 polyvinyl chloride (PVC) header lines
(Cassell 1977), this report wi ll concentrate on the run underground from the control building up
land treatment components of t he operation. the center access trail of the spray site. A north-

T he chlorinated secondary effluent is stored south spray lateral runs off each of these
in a 2 2-million-gallon clay-lined polishing pond headers. The lines are parallel to each other , are

until it can be sprayed. A 16-million-gallon 75 ft apart , follow the contours of the spray site ,
holding pond stores the overflow from the and are suspended 5 to 15 ft above the ground.
polishing pond during periods when spraying is Vegetation is cleared 5 to 10 ft from either side
limited or not advisable, of the line. Nozz les that spray downward are

located at low points in each line, and drain
Spray system eac h line after spraying to prevent freezing in

The spray system includes three spray pumps, winter . T hese downward nozzles are closed in
var ious controls, and a network of spray lines summer . Nozz les that spray upward are installed
and nozzles distributed across the spray field. A at 25 to 50-ft intervals on the tops of the lines.
12-in, cast iron suction line connects the
polishing pond with the spray pumps, w hich are Natural features
located in the basement of the control building. The spray of the lines covers approximately 34
A chlorine solution line is tapped into this suc- acres (13.75 hectares) of land. A 200-ft buffer
t ion line just upstream of the pumps to permit zone separates the sprayed area from the fenced
the spray effluent to be chlorinated directly, perimeter of the spray site, bringing the total

Each spray pump consists of a V1ç in. opening area of the spray site to 50± acres (20.2 hec-
strainer , a 350-gal /m m centrifugal pump, an air- tares). T he spray site , w hich rises about 100 ft
activate d Camflex spray valve , a bypass line, above the plant site, is located on a knoll west of
and a transmitting flow meter for flow monitor- . the control building. The eastern side of this
ing. The pumps discharge into a manifold knoll drains toward the plant and Ellis Brook at
system , w hich in turn feeds the 12 spray lines on slopes between 8 and 15%. T he western side
the spray site. drains towards the Deerfield River at slopes in
The spray pumps and the 12 camf lex spray excess of 25% (see Fig. 3).

va lves are manually or automatically controlled This study was limited to the 20.5-acre eastern
from me operation panel in the control building. slope of the spray field. This eastern slope drains
A cam/timer system is used ii program the into the interceptor ditch (see Fig. 3). The pre-
desired timing and selection of spray laterals. dominant soil type on the eastern slope is Peru, a
Under normal operation, the spray system is moderately well-drained soil having a compact
divided into three sections , eac h consisting of glacial till layer (frag ipan) that ranges from 15 to
one spray pump and four headers. At any given 30 in. below the surface. Depth to bedrock is 4 to
time , each pump is pumping to one header in its 10 ft or more (USDA Soil Conservation Service ‘

~

• section. The desired flow to each lateral is deter- 1973).
mined by the number of nozzles on the lateral , The precise nature of the fragipan underlying
the desired application rate , and the spray Peru soils is unknown. However , general charac-

• sc hedule. The pump flow meter indicates flow teristics of f rag ipan suggest high bulk density
rate , w hich in turn can be selected by adj ust- (1.80 ± ), a firm and brittle texture, and low 

,
.
,~ ~

• ment of the Carnfk’x valve. T he cam/timer is permeability (less than 0.2 to 0.6 in /hr . (USDA
t hen set to alternate between each line in the Soil Conservation Service 1973). The distribution
section. In the summer season . automatic opera- and thickness of the fragipan layer on the spray
tion typica lly invo lve’ s two spray ~sumps and field itself are also unknown; however , some

lines 5 through 12 Ea c h spray pump sprays one generalizations can be made. True fragipans are
of its tour line’s (or approximate ly 15 minutes not common on slopes greater than 25%. Thus , ~.j

3

~~rA 
__________________ _____________________________ -. ,-~~~— 

~~~~~~~~~~~~~~~ ~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— —.—— - - ________



P 
_ _

~ a I
‘~~~~ ~~~~~

‘\••_ ~~~~I’~~>
3- ‘•

\_ 
-••••---————-— ~~ I VI

I! 
_ _ _  

•

I

j

øi

________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~ - .. — _:~~~~~~~~~ _ .  

-



.~~~~~~~ ‘:r __________ .. 
~~~ _____ ~~~~~~~

~~~~ i. .~._, , _._.._ •3___ , .-.,—,- . - - . . . .-—.— . —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

II ‘ ,t :T c\ ~~ I : if ‘QitchesII ~~ Os I - ‘,// , v—.
U -\‘~~~ ~O’—’!’ r “ j ’c —~_. 0 - I -

\\ ~~~~~~~ ~~~ 
•J .  • ~~~~~~~~~~~~~~~~~~~~ 

)

~ 
cj ~ ~~>? : r ~”~ ~~ 

:~-~~~~~~~c .f ,

\\ II 51( ‘
I

( ~:

‘

~~ ~~~~ 
e 

d

& Il ~~ 
: l~ ~~~~~ o Ciorifiers

~ ‘~ . I ’  b ContrOl Bldg.
~ ~~~ !‘\ :  : 

~~~~ • ~ i ’  c Chlorlne COfl
) . J : ( tact Chamber

dLined POlIsh
\,\ \:‘\% 6

•\ \. /  ‘~~~
‘ : m a  Pond

\\V~ ~~~~~~~ 
; O

~~
. 

