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FOREWORD

The Environmental Protection Agency (EPA) was established to coordinate

administration of the major Federal programs designed to protect the quality
of our environment.

An important part of the agency's effort involves the search for infor-
mation about envirommental problems, management techniques and new technolo-
gies through which optimum use of the nation's land and water resources can
be assured and the threat pollution poses to the welfare of the American
people can be minimized.

EPA's Office of Research and Development conducts this search through a
nationwide network of research facilities and by cooperative efforts with
state agencies and private institutions. In this case, we are pleased to
acknowledge the active participation of the Commonwealth of Massachusetts
and the Woods Hole Oceanographic Institution, Woods Hole, Massachusetts.

The Robert S. Kerr Environmental Research Laboratory is responsible for
the management of programs to: (a) investigate the nature, transport, fate
and management of pollutants in groundwater; (b) develop and demonstrate
methods for treating wastewaters with soil and other natural systems; (c)
develop and demonstrate pollution control technologies for irrigation return
flows; (d) develop and demonstrate pollution control technologies for animal
production wastes; (e) develop and demonstrate technologies to prevent, con-
trol or abate pollution from the petroleum refining and petrochemical indus-
tries; and (f) develop and demonstrate technologies to manage pollution re-

sulting from combinations of industrial wastewaters or industrial/municipal
wastewaters.

This report contributes to the knowledge essential if the EPA is to meet
the requirements of environmental laws that it establish and enforce pollu-

tion control standards which are reasonable, cost effective and provide ade-
quate protection for the American public.

‘:;Auluaugﬂ“ C . 57 -
William C. Galegar

Director
Robert S. Kerr Environmental Research Laboratory
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ABSTRACT

A rapidly increasing population on maritime Cape Cod has generated con-
siderable interest in alternative wastewater disposal techniques which pro-
mise to maintain high groundwater quality and promote its conservation.
Such deliberations, five years ago, led the authors to undertake an assess-
ment of agricultural spray-irrigation as a potential means of lessening
groundwater contamination and depletion. In the course of these studies
individual components of an entire wastewater—cropping facility have been
isolated and subjected to detailed examination. Experimental emphasis has
been placed on variations in the rates and methods of wastewater application
and in the types of rennovative agricultural crops placed under wastewater
irrigation.

Results from these studies have been highly promising and suggest that
under ideal circumstances, the coupling of secondary domestic effluent to
animal forage crops can bring about a degree of wastewater renovation which
exceeds direct disposal to sand filter beds and approaches the goals of ter-
tiary treatments. Moreover, three desirable consequences, i.e., water con-
servation, crop irrigation and nourishment and wastewater renovation are
simultaneously achievable. Further confirmation and extentions of these
results could mean an elevation of domestic wastewaters into the category of
a significant natural resource.

Geologically, Cape Cod is viewed as a glacial outwash plain connected to
a series of drown river valleys. The local geohydrology features several
hundred feet of glacial till overburdening deep basement rock, a condi-
tion ideally suited for wastewater irrigation. Also available is a consid-
erable amount of undeveloped acreage which could be committed to wastewater
recycling. The soil is generally sand and poor in an agricultural sense,
yet usage and conditioning has resulted in dry forage grass yields in excess
of 8.9 metric tons (four short tons) per hectare per year.

Relative to crop requirements, there is characteristically an excess of
phosphorus over nitrogen in most secondary effluents. However, excess phos-
phorus which the plants are unable to utilize is readily bound within the
uppermost foot of soil. A similar fate is accorded unassimilated heavy
metal ions which are also stabilized within the soil and denied access to
underlying groundwater. Distinct from the above behavior, other chemical
elements of secondary effluent such as chloride, sodium, potassium and boron
have been observed to penetrate the groundwater to a considerable extent.
The ultimate impact of such penetration has not been fully resolved.
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SECTION 1

INTRODUCTION

BACKGROUND

Between 1974-78 the Cape Cod Wastewater Renovation and Retrieval Project
of the Woods Hole Oceanographic Institution investigated spray-irrigation-
cropping as a means of furthering secondary wastewater treatment on Cape Cod.
These efforts have been generously supported by the Research and Development
Office of the U.S. Environmental Protection Agency, and by the Division of
Water Pollution Control, Commonwealth of Massachusetts. A series of interim
reports [1-4] prepared at this institution describes the background, concepts,
research facilities, and scientific contributions attached to these efforts.

Coastal areas, such as Cape Cod, which have evolved geologically as ter-
minal moraines, often present unique hydrological features which can markedly
influence groundwater management. The topsoil of such areas is often a wind-
blown sandy loam which overlies deposits of coarse sand and gravel extending
to bedrock several hundred feet below the surface. The bulk of this overbur-
den is water saturated and in some instances subdivided into an upper fresh-
water lens which floats above a deeper and denser saltwater layer. The high
permeability characteristic of these soils tends to favor the development of
lakes and ponds rather than river formations; the former representing surface
exposure of the local groundwater table [5, 6]. In this situation, ground-
water is the only reliable source of freshwater available for domestic and
industrial use.

Groundwater reserves are highly vulnerable to excessive exploitation and
quality deterioration associated with rapid industrial development and popu-
lation growth. Cape Cod, a summer recreational area of southeastern Massachu~
setts has a year round population of about 115,000. During the summer months
a tenfold increase in population is not unusual. The native population, in-
creasing each year by about 3.8 percent, is expected to double by the year
2000. Within the same time period, an average increase of 20 percent in daily
individual water usage is predicted. To meet anticipated demand, community
water facilities will need to double over the next 20 years.

In coastal areas a finite amount of recharge to groundwater is essential
to maintain the subsurface hydraulic barrier which controls saltwater intru-
sion across the seawater/freshwater interface. Excessive groundwater losses,
i.e., excessive wastewater disposal to the sea, can upset the existing fresh-
water-seawater equilibrium with damaging consequences. A case in point is
that of Nassau County, Long Island where the combined effects of excessive
groundwater removal by a burgeoning population has led to excessively high

]



concentrations of sea salts and nitrates in the groundwater [7].

Many coastal or peninsula towns, typical of Cape Cod are slowly but
surely approaching the maximum recommended rate of groundwater removal, which
has been placed at about one half the annual amount of groundwater recharge
[6]. Over the entire Cape area, present demand amounts to about 167 of the
annual recharge volume but three communities are already withdrawing more than
30 percent of the recommended maximum. A return of a prolonged drought, such
as was encountered during the mid 1960's, could dramatically increase the
threat of a domestic water shortage on Cape Cod.

An additional challenge to Cape Cod's groundwater resource is the in-
creasing amount of pollution which inevitably accompanies population growth.
Short-term impactions of fast-moving natural waters, having relatively short
flushing times are usually transitory whereas pollution of an underground
aquifer can persist for a much longer period of time. Presently the most
popular means of domestic wastewater disposal on Cape Cod is via on-site sep-
tic tanks, cesspools and/or leaching fields. Wastewater disposal via marine
outfalls is not practiced to any appreciable extent. Where municipal collec-
tion and sewage treatment facilities are operative, terminal wastewater dis-
posal is to groundwater via sand filter beds. Sludge separated during the
treatment process is delivered to sludge drying beds and ultimately removed
for burial.

In summary, groundwater deterioration on Cape Cod emanates from the fol-
lowing major considerations [8].

1. Inadequate municipal wastewater and sludge disposal techniques.

2. Leachates and run-off from poorly operated land-fills and septage
ponds.

3. Encroachment of saltwater into wells designated to provide potable
water due to excessive groundwater exploitation.

4. Contamination from pleasure boating in freshwater ponds.

5. Combined effects ranging from reduced recharge due to an increased
amount of paved area, pond eutrophication and inadvertent industrial

contamination.

