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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

These conversion factors include all the significant digits given in
the conversion tables in the ASIM Metric Practice Guide (E 380),
which has been approved for use by the Department of Defense.
Converted values should be rounded to have the same precision as
the original (see E 380).

Multiply By To obtain

acre 4046.873 metre'

foot 0.3048* metre

foot, 0.02831685 metre'

foot'/second 0.02831685 metre '/second

gallon (U.S. liquid) 3.785412 litre

inch 25.4 millimetre

pound (avoirdupois) 0.45359247* kilogram
degrees Fahrenheit to( (t., -32)/1 .8 degrees Celsius

Exact.
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A CASE STUDY OF LAND TREATMENT IN
A COLD CLIMATE-WEST DOVER, VERMONT

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

1. INTRODUCTION

* J.R. Bauzoun

Together with soil infiltration rates, the volume The current design guidance for storage require-
of the storage ponds for slow rate land treatment ments is based on climatic parameters such as temper-
systems has more impact on the costs of these sys- ature, precipitation, and depth of snow cover. The
tems than any other design decision the engineer National Oceanographic and Atmospheric Admin-
must make. The result of increasing storage volume istration (NOAA) and the EPA have developed a set
is showni in Figure 1. The example shown by the of computer models that predict storage requirements

*dashed line indicates that for a design flow of 3 mgd for land treatment systems based on these climatic
(million gallons per day) and a hydraulic loading data (EPA et al. 1981).
rate of 1.5 in./ week, a nonoperating time of 10 weeks An example of this design guidance for storage,
results in a total land requirement of approximately taken from the Process Design Manual for Land
750 acres without a buffer zone. If the nonoperating Treatment of Municipal Wastewater (EPA et al. 1981),
time is increased to 20 weeks, the solid line in Fig- is shown in Figure 2. Along the southern part of

*ure 1 indicates that the total land area required in- the New Hampshire-Vermont border, Figure 2. idi-
creases to approximately 900 acres. The result of cates that between 120 and 140 days of storage are
this increase in field area is a significant increase in required for overland flow and slow infiltration land
both the capital costs and operating and maintenance treatment systems.
costs, as shown in the U.S. Environmental Protection The North Branch Fire District Number 1 Waste-
Agency (EPA) report on estimating the costs of land water Treatment Facility, in West Dover, Vermont,
treatment systems (Reed et al. 1979). As a result is located in this area. This slow rate land treatment
of increasing the amount of storage, the costs of the system is atypical in that the wastewater flow during
pumping and distribution system, the storage pond, the winter is considerably higher than tK: summer
site clearing and field preparation, recovering the flow, wastewater is applied to the land throughout
renovated water (if this is necessary or desirable), most of the winter, and the system was constructed
the monitoring wells, roads and fencing will all in- with only 33 days of storage capacity.
crease. All of these increases are directly related to Because this system is one of the few slow rate
increases in the size of the spray field area, which systems operated during the winter in a very cold
arc related to the storage volume that is designed climate, an extensive research program was conducted

*into the system, to document its operation and its performance.
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Figure 1. Total land requirement for slow rate land treatment systems-includes land for application, roads,
storage and buildings (from EPA et al. 1977).

PURPOSE

This document is a final report on the West Dover,

Vermont, land treatment system. Specifically, this

160 report will:
1. Provide a detailed description of the West

"'0 Dover, Vermont, land treatment system and its
method of operation.

140- 2. Present information on the freezing problems
140 associated with spray irrigation of wastewater at the

site during the winter, and their solutions.
3. Present the results of an intensive 1-year study

of the wastewater treatment capabilities of the sys-
tem, with emphasis on the winter and the spring
runoff period.

SCOPE

11120 This report presents a synthesis of two previous
reports written on the West Dover system (Bouzoun

Figure 2. Estimated wastewater storage days, 1977, Bouzoun 1979) and also presents the results
based on climatic factors only (after EPA et al. of a 1 -year study conducted at the site by the Ver-
1981). mont Water Resources Research Center and sponsored

2



by CRREL (Meals and Cassell 1980). During the Environmental Protection Agency, U.S. Army Corps

Vermont Water Resources Research Center study, of Engineers, U.S. Department of Agriculture (1977)
the site hydrology in response to spray and precipi- Process design manual for land treatment of munici-
tation events was studied, organic and nutrient bud- pal wastewater. EPA 625/1-77-008 (COE EM 1110-

gets of the site were developed for each season, shal- 1-501).

low groundwater quality within the spray area was Environmental Protection Agency, U.S. Army Corps
monitored, and the off-site impacts of the system of Engineers, U.S. Department of Interior, U.S. De-
were studied, partment of Agriculture (1981) Process design man-

ual for land treatment of municipal wastewater. EPA
625/1-81-013 (COE EM 1110-1-501).

LITERATURE CITED Meals, D.W. and E.A. Cassell (1980) Spray applica-
tion of wastewater in West Dover, Vermont: A case

Bouzoun, J.R. (1977) Land treatment of wastewater study of operation in a cold climate. Grant comple-
at West Dover, Vermont. CRREL Special Report tion report prepared for CRREL (unpublished).
77-33. Reed, S.C., R.W. Crites, R.E. Thomas and A.B. Hais
Bouzoun, J.R. (1979) Freezing problems associated (1979) Cost of land treatment Systems. E PA-430/
with spray irrigation of wastewater during the winter. 9-75-003.
CRREL Special Report 79-12.
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2. DESCRIPTION OF
TREATMENT FACILITY AND
PROBLEMS WITH WINTER
OPERATIONS

J.R. Bouzoun

WASTEWATER TREATMENT FACILITY When a treatment plant was proposed for West
Dover in 1972, high level treatment alternatives needed

Background to be considered because on 27 May 1971 the Ver-
The treatment facility that serves North Branch mont Water Resources Board had adopted strict water

Fire District Number 1, located in the Township of quality controls. Rule 10 of these Regulations Gay-
" Dover, Vermont, is about 14 miles iorth of the Ver- erning Water Classification and Control of Quality

mont-Massachusetts border, and south-southeast of (Vermont Water Resources Board 1971) establishes
* the village of West Dover (Fig. 3). The treatment facil- controls on discharges to "upland streams" and

ity encompasses about 80 acres and is bounded on the "pristine streams." Upland streams are defined as
west by the North Branch of the Deerfield River and all those stretches upstream of the most upstream dis-
on the east by Ellis Brook. The maximum elevation charge of wastes from an existing municipal treatment
at the site is 1717 ft above sea level, and the minimum plant, or upstream of a community sewer discharging
elevation is approximately 1600 ft (Cassell 1977). wastes requiring treatment in a manner to be approved

The climate of the region is classified as "cold by the Department of Water Resources. Pristine
temperate." The mean annual temperature of the streams are defined as those stretches of upland streams

. Dover area is about 430 F. Average annual precipita- which flow above the 1500-ft elevation, or have a 7-
, tion is approximately 55 in. and snowfall ranges in day low flow (10 year return) of less than 1.5 ft 3 /s.

excess of 100 in. annually. On the average the area Discharges which may degrade, in any respect, the
has around 120 days with snow cover per year and a the quality of the receiving water are not permitted
frost-free period of about 90 days (Cassell 1977). to enter pristine streams (Vermont Water Resources

Board 1971).

I Dover Township
0 I

North Branch Fi, istrict I

Vermont

estrc

Dover I

*0 Treatment

FacilityLEI

Figure 3. General location map.
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The North Branch of the Deerfield River is con- Table 2. Design loadings summary.
sidered pristine due to elevation at all points above
the municipal treatment plant in the Village of Wil- Initial Design
mington. Therefore, no discharge is allowed to Ellis (1974) (1992)

Brook or the North Branch of the Deerfield River
in the West Dover area, and off-stream disposal is Population equivalentWinter maximum day 7250 10,250
necessary at the West Dover site. An alternative
would have been to pipe the wastewater downstream Flow o (2gasWinter season (1 21 days)
of the existing Wilmington municipal discharge. The Average daily flow 0.35 0.55
engineering firm retained by North Branch Fire Dis- Maximum daily flow 0.58 0.82
trict Number I studied this alternative, as well as Peak flow, maximum hour 2.04 2.84

land treatment and groundwater recharge, and con- Spring season (61 days)
cluded that land treatment was most economical Average daily flow 0.07 0.11

(Dufresne-Henry 1972). Maximum daily flow 0.21 0.48
Peak flow, maximum hour 0.38 0.15

Design Summer-fall season (183 days)

The population of the district to be served by the Average daily flow 0.17 0.30
te wate inff ditr t tomate becuse o the Maximum daily flow 0.32 0.78

system was very difficult to estimate because of the Peak flow, maximum hour 0.59 1.38
recreation industry in the area. The West Dover area Suspended solids
currently has two major ski areas with related lodging Primary influent, mg/L 300 300
and restaurants. There are also many private recre- Primary influent, lb/day, avg. day
ational residences, which are used primarily during Winter season 880 1380

the ski season, and permanent residences in this area. Spring season 175 425

Also there are significant differences between the Summer-fall season 275 750
Primary influent, lbiday, winter 1460 2050

weekday and weekend-holiday population. Due to maximum day
the recreational activities in the district, the engi- Biochemical oxygen demand
neering firm working for the district divided the pop- Primary influent, mg/L 255 255
ulation into three categories: commercial and tran- BOD loading, lb/day, avg. day
sient people, overnight staff and guests, and residents. Winter season 740 1170

The design populations for the years 1972 and 1992 Spring season 150 360
Summer-fall season 235 635

are summarized in Table 1. BOD loading, lb/day, winter
The design unit flows are 10, 80 and 80 gallons maximum day 1205 1745

per capita per day for commercial and transient

people, overnight staff and guests, and residents re-
spectively.

The computed wastewater flows, the five-day bio- tion. Figure 4 is a hydraulic schematic of the entire
chemical oxygen demand (BOD 5 ) and suspended solids facility.

loadings are broken down into winter, spring, summer The headworks of the facility consist of a com-
and fall to indicate the anticipated seasonal variations minutor placed in parallel with a bar screen bypass
(Table 2). channel, followed by a parshall flume and a flow pro-

The wastewater generated throughout the district portioning structure. The headworks are digned for
'0 is pumped from the final collection point on State a flow range of 0.35 to 3.5 mgd. The flow propor-

Route 100 to the treatment facility. This facility tioning structure controls the amount of flow going
provides biological stabilization prior to spray irriga- to each of the oxidation canals.

There are two orbital oxidation ditches, each 254
ft long with a 14-ft bottom width, a 28-ft top width

Table 1. Design population by category. and an average water depth of 6 ft. Each oxidation
* ditch has a 442,000-gal. capacity whch provides ap-

Commercial Overnight staff proximately 24 hours of detention time at the winter
Year and transient and guests Residential average design flow. Based on a food-to-mass ratio

of 0.06:1, normal recycle flow is estimated to be
1972 13,050 3230 2360 about 4 0/o of the incoming flow. There are two 14-
1992± 13,050 3230 5310* ft aerators in each canal. At 90 rpm and standard

*Projected 19921 residential population is based on an conditions, each rotor has a minimum oxygenation
increase of 125% of present residential population, capacity of 50 lb of oxygen per hour when submerged

6
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9 in. This is decreased to 17 lb/hr when the rotor is direction. The 12 spray laterals run parallel to each
submerged 3 in. The rotors are designed to maintain other, 75 ft apart, and follow the undulating contours
a minimum velocity of 1 ft/s through the canals, of the spray site. Fibai,: 5 is a profile view of a typ-

Each of the two secondary clarifiers is 42 ft in ical spray lateral. The spray laterals are suspended
diameter and has a 10-ft side water depth. Each can 5 to 15 ft above the ground and consist of 2- and
hold 104,000 gal. and is designed with an overflow 3-in. galvanized steel pipe insulated by a jacket of
rate of 300 gal./day ft-2 at the maximum winter PVC pipe. Vegetation is cleared 5 to 10 ft from either
daily flow. The clarifiers can be used in tandem or side of each lateral. There are 66 low points in the
separately, and each can receive flow from either system where 3 /4 -in. spray nozzles have been installed.
oxidation canal. These nozzles spray downwards and rapidly drain the

The clay-lined polishing pond has a capacity of laterals after each spray cycle. Two types of nozzles
2.2 x 106 gal., which gives a detention time of 4 days that spray upwards have been used at 50- and 25-ft
at the design winter average daily flow of 0.55 mgd. centers on the rest of each spray lateral, depending
It has a maximum depth of 5 ft and surface area of on the season. Additional information on the spray
1.7 acres and stores the chlorinated secondary efflu- nozzles and their operating characteristics will be
ent from the clarifiers until it is sprayed. The over- presented later in this report.
flow from the polishing pc'rd passes by gravity The 3 spray pumps and 12 Camflex spray valves
through a pipe to a holding pond. The unlined hold- can be automatically or manually controlled from the
ing pond was constructed over fragipan and has a operation panel. A timer system can be used to pro-
capacity of 16 x 106 gal., which gives a detention gram the desired timing and selection of spray later-
time of 29 days. A pump is used to transfer water als. Under normal operation the spray system is
from the holding pond back into the polishing pond divided into three sections, each consisting of one
for application to the .pr, field. When both ponds spray pump and four laterals. At any given time each
are full, there are prois~or, !for automatically start- pump will distribute water to one lateral in a section.
ing the spray system to pr, t overflowing. The flow to each lateral is determined by the number

The spray system inctudes the spray pumps, con- of nozzles on the lateral, the desired application rate,
trots, and a network of spray laterals and nozzles in and the spray schedule. The pump flowmeter indi-
the spray field. A 12-in. suction line runs from the cates the flow rate, which is controlled by adjustment
polishing pond to three pumps located in the base- of the Camflex valve. The timer is used to alternate
ment of the control building. Each spray pump sys- between each lateral in the section and to control the
tem consists of a 1/16-in. opening strainer, a 350- amount of time each lateral is in use.
gal./min pump, an air-activated automatic control The spray site is located on a forested knoll west
valve, a bypass line, and a transmitting flowmeter of the plant. This knoll is 1700 ft above sea level,
that monitors flow. Each spray pump discharges about 2000 ft long and rises 100 ft above the plant
into a separate header which feeds four of the spray site. The eastern side of this knoll slopes at an aver-
laterals on the spray field. Each spray header has an age of 8 to 15% toward the plant site. The western
adjustable, automatically controlled Camflex spray side slopes even more steeply (25%) into a Pleistocene
valve with an accompanying automatically controlled valley cut by the North Branch of the Deerfield River.
header drain valve. The drain manifold is piped back Figure 6 shows the relative positions of the spray site
into the polishing pond. All header lines run under- and the other unit processes at the facility.

: ground from the control building and through the There are approximately 34 acres of actual spray
center access trail of the spray site. Four spray lat- area covered by the laterals. A 200-ft buffer zone
erals extend from each header in a north-south separates the spray area from the perimeter of the

All upward spraying
",.nozzles are placed 50'apart Spray Lateral

I~~roundSufc

Indicates adownward
spraying nozzle placed
at low points in eoch lateral

j Figure 5. Cross section of a typical spray lateral (not to scale).
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spray site, bringing the total area of the spray site to and is between 3.3 and 5 ft deep with a design vol-

0 approximately 50 acres. ume of about 3.4 x 106 gal. The flow from the in-
An interceptor trench runs southerly along the terceptor trench is collected in the evaporation pond

eastern perimeter of the spray field. The purpose of where it can percolate into the ground.
the interceptor trench is to prevent spray field run- Two identical solution-tec. gas chlorinators, each
off from entering the holding pond. Groundwater with a maximum capacity of 300 lb of chlorine per
and surface runoff from the easterly sloping portion day, can be used to feed a solution of chlorine and

* of the spray field are collected in the interceptor plant water to the headworks, the sludge return lines,
trench and flow by gravity to the evaporation pond. the spray pump suction line, the sludge holding tank

. Two concrete headwalls are installed in the trench and the chlorine contact tank. Each chlorinator is
and can be used to divert flow back into the holding a standby for the other. Gas is provided in 150-lb
pond. These headwalls are also equipped with weirs cylinders. The chlorine contact tank, divided into
so that the flow in the trench can be measured. two identical compartments, is 31 ft long by 24 ft

* The evaporation pond is located on the southern wide with a side water depth of 7.5 ft and is designed
edge of the site. It is approximately 300 ft square to provide a 19-minute contact time at the peak

9



winter flow. There is a parshall flume for flow meas- The surficial material covering the bedrock in the
urement immediately upstream of the chlorine con- West Dover area is very thin. Based on well drillers'
tact chamber, records since 1966, depth to bedrock ranges from 2

Chlorine solution feed rates can be manually or to 32 ft in the vicinity of the treatment site. The
automatically set to feed in proportion to flow en- water well supplying the treatment facility is drilled
tering the chlorine contact tank. Automatic switching into the shale which lies 28 ft below the ground sur-
to mixed minimum feed rates for low flows is also face. Bedrock is closer to the surface in the spray
possible. Normally, one chlorinator is used to chlor- field, and several bedrock outcrops are visible on the
inate the chlorine contact chamber, and the second upper slopes of the spray field.
is used to chlorinate other points in the system. A
total feed rate is set, and Rotameters are used to pro- Soils
portion the chlorine flow to the desired application Prior to design and construction of the West Dover
points. facility there was no specific soil survey conducted

at the site. However, the county soil survey map
Geology (SCS 1974) and the narrative soil report (SCS 1972)

The Dover area lies on the eastern flank of the did include the spray field site. From these documents
Green Mountain anticlinorium, an arched complex it was initially determined that the predominant soil
of folds. The Green Mountains were formed at the type in the spray field was Peru/1 8 (Fig. 7). This soil
close of the Ordovician period about 425 million is moderately well drained, and has a compacted
years ago. The anticlinorium consists of a central glacial till layer (fragipan) that occurs from 15 to 30
area of Precambrian metamorphic rocks-gneisses, in. below the surface. The density and texture of
schists, quartzites, and lime-silicate granulites-man- this fragipan layer is variable. Permeability of the
tied by a lower Paleozoic sequence of volcanic rocks, soil above the fragipan is high in comparison to the

Only general information is available about the permeability of the fragipan. Depth to the seasonal
* bedrock geology underlying the West Dover facility, high water table is 1 to 2 ft; however, a continu-

The spray site is underlain by two major formations: ous saturated condition exists above the fragipan
Wilmington Gneiss and the Hoosac Formation. during wet seasons. Depth to bedrock is 4 to 10 ft

Wilmington Gneiss, which underlies the south- or more. The dominant slope of the spray area on
western portion of the spray site, is composed mainly the east side is from 8 to 15%. The west side of the
of coarse gray, buff, and pink microclineaugen gneiss, spray area has a slope greater than 25%.
with small quantities of quartzites, schists, and calc- The origin and distribution of the fragipan under-
silicate granulite. This formation is probably Pre- lying the Peru soils on the spray site were unknown.

* cambrian. A typical profile of the Peru soil is shown in Figure 8.
The Hoosac Formation underlies the remainder Fragipan type 1 is the most common form in accur-

of the spray site and consists mainly of medium to ately mapped Peru soils. Fragipan type 2 is less com-
coarse-grained muscovite, chlorite, biotite, garnet, mon, while type 3 is poorly defined and occurs only
quartz schists, and interbedded amphibolites. Fossil in special cases of Peru soils.
evidence indicates a Lower Cambrian age. The Hoosac Fragipan types 1 and 2 are more common on slopes
Formation ranges in thickness from 700 to 2000 ft. of less than 25%. On slopes greater than 25%, type

Unconsolidated surface material deposited during 3 (not a true fragipan) is far more common. Thus it
the Pleistocene overlies the bedrock. The Dover area was hypothesized that the east slope of the spray

0 experienced two glaciations, separated and followed field had a well defined fragipan layer, while the west
by periods of postglacial erosion and deposition. The slope, draining toward the North Branch, lacked this
Bennington Glacial Stade covered all New England impermeable layer.
and left behind surficial material known as Benning- The soils located in the spray area along the North
ton glacial till. Bennington till is sandy and silty with Branch of the Deerfield River were originally classi-
very little clay. It is often very hard and most frag- fied as Windsor/14 gravelly subsoil series (Fig. 7).

* mented material is derived from the parent bedrock. These soils are well drained and have developed from
The Shelburne Glacial Stade occurred later, and a sand that extends to a depth of about 23 in. Below

extended southward approximately to Dover, Ver- 23 in. the soil material is coarse sand and gravel. The
mont. This glacial episode deposited material known permeability of the soil is rapid to very rapid. Depth
as Shelburne drift in a thin veneer over the bedrock, to water table and bedrock is typically 3 to 5 ft or
Shelburne drift is predominantly an ablation till of more.

* loose sandy texture, with a high percentage of angu- In the flood plain along Ellis Brook, wcll-drained
lar cobbles and boulder- eomposed of local bedrock. Podunk/24 soil was mapped (Fig. 7). This soil
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Figure 7. Original soils map of West Dover facility.