~J ,~~ I .EtIW.ntHOId
\\\ .— ~~~

“ - ing Pond
~ f Concrete Ileodwolls

J~~~.11
Evaporation

~~~~~~~_

Figure 3. Plant and spra y field layout— NBFQ no. 1.

it may be that the eastern slope of the spray field extensively fractured and thus of high ground-
has a relatively well defined fragipan layer while water formation potential. On-site observations

• the western slope draining toward the Deerf meld support indications of significant groundwater
River may lack this impermeable layer. activity. Subsurface water was frequently en-

Permeability is moderate above the frag ipan countered during construction of the facility.
and low within it. Depth to the seasonal high Several natural springs have been observed on
water ta ble is 1.5 to 2 ft and a saturated condi- the eastern slope of the spray field, an d plant
tion is common above the fragipan during wet personnel observed water flowing in the spray
seasons , field interceptor trench even before spraying

* ? Available information also indicates that the was begun. High groundwater conditions exist in
treatment facility is located in an area of signif i- the spray field during the period of snow melt ,
cant groundwater activity. The spray field is but it is suggested that this condition is of short
underlain by bedrock formations that tend to be duration (3 to 4 weeks) (USDA Soil Conservation

Service 1973).
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Six 4-in. PVC observation wells are located in flow Flow in the ditch was measured con-

or adjacent to the spray field. The locations of tinuously during each 48-hour sampling period .
these wells are shown in Figure 3. Each observation well that contained water

A bout 90% of the spray field is forested. Ap- was sampled every two weeks. Both Ellis Brook
proximate ly 40% of the spray area , primari ly the (flowing south along the eastern boundary of the
eastern s lope, is forested with maples , beeches fac i l i ty )  and the North Branch of the Deerfield
and birches. Conifers , w hite pines , spruces and River (flowing south along the western marg in of
firs domInate the rest of the forested area the spray field) were sampled once every two

wee ks at points upstream and downstream of
Spray field inter ceptor ditch the facility property. Figure 3 shows the loca-

T he interceptor ditch , w hc h  is cut down to tions of these sampling noints.
t he underlying fragipan, runs sout herly along the In early July 1977, equipment for automatic
eastern perimeter of the spray field and measurement and sampling in the interceptor
discharges into the evaporation pond (see Fig. 3). ditch was installed and initially calibrated. A dia-
Its nort hern end is approximately 1 ft deep and gram of this installation is presented in Fi gure 4
its sout hern end is approximately 15 ft deep. This A 90° V-notch weir was attached to the southern
ditch prevents spray field runoff from directl y headwall as the primary flow measuring device
enter ’: ig t he holding pond, w hich under certain The weir was fabricated from ‘/3-in. a luminum
weat her conditions could cause repeated pump- plate’ with a head capacity of 6 in. An )SCO
ing and spraying of the same water . Model 1530 float-type totaliz ing flow meter was

Bot h groundwater and surface runoff are col- mounted on the top of the headwall. The 4-in
lected in the interceptor ditch. Two concrete steel f loat dropped into a 6-in -diam PVC stilling
headwalls are installed in the ditch and can be well that was bolted to the headwall. A standard
used to divert flow to the holding pond steel staf f  gage was mounted next to the s~eir on

t he upstream side and ali gned with the apex of
Evaporati on pond the V-notch. The flow meter was initially

T he evaporation pond is located in the calibrated against the we ir using standard
sout heastern corner of the site. It is approxi- hydraulic curves and this calibration was
mate ly 300 ft square, an average of 3.5 to 5 ft rechecked weekly.
deep, and yields a capacity of about 3.4 million During flow monitoring, output from the flow
ga llons. Flow from the interceptor ditch is col- meter was recorded hourly on an ISCO Model
lected in the evaporation pond and a large 1710 digital printer . T his printer recorded date ,
amount perco lates into the ground . Over most time , incrementa l flow and total flow at each
of t he year , evaporation is minima l, print.

Water samp ling was accomplished with an
ISCO Model 1680 automatic sequential sampler

METHODS During each 48-hour samp ling period, a samp~
was drawn every 45 minutes from the intercep-

The quantity and quality of wastewater ef- tor ditch , just upstream of the’ weir I ach s.~miiI-
fluent applied to the spray field and flow in the ing initiate d a print cycle in the digi ta l printer
interceptor ditch were monitored over the six- Samples were maintained in an ice bath in the in-
wee k period of 11 Jul y through 19 August 1977. su lated sampler base during the sampling cycle
In addition, t he water quality in the observation At the end of each 48-hour sampling cycle , a
we lls and in the two adjacent streams was sing le flow-proportionate composite sample was
monitored, made up using flow data recordings to deter-

The daily volume of effluent spray was de- mine proportions.
rived from plant operational records that were Immediately upon collection , both gra b and
correcte d for the back-drainage of the pipelines composite samp les were analyzed in the treat-
that followed each line shutdown. Only the ment faci l i ty laboratory for total coliform 

p

amounts sprayed through lines 5-9 were includ- bacteria , temperature , pH, and conductivity .
* ed. Grab samples of spray effluent were taken Samples were then transported on ice , an d in

directly from a spray line in operation two times sterile containers , to t he’ CRREL water quality .

per wee k. Forty-ei ght hour composite samples laboratory where they were anal yzed for BODS.
were ta ken weekly from the interceptor ditch total N, NH4 -N , N0 1-N, tota l phosphorus and “
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Figure 4. Diagram of interceptor ditch , ,onitoring installation.

ETQs~~~P~~~ T 7”

~1nterceptOr Ditch Q,. — Precipitation
Q, = Total wate r input on site ’

Q~
, =

Q~ 
Percolation through Iragipan

Q,) = Q~ + Q~ 
Q,

~
, — Soil water storage

Qp = Qr Q,r Q%’ AQsl — Q R +Q~; 
Q, Subsurfa ce flow

Q,, = Q7 — Qp, — Q t AQsl — Q N +QN +Q~, 
Q~s = Surface runoff

f 
Qg; = QI Qpz Q%’~~~~Qs? + Q(; Q~. 

Groundwater input

7’ Q, = Qv ± AQ,ç, — Q~
, Q,, lnte’r eptor dit h flow

(AQ5, = 0 at equilibrium) Q, = Unac ountt’d for wat er

F igure 5. Schematic hydrologic model of West Dover spray site.
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chloride Analyses were performed in conform- averaged 71 5,744 ga l.jwk. Total rainfall Q,. over
ance with standard analytic procedures de- the study period was determined to be 6.8 in. or
‘s ribed in CRREL Report 76-19 (Iskandar , et a l. 3,779 ,981 ga l. over the 20.5-acre eastern slope.
1976). T he rainfall records for the period of the study

are shown in Table III.
E vapotranspira tion

RESULTS Estimates of evapotransp iration Qir were
drawn from several sources. Lull (1968)

Statistical analysis estimated QET for northeastern forests at 0.12
During the 40-day study period, samp les were in /day. A nomograph predicting ~~ from the

collected on 18 days. In order to determine parameters of elevation , so lar radiation ,
w hether these sampling days could be con- temperature and saturated vapor pressure pro-
sidered representative of the entire 40-day vided a value of 0.13 in /day (Follett et al. 1973).
period, the daily mean temperature , precipita- Long-term data from an experimental evapora-
tion and spray applicat ion volumes the sampling tion pan in a forested watershed in northern Ver-
and nonsampling days were compar ed st ati s- mont gave average daily potential QET values for
tica lly. Using the i-Score tes t  of Means and the’ July and August between 0,117 and 0.138 in /day
x 2 Inference of Va r ian c e  T est  (Robb ins respectively (Anderson et al. 1977). The mean of
and Ryzin 1975, Snedecor and Cochran 1967), this range (0.127 in /day) was selected as a
the 18 days of sampling were shown to be repre- representative value for Potential Q,~. In this
sentative of the entire 40-day study period study Potential Q~

. was assumed to be represen-
wit hin a 99% confidence limit (see App. A). tat ive of the site , since actua l ~~ from the
Thus , th~ “ughout this study a number of in- vegetation plus evaporation of finely sprayed ef-
ferences have been made regarding the average fluent were expected to approach the potential
weekly and overall site behavior based on theiR value as compared with QET in an undisturbed
days of sample data . forest system. Thus, evapotransp iration for the

site was estimate d at 0.127 in /day (71 .070 gal /-
Hydrology day, 497,486 ga l /week).

For the purposes of this study, the spray site
was assumed to behave under equilibrium con- Interceptor ditch flow
ditions according to the model shown Flow in the interceptor ditch was continuously
schematically in Fi gure 5. In evaluating the measured over a 48-hour period each week dur-
water balance across the eastern slope of the ing the study period (usually from noon Tuesday
site, effluent spray volumes Q~. precip itation through noon Thursday). Flow volume was
amounts Q~, and interceptor ditch flow Q0 were recorded at hourly intervals by the digita l
measure d directly, w hile the amount of evapo- printer . An example of this printout is presented
transpiration Q~ was estimated from the in Appendix C. For the days when flow was not
literature. Groundwater input flow QG was recorded, estimates of ditch flow were derived
assume d to be zero , from the precipitation data , applied effluent

vo lumes , and ditch flows measured preceding
Flow input to the eastern slope (Q~j and following the effluent applications. These

Records of spray schedule , spray effluent daily values of ditch flow are presented in Table
vo lu m e  a p p lied, and precipi tat ion and IV . About 183,525 f t 3 (1,372 ,950 gal .) of water
temperature obtained at the site are presented in flowed through the ditch over the study period.
Appendix B. Total spray volumes as recorded on Ditch flow averaged approximately 0.05 ft ’/s
plant flow meters were corrected for the pipe (4,600 ft3/day; 34,390 gal /day).
drain-back which follows shutdown of each line.
These corrected spray volumes were adjusted to Water balance
determine the amount applied to the eastern The summations of measured and estimated
slope (i.e., spray lines 5-9). These adjusted dail y flow components for each day for which full
vo lumes of effluent Q~ app lied to the eastern records of ditch flow exist are presented in Table
s lope are listed in Table II. The volume of ef- IV . As illustrated in Figure 5, the expression of
fluent sp,ayed on the eastern slope over the water balance across the eastern slope may be
40-day study period totaled 4, 294, 473 gal . and written as: ‘
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Table II. Spray effluent volumes.

Adjusted
effluent

Approximate volume
Recorded Corrected applied to

spra y Lines Drain spra y applied to eastern
volume in loss volume eastern slope

Date (gaL) operation Mode’ (gal.) (gal.) slope (gal.)

11 July 238,000 5.68 .9 M 4,372 233 ,628 100 233 ,628
12 luly t
13 Julyt
14 Jul y t
15 July 310,000 5,6,8.9 M 4,372 305,628 100 305,628
16 Ju ly
17 July
18 July 345.000 5,6.8.9 4.372 340628 100 340,628
19 Julyt 410,000 5,6,8,9 M 4 372 405,628 100 405 628
20 lulyt 448,000 5,6,8 M 3,181 444,819 100 444,819
21 Julyt 396,000 7,8,9,10 M 4,666 391,334 72 280,586
22 July 400,000 7,8.9,10 M 4,666 395 , 334 72 284.640

23 July 102,000 7,8.9,10 M 4,666 97,334 72 70,080
24 July 104,000 7,8,9,10 M 4.666 99,339 72 71,520
25 July
26 Julyt 391,000 7,8,9,10,11 M 5,955 385,045 61 233 ,337
27 Julyf 403,000 7,8,9,10,11 M 5,955 397.045 51 240,609

28 Julyt 17,000 7,8,9,10 M 4,666 12.334 72 8,880
29 July 147,000 9,10,11 A 26,040 120,960 19 22 ,982
30 July
31 July
1 August
2 August 53,000 9,10,11 A 22,320 30,680 19 5,829
3 Augustt 404,000 5-12 A 87,992 316,008 63 199,085
4 Augustt 163,000 5-8 A 34,192 128,808 100 128,808
5 August 199,000 5-12 A 65,994 133,006 56 74,483
6 August 58,000 5-12 A 21,998 36,002 56 20,161
7 August 47,000 5-12 A 21,998 25,002 56 14,000
8 August 319,000 5,8,9.12 A 71 .852 247,148 67 165.589
9 Augustt 262 ,000 5-12 A 87,992 174,008 56 97.270

10 Augustt 244,000 5-12 A 76,993 167,007 56 93,524
11 August t 130,000 5-12 A 65,994 64,006 56 35 .843
12 August 101,000 5-12 A 87,992 13,008 56 7,284
13 August 55 ,000 5-12 A 21,998 33,002 56 18,481
14 August 61,000 5-12 A 21,998 39,002 56 21,841
15 August 299,000 5-12 A 65,994 233 ,006 56 130.483
16 Augustt 400,000 5-12 M 10,999 389,001 56 217,452
17 Augustt 18,000 9 M 1,191 16.809 100 16.809
18 Au8ustt 164,000 5-12 A 87 ,992 76,008 56 42.488
19 Augusi 179,000 5-12 A 76,993 102,007 57 ,124

F loial = 4,289,519 
;

‘

‘A automatic , M = manual
tDays samp les were taken

1
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Table Ill. Rainfa ll records.

Calculated
volume ~ Tab le IV. Measured and estimated intercep .eastern

Date Rainfall slope tor dit ch flow.
(797 7) (in.) (It ’)

Daily Weekly Weekl y
11 July 027 20,092 flow total mean
12 Ju ly ’ 0.11 8,186 Week Date ( l t Y s j  (It s)
13 Ju ly ’ 099 73 .670
16 Ju ly 0 2  14,883 11 July 7,500
17 July 04  29,766 12 July 7 ,000’
21 July ’ 0 2  14,883 1 13 July 9,900t 38,050 7,610
25 July 0.8 59 532 14 July 6,850’
2 August’ 20  148,830 15 July 6,800
5 August 06 44 ,649
6 August Trace 16 July 6,800
8 August 005 3,721 17 July 5 ,500

10 August’ 06 44,649 18 luly 5,50()
12 August 0.25 18,604 2 19 July 5,400’ 37.250 5 . 321
16 August’ 0 2  14,883 20 July 5,2001
17 August’ 0.12 8,930 21 July 4,350’

22 July 4,500‘Days samp les were taken.

23 July 4.500
24 July 4,000
25 Ju ly 5,000

3 26 Ju ly 4,200’ 28,725 4.104

Qo — Qr Q(T Qv AQST +QG 
~~
29 July 4,000

or
30 July 3,000

QT — QET — Q D  = Qv+AQST — QG  = QL 
37 luJy 3,000
1 August 4,000

4 2 August 4,200’ 24 .825 .3 .546
w here Q~ is flow unaccounted for. 3 August 3.3251

The results in Table V show considerable 4 August 3.000’
volumes of water are unaccounted for in each 5 August 4,300

case. 
, , , . , 6 August 4,000

In simi lar fashion, using the estimated average 7 August 3,500
weekly ditch flows , a water balance for each 8 August 3.100
week was calculated; these values are sum- 5 9 August 1. 500 ’ 25 ,525 3,646
marized in T able VI , Over the six-week study 10 August 3,425 1 25 ,52 5 3 ,646

period the total water balance (in cubic feet) was 11 August 5,200’
12 August 5,000ca lculated to be:
13 August 4.500

— QET — Q~ = QL 14 August 4 ,000
1,078,809 380,000 183,525 515,284 15 August 4,000

6 16 August 4 ,000’ 2 ’) , lSO 4.164
17 August 5,1501Interceptor ditch hydrographs 18 August 3,500’

The flow records permitted the construction 19 August 4,000
of a hydrograph of ditch flow for each of the Partial day flow records

)  48-hour monitoring periods. These hydrographs tFull day flow records
are presented in Figures 6, 7, and 8. Each All other f igures are estimates
hydrograph clearly reflects the response of
trench flow to one or more unique hydrologic
events inc luding both precipitation and/or ef-
fluent spray app lication . The ditch hydrograph

if)

I

~~~~~~~~~~~~~~~~~ -~~~~‘~~~ ~~~~~~~~~~~~~~~~~~~~ —---—-- ,- - ,- --



-

Table V . Daily water balance.
QS +QP —Q.~T

— Q D Q L

Qs Qn Q&

Spra y Q, Q,v Ditch Flow unac-
vol. P,ecip E vapotrans flow counted for

Date (It’) (It’) (It’) (It’) (It’)

13 Ju ly 0 73,670 9,500 9,900 + 54 ,270
20 July 59.468 0 9,500 5,200 + 44,768
27 July 32.167 0 9,500 3,975 + 18,692

3 August 26,616 0 9,500 3, 325 + 13 ,791
10 August 12, 503 44,649 9,500 3,425 + 44,227
17 August 2,247 8,930 9,500 5,150 — 3,473

Table VI, Weekly water balance .

