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ABSTRACT

In order to eﬁaiuafe theigrouhdwater pollutien
potential of a waste stabilization pond constructed and put
iﬁto operation in 197laby the Pima County Departmeﬁt of
Sanltatlon, phy51cal ehemieal and bacterlologlcal analyses,
were performed on surface and subsurface water samples,
Data were'alSO'gathered to monitor-the water balance so that
seepage losses could be estimated.

| Analyses indicated that no deleterious effects on

underlylng groundwater were- attributal to the new pond
during initial fllllng. However, when wastewater was first
introduced into the pond, a very high nitrate concentration
was found in the infiitrate as nitrates‘already existing in
the soil were apparently flushed through. - This phenomenon
quickly abated and infiltrate was found to contain primarily
ammonia nitrogen throughout the balance of the study.
Ammonia nitregen concentration did not increase in weli
.samples, indicating soil sorption was taking place.

Infiltration rates, estimated from the water balance

data, were in the range of from 0.04 to 0.50 cm/hr°

ix



CHAPTER 1
INTRODUCTION

" General Considerations

Tucsén,’Arizona,'is totally reliant on grouﬁdwater
for its domestic, induétrial, And agricultural water supply.
' This water normally contains on the order of 300 mg/l total
dissoived solids (TDS) (Enginéering—Science, Inc., and
Marum and Marum, Inc., 1973). .

Wastewéter resulting from community water usage is
generaliy found to contain about 700 mg/l1 TDS. An addi-
tiqnal 200 to 250 mg/l of suspended solids (SS) is also
present. Suspended solids are primarily organic materials
which give the sewage its high biochemical oxygen demand
(BOD) as well as its high microbial popﬁlation.

A sewage treatment plant's function is to reduce the
BOD, solids, and microbe levels to a point where the
éffluent can be disposed of with relative safetyrand reduced
environmental impact. Raw sewage stabilization ponds can
offer thisbtreatment function where conventional primary‘
secondarybtreatment schemes  are not economically feasible.
Pond treatment of seWage is being employed by several

)

thousand communities nationwide, as an operationally simple



and inexpensive method of sewage treatment (Missouri Basin
EﬁgineeringvHealth.Council, 1971) .
| Successful operation of a pond depends on the
A fundamental concept that adequate oxygen must be supplied so
}as to satisfy,thé BOD of the waste being treated, Ponds can
bPe relied upoﬁ to sustain a high BOD loading iate due -to
the large guantities of oxygen being supplied by algae.
Aerobic microorganisms ﬁse the oxygen produced by the algae
to oxidize the organic matter in sewage. These organisms in
turn produce carbon dioxide from which the carbon is photo- -
synthetically fixed by the algae while liberating oxygen.
The efféctive BOD reduction is thus the result of
solids settling and biochemical oxidation of organic
materials. Reduction of the enteric pathogens in sewage is
also a result of'settling but is'primarily a function of
exposure to an unfavorable environment and predation.
Clearly, the design of a pond system must be aimed
at optimizing oxygen production and dispersion while pro-
Viding an adequate detention time to compléte biochemical
.reactions and effectively reduce the pathogen density. If
the pond used suffers significant water loss through
seepage, the lost effluent could pbtentially short circuit
the pond system and with insufficient detention time for
adequate reaction could result in untreated chemical and

biological contaminants reaching the groundwater.



This situatiOh would be unlikely in an areé of
alluvial £ill, but it wouldAdevelop when a ffactured agquifer
system existed under a pond,‘especially if the water table
is shallow.

During construction of a pond, the bottom is ofteﬁ
. sealed with clay, ah impermeable membrane} or is compacted
in order to reduce the soil permeability. Clogging of the
soil surfacé layer interstices by settled organics is
generally expected to eventually_resﬁrict seepage to a low
rate. The time required for self-sealing is a highly
variéble function which depehds'on the naﬁure of the Wéste
and soil classification. |

During tﬁe pond start-up period, however, the

hydraulic gradient is maximal across the soil-water inter-

face, resulting in high infiltration.

Objectives and Scope of Thesis

This investigation sought to (1) evaluate qualita-
tive effects of sewage stabilization pond infiltration on
groundwater, and (2) to examine the bio-physiochemical
transformationsloccurring during infiltreation through the
soil. |

The site of the research work was the Pima County
Department of Sanitation's Ina Road Water Pollution Control
Facility, located approximately twelve miles northwest of

Tucson, Arizona, between Interstate 10 and the Santa Cruz



,RiVer (Figure 1). After constfuction of a new 9.8 aére pond
(Pond No. 4, Figure 1) by Pima County in 1970-71; éxtensive
sampling and monitoring facilties were installed for study.
These facilities made possible a four-month progfam to
establish background levels for the groundwater parameters
to be investigated aftér filling of the pond began. Com-
mencing with tﬁe introductibn of water to-the pond, surface
‘watér, tensiometer cup samples, and well.samples were
analjzed° “This second phase of work lasﬁed until Pond No.

4 begaﬁ overflowing.

A companion study was performed by Small (1973), a
graduate student in the Departﬁent of Hydrology and Water
Resources Administration. The first phase of this work
involved characterization of the pond soils and establish-
~ment of background levels for soil moisture and well levels.
After pond filling began Small monitored the parameters
needed to'compute a hydrologic balance for the pond.

The two studies enabled an evaluation of potential
groundwater contamination érising from a new raw sewage
stabilization pond, bﬁilt on a partially compacted unsealed

soil base in the Santa Cruz River flood plain.
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CHAPTER 2
REVIEW OF THE LITERATURE

,Sewagevstabilizatibn poﬁd seepage deserves serious
attention dﬁe to the*potentiai for deleterious effects on'
man and his environment. Wastewater can reach the grdund—
water and if the contaminants have not been adegquately
teduced or removed, public health hazards may exist. This
problem is espeéially important in areas such as Tucson |
which are totally dependent on groundwater as the source of
domestic water.

Most ponds.are operated with no adverse effects on
groundwater supplies; however, serious chemical and bio-
logical contamination can occur under certain conditions

.(3eeney, 1970; Fitzgerald and Rohlich, 1958; Bogan, 1961;

Meyer, 1960).

Potential‘for,Wastewatex Infiltration

The rate of infiltration across the soil water
interfa¢e in a sewage pond is a function of hydraulic head,
structure of geological strata and character of the wasteﬁr
water.

A reduction in the infiltration rate can occur when
water tables are near the ground surface or where subsurface
. zones of lowerxr permeability result in a perched zone of

6



saturétion. Under these circumstances the diminished
hydraulic gradient results in somewhét iower infiltration
ratef Ponding in any case provides conditions of a rela-
tively.large head. It is therefore importaht that the
permeability of the soil underlying 'a pond be naturally or
artifiéially suppressed to contain effluent recharge wiﬁhin
acceptable limits. -

Neel and Hopkins (1956) attempted to operate an
experimental raw sewage stabilization pond}built upon a sand
and gravel base. Following a year's operation and testing,
obvious degradation of groundwater quality iﬁdicated the
‘desirability of_impermeable pond bottoms in.regions of
domestic groundwater consumption.

Inadeqﬁate sealing can prevent proper operating
levels from being reached, as was reported in the Joint
Report of the North and South Dakota Departments of Health
(1957). This report recommended selection of pond sites
that avoid pexrvious soils, or use of a layer of packed clay
to prevent éealing problems°

These two studies had partially relied upon éonds
later being sealed by settled sewage solids during opera-
tion. Ciogging of the soil surface undoubtedly occufred,
but not before the. undesirable effects of excess recharge

appeared.



Sealing Effec?s of SeWage

Sealing mechanisms haveAbeen studied in detail by
several authors who attempted to quantify changes in in-
filtration rates associatéd with sands and soils. Reduction
of a soil¥3hydraﬁlic conductivity, when filtering water
containing suspended matter, is primarily a function of de-
creased intergranular pore space (Berend, 1966; Chang et
al., 1974; de vries, 1972; Krone, Orlob, and Hodygkinson,
1958) .

Physical entrapﬁen; of suspended solids, colloids,
and biological floc occurs initially but does not ?roduce
domplete Sealing. Secondary biological and chemiéal changes
in the soil can result in nearly complete sealing. Chemic§lr
changes are relatively insignificant but the biologiqal
activity in the benthal layer can completely seal the soil
'surface (Chang et al., 1974).- It was élso shown that final
sealing is related to the activity of slime~forming micro-
organisms and to the resultant increased,polysaccharide
content of the séil. Deming.(l963) also found that volatile
matter and moisture content decreased withAdepth while the
permeability increased. This indicated that permeability is
‘directly related to biological ;ctivity. Chemical disper—‘
sants can effect sealing and the natural presence_of these
agents in water can be related to the sodium adSorption

*y /2y 2

. : . + + ) _
ratio (SAR = Na+/((Ca oy Mg . After studying the

effects of the sodium adsorption ratio on permeability,
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‘Matthew and Harms (1969) concluded that as the SAR increases
=]o) dbes the probability that a stabilizatioh pond will seal
naturally. |

| Invthé'ponds studied by-Déming (1963), the'organic
matter had penetrated approximateiy 15 cm into the soil
after seﬁeral years' operation, whereas Chang.et al. (1974)
fouhd the hydraulically restrictive layer to be 5 cm thick
after about two months' operation.

Chang et al. (1974) noted that soil texture affected
only the elapsed time required to reduce infiltration to
experimentally immeasurable rates.  Clay soil achievedrthis
low level of. seepage in 17 days, whereas .sandy soil reéuired
29 days. At 64 days, sand hadia tested hydraulic conduc-
tivity of ohly 0.15 cm/hr. This compares to Deming'; (1963)
determination of a 0.0015 cm/hr rate for a lagoon in |
operation for three years in a clay-sealed sandy loam éoilg

Robiﬁson (1973), working with an unlined "caﬁtle
waste digestion pond," detected an initial seepage rate of
0,47 cm/hr. This rate declined to 0.023 cm/hr after three
months and then to 0.013 cm/hr after six months of opera-
tion. Groundwater dilution around the pond was most rapid
during the first three weeks of operation, indicating
seepége was highest in thié time interval. This pond was
situated in an area of silty clay loam alluvial soil in
which raéid sealing would be consistent with the tight soil

structure.
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'VIt is evident ffom the studies reviewed herein that
the first few wéeks of sewage ponding cén result in sig;

nificant infiltration of wastewater. This effect apparently
diminisheé with time. However, some entrained pollutants
Msuchras trace metals, organic toxins, and nitrates are a

persistent and mobil hazard (Middleton and Walton, 1961).