6. Long-and short-term population instabilities which impose uncertain
demands on municipal water supply and wastewater disposal.

By 1973 the above considerations led to deliberations concerning appro-
priate means of upgrading wastewater quality to advance groundwater utility
and public health safety. The need for such measures was underlined by chemi-
cal observations on the status of soil - and groundwaters which receive
secondary treated sewage effluent via sand filter beds at Otis Air Force Base,
Cape Cod. 1In part, these observations revealed concentrations of inorganic
combined nitrogen which greatly exceeded the potable water quality standard
recommendations of the U.S. Environmental Protection Agency. Subsequently, a
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pilot scale agricultural spray-irrigation system employing animal forage
grasses, soil infiltration and terminal groundwater deposition was proposed
to the Office of Research and Development of the Environmental Protection
Agency and to the Division of Water Pollution Control of the Commonwealth of
Massachusetts.

In conventional wastewater spray-irrigation systems involving agricul-
tural crops, the crop is but one of several renovative components which con-
tribute to water quality improvement. The renovative process is also ad-
vanced by lagooning, atmospheric exchanges, soil interactions and dilution
by groundwater. The nature and abundance of accepted chemical and biologi~
cal indicators in influent wastewater, as opposed to the underlying ground-

water, is a measure of the overall effectiveness of the combined system,

OBJECTIVES

The principal objective of the authors has been to demonstrate the long-
term advantages of an agricultural wastewater spray-irrigation system on
Cape Cod as a basis for encouraging increased wastewater recyling and
groundwater conservation. A variety of experimental regimes affecting agri-
cultural parameters along with the extent of soil and groundwater modifica-
tions have been scrutinized. Appropriate comparisons have been made for
wastewater recharge systems which exclude agricultural crops and for agri-
cultural crops denied wastewater irrigation.

The overall program has placed specific emphasis on the following cri-
teria in order to encourage and help shape future wastewater-irrigation pro-
grams on Cape Cod.

1. Facilities design and season operations.

2, Agricultural acreage and irrigation rates,

3. Crop yields and irrigation rates employed.

4. Wastewater renovation attributable to crops.

5. Wastewater renovation attributable to soils.

6. Requirement for pathogen control.

7. Ultimate impact on groundwater quality.



SECTION 2

CONCLUSIONS

GENERAL

A favorable opinion is advanced that spray-irrigation cropping is prefer-
able to direct sand filter percolation as a means of protecting and preserv-
ing groundwater resources on Cape Cod. The bulk of the chemical constituents
of concern in secondary effluents are shown to be effectively removed by the
combined action of an agricultural crop and the favorable depth of soil and
gravel which overlies the water-saturated aquifer.

The single most important contribution of the agricultural component is
likely to be nitrogen separation and removal whereas adsorption on soil, sand
and gravel is probably the major consideration affecting heavy metal removal.
Reaction times and saturation estimates for these interactions predict that a
wastewater spray-irrigation facility on Cape Cod should have a life expec-
tancy well in excess of 50 years.

HYDROGEOLOGY

1. Hydrogeologically the Falmouth area of Cape Cod can be considered a
single, homogeneous, anisotropic aquifer with maximum hydraulic conduc-
tivity (HC) in the north~-south direction roughly parallel to the direc-
tion of deposition of the outwash sand and gravels. The east-west HC com-
ponent is considerably smaller and in a direction which is roughly per-
pendicular to that of general deposition. The north-south HC ranges be-
tween 43-51 m (140-167 ft) per day while the comparable movement in an
east-west direction ranges from 5.3-6.4 m (17.5-20.9 ft) per day.

2. Four aquifer tests involving a series of ‘groundwater observation wells
showed specific hydraulic yields that ranged between 0.13 and 0.25.

3. The uppermost layer of water-saturated sand occurs at a depth of about
20 m (65 ft) just north of Otis Air Force Base. Comparable depths within
the vicinity of the Otis spray-irrigation facility were reduced to about
15 m (50 ft) in accordance with a tendency for these depths to diminish
in a seaward direction.

4, The saturation thickness of the glacial outwash aquifer in the vicinity
of Otis Air Force Base measures between 70-76 m (230~250 ft).

5, Maximum estimated recharge rates for 1975 were respectively estimated to



be 73, 79 and 84 percent for the 2.54, 5.08 and 7.62 cm (1, 2, and 3 inch)
per week plots of Site A. Minimum recharge estimates for the same areas,
also during 1975, were 32, 49 and 34 percent respectively.

6. A digital model constructed to simulate the steady-state water table con-
figuration has indicated that sewering the town of Falmouth and transport-
ing the effluent for disposal at Otis would result in a 1.67 m (5.5 ft)
rise in the underlying water table.

PHYSTICAL CHARACTERISTICS OF THE SOIL

Baseline soil samples taken from the irrigation plots show a layer of sur-
face loam underlain by about 1 m (3 ft) of windblown light, sandy loam. Oc-
casionally, deposits of silt-clay, distinctly different in texture and color
occur in clumps immediately beneath the surface. Below 1.8 m (6 ft) there is
a shift from fine sandy loam to medium sand. Deeper cores indicate a shift
from medium to coarse sand interspersed with cobblestones down to bedrock
some 79 m (258 ft) below the surface. Typically the pH range for the upper
15.2 cm (6 in) of soil was 5.50-6.50.

RECHARGE TIME

Chloride changes observed in the saturated aquifer following the onset of
spray-irrigation showed an S-shaped curve with time. At a hydraulic loading
of 7.6 ecm (3 in) per week, the arrival time for a measurable amount of
chloride was under 200 days. For a lesser hydraulic loading of 3.1 cm (2 in)
per week the arrival time estimate increased to something less than 275 days.

IRRIGATION WATER:CROP RELATIONS

1. For a given variety of forage grass and within the irrigation rates sup-
plied, crop ylelds were consistently proportional to the amount of waste-
water provided and the surplus amount of water added by atmospheric pre-
cipitation had an insignificant influence on crop yields.

2. On an annual basis, the highest rates of productivity were attained with
reed canarygrass irrigated at 7.6 cm (3 in) per week, a combination which
led to the production of about 8.8 metric tons per hectare (4.0 tons per
acre).

3. The most favorable ratio between irrigation applied to crop yield (yield
ratio) was recorded for the combined timothy-alfalfa crop which had the
potential for supplementing available nitrogen via nitrogen fixation
within alfalfa root nodules.

4. The calorific values of the wastewater-irrigated forage grasses ranged
from 4800-4950 cals per gram of ash-free dry weight. The comparable range
for protein was 9.5-12.8 percent.

5. Maximum elementary renovation in an agricultural spray~-irrigation system

was provided for manganese, potassium, nitrogen and zinc, the renovation
efficiencies for these elements being in excess of 30 percent.
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6. Minimum elementary renovation was recorded for iron, calcium, copper and
sodium at a range of 0.30-10 percent.

7. Intermediate elementary efficiencies were noted for magnesium, phosphorus,
cadmium and lead whose percent removal consistently ranged from 10-20
percent.

8. Domestic wastewater is not a well-balanced crop fertilizer due to the
presence of excessive amounts of phosphorus relative to nitrogen. Forage
grasses exhibit a nitrogen:phosphorus ratio, by weight, of about 4.5:1
while the same ratio in the wastewater is only about 1.25:1. Ultimately
this imbalance leads to an underutilization of phosphorus.