Qo

Qs Interceptor QL
Spra y Q~ ditch Flow unac-
vol. Precip Evapotran s flow counted for

Week (It ’) (I t ’)  ( I t ’)  ( It ’) (It ’)

11-15 July 72,093 101,812 47,500 38.050 + 88,355
16-22 July 234,799 59,452 66,500 37,250 + 190,501
23-29 July 86,552 59,452 66,500 28,725 + 50,779

30 July-5 August 54,573 193,221 66,500 24,625 + 156.469
6-12 August 57,977 67.627 66,500 25 525 + 33 ,579

13-19 August 67,470 23 ,781 66,500 29.1 50 — 4,399

total ’, 573.464 505,345 380,000 183,525 51 5,284

Mean weekly water balance:

Q5 + Q,. — Q~ 
— Q,, = Q~(95 , 578 + 84,224) — 63, 333 — 30,588 = 85 ,881

Table VII. Hydrograph lag times (t ,) for interceptor ditch f low.

Q~ Q,, Q~ Lines in Antecedent
Date ( I t ’ )  (It ’) ( I t ’)  operation Mode conditions (hr)

20 Ju ly 59.468 0 59,468 5,6,8 M No rain/high spray 5
27 July 32,167 0 32 ,167 7,8.9,10 M No rain/high spray 4.75
3 August 26,616 0 26,616 5-12 A Rain/low spray 7 5

10 August 12.503 44,649 57,152 5-12 A Rain/moderate spray 7
17 August 2,247 8,930 11,177 5-12 M Rain/high spray 3 5

Table VIII. Concentration times (t,) for in-
terceptor ditch flow ,

Lines in I,
Date operation Application Mode ( hr)

13 July Rain 2
20 July 5,6,8 Effluent M 4
27 July 7,8,9,10 Effluent M 4

10 August 5-12 Eff luent A’  I
17 August 5-12 Effluent M 4

r ‘Antecedent condition, rain

ii
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Figure 6. Interceptor ditch flo w hydrographs , weeks 1 and 2.
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Figure 7. Interceptor ditch flow hydr ographs , weeks 3 and 4.
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for the period 12-14 luly (Fig. 6a)shows the ditch plant is operating substantially below design
response to an intense rainfall event. In this capacity.
case, a peak flow rate of 0.44 ft 1/s was measured Increases in the concentrations of both the
in response to more than 1 in. of rain. The total nitrogen and the total phosphorus study (23
hydrograp hs of 19-21 July (Fig. 6b), 26-28 July July-15 August) (see App. D) can be attributed to
(Fig. 7a) and 2-4 August (Fig. 7b) demonstrate the a change in plant operation. During this time,
response to effluent spray app lication only. The the north oxidation canal was being drained to
other hydrographs (Fig. 8) are more complex , waste the mixed liquor solids. This operation
reflecting the influence of both precipitation resulted in accelerated effluent handling
and effluent application, through the polishing pond and thus reduced the

Hydrograph lag times t~ (the elapsed time from effluent retention time in the pond before spray-
event initiation to the beginning of the rising ing.
limb of the hydrograph) for several effluent ap- During the period 23 July-5 August , there was
plication events are shown in Table V II. The lag a significant increase in the organic nitrogen
times are consistent ly shorter under conditions (Kieldahl-ammonium) component of total
w hen the spray field is under the manual opera- nitrogen (see App. 0). This increase coincided
tion mode than when the spray system is with a pronounced algae bloom in the polishing
operated on automatic cycle. Lag times also pond.
become shorter as more spray lines are
operated. Ditch flo w

Concentration times (~ (the time from start of Table X summarizes water quality values for
rising limb to the hydrograph peak) are the interceptor ditch during the study period.
presented in Table V III. The shortest t , resu lts Concentrations of all measured parameters ex-
from rainfall alone. The concentrat ion times cept total coliform bacteria were significantl y
associated solely with effluent application are reduced from effluent concentrations. Mean
substantially longer, total coliform counts (and all individual

measurements) were higher in the ditch flow
Water qualit y t han in the sprayed effluent.

The comp lete results of water quality analysis Concentrations of nitrogen and phosphorus in
are presented in Appendix 0. Summaries of the ditch flow over the study period were
these data are presented below, substantiall y lower than in the wastewater ap-

plied. They were remarkably constant in com-
App lied wastewater parison with the variation in application concen-

Table IX summarizes the mean, maximum and trations. Figure 9 shows the weekly variation of
minimum values of water quality parameters for total nitrogen and total phosphorus in both ef-
the wastewater applied to the eastern slope dur- fluent and ditch flow , Total nitrogen did not ex-
ing the study period. In most respects , these ceed 1.3 mg/I, tota l phosphorus was below
va lues are consistent with those expected for measurable levels and ortho-phosphorus did not
normal effluent from an efficient secondary exceed 0.06 mg/I. As in the effluent , the domi-
treatment plant. The NBFD No. 1 effluent is, nant form of nitrogen was nitrate (mean concen-
however , of somewhat higher quality than the tration 0.8 mg/I). Ammonia nitrogen concentra-
wastewater applied to test cells at CRREL (Iskan- tions averaged less than 0.2 mg/I. The nutrient
dar et al. 1976). Total coliform counts were 0 on concentrations in the ditch flow did not reflect
four occasions due to chlorination of the ef- the oxidation canal drainage or the algae bloom
f luent immediately before spray ing. noted above.

The predominant form of nitrogen applied to
the eastern slopes was nitrate nitrogen. Groundwater

The nitrate concentrations in the effluent Table Xl summarizes the water quality
(mean of 3.5 mg/I) were considerably higher than monitoring results of observation wells on the
the ammonia nitrogen (NH4-N) concentration spray field. Over the entire study period, only
(mean 1.4 mg/I) in five of the six weeks studied. wells 2,3, and 6 contained water; we lls 1,4 and 5
T his is due to nitrification in the polishing and were consistently dry. Concentrations of all
holding ponds before effluent spraying, as well parameters were significantly lower in the
as the fact that the secondary portion of the groundwater than in the sprayed effluent.
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Table X . Quality of interceptor ditch flows. *

Parametert Mean Max Mm

Table IX. Applied wastewater qua li ty. * pH (pH units) 76  80 6 5
Conductivity (~mhos) 166 170 160

Parametert Mean Max Mm Tot al coliform (colonies 100 ml) 3167 1400
BOO ’, 50  92  06

pH (pH units) 8 2 87  71 Total nitrogen 11 1 5 09
‘‘mliii t im.i t ’ ,  (~ mlu,s) 320 460 322 Kpeldahl-N 0 3 0 S 0 2

Total coI,form (colonies/100 ml) 1775 8000 0 Nitrate-N 08 1 2 07
BOO’, 6 5 104 06  Ammonia-N <02 03  <01
Total nitrogen 7 8  121 5 3  t otal phosiihorustt 004 006 0
Kie ldahl-N 4 2  5 6  15  Chloride 370 386 356
Nitrate- N 3 5 7.6 0.7 —

Anirnonia—N 1 4 30  02  ‘05 c), ’t , ’ r i i i , i i .ii i i , r is ,t t , ii h I,ir,uii~~t~~r ‘,‘,,.‘,,. ii i,).’ I,,,

Total phosphorus 4 7 6 5 2 8  48 lm ,~iir i) i m~ ir ,p, r t i ~~im ,it ’

Chloride 562 684 45 4 tA ll values art’ in milligrams per lite r except as noted
“Three determinations yielded (olonies too numerous to

‘12 Determinations of each parameter were made from count
gra b samp les ttValues for total phosphorus were <1 0. t herefore , the
tA ll values are in milligrams per liter except as noted. ortho-P value is given

*

Table XI. Average groundwater quality in observation we lls .*

Well 2 Well 3 Well 6
Parametert Mean Max Mi i i  Mean Max Mm Mean Max Mm

pH (pH units) 6.5 6.7 6.2 6.2 6.4 61 64  6 5 . 6 3
conductivity (~mhos) 180 210 160 213 240 199 198 255 165
Total coliform (colonies/ iOO ml) 83 100 70 >110 “ ii) 0 0 0
BOO, 13 2 3  0.6 07 10 @ 2  11 1 7  07
Total nitrogen <1.8 2 2 <1.4 <3 5 39  29  <1.1 1 6 <08
Kj eidahl-N 0 3 0.6 <01 <0.2 0 3 <01 <0.2 02  <01
Nitrate- N 1 5  1.6 1 3  3 3  3 7  2 6  10 1.5 06
Ammonia-N <01 <01 <0.1 <0 1 0 2 <01 <01 02  <01
Total phosphorusft 0.1 0,12 006 (I it~ it t 2 I) ii, iii~ ii 8 ii iI’~
Chloride 38.4 41.9 36 3 37.6 399 36.3 41 5 441  386

‘Three determinations were made of each parameter
tAll values are in milligrams per Jiter except as noted,

— lie, nuili,’rou’. to i
ttOrtho-phosphorus was reported

I
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coliform counts exceeding the Vermont Class B

14 4 Total Nitrogen stream standards (500 colonies/100 ml) and
Tot al Phosphoru s phosphorus levels slightly higher than those in

— Applicant the ditch flow occurred at both river samp ling
12 Ditch Flow points. These data suggest that the Deerfield

/ \ River may be receiving some organic loading
10 / ~ from other sources upstream from the spray site.

a.~ \ Values for other parameters were well within the
E 8 4” 4 range expected for surface waters of the region.