!"consists of a sandy loam material 28 to 36 in. deep. QTr - QET - QD=

" The permeability of this sandy loam is moderately
.rapid. Depth to seasonal water table is 1v to 2l where

S'ft, and depth to bedrock is typicaly greater than QT = total volume of w. tewater and pre-
4 5ft. cipitation applied to the eastern slope

-It was hypothesized that the fragipan layer was QET = total volume of evapotranspiration
Srelatively continuous on the eastern slope of the QD= total volume flowing through the ditch

- spray field and, therefore, would minimize the QL= total volume of water not accounted for

~amount of deep percolation of any precipitation or
*applied wastewater. Instead, the applied wastewater During a 6 week study in July and August 1977, a

1, or precipitation would move down through the soil water balance for the eastern slope was developed.

until it reached the fragipan layer. Then, it would The results are shown in the following equation
move laterally on the top of the fragipan until it (Cassell et al. 1979).

* flowed into the interceptor ditch that runs in a
north-south direction along the eastern base of the QT - QET - QD = QLE spray field.

r eo1,078,809 ft3 -380,000 ft 3 
- 183,525 ft3 

of515,284 f 3

'5 After balanceo appiet the eastern slope h

spray field is described by the following equation:
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Figure 9. Detailed soils map of West Dover facility.
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This shows that 47.8% of the total volumne of waste- that the area near the western boundary of the treat-
water and precipitation applied to the eastern siope ment facility property along the North Branch is an
of the spray site could not be accounted for. This area of moderate groundwater potential (Vermont
indicated that the original hypothesis concerning Department of Water Resources 1968). This area is
the presence and integrity of the fragipan layer was underlain by relatively thin deposits of coarse-grained
probably incorrect, stratified glacial drift and stream gravel. It is deemed

A detailed soil survey of the spray field was con- suitable for shallow wells and infiltration galleries
ducted in October 1978 to specifically map the soils that should yield sufficient quantities of water for
in the spray field and to determine the extent of the domestic, commercial, and light industrial use.
fragipan layer. The results of this detailed soil sur- On-site observations support these suggestions of
vey are shown in Figure 9 (Yost 1978). significant groundwater activity. Subsurface water

The predominant soil in the spray field was iden- was frequently encountered during construction of
tified as Berkshire fine sandy loam. The Berkshire the treatment facilities, particularly near the oxida-
soils are described as deep, well-drained soils that tion canals and in the holding pond. Several natural
formed in glacial till, that have a permeability rang- springs have been observed on the east slope of the
ing from 0.6 to 6.0 in./hr throughout their entire spray field. Plant personnel observed water flowing
profile, and that have n- fragipan layer. This absence in the spray field interceptor trench even before
of a fragipan layer was confirmed by examination spraying began.
of test pits which were dug in conjunction with the High groundwater conditions exist in the spray
soil survey, il urn h period ofsnow mlusually frn

Other soils present in the pray field were identi- more than 4 weeks.
fied as Podunk and Walpole. The Podunk soils are According to information from the Vermont De-
deep, moderately well drained fine sandy loam soils partment of Water Resources, 15 domestic water
on floodplains that formed in sandy alluvial sedi- wells have been drilled near the facility since 1966.
ments. Their permeability ranges from 0.6 to 6.0 Depths of the wells range from 100 to 700 ft, with
in./hr in the surface layers to 2.0 to 20 ,n./hr in their a median depth of 200 ft. Reported water yields range
deeper layers. Walpole soils are deep, somewhat from 0.5 to 50 gpm (gallons per minute), with a
poorly to poorly drained soils on terraces, with fine median yield of 4 gpm. Wells with particularly high
sandy loam in their surface layers and gravelly loamy yields seem to be clustered around the facility site.
sand in their substrata. They formed in glacial The water well for the plant, drilled in March 1975
outwash and, like the Podunk soils, have a perme- to a depth of 155 ft, yields 30 gpm. In the context
ability that ranges from 2.0 to 20 in./hr. of regional and local water wells, this is a high yield.

The most important result of this soil survey was Little water quality data exist for the wells. Since
that it confirmed the lack of a fragipan layer be- 1975, 12 samples from the treatment plant's well
neath thc east slope of the spray field. Therefore, have been sent to the Vermont Department of Health
deep percolation of the applied wastewater into the for bacteriological analysis. All samples showed no
groundwater is not totally restricted, detectable coliform bacteria.

Information is not available to determine the di-
Groundwater rection of groundwater movement or how streams

Although no detailed groundwater investigations are recharged in the site area. It is arparent that
have been conducted in or near the spray site, avail- groundwater is flowing from the knoll where the

.4able information indicates that the treatment facility spray field is located and the soil types along the
is located in an area of significant groundwater ac- North Branch and along Ellis Brook seem conducive
tivity. The Wilmington Gneiss underlying part of the to groundwater movement.
spray site tends to be extensively fractured and thus
has high groundwater potential. The major gravel Vegetation and wildlife
deposit along Ellis Brook (Fig. 7) is a potential ground- There are no site-specific data on vegetation or
water container. The North Branch of the Deerfield wildlife for the treatment facility. About 90%b of the
River and Ellis Brook may contribute to groundwater spray field is forested. Approximately 40% of the
recharge. The spray site may also contribute to the spray area, primarily thc castern slope of the knoll,
flow of the North Branch from the west slope of the is forested with species of the northern hardwoods-
spray field or to Ellis Brook through the gravel under- maples, beeches, and birches. The understory con-
lying the plant sitc. sists of a fairly dense stand of balsam, spruce, and

4 Studies by the U.S. Geological Survey and the hemlock. Part of the hillside was at one time a sugar-
Vermont Department of Water Resources suggest bush, as evidenced by light stands of 8 to 16-in, sugar
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maples. Some areas of the spray field are extensively though snowfall averages over 100 in. annually, 170
populated by blackberry bushes, particularly near in. of snow fell in 1972.
the base of the eastern slope. Mean annual temperature for the Dover area is

More than half the forested area of the spray field about 40 to 45°F. Frostfree periods average 60 to
is dominated by conifers-white spruce, spruce and 90 days. The first fall freeze generally occurs in the
fir-primarily along the crest and western slope of last half of September and the last spring frost usually
the knoll. These species dominate in the areas of occurs in late May.
thinnest, most acid soils, which are also subject to There are no compiled data for wind direction and
the most extreme microclimates. Trees and other velocity in the area. However, local observations
vegetation were cleared from an area of 10 to 20 ft suggest that the prevailing winds are from the north-
wide during placement of the spray lines, west in winter and west or southwest in summer.

The only information about wildlife is drawn from Consequently, in winter exposure is likely to be
reports of local residents. Prior to construction, the greatest on west facing slopes and least on east facing
area was often frequented by deer, although it was slopes.
not regarded as a deer yard. In past years, a sizable
fox population was noted in the area of the spray
field. A 5-ft chain-link fence now surrounds the en- WINTER OPERATIONAL PROBLEMS
tire spray field and presents a major barrier to animal AND SOLUTIONS
life in the area. Deer apparently use the area as a
sanctuary of sorts from local dogs since, in the spring, There are two methods of operating the spray
deer can jump the fence while dogs can't system-automatic or manual. During automatic

operation, a timer system is used to program the de-
Climate sired timing and selection of spray laterals. After one

Because of its elevation and location east of the spray lateral has operated for a specified length of
peaks of the Green Mountains, the Dover area exper- time, it automaticaliy shuts off and the next one be-
iences a climate similar to that of extreme northern gins. During manual operation, the operator turns
Vermont. Adiabatic cooling of air masses rising on the spray pump and adjusts the Camflex valve of
across the Green Mountains causes high precipitation, the selected spray lateral. It will spray until the oper-
with the annual amount averaging about 55 in. Al- ator shuts it off.

a. Lateral 7.

Figure 10. Typical spray laterals.
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b. Lateral 9.

Figure 10 (contd)

a. Lateral 2.

Figure 11. Do wn word spraying nozzle.
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b. Lateral 8.

Figure 11 (con t'd). Downward spraying nozzle.

Figure 10 shows two spray laterals during March cycle. However, a small quantity of wastewater con-
1978. Figure 5 is a cross scction of a typical lateral. tinued to drip from these nozzles for several hours.
There are 66 low points in the system where, origin- This wastewater had a temperature of about 40'F
ally, I/2-in. spray nozzles were installed. These noz- when it was within the lateral, but it froze at ambient
zles spray downwards to rapidly drain the laterals air temperatures as high as 27'F when it dripped out.
after each spray cycle (Fig. 11). Originally, Buckner During the next spraying cycle, the nozzles remained
Turf King rotary sprinklers were installed every 50 frozen and would not spray. The frozen nozzles be-
It along the spray laterals, except at the low points came a problem at the end of a spray cycle because
Additional information on these nozzles and their there was no way for the wastewater to drain from
operational characteristics is presented below, the low points in the laterals. The laterals were then

susceptible to damage caused by the progressive
Downward-spraying nozzles freezing of the wastewater left in them.

Originally, Patasol 1!2 E40 no/les, manufactured Because of these problems the engineering firm of
hb the Spraying Svstems Co., were installed at the Dufresne-Henry of Springfield, Vermont, the system
60- lw points along the spray laterals. Their purpose designer, conducted a special study (Dufresne-Henry
w x, to draiin the low sections of the spray lateral 1976a). They evaluated several alternatives or partial
itcr completion o a spray cycle. During the first solutions to the problem. Many alternatives were
winter of oYperation (1975-76) it was found that eliminated after an initial screening indicated they

P.rasol nozzles effectively drained most of the waste- would be too expensive. Others were eliminated after
Water within I hour of the completion of a spray field testing showed they did not alleviate the problem.
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vanes is fed through the body of the nozzle itself,
and the other is fed through a 318-in. brass tube that

•, extends upward out of the base of the spray nozzle
(Fig. 12).

When the spray lateral is shut off, the wastewater
drains by gravity through both vanes until the liquid
level in the lateral reaches the top of the brass tube.

At this point, liquid stops flowing through the vane
fed by the tube. The other vane continues to drain.

/Because the liquid quickly passes by the entrance to
, //the tube, the weeping action described previously

// does not occur and the vane remains open. The other

/vane is subject to weeping and may freeze shut during
-the final stages of drainage. However, when the lat-

eral is brought back on line, liquid passes through
the open vane and heat from the flowing liquid trans-
fers through the brass partition separating the two
vanes and quickly thaws the other, restoring the noz-
zle to normal operation (Fig. 13).

After installation of these modified nozzles, waste-
water was sprayed at ambient air temperatures as low

Figure 12. Modified Fulliet 3/4 HH6W nozzle, as O°F. Dufresne-Henry also recommended that auto-
matic alternating of spray lines not be practiced dur-
ing the winter months in order to minimize opera-

After several tests, Dufresne-Henry recommended tional difficulties. Instead, they recommended that

installation of modified Fulljet 3/4 HH6W nozzles, the spray lines be used continuously over the course

. a!so manufactured by the Spraying Systems Co. This of the spray day (a spray day might be only a few
modified Fulljet nozzle contains two vanes, each of hours).
which can be isolated from the other. One of the

Spraying.

Draining. Brass tube in left half drains quickly, until
liquid level is below its top. Then only right half con-
tinues to drain.

Line drained. Small amount of ice has formed to block
right half of nozzle. Brass tube is open and ready for

l
2 4 tnext spray cycle.

Nex i spray cycle. Water in tially sprays through the
brass tube on the left side. The heat from the liquid
melts the ice plug blocking the right half of the nozzle

d., and spraying resumes in the normal manner as shown
in a.

Figure 13. Operation of modified Full/et 3/4 H.16W nozzle.
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Upward-spraying nozzles needed, as compared with approximately 300 Buckner

Originally, about 300 Buckner Turf King rotary nozzles. This was more than a 1001o increase that
sprinklers were installed as the high point nozzles for offset the lower capacity of the Fulljet nozzles (6.20
the system. Again, during the winter of 1975-76, gpm for the Buckner versus 2.75 gpm for the Fullijet),
these sprinklers had problems, and Dufresne-Henry so the capacity of the new system with Fulliet nozzles
conducted a special study to identify and correct was essentially the same as with the Buckner nozzles.
them (Dufresne-Henry 1976b). They determined As with the downward-spraying nozzles, there have
that the Buckner nozzles were unsatisfactory for use been very few problems associated with the new noz-
during winter operations because: 1 ) they were sus- zles during the winter.
ceptible to freezing damage, 2) they plugged due to
freezing, and 3) they required excessive maintenance Snow and ice buildup
because the nozzle had moving parts and because it After the problems with the nozzles had been
had to be kept perfectly level, solved and the system operated throughout the win-

They also noted that the spray diameter of the ters of 1976-77 and 1977-78, snow and ice buildup
Buckner nozzles (55 to 65 ft) was significantly began to cause problems. This section discusses these
greater than the width of the corridor cleared along difficulties and the method used by the operator to
each spray lateral (10 to 20 ft). This resulted in a alleviate them.
significant ice buildup on many of the trees along As spraying continued throughout the winter,

* the spray laterals during the winter. In an effort to large amounts of snow and ice formed under the
find a suitable winter replacement for the Buckner spray laterals, particularly within the spray circle of
nozzles, Dufresne-Henry reviewed the available liter- the nozzles. During the winter of 1977-78, only lat-
ature and selected several nozzles for on-site testing. erals 5 through 9 were used (see Fig. 6). Typically,
As a result, they recommended that the Buckner the operator would operate two of these laterals all
nozzles, located every 50 ft along the spray laterals, day. On the next day he would use two different
be replaced with Fulljet 1/4 HH14W nozzles (manu- laterals while he tried to remove the ice that had
factured by the Spraying Systems Co.) at 25-ft in- built up during the previous day. Although the oper-
tervals. ator worked hard to remove the ice from the laterals,

The Fulljet nozzles were recommended because a large amount did accumulate around the spray noz-
their application rate (0.275 in./hr) was very close zles (Fig. 14). As these mounds continued to build,
to the design application rate of 0.25 in./hr. By their weight actually caused sags in the spray laterals
placing the Fulljet nozzles at 25-ft intervals along (Fig. 15). Because there was no way of draining them,
each spray lateral, more than 600 of them were these low points were susceptible to freezing and

bursting, or plugging.

Figure 14. Snow and ice buildup near spray nozzle.
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Fiure 15. Sags in spray lateral 10.
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* b. Laten.

Fiqare 76. Experimental risers on spray laterals
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To minimize the buildup of ice and snow on the draining many laterals several times per day, should
*laterals, the operator, acting on the recommendations be built into the system.
*of Dufresne-Henry (Dufresne-Henry 1977), removed 8. If the spray nozzle diameter is fixed by the

the spray nozzle from the latera and placed it on wastewater application rate allowed at the site, and
top of a copper riser, about 30 to 36 in. long. An- if the system is being built in a forested area, corni-
gling the riser approximately 20 to 30 degrees from dors cut for the spray laterals should be wide enough
the vertical directed the spray away from the lateral, so that spray does not freeze to the trees.

L Figure 16 shows two of these experimental risers on
- - spray laterals. The results were excellent, and the

operator intends to install these risers along the en- LITERATURE CITED
tire length of several laterals. Also, he plans to have
all the risers on one lateral lean towards the west Cassell, E.A. (1977) Existing information collection
and those on the next lateral lean towards the east. of the North Branch Fire District No. 1 wastewater

*Then he can select laterals where the spray will not treatment facility. Contract Report. CRREL.
be blown back on them by the wind. Cassell, E.A., D.W. Meals and J.R. Bouzoun (1979)I! Spray application of wastewater effluent in West
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naturally occurring snow or the snow and ice formed Second interim report on spray field alterations.
by spraying. Springfield, Vermont.

3. The risers should be reinforced to provide Dufresne-Henry Engineering Corp. (1977) North
stability against the weight of ice and snow that may Branch Fire District No. 1, West Dover, Vermont:
adhere to them. Final report on spray field alterations (draft). Spring-

4. Provisions should be made to back-drain both field, Vermont.
the risers and the distribution laterals after a spray Soil Conservation Service (1972) Narrative soil report.
cycle to prevent freezing. Soil Conservation Service (1974) General soil map,

5. If it is too expensive to bury the laterals and Windham County, Vermont.
they are suspended above the ground, as at West Soil Conservation Service (1978) Detailed soil !,urvey
Dover, the use of Fulljet nozzles, modified as dis- of West Dover land treatment site. [Letter dated 25
cussed previously, at the low points in the line should October.

*be considered. Vermont Department of Water Resources (1968)
46. The use of risers at a sufficient angle to ensure Groundwater favorability map of the West Deerfield

that the spray does not freeze on the laterals should River Basin. Montpelier.
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3. YEAR-ROUND STUDY OF
TREATMENT FACILITY

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

PURPOSE METHODS AND MATERIALS

The purpose of the following year-round study Hydrologic measurements

was to assess the renovative ability of a slow rate To permit calculation of water balances across

land treatment system that operates under severe the east slope, four major components of water in-

spring and winter conditions. The experimental pro- put to and output from the east slope were measured:

gram at the West Dover, Vermont, facility was de- volume of applied effluent, flow in the interceptor

signed to address two main objectives: ditch, precipitation, and pan evaporation.

1. To determine the seasonal variations in waste- The total daily volume of effluent applied was de-

water renovation at the site, particularly during the rived from plant operational records. This volume

winter and spring months. This required: was adjusted to account for the drain-back of the

a. Determining the quantity and quality of the pipelines that followed each spray lateral shutdown.

wastewater applied to the east slope of the spray Only the amoi-nt of effluent actually applied to the

field, east slope (that being sprayed through lateral, 5, 6,

b. Determining the quantity and quality of the 7, 8, 9 and half of lateral 10) was included in water

drainage from the east slope of the spray field, balance calculations. Only laterals 5 through 10 were

c. Developing mass balances for nitrogen (N) used because laterals 11 and 12 are to the west of

and phosphorus (P) across the east slope of the the crest of the knoll; therefore, any wastewater

spray field. from these laterals would not be intercepted by the

*d. Monitoring specific hydrologic events on the ditch at the eastern toe of the knoll. Laterals 1

east slope of the spray field, through 4 were not used because of their proximity

e. Monitoring the shallow groundwater quality to the interceptor ditch, particularly at the north end

in the spray field monitoring wells. of the spray field where lateral 1 crosses the inter-

f. Mionitoring precipitation, evaporation and ceptor ditch.

air temperatures at the site. Spray field drainage was measured as flow in the

2. To determine the off-site effects of operating interceptor ditch, which could include surface runoff

the syste m. This required: from the east slope as well as any subsurface flow

a. Monitoring the groundwater quality at sev- intercepted by the ditch. Equipment for continuous

eral off-site wells, flow measurements was installed in a heated shelter

b. Monitoring the water qualit\' in both the attached to the southernmost headwall on the inter-

North Branch of the Deerfield River and Ellis ceptor ditch (Fig. 17). Initially, a 900 V-notch weir

Brook. with a capacity of 0.44 ft3/s was installed in the

A comprehensive program of hydrologic and headwall as the primary device for flow measurement;

water quality monitoring on the eastern slope of the however, in January 1979 a compound V-notch-rec-

spray field was implemented to achieve these objec- tangular weir with a 11.3 ft3/s capacity was installed

tives. to accommodate the anticipated high flows of spring
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Figure 17. Interceptor ditch monitoring and sampling station.

runoff. The compound weir, designed and fabricated Evaporation was measured from Jilne 1979 through
at the University of Vermont (UVM), was precisely October 1979 by a standard class A evaporation pan
calibrated in a flume by CRREL personnel, located near the control building. The pan was read

An ISCO model 1530 float-type totalizing flow- and maintained according to standard procedures by
meter was used to measure flow through the weir. the treatment plant staff.
This flowmeter employed a 4-in. steel float in a 12-
in. square stilling well situated directly below the in- Water quality monitoring
strument shelter in the pool upstream of the weir. The water quality monitoring program at West
A steel staff gauge was fixed to the outside of the Dover was designed to determine nutrient input to
stilling well and aligned with the apex of the weir to the spray field, nutrient export from the spray field,
provide an easily visible reference for calibration of on-site groundwater quality, and water quality in
the flowmeter. Flowmeter calibration was checked adjacent surface waters and off-site groundwater.
at least weekly throughout the study. Thus, a monitoring schedule was implemented which

Output from the flowmetcr was recorded con- included sampling of the sprayed effluent, the inter-
tinuously using an ISCO model 1710 digital printer. ceptor ditch flow, the six spray field observation
This printer recorded date, time, incremental flow wells, Ellis Brook and the Deerfield River, as well as
and total flow at each point. The print interval was several off-site private water supply wells.
variable from 5 to 60 minutes. Grab-samples of the effluent spray were taken

The instrument shelter was constructed with weekly during fall, winter and summer, and once
several special features to permit operation in ex- every 5 days during the spring runoff period (14
treme cold weather. In addition to an electric heater March-15 May 1979) directly from an operating
and full insulation, a blower directed warm air down spray line on the east slope. These samples were
the stilling well to prevent ice formation. The pool analyzed for pH, conductivity, suspended solids,
below the shelter was enclosed in polyethylene BOD 5 , and fecal coliform bacteria at the UVM lab-
sheeting to protect it from wind and drifting snow. oratory. Samples were delivered to CRREL for
Another blower directed warm air from the shelter analysis of total P, ammonia-nitrogen (NH 4 -N), ni-
into the enclosed area and this, in addition to two trate-nitrogen (NO3-N), total kjeldahl nitrogen (TKN),
heat lamps mounted directly over the weir, kept ice and chloride (CI).
from forming on and near the weir. Water was sampled in the interceptor ditch with

Precipitation was measured by a standard weighing an ISCO model 1680 auto;Iatic sampler. The sam-
bucket rain gauge that automatically recorded the pier, housed in the instrument shelter on the head-
data; it was located near the plant control building, wall (Fig. 17), drew samples from the pool above
This gauge operated throughout the winter, using the weir through 1/4-in Tygon tubing. This intake
ethylene glycol as antifreeze. The gauge was in- line was heated in the winter to prevent freezing.
stalled by CRREL personnel and was maintained by The ISCO sampler was capable of automatically
the treatment plant staff. collecting up to 28 discrete samples at variable time
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intervak Collected samples were maintained in an RESULTS AND DISCUSSION
;cc bath in the insulated sampler base.