CHEMICAL SOIL CHARACTERISTICS

Extended irrigation with secondary effluent has caused significant changes
in the chemical composition of the upper 30 em (1 ft) of topsoil. In part,
these changes reflect mediated changes imposed by wastewater-crop interac-
tions and in part they can be attributed to ionic exchanges between soil,
sand and soil water. In accounting for the fate of those elements which fail
to measurably accumulate in the groundwater, soil analysis can be an impor-
tant means of determining the degree of renovation achieved. Among the ele-
ments we have observed to accumulate most consistently in Otis agricultural
soils were phosphorus, iron, manganese, copper, cadmium, chromium, nickel and
lead.

Presumably the excessive amounts of phosphorus over nitrogen in secondary
effluent leads to the observed increase in adsorbable phosphorus within the
soil column since each unit of crop nitrogen assimilated leads to a fixed
amount of phosphorus being underutilized. Also the heavy metal enrichment of
these irrigated soils is believed to follow an explanation not unlike that
of phosphorus.

GROUNDWATER QUALITY CHANGES

1. Various elements have been observed to accumulate with time in the under-
lying groundwater but their present concentrations do not exceed EPA or
US Public Health Service standards for potable waters.

2. Certain elements such as sodium, potassium and boron are continuing to
appear at increasing concentrations and additional information on their
ultimate stabilization levels is needed.

3. Groundwater concentrations of phosphate, nitrate, magnesium and calcium
appear to have stabilized at levels which are in line with public health
and esthetic consideratiomns.

PUBLIC HEALTH CONSIDERATIONS
1. Proper public health safety would recommend that domestic wastewaters in-
tended for agricultural spray-irrigation undergo protective disinfection

prior to their release to the atmosphere and soil surface.
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Chlorine is potentially a suitable chemical disinfectant for the above
purpose providing that a favorable balance between the implications of
pathogen coutrol, overchlorination and crop damage can be maintained.

In the experience of the authors safe and satisfactory levels of chlo-
rine can best be assured by diligent monitoring and quick reaction to

changes in the water parameters describing pH, temperature and ammonia-
nitrogen content.



SECTION 3

RECOMMENDATIONS

The concepts and documentation offered in this report offer a first-step
toward the design of wastewater spray-irrigation agricultural systems for
the Cape Cod area.

Maximum benefits from agricultural wastewater irrigation, in the form of
better crop yields and extended chemical renovation, can be anticipated
providing the plant nutrient components of secondary effluents can be
modified and more precisely tailored to the nutritional requirements of
the agricultural component.

To ensure safety and continuous operation during severe Cape Cod winters,
a lagoon system providing three months storage capacity for the predicted
rate of effluent release is an important consideration. Also the winter
advantages of fixed nozzle irrigation over delivery by a center pivot
rotary rig appear to be substantial,

The important renovative advantages provided by an agricultural crop over
that of direct rapid infiltration via a sand filter bed has been clearly
established and has important implications with regard to the ultimate
protection of groundwater quality.

Inclusion of an effective, but safe method of wastewater disinfection
prior to crop application is strongly recommended. Whether chlorination
provides the ideal answer to this requirement cannot be fully established
at this time.

The possibility that persistent organochlorine combinations having poten-
tially detrimental public health implications are generated and dispersed
during the chlorination of wastewater seems remote, yet conclusive infor-
mation on this subject exceeds the scope of these studies.

The concentrations of certain ions on the groundwater underlying waste-
water irrigated agricultural crops can be expected to increase in propor-
tion to the irrigation rates employed. For this reason persistent and
effective groundwater monitoring is a prime management responsibility
with regard to all wastewater-irrigation systems.

The importance of the dilution phenomenon is frequently overlooked. As

irrigation rates increase and land area decreases, the percent of the
total hydraulic load made up of precipitation also decreases. The de-
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creased dilution at higher irrigation rates is partly but not completely
balanced by a commensurate decrease in evapotranspiration. The end result
is that at higher irrigation rates, ionic concentrations in the recharge
water are higher. It may be possible to compensate for decreased dilution
at higher rates by maximizing dilution with groundwater. This could be
accomplished by a facility design which orients long rectangular fields
perpendicular to the ground-water gradient. The results would be a larger
but less concentrated ground-water plume. Another approach would be to
divide the irrigation operation into two or more sites.

Spray irrigation of perennial grasses and subsequent groundwater recharge
should be considered a preferred alternative to direct sand filtration,
which is currently the most commonly employed alternative for centralized

wastewater disposal on Cape Cod.



SECTION 4

THE EXPERIMENTAL SITE

The geology of the Falmouth area of Cape Cod has been summarized in
various reports [9-~11]. In general, these reports describe a single, homo-
geneous, anisotropic aquifer with maximum hydraulic conductivity in a north-
south direction and minimum hydraulic conductivity in the east-west direction.

Field observations of this program were conducted at Otis Air Force Base,
Cape Cod, a military installation located 120 km (75 miles) south of Boston,
Massachusetts, Geologically the site is constructed of a mass of unconsoli-
dated gravel, sand and silt deposited by glacial outwash and underlain by im-
permeable consolidated bedrock roughly 260 feet below the surface. 1In a
north-south direction, the bedrock maintains an average depth of 52 m (170 ft)
below sea level; however, just east of the site, it drops to a depth of 122 m
(400 ft) below sea level. Given this situation, the rates at which ground-
water is transmitted through a unit width of the aquifer can be expected to
vary in accordance with the thickness of the water-saturated layer.

The annual rainfall at Otis averages about 3100 m3 per day per km2 (2.14
million gallons per day per square mile), but evaporation and transpiration
losses reduces the estimated amount of recharge to considerably less than
1550 m3 per day per km? (1.07 million gallons per day per square mile). The
result is a groundwater table which reaches a maximum height of 18.3 m (60 ft)
above sea level north of Otis. Groundwater levels then subside in all direc-
tions towards the ocean. Monitoring wells installed within the project area
reveal groundwater elevations ranging from 16.4-15.1 m (53.8-49.7 ft) above
sea level in accordance with the north-south hydraulic gradient previously
described by Meade and Vaccaro [12].

Base-line soil samples taken from the irrigation plots show a surface
layer of loam underlain by roughly 1 m (3 ft) of windblown Enfield sandy loam.
Quite frequently deposits of silt-clay, visually and mineralogically distinct
from the surrounding sandy loam, occur in layers or clumps immediately be-
neath the surface. Below the 2 m (6 ft) depth, the topsoil grades from fine
sandy loam to medium sand., Deep geological cores indicate a substrate of
medium to coarse sand with occasional cobblestone layers to the vicinity of
bedrock 78.6 m (258 ft) below the surface.

OTIS SEWAGE TREATMENT PLANT

The sewage treatment plant at Otis Air Force Base has been in operation
since 1942 and processes wastewater generated at the base. Primary sewage
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treatment at the plant consists of a comminutor with a by-pass bar screen, a
Parshall flume, a grease-skimming and flocculation tank and two Imhoff
tanks. Two trickling filters of 1 m (3 ft) depth and two settling tanks or
clarifiers comprise the secondary treatment component. The plant effluent
is typically discharged onto sand filter beds for final disposal to the un-
derlying ground water. Sludge removed from the Imhoff and settling tanks is
flushed to sand drying beds and periodically removed for burial.

The plant was designed to accommodate an average summer flow of 14,000 m3
(3.7 million gallons) per day and to serve a population of about 37,000.
Its load has averaged substantially less than 3800 m3 (one million gal-
lons) per day for the past 10 years due to reduction of personnel and activ-
ities at the base. Presently, the plant treats slightly less than 189 m3
(50,000 gallons) per day and is principally serving the stable but skeleton
population which occupies base housing. Because the waste load is much less
than the design capacity, the treated effluent is actually recycled in order
to maintain minimum volumes. Only one Imhoff tank, one trickling filter and
one secondary tank are currently being used at any one time.