Pollutant Travel in Groundwater

Of the biological and chemical pollutants normally
encountered in domestic sewage, pathogenic organisms and

nitrate nitrogen (NO_,-N) have historically represented the

3
most serious threat to public health. Waterborne pathogens
as a disease vector have been extensively documented, and

the poisonous effects of high NO,-N consumption have more

3
recently received close attention (Winton, Tradiff, and
McCabe, 1971; Keeney, l§70; Pruel, 1966). In recept yvears,
concern has also been given to the possible effects of
varibus trace metals and organic compounds. -

Because of the potential health hazard these con=-
taminants pose, it is not only important to study the
quantitative effectsvéf pond effluent but also the areal
extent of its influence, The information developed can bev
applied to propefly locating ponds relative to well fields
or other domestic water sources. Mallman and Mack (1961)

summarized their study by noting that initial removals of

bacteria are very high, with the rate of reduction
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décreasing Qith distances into the soil. Furthérmore,
baéteria seldom_migrate'more than 100 £t from the séurce,».
Viruses, they felt, would travel further, but no definiti&e
evidence was found to assess the extent of viral travel.
They also stated that some chemical pollutants tfavéled
further than biological pollutants. |

Virus travel appears to be less than 100 ft in soil
accordihg to the results reported by Gilbert et al, (1976).,
.Aftér applyingYSecondary effluent to a land disposal system
for 7 years, a virus testing program was begun and continued
throughout 1964, Althoﬁgh they found high viral counts in
the applied effluent, no viruses were detected in samples
from several observation wells, all of which were perforated
less than 30 feet below the land surface.

Krone et al. (1958) stated that the ultimate
bacterial travel during the wet season was about 80 feet in
sandy soil. They observed that chemical contamination
appeared to arrive after bacteria, pfobably due to more
sensitive analytical teChniqués for detecting bacteria
rather than higher velocities for the bacteria.

Baars (1l961) found that sand-based ponds reduced
E. coli to very low concentrations within 9.75 ft of the
sand surface. This supports the earlier work of Caldwell
(1938) which indicated that 10 ft of fine sand could remove

all bacteria.
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Bacterial femovals in'the first 10 ft of soil travel
resulﬁ primarily from'filtration; The absence of indicator
bacferia at 100 ft from effluent sources is probably due to
long bacterial residence time in a hostile environment
(Meyer, l960)° Meyer, quoting Stead, states that more than
99 per cent die within two or three weeks. Thérefore, due
to‘normally low groundwater flow veloéities, living
bacteria seldom travel more than the generally accepted 100
ft before being ehtrapped or dying. . This: 100 ft value is
used by the United States Public Health Service as "safe"
minimum separation of drinking water supplies from sources
ocf contamination (EPA, 1969); Unless some mechanism'exists
which allows short c¢ircuiting, 100 ft aépears to be adequate
to protect‘water resources from microbial contamination.
| "Safe" separation distances fdr chemical pollutants
are more difficult to ascertain, és chemicals often persist
unéltered fdr long periods. Middleton and Walton (1961)
presented data summarizing the apparent travel time andA
distance for several organic contaminants such és gasoline
and picric acid Whiqh were found to travel up to three miles
in 4 to 6 years. These nonbiodegradable types of organic
chemicals seldom occur in domestic sewage and are generally
a problem only where leakage from storage tanks or indus—
trial waste.pohds occurs.
Detergents in domestic sewage héve yielded ABS which

is not readily dégradable and which, according to Middleton
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and Walton (1961),could possibly travel uhderground several
thousand feet from the source. It was the discovery of ABS
in local water supply wells which forced preméture cessation
of opérétions in pdnds studied by Neel and Hopkins (1956).

" Pruel (1968) found that 300 ft of travel through
sandy or silty soil was necessary to reduce ABS and ammbnia
nitrogen levels'to_backgrbund concentraﬁions.

Inorganic chemicals yielded by sewage ponds to’
groundwater are largely harmless in concentrations'reaching
water supply wells. Pond infiltrate can produce locally
higher total dissolved solids in groundwaters which may be a
nuisance, but is not generally a health hazard. Certain
nitrogen compounds have previously been rated as potential
hazards, especially nitrate nitrogen which is a relatively -
stable and mobile pollutant.

In general, stable chemical pollutants can travel
much greater distances than bacterial. This is due_to the-
dilution of the wastewater by groundwater and the long life
of the cheﬁical agents (Meyer, 1960). The direction and
speed of pollutant travel is directly related to the bulk
aéuifer characteristics under a pond.r Waste materials from
a pond normally move with the groundWater they enter.

The local groundwater movements, however, can be
altéred by infiltrating wastewater. A localized mound can
be created in the water table beneath the pond. This peak

in the’hydraulic gradient_Would induce a steeper velocity
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gradient away'from the pond. With an increased gradient and
head, groundwater movement will experience an increased'
velocity and could travel counter to the natural flow
direction (Meyer, 1960). This éounter‘current flow would be.
in the zone above the regional waﬁer table and it is doubt-
ful if any measurable effect on the natural vélocity Qould
éccura |

Well pumping in the vicinity of a pond may produce a
cone of depreésion in the regional water table which would
greatly increase the groundwater flow velocity toward:the
well, even if the well had been originally sited upgradient
.from'a pond. This may explain the une2pected occurrence of
detergents in wells upgradient ffom the ponds studied by
Neel and Hopkins (1956) .

Location of domestic wells to avoid the area in-
fluenced by a pond system requires careful aquifer médeling,
even if the well is apparently upgradient from the source

of contamination.



CHAPTER 3
EXPERIMENTAL METHODS AND PROCEDURES

Preexisting facilities for the project included two
2-in by 100-ft deep; steel access wells with screened well
poinﬁsg One weil, located inside the pond, and oné outside
,ébout 450 ft to the west are labeled 3I and 1lE, respectively,
in Figure 2. These wells were used in conjunction with a
recording neutron probe, as sampiing poinﬁs for groundwater
samples, and for measuring water table fluctuatioms.

Locatedvnear well 3I were two 4-in PVC wells, one
extending to a depth of 40.ft_and one to 60 ft, These are
designated 1I and 2I, respectivély. These PVC wells would
not normally reach the water table but after pond filling
began, they could be used. for sampling from saturated
regions of the vadose zone, An irrigation well (1F) existed
300 £t west of poﬁd’No° 4 and was an excellent source of

regional groundwater samples when it was in operation.

- Sampling Equipment

'All four of the wells inside the pond had been
capped below the finish grade of the bottom so as not to
interfere with construction activities. It was therefore
necessary to extend them all by 10 ft so the tops of the
wells wduld be above the design water surféce elevation.

i

15
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To fécilitate the sampling of pondVWells and provide a
support for sampling and test equipment, a large platform
was built from the embankment out over the wells. Equipment
installed inclﬁded a rain gauge, a water stage recorder, and
a sampling apparatus employing a series of six tensiometer
cups° These cups were at 3, 6, 26, 38, 45, and 60 in below
the bond-bottom, with tubing leading from each éup to a
vacuum manifold where individual samples were collected
(Figure 3). Sampling cuﬁ depths were located to correspond
with observed soil straté. A similar series of five cups
was established near the embankment on the east side of the
pond aé located in Figure 2. Using the wells and tensiom-
eter cups, the desired samples could be obtained for
analysis.

Four .months before the poné began receiving water on
August 5, 1971, background data éathering began. The access
jwellé and the irrigation well were regularly analyzed for
total coliform bacteria; chemiqal oxygen demand (COD);A
temperature; pH; alkalinity; total hardness; calcium; total
phosphorus; chloride; and ammonia, oiganic, nitrate, and
nitrite nitrogen. These tests were also performed on sur- .
face samples and samples from the PVC wells as each became
available.

Analysis for organic-N, NH,-N, NOZ-N, and NQ3—N were

3

made on samples taken from the platform and the East pond

sets of tensiometer cups. This phase of the study was of



Figure 3. Vacuum Sampling Apparatus — Note attached
vacuum pump.



19
~about eight months duration (from August, 1971, to April,
1972). |

| From several locations on the pond bottom, soil
samples were taken for classification. Soilrsamples were
also obtained for more complex analysis by the Department of

' Soils, Water and Engineering, The University of Arizona.

Hydraulic Measurements

To measure the quantity of flow into the pond a
Palmer~Bowlus flume'was installed in the influent sewer
interceptor 1ine. This flume was calibrated during the
firsf weeks of fiow by trajectory methods. Personnel of-the
Water Resourceé Research Center were then able to détermine
the pond’'s Wéter balance using flume, rain gauge, and
evaporimeter data.

bBefore the pond was filled, well levels.Were
monitored and é neutron logger was operated to establish
background unsaturated soil moisture profiles (Wilson,
Clark, and Small, 1973). These types of information were

gathered until the pond had filled and begun to overflow.

Test Procedures

Analytical pfocedures'followed were those presented

in Standard Methods (APHA, AWWA, WPCF, 1971).



Sampling Procedure

Sampling of the observation'wells was accomplished

with a brass bailer which wduld take'one‘litér 6f.éample

20

(Figure 4); This was lowered by polyethylene‘rope‘to about

6 ft below the water surface (when depth was sufficient) .
pond sampies were obtained by lowering a simple

" tipping bailer below the surface—and,quickly faising the

bailer to work level.

Well lF (Figure 2) was a hiéh-vblume irrigation
well which was sampled at its diséharge line adjacent to
the pump house., Unfortunately, this excellent source is
operated only part of the year} when irrigatién is at a
peak.. |

. Samples of_sewage infiltrate were obtained by the
apparatus shown in Figure 3. A cylinder, serving as a
vacuum reservoir, wés connected via a manifold to tubes
which‘extended to the bottom of the\buried porous tensiom-
eter cups. Samples were collected in a set of bottles
acting as a trap between reservdir and tensiometer cups.
Sample volume could be roughly adjusted by wvarying. the
pressure in the cylinder. A gauged’hand puﬁp was used to
evacuate the cylinder; allowing.the éressure to be véried

by noting the pressure reading while pumping.
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CHAPTER 4
RESULTS AND DISCUSSION

Gathering oflbéckground da#a commenced in March,
1971, and}contiﬁued until August, 1971. During this time,
samples of pond bbttom soil wére obtained for analysis, and
testing was begun on samples of water from wells 1F, 1E, and
3. EXisting static water levels were measured and soil
moisture prgfiles were determined with a recording heutrpn

probe for wells 1E and 3I.

Soils Analvses

v

Analyses were>performed on samples collected during
the excavation and extension of wells 1I and 2I. These
samples were subsequently evaluated by the Department of
Soils, Water and Engineering,'The University of Arizona.
Table 1 summarizes these results and suggests several
noteworthy relationships.