During the fall, winter and summer, grab samples Hydrology
were taken from the ditch on the average of once a
week on randomly selected days. From 14 March Water inputs to east slope
through 15 May 1979, the automatic sampler was Complete records of the treatment plant spray
used to collect hourly samples over a 48-hour sam- schedule, total volumes of effluent applied, and the

pling cycle each week. Eight composite samples actual volumes applied to the east slope are presented
were prepared for analysis, each being a flow-propor- by Meals and Cassell (1982), A summary of the total
tional composite of samples from one 6-hour period, monthly amount of applied effluent is given in Table
Also during this spring runoff period, two grab sam- 3. Over the 1 1-month period for which complete
pies were taken from the ditch every 5 days for bac- spray records exist, a total of 6,097,567 ft 3 (about
teriological analysis. 45.6 x 106 gal.) of effluent was sprayed onto the

Samples from the interceptor ditch were analyzed east slope. Although this averaged 544,324 ft3 per

for temperature, pH, conductivity, suspended solids, month, effluent application was not evenly distributed
BOD 5 , and fecal coliform bacteria at the UVM lab- over the year. Monthly spray volumes ranged from a
oratory, except during the spring runoff period when low of 329,862 ft 3 in December 1978 to a high of

these analyses were performed in the treatment plant 1,218,517 ft 3 in March 1979. Table 4 shows that the
,- laboratory. Subsamples were delivered to CRREL

for total P, ortho-P, NH 4 -N, NO3 -N, TKN and Cl Table 3. Total monthly efflu-
analysis. ent application (ft3) to the

Grab samples from all spray field observation east slope.
wells were collected on the average of once each
month during fall, winter, spring and summer, but Month Volume applied

once every 5 days during the spring runoff. Several
of the wells were dry during most of the study period. December 1978 329,862

January 1979 386,421Spray field groundwater samples were analyzed for Febuary 496,495February 496,495
temperature, pH, conductivity, and fecal coliforms March 1,218,517

at UVM, and for total P, ortho-P, NH 4 -N, NO 3-N, April 674,654

TKN and C at CRREL. May 505,461

Ellis Brook and the Deerfield River were sampled June 518,691

on the average of twice a month at points just above July 354,728
and just below the plant site (see Fig. 6). During the September 538,309

spring runoff, the two streams were sampled twice October 332,200

every 5 days. These surface water samples were an-
alyzed for essentially the same parameters as the Total 6,097,567

* effluent spray and ditch flow samples.
Several off-site domestic water wells were sam-

" pled occasionally during the study. Additionally, Table 4. Average monthly
precipitation samples and ground snow samples from spray event duration (hr).

the spray field were analyzed. All of these samples
were analyzed for the same parameters as listed Month Duration

I above. October 1978 9.3
All analyses conducted by UVM-i.e. temperature, December 11.7

pH, conductivity, suspended solids, BOD 5 and fecal January 1979 10.9
colilorm bacteria-were performed in accordance February 65.7
with Standard Methods for the Examination of March 53.1

Water and Wastewater (APHA et al. 1976). Analyses April 30.2
May 20.6

for ortho-P, total P, NH 4 -N, NO 3 -N, TKN and Cl June 30.9
were conducted at CRREL in accordance with July 28.4

Standard Methods for the Examination of Water and August 15.8

' Waslewater (APHA et al. 1976) or other approved September 10.0
mthods. October -
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Table 5. Total monthly precipitation. All records of flow in the interceptor ditch are pre-
sented by Meals and Cassell (1982). Because of equip-

Precipitation Volume on east slope ment failures, there are lapses in the ditch flow records
Month (in.) (ft3 ) during the study period. In the early weeks of the

December 1978 4.39 326,682 project, electronic feedback between the sampler and

January 1979 9.13 679,409 the flowmeter caused spurious flow values to be re-

* - February 2.13 158,504 corded so that the only reliable flow data recorded
March 3.68 373,847 were for the period 12-23 October and 31 October-
April 2.15 159,992 5 November 1978.
May 6.18 459,885
June 1.70 89,298 After this malfunction was corrected, ditch flow

July 2.81 209,106 was recorded continuously from 30 November 1978

August 3.38 251,523 through 28 May 1979, with the exception of a 7-day
September 5.85 435,328 period in January when a power loss cut off heat and
October 4.68 348,262 the stilling well froze.
Total 45.58 3,391,836 Beginning on 29 May, the electrical system servic-

ing the monitoring station began to experience fre-
quent high voltage surges of unknown origin that

length of the average monthly spray event varied burned out the sensitive integrated circuitry in the
considerably during the study, flowmeter. During the months of June and July, the

Total monthly precipitation is shown in Table 5. flowmeter was damaged three times and returned
The full precipitation data for the study period are to the factory for repair on each occasion. None of
given by Meals and Cassell (1982). Total precipita- the protective measures taken were able to keep
tion from 1 December 1978 through 31 October 1979 the problem from happening again. As a result, no
was 45.58 in. or 3,391,836 ft 3 on the 20.5 acres of flow records were obtained for June and July 1979.
the east slope. Precipitation during the study was The flowmeter functioned well for a short period
within the normal range, although June and July from 1 August through 22 August, after which
were somewhat drier than normal. Thirteen individ- another voltage surge again burned it out. The
ual precipitation events of greater than 1 in. in 24 meter was again repaired and placed back in service
hours occurred during the study period, in early October. However, from 5-23 October, the

plant operator pumped water from the holding pond
Water export from east slope directly into the ditch above the weir, rendering ditch

There were two major means of water export from flow data useless for the purposes of this study. No
the east slope that were measured throughout the flow data were recorded again until 24 October 1979.
study: evaporation (evapotranspiration) and the flow Table 7 presents total monthly volumes of ditch
in the interceptor ditch, flow for those months where complete flow data ex-

Mean monthly evaporation rates are given in Table ist. Some estimated daily flow values are included in
6. Full evaporation pan data are given by Meals and the monthly totals for January, May and August to
Cassell (1982). All water balance calculations assumed fill short periods of missing data. Over the 6-month
that pan evaporation was equivalent to potential evap- period of continuous flow record (December 1978
otranspiration on the West Dover spray field. through May 1979), a total of 2,827,287 ft 3 of water

flowed through the interceptor ditch, an average flow
Table 6. Mean rate of 0.18 ft3 /s (15,552 ft3 /day).
monthly evapora- Ditch flow was not constant through this period.
tion rates (in./day). The ditch was completely dry during part of October

1978, but flowed continuously thereafter. The low-
Month Rate est monthly ditch flow of 136,325 ft 3 was found in

December 1978, the average rate being 0.05 ft 3 /s.
June 1979 0.30 The highest monthly flow of 1,012,553 tt 3 was found
July 0.20 in March, an average flow of 0.38 ft 3 /s.
August 0.20 Figure 18 shows the daily pattern of flow rate in

Opteber 0.12 the ditch over the study period. During warm weather,October 0.I12
both precipitation and effluent application often re-

Average 0.19 suited in distinct peaks in the ditch hydrograph. In

the winter, ditch flow also reflected effluent application.
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Table 7. Total monthly water inputs and outputs on the east slope (ft 3).

Spray Precipitation Evapotranspiration Ditch flow
Month (Qs) (Qp) NET) (QD)

December 1978 329,862 326,682 0 136,325
January 1979 386,421 679,409 0 273,289
February 496,495 158,504 0 211,260
March 1,218,517 273,847 0 1,012,553
April 674,654 159,992 0 670,280
May 505,461 459,885 350,643* 523,580
June 518,691 89,298 669,735
July 354,728 209,106 461,373
August 742,229 251,523 461,373 399,630**
September 538,309 435,378 312,543
October 332,200 348,262 276,824

*Estimated as in Cassell et al. (1979), ET for May = 0.152 in./day.
**Nine days of missing data estimated.
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* Figure 18. Daily ditch flow, effluent application, precipitation and mean air temperature.
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but generally in a subdued manner. In very cold QD = QT - QET - I AQST -QH + QG
weather effluent application sometimes had almost
no effect on ditch flow (e.g. December 10-18 1978). or

Occasionally, however, a particularly heavy spray QT = QET + QD + Q  
' QST + QH - QG

application, even in very cold weather, did cause a
substantial increase in ditch flow (e.g. February 5-14 The term QL (water unaccounted for) is essentially
1979). a summation of the unmeasured parameters of Qv,

In both winter and spring, ambient air tempera- QH, QG, and QST, and thus a simplified water balance
ture was a major influence on ditch flow. Midwinter may be written as:
thaws, especially when accompanied by rainfall, gave
rise to major increases in ditch flow (e.g. 1-2 Jan- QT = QET + QD + QL •
uary 1979). The ditch hydrographs had their highest
peaks in the spring with rising temperature, snow- Since daily or weekly water balances, such as those
melt, rains, and heavy effluent application (see 24 used in an earlier study (Cassell et al. 1979), were
March 1979 in Figure 18). The highest ditch flow judged to be too short term to adequately reflect
rate of 2.69 ft3/s was recorded on 25 March follow- the seasonal behavior of the spray field, all water
ing 16 consecutive days of spray application, a mod- balances in this study have been calculated on a
erate rainfall and mean daily air temperature above monthly basis. Water balances calculated for those
500 F. months with sufficient ditch flow data are presented

in Table 8.
% Water balance across east slope The results in Table 8 show that over a 6-month

A summary of the measured hydrologic compon- period, only about half of the water input to the
ents, Qs, QP, QET, and QD, is given in Table 7. As east slope was actually recovered in the ditch. Con-
illustrated in Figure 19, the water balance across the sequently, considerable volumes of water were un-
east slope may be written as: accounted for over the period of the study.

Q= effluent spray Q!= subsurface flow intercepted by ditch
Qp = precipitation QH= subsurface flow under ditch

QT= total water input to spray field QD= ditch flow

QET = evapotranspiration QL- unaccounted for water

Q= surface runoff 00 = 01 + Q

4 QG =Fgoundwaterinput QF = T -ET - R - V "0 sT + G

" Q~~~~~CST =wsil moisture torag D = Q 9QT-Q QS H + Q
= deep percolation = - ET -Q

OS e = subsurface flow e= ce+ t esT - d

p Figure 9. Schematic hydrologic model of the West Dover spray site.
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Table 8. Monthly water balances (ft3 ).

Effluent and Flow
precipitation Evapotranspiration Ditch flow unaccounted for

Mtnth (QT) (QET) (QD) (QL)

December 1978 656,544 0 136,325 520,219
January 1979 1,065,830 0 273,289 792,541
February 654,999 0 211,260 443,739
March 1,492,364 0 1,012,553 479,811

" April 834,646 0 670,280 164,366
May 965,346 350,643* 523,580 91,123
August 993,752 461,373 399,630** 132,749

Total (Dec-May) 5,669,729 350,643 2,827,287 2,491,799

*No on-site evaporation data: estimated at 0.152 in./day as in Cassell et al. (1979).

**Nine days of missing data estimated.

General hydrologic behavior of east slope the 11-month period, while the plant influent totaled
For the purposes of this study, it is convenient 4.3 x 106 ft 3 .

to interpret the hydrologic behavior of the spray Net interception of precipitation by the holding
field in terms of the model shown schematically in pond, polishing pond and other plant tankage can
Figure 19. This model is similar to the one presented account for only 0.6 x 106 ft 3 of this diff-"ence;
in an earlier report (Cassell et al. 1979), but has been thus, during this period, the applied effluent volume
modified to reflect changes in understanding of the exceeded the sum of all known inputs by nearly 1.7
spray field's soils, particularly the absence of a frag- x 106 ft 3.
ipan layer. The total water input to the system (QT) As shown in Table 9, the volume of sprayed ef-
is the sum of sprayed effluent (Qs), direct precipi- fluent was significantly less than the plant influent
tation (Qp) and groundwater inflow (QG)- Water during the fall and winter months; thus, the negative
output from the system is made up of evapotrans- values in the Unexplained Difference column of Table
piration (WET), subsurface flow (QF), surface run- 9 can be explained as in-plant storage of water. In
off (QR), soil water storage (QST), deep percolation the spring and summer, however, the situation was
(Qv), and ditch flow (QD)- Since all subsurface reversed-substantially more water was applied to
water moving down the east slope is not intercepted the spray field than was received as influent or inter-
by the ditch, the term QF (subsurface flow) is di- cepted by the ponds as precipitation. While some of
vided into Q, (the flow intercepted by the ditch) this difference can be accounted for as reduction of
and QH (the flow which moves under and past the in-plant storage, the overall totals shown in Table 9
ditch). In addition, revised soils information suggests indicate that over the year more water was sprayed
that the soil moisture storage capacity on the east than came into the plant as influent or as intercepted
slope (QST) is substantially larger than was believed precipitation.
in earlier studics, although this term cannot be quan- The most plausible explanation for this is evident
tified. by consideration of the hydrologic model shown in

In evaluating the water balance across the east Figure 19. The soils underlying the east slope can
slope, effluent spray volumes (QS), precipitation transmit subsurface flow down the east slope and
(Qp), interceptor ditch flow (QD ), and evapotrans- underneath the ditch. The holding pond is located
piration (WET) were measured directly. No data just east of the ditch. The term QH included in
were available for the other terms, the model ,:presents the portion of subsurface

Discussion of the hydrologic behavior of the West flow moving under the ditch. This water can enter
Dover spray field must include consideration of the the holding pond, depending on its depth in the soil.
differences between plant influent flows and effluent Fie!d observations have shown groundwater emerging
volume applied. During the 11-month period from through the dike walls and pond bottom on numerous
December 1978 through October 1979, the total occasions. Any water which enters the holding pond
volume of effluent applied to the spray field (both in this fashion can be pumped onto the spray field.
east and west slopes) exceeded the plant influent The amount of seepage from the pond into the ground
volume by a substantial margin. As shown in Table is unknown.
9, about 7.6 x 106 ft 3 of effluent was applied over
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Table 9. Plant influent versus effluent applied (ft3).

Effluent Net precipitation Unexplained
Month Influent applied Difference 0 Interception* difference

December 1978 428,552 430,619 + 2,067 +156,170 +154,103
January 1979 607,405 569,265 - 38,140 +324,791 -362,931
February 552,466 610,133 + 57,667 + 75,773 - 18,066

*March 578,666 1,724,724 +1,146,058 +130,912 +1,015,146
*April 273,626 886,216 +612,590 + 76,484 +536,106

May 273,894 541,405 +267,511 + 65,812 +201,699
June 239,808 578,473 +338,665 -233,010 +571,675
July 315,867 403,420 + 87,553 -136,960 +224,513
August 358,508 838,531 +480,023 - 7,115 +487,1 38
September 357,172 666,154 +308,982 + 87,512 +221,470
October 356,102 398,640 - 42,538 + 84,667 -2,0
Total 4,342,066 7,647,580 +3,305,514 +625,036 +2,680,478

-Negative value indicates influent greater than effluent volume.
"*Negative value indicates evaporation exceeds precipitation.

(Assumption: Total area of precipitation interception and evaporation = polishing pond,
holding pond, oxidation canals and clarifiers = 9.8 acres. Note that evaporation cam-
ponent of net precipitation interception is high for months when water surface area
of holding pond is less than total area of ponds [typically June through August])

Table 10. Monthly distribution of water input*.

Month Q T (ft) QET(%OfQT) QD(%6ofQT) QL(%ofQT)

December 1978 656,544 0 21 79
January 1979 1,065,830 0 26 74
February 654,999 0 32 68
March 1,492,364 0 68 32
April 834,646 0 80 20
May 965,346 36 54 10
August 993,752 46 40 14

*Inadequate ditch flow data for June, July and September and October 1979.

The hydrologic model points to the importance of the land treatment process at West Dover and at
of deep percolation (QV) and changing soil moisture other locations.
storage (QST) in the east slope water budget. In The monthly water budgets, shown in Table 10,
addition, since water can apparently flow under the clearly show that the hydrologic behavior of the
ditch (QH)' it is clear that ditch flow does not repre- spray field varied with season. These water budgets
sent a complete accounting of the "removal" process show the proportion of QT (i.e., total water input)
in terms of either water quality or water quantity, recovered in ditch flow was lowest in the winter
It appears probable that some portion of the nutrient months. The magnitude of QL (unaccounted for
mass which appears to be removed by the east slope water) during this time is likely the result of storage
(i.e. not present in ditch flow), as well as some frac- of both effluent and precipitation on the spray field

*tion of water "unaccounted for," is lost by deep as ice and snow. In the spring, however, this pattern
percolation, soil water storage and Subsurface flow was reversed, with most of the input water and
under the ditch, It can be argued that in the absence stored water leaving the east slope in ditch flow. In

*of detectable off-site effects this "loss" of wastewater the summer evapotranspiration became a major com-
constituents in deep percolation is an acceptable ponent of water output, while QL remained fairly
form of treatment; however, this aspect of spray low. This pattern plays a critical role in the disposi-
field hydrology must be considered in any evaluation tion of wastewater constituents introduced to the

east slope in effluent over the seasonal cycle.
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It should be noted that, unlike the data reported ice, the concentrations of ortho-P, N0 3-N and Cl
in an earlier study (Cassell et al. 1979), no significant increased with increasing ditch flow. When rainfall
relationship between total water input and unaccounted was the primary input their concentrations decreased
for water was observed. For the summer of 1977, a with increasing ditch flow.
strong positive linear relationship (r2 = 0.99) was
noted between the total volume of water applied to Water quality
the east slope (QT) and the quantity of water unac-
counted for in the budget (QL)- Similar calculations Quality of applied effluent
over this 1 I1-month project period, however, show no Complete results of water quality analyses are
such relationsh ip (r2 :=0.015). I t is most l ikely that presented by Meals and Cassell (1982).
winter storage of input water as ice and snow masked Table 12 summarizes the mean monthly values

this relationship between QT and QL- of the water quality parameters for the wastewater

Specific hydrologic event studies These values are consistent with those expected in
In order to better understand the behavior of the the effluent from a secondary treatment plant, except

east slope of the spray field, 10 specific hydrologic that N0 3-N levels appear to be somewhat high.
events such as intense rainstorms, spring snowmelt Figure 20 shows that effluent quality varied sea-
and heavy spray application were carefully monitored. sonally. Total N concentrations were highest during
The characteristics of the 10 monitorcd individual the winter months and dropped substantially during
runoff events are given in Table 11. During such the summer. Effluent total P levels also appeared to
events, the automatic sampler was used to collect a peak in the winter, although seasonal variation was
series of discrete samples of ditch flow which were not as pronounced as with N. The higher levels of N
analyzed in order to determine patterns of nutrient and P in the effluent in winter are likely due to a re-
export over the course of the event. dluction in the rates of in-plant biological activity be-

A detailed discussion of the results of these spe- cause of low temperatures.
cific hydrologic studies is presented in Appendix A. The predominant form of N applied to the east

As a result of these detailed hydrologic studies slopes was N0 3-N (Table 12). NO3 concentrations
several conclusions can be reached about the behav- in the effluent (mean of 11.8 mgIL) were consider-
ior of the east slope of the spray field. First, ambient ably higher than NH4-N concentrations (mean of 0.8
air temperature affected the timing of ditch flow. mg/L). N0 3-N made up an average of 77% of the
Freezing temperatures caused ditch flow to peak total N in the effluent over the study period. This
later than above freezing temperatures did. Second, may be due to additional nitrification in the polishing
temperature also affected the quantity of ditch flow, and holding ponds.
The highest ditch flow was in the spring during per-
iods of rising temperatures and rainfall. Third, tem- Interceptor ditch water quality
perature influenced the concentration of wastewater Table 13 gives the mean monthly values of the
constituents in the interceptor ditch. When the major water quality parameters for flow in the interceptor
source of water input was spray or melting snow and ditch during the study period. Monthly mean

Table 11. Characteristics of the monitored individual runoff events.