~ / \ Samp les from Ellis Brook showed average
a s. values for the measured parameters similar to or

6 •a’/~/ • f lower than those for samp les from the Deerfield
I I / ‘.—.. River. In several cases , coliform values exceeded

~ I • / Class B standards but nutrient concentrations
3 • 

I,’ . were consistently low. In most cases there was

2 ‘ little difference between the water quality of
Ellis Brook upstream and downstream of the

— -,— -,— 
~~~~~~~~~~~~~~~~~~~~ 

plant. Slight increases in conductivity, 600 S and
I T2 ~ 

3 [ 4  [5 1 s total phosphorus were noted in the downstream
Week samples. The largest upstream/dow nstream dif -

ference was evident in chloride values; the
average downstream concentration (2.5 mg/I) ap-

Figure 9. Nitrogen and phosphorus con- pears to be substantially greater than the
centrations in sprayed effluent and in- average upstream concentration (0.8 mg/ I).
terceptor ditch flow.

DISCUSSION
However, wit h the exception of total coliform
bacteria and BOO 5, groundwater generally The weekly mean values of sprayed effluent
showed slightly higher values for nutrient forms volumes Q~, precip itation Q,. and ditch flow Q0
than did ditch f low, particularly for total for the six-week study period are plotted in
nitrogen, nitrat e-nitrogen and total phosphorus. Figure 10. It is evident from this graph that , while
Chloride va lues for groundwater were not weekly inputs Qr to the eastern slope varied con-
significantly ditferent from those of the ditch siderably over the study period, ditch flow was
flow , remar kably constant. Weekly QT ranged from

As in the sprayed effluent and in the ditch less than 100,000 ft 3 to nearly 300,000 ‘ft 3 , while
flow , nitrate-nitrogen was the predominant form Q,, varied only between about 25 ,000 and 40,0(X)
of nitrogen found in the groundwater, account- ft3/w k; thus , the eastern slope of the spray field
ing for 73%-95% of the total nitrogen. appeared to moderate highly variable water in-
Ammonia-nitrogen concentrations were con- puts considerably, and damped out large fluc-
sistent ly low in all well water samples. Well 3, tuations in tota l hydraulic loading to the spray
near in t he northeastern corner of the eastern site .
slope, exhibited the highest nitrate-nitrogen and
total nitrogen concentrations (averaging <3.3 Water balance
mg/ I and <3.5 mg/I respectively). The water balance over the eastern slope

shows that measured and estimated flow corn-
Surface water ponents failed to account for the total volume

Table X II summarizes water quality data for of water applied to the spray field. Over the six-
the North Branch of the Deerfield River and for week study period, more than 500,000 f t ’  remain-
Ellis Brook. The quality of the Deerfield River ed unaccounted for , an average of over BS,000
water appeared not to change as it passed along f tVwk.  This unaccounted for water cannot be en-
the western boundary of the spray field. There tirely the result of measurement error but rather

“I” were no substantial differences between water indicates significant leakage from the system
quality above and below the spray field. Total (i.e., Q~ and/or Q~,).
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Figure ‘7 0, Mean weekly flow volumes a cross
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Table XII. Average surface water qua lity. *

Upstrea m Downstrea m
Parametert Mean ~,4ax Mm Mean Max Mm

North branch of Deerf ield River

pH (pH units) 6.9 70 6.8 6.9 70 6.6
Conductivity (~imhos) 103 120 88 105 120 90
Total coliform (coloniesflo0 ml) >410 tt 300 >525 t t  400
BOD, 07 0.9 0.6 0.5 07  0.4
Total nitrogen 0.5 0.7 0.4 <0.4 0.7 <0.2
Kje ldah l-N 0.3 0.6 0.2 <0.3 0.6 <0.1
Nitrate- N 0.2 02  0.1 01 02  0.1
Ammonia-N <0.1 <01 <0.1 <0.1 02  <01
Total phosphorus ” 0.07 011 0.4 0.08 016 0.04
Chloride 184 21 6 162 19.3 228 168

Ellis Brook

pH (pH units) 7 ,5 7.7 7 2  7 2  7 2  71
Conductivity (umhos) 39 37 42 49 55 43
Total coliform (colonies/100 ml) >750 ft 300 >450 f t  100
800, 0.2 0.6 00 04 0.6 0.0
Total nitrogen <0.3 0.4 (0 3 <0 3 04 <0 03
Kj eldah l-N <01 02  (01 02  0 2 01
Nitrate-N 0.2 0.2 0,2 <ff2 02  <0.1
Ammonia-N <01 0 1 <01 <01 0,1 <0 1
Total phosp horus ” 0.04 006 002 007 010 004
Chloride 08 10 06 2 5  3 5  16

‘Three determinations were made of each parameter on grab samp les

- 
-Sr, tAll values are in milligrams per liter except as noted

‘Ortho- phosphorus values reported
tt Too numerous to count
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Figure 11. Unaccounted for water vs total applied water.

In order to account for this missing water Table V multip lied by 7, and the open triang le is
through measurement error alone, measure- the wee kly average totals also from Table VI.
ments of applied spray volume and rainfal l The linear relationship
wou ld have to be in error by 30-60% or measure-
ments of ditch flow by 130-630%. But it is not Q~ = 0.943QT —84 .33 1
likely that the treatment plant instruments over-
estimate spray application volumes by such where Q, and Q, are in ub ic feet per week ,
amounts; nor are t he rainfall records likely to be shown in Figure 11, is a strong one, having a c or-
in error to that degree. Weekl y recal ibrations of relation coefficient r2 of 0.99. An interpretat ion
t he ditch flow meter showed differences be- of the meaning of this relationship appears to be
tween meter f low values and flow values based important to the understanding of the behavior
on measure d head over the weir to be consistent- of the spray site.
ly less than 5%. Measurements of the .i tual Ihe eastern slope consists of Peru soil, a
volume of water passing t hrough the weir in a moderately permeable, compact glacial till and
given time’ period showed agreement within is believed to be underlain by a fragipan layer 15
10% of the flow meter to 30 in. below the surface; no site specific data

Figure 11 plots the relationship between the exist. This fragipan, alt hough thought to be
total volume of water applied to the site QT and typically impermeable , does have a finite
t he volume of unaccounted for water Q~. The permeability. Depth to bedrock is 4 to 10 ft and
points indicated by the open ir k’s are derived the bedro k is thought to be (ha rac t ( ’r i , vcJ by

- ‘f’. from the weekly totals as shown in 7 able’ V I The considerable fracturing. Small bedrock outcrops
los~’d ir Is’s are the’ measured daily totals from exist on the eastern slope. Thus , since the - 

-
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fragipan layer has a finite permeability and the When it is assumed that there is no change in
fragipan overlays fractured bedrock , it appears the soil water storage ft e , = 0), t hen:
that it is possible for water to leave the site as
groundwater flow Q~. Water leaving the site in QL = Q~this fashion, or through major fractures in the
fragi pan , wou ld appear in the model as unac- indicating a vertical subsurface f low through the
counted for flow QL. since from Figure 5 (assum- fragipan layer . If it is assumed that there is an in-
ing Q0 = 0): crease in the soil wate r storage (s e., 6Q5, is

positive), then:
Qr = QD+QET+Qv±âQss-

QL =- QV + AQST

or
indicating that th’~ elevation of the groundwater

Q~+ Q~ +(Q~± ~Q~-)— Q,- = 0 table will rise. The amount of vertical subsurface
flow Q~ would increase wit h increasing eleva-

and, since tion of the groundwater table as described by
Darcy ’s Law. To verify the water balance model

Q V± AQ S T  Q~ and to specificall y determine Q require a pro-
graill b r  !11on~ oring groun(Iw ate -’r e levations on

then t he’ s ’as te rn slope’

Qo +Q~ r +QL — Q r  = 0. Interceptor ditch hydrographs
T he relationship observed between the mode

Then of effluent app lication and the lag time between
spray initiation and the beginning of t he rising

QL = QT — (Q0 + QET) - limb of the ditch hydrograph showed that the lag
time is s horter (3.5-S hours) when the spray

which, in Figure 11, has been approximated by system is operated manually and longer (7-7.5
the relationship: hours) when the system is cycled automatically.

Such a pattern is not surprising because in the
Q~ = 0.943Q~— 84,331 ~ manua l operation mode the same spray lines are

operated for the duration of the dail y spray
where QL and QT are in cubic feet per week. period. Under this condition , the infiltration

At applied water volumes Q~ less than 89,428 capacity of the soil surface may be exceeded ,
ft3/week , Q~ is negative, indicating that the resulting in increased surface runoff. Thus , some
amount ot water leaving the sit s ? Q,, + Q,, ~~~~

- of t he app lied effluent reaches the ditch more
ceeds the amount applied Q7. For examp le, dur- quickly as surface runoff , yie lding a relatively
ing the week of 13-19 August more water flowed rapid response in ditch flow. On automatic cy-
t hrough the ditch Q0 than was applied Q, to the cle , s hort intervals of spraying are alternated
eastern s lope . T his indicates a depletion of the among the spray lines throughout the day T his
soi l water storage by lateral subsurface flow mode of effluent application is less likel y to ex-
along the top of t he frag ipan layer. cee d t he soil’ s infiltration capacit y; most of the

At app lied water volumes Q, greater than effluent enters the ditch as subsurface flow and
89,428 ft 1/w k , QL is positive; this indicates that this results in a slower response in ditch flow
the amount of water leaving the site Q0 +Q,~ is rate.
less than the amount app lied Q~. At these higher
water applications , lateral subsurface flow un- Water quality — Eastern slope characteristics
doubtedly continues along the top oc the As discussed in the previous paragraph , some
fragipan into the ditch, a lthough the soil water of the wastewater applied to the eastern slope in
storage is probably not being depleted. The West Dover infi ltrates into the soil and travels
model for the eastern slope states that . through the soil as subsurface flow into the in-

te rceptor cu t e Ii; U n(lt’r c e ’ rta in ( ir( U mstant c’s ,
Q~ = Qv±~~Qsr some of the wastewa ter also moves downslope
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as sur face runoff to the ditch. Num erous surface removal rates rang ing from 30 to 80% for
flow discharges were noted entering the ditch various land application system’ across the
from the eastern slope; these ranged from areas country. Nitrogen removal rates of 75 to 80%
of obvious ly wet soi l to flowing rivulets. Several have been reported in systems similar to the
sma ll areas of standing water were observed on West Dover system (Lance 1975). Iskandar et al.
the eastern s lope. Vegetation c haracteristics of (1976) found 38 to 73% nitrogen removed :n test