First, the surface strata contained a relatively
large éerCentage of clay. This is consistent with the
large bation exchange capacity (CEC) recorded, since clay
materials often exhibit,éppreciable exchange capacity.
Also{ the exchangeablé ion concentrations are élso high in
these strata, indicating the CEC is being at least pértially
utilized. ”

22
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~Table 1. Characteristics of Soils on the West Side of
Pond No. 4 ' '

“Mechanicalk

Analysis
| CEC -
Sample Depth® NO3-N - POy (meq/ Sand Silt Clay
Site  Inches pH (mg/l) (mg/l) -100 gm) g 3 g
40 PVC , : ' ' - |
Well - 0-30 7.2 136 = 5.0 23.4 52.5 31.5 16.0
40t PYC o I
Well 31-49 7.9 368 7.1 5.9 94.5 3.0 2.5
40' PVC o B
Well 49-52 7.5 208 22.5 10.5 80.5 14.5 5.0
- 60' PVC - | '
Well 0-30 7.4 106 5.3 16.7
60' PVC o | -
Well 30-48 6.7 264  22.5 3.7
60" PVC ’

Well 48~51 7.5 288 21.7 - 7.6

“aDepth below pond bottom.

. The élays present in this 30-in thick stratum have
resulted from removal of surface soil from adjacent areas to
£ill and level the pond bottom. Geldermén (1972) described
thé area as consisting of Grabe Loam or Vinton Anthony sandf
loam which means the soil series consisted of well-drained
loams, gravelly loams, and silty clay loams. The thickness
of ﬁhis horizon is therefore the result of construction
activity and the high clay portion is common to soils in the
area. .Farming has been cérried on along the river for many
years and this land use activity would generally result in

finer grained soils.
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- Nitrate nitrdgen (NO,-N) derived4from-extract_was

3
Very_high onvthe west side soil samples, pdssibly dué to
farming and previous research work in the area. Lehman
(1968) haa used the immediate area for soil-grass sewage
filtration studies and this combined with the past agri-
cultural activity appérently has left a large NO3—N residual
in.the soil.

Nitrates were rélatively lower on the east side of
the pond as shown in Table 2. VHere the sample depths were.
chosen to correspond to the tensiometer sampling cﬁps and
do not indicate observed textural changes. Mechanicél
analysis of pond bottom samples indicated that fexturai

changes occurred in the upper 12 in, between 12 and 24 in,

between 24 and 36 in, and between 36 and 48 in.

Table 2. Characteristics of Soils on the East Side of
: Pond No. 4

Mechanical Analysis

Sample® CEC -
Depth NO3-N (meq/ Sand Silt Clay
(Inches) pH (mg/1l). 100 gm). .. % .. % . . %
0-6 8.0 133 7.8 1 62.5 27.5 10.0
6-12 8.0 75 8.2  65.0 25.0 10.0
12-24 8.0 - 63 9.8 73.0 19.0 8.0
24-36 8.1 39 12.6 34.0 55.1  10.9

36-48 = 8.0 38 9.0 57.0 . 33.0 10.0

aDepth below pond bottom.
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Clayrcontent in'all_eest side strata was eboﬁt}lo
per cent. ;This is e lower value than the surface stratum
of the west'side, but higher than the lower west side soil
strata. CEC values showed a‘trend similar to that of the
clay snalyses, again indicating s positive corre;ation
“between clay content and CEC. The highest east side CEC
values occurred in samples.from the 24-36 in depth. .The
greatest clay percentage did likewise.
| NifratefN'was 2 to 3'times higher in the 0 to 6 in;,
east so0il layer than in succeeding layers, and was”nearly
the same as the uppermost west side soil horizon. However,
in comparing Tables 1 and 2 one can see that the NO3—N
increased 2- to 3-fold in samples from deeper horizons on
the west side. Perhaps soilsrof approximately 135 mg/1l
NO3~N predominate in surface soils and these surface soils
were used for f£ill in the west pond sample area, and remain
in place dh the east side of the pond.

Groundwater and Surface
Water Results

On March 18, 1971, groundwater samplinngas
initiated ﬁsing the pond internal well 3I and the two wells
external to the pond, designated 1lE and 1lF. Samples were
obﬁained on a weekly basis to be analyZed for COD, total
and fecalicoliform bacteria, alkalinity, calcium, total

hardness, chloride, total phosphate, ammonia nitrogen,
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organic nitrogen,'nitréte hitrbgen,raﬁd hitrite nitrOgen;
Measuremenﬁé of.pH and temperaturé Qere'élso made.

Béginnihg on August 5, 197l,uwhen the wastewatér
pond came on line;, thé abéve determinations were begun on
surfacé.watér samples as well aérgroundwater samples from

Weil'lI and'ZI,' Aéfflooding érbgressed across the pond
bottbm,.thé.tensiometer cups began to respond and samples
Qere collected, These were analyzed for the nitrogen
species-only. Results from the tensiometer cup analyses
‘will be presentéd andvdiscussed ih a subsequent section.

Résultsvfroﬁrthe many tests performed are generally
presented graphically in order to simplify their interpreﬁa—
tion and to clarify trends. Most of the basic data have
also been tabulated and are presented in the appendices.
Certain of the tésts performed yielded relatively unvarying
resﬁlts and therefore will be discussed but not necessarily

plotted or tabulated.

Chemical Oxygen Demand |

| COD values for wells 1I, 2I, 3I, and 1lE varied
principally as a function of elapsed settling time before
analysis. COD values for samples from these wells were
initially in thé range of 100 mg/l but were reduced to 20
mg/1l or less if the solids suspended by turbulence from the
sampling were allowed to settle. By téking adequate pre-

cautions not to disturb slime growths on the inside of the
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well éasing, the COD for both settléd and unsettled samples
decreased fo 20 mg/l or less.

The COD for thése‘wells Was’therefore quite.lowrand'
apparently did not vary significantly over the study period
of 13 months. Well 1F also showed a low COD, in the range
of 10 mg/l,vand was aiways very clear. This indicated that
the gross aquifer has suffefed little organic pollution |

from the pond.

Coliform Bacteria

. Total and fecal coliform bacteria resﬁlts also re-
mained consistently low in wells 1I, 2I, 3I, 1lE and 1F.
. While establishing backgroﬁnd densities for this parameter,
up to 1,000 ml of sample weré filtered throﬁgh 0.45 um
membrane and cultured. Less than one coliform per 100 ml
- was found is fecal coliform samplés; Thereafter, only 100
ml of éample was'gathered for fecal and 100 ﬁi for total
coliform testing due to difficulty in obtaining and pro-
cessing larger samples. Results from coliform analyses did
not significantly vary from a dehsity of less than 1/100 ml
for any of the wells,’suggesting that no bacterial contami-

nation of the pond's underlying aquifer has occurred.

v

Temperature, pH, and Alkalinity
. Well and surface water pH measurements fluctuated

only slightly. No meaningful trend was detected as readings
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generally ranged between pH 7 to 9. Groundwéter tempera-
tures wefe predictably cohétant, always registering 21°C.
Alkalinity seemed to‘shéw more'variable reéults than pH but
~the values were'fairly_constant with»concentrations at the
study's end very close to initial background concentrations
{Figure 5). The decrease in alkalinity occﬁrring in the .
deeper wells, 1E and 3I may be a result of stormwater pene-
tration to the aquifer from the Santa Cruz River in October

through Jaﬁuary.

Total Hardness and Calcium-

Figure 6 dispiays the results Qf the total hafdness
analyses. Deeé wells 3I and 1E showed considerable varia-
tion from March, 1971, until pond £filling in August, 1971,
when concentrations leveled off, Well 1F was more consist-
ent being 350 mg/1 at the beginning and end of sampling
with ﬁhe concentration occasionally dropping to 250 mg/1
for no discernibie reason.

The hardness at well 2I quickly rose from approxi-
mately 200 mg/l soon after August 5, 1971, to 800 mg/l
during September. The level abated until December 1, 1971,
when the‘total hardness was down to nearly 250 mg/l, the
approximate concentration prevailing until April 4, 1972;
when sampling closed. This peak could have been the result
of calcium being flushed from more shallow soils. However,

no similar peak was detected in the more shallow well, 1I.
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This, the most shallow well, had very iittle water.(o to 3
ft) so it was often difficult or impossible to get an
-adequate sample for comparisdnf
Ooverall the calcium results resembled the total
hardness curves as one would anticipate. Pond tétal hard-
ness and calcium appafently incréaSed although only two

samples were analyzed.

Chloride

Chloride'concentrations (Figu¥e 7) variéd widely in
samples from all these sources. Well 2I again showed é very
high chloride peak in September, 1971, and, to a leséer
extent, did well 1I. In the graph one can seeva small but
clear peak subsequently occurring in the deep wels 1lE and
3I. This peak lagged the shallow well peak by two weeks
and was much less prominent. No peak at all was found in
the deep irrigation well 1F.

It can be surmised that these peaks were related to
a large runoff event in the Santa Cruz River on Seétember 1
and September 2 (U.S. Geol. Survey, 1971), which leached
soluble salts from a sanitary landfill located between the
riQer and the testAwells. The premise is supported by the
fact that well 2I peaked at 459 mg/l chloride while the
surface water chloride was never above 60 mg/l and further
by the relative timing involved in the landfill flooding

and subsequent high chloride measurements.
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I£f the chioride‘peaks which later occurred. in wells
1E and 3I aré also related to the landfill leaéhate, theﬂ
the long time lag noted is perhaps due to the phenomenon
that ground water moves much faéter_parallel to soil strata

than perpendicular to them.

Total Phosphate

The variations in the total phosphate content of the
wells as shown in Figure 8 are difficult to explain. Well
‘iF was most consistent, beginning étbabout 1 mg/1l and ending
at 2 mg/l. Well 3I had an initial phosphate concentration
of approximately 0.13 mg/l and by May was nearly 0 mg/l.
Although well 1lE took until September to approach 0 mg/1
total phosphate, both wells showed a very sharp rise in late
September when well 3I reached 10 mg/l and weli 1E recorded
a 6 mg/l. With fhis peak occurring less than two months
after the pond filling began, it could be postulated that
phosphates were infiltrating for a short time, but this
peak was probably related to the landfill flood, also.

More apparent trends are suggested by comparing the
surface sample results to ﬁhe'shallow’Well results (wells
1I and 2I). A positive relationship was exhibited in the -
curves for these water analyses as the.shallOWSfbegan in
range of 5 mg/1l and the surface at 30 mg/l. Although the
phosphate curve for the wells rbée'mpre rapidly than that

of the surface water, both had nearly 50 mg/l total
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phésphate by late November, 1971. Surface water samples and
shallow wellAsamples remaiﬁed in this range of coﬁcentration,
and were much higher than were the deep wells, where tdﬁal
phosphates had»declined to 2 mg/l of less.