No. of samples
Event no. Date Event type Sampling interval collected

1 13-16 Oct. 1978 spray/rain 2 hr 26
2 9-10 Dec. 1978 snow/rain 3 hr 9
3 21-25 Feb. 1979 winter rain/melt 6*hr/2 hr 14
4 2-8 March 1979 spring melt 6 hr* 22
5 3-5 April 1979 spray/melt 6 hr* 8
6 19-21 April 1979 spray/melt 6 hr* 8
7 23-25 April 1979 spray/melt 6 hr* 8
8 28-30 April 1979 rain/melt 6 hr* 8
9 3-5 May 1979 spray/rain 6 hr* 8

10 31 Iuly-6 Aug. 1979 spray/dry 2 hr 59

*Six-hour composites of hourly samples.
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Sconcentrations of all measured parameters, except 82% of total N. NH 4 -N concentrations averaged less

fecal coliform bacteria and conductivity for October than 0.1 mg/L.
•1978, were significantly lower than concentrations As mentioned earlier, the concentrations of most
vin the applied effluent. Fecal coliform counts were wastewater constituents were substantially lower in

sometimes actually higher in the ditch flow than the ditch flow than in applied effluent. Figures 22a
4- those in the applied effluent, and b show a comparison of mean monthly effluent

._Figure 21 shows the patterns of mean monthly and ditch flow concentrations of total P and total N,
concentrations of total N, total P, NO3 -N and BOD 5  while Figures 22c and d give a similar comparison for

Sin the ditch flow. As observed in the applied effluent, NO3-N and Cl over the study period. Concentrations
nutrient levels were highest in the winter and lowest of these constituents in ditch flow arc related to con-
in the summer. The highest monthly mean concen- centrations in the effluent.

i tration of total N in the ditch flow was 10.9 mg/L The percent reduction in concentration of several
Sin February 1979, and the highest single value of wastewater constituents after the wastewater flowed

total N recorded over the study period was 17.6 down the east slope is given in Table 14 and in Figure
mg/L on 8 February 1979. Mean monthly total P 23. Reduction of total-P concentration ranged from

•concentrations never exceeded 0.6 mg/L (March a low of 87% during spring runoff in April 1979 to
1979) and the highest single value of total P was 2.0 a high of 100% in September 1979. The average re-

4mg/L on 7 March 1979. duction of total-P concentration was 94% over the
As with the applied effluent, NO 3 was the dom- study period. The 95 to 96% reduction in total-P

inant form of N found in the ditch flow, averaging corncentration recorded in July and August 1979 is
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z

r Figure 21. Monthly average concentration of total N, N03 -N, BOD 5 and total P

in interceptor ditch flow.

Table 14. Concentration reduction of wastewater constituents in
'. interceptor ditch (%).

i A Month Total P Ortho-P Total N TKN NO3 -N BOD 5  CI

*00

!October 1978 93 94 48 62 46 98 7
November 93 86 56 53 56 27
December 98 - 56 76 54 80 50

'January 1979 - - 60 88 52 18 44
February . . . . .- -

March 91 - 56 33 49 91 45

* April 87 - 54 66 52 76 52
•-May 92 - 56 86 38 89 45tJune 98 - 93 95 92 - 56

July 95 - 91 81 95 36 46
August 96 - 92 91 92 91 45

September 100 - 77 90 74 74 8

Mean 94 90 67 75 64 72 36
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consistent with reductions in P concentrations ob- quality of the water in wells 2, 3, 5 and 6 implies that
tained by other forested land treatment systems these wells may directly intercept sprayed effluent
(Sopper 1973). Reductions of soil-water ortho-P that percolates through the soil. Additional field

" concentrations on the order of 70 to 95% have been observations suggest that wells 2 and 6 are probably
reported for a land treatment system at Lake Sun- influenced by surface runoff as well.
apee, New Hampshire (NHWSPCC 1978). As with applied effluent and ditch flow, N0 3 -N

The reduction in total-N concentration varied was the predominant form of N found in spray field
from 48% in October 1978 to 93% in June 1979, groundwater, generally accounting for 50 to 95% of

" averaging 67% over the study period. In the summer the total N. NH4 -N concentrations were consistently
of 1979, the total-N reduction was 91 to 92%. low in all well samples, below detectable levels in

Reduction of N0 3-N concentration ranged from most cases. Wells 3 and 6 consistently had the high-
38% in March 1979 to 95% in July 1979 and averaged est mean NO3 and total-N concentrations, averaging
65% through the year (Fig. 23a). 6.7 mg/L N0 3 -N and 8.6 mg/L total N, and 10.1

Cl reduction varied from a low of only 7% in mg/L N0 3-N and 10.1 mg/L total N respectively.
October 1978 to a high of 56% in June 1979, aver- Wells 2 and 3 showed the highest mean total-P con-
aging 36% overall. Cl concentration reductions in centrations, averaging 0.6 mg/L and 0.8 mg/L re-
July-August 1979 ranged from 15 to 46%. spectively.

BOD 5 concentration reductions were quite var- The observation wells on the spray field are only
iable, ranging from 18% in January to 98% in October, about 2-3 ft deep, intercept only the very upper
and averaging 72%. levels of soil water, and therefore do not represent

Water quality data from the ditch were analyzed the true groundwater beneath the spray field. All
to determine possible correlations with flow rate. but two of the wells (wells 2 and 6) are dry most of
In the summer of 1977, positive correlations were the year, suggesting that these wells do not routinely
observed between flow and total-N concentration intercept the groundwater table. As noted earlier,
(r2 = 0.50) and between flow and NO 3-N (r2 = 0.85) the data suggest that wells 2 and 6 are probably sig-
(Cassell et al. 1979). In this study, however, no such nificantly influenced by surface runoff in addition
correlations were found. The fact that no strong re- to subsurface flow. Thus, observation well data do
lationships between flow and water quality were not accurately indicate the effect on true groundwater
observed in this study is probably due to the seasonal of effluent application, nor do the well data reflect
variability in the renovative behavior of the east the final level of wastewater renovation after full
slope (e.g. plant uptake, denitrification) and to the passage through the soil profile. Rather, observation
character of the east slope water balance (e.g. freezing well data reflect groundwater quality at some stage
of effluent in winter, snow melt and runoff in spring), between the applied effluent and deep-percolated

water.
On-site groundwater quality Generally, the levels of N, P and other water qual-

Mean monthly water quality data from the spray ity parameters observed in the observation wells
field observation wells are shown in Table 15. Two were comparable to those reported by other workers
of the wells, well 1 in the southeast corner of the (Sopper 1976, Sopper and Kerr 1978, Dryden and
east slope and well 4 near the middle of the base Chen 1978, Nutter et al. 1978, Cole and Schiess
of the west slope, were dry over most of the study 1978). N0 3 -N levels, however, tended to be some-
period (see Fig. 6 for locations of wells). With the what higher than those reported elsewhere, possibly
exception of well 6, concentrations of all wastewater due to the high proportion of N0 3 -N in the effluent.
constituents were significantly lower in the spray It is interesting to note that fecal coliform bac-
field groundwater than in the sprayed effluent. How- teria were present in significant numbers onl"
ever, with the exception of fecal coliform counts, wells 2 and 6, suggesting the possibility of surface
most observation well water samples contained higher runoff entering these wells. These wells often con-
concentrations of N, P and other parameters than tained bacteria levels higher than those measured
the ditch flow. in the applied effluent. This is possibly the result

Wells I and 4 showed lower concentrations of of addition of bacteria to the east slope by animals
nutrient forms than did the other observation wells. or the regrowth of coliform organisms in the soil
This, coupled with the fact that both of these wells (Pound and Crites 1973).
contained water only for brief periods during spring Reductions of P, N and Cl concentrations in
and fall, suggests that wells 1 and 4 are not strongly three spray field observation wells are shown in
influenced by effluent application. In contrast, the Table 16. The reductions varied by season and among
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Table 15. Mean monthly water quality in observation wells.

Fecal lotal 7otul
Conductivity coliforms P Ortho-P N114 .N TKN N0 3.N 1, C/

Month pH (uLmhos) (no.1100 mL) (mg/L) (mg/L) (mg1L) (rng/L) (ing/L) (myL) (my/L)

Well 1

March 1979 6.4 154 0 - 0.8 0.0 - 1.0 - 3.2
April 6.6 61 1 - 0.5 0.0 - 0.8 - 3.8
May - 74 - - - -
October - 38 - -

Well 2

November 1978 6.4 90 - - - - -
December 6.4 90 0 0.4 0.15 0.0 0.8 6.3 7.1 19.1
February 1979 6.4 80 1 - 0.12 0.0 0.6 5.6 6.2 14.8
March 6.3 101 1 - 0.04 0.0 - 5.9 - 16.8
April 6.3 80 0 0.2 0.04 0.0 0.6 4.9 5.5 15.5
May 6.1 99 0 0.2 0.03 0.0 - 4.7 - 17.4
June 6.9 110 4 0.4 - 0.0 2.8 3.1 5.9 20.3
July - 150 - - - -
August 5.3 148 106 0.7 0.02 0.0 2.3 1.2 3.5 31.7
September 6.5 150 0 0.2 0.14 0.0 0.9 1.9 2.8 -
October 6.2 120 14 2.4 0.11 0.0 8.6 3.0 11.6 33.8
November 6.3 175 4 - 0.03 0.0 - 3.4 - 36.8

Well 3
November 1978 5.4 120 0 - - - - -
February 1979 6.5 145 0 - 0.03 0.0 0.8 12.1 12.9 40.0
March 6.2 113 2 0.0 0.04 0.0 1.1 7.4 8.5 22.8
April 6.3 103 0 1.0 0.04 0.02 0.2 6.3 6.5 20.8
May 6.4 108 3 0.1 0.03 0.0 0.04 4.6 4.6 21.2
June 6.4 127 0 0.1 0.05 0.0 0.8 3.8 4.6 27.9
August - 295 - - - - -
September 5.9 210 78 0.0 0.06 0.0 0.5 3.3 3.8 -

- October 6.4 150 34 3.6 0.12 0.0 9.0 6.1 15.1 37.0
November 5.7 130 0 0.3 0.02 0.0 1.2 8.1 9.3 39.6

Well 4
March 1979 6.6 111 0 - 0.03 0.0 - 0.2 - 6.3
April 6.5 120 0 0.2 0.03 0.0 0.2 0.1 0.3 5.9
May 7.1 160 0 0.2 0.02 0.0 0.4 0.0 0.4 15.2
October 7.2 187 0 0.2 0.05 0.0 1.2 0.0 1.7 16.7
November 6.6 125 0 0.0 0.02 0.0 0.3 0.0 0.3 14.3

Well 5
November 1978 6.5 100 0 0.0 0.03 0.0 - 0.03 - 13.4
March 1979 5.9 204 0 - 0.05 0.0 - 10.5 48.5
April 6.2 117 0 0.3 0.03 0.0 0.05 6.8 6.8 34.0
May 6.4 113 0 0.0 0.20 0.0 0.3 3.6 3.9 18.8
September 6.5 120 7 0.0 0.02 0.0 0.2 0.0 0.2 -
October 6.3 85 0 0.0 0.02 0.0 0.3 0.3 0.6 20.6
November 6.3 90 0 0.0 0.02 0.0 0.4 0.4 0.8 21.6

Well 6
* October 1978 6.2 - 0 0.0 0.05 0.0 - 9.2 - 60.04 November 5.5 205 0 0.0 0.03 0.0 - 9.5 - 52.1

December 6.4 180 0 0.3 0.21 0.0 0.3 9.8 10.1 48.1
February 1979 6.3 180 1 1.05 0.04 0.0 - 12.4 - 51.3
March 6.2 234 0 - 0.03 0.2 - 12.9 - 46.1
April 6.5 149 0 0.1 0.02 0.03 0.7 10.0 10.7 39.4
May 5.9 145 0 0.15 0.02 0.0 0.8 9.1 9.9 36.3
June 6.4 195 0 0.0 0.05 0.0 1.4 7.4 8.8 37.9
September 6.1 210 2 0.0 0.02 0.0 0.9 6.1 7.0 -
October 6.5 85 0 0.0 0.02 0.1 1.3 7.7 9.0 36.9
November 6.2 170 0 0.0 0.03 0.0 1.1 8.7 9.8 40.5
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Table 16. Percent concentration reduction in observation wells in
comparison to applied effluent.

Total P N03-N Total N Cl
Month 2 3 6 2 3 6 2 3 6 2 3 6

October 1978 - - 100 - - 22 ----- -20
November - - 100 - - 50 -- --- - 14

December 91 - 93 64 -44 65 -50 74 - 36
January 1979 . ... . . .

February . .. .. .. . .

March - 100- 63 53 18 - 58- 75 66 32
April 94 70 97 51 37 0 54 46 12 72 62 29
May 95 97 95 2 4 -90 - 40 -28 61 53 19
June 91 98 100 70 63 4 58 67 38 66 54 37
July . .. ..

August 61 - - 85 - - 74 - - 32 - -
September 94 100 100 75 56 20 71 60 27 - - -
October . ...

Mean 88 93 98 58 43 8 64 54 20 63 59 21

Table 17. Ratios of N03-N:Cl for effluent, ditch flow
and observation well samples.

Month Effluent Ditch flow Well 2 Well 3 Well 6

October 1978 0.24 0.14 - - 0.15

November 0.32 0.19 - - 0.18
December 0.23 0.22 0.33 - 0.20

January 1979 0.24 0.20 - - -

February - 0.23 0.38 0.30 0.24
March 0.23 0.22 0.35 0.32 0.28
April 0.18 0.18 0.32 0.30 0.25

May 0.11 0.12 0.27 0.22 0.25

June 0.17 0.03 0.15 0.14 0.19
July 0.13 0.01 - - -

August 0.17 0.02 0.04 - -

September 0.17 0.05 -

the three wells. Concentration reductions are gener- the premise that of these two highly mobile elements,
ally poorest in the spring months; in May, well 6 had only N is significantly transformed in the soil, and
substantially higher N concentrations than those that any major change in the N:CI ratio is due to
found in applied effluent. Well 6 typically contained changes in N concentration. Dilution by on-site
higher concentrations of effluent constituents than groundwater or precipitation would cause little change

did other wells, with the exception of total P. Well in overall groundwater N:CI ratios.

2 generally exhibited higher concentration reductions The N03-N:CI ratios for the West Dover spray site
than well 3. In general, concentration reductions in are given in Table 17. Except during the spring

observation wells were less than those in ditch flow. months, 3 -N:CI ratios in the ditch flow were lower

The concentration reductions observed in the than those in the applied effluent, indicating a net
spray field observation wells have been due to in-soil removal of NO 3 , particularly during the growing sea-

renovation or to dilution by on-site groundwater or son. The N0 3 -N:CI ratios in the observation wells,

precipitation. No data are available to definitely dis- however, were generally higher than those in either

tinguish between these possibilities. As a general the effluent or ditch flow during the winter and

indication of wastewater renovation in the soil, Le- spring months. This suggests that N0 3 -N is added

4 land et al. (1979) compared N:CI ratios in applied to, rather than removed from, the spray field soil

wastewater with those in groundwater to assess N water. A similar N0 3 -N enrichment of spray field

interception by the soil. This approach is based on soil water was observed in a forested land treatment
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site in New Hampshire (NHWSPCC 1978) where it concentrations of N and Cl than the other two snow
" was thuught that NO 3 enrichment was the result of samples. There was little difference in conductivity,

the N recycled from plant litter on the spray field. pH or ortho-P among snow samples.
Table 19 also includes analytical data for a number

Snow and ice, and precipitation quality of samples of rainfall. Rain gauge 1 was located near
Table 18 gives the results of analyses of ice and the plant control building and rain gauge 2 was lo-

snow samples collected from the spray field by cated about I mile to the east. Not unexpectedly,
CRREL personnel in March 1978. the precipitation samples tended to be somewhat

The snow samples generally had nutrient levels acidic (mean pH = 5.2). The rain samples contained
between those of the applied effluent and ditch flow. low levels of NH 4 -N, but several fairly high values for
The snow samples contained relatively high concen- TKN were recorded.
trations of N (particularly organic N) and BOD 5 ,
but contained little P. Mass balances

Table 18 also presents three analyses of ice taken Monthly balances of mass applied in effluent and
from the spray field (i.e. frozen effluent) in March mass exported in ditch flow were calculated for P,
1978. These ice samples contained high concentra- N, BOD 5 , and Cl for those months where sufficient
tions of N and P. The concentrations of N0 3 -N and data existed. Input mass was determined on the
total P were lower in the ice than in typical applied basis of mean monthly effluent concentrations and
effluent; however, NH 4 -N and TKN levels were sub- the monthly effluent volume applied to the east slope.
stantially higher. No direct comparisons between Export mass was calculated on the basis of concen-
ice quality and effluent quality are possible because trations either from grab sampling and total ditch
no samples were taken from the effluent which flow over the period most closely bracketing the
formed the ice. sampling time, or actual mass export calculated

Samples of precipitation were taken occasionally during monitored events. For the purposes of this
for analysis during the study. In January 1979 project, precipitation was assumed to be free of P,
several samples were taken of falling snow. Sample N, BOD 5 , and Cl. Monthly figures for input (applied
I (Table 19) was taken near White River Junction, effluent) and output (ditch flow) are shown in Tables
Vermont, on 1-91 about 60 miles northeast of the 20 and 21, respectively. Table 22 shows monthly
plant; sample 2 was taken in Dummerston, Vermont, average constituent removal in terms of both mass
about 10 miles northeast of the plant; and sample 3 and percent of input. A mass balance for total P,
was taken near the instrument shelter at the southeast NO 3 -N and Cl is shown in Table 23 for the 6 month
corner of the spray field. As shown in Table 19, snow winter-spring period.
from the spray field contained substantially higher

Table 18. Analysis of snow and ice samples-winter 1978.

Depth of NH4 -N N0 3-N TKN BOD5 Total P
Date Number core (in.) Density (mgfL) (mg/L) (mgL) (mg/L) (mg1L)

Snow samples

20 March 1978 SIA 26.0 0.35 0.12 0.26 1.45 3.8 0
SIB 24.0 0.38 0.12 0.23 2.00 3.0 0
SiC 30.9 0.51 0.19 0.23 3.64 3.1 0
52A 24.0 0.40 0.06 0.13 1.18 2.3 0

24 March 1978 CSI 30.0 0.54 0.04 0.11 21.28 2.3 0.11
CS2 30.0 0.31 0.09 0.11 11.80 1.7 0
CS3 30.0 0.35 0.27 0.14 9.66 2.7 0

Mean 27.8 0.40 0.13 0.17 7.3 2.7 0

Ice samples

20 March 1978 A 52.0 0.73 3.3 2.7 9.6 5.8 1.5
B 60.0 0.75 2.2 1.4 5.4 4.8 1.3
C 81.0 0.5 1 2.0 3.6 17.0 6.3 2.2

Mean 65.4 0.66 2.5 2.6 10.7 5.6 1.7

4
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Table 19. Precipitation quali:y.

Conductivity Ortho-P NH4-N 7KN N0 3 -A' )tUl N CI
Date (urmhos) pH (rng/L) (mrg/L) (mg/L) (mylL) (mg/L) (mrq/L)

Snow sample 1

26 Jan. 1979 0 5.5 0.05 0.0 0.3 0.0 0.3 1.1

Snow sample 2

26 Jan. 1979 0 5.3 0.02 0.0 0.5 0.0 0.5 0.2

Snow sample 3

26 Jan. 1979 0 4.8 0.05 0.1 1.9 0.2 2. i 4.9

Rain gauge 1

17 July 1979 - 6.1 - 0.2 0.0 0.0 - 0.7
18 July 1979 - 4.9 - 0.4 - 0.0 - 0.1
2 Aug. 1979 - - - 0.1 - 0.1 - 0.2
19 Aug. 1979 - 4.7 - - - - - 1.1
20 Aug. 1979 - 4.5 - 0.1 0.3 0.1 0.4 0.5
28 Aug. 1979 4.5 - 0.0 0.0 0.1 0.1 0.1
30 Aug. 1979 - 6.4 - 0.0 0.0 0.0 0.0 -

3 Sept. 1979 - 5.0 - 0.0 0.3 0.0 0.3
' 7 Sept. 1979 - 4.3 - 0.0 0.7 0.0 0.7 -

16 Sept. 1979 - 4.3 - 0.0 - 0.0 - 1.0
22 Sept. 1979 - - - 0.0 1.2 0.0 1.2 0.7
23 Sept. 1979 - - - 0.0 0.4 0.0 0.4 0.1
2 Oct. 1979 - 4.6 - 0.0 0.6 0.0 0.6 0.4
3 Oct. 1979 - 5.9 - 0.0 0.9 0.0 0.9 0.7
8 Oct. 1979 - 6.5 - 0.3 1.9 0.2 2.1 0.6
12 Oct. 1979 - - - - - - 0.8
23 Oct. 1979 - 6.0 - 0.0 0.3 0.3 0.6 0.4

, 29 Oct. 1979 - - - 0.3 0.6 0.3 0.9 0.2
i Nov. 1979 4.1 - 0.2 0.2 0.4 0.6 1.4

Rain gauge 2

10 Aug. 1979 5.4 - - - - -
30 Aug. 1979 6.9 - 0.0 0.4 0.0 0.4

Mean 5.2 - <0.1 0.5 <0. 1 0.6 0.6

Table 20. Wastewater constituents applied in effluent (Ib).

Month Ortho-P Total P N11 4 -N Organic N NO3-N Total N BOD 5  CI

December 1978 - 88.6 8.2 45.4 362.4 416.0 170.9 1544.6
January 1979 0.1 123.0 55.6 43.4 395.7 494.7 168.9 1631.0
February* 148.8 58.9 77.4 499.1 635.4 359.6 2101.7
March 334.7 114.2 243.4 1202.0 1559.6 1156.3 5165.7
April - 138.9 21.2 67.2 421.3 509.7 231.7 2333.6
May 119.9 1.5 89.9 151.5 242.9 372.4 1413.8
June - 149.0 3.3 123.0 330.3 4j6.6 - 1955.9
July 61.9 8.8 19.7 170.6 23 .2 31.1 1293.5
August - 83.3 32.4 227.1 375.4 634.9 759.9 2150.2
September - 107.6 0.0 67.2 255.5 322.8 90.8 1512.4

Total - 1355.8 014.0 1043.9 4163.9 5511.8 - 21,102.2

Mean 135.6 ,0.4 10,1.5 416.5 551.2 430.1 2110.3

*No efflucnt analysis in F ebruarv; mean of january and March concentrations used.
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Table 21. Wastewater constituents exported in ditch flow (Ib).