Strengthwise, the secondary effluent of Otis Air Force Base is rather
dilute and tends to be low in total dissolved solids. Concentrations of
nitrogen, phosphorus and metallic cations are thus somewhat low in terms of
national averages. Presumably this reflects the sparse population currently
being serviced and the recirculation which reduces the concentrations of
particulate bound cations to relatively low levels of irom, zinc, lead, cad-
mium and magnesium. Table 1 shows the results of some typical analyses of
the chemical constituents in the secondary effluent of Otis Air Force Base.
For comparative purposes some accepted national averages for secondary
effluents are also included [13, 14].

Since irrigation was initiated, in the summer of 1974, a continuous log
has been kept which records the amounts of wastewater irrigation applied to
each of the agricultural subplots of Sites A and B. Unpredictable interrup-
tions caused by equipment failures, weather extremes, or harvesting opera-
tions ensure that planned irrigation rates are rarely achieved and inevit-
ably total less than planned. In a similar vein, a distinction must be made
between total wastewater applied to crops and the total hydraulic load since
the latter term includes the total amount of precipitation contributed by
rainfall.

The original design of the Otis sewage treatment plant provided sand
filter beds for the terminal disposal of secondary effluents. Over the past
33 years more than 22 million cubic meters (6 billion gals) of effluent have
been discharged onto the 6.9 ha (17 acres) reserved for this purpose. The
latter area consists of 22 separate beds which measure 61 m (200 ft) in
length and 30.5 m (100 ft) in width. At full operation, 11,400 m3 (3 mil-
lion gallons) per day, the rate of application was 1400 m3 per hectare
(150,000 gallons per acre) per day. Effluent is delivered to the filter
beds by gravity mains and distributed by wooden sluiceways. The depth of
the water table at this location varies from 5.5-6.1 m (18-20 ft). Geogra-
Phical relations between the Otis sewage treatment plant and surrounding
facilities are also shown in Figure 1.
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TABLE 1. WASTEWATER CHARACTERISTICS OF OTIS TREATMENT PLANT
SECONDARY EFFLUENT (CONCENTRATIONS AS MG/1l: PPM).

Constituent

Typical Secondary
Treatment Effluent

Otis Secondary
Effluent
(mean; St. Dev.)

Nitrogen (as N)

Total inorganic
Nitrate

Nitrite
Ammonium

Phosphorus (as P)

Total dissolved
Orthophosphate

Other Elements*

Cadmium

Calcium

Chloride +3
Chromium {Cr ~ + Cr 7)
Copper

Iron

Lead
Magnesium
Manganese
Mercury (Hg
Potassium
Sodium

Zinc

+2)

20

10
0.01-0.03

24

45
0.02-0.14
0.07-0.14
0.10-4.3
0.01-0.03

17
0.02
0.01

14

50
0.20-0.44

17.90  + 3.25
10.18  + 5.17
0.29 ¥ 0.15
7.43 ¥ 5.46
8.49  + 0.83
6.93 +0.78
0.00024 + 0.0001
10.77  * 0.70
26.78  + 2.39
0.01

0.050 + 0.020
0.502 + 0.07
0.00054 + 0.0001
3.79 ¥ 0.17
0.021 * 0.016
0.00027 + 0.0001
8.94  + 1.09
37.91  + 6.34
0.047 * 0.025

%
Typical values from Pound and Crites or from Driver et al.

12



S \
/)| IRRIGATION SITE
=", AREA=22.6 ACRES \
Y/
< - \
off SITE"8" e \ «‘QEDGE

FORCE MAIN
<~ + \\ LAB

SAND FILTER BEDS

Q SEWAGE DISPOSAL PLANT

PUMPING STATION &@\ UO

SAND FILTER BEDS . '/‘ SN

\
V EXISTING ABANDONED
.

€l

™

L

®
RETRIEVAL WELL RO3 _* e
RO4 Rros

Figure 1. Plan of sewage treatment plant, sand filter beds, lagoon and irrigated sites.



SYSTEM DESIGN AND INSTALLATION

To ealuate a spray irrigation-cropping program for wastewater manage-
ment, a pilot facility was assembled to provide year-round irrigation and to
test the water quality effects of a holding basin, prechlorination and the
performance of fixed versus rotary rigs for wastewater distribution. The
supply of wastewater comes from the Otis Air Force Base sewage treatment
plant, and enters a pair of holding basins or lagoons each having a capacity
of 1100 m3 (300,000 gallons) of secondary effluent, which represents but a
small diversion of the total plant output. Residence, or holding time, in
the lagoon is. about three weeks.

The remainder of the system includes a pump house and control station, a
415 m (1360 ft) force main, the irrigation equipment and irrigated fields.
The main pump has a capacity of .606 m3 (160 gal) per min and is started
with a secondary priming pump. Safety valves are installed to prevent high
pressures and to provide automatic shutoff if pressure drops suddenly. A
semi-automatic gas chlorinator is used for chlorination. The effluent is
pumped through a 10.2 cm (4 in) Johns-Manville PVC force main to the irriga-
tion site.

The relationship between the original Otis sewage treatment installation
and the facilities added for experimental purposes is included in Figure 1.
The figure shows two irrigation Sites A and B which have been seeded with
forage crops. Irrigation Site A employs fixed deflection head sprinklers
which supply three subplots at rates of application of 2.5~7.6 cm (1-3 in)
per week to irrigate three equal areas of .11 hectares (0,268 acres). Site
B contains a 45.7 m (150 ft) rotary irrigator anchored on a center pivot.
Six deflection heads 8 ft apart mounted downward and of decreasing opening
diameter toward the center deliver at the rate of 5.08 cm (2 in) of effluent
per week to each of four subplots, each encompassing 0,18 ha (0.445 acres).
Both Site A and Site B include appropriate control areas which are non-irri-
gated and whose monitoring provides a basis for background comparison. Each
subplot is equipped with banks of lysimeters which are used to sample inter-
stitial groundwater from depths of .15, .30, .60, .90, and 1.20 m (0.5, 1,
2, 3, and 4 ft). A total of six wells have been installed throughout the
agricultural areas which are oriented according to groundwater flow so that
groundwater monitoring can be provided.

Reed canarygrass is the crop at all Site A locations, while at Site B
smooth brome, timothy, a mixture of timothy and alfalfa and reed canarygrass
are grown. The control area at Site A is planted with reed canarygrass
while control areas of Site B have been seeded with timothy.

Monitoring provides information on short- and long-term trends in terms
of nitrogen, phosphorus and trace metals after various degrees of treat-
ment. All wells are constructed of PVC plastic which allows sampling for
groundwater nutrients, metals and pesticides and many other organic sub-
stances without undue contamination. Measurements at the sand filter beds
show groundwater levels at 6.4 m (21 ft) below the surface and from 14.6-
16.8 m (48~55 ft) below the surface of the experimental irrigation fields.
The locations of nine groundwater sampling wells used to monitor these Sites
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are also numbered in Figure 1.

The principle field sampling effort of the authors has focussed on the
time-related changes affecting the chemical composition of surface and sub-
surface waters, hay, turf, and soils. All water samples are collected in
2-liter polyethylene bottles, 200 ml aliquots being filtered (0.40 um poro-
sity) in the field through a vacuum assisted membrane filter unit. Filtered
samples are refrigerated and within 24 hrs analyzed for.the crop nutrients
phosphate, ammonia, nitrite and nitrate.