Although surface water total phosphate appears to be
related to that of the shallow wells, there apparently is
no such relatibnship betweén surface water and the shallow

groundwater and deeper groundwater regimes.

Nitrogen

The trends and relationships in nitrogen species are
shown in the cur&es of Figures 9, 10, 11, and 12. Data for
the total nitrogen content of the pond and wells are shown_
in Figure 9. Total-N is the sum ofvthe NH_,—-, organié-,

3

NO,-, and NO,-N values for a given day's sampling.

2 3

Examination of Figure 9 reveals the overall trends
in nitrogen concentration, and a comparison of all four
figures serves to clarify the factois influencing those
trends. Figure 9 indicates that the surface water and deep
irrigation well were fairly constant in nitrogen content.’
The shallow weils experienced an overall decrease in
nitrogen, whereas the deeper wells, 1lE and 3I, appear to
have_incregsed in nitrogen content.

Surface water total-N was of a relatively constant
at approximately 40 mg/l as the result of an increase in

organic- and ammonia-~N being offset by a decrease in NQB—N
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(Figureé_lo, 11, and 12);‘ Pond No. 4 wés put into service .
by removing plugs from the sewer main which feeds the pond,
allowing raw sewage to enter. Raw sewage gehnerally coﬁtains

little NO,-N which makes the source of the initially high

3
NO3—N concentrations in surface samples a question. .Pon§ 
bottom soil did have a high nativexNO3 content and there
were.periods of rainfall during initial f£illing of the pond
but these sources of NO3:N would pfobably not account for
concentrations as high as_40 mg/1l.

The flat total-N curve of well 1F resulted from a
flat NO,-N curve which. generally had about 26 mg/1 NO3—N, no

3 ;

organic-N or NH,-N, and very little NO.,-N. Shallow wells

3 2
also had little nitrogen other than NO3—N and this s?ecigg
génerally decreased during the study period. |

More éctive nitrogen movements are reflected in the
curves of the deep observation.wells 1E and 3I. Beginning
in March, 1971, the total-N curves hovered at about 0.5
mg/1l and continued there until September, 1971, when there
was a small but sharp increase in nitrate, peaking in mid¥
September near 2.5 mg/l. The NO3—N peak was possibly
related to the large seasonal runoff in the Santa Cruz River
during Auguét, 1971 (U.s. Geoj_° Survey, 1971), which could
have altered normal groundwater flow patterns, bringing |

water of higher NO,-N content into the area of the pond.

3

In September, an increase in organic-N also began with

NOZ—N and NH3—N being insignificant. By late September,
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1971, the nitratés were down to about 1 mg/l, but the total-
‘N was sﬁstained at higher levels by increased NH3TN and
'organic—N activity. Nitrates then continued to dééline in
both deep wells toward the concentrations found during
initial backgréund analyses. . Organic—N continued. to be
‘present in a concentratioﬁ range of approximately 1 to 2

mg/l for both wells, while NH_-N decreased to 0 mg/l in well

3

1E. However, the NH3—N in well 3I maintained a slow rate of
-increase which resulted in a slight overall increase in

NH3—N concentration.

The results for the deep observétion wells correlate
poorly with those of the shallow wells. This is reasonable.
Cohsidering'the dilution that probably occurs when the'ﬁond
infiltrate iﬁteracts with fhe much larger groundwater mass.
Surface water nitrates declined, probably due to assimila-
tion, and shallow groundwater nitrateé also decreased,
probably due to its dilution by very low nitrate infiltrate.
Deﬁitrification was probably not a noticeable influence as
COD values were low, indicating no energy source was
available,

Nitrates showed dramatic peaks in deeplweil samples
during this same period. Unfortunately well 1F was out of
service from late July, 1971, until April, 1972. Therefore,
no information was available for comparison during the

September, 1971, NO,-N peaks founa in wells 3I and 1lE.-

3
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Pefhéps thelflpoding that influenced the chlorides
in shallow>wells simultaneouély cieated'énqugh éddiﬁioﬁal
hydraulic head to drive ﬁitraté—rich effluent water
laterally from the Saﬁta erz'River¢. The City of Tucson has
discﬁérged sewagé effluent into the Santa Cruz River channel
for many years. This effluent can becomé'high nitrified
before ihfiltrating causing excessive nitrate concentrations
“along the Santa Cruz (Laney, 1972; SchHmidt, 1973; City of
Tucson, 1970efl; Engineering-Science, Inc., and Marum and
Marum, Inc., 1973) .. |

Laney (1972) found nitrate to be a minor chemical
conétituentiin most of the ground water in the basin,
except in places along tﬁe Santa Cruz River where nitréte
concentratioﬁsAweré more than 40 mg/l. Therefore, nitrate
subflow which would normally be toward the river channel
could be_reversed subsequent to a_river runoff event,
Léteral,dispersion of high nitrate groundwater would show up
as a sharp rise in nitrétes for wells affected by flow
reversal. As the runoff abated in the channel, normal
groundwater flow would be restored and affected wells would

once again approach gross. aguifer NO,-N concentration.

3

The above hypothesis could explain NO,-N behavior;

3

however, the gradual increase in NH,-N is more difficult to

3
assess. Tensionmeter cup data indicate that the infiltrate
became high in NH3—N soon after the wastewater pond went

anaerobic in late September, 1971 (Table 3). With the fairly
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Table 3. Dissolved Oxygen Concentrations at Various Depths
During Pond Filling, 1971 -= After Small (1973).

" Top 1/2 Depth . Bottom

Date Time (mg/1) (mg/1) (mg/1)
8-28-71 = T 5.2 T 5.1 1.4
8-30-71 0845 | 7.1 5.7 1.4
8-30-71 1725 30.6 | —— 3.8
8-31-71 0830 | 4.3 -- 2.1
9-1-71 0830 4.5 3.3 0.3
9-2~71 0830 2.7 1.9 1.4
9-2-71 1705 28.5 QS 0.5
9-3-71 0850 4.7 | - 3.9
9-4-71 0830 6.0 ~— 0.3

" 9-5-71 0820 3.5 — | 0.3
9-7-71 10820 3.5 - 0.3
9-8-71 1000 . 19.5 11.7 2.8
9-9-71 0805 1.5 0.2 0.3
9-10-71 0930 - 2.2 _— 1.5
9-13=71 1400 1.1 0.4 0.2
9-17~71 1400 0.5 — 0.3
9-20~71 1400 0.3 - 0.2
9~22=71 1400 0.3 - 0.1

10-6-71 1600 0.0 ~ - . 0.0
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high infiltration rate, considerable NH_,-N was infiltrating,

3

but was not detected in the shallow wells. It is difficult
3—N increase in deep well

to perceive how the noted NH
samples could arise from infiltrate without affecting shallow

well samples.

Tensiometer Cup Results

These nitrogen data were consistent in showing clear
trends in samples from both sampling locations. Because of
the consistency from both locations they will be discussed

simultaneously.

Ammonia Nitrogen

NH,~N concentrations (Figures 13 and 14) were zero

3
for about two months after the pond began filling. Then, at
all levels but one, there was a rapid increase in NH3—N
which continued throughout the study, finally reaching 30

mg/l. In the west 26—ih’and east 24-in levels, NH.-N re-

3
mained near zéro mg/1 fof an additional two months. The
24-in deep east sample then rose to 30 mg/l; however, the
26-in deep west samples never showed a significant increase
in NH3—N, This anomaly is probablyrrelatéd to the higheét
CEC being présent in this soil horizon (Table 1), resulting
in a continuous removal of ammonia ions from thé infil-
trating water through clay sorption mechanisms. Such a '

relationship is supported by the data in Table 4 which

compares each soil horizon CEC to thé mean of NH34N values
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Table 4. Variations in Cation Exchange Capacity and
Ammonia Nitrogen with Soil Depth

East Side West Side

Soil Horizon CEC Mean NH3-N Mean NH3-N
Depth (in.) (meq/100 g) - (mg/1). . .. {(mg/l)
0-6 . 7.8 - o 15.8
6-12 8.2 | .21;1 21.2
12-24 ' 9.8 » 11;32. -
24-36 12.6 5.43 1.25
36-48 9.0 14.54 : 8.99
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found. That NH fN is affected by the CEC is shown by a

3
correlation analysis wherebyvﬁhe west side of the pond

showed r = -0.89 and the east side showed r = -0.94.

Nitrite Nitrogen
This form of nitrogen quickly diminished to in=-
significant concentrations and from September, 1971, on

were not detected (Figures 15 and 16).

Organic Nitrogén

Organic-N had a mean concentration of about 8 mg/l
initially on the west and about 5 mg/l on the east. These
values were gradually reduced to about 2 mg/l. ‘This indi-

cates that organic compounds are being assimilated as

e

benthic deposits develop, allowing only soluble constituents

through (Figures 13 and 14).

Nitrate Nitrogen \
S g : :
37N analyses were first performed, the

results showed extréhely high concentrations (100 mg/l), but
. AN /

When ' NO
these quickly dropped'EB/S mg/1l and leveled off for about a
month. This level was then followed byva steady decline to
less than 1 mg/1l (Figures 15 and 16).
Initial loss 5f NO,-N was due to a loss of residual
nitrates, previously stored in the soil. The level mid-

portion of theé curves may represent an equilibrium period

- wherein the NO3—N-level of the pond (Figure 12) was .-
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unaffected before infiltration. As the organic material
. . s y
accumulated at the pond bottom, denitrification was possible

with the end products of anaerobic decomposition serving as

the carbon source.

Total Nitrogen
_ Total~N daté, as represented by the curves of
Figures 17 and 18, can be interpreted in light of the com-~
ponent data curves. The tdtal—N was initially very high due
to the veryAhigh NO3—N which subsequently declined as soil
NO3—N was depleted. N |

This decrease in NOB—N resulted in a failing total
nitrogen curve, Total nitrogen then recovered 6ver the next
six months due primarily to the steady increase in‘NH3-N.
Here again the anomaly of the 24-in and 26-in NH3—N samples
is clearly shown as the west side 24-in curve reéovered
only after the ammonia finally broke through near the
study's end. |

From Figure 9 it can be seen that tétal—N for
surface water samples remained‘at about 40 mg/l while
total;N detected in the tensiometer cups averaged approxi-
mately 25 mg/l. Much of this nitrogen reduction results
from entrapment of organic-N at the soil-water interface.
Additional nitrogen is removed from the infiltrate as the

soil's CEC is exercised, and NH3—N is adsorbed,
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Infiltration and Groundwater Movement

With the sandy loam soil and lack of speciaivacfipn
taken for sealing the pond bottom, there was initially high
infiltration. Figure 19 depicts daily rates with the
average infiltration rgte being about 0.23 cm/hr.. Deming
(1963) found the rate to bé 0.0015 cm/hr in wéstewater
pond No. 3 immediately east of the subject pond. Pond No. 3
was sealed with a ciay blanket when constructéd SO seepage
has probably always been relatively lower than in pond No. 4.