Month Ortho-P Total P NVH4 -'V Orqanic N NO3-N Total N BOD 5  Cl

December 1978 4.6 - 0.9 4.6 89.3 94.8 22.7 375.9

January 1979 1.8 - 1.1 10.6 120.2 131.8 61.3 604.7

February 2.9 - 2.6 8.6 122.4 133.6 14.8 609.1

March 13.2 - 3.1 - 443.8 - 88.0 2154.8

April 2.6 - 0.2 - 258.6 - 48.7 1369.3

May 2.4 - 0.0 - 73.2 - 38.1 776.5

August 2.2 - 0.0 - 166.9 - 15.0 1149.0

Table 22. Mass removal across east slope (Ib).

Month Total P NH4 -N Organic N N0 3 -N Total N BOD 5  Cl

December 1978 < 84.0* <95t 7.3 89 40.8 90 273.2 75 321.2 77 148.2 88 1168.7 76

January 1979 <121.3 <98 54.5 98 32.8 76 275.6 70 362.9 73 107.6 64 1026.3 63

February <145.9 <98 56.2 96 68.8 89 376.8 75 501.8 79 344.8 96 1492.5 71

March <321.4 <96 111.1 97 - - 758.2 63 - - 1068.4 92 3010.9 58

April <136.2 <98 20.9 99 - 162.7 39 - - 183.0 79 964.3 41

May <117.5 <98 1.5 100 - 78.3 52 - - 334.2 90 637.4 45

August < 81.1 <97 32.4 100 - 208.6 56 - - 744.9 98 1001.1 46

Mean <97 97 - 62 - 87 57

*Pounds removed.

fPercent of applied effluent.

Table 23. Six-month nutrient budget (Ib)- applied to the east slope, an average of 135.6 lb/month.

December 1978 through May 1979. During the period December 1978 through May 1979
(the longest continuous period of complete ditch flow

Total P NH 4 -N N0 3 -N BOD 5  Cl record), 27.6 lb of ortho-P was exported in ditch flow,
an average of 4.6 lb/month. Compared to the 953.9

Applihd lb of total P input during December through May,

953.9 259.5 3032.0 2459.7 14,190.4 this represents a difference of 926.3 Ib, or 97% of

Export input mass apparently retained on the east slope.

27.6* 7.9 1107.4 273.6 5890.3 Monthly P removal ranged from a low of 95% or more

Retained in December 1978 to a high of more than 98% in
various months.

-<926.3 251.5 1924.6 2186.1 8300.1
<9. 1 6 286. 81 Similar P mass removal rates have been observed

97% 97 63 89 58 in a number of other land treatment systems. For-

*Ortho-P, not total P. ested areas are known to be highly efficient in re-
moving P from applied wastewater (Sapper 1973).

Frost et al. (1973) reported 92 to 98% P removal at

The input and output of P are shown graphically Lake Sunapee, New Hampshire. Leland et al. (1979)

in Figure 24a. Unfortunately, effluent samples were reported 85 to 99% P removal at a spray irrigation

typically analyzed for total P while ditch flow sam- facility in Michigan; winter P removal of 77% was re-

pies were most commonly analyzed for ortho-P. ported earlier for the same system (Burton and Hook

Thus, no direct comparison of input and output is 1978). Bouwer and Rice (1978) cited greater than

possible for P. Table 22 and Figure 24a do, however, 90% P removal after 10 years of land application at
indicate the upper limits for P mass removal (i.e. Flushing Meadows, Arizona.

<97%), based on a comparison between the input of The input-output analysis for NH 4 -N is shown in

* total P and the output of ortho-P. From December Figure 24b. Because applied effluent was consistently

1978 through September 1979, 1355.8 lb of P was low in NH 4 , the mass of NH 4 applied to the east slope
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was small compared to that of other constituents. The input and output of total N is shown in Figure
From December 1978 through September 1979, 24e. As with organic N, lack of TKN data prohibits
304.0 lb of NH 4 -N was applied to the east slope, calculation of total N output except for the 3-month
During the 6-mor.th period of December through period December through February. Over this per-
May, a total of 7.9 lb of NH4 -N was exported in iod, 1546.1 lb of total N was applied to the slope,
ditch flow, compared to 259.5 lb applied. This rep- while 360.2 lb was reported in ditch flow, an overall
resents a removal rate of 97%. Monthly NH 4 -N re- reduction of 77%. Individual monthly reduction
moval varied from a low of 89% in December to a levels varied from 73% in January to 79% in February.
high of 100/ in May and August. These rates are These reductions are substantially lower than the

" -. quite similar to the average 96% NH 4 removal ob- average 95% reduction observed in the summer of
served at West Dover in 1977 (Cassell et al. 1979). 1977 (Cassell et al. 1979).

Mass balances for NH 4 -N are rarely reported in N removal at West Dover compares well with values
the literature, but concentrations of NH4 -N in the reported in the literature. Lance (1975) reported 75
percolate water from land treatment systems are to 80% N removal in systems similar to West Dover.
typically quite low (Iskandar 1976, Nutter et al. Spyridakis and Welch (1976) reported N removals of
1978). The 60 to 91% NH 4 removal reported by 56 to 91% in a variety of systems. An average annual
Leland et al. (1979) in Michigan is somewhat lower N removal of 84% has been observed in a forested
than the 89 to 100% removal observed in West Dover. land treatment system (Cole and Schiess 1978).
This may be due to the extremely low levels of Monthly BOD5 input-output patterns are shown
NH 4 -N in the effluent applied to the east slope, in Figure 24f. Monthly BOD5 inputs were quite

Figure 24c shows mass input and output for variable, ranging from 31.1 lb in July to 1156.3 lb in
organic N (TKN minus NH 4 -N). Unfortunately, March; the mean BOD 5 input was 430.1 lb/month.
organic N data exist only for December, January In the 6-month period of complete record, 2459.7 lb
and February, since TKN analyses were largely of BOD 5 was applied to the east slope. BOD 5 in the
omitted from ditch samples in other months. Over interceptor ditch ranged from a low of 14.8 lb in
this 3-month period, 166.2 lb of organic N was applied February to a high of 88.0 lb in March. Total export
to the east slope; 23.8 lb of organic N was exported from December through May was 273.6 lb. The
in ditch flow. This represents an average 86% re- overall BOD 5 removal was 89%/o of the applied mass.
duction in organic N mass. The monthly reductions Monthly removals ranged from 64% in January to
varied from 76% in January to 90% in December. 98% in August.
These levels were somewhat lower than the 82 to The BOD5 removals observed at West Dover are
100% organic N removal reported in the summer of generally comparable to those reported elsewhere.
1977 (Cassell et al. 1979). BOD5 removals of 88 to 98% were reported by Pound

Figure 24d shows the input and output of NO3 -N. and Crites (1973); BOD5 removal rates of 90% and
From December 1978 through September 1979, more have been observed in an overland flow test
4163.9 lb of N0 3-N was applied to the east slope in system (Jenkins et al. 1978). Iskandar et al. (1976)
the effluent; 3032.0 lb of this total was applied over reported an annual BOD 5 removal of 94% in test
the 6-month period, December through May. During cells at CRREL.
this 6-month period, 1107.4 lb of N0 3 -N left the Figure 24g shows the input and output of Cl for
spray field in ditch flow. Thus, 1924.6 lb of N0 3 -N the east slope. From December 1978 through Sep-
was retained by the east slope during this time (63% tember 1979, 21,102.2 lb of Cl was applied to the
of the input mass). Monthly NO 3 removal ranged east slope; of this total, 14,190.4 lb was applied during
from a low of 39° in April to a high of 75%. the 6-month period December through May. Monthly

N03-N is a critical concern in land treatment sys- Cl export in ditch flow ranged from 375.9 lb in De-
terns, primarily because of health considerations. Poor cember to 2154.8 lb in March; a total of 5890.3 lb
removal of NO3 has been observed at many land of Cl was exported in ditch flow from December
treatment sites (Sopper 1976, Burton and Hook 1978, through May. This represents an overall difference
Urie et al. 1978). Frost et al. (1973) reported NO3-N of 58%. Monthly Cl mass removal rates varied from

* removal of 0 to 46% in New Hamphsire. There have a low of 41% to a high of 76% in December.
been, however, several favorable cases cited in the Although the 1978-79 C1 removal rates were lower
literature which compare reasonably well with pat- than those found in the earlier work, they still appeared
terns observed at West Dover. Leland et al. (1979) to be somewhat higher than values reported in the lit-
reported an average of 85% N0 3 -N removal in Mich- erature. An average Cl removal of 34% has been re-
igan; NO 3 removal in winter was 61%, while up to ported in New Hampshire, with values ranging from 0
99/0 of the applied NO 3 was removed in warm weather, to 80/ (Frost et al. 1973). Leland et al. (1979) re-

ported Cl removals as high as 39% in warm weather,
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but long term removals in that study were in the 0 Off-site groundwater
to 2 /6 .-ange. It should be noted that the mass balance Table 26 summarizes data from samples of ground-

rprocedure used in that study made estimates of Cl water taken from wells located outside the spray field.
exported in infiltrated water and did not count that Well WS is private and is approximately ,/-mile west
mass as retained or removed. In contrast, Cl lost in of the plant site on the Dorr Fitch Road. Well RCI

*the "unaccounted for" water at West Dover was cal- is located directly across the Deerfield Rivcr from
*culated as being removed. Thus, C1 removal on the the western slope of the spray field. The plant well

east slope in this study would be expected to be supplies drinking water for the plant control building
higher than that reported by Leland et al. (1979). and is located near the eastern edge of the plant site

about 600 ft from the spray field. Well Z is a private
Off site effects well located about 5000 ft east of the plant on the

Dorr Fitch Road. Wells WS, RCI and Z are shallow
Surface water quality dug wells, whereas the plant well is a drilled well 1 55

Tables 24 and 25 summarize mean monthly water ft deep.
quality data for Ellis Brook and the Deerfield River The data in Table 26 indicate no contamination
respectively. of the sampled wells by the sprayed effluent. Well

The quality of thc Deerfield River appears to be Z shows higher levels of N0 3-N and Cl but the siting
unaffected as it flows along the western boundary of this well suggests that this is likely due to con tam-
of the spray field since no significant differences be- ination from an adjacent septic tank leach field.
tween upstream and downstream water quality were In the absence of preoperation background data,

*observed over the course of the study. Levels of it is difficult to evaluate water quality data from off-
fecal coliform bacteria in the Deerfield River exceeded site wells. With the exception of well 7, none of the
200 colonies/i 00 mL (the Vermont class B stream wells tested appear to suffer any major contamina-
standard) on several occasions. The total P concen- tion. The Cl levels in well RCI and the plant well
trations at both sampling points suggest some organic may be due to their proximity to highways that re-
loading from sources upstream of the spray site. ceive large quantities of sal! in the winter. With the

Concentrations of suspended solids, fecal col iforms, limited data available, it can only be said that no
P and Cl were generally lower in Ellis Brook than in case of major contamination was observed in private
the Deerfield River. There was little difference between wells near the spray field.
upstream and downstream water quality in Ellis Brook
except that conductivity and Cl concentration were Wastewater renovation on east slope
significantly higher at the downstream station. The Land treatment of treated wastewater at West
largest u pstream-down stream difference was evident Dover, Vermont, was shown to be highly effective
in the Cl values, the average downstream concentration during all seasons of the year. Concentrations of N
of 2.4 mg/L being substantially higher than the average and P, as well as other constituents, were reduced
upstream concentration of 1.0 mg/L. dramatically in interceptor ditch flow as compared

*Ellis Brook seems to be influenced by the opera- to concentrations in applied effluent. In terms of
*tion of the treatment plant because of the substantial mass balance, the east slope performed as well as or

increases in conductivity and Cl concentrations that better than most land treatment systems reported
were consistently observed at the downstream loca- in the literature, even under severe winter conditions.
tion. Downstream conductivity was 30/o higher, on Few off-site influences were observed. Although this

0the average, than upstream of the spray field. Simi- study was not designed to generate definitive data
larly, CI concentrations were, on the average, 140%' to assess the specific renovative processes on the east
higher just downstream of the plant. slope, it is worthwhile to discuss some of the possible

The two likely causes of this impact are: mechanisms of nutrient removal.
1. Water infiltrates from the evaporation pond The important P retention mechanisms in the

into Ellis Brook. All interceptor ditch flow enters soil include chemical sorption and subsequent min-
0the evaporation pond. The pond is not sealed-the eralization. Initially, P is rapidly adsorbed by soil
*water which enters the evaporation pond infiltrates particles, removing it from the soil water solution

into the ground. Both Cl and conductivity are rela- (Enfield 1977). During sorption P is bound on soil
tively unaffected by movement through soil. particle surfaces (particularly on clay particles by

2. Groundwater from the east slope flows into many processes, including reactions with iron, alum-
Ellis Brook. No increases in nutrient concentration mnum, and calcium ions [ EPA et al. 19771. Following

0 were observed in Ellis Brook.
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Table 26. Mean values of water quality indicators in off-site wells.

Fecal

Temp. Conductivity coliforms Ortho-P Total P NH4 -N TKN N0 3 -N CI
Well ('C) pH (gmhos) (no./lOOmL) (mg/L) (mg/L) (mq/L) (mg/L) (mg/L) (mg/L)

WS 10.1 6.6 33 <1 0.07 0.0 0.0 0.1 <0.1 1.0
RCI 11.2 7.0 136 0 0.09 0.0 0.0 0.1 <0.1 10.6
Z* 6.0 6.7 200 0 0.06 - 0.0 0.9 2.8 65.3
Plant 11.0 6.9 144 0 0.04 0.2 0.0 0.2 0.1 13.7

*One sample

initial adsorption it is thought that a slower mineral- in the NO 3 form. Even so, the general absence of
ization, which forms relatively insoluble P com- NH 4 -N from east slope drainage does suggest that
pounds, predominantly the phosphate salts of cal- what little NH 4 -N is applied is almost completely
cium, iron, and aluminum, takes place. Mineralization removed, either through nitrification or by direct
is thought to remove adsorbed P, thus making ad- adsorption in the soil (EPA et al. 1977).
sorption sites available again for additional adsorp- Denitrification, the conversion of N0 3 -N to gaseous
tion (Enfield 1977). P adsorption and mineralization N2 by soil micro-organisms, has been cited as a par-
differ quantitatively in different soils. The role of ticularly important mechanism of N removal in a spray
the organic matter in the soil may be important and field (Sopper 1973, Iskandar et al. 1976, Spyridakis
is not well understood. and Welch 1976, EPA et al. 1977). Denitrification re-

The amount of P actually retained in a soil is not quires anaerobic conditions, sufficient organic carbon
only a function of soil characteristics but can also to serve as a bacterial energy source, as well as a rela-
depend on the rate at which effluent is applied to tively high soil temperature (Lance 1975, EPA et al.
the soil. High effluent infiltration rates have been 1977). These conditions are surely present on the east
observed to result in an increase in the concentration slope at certain times of the year. Extended periods of
of soluble P in soil water (Sommers et al. 1977). The effluent application can promote localized anaerobic
adsorption of P onto soil surfaces is not instantaneous, conditions by saturating the soil. The presence of
and thus the kinetics of P adsorption are a factor in living plants is also thought to promote denitrification
renovation efficiency. If the rate of wastewater ap- by lowering soil oxygen concentrations from respira-
plication exceeds the rate of P sorption in the soil, tion in the root zone and by root excretions of organic
"leakage" of P through the system can be expected, matter (EPA et al. 1977). Winter conditions, how-
despite all available adsorption sites not being filled, ever, are poor for denitrification, since denitrification
However, without specific laboratory analyses of at soil temperatures below 50'F is minimal (Lance
east slope soils, the potential for this at West Dover 1975, EPA et al. 1977).
cannot be evaluated. Research has shown the importance of understory

Plant uptake is another P removal mechanism in vegetation-shrubs and grasses-to N uptake in land
land treatment systems and, indeed, the presence treatment systems (Sopper 1976, Cole and Schiess
of vegetation has been shown to be critical for waste- 1978, Uric et al. 1978). The prolific growth of under-
water renovation in land treatment systems (Cole story vegetation on the cast slope, particularly in the

" and Schiess 1978). Based on values for P uptake from areas originally cleared around the spray lines, suggests
the literature, it has been estimated that tree growth that this may be an important method of N removal
on the east slope could account for up to about at West Dover. However, without harvest and re-
440.9 lb P/year (Cassell et al. 1979). The abundance moval, the understory must be regarded as a tempo-
of understory vegetation on the cast slope is un- rary N sink. High rates of N0 3 -N leaching have been
doubtedly another important source of P uptake. reported when herbaceous vegetation dies back in the

The N applied to the east slope is subject to all fall (Uric et al. 1978).
the complex transformations that N can undergo in Significant N removal has been observed on the

soil systems. Nitrification of NH,,-N to N0 3 -N by east slope over the period of this study. NO 3 concen-
bacteria is known to be important in many land trations in the ditch flow dropped sharply in late May

* treatment systems (EPA et al. 1977). However, ni- and early june, the time of increasing soil temperature
trification is probably not critical at West Dover and plant growth. The export pattern observed in
since most of the N in the applied effluent already
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event 10 (see Appendix A) points to a significant ditch flow remdin substantially lower than in the
NO3 removal mechanism operating on the east slope, applied effluent.

There are two additional pathways of nutrient
"removal" functioning on the east slope. First, in
the winter months much of the effluent is retained CONCLUSIONS AND RECOMMENDATIONS
on the spray field as ice so that many wastewater
constituents are withheld from ditch flow until the Ability of West Dover facility to renovate wastewater
ice melts. The removal rates reported for the winter 1. Over the study period there was a considerable
in this study reflect, in part, on-site storage rather seasonal variation in the removal of N and P by the
than true renovation. Second, the unaccounted-for- system. Removals were highest in the summer and
water term in the water budgets accounts for some fall and lowest during the winter and spring.
portion of the reported nutrient removals across 2. During the spring months of March, April and
the spray field. Some evidence suggests that unac- May, total N removal averaged 55% across the spray
;ounted for water leaves the east slope largely as site, while NO3 -N and total-P removal averaged 46
deep percolation and as subsurface flow too deep and 90%, respectively. During this same time the
to be intercepted by the ditch. This unaccounted concentrations of these parameters in the ditch flow
for water undoubtedly carried effluent constituents averaged 6.0 mg/L of N, 5.3 mg/L of NO 3-N, and
with it. This phenomenon explains observed Cl re- 0.44 mg/L of P respectively.
movals, for example. The quantitative importance 3. During the winter months of December, Jan-
of these two "removal" mechanisms on the east uary and February, total N removal averaged 58%
slope, however, is not known, across the spray site. At the same time N0 3 -N re-

Based on the above and on observed spray field moval averaged 82%, while 95 to 98% of the total P
data, it is possible to devise an outline of how the was removed. During this same period the concen-
spray field functions at West Dover, Vermont. In trations of these parameters in the ditch flow aver-
warm weather, much of the applied effluent is evap- aged 9.3 mg/L of N, 8.6 mg/L of NO 3 -N, and 0.1-0.6
orated and transpired, denitrification is at a maximum, mg/L of P respectively.
and growing plants take up a substantial quantity of 4. During the summer and fall months, 76% of
the applied P and N. Treatment effectiveness is thus the total N was removed while N0 3 -N and total P
at a maximum, and only a very small proportion of removals averaged 76 and 96% respectively. The
the input water and nutrients appear in the ditch average ditch flow concentrations of these param-
flow. With the end of the growing season and lower eters were 3.5 mg/L of N, 3.0 mg/L of N0 3-N and
air temperatures, evapotranspiration decreases, and 0.14 mg/L of P respectively.
biological processes are slowed. Thus, treatment 5. A considerable volume of effluent, along with
effectiveness diminishes, and a greater proportion its associated contaminants, is stored on the spray
of input water and nutrients tends to be exorted in site as ice during the cold winter months.
the ditch flow. 6. At all times of the year a considerable portion

During the coldest months, few biological pro- of the applied effluent apparently leaves the site as
cesses are active and higher concentrations of nutri- groundwater. In addition, some portion of the nu-
ents are observed in ditch flow. Most applied efflu- trients, reported in this study as removed, actually
ent is stored on the spray field as ice or snow. Re- leave the spray site in this groundwater.
search has indicated twiat the buildup of a substantial 7. The largest export of N and P from the spray
ice pack in early winter may prevent severe frost site is observed during the spring runoff and at other
penetration into the soil, allowing significant infil- times when individual precipitation or spray events
tration from ice melt at the ground surface even are of such magnitude to cause surface runoff from
during cold months (Leland et al. 1979). Storage the spray site.
of frozen effluent on the spray field results in a sig- 8. The pattern and extent of export of nutrients
nificant retention of both the total water input and from the spray site during an individual runoff event
the applied wastewater constituents, are highly variable and are dependent upon: 1) the