wet areas (sphagnum and jewe lweed, Impattens ce lls receiving secondary effluent of higher
capensi s) were noted in several areas; this in- nutrient concentrations than that of West Dover.
dicated relatively consistent water flow. Thus , it However, most of these studies reported annual
appears that not all of the wastewater app lied to average removal rate ’s , and sifl e the prese’nl
the eastern slope is subject to the renovation study was conducted in mid-summer, higher
processes c haracteristic of infiltration type land removal rates might be expected .
treatment systems . No investigations were conducted on the fate

A strong re lationship was observed between of the nitrogen retained on the eastern slope, but
the concentrat ion of nitrate nitrogen in the ditch several possible mechanisms are suggested by
flow and the magnitude of ditch flow (Fig. 12). Its the literature. Nitrogen may be stored in the soil
concentration increase d linearly with increasing through incorporation by microorganisms , ad-
ditch flow . T he relationship was found to be sorption by organic matter , and adsorption by
stat isticall y wea ker f or tota l phosp horus (r 2 = soil cation exchange capacity (Lance 1975).
0.13) and tota l nitrogen (r~ = 0.50); phosphorus Nitrogen also may be incorporated into grow-
conce’nt ration s in t he’ dit e h f low appear to be in- ing plants. In one irrigation system , crop uptake
dependent of Q,-,. Chloride’ c oncentration also was cited as the primary means of nitrogen
appears to be independent of Q,,. However , t he removal (Clapp et al. 1977). In t he West Dover
sli ghtly negative’ slope may indicate dilution by system , plant growth may be an important
ra infa l l  at the’ higher d it ( h f low Q,,. means of nitrogen removal. Nitrogen upta ke

rates for trees have been observed in the ’ range’
Mass balances of 40-200 k g/ha/yr (Gesse ’ l 1962) I his would

Mass balances between the applicant and the amount to 332-166 1) kg N/yr for the eastern
flow in the interceptor ditch were calculated us- slope W e’ instei n (1976) documented a nitroge’n
ing mean weekly concentrations of the applicant upt ,ike rate of 8.1 g/m’/yr in a forested spray r-
and concentrations measured in the 48-hour rigation site ’ at Sunape’e , N.H At t his rat e ’ , t he’

composite ditch sample. For the purpose of this easte ’rn slops’ (ould take up 672 3 kg N y r  Up-
study, ra infall was assumed to be free of take by tre’e’s in this reported range ould a -

nitrogen, phosphorus , BOD5 and chloride. ( ount for tl)(’ r~’mova l ohse’rve(l at Vt/e’s t L)ove’r in
t his study In addit ion, pro l l ie growth ot

Tota l nitrogen unde ’rsbo rv vegetation would ta ke ’  up sonic’
An input/output ana lysis of total nitrogen for qtJ ,if lbi tv ot nibroge’n

the complete daily and weekl y flow in the study Denitr it icat ion has been cited as a particularl y
period are summarized in Table X III and plotted important mechanism of nitrogen removal in
in F i gure 13. Over the entire six weeks of the land treatment (lskandar et al. 1976, Crites 1976).
stu dy period, 116.8 kg of total nitrogen were ap- Three conditions are required for denitrification:
plied to the easte rn slope and 5.9 kg were carried 1) aerobic conditions for oxidation to nitrate-
off in the interceptor ditch flow. Thus , an nitrogen; 2) exposure to anaero bic conditions;
average difference of 95% was experienced be- and 3) sufficient organic carbon as a bacterial
tween t he sprayed effluent and the ditch flow , energy source (Lance 1975). In West Dover ,
Daily diffe rences ranged from 68 to 99%. On the muc h of the total nitrogen applied to the eastern
average, 18.6 kg of nitrogen were not accounted slope is already in the nitrate form due to
for across the eastern slope each week; a total of nitrif ication in the plant and polishing ponds.
110.9 kg was not accounted for over the six-week Frequent e f f luent  appl icat ion promotes
period saturated conditions w hich facil i tate denitrifica-

These diffe rences for total nitrogen en- tion (lskandar et al. 1976). However , some

- 
‘
~
‘ ‘ countered in West Dover are somewhat higher research has found little evidence of denitrifica-

t han values reported in other studies Pound and tion in forested land treatment systems (Hook . 
-

01 Crites (1973) and Crites (1976) reported nitrogen and Kardos 1977) Furthermore , nitri ficat ion in
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Figure 12. Water quali ty vs ditch flow rates.

0 Total Nitrogen Table XI II. lnp ut!output analysis for total
40 0- 

A Totol Nitrogen nitrogen.
in Ditch

Applied in ditch Difference
Date (kg) (kg) (%)

30 Daily
l3Ju ly 0 042

25 . IO luIy 10.44 015 986
27 luIy 6.56 011 983
3 August 686 008 988

.~~
‘ 20 - 10 August 389 013 966

c ‘0 l7 Acagusi 046 0146 683

~ IS0 . ‘0- 0- Weekly

z 11-15 Iuly 120 16 8710 - 

16- 22 Jul y 41 2 1 1  97
23-29 July 176 08 95

5 , 30 luly-5 August 14.1 06 96
6-12 August 181 09 95

‘
~~

‘ -6- 6- -6 -6- l3-l9 August 138 08 94
) C 

~r’ 
- -r -r ‘r - -

I ~ 3 4 We ekly avg 195 09 9~‘- - Week
6-week

Figure 13. Input/ output diagra m for tota l 1168 ‘19
nitrogen.
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some land treatment systems has been shown to I)ails cI,tlen’iu c’s ranged troni 62 to ~t 8% On the
be limited by the supply of organic matter as an ,Ive’r,cge , 8 kg 01 nitr ,ite’ nitrogen ss,is riol as

energy source (Crites 1976). The applied effluent ounte’d tor ,ee ros s the e’ ,istern 5101)5’ s’,Is h s~c’c’ k
in West Dover tends to be very low in organic and a total  ot 47 ‘9 kg over the ’ si~ we’t ’k period
matter. T hus, t he importance of denitrification Removal rates for nitrate nitrogen in West
on the eastern slope is difficult to assess at this Dover are higher than those reported fo r other
time, land treatment systems Nitrate nitrogen

Finally, nitrogen may be “removed” from the removal rates of 0-46% were found in a spray ir-
system by leakage through the frag ipan. While rigation systei i it ) Sun,cpe’e , New H,emps hire’
this means would not represent true renovation (Frost et al. 1973). High nitrate nitrogen concen-
by land treatment , it wou ld appear as a net trations (0.6-26.5 mg/I) have been reported in per-
retention in the mass balance. colates from many land treatment systems (Frost

It should be noted that on 13 July a net export et al. 1973, Norum 1976, lskandar et al. 1976)
of nitrogen occurred from the eastern slope. On The nitrate nitrogen concentrations of 0.7 to 1.2
this day, re in  was the only input to the site. This mg/I in drainage ditch water from the eastern
nitrogen loss from the spray site appears to have slope were consistently low compared w ith the
been due to a flushing effect and was observed reported values.
simi larly for all other parameters measured. On 13 July, a significant mass of nitrate -

Eighty percent of the nitrogen in this flush on 13 nitrogen (as well as other materials) was ex-
July was in the nitrate form. ported from the eastern slope following a heavy

— rain. Since nitrate nitrogen is known to be a
Ammonia nitrogen mobile anion, this is believed to represent a

Table X IV and Fi gure 14 show an input/output flushing action similar to flushing actions
ana lysis for ammonia nitrogen. Over the entire observed in other land treatment systems. Iskan-
stu dy period, 17.4 kg of ammonia nitrogen was dar et al. (1976) reported significant leaching of -

applied to the eastern s1ops’ and 0.74 kg was nitrate nitrogen from test cells. Dugan et al.
measured in t he interceptor ditch; this repre’- (1975) reported a noticeable washout of nitrate
sente’ci a differs’n e of 96%. Daily differences nitrogen with heavy precipitation.
ranged from 78 to 98%. On the average , 2.78 kg
of amnionia nitrogen was not a~~ounted for Organic nitrogen
ac ross the eastern slope each week and a total Table XVI and Figure 16 show mass balances
of 16.66 kg was not a~~ounted for over the six- of organic nitrogen (Kjeldahl minus ammonia).
week study period . Over the study period, 46.8 kg of organic

While mass balances for ammonia nitrogen nitrogen was applied to the eastern slope and
are rare ly reported for land treatment systems , 0.81 kg was observed in the ditch flow This
the reported concentrations in percolated water represents a diffe rern e ot 98%. Daily dif-
have been extremely low, as were concentra- ferences ranged from 82 to 100% On the
tions detected in the ditch at West Dover (Iskan- average, 7 66 kg of organi ( nitrogen was not ac-
dar et al. 1976, Norum 1976). Ammonia nitrogen counted or across the eastern slope each week
concentrations in effluent at West Dover are and a total of 45.99 kg was not accounted for
very low and what does reach the eastern slope during the six-week period.
appears l ikely to be rapidly oxidized to nitrate.
Furthermore, ammon ia nitrogen is known to be Total phosphorus
strongly sorbed on soil colloids (Lance 1975, Table XVII and Figure 17 show input/output
Isk~ ndar et al. 1976). Thus, li ttle ammonia analysis for total phosphorus. Over the study
nitrogen is expected to drain from the eastern period, 75 kg of phosphorus was applied to the’
slope, eastern slope and 0.24 kg of phosphorus was

observed in the ditch flow. This represents ,e
Nitrate nitrogen ference of more than 99% Daily difteren e’s

Table XV and Figure 15 show an input/output ranged from 98.5 to 100%. On the average’,
analysis of nitrate nitrogen. Over the study almost 12.5 kg of phosphorus was not accounted

- ‘r 
- 

period, 52.3 kg of nitrate nitrogen wa s applied to for across the eastern slope each week and more’
t he eastern slope and 4.4 kg left the slope in than 74 kg of phosphorus was ret,- ned over the
ditch flow. Ihis represents a difference of 92%. six-week period.
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Tab le XIV . Input fout put analysis for am- Table XV . lnput lout put anal ysis for nitrate
monia nitrogen , nitrogen.

App lied In ditc h Difference Applied In ditch Differencer Daily (kg) (kg) Date (kg) (kg)

Daily Daily
13 July 0 0.03 13 Ju ly 0 034
20 July 0.67 0.015 978 20 July 4 7 2  010 979
27 July 0.46 0.011 97.6 27 July 2 3 7  008 966
3 August 0.83 0.019 97.7 3 August 264 007 97 3

10 August 088 003 966 10 August 2 27 008 648
17 August 0 064 0014 78. 1 17 August 0 32 012 625

Weekly Weekly

11-15 July 5.9 0.11 98 11-15 luJy 18 1 3 28
16-22 July 2.6 011 96 16-22 Jul y 186 0 7 96
22-29 JuJy 1.2 0.08 93 23-29 luly 6.4 0.6 91

30 Ju ly-S August 1 7 0.14 92 30 Ju ly-S August 5.4 0 5  91
6-12 August 4 1  0.22 95 6-12 August 10.5 06 94

13-19 August 1.9 0.08 96 13-19 August 96  0 7 93

Wee kly avg 29  0.12 959 v e e kly avg 87  07 92

6-week 6-week
17.4 0.74 96 52 3 4 4  92

25 0 NH4 —N Applied 25 - 

0 N03-N AppliedA NH4 -N ,nDttch 
A NO -N in Ditch -,20 