The»iate of infiltration for pond No. 4 could
eventually decrease to ﬁhat of the neighboring pond if,
enough time were to elapse. From Figure 19, there is no
apparent decline in the seepage rate during this short term

revaluation, Furthermore, a slight positive slope was found
in the linear.regression curve for infiltration data. A
Value of 0.02 was computed for (r2) which indicates that
the infiltration rate was virtually unrelated to time over
the period of study.

Water ievel and moisture logger studies were in-
conclusive. The influence of the Santa Cruz River flow and
the cone of depression from well 1F negated the possibility

of firm conclusions on lateral spreading of pond effluent.
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CHAPTER 5
GENERAL DISCUSSION

Data from the observation weils were intended to
ipdicate possible alterations in the groﬁndwater,arising
from the initiation\ofva sewage stabilizafion pond.'VCon—
sideration of the deep well data indicates that the pond
apparently had no advérse effect onlgroundwater quality.
However, the gquantity of wastewater infiltrating from the
pond>was so slight as to be inconsequential in éomparison
to the millions of gallons of secondary effluent which daily
flow down the Santa Cruz River from the City of Tucson
séwége treatment plant. Even the large initial pulse of
NO3_, a mobile ioni was masked by dilution and went un-
detecﬁed in well water samples.

Pond start-up did result in some high infiltrate
chemical concentrations but the early infiltration rate,
which should diminish, appears to ameliorate the pond’s.
effects on the groundwater mass.

The more shallow observations wells straddle the
normal water table, with one ending below énd the other
above the saturated zone. Saﬁples from these wells might
have been expected to yield more direct evidence of the
pond's polluting effects, but the data frém wells 1I and 21

56
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seem primarily related to rainfall runoff events in the
nearby Santa Cruz River.

Results from Well 1T are difficult to assess since
the level was ofﬁen_too low to obtain any sample. Water
levéls in well 2T maintained a useful minimum leVel which
rose coincidént with Santa Cruz River runoff events, Also
coincident was a peak in chlorideé'and hardness correspond-=
-ing to the high levels present in runoff water. After tﬁe-
1ést runoff events, chlorides began to decline and this-
continued through the last sample run.

The shallow sampling cups weré intended to give
information on nitrogen transformations in the first 5 ft
below the pond thtom from the time the pond was brought on
line until it was operating in steady state.

Immediately after the'introduction of sewage to the
pond, there was a very high concentration of-nitrate nitro-
gen in tensiometef cup samples. From the soil analysis it
is evident that there is a large gquantity of nitrate
existing in the soil which may reach a concentration of over
300 mg/l.» This resident nitrate was flushed out of the

upper soil strata and eventually infiltrate NO,-N concentra-

3
tions reached the minimum detectable. Initially high
nitrite concentrations dropped to undetectable levels almost
immediately after pond filling began, presumably a result

of NO,-N reduction to N2 or NHS—N.

2
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In the first few months of sampling, thé ammoﬁia
levels remained near. zero mg)l; Then as the pond sediments
and deeper water-became anaerobic, the ammonia concentration
increased.rapidly to relaﬁively.high levels aévnitrification
.ceased. At about the 24«in sampling depth, an anomaly
occurred on both sides of the pohd; West side 26-in deep
samples never indicated_émmonia cdncentrations‘above initial
mihimum levels and east side 24-in.concentrations lagged by
four months, then displayved a sudden increase in aﬁmonia
which raised the concentration to the range of that from the
ofhér sampling depths. There was a very high correlation of
mean ammonia concentration to CEC for the various sampling
depths° Thié.combined with thevbreakthrough eVidénced'by
~the rapid rise of the curves in Figures 14 and 15, indicates
that cation exchange theory applies. Thereforé, one might
hypothesize that had the study continued, the west side:26—
in level wouldrhave eventually shown a typical breakthroﬁgh.

At present rates (Figures 10 and 11), fhe total
quantity of nitrogen infiltrating ié quite sméll, about
26 kg/day (9.8 acre x 0.18 ft/day x l2’mg/l x 1.23 =
26 kg/day). This is about 2 per cent of the amount being
pumped-out of the ground when well 1F is being operated
(10,000 gpm x 25 mg/l x 0.00558 = 1395 kg/day). Projec-
tions based on Deming's (19263) work indicate that the’in—

filtration rate Will continue to deéline.
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. With the low NO,;-, NO,-, and drganic—N_concentra—
tion, the primary source of potential nitrogen pollution of
3 3—N to the
groundwater will be delayed as the water table is deep and

the ground water is NH,~N. Introduction of NH

with infiltrate spreading horizontally, a large volume of

soil is available for adsorptibn of this cation.



" CHAPTER 6
CONCLUSIONS

Considering the data of wells 1lE, 3I, and 1F, it is
apparent that there has been no detéctable biological or
chemical alteration of the groundwater resulting from
establishment of pond No. 4. Fecal doliform bacteria in
the well samples remained less than one/100 ml throughout
the entire studyf COD was initially very low énd apparently
declinéd slightly over the period of the study, while pH
éna temperature rémained nearly constant. |
pH, fecal‘coliform, total hardness, total phosphate,
chloride, and total nitrogen concentrations in fhe deep
wells, 3I and 1F, varied by achieved values after.a year
nearly equal to initial wvalues (Table 5).

Sénﬁé.Crﬁz River ruﬁoff events and the influence of
well 1F negated the possibility of a firm conclusion on
lateral spreading of infiltrate from the pond. Chloride
data, however,,didvindicate that in some strata the hori-

zontal velocities may be as high as 200 ft/day.
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Table 5. Initial and Final Wéter Sample Analysis Values

Pond Surface’ Well 11° Well 2ic Well 319 Well 1F°

Init. Fin. Init. Fin. Init. Fin. Init. Ein. ;nit.' Fin.
cop (mg/1) 150 _— 12.2 . 9.7 40 0 9.5 20 9.5 9.5
Total Coliform 5 _
(no/100 .ml) i0 - 14.0 <1 <1 — 800 20 <1 <1
Fecal Coliform 5 |
(no/100 ml) 1o - <1.0 <1 <i <1 <1 <1 <1 <1
pH 8.4 7.4 7.2 8.1 7.1 7.1 8.2 7.4 7.1 7.0
Alkaiinity* 173,0 305.0 358.0 436.0 303.0 384.0 178.0 92.6 7262.0 289.0
Total Hardness¥* 128.0 180.0 - .220.0 294.6 205,0 248.0 238.0 236.0 364.0 360.0
Calcium* 31.0 "72.0 164.0 218.0 >77.0 246.0 47.2 108.0 97.6 134.0
Chloride (mg/1) 59,0 9,0 13.0 12.0 90.0 4,0 21.5 29.0 .22.2 10.0
Total Phosphate _
(mg/1) "29.0 42.5 3.7 52.0 6.7 . 24.3 0.13 0.9 1.05 2.0
Ammonia~N (mg/l) 9.0 24.0 0.0 0.0 0.0 0.0 0.0 2.7 0.0 0.0
organic-N (mg/1) 4.2 14.3 0.0 0.8 0.0 1.1 T 1.4 0.0 6.5
NOZ+NO3vN (mg/l)» 0.7 0.3 .135.0 17.0 39.0 14.0 0.48. 0.4 25.0 17.0

14.1 38.6 135.0 17.8 .39.0 15.1 0.48 4.5 25.0 23.5-

Total =N (mg/1)

19



Table 5.--Continued

*As mg/1 Caco,

dInit. 8-12-71 Fin. 4-12-72
Prnit. 8-26-71 Fin. 12-1-71
®Init. 8-12-71 Fin. 4-12-72
dInit. 3-18-71 Fin. 4-12=72

®Init. 3-18=71 Fin. 4=12-72

Z9



APPENDIX A

BASIC DATA FOR WELL AND POND WATER SAMPLES

63



COD (mg/1)

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml)

PH

Alkalinity*
Totai Hardness*
~Calcium* |
Chloride (mg/1l)

‘Total Phosphate
(mg/1)

Ammonia-N (mg/l)

Organic-N (mg/1)
Nitréte—N (mg/1)

 Nitrite~N (ng/1)

*As mg/l'CaCO3

Surface

Date:

1T

64

3-18-71

21 31 1iF - 1E

- 9.5 - 9.5 19.0

-—— 800 <1 5,000

- <1 <1 <1

- 8.2 7.1 7.8

-- 178.0 262.0 250.0

-—  238.0 364.0 -

— 47.2  97.6  84.0

- 21.5 22.2 22.5

_— 0.13 1.05 0.25
— 0 0 0

- - 0 0

— 0.48 25.0 0.35
-_— 40.0 14.0 38.0



COD (mé/l)

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml)

pH
Alkalinity*
Total Hardﬁeés*
Célciﬁm*
Chloride’(mg/l)

Total Phosphate
(mg/1)

Ammonia-N (mg/1)
Organic-N (mg/1)
Nitrate-N (mg/1)

' Nitrite-=N (pg/l1)

*As mg/1l CaCO3

Surface

Date:s

1T

65

3-25-71

21 31 1F 1E

- 7.5 7.1 7.3

--  240.0 268.0 268.0

--.  235.0 365.0 320.0

-- 43.0 92.0 74.0

-- 21.5 22.5 22.5

-~ 0.17 .0.%90 -0.70
- 0 0 0

-- 0 0 0

- 0.50 37.0 0.50
-- 10.0 16,0 104.0



COD (mg/1)

’Total Coliform
(No./100ml)

Fecal Coliform
(Noo/IOOml)_

pPH

Alkalinity*
Total Hardness*
Calcium*
Chloride (mg/1)

Total Phosphate
(mg/1)

Ammonia-N (mg/l)

Organic-N (mg/1)

Nitrate-N (mg/l)

 Nitrite-N (ng/1)

*As mg/l‘CaCO3

——

—

66

4-1-71
2T 3T  1F  1E
- 10.1  10.8  10.4
- <10 <1 <10

<1 <1 ~ <1

7.8 7.1 7.7
220.0 270.0 . 260.0
240.0 380.0 285.0

56.0 76.0 67.0

21.5 23.0 22.5

0.13 0.80 0.10

103.0 10.0 58.0



CcoD (mg/1)

Total Coliform
(Nog/lQOml)

© Peecal Coliform
o (No./100ml)

pH

Alkalinity*
Total Hardness*®
Calcium* |
Chloride (mg/1)

Total Phosphate
- (mg/1) :

ammonia-N (mg/1l)
Organic-N (mg/1l)
Nitrate-N (mg/1l)