Well water samples are obtained with a vacuum pressure apparatus de-
signed for deep lysimeter sampling [15]. With this equipment, samples of
groundwater from depths greater than 7.62 m (25 ft) below the surface are
possible.

Lysimeters are used to collect interstitial soil water by applying
vacuum to permeable ceramic cups (pore size ca 1.0 um) buried below ground
level. During dry periods, particularly in the nonirrigated control plots
it was not always possible to accumulate an adequate volume of sample water
on a routine basis.

Mature crops were cut, field dried, baled, and weighed according to
accepted agricultural practice. During sample processing desiccated hay
samples were macerated in a blender and stored pending chemical analysis for
carbon, hydrogen, nitrogen and phosphorus content along with a variety of
selected anions and cations. Soil samples were removed via a horizontal
core taken from trench side walls exposed manually by shoveling or backhoe
assistance.

Early water sampling was conducted on a bimonthly basis, but in 1977 and
1978 the sampling frequency was reduced to one complete sampling each
month, Hay sampling was timed to coincide with crop maturation which led to
three samplings per summer except for 1977 when only two hay crops were har-
vested. To date there have been a total of 10 hay crops which have been
cut, dried and removed from the agricultural Sites. Nine of these have been
subjected to complete chemical analyses. Turf and soil samples were col-
lected on an annual basis in the fall of the year after the growing season
was complete.
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SECTION 5

CHEMICAL ANALYTICAL METHODS

In general chemical analytical methods used correspond to those de-
scribed in the EPA Manual for the Chemical Analysis of Water and Wastes
16 . Where more sensitive methods have been necessary, particularly for
well- and groundwater samples, such exceptions are noted and referenced
below.

Certain major cations (Ca, Na, K, Mg) were analyzed using flame atomic
absorption with direct aspiration of known standards or of sample unknowns
by methods also recommended by the EPA (16]. Standard response curves pre-
pared from multiple and known concentrations of each cation were used to
interpolate the appropriate unknown concentrations.

Cations of trace metals (Mn, Cd, Cr, Cu, Fe, Pb) were originally ana-
lyzed by chelation-extraction using ammonium pyrrolidine dithiocarbamate and
methyl isobutyl ketone [17]. Later, these elements were determined more
efficiently via heated graphite atomization wherein a small amount of solu-
tion was injected into an electrically heated graphite furnace connected to
an atomic absorption spectrophotometer.

The authors relied upon the method of standard additions to evaluate
matrix interference in atomic absorption analyses conducted on various
sample types. Except for calcium analyses, significant matrix interference
has not occurred. For calcium calibration curves, interference associated
with the use of the air-acetylene flame did require some corrective modifi-
cation,

Boron was measured by the curcumen reagént technique as described in
Standard Methods for the Examination of Water and Wastewater, 1971 [18].

Chloride was determined with a Buchler-Cotlove chloridometer [19] which
supplies a constant direct current to a pair of ion generating electrodes
which release silver ions at a constant rate. An end point is reached when
all the chloride is precipitated as AgCl and the time elapsed in reaching
this condition is directly proportional to the chloride concentration. Sul-
fate analyses were made according to the turbidiometric method described in
Standard Methods for the Examination of Water and Wastewater, 1971 l1s].

The inorganic plant nutrients phosphate-phosphorus and nitrite-,
nitrate-~ and ammonia-nitrogen were all determined colorimetrically with a
Beckman DU spectrophotometer. The colorimetric reagent used for phosphate
analyses was acid molybdate [20]. Nitrite was analyzed in acid solution
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using sulfanilamide to produce a highly colored red azo-dye [20]. Nitrate
was analyzed by a modification of the brucine method as described in the EPA
Manual for the Chemical Analysis of Water and Wastes, 1974 [16]. Ammonia
was determined by the phenolhypochlorite method [22].

Hay samples for each harvest were analyzed for organic carbon, nitrogen,
phosphorus, calorie content and residual moisture after being coarsely
ground in a Waring blender. Pre-weighed subsamples for major cation and
trace metal analyses were ashed at 400°C and reweighed to determine the
loss of weight on ignition. Nitric acid was added and evaporated off
several times to complete digestion. Samples were solubilized in 50% hydro-
chloric acid and filtered through a 3 um membrane filter and then diluted
with deionized distilled water to a final volume of 25 mls. Trace metals
were analyzed by flame atomic absorption via direct aspiration of unknown
solutions and an ultimate comparison with comparable responses from known
standard solutions.

Elementary analyses for carbon, nitrogen and hydrogen in hay samples
were measured on material macerated (40 mesh) in Perkin-Elmer 240 elemental
analyzer. Total elementary phosphorus was measured after ignition. at 600°C
for two hours and after wet digestion in acid persulfate at 15 1lbs steam
pressure (240°C) for 30 minutes [23]. The inorganic phosphate released by
the above treatment was then measured with acid molybdate [20]. Analyses of
plant material for caloric content were made with a Parr Calorimeter.

Turf and soil samples from irrigated and control plots were taken at the
end of each growing season. For turf samples, a 15.2 cm (6 in) cube was cut
from the soil surface and subdivided so as to obtain integrated samples from

the upper, middle and lower thirds of the cube. Soil cores were taken at
selected depths between 15.2 cm (6 in) and 122 cm (4 ft).

Soil samples were sieved and particle sizes greater than 2 mm (.08 in)
were not analyzed. Turf samples included the roots and stubble of the har-
vested crop contained in the top 15.2 cm (6 in) of soil and were collected
prior to the onset of winter. Soil and turf samples were treated and ana-
lyzed in the same manner as the hay samples except that in the case of soil
pH measurements were included and calorific measurements excluded.

Early in these studies a single sand filter bed was selected for experi-
mental observations on the dissipation of various constituents of secondary
effluent in the absence of agricultural crops. Eight suction lysimeters,
placed to sample a depth range of 0.15-1.22 m (0.5-4 ft), and two ground-
water observation wells were installed for this purpose. Later the number
of wells serving this location was increased to seven in support of addi-
tional studies on the local groundwater hydrology via draw-down and recovery
observations. The wells were located at strategic points, downstream with
respect to the flow of groundwater from beneath the sand filter bed. De-
scriptions of these facilities are shown in Figures 2 and 3.

In 1976 the project's analytical chemistry laboratory participated in
the Quality Control Program administered by the EPA to evaluate techniques
selected for the manual, Methods for Analysis of Water and Wastes. We
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received coded samples containing low and high concentrations of ammonia,
nitrite and nitrate and a single sample for total phosphorus. A sealed en-
velope was also provided which was opened after completion of analyses to
compare the laboratory results with the EPA reference sample standards. As
summarized in Table 2, this exercise was highly successful since it vali-
dated the precision and accuracy of the laboratory nutrient chemistry. Dif-
ferences between the laboratory values and the quoted EPA standards were
generally comparable to the standard deviation of the laboratory methods,
and generally differed by 5% or less from EPA quoted concentrations.