In the spring, water flow and nutrient export in intensity of the precipitation or spray event, 2) the
the ditch are high because of heavy effluent applica- temperature, and 3) the antecedent weather condi-
tion and the melting of stored-effluent ice. However, tions.
dilution by rainfall and melting snow tends to moder- 9. The maximum concentrations in the ditch flow
ate the concentration of wastewater constituents in of total P, ortho-P, NO3 -N, and TKN observed over
spray field drainage, so that concentrations in the the period of this study were 2.0 mg/L, 2.0 rag/L,
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15.8 mg/L, and 17.6 mg/L, respectively. Concen- increase total volumes pumped up to 300o, changes
trations greater than 0.6 mg/L of total P, 0.5 mg/L in the system should be made so that effluent isn't
of ortho-P, 13.5 mg/L of N03-N, and 15.0 mgIL of drained back when temperatures are above freezing.
TKN were observed only four times throughout the However, during cold weather this drain back fea-
11 -month study period. These higher values wer:- ture is required to prevent freezing of the lines.
associated with periods of high ditch flowA. 2. During the study period, surface runoff (i.e.

overland flow) through natural drainage paths was
Off-site effects frequently seen entering thL interceptor ditch. Usu-

1. There are no data on the quality of the surface ally, at times when surface runoff was evident, ditch
water or groundwater adjacent to the spray site prior flows were high and nutrient export was also at its
to the operation of the West Dover facility. There- highest. Contominont export from the spray site con
fore, no background data are available to compare be reduced by elimrnating or reducing surface runoff
with the off-site water quality observed in this study. from the spray field. There are several alternative

2. No discernible change in the quality of thc actions that could be taken to reduce surface runoff
*Deerfield River was observed as it flowed past the from the east slope:

western slope of the spray site, a. During warm weather, spray schedules should
3. There is a significant increase in the conduc- ensure that application rates along each spray line

tivity and Cl levels in Ellis Brook as it flows past the do not exceed the infiltration capacity of the soil.
eastern boundary of the plant site. Since no surface b. Spray application should make maximum
discharge from the West Dover Facility ever enters use of the spray lines near the crest of the spray
Ellis Brook, this impact must be the result of sub- site to maximize the opportunity for wastewater

*surface flow. Topography and site layout suggest infiltration into the ground. This is particularly
this could be caused by leakage from the polishing, important in the winter when the application rates
holding or evaporation ponds, or from subsurface during continuous spraying frequently exceed the

*flow from the east slope of the spray site, infiltration rates of the soil.
4. There is no evidence of contamination of c. The quantity of the overland flow which

*nearby off-site wells, exits from the spray site could be reduced by se-
lective terracing across natural drainage paths. At

Recommendations the same time this would encourage percolation
1. Over the study period about 40% more effluent of the overland flow into the ground.

was pumped to the spray site than flowed into the 3. Over the study period the greatest renovative
plant as influent. This difference was probably de- capacity of the spray site was observed during the
rived from: 1) precipitation intercepted by the var- months of active plant growth. Spray site renovative
ious plant ponds (primarily the polishing and holding capacity can be increased by appropriate management
ponds), 2) the "drain back" volumes associated with of on-site vegetation. There are several alternative
spray line shut down, and 3) subsurface flow entering recommendations to increase the renovative capacity
the hold ing pond. Plant pumping costs can be reduced of the spray site:
by minimizing the volume actually pumped to the a. The old and mature trees on the site should
spray site. There are several alternatives that should be systematically and selectively cut to promote
be considered to address this recommendation. vigorous young tree growth. This would enhance

a. Subsurface flow into the holding pond could plant nutrient uptake.
be reduced or eliminated by intercepting it up-slope b. Vegetation along the spray line corridors
of the holding pond. Implementation of this recoin- should be managed to promote maximum under-
mendlation would be capital intensive, story development. This would enhance nutrient

b. Spray application schedules should be ad- uptakc and help protect spray lines from falling
justed to minimize use of the holding pond for ice-laden limbs.
storage. In winter months, this could be accom- c. As much as possible, slash and harvested
plished, in part, by increasing the amount of efflu- trees should be removed from the spriy site.
ent stored on the hillside as ice. The holding pond
should be isolated from plant operations and the
spray application field as far as practicable. LITERATURE CITED
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APPENDIX A. STUDIES OF SPECIFIC P,..p .. Sn., ,Sho...

HYDROLOGIC EVENTS

As previously mentioned, 10 specific hydrologic
events, such as intense rainfall, spring snowmelt and
extended periods of spray application, both separ-
ately and in various combinations, were carefully oPR
monitored during the study. This was done to de-

termine the effects of spray event duration, precip-
itation intensity and duration, and ambient air tem-
perature on both the quantity and quality of ditch
flow. A detailed discussion of these 10 events and
their results is presented in this appendix.

Event 1
This event, which was monitored from 13 to 16 02

October 1978, was characterized by a relatively
small spray event (13,863 ft 3 over 6.5 hours) and E

two periods of moderate rain (0.73 in. and 0.77 in.).
Figure Al presents the event 1 ditch hydrograph, 0,

and the concentrations and mass export from the 0

east slope of ortho-P, N0 3 -N, and Cl, respectively.
The initial flow in the ditch was virtually zero, but
it began to increase at 1900 on 13 October, about
2Y2 hours after spraying ceased. Ditch flow peaked
at 0.21 ft 3/s on 14 October at 1300 during the sec-
ond day of rain. Following this peak, flow decreased
rapidly, then more gradually through 16 October.

Because at this time rainfall was measured by a non- 10

recording gauge, it is impossible to specifically relate 9

ditch flow to rain intensity or time. a
A water budget calculated for the event is shown Im 7

below: ,L 6

05

QS + Qp- Q*ET-QD = QL

13,863 + 111,622- 12,492 -10,207 = 102,786 (ft3) 0

(I10%) (8%) (8 2%) (% of QS +Qp). 2

QS effluent spray T0 13 0 IME

Qp = precipitation

QET = evapotranspiration a. Ortho-P.

D = ditch flow

QL unaccounted for water. Figure A 1. Concentration and mass export of three
wastewater constituents during event 1. Hydrograph

This budget shows that very little of the water input of ditch flow is included at the top of each figure
to the east slope during this event left as ditch flow, group for comparison.
and thus most of the input must have percolated in-
to the ground.

Ortho-P concentrations increased as ditch flow in-
creased, with the peak concentration of 0. 19 mg/L time of peak flow, the actual peak ortho-P concen-

occurring shortly before the peak flow (Fig. AIa). tration may have been higher and may have occurred

However, since no sample was taken at exatly the later. In contrast, the concentrations of both N0 3-N
and CI clearly decreased with increasing flow (Fig.

*Estimated at 0.051 in./lay. A]b and c).
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of ditch flow is included at the top of each figure group for compriso,:.

Mass export from the east slope of ortho-P, Table Al presents all the water quality data col-
N03-N and Cl is also shown graphically in Figure lected during event 1. Levels of pH and conductivity
Al. Although the magnitude of export is different decreased with increasing flows, while BOD 5 and
among the three constituents considered, in each suspended solids concentrations appeared to increase
case the pattern of mass export is positively related with the flow. NH4-N was below detectable levels

* to flow. Nearly all of the ortho-P (97%), most of during most of the event, making a brief appearance
the N03-N (84%), and nearly half of the Cl (43%) about 7 hours after the hydrograph peaked.
were retained by the east slope during this event Table Al shows that both suspended solids and
(see Meals and Cassell 1982). ortho-P increased with increasing flow and fell off
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Table Al. Event 1-ditch flow water quality.

Suspended
Conductivity solids BOD 5  Ortho-P Total P NH 4 -N N03-N C/

Date Time pH (,Amhos) (mg/L) (mgyL) (mqL) (mg/L) (my/L) (mq/L) (mg/L)

13 Oct 78 0100 6.5 150 - - - - -

0400 - - 19.1 0.06 0.0 0.1 3.4 48.9

0700 6.2 150 - - - - - -

1000 - - 17.7 0.05 0.0 0.0 3.1 49.5

1300 6.1 145 - 0.9 - - - - -

1600 - - 13.2 - 0.06 0.0 0.0 3.1 48.9
1900 6.1 150 - 0.7 - - - - -

2200 - - 31.6 - 0.08 0.0 0.0 2.3 46.7
14 Oct 78 0100 6.2 100 .- - - - -

0400 - - 68.6 - 0.13 0.0 0.0 2.1 37.4
0700 6.1 135 - 2.0 - 0.0 0.0 - -

1000 - - 84.1 - 0.19 0.0 0.1 2.5 36.1

1300 6.1 105 - 1.6 - - - - -

1600 - - 11.0 - 0.14 0.0 0.0 2.2 33.9

1900 6.2 120 - 0.9 - - - - -

2200 - - 11.1 - 0.13 0.0 0.0 2.4 35.4
15 Oct 78 0100 6.1 120 - - - - - - -

0400 - - 5.7 - 0.10 0.0 0.0 2.8 40.6
0700 6.1 130 - - - - - - -

1000 - - 4.8 - 0.08 0.0 0.0 2.8 42.2

1300 6.3 130 - 0.9 - - - - -

1600 - - 5.0 - 0.06 0.0 0.0 2.7 42.1
1900 6.1 130 - 1.4 - - - - -

2200 - - 3.5 - 0.06 0.0 0.0 2.6 41.7
16 Oct 78 0100 6.1 130 - 1.5 - - - - -

0400 - - 4.8 - 0.06 0.0 0.0 2.4 50.4

with decreasing flow. These two parameters appear the next 3 hours to the previous rate of decreasing
to be associated, suggesting that runoff carried par- flow.
ticulate matter with it. These data, coupled with the A total of 17,391 ft 3 of water flowed through
fact that both Cl and N0 3-N were diluted at high the ditch during the event monitoring period. The
ditch flows, suggest that the hydrograph for event 1 water budget for event 2 is:
was caused largely by surface runoff.

QS + QP -QET- QD =  QL
Event 2 0 +52,835 - 0 -17,391= 35,444 (t 3

)

Event 2 began 9 December 1978 and ended early (33%) (67% of QS + Qp).

on 10 December 1978. This event followed an ex-
tended period of spray application between 5 and 8 This budget shows that one-third of the amount of
December. Two small rains (0.16 in. and 0.04 in.) water that fell as snow appeared as ditch flow. How-
fell prior to the monitoring period and 0.71 in. of ever, if only the estimated increment of ditch flo v
snow (water equivalent) fell on 9 December. Mean above that provided by the earlier spray application

S.daily air temperature was 42°F on 8 December. is considered, the water budget for this event looks
SMean daily air temperatures were below freezing on quite different:

the 9th and 1Oth, although the high temperature on
both days reached 36°F. Qs + QP - QET - QD = QL

At the start of the event, ditch flow was gradually 0 + 52,835 - 0 - 3417 = 49,418 (t 3 )
*receding following the effluent application from 5-8 (6%) (94% of QS+ Qp).

December ( see hydrograph, Fig. 2). At 0600 on 9
December, after 6 hours of snowfall, the ditch flow In this case only an estimated 6% of the water input
began to rise sharply. The flow peaked at 0.44 ft 3/s as snow appeared as an added increment of ditch flow.
at 0900 on 9 December, then dropped quickly over It appears that runoff, resulting from snowfall at or
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just above the freezing point, caused the ditch flow .,.n SNOW J..n

hydrograph shown in Figure A2. , I .i
SPA

Figure A2 shows concentration and mass export 160.104 F1
3

of ortho-P, NO- , and Cl, respectively, during event A&0.04 0,9 12 ,-S
2. Ortho-P, NO3-N , and Cl concentrations all gener-
ally decreased throughout the event, although ortho- .3

P levels began to rise during the last 8 hours of event
2. 2

The nutrient rr.ass export patterns of ortho-P,
NO3-N, and C1 shown in Figure A2 followed the
pattern of ditch flow. Since only insignificant EVENT PERIOD

amounts of P, N, and Cl can be assumed to be in
12-8 12- 1-1

snow, the mass exported in the ditch flow must be
flushed off the spray field (see Meals and Cassell .
1982).

Table A2 gives all the water quality data collected .4

during event 2. Other wastewater constituents did U

not follow the same pattern as P, NO3 , and Cl. BOD 5  .3"a.
and TKN were at a maximum during high flows and

0
then decreased steadily over the remainder of the o .2

event. Fecal coliform levels declined throughout o
the event, and NH 4 remained below detectable levels. .1

No significant changes were observed in suspended
solids, pH or conductivity. 2-.S 1-9 11-10

The event 2 hydrograph can be considered a melt
runoff. The ditch flow probably originated as snow-
melt or ice-melt during the warm periods of the day.
It is likely that the nutrients being exported from

the east slope during event 2 also originated from
the snowfall or ice-snow pack.

40

3
a.

. , I 20

0X
020

10

12- -9I 10
TIME

a. Ortho-P.

56



)7.

%" 16in SNOW 1n
SNOW 1671 .0in SNOW 71 n

SSPRAYSPA

10.1(04f 10.104 
3

4 m- 0eO9O0 12- 5 .4 *tn9O0 12-5

3 .3

2 0.2

.1

EVINI PERIOD EVENT PERIOD
,|Ii I

1212-- 12-1'01 -1. I12-8 12-9 12-10

so

40

1I0 30

E

E a 20
0 2

010

12-9 12-10 12-8 12-9 1210

1000 5000

goo 4000

600 2000

z 400 2 2000

0
z200 1000

12-6 12-9 12-10

TI ME TI ME

b. N0 3.N.' c. Chloride.

Figure A 2. Concentration and mass export of three waste water constituents during event 2. Hydro-
* graph of ditch flow is included at the top of each figure group for comparison.
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Table A2. Event 2-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  co//forms Ortho-P NH4 -N TKN N0 3.N CI

Date Time pH (mhos) (mg/L) (mg/L) (no.1100 mL) (mg/L) (mg/L) (mg/L) (mg/L) (rng/L)

9 Dec 78 0247 5.8 150 0.4 - 22 0.45 0.0 0.9 10.9 43.7
0547 5.9 80 - - - 0.39 0.0 0.7 9.0 37.6
0847 6.0 120 0.4 1.5 22 0.42 0.0 0.3 8.8 37.2
1147 6.1 130 0.4 3.5 12 0.33 0.0 1.6 8.0 36.4
1447 6.1 40 0.2 1.6 10 0.33 0.0 0.6 8.0 35.9
1747 5.9 150 0.2 1.3 4 0.21 0.0 0.6 7.9 36.1
2047 6.0 145 0.0 1.3 8 0.30 0.0 0.5 7.8 34.9
2347 5.8 120 0.1 2.4 6 0.27 0.0 0.2 6.8 31.9

10 Dec 78 0247 5.9 120 0.2 1.0 8 0.33 0.0 0.0 6.5 32.3

Event 3 Figure A3 shows the concentration and mass ex-
Event 3 took place between 21 and 25 February port patterns for ortho-P, NO3 -N, and CI, respectively,

1979 and was characterized by an extended period during the event. Concentrations of all three constit-
of spray application that began before the event was uents began to increase with rising flow on 22 Febru-
monitored, a relatively intense rain, and rising air ary. P and NO3 reached peak levels at 0700 on 24
temperatures. Effluent application began at 1530 February, just before the end of spray and the onset
on 20 February and continued for 89 hours until of rain. Cl concentration peaked earlier and remained
0900 on 24 February. During this time 193,525 high for nearly 20 hours. The concentration of each
ft 3 of effluent was applied; 154,604 ft 3 was applied constituent dropped sharply with the rising hydro-
during the monitored event (0930 on 21 February graph and increasing rainfall.
to 0110 on 25 February). Rain fell on 22 February Figure A3 shows that the mass export patterns of
(0.16 In. in 4 hours) and again on 24 February (1.02 ortho-P, NO3 -N, and Cl generally followed the hydro-
in. over 18 hours). The mean daily air temperature graph. Over the time of this event, about 90% of the
was above freezing during most of the event, climbing ortho-P, NO3 -N, and Cl applied was retained by the
to 420 F on 24 February. There was considerable east slope, that is, it did not run off in ditch flow
snow cover on the spray site throughout the event. (see Meals and Cassell 1982).

The ditch hydrograph for event 3 is shown in Table A3 summarizes all the data collected during
Figure A3. Ditch flow was consistently low during event 3. BOD 5 levels began to increase with increasing
the first 60 hours, falling to zero for more than 12 flow on 23 February and remained elevated through-
hours on 21 and 22 February. During this period out the event. Fecal coliform bacteria concentrations
of no flow, a brief spike (0.008 ft 3 /s) occurred at increased moderately with the higher ditch flows that
0600 on 22 February, apparently in response to the followed the rain on 22 February, then rose dramat-
rain which fell from 0400 to 0800 on that same day. ically as ditch flow peaked on the 23rd. NH4 -N con-
Ditch flow resumed several hours later, gradually centrations increased during the rising limb of the
climbing to about 0.1 ft 3/s over the next 48 hours. hydrograph, starting on the 24th, then decreased
The hydrograph began to rise with the second period after the hydrograph peak. TKN values increased with
of rainfall, which began at 0800 on 24 February, increasing ditch flow in the early stages of the event
peaking at nearly 0.18 ft 3 /s late in the afternoon of and then remained relatively constant throughout
the 24th. At 2000, ditch flow began to decrease the event.
slowly despite the continuing rainfall. During the early period of this event, up to about

The water budget calculated for event 3 is: 1100 on 24 February, the pattern of increasing flow,
ortho-P, N0 3-N and Cl concentrations, as well as in-

QS + QP - QET - QD =  QL creases in other parameters, indicates that the ditch
154,604 + 87,810 - 0 - 24,433 = 217,981 (ft 3 ) flow was largely the result of snowmelt or spray run-

(10%) (90% of s + Qp). off. After 1000 on 24 February the continued in-
crease in flow, coupled with decreases in the concen-

During this event only 10/oof the input water left tration of ortho-P, NO3-N, Cl, etc., suggests that the
the site as ditch flow and, therefore, must have en- ditch tlow was being diluted by rainfall.
tered the ground or have been stored on-site as ice.
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V..
Table A3. Event 3-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  collforms Ortho-P NH 4-N TKN N0 3 -N Cl

Date Time pH (Wunhos) (mg/L) (mg/L) (no.100 mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

21 Feb 79 1230 6.5 119 0.2 0.8 0 0.09 0.0 0.3 5.9 29.5
1830 6.3 121 0.6 0.4 8 0.08 0.4 0.6 6.1 30.4

22 Feb 79 0030 6.4 125 0.6 0.5 2 0.30 0.5 0.4 5.7 28.3
0630 6.2 120 1.2 0.6 6 0.12 0.0 0.9 5.5 28.1
1230 6.3 138 0.4 0.8 2 0.20 0.0 0.8 7.6 33.2
1830 6.3 180 0.6 0.4 26 0.24 0.1 1.3 10.3 45.3

23 Feb 79 0030 6.4 182 0.4 0.8 20 0.30 0.1 1.1 10.4 45.5
0630 6.8 200 0.5 0.8 28 0.48 0.2 1.7 12.2 51.5
1230 6.6 210 0.5 0.4 24 0.26 0.5 1.4 12.6 55.3
1830 6.5 218 0.5 0.9 12 0.31 0.6 1.4 13.2 53.6

24 Feb 79 0030 6.5 220 0.5 1.1 10 0.46 0.6 1.7 13.4 54.4
0630 6.5 220 0.5 1.3 2 0.51 0.4 2.0 13.8 55.0
1110 6.4 175 0.7 2.6 10 0.43 0.7 - 11.0 30.4
1310 6.0 170 0.5 2.9 288 0.40 0.8 1.4 10.4 -

1510 6.1 165 0.5 2.0 0 0.38 0.1 1.0 9.7 41.3
1710 6.2 160 0.2 2.0 232 0.32 0.2 1.2 9.7 39.7
1910 6.0 160 0.4 1.6 276 0.31 0.0 1.0 8.9 38.7
2110 6.2 152 0.6 1.8 112 0.26 0.3 0.6 8.7 38.7
2310 6.1 150 0.4 1.8 212 0.33 0.1 1.3 8.2 38.1

25 Feb 79 0110 6.2 150 0.3 1.8 0 0.29 0.1 0.9 8.3 40.2
0310 6.1 150 0.5 3.1 996 0.20 0.0 1.2 8.2 40.8
0510 6.2 150 0.7 2.2 244 0.32 0.2 0.6 8.0 39.8
0710 6.1 152 0.7 1.5 0 0.22 0.5 1.1 8.1 41.8
0910 6.3 150 0.4 1.6 400 0.32 0.3 0.9 8.1 42.6

Event 4 Figure A4 shows concentration and mass export
Event 4 (2-8 March 1979) covered the period of for ortho-P, NO3 -N, and Cl, respectively, during

peak spring runoff from the spray field. Between event 4. Levels of ortho-P in the ditch, which had
3 and 6 March, 2.21 in. of rain fell, leaving 167,457 been dropping with decreasing flow, began to increase
ft 3 of water on the east slope. This rainfall closely with the rising limb of the hydrograph (Fig. A4).
followed 4 consecutive days of effluent application However, as ditch flow continued to rise, ortho-P
that ended at 1530 on 2 March, during which 325,535 levels dropped dramatically, but again increased
ft3 of effluent was applied to the east slope. Air during the falling limb of the hydrograph. The mean
temperatures during the event climbed well above concentration of ortho-P was 2.0 mg/L. N0 3 -N and
freezing, yet considerable snow and ice cover re- Cl concentrations generally decreased throughout
mained on the site. the event, dropping to a minimum during peak ditch