' Nitrite-N (ng/1)

*As mg/1 CaCO3

- Surface

-

Date:

11

67

4-8-71

31 1F  1E

<10 <10 .<10
<1 <1 . <1
7.7 7.2 7.8

265.0 265.0 265.0
240.0 390.0 330.0
50.0 80.0 71.0

21.5 21.5 23.5

0.52 26.0 0.38

200.0 10.0 -



COD - (mg/1)

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml)

pH

Alkalinity*
Total Hardness¥
Calcium¥*
Chloride (mg/l1)

Total Phosphate
(mg/1)

. Ammonia-N (mg/1)
. Organic-N (mg/1)
Nitrate=-N (mg/1l)

' Nitrite-N (ug/l)

*As mg/1l CaCOyq

68

4-15-71

21 31 IF - 1E
- 9.9 10.5 10.4

—- 200 <1720

—_— <1 <1 <1

- 7.9 7.4 - 7.9

--  270.0 350.0 260.0

--—  270.0  -- 260.0
- 23.0 56.0 70.0

~—-  68.0 79.0 81.0

— ' 0.15 1.05 0.33
- 0 0 0

- 0 0 0

- 0.46 34.0  0.50
-~ 73.0 10.0 82.0



COD (mg/1)

Total Coliform
(_NOe/lOOml) '

Fécal Colifbrm
' (No./100ml)

pH
Alkalinity¥*
Total Hardness*
Calcium#* -
Chloride (mg/l)

Total Phosphate
(mg/1)

Ammonia-N (mg/l)
Organic-N (mg/1)
Nitrate=-N (mg/1l)

' Nitrite-N (ng/1)

*As mg/l CaCO3

Surface

Date:

1T

—,

4-22-71

21 3T C1F
- 10.6  10.8
-~ <lo <10
— 0 0
— 7.5 7.1
—— 260.0 270.0
“— -~ 305.0 320.0
- 47.0 92.0
- 69.0 80.0
- 0.15 0.80
- 0 0
- 0 0
—-_ 0.46 38.0
- -~ 10.0

- 69

1E

. 10.6

<10

"270.0 .

320.0
70.0

81.0



COoD (mg/1)

Tofal Coliform -
(No./100ml)

Fecal Coliform
(No./100ml)

pH
Alkalinity*
Total Hardness*

Calcium¥*

Chloride (mg/l)

Total Phosphate
(mg/1)

Ammonia-N (mg/1l)
Organic-N (mg/1)
Nitrate-N (mg/1)

' Nitrite-N (ng/1)

*AS mg/l‘CaCO3

surface

——

Date:

1T

70

4-29-71

21 31 1F 1E
- 9.8 10.0 9.8
— <10 <10 <10
— 0 0 0
--  250.0 260.0 230.0
-~ 230.0 255.0 255.0
— 72.0 56.0 88.0
- 67.0 82.0 82.0
_— 0.13  1.05 0.33
_— 0 0 0
_ 0 0 0
— 0.50 44.0 0.44
- 40.0 - 14.0



coD (mg/1)

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml)

pH

Alkalinity*
Total Hardness*
Calcium¥* |
Chloride (mg/i)

Total Phosphate
(mg/1)

Ammonia-N (mg/1l)
Organic-N (mg/1)
Nitrate-N (mg/1l)

' Nitrite-N (ug/1)

L3

*As mg/1l CaCO3

- Surface

Date:

1z

71

5-6-71 -

2T . 31 1F 1E

——  215.0 260.0 230.0

—— . 210.0 230.0 260.0

— 32.0 120.0 47.0

- 45.0 47.0 47.0

- TR 0.74 . 0.16
- 0 0 0

— 0 0 0

- 0.46 39.0 0.38
— 45.0 28.0 30.0



COD (ﬁg/l)»

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml)

PHE

Alkalinity*
Total Hardness*
Calcium*
Chloride (mg/1)

Total Phosphate
(mg/1) '

Ammonia=-N (mg/1l)
Organic-N (mg/l)
Nitrate-N (mg/1l)

' Nitrite-N (ng/1)

*As mg/1l CaCO3

Surface

- —

72

6-3-71
2T 31 17 . 1E
- <1 <1 <1-.
_— 0 0 - 0
-~ 200.0 270.0 175.0
~——  102.0 370.0 44.0
- 20.0 110.0 14.0
- 34.5 . 42.0  43.0
- TR - 1.35
— 0 0 0
- 0 0 0
_ 0.45 36.0 0.45
_— 54.0 10.0 29.0



cop (mg/1)

Total Coliform
(No./100ml)

. FPecal Colifofm
(No./100ml)

pH

Alkalinity*.
Total Hardness*
Calciuﬁ* |
Chloride (mg/l)

Total Phosphate
(mg/1) .

Ammonia-N (mg/1)

Organic-N (mg/1)

Nitrate-N (mg/1l)

' Nitrite-N (pg/l)

*As mg/1l CaCO3

Surface

- oa,

Date:

11

73

7-19-71
21 31 1F
— 8.8 7.4
-  185.0 202.0
_— 99.0 265.0
— 41.0 170.0
- 17.0 18.0
—_— TR 0.64
- 0 0

- loo 0
- 0.40 °20.0
- 45.0

38.0

3.0
0.38

12.0



COD (mg/1l)

Total Coliform
‘ (No./100ml)

Fecal Coliform
{(No./100ml)

PH

Alkalinity*
Total Hardness*
Caicium*
Chloride (mg/1l)

Total Phosphaté
(mg/1)

Ammonia~-N (mg/l)

Organic-N (mg/1)
Nitrate-N (mg/l)

' Nitrite~-N (ug/l)

*As mg/1l CaCO3

" Surface

——

Date:

11

74

7-22-71

2I 31 1F 1E
- 8.0 7.4 9.0
-~ 185.0 205.0 162.0
- 70.0 270.0 -
- 63.0 .170.0 43.0
- 78.0 89.0 91.0
_ TR 0.64 1.90
- 0 0 0

- 1.5 0 4.2
— 0.40 18 0.40
- 45.0 0 45.0



COD (mg/l)

Total-Coliform 
(No./100ml)

Fecél Coliform
(No./100ml)

pH

Alkalinity*
Total Hardneés*
~Calciuﬁ* _
Chloride (mg/1)

Total Phosphate
(mg/1) =

Ammonia-N (mg/1)
Organic-N (mg/1l)
Nitrate-N (mg/1l)

 Nitrite-N (ug/l1)

*As mg/l CaCO3

. Surface

150.0

10°

173.0

128.0

75

Date:  8-12-71

11 21 .31 1F 1E
-—  40.0 = -- - -
- <1 - — - _
—— - <l —— - -
- 7.1 8.0 - 8.4
-— 303.0 180.0 — 175.0
—— 205.0 220.0 —— 240.0
-——  77.0  86.0 -~ 120.0
- 90.0 79.0  76.0 -
_— 6.7 TR -— 0.38
0 0 - 0

0 _ - _

-  39.0 11.0 - 0.40

'54.0. 76.0



COD (mg/1)

Total Coliform
(No./100ml)

Fecél Coliform
(No./100ml) -

PH
Alkalinity*
Total Hardness#

Calcium®*

Chloride (mg/l) 

Total Phosphate
(mg/1) '

Ammonia-N (mg/l1)
Organic~N (mg/1)
Nitrate-N (mg/1)

' Nitrite-N (ng/1)

*As mg/l CaCo,

39.5
0.50

24.5

Date: 8-19-71
11 2T - 31 1F
3.70 10.0 TR -
Y 0 0 -
0 0 3.0 -
104.0 55.0 0.50 -
20.5 2.0 14.0 --
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COD (mg/1)

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml)

pH
Alkalinity*l
Total Hardnesg*
Calcium*
Chloride (mg/1)

Total_Phosphéte
(mg/1)

- Ammonia~N (mg/l)
Organic-N (mg/1)
Nitrate-N (mg/1)

Nitrite-N (ng/1)

*As mg/1 caco,

Surface

—

——

Dates

8-26-71
1T 21 31 1F
12.2 12.8 12.6 -
14 1 <1 -
<1l <1l .<l —_
7.2 7.8 7.6 -
358.0 290.0  220.0 -
220.0 -—  315.0 -
164.0 —— 160.0 e
13.0 88.0 75.0 —
3.70. 10.0 TR _—
0 0 1.9 . _—
0 0 0 —
80.0 54.0 0.44 —
100.0 340.0 14.0 —

77

1E

12.7

240.0
270.0
76.0

78.0



COD (mg/1)

Total Coliform'
(No./100ml)

Fecal Coliform
(No./100ml)

PH
Alkalinity#
Total Hardhess#
Calcium* |
Chloride (mg/1l)

Total Phosphate
(mg/1)

Ammonia-N (mg/1l)

Organic-N (mg/1l)
Nitrate-N (mg/1)

.Nitrite—N (rg/1)

*As mg/1l CaCO3>

Surface

8.7

78

Date: 9-2-71
1T 21 . 31 1F
13.9 13.1  13.6 -
—— -— <1 -
—— — <1l -
7.6 7.3 7.9 7.3

15.0 325.0 81.0

3.70 10.0 TR

0 0 4]

0 0 - 2.2
75.0 57.0 : -

2,200 12,500 -

——

1E

- 14.2

<1



COD (mg/iz

 Total Coliform .
(No./100ml)

Fecal Coliform
(No./100ml)

pH

Alkalinity*
Total Haidness*
Calcium*
Chloride (mg/1)

Total Phosphate
(mg/1)

Ammonia-N (mg/1l)
Organic-N (mg/1l)

Nitrate-N (mg/l)

' Nitrite-N (ng/l).