TABLE 2. LABORATORY INTERCALIBRATION: WOODS HOLE OCEANOGRAPHIC
INSTITUTION AND ENVIRONMENTAL RESEARCH CENTER, 'CINCINNATI, OHIO

W.H.0.I. RESULTS#*

Ampule Stated NH, =N NO,-N PO, ~-P P
Number Range mg/1 '+ Sd mg/1°+ Sd mg/1 '+ Sd mg/l + Sd
1. low 0.445 + .006 0.179 + .010 0.020 + .0001 S
2. high 9.52 + .009 1.06 + .019 0.389 + .002 0.723 + .001

EPA REFERENCE SAMPLES, PARAMETER VALUES
ENVIRONMENTAL RESEARCH CENTER

A A A A
1. low 0.44 .005 0.20 .021 0.021 .001 —_—
2. high 9.47 .05 1.11 .05 0.393 .004 0.713 .01

*Mean, five replicate analyses
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SECTION 6

SAND FILTER BED PERFORMANCE

NITRATE, NITRITE, PHOSPHATE AND CHLORIDE MODIFICATION BY A SAND FILTER BED

At Otis, terminal wastewater disposal is accomplished by percolation of
secondary effluent through sand and gravel down to groundwater level. Evalua-
tion of the renovative capacity of a single, isolated sand filter bed was un-
dertaken early in these studies. Information on the sand filter bed selected
for this work and its location with regard to the field facilitles provided is
given in Figures 2 and 3.

The initial phase of this work was addressed to a dormant or inactive
filter and was carried out between January and June of 1974. Samples of soil-
water and groundwater from beneath the filter were removed at predetermined
intervals to assess time-related changes for certain chemical constituents in
the absence of active inundation. The most recent previous flooding of this
bed had occurred in May of 1973 after which water application was limited to
natural rainfall. On 15 occasions analyses were completed which provided
measurements of the groundwater concentrations of nitrite, nitrate, ammonia,
phosphate, and chloride. The results, shown in Figure 4, indicate that during
the dormant period nitrate and ammonia gradually decreased with time, that
chloride remained essentially unchanged while nitrite and phosphate showed
intermittent pulses, but no consistent trends. It is significant that the
nitrate concentration reached 55 parts per million (ppm) thereby exceeding the
recommended limit (10 ppm) of the U.S. Public Health Service for potable
waters.

On July 19, 1974 the same bed was inundated with secondary effluent at a
maximum loading rate of 378 m (100,000 gals) per day which corresponded to
<204 @3 per m? (5 gals per £r2 ) per day until Sepsember when it was again de-
activated for drying. A total volume of 16,430 m” (4.34 million gals) was
applied during this 72 day interval.

Within a week following inundation, the arrival of recharged wastewater
to groundwater level was indicated by an abrupt increase in chloride from 4
to 25 ppm (Figure 4). Also the nitrate and phosphate concentrations showed a
corresponding increase which essentially duplicated their original concentra-
tion in the applied effluent. During the remainder of these observations

phosphate concentrations stabilized at about 8 ppm but marked fluctuations in
the nitrite, nitrate, and ammonia concentrations were observed.

The entire sand filter bed appears to act as an ion exchange column al-
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though nonadsorbable nitrate and chloride appear to escape the soil matrix.
In this case, the tenfold decrease in ammonia, between the filter surface and
the recharged groundwater, suggests that the bulk of the ammonia was retained
within the filter. A rough estimate of the total amount of ammonia bound to
the filter during inundation, based on ammonia-nitrogen input (2.10 ppm) vs out-
put (0.19 ppm) comes to about 27 kg (60 1lbs) for the 16,430 m3 (4.34 million
gals) of sewage plant effluent applied.

The concept of restricted ammonia passage is also supported by the
failure of groundwater ammonia to increase during a subsequent period of low
oxygen tension; a situation decidedly unfavorable for ammonia oxidation. As
documented, anoxic conditions within the filter developed during the latter
stages of inundation and were accompanied by a corresponding decrease in ni-
trate measured. This correspondence has been attributed to the microbial re-
duction of nitrate to molecular nitrogen during a period of reduced oxygen
tension.

By November 1974 after a month of drying, aerobic conditions were re-
stored and the nitrate content of the groundwater increased from a minimum of
0.28 ppm to a maximum of 50 ppm by mid February. Oxidation of adsorbed am-
monia to nitrate within the filter during this period and a subsequent mobi-
lization of nitrate by rainfall recharge presumably accounted for these
changes.

An alternative possibility is that the elevated concentrations of ni-
trate which appeared late in these studies resulted from eluted nitrate being
resolubilized in a smaller volume of water. The amount of rainfall recorded
adjacent to the site between the end of inundation on September 27 and the
nitrate peak in the recharge water on February 12 (138 days) was 39.4 cm
(16.52 in). Assuming 50 percent recharge, the total volume for the area of
the bed (100 x 200 ft; 30.5 x 61.0 m) would thus be 366 m3 or 12,942 ft3,

The effluent applied was 42 times greater in terms of volume. If all the
29.7 kg  (65.5 1lbs) of adsorbed ammonia-nitrogen were converted to nitrate
and dissolved in this volume of recharge rainwater, the nitrate-nitrogen con-
centration would be 76 ppm. Later, nitrate observations showed further in-
creases to 67 and 57 ppm on March 12 and April 9, followed by a decrease to
34 and 33 ppm on May 7 and June 4 respectively. Thus, it appears that nitri-
fication continued for at least 250 days, which compares with 72 days of in-

undation of the bed with effluent.

Sampling of soll water removed from the four-foot lysimeter revealed
nitrate concentrations near 10 ppm prior to inundation. During the initial
stages of flooding, the level of nitrate remained between 7 and 9 ppm. When
water began to pond on the surface, nitrate decreased in the percolate to
5.5 ppm implying an onset of denitrification once anoxic conditions were es-
tablished. A sample taken during the later drying stage showed a tenfold
higher nitrate concentration, 77 ppm, while the ammonia concentration was re-
duced to a trace amount. These changes indicate reversals in the potential
modification of combined nitrogen dependent upon oxygen availability which in
turn is regulated by the prevailing rates of organic decomposition.
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TRACE METAL MODIFICATIONS BY A SAND FILTER BED

The ability of sand filter beds to remove trace metals was also evaluated
by sampling the subsoil at various depths and it has been observed that heavy
metals tend to accumulate within the upper few centimeters of sand. The con-
centration in the effluent and the 33-year supply of copper, zinc, cadmium,
lead and chromium to a typical sand filter bed is shown in Table 3. At Otis
‘Alr Force Base wet sludge is separated and deposited on sludge beds for dry-
ing and ultimate disposal by burial. Thus, the filter beds have been exposed
to only a small fraction of the total heavy metal load produced by the treat-
ment plant, the major concentration of these heavy metals being retained in
‘the dried sludge material as compared with the secondary effluent (Table 3).
In this case the sludge beds have not been evaluated as a possible source of
groundwater contamination.

TABLE 3. HEAVY METAL SUPPLY TO EXPERIMENTAL SAND FILTER BED

Metal Concentration

Cu Zn Cd b Cr*
Sample Source
Secondary Effluent (ppb)
Soluble 80 55 0.24 0.50 <10
Particulate 32 12 0.58 9.30 0.6
(ppm)
Dry Otis Sludge 2,799 246 13 358 96
Total 33-yr Metal Loading (g/mz)
Soluble 48.06 33.70 0.151 0.302 < 6.15
Particulate 19.66 7.24 0.356 5.72 0.012
Total 67.72 40.94 0.507 6.022 < 6.162

*Soluble chromium concentration was less than the sensitivity of the analyti-
cal method.

In terms of supply, the order of abundance for heavy metal additions to
the sand filter bed was Cu > Zn > Cr = Pb > Cd. The surface enrichment fac-
tors, derived from appropriate comparisons with a nearby control soil, varied
from 20- to 360-fold, the enrichment order being Cu > Cd > Pb = Zn > Cr.