Flow in the ditch (Fig. A4) began to decrease flow (Fig. A4b and c). As flow decreased after the
about 3 hours after spraying ended. By 4 March, 27 peak, N03-N concentration began to rise slightly.
hours after the rainfall began, ditch flow began to The mass exports of ortho-P, NO3 -N, and Cl are
increase. Ditch flow peaked at 1.28 ft 3 /s at 2000 shown in Figure A4. Export of ortho-P did not follow
on 6 March. During the event monitoring period the ditch flow pattern; there were large decreases in
(1444 on 2 March through 1353 on 8 March) ortho-P concentration at high flows. The most ortho-
180,646 ft 3 of water flowed through the ditch. P was exported during the falling limb of the hydro-

The water budget calculated for event 4 is: graph. Export of NO 3 -N and Cl followed the hydro-
graph pattern despite their somewhat decreased con-

Qs + QP - QET - QD QL centration at peak flow (see Meals and Cassell 1982).
0 + 164,457- 0 -180,646 = -16,189 (ft3) All water quality data collected during event 4 are

given in Table A4. Levels of pH, suspended solids,
The water budget shows that more water came off BOD 5 , fecal coliform and NH 4 did not show any
the east slope during the event than went on as rain- apparent correlation with ditch flow. Conductivity,
fall, suggesting a considerable portion of the ditch however, showed a moderate decrease as ditch flow
flow resulted from snow and ice melting. began to increase, then dropped substantially to its

minimum at peak flow.
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Table A4. Event 4-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  coliforms Ortho-P NH4 -N TKN N0 3-N CI

Date Time pH (Mn;hos) (mg/L) (mg/L) (no.11OO mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

2 March 79 1744 6.8 273 0.02 0.6 0 0.56 0.1 1.2 13.4 52.4
2344 7.2 242 0.53 - 0 0.32 0.0 1.0 12.4 48.2

3 March 79 0544 7.1 229 0.04 1.4 0 0.47 0.0 1.2 11.5 46.0
1144 7.1 220 0.18 1.2 0 0.29 0.0 1.1 11.3 46.0
1744 7.1 210 0.10 1.0 0 0.32 0.0 0.7 11.0 42.6
2344 7.1 204 0.14 1.6 0 0.23 0.0 0.7 10.6 40.6

4 March 79 0544 7.4 195 0.14 1.2 0 0.41 0.0 1.1 10.4 40.9
1144 7.0 190 0.10 1.0 0 0.17 0.0 1.6 9.8 38.9
1744 7.1 150 0.26 1.1 0 0.20 0.0 0.9 8.0 31.3
2344 7.1 160 0.10 1.9 0 0.08 0.0 1.2 7.6 36.7

5 March 79 0544 7.3 155 - 1.3 0 0.14 0.0 1.0 6.7 38.4
2253 7.0 160 0.05 1.4 0 0.16 0.0 - 7.4 37.3

6 March 79 0453 7.1 160 0.02 1.2 0 0.54 0.0 - 7.2 36.1
1053 7.2 150 0.07 1.1 0 0.30 0.0 - 6.8 33.3
1653 6.9 135 0.21 2.6 0 0.20 0.0 - 5.8 29.4
2253 7.0 122 0.12 1.2 0 0.19 0.0 - 5.4 27.4

7 March 79 0453 7.1 143 0.09 1.2 0 0.25 0.0 - 6.0 32.3
1053 7.0 150 0.08 0.7 0 2.0 0.0 - 6.5 33.9
1653 7.1 160 0.08 1.4 0 0.31 0.0 - 6.2 35.4
2253 7.2 185 0.07 2.8 0 0.14 0.0 - 6.3 33.3

8 March 79 0453 6.9 195 0.08 0.8 0 0.25 0.0 - 6.4 34.3
1053 7.0 190 0.05 2.0 0 0.55 0.0 - 6.4 34.4

Because there was no nutrient input to the east Ditch flow remained variable over the spray period,
slope via effluent application during event 4, the rising to a maximum of 0.43 ft 3 /s shortly before the
mass of contaminants actually exported represents end of spraying. After effluent application ended,
nutrient flushing from the spray field. Early in the ditch flow slowly declined.
event, during the rising limb of the hydrograph, The water budget for event 2 was:
considerable amounts of snow and ice melted. At
the times of highest flow, runoff from rainfall ap- Qs + QP - QET - QD =  QL
peared to dominate ditch flow. However, as the 96,694 + 0 - 0 -64,700 = 31,924 (t 3 )
rainfall subsided and the temperatures remained (67%) (33% of QS + QP).
high, the ditch flow began to reflect the character-
istics of the melting ice and snow. This water budget shows that ditch flow during the

monitored period totaled two-thirds of the water
Event 5 input; however, the cyclical nature of the ditch flow

Event 5 took place on 3 through 5 April 1979, may indicate varying diurnal ,ites of snow melt.
during a spray event that followed a moderate rain- Concentration and mass export values for ortho-P,
storm. Between 0600 and 2200 on 2 April 0.67 in. NO3-N, and Cl during event 5 are shown in Figure A5.
of rain fell (49,858 ft 3 on the east slope), some 10 Ortho-P concentrations varied between 0.05 mg/L
hours before the monitored period of the event. and 0.07 mg/L during most of the event, then in-
From 1230 on 3 April to 1620 on 4 April, 96,694 creased to 0.14 mg/L at the end of the monitoring
ft 3 of effluent was applied to the east slope. Mean period. N0 3 -N and Cl levels, however, increased
air temperatures were above freezing during the during the period of spray application and peaked
event and 4 April saw a maximum air temperature near the end of the application period and at the time
of 560F. Some snow and ice remained on the site. of the second peak flow in ditch flow.

Ditch flow peaked at 0.57 ft3/s during the rainfall The values of all other water quality data collected
on 2 April, then declined on 3 April (Fig. A5). The over event 5 are summarized in Table A5. While BOD 5
ditch water began to rise again during the early hours and pH decreased through the event, fecal coliform
of 3 April before effluent application began at 1230. levels showed a general increase. NH 4 -N remained
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Table AS. Event 5-ditch flow water quality.

Suspended Fecol

Conductivity solids BOD 5  collforms Ortho-P NH4 -N N0 3 -N Ci
Date Time pH (wnhos) (mg/L) (mgfL) (no.11O0 mL) (mg/L) (mg/L) (mg/L) (mg/L)

3 April 79 1400 6.6 122 - 3.2 5 0.06 0.0 4.9 26.3
2000 6.6 122 - 3.2 3 0.05 0.0 5.0 26.3

4 April 79 0200 6.6 128 0.04 1.8 10 0.06 0.0 5.3 26.8
0800 6.5 130 - 4.8 6 0.06 0.0 5.6 27.5
1400 6.2 130 0.06 1.2 6 0.06 0.0 5.6 27.6
2000 6.2 123 0.02 1.3 14 0.07 0.0 5.5 27.4

5 April 79 0200 6.1 118 - 1.7 12 0.05 0.1 5.3 27.1
0800 6.1 115 1.8 13 0.14 0.0 5.2 27.1

below detectable limits over much of the monitoring after spraying began and is superimposed on the di-
period. urnal cycle. Ditch flow peaked at 1600 on 19 April

Mass export values of ortho-P, NO 3 -N, and Cl at 0.35 ft 3 /s.
are also shown in Figure AS. Export of two of the The water budget for event 6 is:
three constituents paralleled ditch flow; the exception
was ortho-P, which demonstrated an export pattern QS + QP - QET - QD = QL
paralleling ortho-P concentration patterns. Mass 42,741* + 0 - 0 -44,190 = -1,519 (ft 3 ).

balance calculations show that 70% of the NO3 -N
and 69% of the Cl applied over the event period were The water budget shows that more water flowed
retained on the spray site during the event (see Meals through the ditch than was applied during the event
and Cassell 1982). While lack of effluent ortho-P and may indicate snow and ice melt. This figure may
data prevents the calculation of a mass balance, be deceptive because it does not include the effluent
ortho-P concentrations in ditch flow were much applied in the 20 hours before the arbitrary start of
lower than ordinarily found in applied effluent. the event. If a water budget is calculated from the

The ditch flow reflected runoff from the rainfall start of the spray event (18 April, 0840) through the
during 2 April and some runoff from effluent spray- end of event monitoring (21 April, 1308), 34% of
ing during 3 and 4 April. Most of the nutrients ex- water input is unaccounted for, apparently indicating
ported from the spray field during this event appear groundwater recharge.
to be associated with spray runoff. This event shows
a behavior that is typical of the spray site when high QS + QP- QET - QD = QL
soil moisture levels may be present. 101,156 + 0 - 0 -66,950 = 32,206 (ft3 )

, " (66%) (34% of QS + Qp).

Event 6
Event 6 fell between 19 and 23 April, during the Patterns of concentration and mass export for

latter part of a heavy effluent application (101,156 ortho-P, NO3 -N, and Cl are shown in Figure A6.
ft 3 applied between 0840 on 14 April and 0940 on Ortho-P, NO3 -N, and Cl increased during the first
20 April) There had been no precipitation since 30 hours of monitoring, peaking on 20 April, about
5 April, and no rain fell during the event. Mean 10 to 12 hours after spraying ended.
daily air temperatures were above freezing, but night Patterns of ortho-P, NO3-N, and Cl mass export
temperatures fell well below freezing. Some snow are also shown in Figure A6. Mass export during the
and ice remained on the spray site. event followed a bimodal pattern, similar to that of

* The hydrograph bracketing the period of event flow. Maximum mass export, howeve.,, ';.' not con-
6 shows a distinct diurnal cyclic pattern (Fig. A6), sistently coincide with peak flow. Ortho-P and
with flow peaks each evening. This phenomenon is N0 3 -N mass export peaked during the falling limb
likely related to the daily temperature cycle, with of the hydrograph on 19, 20 and 21 April. Cl export
ditch flow peaking as a result of snow and ice melt peaked first during effluent application on 19 April,
during mid- and late-afternoon when temperatures then increased again during the falling limb of the
reached their highest (530 to 57°F). Average daily
ditch flow began to increase on 18 April shortly *Only that portion sprayed while event was monitored

included.
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Table A6. Event 6-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  coliforms Ortho-P Total P NH 4-N TKN N0 3 -N CI

Date Time pH (Mumhos) (mg/L) (mg/L) (no.1100mL) (mg/L) (mg/L) (mg/L) (mylL) (mg/L) (mg/L)

9 April 79 1608 6.4 123 0.13 1.9 0 0.04 - 0.0 - 4.5 26.9
2208 6.4 125 0.20 2.6 1 0.05 - 0.0 - 4.6 26.5

20 April 79 0408 6.4 132 0.07 0.4 2 0.05 - 0.0 - 5.2 27.8
1C08 6.4 131 0.04 0.8 3 0.05 - 0.0 - 5.5 28.3
1608 6.4 130 0.28 0.9 0 0.06 0.6 0.0 0.9 5.1 27.2
2208 6.4 131 0.15 1.8 1 0.07 0.2 0.0 0.6 5.3 27.1

21 April 79 0408 6.4 132 0.12 0.8 3 0.05 0.2 0.0 0.8 5.2 27.5
1008 6.4 129 0.15 0.9 0 0.05 0.1 0.0 0.4 5.1 27.7

hydrograph on 20 and 21 April. Mass balance cal- again at 1200 on the 24th, reaching a peak of 0.66
culations show that 44% of the applied NO3 -N and ft 3 /s at 1900. Following this peak, ditch flow de-
42% of the applied Cl were retained on the east dined steadily through the end of the monitoring
slope during event 6. The lack of effluent ortho-P period.
data prevents the calculation of a mass balance for The water balance for event 7 is:
P (see Meals and Cassell 1982).

The values for all water quality data collected QS + QP- QET - QD =  QL
during event 6 are shown in Table A6. The water 155,241 + 0 - 0 - 71,900 = 83,341 (ft 3)

quality of the ditch flow only varied over a very (46%) (54% of QS + Qp).
narrow range during this event. Suspended solids
increased with increasing flow, while BOD 5 and The water balance indicates that ditch flow was just
fecal coliform levels seemed to be inversely related less than half of the applied effluent volume and,
to flow. Levels of pH and conductivity were essen- therefore, considerable amounts of applied effluent
tially unchanged during the event, entered the ground to be stored as soil moisture or

The ditch flow observed during this event appeared to percolate into the groundwater.
to reflect both spray application and diurnal snow- The concentrations of ortho-P, NO3 -N, and Cl
ice melt, as evidenced by the bimodal mass export during the event monitoring period are shown in
patterns and by the cyclical nature of ditch flow. Figure A7. Ortho-P concentration paralleled ditch
The highest concentrations of N03-N and Cl appear flow, with distinct peaks coinciding with flow peaks
to be associated with the spray application event, on both 23 and 24 April. NO 3 concentrations fol-
while maximum ortho-P concentrations appear to be lowed ditch flow; however, they peaked well after
related more closely to snow and ice melt. the 23 April hydrograph peak and appeared to be

increasing during the falling limb of the 24 April
Event 7 hydrograph peak. Cl levels dropped during the 23

Event 7 took place between 23 and 25 April 1979, April peak in ditch flow, then began to increase
during a period of heavy effluent application (155,241 throughout the rest of event monitoring period.
ft 3 in 48Y2 hours). There was no precipitation during Nutrient exports patterns during event 7 are also
the event. Mean daily air temperatures were well shown in Figure A7. Patterns of mass export of
above freezing, although the minimum temperatures ortho-P, NO3 -N, and Cl followed ditch flow, with
dropped below 320 F on 23 and 24 April. Daily highs maximum export at peak flows. Mass balance calcu-
were above 70°F during the monitoring period. Some lations show that 72% of the applied NO 3 and 77%
snow remained on the site. of the applied Cl were retained on the east slope dur-

The ditch flow again followed the diurnal pattern ing event 7. The lack of ortho-P data for the sprayed
observed earlier in event 6, although the peaks on effluent prevents calculation of a mass balance for P
23 and 24 April were greatly amplified by effluent (see Meals and Cassell 1982).
application (Fig. A7). Ditch flow began to rise about The values for all water quality data collected
3 hours after effluent application began and peaked during event 7 are given in Table AT. Fecal coliform
at 1600 on 23 April. Flow then gradually receded levels appeared to peak v ith the hydrograph; however,
on the morning of the 24th. Flow began to increase conductivity, pH, suspended solids, and BOD- ro-

mained essentially constant through the ever
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Table A7. Event 7-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  coliforms Ortho-P NH 4 -N N0 3 -N CI

Date Time pH (4mhos) (mg/L) (mg/L) (no.1O0 mL) (mg/L) (mg/L) (mg/L) (mg/L)

23 April 79 1430 6.4 120 0.12 1.1 1 0.05 0.1 4.5 26.4
2030 6.6 123 0.09 1.2 99 0.08 0.0 4.8 24.1

24 April 79 0230 6.5 125 0.09 0.9 16 0.06 0.0 4.9 24.1
0830 6.5 125 0.25 0.9 6 0.05 0.0 4.8 24.1
1430 6.6 127 0.09 1.0 8 0.06 0.0 4.6 24.4
2030 6.5 127 0.08 1.0 48 0.10 0.0 5.1 24.6

25 April 79 0230 6.4 125 0.07 1.5 21 0.09 0.0 5.2 24.5
0830 6.3 127 0.03 0.7 7 0.08 0.0 5.4 25.1

The runoff collected in the interceptor ditch base ditch flow of about 0.25 ft 3 is is subtracted
clearly reflected the melt-freeze diurnal cycles so from the event hydrograph, water output in this
typical of 'Vermont spring weather, as well the heavy added ditch flow (10,760 ft 3 ) is just 40% of precip-
application of spray. itation input.

Patterns of concentration of ortho-P, NO 3 -N, and
Event 8 Ci during event 8 are shown in Figure A8. The max-

Event 8 was monitored from 0910 on 28 April imum concentration of ortho-P (0.48 mg/L) occurred
through 0910 on 30 April 1979. Some 0.87 in. of during decreasing ditch flow on 28 April, at a level

- rain had fallen during 26 and 27 April, before the substantially above that observed during the remainder
event monitoring period, and an additional 0.37 in. of tie monitoring period. Ortho-P concentrations
fell during the event, from 1800 to 2400 on 28 then peaked again at 0.06 mg/L, with the hydrograph
April. No effluent was applied during this event, declining through the rest of the event. N0 3 -N
Air temperatures were well above freezing during and CI levels dropped during peak flow and increased
the entire time and some snow and ice remained on with decreasing flow, an indication of rainfall run-
the spray field. off.

Flow in the ditch during event 8 was clearly re- Mass exports of ortho-P, NO 3 -N, and Cl during

sponsive to rainfall (Fig. A8). At the start of the event 8 are also shown in Figure A8. Ortho-P ex-
event ditch flow was decreasing atter the rainfall on port peaked during decreasing flow on 28 April,
27 April. At 2100 on 28 April, 3 hours after rain then again during the hydrograph peak, also on 28
began, flow began to rise sharply to a peak of 0.61 April. Mass export of N0 3-N and Cl clearly followed
ft 3 /s at 230u. When the rain ended, ditch flow re- the pattern of ditch flow.

- ceded through the remainder of the monitoring Because no effluent was applied during event 8,
period. all export of ortho-P, NO 3 -N, and Cl, as well as

The water balance for event 8 is: othr pollutants, must be considered to be quantities

flushed from either the surface of the spray site or
QS + QP - QET - QD QL as a result of subsurface flow (see Meals and Casse!l

0 + 27,534 - 0 - 53,960 -26,426 (ft3 ) . 1982).

Table A8 gives the complete set of water quality
The water balance shows that substantially more data collected over event 8. Concentration of sus-
water flowed through the ditch than was added as pended solids peaked during high ditch flow; levels
precipitation. The a ditional water in the ditch may of coliforms and TKN also peaked during high flows,
have been the result of either snow melt from the although the magnitude of increase was slight. Total
spray field or the gradual release of accumulated P and ortho-P patterns were similar throughout the

spray field groundwater. If, however, the apparent event.
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Table A8. Event 8-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  coliforms Urtho-P Total P TKN NH4 .N N0 3 -N Cl

Date Time pH (umhos) (mg/L) (mg/L) (no.100 mL) (mg/L) (mg/L) (mg/L) (rg/L) (mg'L) (ng/l.)

28 April 79 1510 6.8 118 0.44 1.4 2 0.48 1.9 0.8 0.0 3.5 20.9
2110 6.8 122 0.72 1.2 7 0.05 0.2 0.5 0.0 3.5 20.7

29 April 79 0310 6.8 115 2.4 0.9 3 0.06 0.3 1.1 0.0 3.0 19.0
: 0910 6.8 119 0.18 1.0 0 0.05 0.3 0.4 0.0 3.4 20.0
. 1510 6.9 120 0.18 0.9 2 0.05 0.4 0.6 0.0 3.2 20.2

2110 6.9 123 0.14 0.7 1 0.05 0.6 0.9 0.0 3.3 20.6
30 April 79 0310 6.9 120 0.05 0.6 2 0.04 0.2 0.9 0.0 3.5 20.7

0910 6.9 118 0.03 0.7 2 0.04 0.1 0.8 0.0 3.4 20.7

* Event 9 during the event. Even if all spray and precipitation
Event 9 occurred between 0830 on 3 May and on 2 and 3 May are included, QL is still negative

0830 on 5 May 1979, immediately following a period (-13,956 ft 3 ). This water surplus may be the result
. of relatively light effluent application (26,234 ft 3 ) of continuing depletion of water stored in east slope

* and rain (0.39 inches) on 2 May . Air temperatures soils during the spring.
were well above freezing. Essentially no snow re- Figure A9 shows concentrations of total P (not
mained on the east slope. During this event a total ortho-P as in earlier event descriptions), N0 3 -N, and
of 6871 ft 3 of spray was applied over two periods. Cl during event 9. Total P concentration decreased

Ditch flow, which had been decreasing after ef- during the high flows of 4 May, then rose during the
fluent application on 1 May, began to increase at falling limb of the hydrograph. NO 3 levels also
2300 on 2 May, about 6 hours after spraying started, dropped during high flow, then increased with de-
Flow increased only slightly, then became constant creasing flow. Cl concentration showed a general
about 12 hours after the spraying began. At 1900 decline through this event period.
on 3 May, ditch flow increased dramatically to a The values for all water quality parameters col-
peak of 0.42 ft 3 /s at midnight. Flow then decreased lected during event 9 are summarized in Table A9.
through the rest of the monitoring period (Fig. A9). Values for most parameters varied only slightly over
It is difficult to explain the cause of the hydrograph the monitoring period, showing no discernible pat-
peak on 3 and 4 May since no rain fell and spraying tern. BOD 5 concentrations appeared to be slightly

- had stopped a number of hours earlier. One explana- higher in the initial hours of monitoring. The pH
tion for the 9-hour lag time between the end of increased from 6.6 to 7.2 during the falling limb of
spraying and peak flow might be found by examining the hydrograph.
the groundwater in the east slope. Since the volume Nutrient export d-ring event 9 is also shown in
of effluent applied was small, surface runoff was Figure A9. Total P export peaked at peak flow, then

* . minimal, if not completely absent. It may, therefore, receded, generally following the same pattern is con-
be postulated that the increase in ditch flow was centration during the falling limb of the hydrograph.
caused by subsurface flow emerging in the ditch. NO 3 and Cl export followed a similar pattern.