*As mg/l CaCO3

12.8

15.5

1.90

Date: 9-15-71
1I 2T 3T 1F 1E
305.0 750.0 230.0 -—- 215.0
225.0 650.0 130.0 -- 160.0
0 0 0 - 0
0 0 4.0 —_— 1.8
18.0  18.0 25.0 -~  25.0
10.0 10.0 10.0 - 0
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COD (mg/1)

Total Coliform
(No./100ml)

Fecal Coliform
(No./100ml) -

pH

'Alkalinity¥
Totai Hardness*
Calcium#*
Chloride (mg/1)

Total.Phbsphate
(mg/1)

Ammonia—N'(mg/l)

Organic=-N -(mg/1l) -

Nitrate-N (mg/l)

' Nitrite-N (pg/1)

*As mg/1l CaCO3

Surface E

4°

Ll

80

- ‘Datez 9-22-71
1T 21 31 iF 1E
- - <1 -— <1
L - <1l - <1
7.5 7.0 8.2 —_ 8.2
370.0 380.0 150.0 ~— 155.0
280.0 800.0 180.0 —— 180.0
220.0 650.0 100.0 -- 102.0
40.0 460.0 89.0 -——  82.0
9.0 9.0 TR — TR
0 0 0 - 0
0 0 -_— — -_—
8.0 32.0 1.35 _— 1.40
0 0 0 - 0



COD (mg/1)

Total Coliform
(No./100ml)

Fecal Céliform
(No./100ml)

pH

Alkalinity*
Total Hardness*
Calcium#* |
Chloride (mg/l)

Total Phosphate
(mg/1)

Ammonia-N (mg/1l)
Organic-N. (mg/1)
Nitrate=N (mg/1l)

' Nitrite-N (ng/l)

*As mg/1 CaCO3

Surface

—

20.3

13.5

1.90

.Dates 9-29-71

1T 21 31 1F
0 0 2.2 _—
0 0 2.2 -
9.0 21.0 1.50 -
0 0 0 -

81



.COD (mg/1)

Total Coliform
(_NO e/lOOml)

Fecal Coliform
(No./100ml)

pH

.Alkalinity*
Total Hérdness*
Calcium*
Chloride (mg/l)

Total Phosphate
(mg/1)

Ammonia-N (mg/1)
Organic-N (mg/l)
Nitrate-N (mg/1)

 Nitrite-N (ng/l)

*As mg/1l CaCo,

" ——

Date:
1T 21 31 1F
9.7 10.2 9.5 -
7.8 7.0 8.1 —_—
375.0 450.0 130.0 -
290.0 380.0 250.0 -
220.0 250.0 100.0 —_—
8.0 240.0 123.0 _—
- —_ 10.0 —_
0 0 2.0 -—
0 2.5 -

10-6-71
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Ccop (mg/1l)

Total Coliform
(No./100ml)

Fecal Coliform
(Noo/lOOml)

pH

Alkalinity* -
Total Hardness#
Calcium* |
Chloride'(ﬁg/l)

Total Phosphate
(mg/1)

Ammonia-N (mg/1l)
Organic-N (mg/1)
Nitrate-N (mg/l)

' Nitrite-N (pg/l)

*As mg/1l CaCO3

™

Date:

10-15-71
1z 21 31 1F
- - 2.8 —
0 26.0 1.0 _—
0 0 _—
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COD (mg/1)

Total Coliform
(No./100ml1)

Fecal Coliform
(No.,/100ml)

pH

Alkalinity*
'TOtal Hardness*
Calciﬁm*
Chloride (mg/l)

Total Phosphate
(mg/1)

. Ammonia-N (mg/1)

Organic-N (mg/1l)

- Nitrate-N (mg/l)‘

' Nitrite-N (ng/l)

*As mg/l CaCO3

48.0
22.5

3.0

Date: 12-1-71
1T 21 31 IF
9.7 10.0 9.7 -
<1l — - —
<1 - —_— -
8.1 7.0 8.5 m—
"435.0 450.0 44.0 -—
294.0 230.0 150.0 _——
218.0 120.0 110.0 -
12.0 12.0 23.0 _
52.0 - 60.0 1.70 -
0 0 2.8 -
0 0 2.0 -—
17.0 52.0 0.80 —_—
0 0 0 -

84
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COD (mg/1)

Total Coliform
(No./100ml)

Fecal Coliform -
(No./100ml)

pH

Alkalinity*
Total Hardness*
Calcium?
Chloride (mg/l)'

Total Phosphate'
(mg/1)

Ammonia-N (mg/1)
Organic-N (mg/1)

Nitrate-N (mg/l)

 Nitrite-N (ng/l)

*As mg/l CaCO3

surface

11.0

Date: 12-29-71
1T 21 3T iF
11.9  11.9 - 10.1 . --
——— - <l —_—
<1 <1 <1 <1
- 7.0 8.2 --
-~ 470.0 40.0 -
-~ 300.0 - —
-~ 230.0 - -
10.0 10.0 17.0 -
-~ 60.0 - -
0 0 3.4 -
0 0 1.8 -

85:

1E

S 11.7
<1
<1
88.0

215.0



Surface 11
CoD (mg/1) — --
Total Coliform |
(No./100ml) - -
Fecal Coliform “ 4.
(No./100ml) ‘( - -
oH - — -
Alkalinity* C —_— - -
Total Hardness* - -
Calcium* | — -
Chloride (mg/1) - —
Total Phosphate
(mg/1) 48.0. -
Ammonia-N (mg/1) 27.5 - 0
Organic-N' (mg/1l) 10.3 0
Nitrate-N (mg/l)  0-5 -
Nitrite-N (ug/1) Q' -

*As mg/1 CaCo,




COD (mg/1l)

'Totél Coliform
(No./100ml)

Fecal Coliform ‘
(No./100ml)

pH

Alkalinity*
Total Hardness*
Calcium* |
Chloride (mg/l1)

Total Phosphate
(mg/1)

Ammonia-N (mg/l)
Organic-N (mg/l)
Nitrate-N (mg/1l)

Nitrite-N (ug/1)

*As mg/1l CaCO3

Surface

———

Date: 2-10-72
1T 21 31 1F
-—  25.0 — —

0 4.9 .
0 1.0 —
——  15.0 0.50 _—
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COD (mg/l)

Total Coliform
(No./100ml1)

Fecal Coliform
(No./100ml)

g |
Aikaiinity*:
- Total Hardness*
Calcium* |
Chloride (mg/1)

Total Phosphate
(mg/1)

Ammonia-N (mg/1)
Organic-N (mg/1)
Nitrate-N (mg/1l)

 Nitrite-N (ng/1)

*As mg/1l CaC'O3

Surface

48

26.
10.

0.

0

.0
5
8

30

Date: 3-1-72

1I 21 31 1F
- 27.0 0.15 -
- - 4.8 -
- — 0.3 -
-~ 18.0 0.30 -
- 0 - -
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Date: 4-12-72

Surface 1z 21 . 31 “lF ’
COD (mg/1) | _— ;— 0 20 3.5
Total Coliform | ,

(No./100ml) T 20 <1
Fecal Coliform - _' B -
(No./100ml) - — e <1 <1
pH | 7.4 - 7.1 7.4 7.0
Alkalinity* -  305.0 -- 384.0 92.6 289.0
Total Hardness* 180.0 -~ 248.0 236.0 360.0
vcaicium* | 72.0 -- 246.0 108.0 134.0
Chloride (mg/1) 9.0 -~ 4.0 29.0  10.0

Total Phospha£e  | -

(mg/1) 42,5 - 24,3 0.9 2.0
Ammonia—N (mg/1) 2450 - 0.0 2.7 © 0.0
Organic-N (mg/1) 14.3 =~ -= 1.1 1.4 6.5
Nitrate-N (mg/1) 0. 30 -—  14.0 0.40 17.0

' Nitrite-N (ng/1) 0 -- 0 0 0

*As mg/l CaCO3



APPENDIX B

BASIC DATA FOR TENSIOMETER CUP DATA
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| 91
Date:  8-12-71

Ammonia-N Organic~N Nitrate-N Nitrite-N

(mg/1) ) (mg/1) (mg/1) - (ung/1)
West side
tensiometer . .
cups (in. deep)
3 o o 10.5 39,0 2,200
6 0 3.5 18.0 1,500
26 0 -— - 1,200
38 P 0 18.5. - —
45 _ -0 - -- 1,800
60 0 - - 2,500
East.éidev
tensiometer
cups (in. deep)
6 - : - - —
12 S == - -
24 - -- -
36 T T T T

60



92

Date: 8-19~-71

‘Ammonia-N Organic~N Nitrate-N Nitrite-N

(mg/1) =~  (mg/1l) ~ (mg/1) (ng/1)
West side
tensiometer
cups (in. deep)
3 ' . E e . - ' — - —
6 _ - - - .
e | _- - - -
38 - - -- -- --
45 - - T -
60 - -- - - -
East side
tensiometer
cups (in. deep)
6 = = 210.0 145,0
12 - - 420.0 340.0
‘24 _ - —— 420.0 240.0
36 | - -- 240.0 110.0

60 - ' - ' 120.0 340.0



93
- Date: 8-26-71

Ammonia-N Organic-N Nitrate-N Nitrite-N o

| mg/1) (mg/1) (mg/1) (ng/1}
West side )
tensiometer
cups (in. deep)
3 | - : - - -
6 - ; - —_— _
26 | . - - -
38 ' . - o= - -
45 :‘ —— - | _— -
60 . : "-- D — s i -——
East-éide
tensiometer
cups (in. deep)
j6 : 0 4 4.1 . 450.0 25.0
12 . -0 4,75 400.0. 220.0
24 | 0 4.75 400.0 240.0
36 ' 0 4.1 340.0 125.0

60 0 5.0 - 110.0 1 28.0



94

Date: 9-2-71

‘Ammonia-N Organic-N Nitrate-N Nitrite-~N

(mg/1) (mg/1) (mg/1) (ng/1)
West side
tensiometer
cups (in. deep)
3 D 4.0 44,0 0
6 0 4.0 24,0 0
26 : 0 5.0 24.0 1200
38 o 0 10.0 210.0 500
45 0 9.0  360,0 1350
60 ‘ 0 9.0 260.0 3400
East'éide
tensiometer
cups (in. deep)
6 | - - . 20.0 40.0
12 - - 300.0 820.0
24 - = 72.0  1500.0
36 -- -~ 380.0 640.0

60 - — 180.0  8800.0



West side
tensiometer -

cups (in. deep)

3 .
e
 26
38
45
60
East side
tensiometer
cups (in. deep)
6
12
24
36

60

Date:

Ammonia=N Organic-N

(mg/1)

(mg/1) .~

95

9-15-71
Nitrate-N Nitrite-n
(mg/1) (ng/1)

"6o,¢' 0
54.0 0
50.0 0
100.0 2000
46.0 28.0
48.0  100.0
54.0 560.0
45.0 -
45.0 -
45.0 —
2600

360.0
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Date: 9-22-71
~_ ‘Ammonia~N Organic~N Nitrate-N Nitrite-N
(mg/1) (mg/1) = (mg/1l) (ng/1)
West side ' |

tensiometer
cups (in. deep)

3 - - - —_—
6 ‘ - - == -=
26 . -- - B -
38 T 7T T o
45 | - - - --
60 ‘ -= == o -=
East éide_
tensiometer
cups (in. deep)
6 0 | 1.75 2.0 0
12 0 4.0 1.4 0
24 , ’ 0 2.0 1.5 0
36 0 4.9 1.3 0

60 0 3.0  50.0 0
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Date: 9-29-71
Ammonia-N - Organic-N Nitrate-N Nitrite-N
- (mg/1) = (mg/1l) (mg/1)  (ug/l)
West side ‘

tensiometer
‘cups (in. deep)