~~~2 o -
a
-.-U,J 5 x 15

n .

W eek Week

4 Figure 14. Input/ output diagram for am- Figure 15. Input/output diagram for nitrate
rnonia nitrogen. nitrogen.
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Table XVI . Input lout put analysis for organic Table XVII . lnput loutpu t analysis for total
nitrogen , phosphorus.

App lied In ditch Difference Applied In ditch Difference
Date (kg) fkg) 1%) Date (kg) (kg) 1%)

Daily Daily

13 July 0 0.056 13 July 0 0.02
20 July 5.05 003 99.4 20 July 775  0.007 999

27 July 373  0.022 99.4 27 July 3.05 0.007 998
3 August 3.39 0 100 0 3 August 373  0006 998

10 August 0.74 0.02 97.3 10 August 1 .86 0 100 0
17 August 0.076 0.014 81.6 17 August 0.41 0 006 98 5

Weekly week ly

11-15 July 4.3 0.22 95 11-15 July 7 8  0 06 99

16-22 July 19.9 0.21 99 16-22 July 30.6 005 99
23-29 July 10.0 0.16 98 23-29 July 8.3 005 99

30 Ju ly-5 August 6.9 0 100 30 July-S August 7.6 004 99
6-12 August 34  014 96 6-12 August 85  0 100

13-19 August 2 3 008 96 13-19 August 122 003 99

Wee kly avg 78 0.14 98 Weekl y avg 125 11114 99

6-week 6-week

468 081 98 75 024 99

35 -

o Totol Phosphorus
Applied

30 ‘0- ~ Toto l Phosphorus
in Ditch

2 5 -  .~~ 25
-~~ O Orgon ic -N

Applied
20 0 A Orgonic- N 20

in Citch

~~~J 5 .  ~~~I5

_  _ _ _ _ _  

~~~Io~~~~~~~~~~~~~~~~~~

fl
G

l

We e k Week

I ~ Figure 16. Input/output diagra m for organic Figure 17. Input/output diagram for total
nitrogen. phosphorus.
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Similar differences for phosphorus are widely to 98% (Pound and Crites 1973) and more than
reported in the literature. In a Pennsylvania 94% (Iskandar et al. 1976) have been observed in
system , 97 to 99.6% of applied phosphorus was land treatment systems . The export of BOOS on
removed in the first b in, of soil (Kardos and Sop- 13 July and during the week of 13-19 August is
per 1973). Frost et al. (1973) reported 95 to 98% unexplained, a lthough rainfall washout was
phosphorus removal in New Hampshire. Iskan- probably a contributing factor.
dar et al. (1976) observed phosphorus removal of
99 .8 to 100% in test cells. Tota l coliform

Phosphorus removal mechanisms are well The concentration of total coliform bacteria
documented in the literature. Soil fixation of was quite variable over the course of the study.
phosphorus by sorption and mineralization are The total coliform levels in the ditch flow often
thought to be the most significant mechanisms exceeded those in the effluent. Although
of phosphorus removal in land treatment bacteria removal in other land treatment
systems (Tofflemire and Chen 1977, Crites 1976). systems has been observed to be essentially
Plant uptake and biological immobilization are complete (Pound and Crites 1973, lskandar et al.
other important means of phosphorus retention. 1976), co liform organisms have been observed to
Ranges of tree uptake of phosphorus from 1.3-24 regrow in the soil (Pound and Crites 1973, Crites
kg of P/ha-yr are repor ted in the literature 1976).
(Gessel 1962, Kramer and Kozlowski 1960). At Animals have been known to contribute to the

these rates, trees on the eastern slope could take coliform export in land treatment systems . Per-
up about 10.8-199.2 kg of phosphorus in one colates from test cells at CRREL have sometimes
year. Weinstein (1976) reports phosphorus up- been contaminated by coliform organisms from
take of 1.23 g/n’2-yr in a spray irrigated forest in animal activity (Schumacher , persona l com-
Sunapee, New Hampshire; this would amount to munication). Numerous deer and other animals
an uptake of about 102.1 kg P/yr on the eastern have been observed on the West Dover spray
s lope. Thus , on an annua l basis , tree growt h field; coliform export from the eastern slope

could account for about 25 to 50% of may reflect this activity, and in addition rapid
phosphorus retention on the West Dover site. overland flow across the site may contribute to

Leaching of phosphorus from land treatment this condition.
sites has generally been shown to be minimal
(Baillod et al. 1977). Extremely low levels of Chloride
phosphorus were reported in drainage from the An inputfoutput analysis for chloride is given
eastern slope. although a s light washout of in Table X IX and Figure 19. Over the six weeks of
phosphorus was observed with the rain on 13 itt- study. 858.7 kg of chloride was applied to the
ly. east slope and 192.3 kg left the slope in the ditch

flow. This represents an average difference of
BOO 5 78%. Daily differences ranged 62 to 93% with

Input/output data for ROD S are shown in two days yielding a net export of chloride. On
Table XVl lt and Figure 18. Over the study the average, 111.1 kg of chloride was no~ ac-
period, 111 kg of RODS was applied to the counted for across the eastern slope each week
eastern slope and 23 .5 kg was measured in the and a total of 666.4 kg was not accounted for
ditch f lew. The overall difference for BOO S was during the entire study period.
79% and daily differences rates ranged from 73 The chloride differences at West Dover ap-
to 99%. In addition to the washout that occur- pear to be fairly high. An average remova l of
red on 13 July, a net export of BODS (more in the 34% was reported in New Hampshire , but up to
ditch than was applied to the slope) was observ- 80% chloride removal was recorded (Frost et al.
ed during the week of 13-19 August. On the 1973). A lthough a significant difference in

average , 14.6 kg 8OD~ was not accounted for chloride is calculated acros s the eastern slope
across the eastern slope each week and a total on a mass basis , the mean eff luent chloride con-
of 87.5 kg of RODS was not accounted for during centration was 56.2 mg/I, while ditch flow

the six-week period, averaged 37 mg/I, only a 34% reduction based
BOD, differences observed in West Dover on concentration.

were generally lower than values reported
elsewhere in the literature. RODE removals of 88
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Tab le X IX. Input loutpu t analysis for
Tab le XVIII. Input loutpu t analysis for goD5. ch loride.

App lied In ditch Difference App lied In ditch Difference
Date (kg) (kg) f%) Date (kg) (kg) (%)

Daily Daily

13 Ju ly 0 0.28 13 July 0 9.98
20 July 15.49 0.09 99.4 20 July 80.2 5.68 929
27 July 2. 73 0.68 75.1 27 July 53.2 4.22 92.1
3 August 6.03 0.44 92.7 3 August 50.1 3.41 932

10 August 3.33 0.89 73.3 10 August 20.0 3.59 82.0
17 August 0.04 1.24 17 August 3.63 5.4

Weekly Weekly

11-15 July 13.5 1.1 92 11-15 July 94.3 38.4 39
16-22 j uly 61.2 0.6 99 16-22 July 316.5 40.7 87
23-29 July 7.4 4.9 34 23-29 July 143.1 30.5 79

30 July-S August 12.4 3.3 73 30 July-S August 102.8 25.4 75
6-12 August 15.4 6.6 57 6-12 August 92,9 26.7 71

!3-19 August 1.1 7.0 1319 August 109.1 30.6 72

Weekly avg 18.5 3.9 79 Weekly avg 143.1 32.0 78

6-week 6-we ek

111.0 23.5 79 858.7 192.3 78
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Figure 18. Input/output diagram for BOD~. Figure 19. Input/output diagra m for chloride.
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Table XX. Summ ary—lnput lout put analysi s .
possible, therefore, that surface runoff , subjec t

Mass Mass in to less treatment than subsurface water , may

Cons ti tuent 
applied ditch f low Difference have directly entered the eastern slope wells. It

is ,sl so ints ’ rt ’s t ing to nt ,t t ’ th,tt tot 5tl ( olitorni
Total nitrogen 1168 59  95 levels of 70-110 colonies/i 00 ml were detected in
NH,-N 174 074 96 we lls 2 an d 3, w hile none were found in well 6.
NO,-N 52 .1 4 4  92 This may also be due to surface water input to
Organic nitrogen 468 081 98 wells 2 and 3
Total phos r horus 750 0.24
HOD 5 1110 23.5 79
Chloride 858 7 192 ~ 78 Surface water

Water quaJity data for the Deerfield River in-
dicate little , if any, effects of the spray field.
There were no significant differences in the con-