By comparing the integrated amounts of these metals distributed within
the upper 52 cm (20.4 in) with the heavy metal supply over the past 33 years
it is possible to assign removal efficiencies for each of the five metals ex-
amined. As recorded in Table 4, the data of the authors indicate that 85 per-
cent of the Cu, 49 percent of the Zn, 113 percent of the Cd, 129 percent of
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the Pb and > 62 percent of the Cr supplied are bound within the surface soil.
Thus, of the metals examined only Zn and possibly Cr would appear to have a
reasonable chance of becoming entrained in the groundwater some 740 cm (21 ft)
below the surface.

TABLE 4. HEAVY METAL BUILD-up IN A SAND FILTER BED. METAL
CONCENTRATIONS CORRECTED FOR APPROPRIATE CONTROL ANALYSIS

Metal Concentration (mg/kg)

Depth (cm) Cu Zn cd Pb Cr
Surf 679 320 10.5 166 82
0-4 236 67 1.7 28 4.7
4-6 272 60 1.8 26 10.0
14-16 7.2 5.5 0.11 0.00 0.10
2426 6.1 9.3 0.25 0.00 2.30
29-31 2.4 1.3 0.09 0.00 0.00
Lb4=46 2.5 3.9 0.07 0.80 0.90
50-52 0.7 0.0 0.07 0.00 0.00
Control Soil, Surf 1.9 5.8 0.07 2.70 4.30
Surface Enrichment Factor 360 56 150 60 20
Integrated Metal Content 57.89 20.19 0.572 7.75 3.81
(g/m2 to 52 cm)*
Percent Retention 85 49 113 129 62

(Content/Loading) 100

*Assumes soil density of 1.85, i.e., 938 kgunder a m2 to a depth of 52 cm.

The major accumulation of heavy metals on Otis sand filter beds after
33 years of service occurs within the uppermost 6 cm (2.4 in) of sand. The
_extent of enrichment for Cd, Cr, Cu, Pb and Zn ranges from 20 to 360-fold.
Excepting Zn and possibly Cr, more than 85 percent of the applied amounts of
each of the above metals resides within the upper 52 cm (20.4 in) of sand.
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SECTION 7

CHANGES IN NITROGEN AND PHOSPHORUS DURING
AGRICULTURAL SPRAY-IRRIGATION

The removal of phosphorus from secondary effluent during agricultural
spray-irrigation treatment increases with the stage of treatment. The phos-
phorus concentrations (as PO,-P) in Otis secondary effluent before lagooning
range from about 8 to 10 (mean = 9.25) ppm and are typically higher during
winter than in summer (Fig. 5). Following chlorination and distribution over
the irrigation field the phosphorus concentration was reduced to less than
0.5 ppm in the interstitial water recovered from 15.2 e¢m (6 in) below the
surface, At successively greater depths, no significant changes in phos-
phorus were observed down to the depth of the groundwater sampling at 15.2 m
(50 ft).

Nitrogen is more versatile than phosphorus chemically and is affected by
a greater variety of biological processes. Gains or losses of nitrogen to or
from the system are regulated by the relative importance of nitrogen fixation,
ammonification, nitrification and denitrification. Thus, much greater uncer-
tainty exists regarding nitrogen distributions as compared with phosphorus
and phosphorus rather than nitrogen is the more appropriate element for mass
balance- analysis.,

Total inorganic nitrogen concentrations in Otis secondary effluent be-
fore lagooning range from about 12.5-18.5 (mean = 11.6) ppm and show a com-
parable reduction pattern to that of phosphorus following successive stages
of treatment (Figures 6 and 7). During the winter-spring period, ammonia is
the most abundant form of inorganic nitrogen in secondary effluent although
appreciable amounts of oxidized nitrogen (nitrite or nitrate) also occur.
During the summer-fall months the oxidized forms of nitrogen are more abun-
dant than ammonia. In the interstitial soil water, ammonia is almost com-
pletely absorbed in the first foot of soil, but oxidized nitrogen penetrates
at reduced concentrations to the ground water. The data on inorganic nitro-
gen distribution suggest that soil nitrification occurs throughout the year.
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SECTION 8

IRRIGATION~CROP RELATIONS

Over a five year period irrigation-crop relations have been examined
from nine cuttings of mature plants taken from 10 different agricultural sub-
plots. As previously stated the experimental variables included the follow-
ing.

1. Differences in rates of wastewater application (2.54, 5.08, 7.62
and 10.2 cm per week).

2, Differences in the wastewater delivery system, (fixed nozzle vs
rotary rig).

3. Different varieties of forage grasses.
4. Control crops exposed to precipitation only.

Yield characteristics and renovative efficiencies observed in each of
the above situations are discussed in this section.

CROP YIELDS VS IRRIGATION AFPPLIED

Tallying the accumulated amounts for crop yields vs total irrigation
applied requires a distinction between total effluent applied (TEA) and total
hydraulic loading (THL). The latter is always larger than a comparable TEA
value since it represents the sum of TEA and the additional amount of crop
watering provided by precipitation.

Data from Site A describing three different reed canarygrass plots
treated with three different rates of wastewater application are shown in
Figures 8 and 9. In Figure 8, marked proportionality between crop yields and
TEA is demonstrated. When the same crop yields are plotted against THL, how-
ever, as in Figure 9, three different levels of proportionality result. In
the latter case, crop yields were decided by the fractional amount of
wastewater provided and the additional water increment supplied by precipita-
tion had a minimal effect on crop size.

The overriding influence of TEA over THL in affecting crop growth has
led the authors to adopt the following relation to express yield ratios.

Harvested crop, kg/ha
Wastewater applied, kg/ha

Yield Ratio =
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Thus, the yield ratio for Site A data, Figure 8, is 0.36, a value which is
common to each of the three subplots.

Yield ratios calculated for Site B, where four different grass crops
were irrigated at the same target rate of 5.08 cm (2 in) per week show a much
wider variation than comparable Site A values. In part, this difference
could reflect the inability of the investigators to maintain rotary irriga-
tion of Site B during the three or four coldest winter months. Yield ratios
for Site B crops were minimal for smooth brome (0.29) and maximum for mixed
timothy-alfalfa (0.55) with intermediate values recorded for timothy (0.35)
and reed canarygrass (0.40). A summary of the information on crop yields vs
irrigation appears in Table 5.

Another significant parameter in agriculture is the tonnage of harvest-
able crop accumulated over an annual growing season. Efficient mid-western
farms of this country readily produce about 4.54 metric tons (5 short tons)
per acre per year. As shown in Table 5 none of our experimental areas at-
tained the above level of productivity. Rather, the average annual yield of
our most productive combination (reed canarygrass irrigated at 7.62 cm (3 in)
per week) totaled 3.67 metric tons (4.04 short tomns) per acre. The mixed crop of
timothy~alfalfa irrigated at 5.08 cm (2 in) per week showed a lesser amount of

production, 2.94 metric tons (3.24 tons) per acre, whereas the corresponding
averages for timothy and smooth brome were consistently less than the above.

TABLE 5. ANNUAL PRODUCTIVITY AND YIELD RATIOS FOR
WASTEWATER IRRIGATED FORAGE CROPS

Irrigation Rate Productivity
inches per week Short Tons/Acre Yield Ratio*
Site A
Reed canarygrass 1.0 1.91 0.36
Reed canarygrass 2.0 2.60 0.36
Reed canarygrass 3.0 4.04 0.36
Site B
Timothy-alfalfa 2.0 3.24 0.55
Reed canarygrass 2.0 2.36 0.40
Timothy 2.0 1.91 0.35
Smooth brome 2.0 1.71 0.29

*Weight of dry crop harvested + weight total effluent applied.