3 == - - ==
6 : - . — o
26 | - _— - -
38 B - | - | - "
45 B - - ==
60 - h " -

East.éide

tensiometer

cups {(in. deep)
6 0 3.4 5.4 0
12 -0 2.9 1.4 0
24 | . ’oA 2.5 1.6 0
36 0 2.5 1.6 ‘ 0

60 0 g 44.0 0
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Date: 10-6-71

Ammonia~N Organic-N Nitrate-N Nitrite-N

(mg/1) (mg/1) (mg/1) (ug/1)
'Weét side’
tensiometer
cups (j.n° deep)
_ , B | . B N
6 - - - -
26 o . . o
38 : - - - -~
45 - - - --
- 60 - _ - - -
East éide
tensiometer
cups (in. deep)
6 2.75 3.25 - —
12 0 2.75 _— _—
24 . . 0 2.7 - -
36 | 0 4.25 - _

60 o - - -=



99
Date: 10-15-71

Ammonia-N Organic-N Nitrate-N. Nitrite-N

(mg/1) ‘ Cmg/ll (mg/1) (pg/1)
West side
tensiometer
cups (in. deep)
3 _— —_— —_— —_—
6 : ' - - - -
26 g - - - -
38 - - - -- : -
45 s -= - - -
60 —- - -
East side
tensiometer
cups (in. deep) A
'6 ’ 0 | 3.5 4.5 0
12 0 3.0 4.5 | 0
24 0 - 4.5 0
36 | 0 - 4.5 0

60 0 - 4.5 0



100
Date:  10-20-71 ‘

Ammonia-N Organic~N Nitrate-N Nitrite-N

tmg/1) . (mg/l) (mg/l) - (ug/1)
West side |
tensiometer .
cups (in. deep)
3 _ ‘ —_ : — —— ) wrm
6 _— _ - -
26 ' -= | - - -
38 , - - - | - I
45 | ' - | - - ==
60 | | - : : - -- =
'Eaét'éide
tensiometer
cups (in. deep)
6 = 10.8 5.6 - —
12 | o 0 -- -=
24 ' 0.8 o 6.5 - , -
36 4.5 4.5 - -

60 5.5 5.3 3.5 0
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Date:  11-1-71

TN
\

~Ammonia=-N Organic-N Nitrate-N Nitrite-N

(mg/1) - (mg/1) (mg/1). = (ng/1)
West side
tensiometer
cups (in. deep)
3 6.0 . 5.5 _— -
6 | 0 5.5 - -
26 | 0 4.0 - -
38 . 0 6.2 - -
45 17.0 7.5 - -
50 | o - - -
East.éide
tensiometer
cups (in. deep) : : -
'6 _ - 5.5 4.5 0
12 0 - 4.5 0
24 - 0 | - 3.8 0
36 - 3.2 4.5 0

60 , - - 3.4 0



102

Date: ll—lOfTI

Ammonia-N Organic-N Nitrate-N Nitrite-N

(mg/1) (mg/1)  (mg/1) (ng/1)

West side '

tensiometer

cups (in. deep)
3 8.2 — 5.4 0
6 o 6.3 - SR 0
26 ‘ 0 - 3.8 0
38 o 0 - 4.6 0
45 24.0 - 4.2 0
60 2.8 == 4.6 0

East.éide

tensiometer

cups (in. deep)
e | 22.0 3.5 4.5 0
12 O- 3.5 4.5 0
24 : -0 3.5 | 5.0 0
36 — 2.5 4.6 0

60 ‘ - | _— 24,0 0



103

Date: 11-17-71

- Ammonia-N Organic-N' Nitrate~N Nitrite-N

(mg/1) (mg/1) (mg/1) - (1g/1)
West side | |
tensiometer
cups (in. deep)
3 - : - - ==
6 22 - : - | -
26 o -- == - -
38 : - - - -
45 - - - ' -
60 ' | - - - -
East.side
tensiometer
cups (in. deep)
6 | 21.0 5.9 5.0 0
12 | 7.6 1.7 ' 8.4 0
24 o 0 2.9 4.5 0
36 - ’ 9.9 1.4 4.5 0

60 3.2 2.5 — -



104

~Date: _ 11-24-71

- Ammonia-N Organic-N Nitrate~-N Nitrite-N

(mg/1) = (mg/l) (mg/1) (ng/1)
West side ‘ | '
tensiometer
cups (in. deep)
3 S - 2.5 7.3 0
6 14.0  -— 5.0 0
26 'o' 2.5 6.9 o
38 : , 0 - 7.3 . 0
a5 27.0 . 3 5.4 | | 0
60 - 2 8.6 0
East side
tensiometer
cups (in. deep)
_6 _ . B N
12 -— _— : — e
24 ' -- -- - | -
36 - - - -

60 -- - - -



105
‘Date: - 12-1-71

Ammonia-N Organic-N Nitrate-N Nitrite-N 

Cmg/ll (mg/1). - {mg/1) - (ng/1)
 West side A - | |
tensiometer
cups (in. deep)
3 | - 1s.5 3.3 5.4 0
6 | ©11.0 5.5 4.8 0
26 o s.s 4.5 0
_— . 12.0 2.5 4.5 0
a5 290 3.2 4.0 0
60 ' -- - 4.2 0
East side
‘tensicmeter
. cups (in. deep) -
6 | 16.5 4.0 4.5 0
12 N 11.0 2.5 4.5 0
24 0.8 | 2.9 4.5 0
36 ' 7.0 2.5 5.0}' 0

e - == - -



7 106
Date; __ 12-15-71

Ammonia-N Organic—N Nitrate-N Nitrite-N

- (mg/1) (mg/1) (mg/1). (1ng/1)
" West side | ‘
tensiometer
cups (in. deep)
3 | 18.5 2,0 4.0 0
6 20.0 1.5, 4.0 0
26 | 0 - 4.5 0
38 : 12.5 2.0 4.0 0
45 ©29.0 -- 4.0 0
60 15.0 1.5 4.0 0
East'éide
tensiometer
cups (in. deep)
6 f 17.9 1.5 3.8 0
12 A 7.0 1.8 | 4.0 0
24 0 1.0 4.4 0
36 21.5 1.2 7.9 0

60 14.6 2.0 J— -
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Date: 12-29-71

Ammonia-N Organic~-N Nitrate-N Nitrite-N
(mg/1) (mg/1) (mg/1) (ng/1)

West side

- tensiometer
cups (in. deep)

3 R _ _— _—
6 — _— -_— -
26 -- - - -
38 : -- -— - -
45 - , == - -
60 | - B - -
- East éide
tensiometer
cups (in. deep)
6 26.5 2.0  0.05 0
12 13.0 1.5 0.05 0
24 0 1.5 0.05 0
36 ' 13.0 1.5 0.05 .0

60 16.0 2.0 0.07 0



108

Date: 1-19-72

Ammonia-N Organic-N Nitrate-N Nitrite-N

(mg/1)  (mg/1l) (mg/1) (ng/1)
West side |
tensiometer
cups (in., deep)
3 - 14.0 1.5 0.5 0
6 18.0 1.5 0.5 -0
26 | 0 1.0 - -
38 ’ - 10.5 1.5 . 0.5 0
45 27.5 2.0 0.5 0
60 ' 6.5 1.5 0.5 0
East side
tensiometer
cups (in. deep)
6 . - — — — -~
12 | - - - -
24 , _— - - -

36 : —_— - | - -

6o : _ - o .



109

 Date: = 2-2-72

Ammonia~-N Organic~N Nitrate-N Nitrite-N

(mg/1) ~ (mg/1) (mg/1) (ng/1)
West side |
tensiometer
cups (in. deep)
3 16.0 1.5 0.5 0
.6 ' 1 21.0 1.5 0.5 0
26 s.8 1.0 0.5 0
38 - 16.5 1.5 0.5 0
45 27.5 1.75 0.5 0
60 - - 0.5 0
East.éide
tensiometer
- cups (in.  deep)
6 | 30.0 1.9 .05 i 0
12 ' 15.5 1.0 .05 0
24 | 3.0 1.6 .05 0
36‘ 21.0 - 1.5 .05 0

60 24.5 1.6 .05 0



110

Date: _2',—23_'?72:

Ammonia-N Organic-N Nitrate~N Nitrite-N

(mg/1) (mg/1) -  (mg/1) (ng/1)
West side o |
tensiometer
cups' (in. deep)
3 16.0 1.5 - 0.4 0
6 | - 205 1.5 0.4 0
26- - o4 1.5 0.4 0
38 - 7.5 1.5 0.4 0
45 . 27.3 2.0 0.4 o
60 | | -- -- 0.4 0
~East éide
tensiometer
cups . (in. ‘deep)
6 30.5 : 1.9 .06 0
12 18.5 1.5 .06 0
24 12.2 1.5 .04 0
36 17.5 1.5 .06 0

60 19.2 1.5 | .06 0



111

Date: - 3-15-72

- Ammonia-N Organic-N Nitrate-N Nitrite-N

| (mg/1). (mg/1) (mg/1) (ng/1)
West side |
tensiometer
cups (in. deep)
3 — —_ - e
6 - _— - _—
26 - - -— --
38 : - - - -
45 - - - -
60 - ~ -- --
East.éide,
tensiometer
cups (in. deep)
6 33.7 - - -
12 21.0 — - -
24 . 22.5 -— -- -~
36 21.5 __‘ - -

60 — - | - -



| 112
Date: __ 3-29-72

‘Ammonia-N Organic-N ‘Nitrate-N Nitrite-N

mg/1) - (mg/1) (mg/1) (ng/1)
‘West side ' ' |
tensiometer ’
cups (in., deep)
3 29,0 2.75 1.20 0
6 32.5 1.4 ‘ 0.60 0
26 0.5 1.0 0.35 0
38 - -= 0.5 -- -
45 . 31.5 1.0 - 0.35 Q
60 == - - -
East éide
‘tensiometer
cups (in. deep)
6 _— - - -
12 - -= —- B
24 - —- -- --

36 | -- -- - -

60 » -~ -- .- -~



113

Date: 4-12-72

‘Ammonia-N Organic-N Nitrate~-N Nitrite-N

(mg/1) .. (mg/1) (mg/1) (ng/1)
West side ' |
tensiometer
cups (in. deep)
3 . _— _— — _—
6 —— — — ——
ey — - R e
38 , : - - == ==
45 ST - - -
60 . - - - -
East‘éide
tensiometer
cups (in. deep)
6 33.5 2.5 0.35 0
12 27.5 2.0 . 0.35 0
24  , : 30.25 - 0.35 0
36 | - - 0.35 0

60 ’ - - 0.35 0
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