Groundwater centrations of the measured constituents be-
Groundwater in the West Dover spray f ield tween the upstream and downstream sampling

genera lly contained very low concentrations of locations.
the measured constituents. Groundwater con- However , there is some indication that water
tam ed 15% of the BODS levels of the effluent , quality in Ellis Brook is influenced by the treat-
27% of the total nitrogen, less than 10% of the ment operation. Most parameters showed little
ammonia nitrogen, 55% of the nitrate nitrogen increase between the upstream and downstream
and 2% of the total phosphorus. These concen- sampling points, but two constituents — con-
trations are comparable to levels found in the duc tivity and chlorides — showed definite in-
groundwater of other land treatment sites (Sat- creases in the downstream samples. Average
terwhite and Stewart 1977 , Urie 1973). Ground- conductivity was 25% higher in Ellis Brook
water chloride concentrations were 70% of ef- downstream of the plant than upstream.
fluent concentrations and no appreciable Average c hloride concentration showed a
amounts of ammonia nitrogen were detected in threefold increase between the upstream and
the observation wells. Groundwater in the obser- downstream sa m ples. It is interesting to note
vation we lls generally contained higher concen- that both parameters are regarded as conser-
trations of total nitrogen, nitrate nitrogen and vative constituents of water quality, relatively
total phosphorus than were measured in the unaffected by movement through soil (Dugan et
ditch flow. a l. 1975). It is likely that this contamination

The presence of nitrate nitrogen in ground- resulted from ditch flow reaching Ellis Brook
water is a major concern in land treatment with through the evaporation pond. Some of the
regard to public health (Kardos and Sopper water reaching the evaporation pond is known
1973). In no case did groundwater nitrate to infiltrate; it is quite conceivable that this
nitrogen concentrations in West Dover exceed water could reach Ellis Brook. No increase in
the Safe Drinking Water Act of 1974 nitrate nutrients was observed in Ellis Brook.
standard of 10 mg/I. Thus , there appears to be lit- 

-

t Ie hazard of nitrate contamination of ground-
water from the study area. There are no data CONCLUSIONS
from control wells in the West Dover NBFD No.
1 Wastewater Treatment Facility that permit the 1. Flows in the interceptor ditch of the North
comparison of the measured nitrate nitrogen Branc h Fire District No. 1 Wastewater Treatment
concentrations in the observation wells with Facility were relatively constant in spite of
background levels, hig hl y variahk’ elf liit’ ,it 5mnd l)r(’( ipitat ton inputs

Wells 2 and 3 located on the eastern slope to the eastern slope.

tended to show higher levels of total nitrogen, 2. During the study period, approximately :
nitrate nitrogen and total phosphorus than did 48% of the total spray and precipitation onto
well 6 on the western slope. On several occa- the eastern slope was not accounted for as
sions , sur face runoff was observed in the im- either evapotranspiration or interceptor ditch

+ mediate vicinity of wells 2 and 3; the area flow. There the underlying frag ipan layer must
around well 2 was consistently wet. It seems be highly fractured and/or discontinuous.
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3. The total nit;ogen and nitrate nitrogen con- 

-

~~~~~~ 

- -

(1975) Land dispo sal of wastew ater in Hawaii I. Water

centrations ex hibited strong positive correla- Poll. Cont, Fe d. , vol 47, no 8,p . 2067-2087

tions with the quantity of ditch flow , whereas Follett , R F , C A Reichman , F J. Doerin g and L C Benz

the chloride concentration was inversely cor- P973) A nomo graph for estima ting evaportranspira-
tion / . Soiland WaterCons, , vol 28, no 2,p 90-92

. ‘ related to interceptor ditch flow . The total Frost , T P - R F Towne and H I Turner (1973) Spray irrigation
phosphorus concentration in the ditch flow was prolect , Mt Sunapee Stale Park , New Hampshire In

not correlated to ditch flow quantities. Recy cf ing Municipa l Wastewater and Sludge Through

4. The following are the differences between Fores t and Cropland 1W 1 Sopp er and L T Karci os ,
Eds I, Pennsy lvania State University Press , Penn-

the mass sprayed onto the eastern slope and the sy lvania State University, University Park , Penn-
mass in the interceptor ditch during the study sy lvania

per iod: total nitrogen 95% , ammonia nitrogen Cessel . S P (1962) Progress and prob lems of m.neraJ nutrition
96%, nitrate nitrogen 92% , organic nitrogen of forest tre es In Tree growth (1 T Kazl owski . Ed) ,

98%, total phosphorus 99%, BODS 79%, and Ron,s ld Press

chloride 78%. (See Table X X )  
Hook. 11 and IT  Kardos (1977) Nitrate relationships in the

Penn State ‘ Li v i ng Filter System In Land as a Waste
5. Heavy precipitation was observed to flush Management Alternative (R C Loehr, Ed ) .  Ann Arbor

most nutrient forms , espec ially nitrate nitrogen, Ss ien~~’
from the eastern slope. Is kandar . I K - K S Sletten. DC Leggett and I F Jenkins

6. Groundwater on the spray field contained (1976) Wastewater renovation by a prototype slow in-

F nitrogen, phosphorus and ROD5 concentrations f i l trat ion land t reatment system CRR FL Report 76-19

much lower than those of the applied effluent. 
ADA 029744

kari lo’,. I I ,incl Vs.’ I Sii(i~~’r I 197 1)  l’i-ri olation at issii nii i~i,il
There was no evidence of hazardous nitrate wast ewater throug h land disposal by spray irrigation

possible contamination of observation wells by Through Forest and Crop land 1W F Sopp er and I T
nitrogen levels in the groundwater. However, In Recycling Municipa l Wastewater and Sludge

sur face runoff was observed. 
Kardos , lc ls ), Pennsy lvania State University Press

Kramer . P I and I I Ko,Iowsku (196.0) Physiolog y of trees
7. During the study period, water quality in 

~ ew Yor k McGraw-Hil l
the North Branch of the Deerfield River was Lance , I C (19751 Fate of nitrogen in sewage effluent appl ied

unaffected by effluent application on the spray to soi l I Irr and Dr Di v . ASCI . IR 3. p 1)1-144

‘ field. Lull , H W (1968) A forest atlas of the ncrtheast Northeastern
Forest Isperiment Station . U S  Department of
Agricu lture , Upper Da±y. Pa

Norum. t M (1976) Review of Muskegon County waste water a

LITERAT URE CITED management system In Land Treatment and Disposal
of Munic ip a and Industrial Wastev. ater (K I Sanks
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APPENDIX A: STATISTICAL ANALYSIS OF SAMPLING DAYS

I Symbols
02 represent the population mean, standard deviation, and variance respectively.

x, s ,s~ represent the sample mean, standard deviation, and var iance respectively.
n represents the number of observations in the sample.

RAINFALL

Population Sample

15* 7t
Mean , in./day 0.45 0.60
Standard deviation, in./day 0.51 0.70
Var iance (in./day)2 0.26 0.48

Test of means
Hypothesis: The sample mean is the same as the population mean at the 1% level of significance.

a 0 . 01

= = 0.60-0.45 = 0 78
c/ sJn 0.51f~J7

1% level of significance: z < —2.58 , z > 2.58

0.78 < 2.58.

Cannot reject the hypothesis that X =

Test of variance
Hypothesis: The sample variance is the same as the population variance at the 1% level of

significance.

~ 7, ’

a 0.01
I 

.

~~~

‘

(n-1)s 2 
<~~~ < (~i-1)s~ X 0.005,6 = 18.458

Xo12,n.1 XI.0/2 ,n-l X 0 995 6 = 0.676

(6)(0.48) < ~2 < (6)(0.48)
18.458 0.676 ‘-~

0.16 < ~,2 <4 .26 02 = 0.26
F 

4 j
* 15 is the number of days it rained during the study period.
t 7 is the number of days it rained during the study period when samples were taken.
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(n—1 )s 2 2> x cI/2 ,n.1

1 (04!) = 11.08, X 0~oO5 ,6 = 18.548

11.08 < 18.548

Cannot reject hypothesis that ~2 =

Therefore, there was no significant difference between the amount it rained on days samples were
taken and the amount it rained on all rainy days during the study period.

TEMPERATURE

Population Sample

40* igt
Mean, °F 73.2 72.5
Standard deviation, °F 7.0 5.6
Variance, (°F)2 49.2 30.8

Test of means
Hypothesis: The sample mean is the same as the population mean at the 1% level of significance.

a = 0.01

= ~ ±!9. 72.5-73.2 = -0 42

~~ 7.0-..1Th

1% level of significance: z < -2.58,z >  2.58

-0.42 > -2.58.

Cannot reject the hypothesis that X =

Test of variance
Hypothesis: The sample variance is the same as the population variance at the 1% level of

significance.