A water budget for event 9, including only the The nutrient budget for event 9 shows a pattern
inputs after 0800 on May 3 is: quite different from those of the other monitored

events. When nutrient input is calculated to include
QS + QP - - QD = QL all effluent applied from 1630 on 2 May through

6871 + 0 - 22,622 - 46,590 -62,341 (It 3). 1330 on 3 May, a substantial quantity of total P was
retained on the east slope during even. 9. This was

The water budget shows that substantially more not the case, however, for NO3 or Cl. A net export
water flowed through the ditch than was applied of NO3 took place during the event, and 97% of the

applied Cl was exported in ditch flow (see Meals and
*Estimated at 0.152 in./day as in Cassell et al. (1979). Cassell 1982).
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Table A9. Event 9-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  coliforms Ortho-P Total P TKN NH4 -N N0 3 -N Cl

Date Time pH (jmhos) (rag/L) (mq/L) (no./lOOmL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

3 May 79 1430 6.6 135 0.12 2.0 2 0.04 0.3 0.2 0.0 3.5 24.3

2030 6.6 135 0.07 2.4 0 0.04 0.4 0.0 0.0 3.6 24.3
4 May 79 0230 6.6 130 0.05 1.2 3 0.04 0.3 0.0 0.0 3.4 23.2

0830 6,5 132 0.07 0.7 3 0.04 0.3 0.0 0.0 3.6 23.7
1430 7.2 118 0.18 0.6 1 0.03 0.2 0.0 0.0 3.6 23.1
2030 7.2 118 0.07 1.3 3 0.04 0.4 0.0 0.0 3.5 23.5

5 May 79 0230 7.2 122 0.06 0.8 5 0.03 0.3 0.0 0.0 3.7 23.3
" 0830 7.2 123 0.06 1.2 1 0.03 0.3 0.0 0.0 3.7 23.1

* " Event 10 trend toward decreasing soil moisture during the
Event 10 was a special study conducted from I event, indicating a depletion of the water stored in

. August through 4 August 1979 to trace an isolated, the spray field soils. This depletion may have, in

dry-weather spray event across the east slo,,e and part, contributed to ditch flow.
interceptor ditch. There was no precipitation or Water quality monitoring was conducted inten-
effluent application in the 6 days prior to the event. sively during event 10. Discrete ditch flow samples
Beginning at 0800 on 1 August, effluent was applied were taken at 2-hour intervals from 1500 on 31 July
at a constant rate for 24 hours. During this period, through 0800 on 6 August. In addition, east slope
the east slope received 99,752 ft 3 of effluent, observation wells and adjacent surface waters were

The event 10 ditch flow hydrograph is shown in sampled twice daily throughout the event period.
Figure A10. Flow in the ditch began to increase Concentration patterns of ortho-P, NO3 -N, and
at 2100 on 1 August, 13 hours after spraying began. Cl in ditch flow are shown in Figure A12. Ortho-P
Ditch flow peaked at 0.15 ft 3/s at 0900 on 2 August, concentrations began to increase several hours after
1 hour after spraying ended. Following the peak, ditch flow began to increase, peaking at 0.09 mg/L
flow decreased rapidly. The low flow levels present at the time of peak flow. As ditch flow decreased,
before spraying were attained about 58 hours after ortho-P levels receded to the levels before spraying.
spraying ended. As flow dropped back to base level, however, ortho-P

Water budgets for event 10 were ,t'culated in concentration appeared to increase somewhat.
two ways. First, all ditch flow durils Lhe period NO3 -N, which had been below detectable levels
was included: in the ditch flow, began to increase in concentration

about 3 hours after the ditch flow began to increase.

QS + QP- QET - QD QL NO3 reached a maximum of 2.8 mg/L at peak flow,
99,752 + 0 125,761 - 21,930 -47,939 (f 3 ). then dropped rapidly with the falling limb of the

hydrograph. NO 3 concentration dropped to zero

Second, only the added increment of ditch flow about 6 hours after ditch flow returned to base level.
above an estimated base flow of 0.02 ft3/s was in- Cl levels in ditch flow increased dramatically some
cluded: 5 hours after ditch flow began to rise. The maximum

Cl concentration of 47.0 mg/L occurred during the

QS + QP - QET - QD = hydrograph peak. The concentration decreased
99,752 + 0 - 125,761 - 11,304 = -37,313 (t). slowly through the falling limb of the hydrograph,

but remained elevated during the remainder of the

Both water budgets clearly show a water output monitoring.
greater than water input during the event. In this All the water quality data collected during event
case, the negative value of QL results not from an 10 are shown in Table A1O. As shown in Figure A13,
excess of ditch flow (as in event 4), but from the both pH and conductivity increased during the event.

.-. high rate of evapotranspiration that could account Conductivity increased sharply a few hours after
for more water than was input as spray. In light ditch flow began to rise, peaked with the hydrograph,
of this, ditch flow was unexpectedly high. Data then declined gradually. Conductivity patterns

- from spray field tensiometers (Fig. Al 1) show a mirrored changes in Cl concentrations; pH showed a
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Fiqure A 10. Ditch flow hydrograph for event 10.

general increase over the entire monitoring period, graph (see Meals and Cassell 1982).

• Although only a few analyses were performed, the The water quality data for east slope observation

highest level of fecal coliform bacteria was recorded wells and Ellis Brook during event 10 are included

* at the hydrograph peak. Concentrations of BOD 5  in the data report (Meals and Cassell 1982). In well

and TKN did not appear to vary according to flow. 2, the only east slope well with sufficient water for

No NH4-N was detected in ditch flow over the event sampling during the event, the water level decreased

. period, slowly, while the pHand conductivity levels increased

Mass exports of ortho-P, N0 3 -N and Cl during (Fig. A14).

, event 10 are also shown in Figure A12. The P mass Water quality in Ellis Brook did not show any

. export pattern followed the ditch hydrograph, with clear trend during event 10. However, the increases

minor peaks occurring with concentration increases, in conductivity and CI levels at the Ellis Brook down-

NO3-N and Cl export clearly paralleled the hydro- stream sampling site continued to be evident.
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Table A10. Event 10-ditch flow water quality.

Suspended Fecal
Conductivity solids BOD 5  coliforms Ortho-P Total P TKN NH4  N03-N CIDote Time pH (rnhos) (mg/L) (mg/L) (no.11OOmL) (mg/L) (mg/L) (mg/L) (mgI  (mg/L) (mg/L)

31 lu;) 79 180U 6.1 148 0.6 1.6 51 - - 0.1 0.0 31.9I Aug 79 0000 6.1 148 - 1.8 -- - 0.0 0.0 31.9
0600 6.1 152 - 1.5 - 0.0 0.0 31.8
0900 6.1 154 - 1.8 - 0.0 0.0 31.1
1100 6.1 152 - 1.8 - 0.0 0.0 31.4
1300 6.1 154 - 1.9 - 0.03 0.2 1,2 0.0 0.0 31.9
1500 6.1 155 - 1.2 - 04- - 0.0 0.0 31.81700 6.2 155 0.4 1.1 - 0.04 0.1 0.3 0.0 0.0 32.1
1900 6.1 155 - 1.2 - - - 0.0 0.0 32.1
2100 6.1 154 - 1.2 - 0.03 0.1 0.3 0.0 0.0 32.1
2300 6.1 154 - 1.2 - - - 0.0 0.0 31.7

2 Aug 79 0100 6.0 158 - 1.4 - 0.03 0.1 0.0 0.0 0.0 31.9
0300 6.1 160 - 1.5 - - - - 0.0 0.2 32.2
0500 6.0 205 - 1.4 - 0.04 0.1 0.7 0.0 1.9 42.10700 - - - 1.2 - - - 0.0 2.2 46.3
0900 6.8 215 - 1.6 - 0.08 0.1 1.1 0.0 2.4 46.0" 1100 6.7 210 0.3 1.6 TNTC* - - - 0.0 2.7 46.4
1300 6.4 205 - - - 0.09 0.2 0,5 0.0 2.5 46.2
1500 6.7 200 0.03 1.0 266 - - - 0.0 2.0 45.4
1700 6.5 195 - 0.8 0.05 0.1 0.5 0.0 1.6 44.9
1900 6.6 192 - 1.3 - - - 0.0 1.3 44.7
2100 6.6 190 - 0.9 0.04 0.1 0.5 0.0 1.0 44.52300 6.7 190 - 1.1 - - - - 0.0 0.9 44.73 Aug 79 0100 6.7 188 - 0.8 - 0.03 0.1 0.4 0.0 0.8 44.6
0300 6.6 185 - 0.7 - - - - 0.0 0.7 42.5
0500 6.4 185 - 0.8 - 0.3 0.1 0.6 0.0 0.7 42.4
0700 6.5 188 - 2.2 - - - - 0.0 0.6 42.30900 7.4 186 0.6 1.2 0 0.02 0.0 0.3 0.0 0.5 41.3
1100 7.3 181 - 1.6 - - - - 0.0 0.5 41.7
1300 7.2 181 0.8 0.05 0.0 0.2 0.0 0.4 41.7
1500 7.2 180 - 1.2 - - - - 0.0 0.3 42.0
1700 7.2 180 0.5 1.4 66 0.04 0.0 0.6 0.0 0.2 41.31900 6.7 181 - 1.4 - - - 0.0 0.2 41.0
2100 6.8 180 - 1.6 - 0.02 0.0 0.3 0.0 0.1 41.1
2300 7.0 178 - 0.5 - - - - 0.0 0.1 41.04 Aug 79 0100 7.0 176 - 2.2 - 0.03 0.0 - 0.0 0.2 40.9
0300 6.9 178 - 2.0 - - - 0.0 0.2 41.5
0500 7.0 179 - 1.3 - 0.03 0.1 0.3 0.0 0.2 41.4
0700 6.8 178 - 1.2 - - - - 0.0 0.2 40.5
0900 6.7 174 - 1.9 - 0.04 0.0 0.4 0.0 0.2 40.5
1100 6.8 185 1.4 1.8 28 - - - 0.0 0.2 40.11300 6.9 180 - 1.4 - 0.05 0.0 0.4 0.0 0.2 40.2
1500 6.9 180 - 1.8 - - - - 0.0 0.1 39.5
1700 6.8 178 0.8 1.6 30 0.09 0.1 0.5 0.0 0.1 39.9
1900 7.0 175 - 1.7 - - - - 0.0 0.1 39.5
2100 6.9 176 - 1.5 - 0.05 0.1 0.4 0.0 0.1 40.2
2300 7.0 177 - 1.2 - - - - 0.0 0.1 40.4

5 Aug 79 0100 7.0 178 - 1.4 - 0.05 0.1 0.5 0.0 0.0 39.9
0300 7.2 175 - 1.0 - - - - 0.0 0.0 39.0
0500 7.0 176 - 1.1 - 0.04 0.1 0.5 0.0 0.0 39.3
0700 6.9 180 - 1.4 - - - - 0.0 0.0 39.00800 7.3 175 0.6 1.9 58 0.05 0.0 0.5 0.0 0.0 38.8
1100 7.4 170 - 1.6 - - - - 0.0 0.0 39.01600 7.4 168 1.2 1.9 6 0.03 0.0 0.6 0.0 0.0 38.9
1800 7.2 165 - 1.2 - - - - 0.0 0.0 39.1
2000 7.5 168 - 1.2 - 0.06 0.1 0.3 0.0 0.0 36.62200 7.5 165 - 1.2 - - - - 0.0 0.0 38.7

6 Aug 79 0000 7.4 165 - 1.2 - - - - 0.0 0.0 39.2
0200 7.3 169 - 1.4 - - - - 0.0 0.0 38.60400 7.3 168 - 1.2 - - - - 0.0 0.0 38.80600 7.2 164 - 1.4 - - - - 0.0 0.0 37.60800 7.0 168 0.6 1.2 160 - - 0.0 0.0 37.4

*Too numerous to count.
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Figure A 13. Behavior of pHl and conductivity in the ditch flow during
event 10.
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Figure A 14. Behavior of pH and conductivity in well 2 during event 10.

Behavior of monitored events water inpu.' was 0.71 in. (water equivalent) of snow,
The overall performance of land treatment at yet this input generated a distinct spike in ditch flow.

West Dover has been described in terms of east Air temperatures varied around 32 0 F on 9 December.
slope hydrology, concentration changes between Thus, this hydrograph may be interpreted as a melt
effluent application and interceptor ditch drainage, phenomenon; the increased ditch flow was a response
and mass balances of wastewater constituents. The to melting of snow falling at temperatures near and
specific short term behavior of the system may be slightly above freezing.
more clearly seen in the results of the specific events Event 3, in late February, also demonstrated the
that were intensively monitored during the study, effects of temperature on ditch flow. At 2000 on
Interpretation of these events suggests several im- 28 February, ditch flow began to decrease despite

; portant characteristics of spray field response to continuing rainfall. The explanation for this decrease
effluent application, precipitation, and other envi- in flow is that temperatures in the evening hours fell
ronmental parameters (including temperature). to just below freezing and thus slowed drainage from

Ditch flow hydrographs during several of the the east slope.
monitored events show the influence of air temper- Two ditch hydrographs in late April (events 6 and

* atures on water output from the east slope. In 7) show another example of temperature influence
* event ? (9-10 December), for example, the only on east slope drainage. The hydrographs from both
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Table All1. Nutrient export rates-monthly mean versus amount
exported during events (g/hr).

ortho-P N0 3 -N C/

Date Event no. Ev-ent Mean Event Mean E vent Mean

October 1978 1 0.5 - 9 - 139 -
December 2 7 3 157 54 679 229
February 1979 3 5 2 136 82 574 411
March 4 8 8 282 270 1355 1314
April 5 3 2 202 163 1032 863
April 6 1 2 131 163 712 863
April 7 3 2 195 163 1045 863
April 8 3 2 106 163 644 863
May 9 8 1.5 98 45 648 473
August 10 0.3 1 7 102 211 700

* .. events display a consistent cyclic pattern with a pe- continued and intensified, rainfall became the dom-
riod of approximately 24 hours. This cycle follows inant contributor to the ditch flow, diluting flow in
the daily temperature cycle, with peak flows in the ditch and causing lower nutrient concentrations.

*late afternoon when air temperatures are the highest. As rainfall ended, runoff from melting ice again dom-
*This cycle was evident even in the absence of signif- mnated ditch flow, and concentrations began to rise.

icant water input; additional water input appears The concentrations of P, N, and Cl were generally
to amplify the daily peaks, but the cycle is main- higher during the monitored events than at other
tamned. This is particularly evident in the hydrograph times. The highest event-related concentrations of
of event 7. This pattern of spring ditch flow is the these constituents occurred in later winter and spring,

*result of the melting of ice and snow on the spray coinciding with the highest ditch flow. Thus, not
field during the higher temperatures of midday, fol- only did monthly mass export of wastewater con-
lowed by refreezing at night. stituents reach a maximum during the spring (i.e.

Temperature can not only influence the timing of March), but nutrient export rates tended to be sub-
ditch flow, but also ditch flow quantity. The highest stantially higher during events than the average rate
ditch flow during the study was recorded in the for the month (Table Al 1).
spring with the coincidence of rainfall and rising The pattern of nutrient concentration in the ditch
temperatures. during monitored events differed with the event type.

Even in late April, temperature exerts an influ- During events in which the predominant water input
*ence on the east slope water balance. During event was effluent spray or melting ice or snow, concen-

8 substantially more water left the east slope in the trations of ortho-P, N0 3-N, and Cl tended to increase
*ditch than was input as rainfall. This "water surplus" with increasing flow in the ditch (e.g. events 5, 7 and
*was undoubtedly the result of ice and snow on the 10). In contrast, when rainfall was the primary water

spray field melting as a result of both rainfall and input to the east slope, nutrient concentrations tended
temperatures well above freezing. to decrease with increasing flow (e.g. events 1, 2, 4

Finally, temperature appears to influence the and 9). The inverse relationship between flow and
concentration of wastewater constituents in the concentration observed during precipitation events
interceptor ditch. During event 4 (2-8 March 1979) is a dilution effect. Rainfall which reaches the inter-

*the concentrations of P, NO3, and Cl followed a ceptor ditch (either by runoff or subsurface flow)
similar pattern: concentrations of all three constit- is "pure" relative to effluent (either sprayed or

euents increased during the initial rise of the hydro- frozen) and thus dilutes the concentrations of waste-
graph, dropped during peak flow, then increased water constituents found in the ditch. However,
again. This phenomenon may be interpreted as a when water in the interceptor ditch comes from
combination of melt and dilution. The initial phase sprayed effluent or melting effluent ice, higher nu-
of rainfdl, coupled with warming, began to melt trient concentrations accompany rising ditch flows.
some of the frozen effluent stored in the east slope. Both of these phenomena were observed in event 4
The resulting runoff carried high concentrations of when water inputs consisted of both precipitation

6P, NO 3, and Cl into the ditch. Then, as precipitation and melting effluent ice.
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It should be noted that the dilution effect of rain- significant retention of N0 3 -N on the east slope. Be-
* fall was observed in events that took place only dur- cause the soil conditions were very dry prior to spray
" ing the winter and spring months. Other studies of application, conditions not conducive to significant

land treatment systems, including an earlier study denitrification, it seems likely that plant uptake on
at West Dover, have shown wastewater constituents the east slope was the primary agent for NO 3 removal

- to be flushed from the land with major rainfall, par- in this case.
ticularly mobile forms such as N0 3 -N and Cl (Cassell The pattern of Cl concentration in the ditch in

. et al. 1979). event 10 differed from that of either P04 or NO 3.
. Particular attention should be given to event 9 Cl levels increased sharply with flow, then declined

on 3-5 May 1979. The event water balance shows very gradually, remaining well above base levels
a substantial water surplus that may represent out- throughout the event monitoring period. As with
put of water stored in east slope soils. The event ortho-P and NO3-N, either effluent runoff or subsur-
mass balance shows a substantial retention of total face flow accounts for the initial rise. However, the
P (86%), but only a minor Cl removal (3%) and a net gradual decline of Cl levels in the ditch suggests that
export of NO 3-N. The absence of unaccounted for the applied Cl was diluted by east slope groundwater,
water and the negligible removal of Cl suggest a net even though data (Fig. Al1) indicate little net deple-
pass-through of the effluent applied to the east slope tion of stored soil water over the event.
during this event. Thus, event 9 may be useful to Another significant aspect of event 10 is the timing
examine the performance of the east slope without of ditch flow and concentrations of exported con-
the complication of QL (unaccounted for water) stituents relative to spray application. While ditch
serving as a nutrient removal pathway. Although flow began to increase during effluent application,
the conditions of event 9 were not typical of most increases in ortho-P, N0 3-N, and Cl concentration
of the season at West Dover, the observed removal did not begin until several hours after ditch flow be-
rates for P and Cl are about what might be expected. gan to increase. There are two possible interpretations
The observed export of N0 3 -N may have been the of this phenomenon. In both cases, the initial increase
result of a combination of flushing of the NO 3 ac- in ditch flow could be the result of newly applied
cumulated over the winter, the lack of NO3 uptake effluent percolating into the soil and hydraulically
by vegetation, or low levels of denitrification in the displacing soil water (either native groundwater or
east slope soils. previously applied effluent) from the lower east slope

The nutrient export patterns for ortho-P, NO3 -N, into the ditch. These conditions suggest that "old"
;nd Cl associated with event 10, as shown earlier in soil water, containing low concentrations of nutrients
Figure Al 2, were quite different from event 9. Ortho- after a relatively long soil contact time and dilution,
P concentration peaked with flow, then dropped would reach the ditch first, contributing to increased
back to base levels. This peak was likely the com- flow but not to concentrations of ortho-P, NO3 -N,
bined result of surface runoff and subsurface flow or Cl in the flow. Only when the recently applied
entering the ditch. Concentrations of ortho-P were effluent arrives in the ditch after a much shorter soil
variable during the remainder of the event, but even contact time would nutrient concentrations begin to
in the absence of any observed hydrologic input or rise.
change, ortho-P concentration rose sharply nearly 3 Alternatively, surface runoff of applied effluent
days after effluent application. This sharp increase may be responsible for the rising concentrations.
might be attributed to sampling or analytical error, Within this framework, the initial rise in concentration

t or to some other unknown input to the ditch, pos- could be due to effluent moving downslope as over-
sibly of animal origin. land flow. Surface runoff from the east slope has

N0 3-N concentrations were below detection been observed in the past, both as sheet runoff and
limits, both before and after the main event 10 flows, as flow in small rills or channels. Such movement

• rand thus the observed N0 3-N output was probably was not, however, actually observed during the mon-
the direct result of effluent application. The initial itoring period. The succeeding decline in nutrient
rise in concentration was likely the result of runoff concentrations could be interpreted as dilution by
or subsurface input of applied effluent, but the the later arrival of renovated water moving as sub-
rapid decrease in concentrations, especially in rela- surface flow.
tion to the very gradual decrease in Cl levels, suggests
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