a 0.G1 H

(n-1 )s 2 
< a2 < 

(n-1 )s 2 X~.oos ,17 = 35.718

~~~~~ X 1.a/2 ,n.1 4,995 ,17 = 5.697

(17)(~Q~$J< ~ 2 
< 

(17)(30.8j
35.718 5.697

14.66 < ~ <91 .91 ~
2 = 49.2

* 40 Is the total number of days during the study period.
t 18 Is the number of days samples were taken,
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~!7

)(30.8) = 10.64, x 2 = 35 .718
49.2 0.005 ,17

10.64 < 35 .718.

Cannot reject hypothesis that $2 = cr2 .

Therefore, there was no significant difference between the average daily temperature during the
entire study period and the average daily temperature on days samples were taken.

SPRAY VOLUME APPLIED TO THE EASTERN SLOPE

Population Sample

31* l8 ’t
Mean, galx i03 /day 138.37 136.16
Standard deviation, galx 103/day 128.50 142.44
Var iance, (galx iO~ /day)2 16,513 .4 20,289.6

Test of means
Hypothesis: The sample mean is the same as the population mean at the 1% level of significance.

a=0.01

= 
‘- l.Io _ 136.16-138.37 -0 07

a/ *.Ji~ 1 28.50/sJTh

1% level of significance: z < -2.58, z >  2.58

-0.07> -2.58.

Can not reject the hypothesis that X =

Test of variance
Hypothesis: The sample variance is the same as the population variance at the 1% level of

significance.

0.01

2 2 2(n—1 )s a2 
< 

(n-1 )s . X 0 005 17 = 35.718
X~u/2 ,n4 ~~~o/2 ,n-1 ~4.995,17 = 5.697

(171(20,289.6) < a2 < (17) (20,289.6) . 

- .

35.718 5.697 ~

60,545 ~ 2 = 24,285 ‘
.

a/2 ,n-1

* 31 is the number of days water was applied to the eastern slope during the entIre study. .‘~~
18 is the number of days samples were taken.
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(17)(20,289.6) = 209 ~ 2 = 35.718
16,513.4 0.005 ,17

20.9 < 35.718.

Cannot reject hypothesis that ~ 2 =

Therefore, there was no significant difference between the average daily volume of water applied to
the eastern slope during the entire study period and the average daily volume of water applied to
the eastern slope on sampling days.
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APPENDIX B: PLANT OPERATION DATA , 11 J ULY TO 19 AUGUST 1977

Total
spra.~ vol. Lines in Times in Rainfall le,np. I F,( General

Date (gal.) operation operation Mode t (in.) .14 eon .41o.s Mm weather

11 July 238 ,000 5 ,6,8,9 0800-I 230 M 0.27 74 96 53 Clear
12 J uly l 0 — 0.11 68 89 48 Overcast , rain
1 3 July 1 0 — 0.99 74 93 56 Overcast , ra in
14 July 1 0 — 0 78 97 58 Clear
15 July 310 ,000 5 ,6 ,8 ,9 0430-1030 M 0 70 Sunny
16 luly 0 — 0.2 74 Overcast
17 luly 0 — 0.4 76 Overcast
18 july 345 ,000 5 ,6 ,8 ,9 0415.1000 M 0 78 Sunny
19 july 1 410 ,000 5 ,6 ,8 ,9 0400.0915 M 0 81 Sunny
20 July 1 448 ,000 5 ,6 ,8 0400-0820 M 0 71 Sunny
21 July 1 396 ,000 7,8 ,9,10 0800-1445 M 0.20 70 91 49 Sunny
22 July 400,000 7 ,8 ,9,10 0900.1515 M 0 80 104 56 Sunny
23 July 102 ,000 7,8,9,10 0810-105 0 M 0 62 Sunny
24 July 104,000 7 ,8,9,10 0800-1 040 M 0 78 Sunny
25 July 0 — 0.80 91 109 74 Heavy rain

-- 
26 july 1 391,000 7,8,9,10 0830-1500 M 0 80 104 56 Clear
27 J uly 1 403 ,000 7 ,8 ,9 ,10 0815-1615 M 0 66 92 40 Sunny
28 July 1 17 ,000 7 ,8,9,10 0820-0900 M 0 59 Clear
29 July 147 ,000 9,10 ,11 0850-1600 A 0 63 90 36 Clear
30 July 0 — 0 66 95 36 Overcast
31 july 0 — 0 68 94 43 Sunny

1 August 0 0 78 100 57 Cloudy
2 August1 53 ,000 9,10 ,11 1 025-1615 A 2.0 71 86 56 Clear
3 August 1 404 ,000 5- 12 0820-1 600 A 0 75 102 48 Cloudy
4 August1 163 ,000 5-8 0810-1625 A 0 76 94 57 Cloudy
5 August 199 ,000 5-12 0845-1 645 A 0.60 78 98 57 Clear
6 August 58 ,000 5-12 0905-1100 A 0.01 74 Overcast
7 August 47 ,000 5- 12 0910-1055 A 0 84 Overcast
8 August 319 ,000 5-8 0840-1605 A 0.05 80 98 63 Overcast

9- 12 1030-1605
9 August’ 262 ,000 5-12 0830-1615 A 0 70 92 48 Cloudy

10 August’ 244 ,000 5.12 0745- 1445 A 0.60 81 98 64 Cloudy
11 August1 130,000 5.12 1045.1600 A 0 73 86 60 Clear
12 August 101,000 5-12 0710.1 755 A 0.25 80 99 62 Overcast
13 August 55 ,000 5.12 0915-1055 A 0 65 82 48 Clear
14 August 61,000 5-1 2 0910.1050 A 0 76 88 64 Clear
15 August 299,000 5-1 2 0900-1110 M 0 69 88 50 Clear

1110-1615 A
16 August1 400,000 5-12 0845.1535 M 0.20 72 97 46 Overcast

• 17 August1 18,000 9 1105.1430 M 0.12 72 82 62 Overcast
18 August’ 164 ,000 5- 12 0805.1625 A 0 68 84 52 Clear
19 August 179,000 5~12 0930-1 600 A 0 57 78 36 Clear

* Denotes days samples were taken.

L ‘ t M = manual; A automatic. -:
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APP ENDiX C: EXAM PLE OF DITCH FLOW PRINTOUT
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APPENDIX D: WATER QUALITY DATA , 11 J ULY TO 19 AUGUST 1977

Table D l .  Effluent.*
Total

Temp Conductivity coliform Total total
Date (C) p11 (p.mhos,l (no/ tOO ml) BOD 5 nitrogen Kjeldohl-N Nl-14-N N03-N pho~pho us Chlor ide

12 July 19 7.3 325 1,000 6.6 5.9 4.7 3.0 1.2 3.4 45. 4
14 July 19 7.4 350 2,800 6.6 6.0 5.3 2.8 0.7 4 .2 - ‘7 .1
19 J uly 26 8.1 367 0 1 0.0 7. 1 4.1 0.7 3.0 6.4 53.0
21 July 21 8.7 370 0 8.4 5.3 2.8 0.2 2.5 2.8 ‘2.2
26 July 22.5 8.6 322 2,000 3.0 6.4 4.6 0.5 1.8 3.7 55.9
28 july 20 8.6 340 0 3.0 8.0 4.7 0.5 3.3 3.0 60.9

2 August 23 7.8 369 4,000 8.0 9.0 5.6 1.0 3.4 5.3 68.4
4 August 21 8.6 420 3,000 — 9.2 5.6 1.2 3.6 4.6 64 .6
9 August 24 7.3 410 — 10.4 12.3 4.7 2.4 7.6 4.6 57.0

11 August 23 7.1 460 500 8.4 9.7 4.5 2.6 5.2 5.9 56.2
16 August 23 7.1 410 8,000 — 8.1 2.8 1.3 5.3 6.5 58.3
18 August 21 7.2 435 0 0.6 6.3 1.5 0.7 4.8 6.3 55.9

‘ All values are in milligrams per liter except as noted.

Table DII. Ditch composite.5

— Total
Temp Conductivity coliform Total Total

Date (°C) ph ’ (Mmhos) (no.1100 ml) BOD 5 nitrogen Kjeldah!-N NH4-N N0 3-N phosphorust Chloride

14 J uly 20 6.8 160 2 ,700 1.0 1.5 0.3 0.1 1.2 0.06 35.6
21 J uly 24 8.0 170 5 ,400 0.6 1.0 0.3 <0.1 0.7 0.05 38.6
28 july 17 7.9 160 1 ,400 6.0 1.0 0.3 0.1 0.7 0.06 37.5

4 August 19 7.1 170 *1 4.7 0.9 0.2 0.2 0.7 0.06 36.2
11 August 19 7.0 170 9.2 1,3 0.5 0.3 0.8 0.00 37.0
18 August 18 63 165 II 8.5 1.0 0.2 <0.1 0.8 0.04 37.1

* Al l values are in milligrams per liter except as noted.
t Value of total phosphorus <1.0, Ortho .P value given.
1* Too num erous to count.

Table DIII. Groundwater.*

Total
Temp Conductivity co/iform Total Total

Date (°C) p1-I (~zmhos) (no.1100 ml) 80D 5 nitrogen K/eldahl-N NH4-N N03-N phosphorus t Chloride

WelI 2
P - 21 July 18 6.4 210 80 2.3 2.2 0.6 <0.1 1.6 0.12 41.9

4 August 17 6.7 170 100 0.9 1.7 0.2 <0.1 1.5 0.11 37.0
18 August 14 .5 6.2 160 70 0.6 <1.4 <0.1 <0.1 1.3 0.06 36.3
WelI 3
21 July 18 6.1 240 110 0.2 2.9 0.3 <0.1 2.6 0.12 39.9

4 August 16 6.4 200 II 0.9 3.9 0.2 0.2 3.7 0.09 36.3
18 August 15 6.1 200 110 1.0 <3.7 <0.1 <0.1 3.6 0.05 36.5
We116
21 July 18 6.3 755 0 1.7 0.8 0.2 <0.1 0.6 0.05 44 .1

4 August 18 6.5 175 0 0.9 1.0 0.2 0.2 0.8 0.08 41.7
18 August 13 6.3 165 0 0.7 <1.6 <0.1 <0.1 1.5 0.04 38.6

‘All values are in milligrams per liter except as noted
tOrih o-P.
“ Too numerous to count.
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Table DIV. Deerfield River.5

Total
Temp Conductivity coliform Total Total

Date (°C) pH (ptnhos) (no.1100 ml) 80D 5 nitrogen KjeIdahl.N NH4.N N03-N phosphorus t cYiloride

Upstream
21 July 24 7.0 120 *1 0,6 0.7 0.6 <0.1 0. 1 0.11 21.6
4 August 22 6.8 100 520 0.6 0.4 0.2 <0.1 0.2 0.05 17.3

18 August 16 6.8 88 300 0.9 0.4 0.2 <0.1 0.2 0.04 16.2
Downstream
21 July 27 7.0 120 ‘I 0.4 0.7 0.6 <0.1 0.1 0.05 22.8
4 August 22 6.9 105 650 0.3 0.4 0.2 0.2 0.2 0.16 18.3

18 August 16 6.6 90 400 0.7 <0.2 <0.1 <0.1 0.1 0.04 16.8

* All valu es are In milligrams per liter except as noted.
~ Ortho.P.
*1 Too numerous to count. -

Table DV. Ellis Brook.5

Total
Temp Conductivity coliform Total Total

Date (°C) pH (umhos) (no.1100 ml) 80D 5 nitrogen K/eldahl-N NH4-N N03-N phosphorust Chloride

Upstream
21 J uly 27 7.7 39 1* 0.0 0.4 0.2 <(v .1 0.2 0.06 1.0
4 August 21 7.3 42 - 1 ,200 0.6 0.3 0.1 0.1 0.2 0.05 0.9

18 August lj 7.2 37 300 0.1 <0.3 <0.1 <0.1 0.2 0.02 0.6
Downstream
21 J uly 283 7.2 55 ** 0.1 0.4 0.2 <0.1 <0.2 0.06 33

4 August 22 7.2 49 800 03 <0.3 0.2 <0.1 <0.1 0.10 2.3
18 August 16 7.1 43 100 0.6 0.3 0.1 <0.1 0.2 0.04 1.6

* Al l values are In milligrams per liter except as noted.
t Ortho.P.
** Too numerous to cou ,t .
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