Strictly speaking, extension of wastewater renovation by agricultural
systems requires that the harvestable plant material, generated by wastewater
irrigation, be collected and disassociated from the local biochemical cycle.
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Thus, crop harvesting and dispersal are integral parts of the process. How-
ever, agricultural productivity also involves the development of considerable
amounts of primary and secondary organic biomass which escape harvesting.
Nonetheless the presence of non-harvested organic material represents at
least a temporary change in phase for many chemical constituents supplied
during the wastewater irrigation. For these reasons the authors have also
calculated yield ratios on the basis of complete plant biomass; i.e., the sum
of leaf plus turf. The latter term includes unharvested stubble and roots.
Yield ratios calculated in this manner are shown in Table 6 and in general are
about double the magnitude of those calculated for leaf structure alone.

TABLE 6. YIELD RATIOS FOR TOTAL PLANTS, LEAF PLUS
TURF, PRODUCED PER UNIT IRRIGATION

1974 - 1977
Yield
Leaf Turf Yield Ratio
m tons/ha Total Total Plant
Site A
Reed Canary
Reed canarygrass (E) 14.8 9.40 24.2 0.60
Reed canarygrass (S) 17.5 5.13 22.6 0.47
Reed canarygrass (W) 27.2 25.6 52.8 0.70
Site B
Timothy-alfalfa 21.2 6.84 28.0 0.93
Reed canarygrass 16.0 18.8 34.8 0.87
Timothy 13.0 5.98 19.0 0.47
Smooth brome 11.6 8.55 20.2 0.50

CHEMICAL COMPOSITION AND NUTRIENT CHARACTERISTICS OF CROPS

Chemical elements such as carbon, hydrogen, nitrogen and phosphorus are
major constituents of all plant and animal assemblages wherein their propor-
tions vary according to molecular configurations, species origin and envir-
onmental conditions. Chemical constituents such as nitrogen and phosphorus
along with an array of heavy metals are often the principle target elements
of supplementary wastewater treatment systems. In practice the nutritional
requirements of wastewater-irrigated-crops help determine the level of waste-
water renovation achieved. Also the chemical composition of the various
grasses determines their nutrient values as forage crops.

In terms of ash-free dry weight, carbon, which is somewhat more promi-
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nently represented than oxygen, is the most abundant element in the Otis
crops. Together, these two elements account for about 90 percent of the ash-
free dry weight. However, the bulk of the carbon probably originates from
atmospheric rather than wastewater sources hence its presence in the plant is
not a direct indication of wastewater attenuation. Together, the fractional
percentages of nitrogen and phosphorus totaled less than 2.5 percent of the
total dry weight, but each of these elements is more intimately involved in
wastewater modification. Nitrogen, as shown in Table 7, presents the strong-
est contrast between irrigated and non-irrigated (control) crops and appears
to be the element most likely limiting plant growth.

TABLE 7. ELEMENTARY COMPOSITION,* MAJOR ELEMENTS
OTIS FORAGE CROPS

1974 - 1977
Ash-free
dry wt. C H N P Q%%
PERCENT
Site A, Reed canarygrass
East-plot 91.34 43.86 6.87 2.00 .420 44,81
South-plot 91.30 46.26 6.67 1.58 457 42,96
West-plot 92.13 46.50 6.78 1.93 454 41.89
Control-plot 92.94 47.45 5.99 1.16 .384 42.88
Site B
Timothy-alfalfa 92.80 46.34 6.77 2.05 404 42.14
Reed canarygrass 92.74 46.22 6.13 1.79 .301 43.18
Timothy 93,18 47.65 6.92 1.53 .265 41.41
Smooth brome 92.90 47.05 6.77 1.89 .336 41.66
Control, timothy 92.86 46,21 6.41 1.65 .207 43.41

* Based on weighted means of ash-free dry weights

**Calculated from: 100 - [(%C) + (ZH) + (ZN)]

Green plants have the unique ability to use carbon dioxide and water as
their principal raw materials from which they produce a multitude of organic
compounds of varying complexity. The initial stages of the above process is
accomplished by photosynthesis which from a chemical point of view is a pro-
cess of reduction. An input of energy is required to bring about this reac-
tion hence the reduced end products which are formed represent a potential
energy source. The extent of the overall chemical reduction largely deter-
mines the level of plant-stored energy and can be expressed in terms of the
R-value which quantifies the degree of carbon reduction in an organic compound
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in accordance with the percentages of carbon, hydrogen and oxygen [24]. The
general formula for calculating R-values is given as:

[(Z C x 2.66) + (4328:;)1.936) =~ % 01 x 100 _ o o 1e.

Although R~values are calculated on the relative abundance of specific
elements, they express the energy content of organic materials and hence
should compare with calorific value, the heat of combustion per gram. Small
variations from linearity between these parameters are probably due to vary-
ing nitrogen content caused by different rates of nitrogen availability. 1In
part, Table & summarizes the pertinent information on R-values and calorific
values from nine cuttings of Otis forage crops. Calorific values for the ir-
rigated sites ranged from about 4800-4950 cals per gram, ash-free dry weight
basis, while the comparable range of R-values was 30.65-34.25.

Once elementary analyses and R-values are determined it is possible to
estimate by calculation the approximate lipid, protein and carbohydrate con-
tent of an organic entity. First the percent nitrogen multiplied by 6.25 is
used to estimate percent protein. Using values for percent protein as one
constant and the R-values of the entire sample as another, an algebraic solu-
tion of two simultaneous equations can be used to estimate the percentages of
carbohydrates and lipid [24]. These equations are:

(2P x42) + (%2 Cx28) + (%L x 67.5 = R-value x 100%, and (1)

e

ZP+7%ZC+ %L =100 (2)
where P = protein; C = carbohydrate and L = 1ipid. The results of these
calculations as applied to Otis hay samples also appear in Table 8.

NITROGEN:PHOSPHORUS BALANCE AND EXCHANGE

The total amounts of irrigation water and the equivalent amounts of
available nitrogen and phosphorus provided for the crops of Sites A and B be-
tween 1974-1977, are shown in Figure 10. Unforeseeable interruptions in ir-
rigation during crop drying and adverse weather conditions have meant that
the actual amount of irrigation accomplished was typically less than planned.
The available nitrogen application to Site A varied between 504 and 905 kg
per ha (.227-.403 tons per acre), the range reflecting the three different
rates of applied irrigation. The quadrants of Site B, which were all irri-
gated at a constant rate, received 491 kg/ha (.219 tons per acre) within the
same time period. The amount of available phosphorus applied at Site A
ranged from 358-642 kg per ha (.160-.286 tons per acre) while each subplot of
Site B received, in common, 348 kg/ha (.155 tons per acre).

As iterated above, the value of an agricultural spray-irrigation system
as an effective supplement to conventional sewage treatment largely depends
upon the combined amounts of nitrogen and phosphorus intercepted by the crops
and underlying soil, processes which deny these elements access to the ex-
terior environment. Consequently, close attention should be given to the
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TABLE 8. ENERGY AND NUTRITIONAL POTENTIAL,*
OTIS FORAGE CROPS

1975 - 1977
R~ Cals Carbo. Protein Lipid
Value per gm - Percent -
Site A, Reed canarygrass
East plot 30.65 4934 85.28 12.50 2.22
South plot 32.41 4809 82.46 9.88 7.66
West plot 32.88 4810 79.86 12.06 8.08
Control 31.97 4848 85.27 7.25 7.48
Site B
Timothy-alfalfa 32.71 4807 79.76 12.81 7.43
Reed canarygrass 31.16 4808 84.78 11.19 4.03
Timothy 34.25 4936 78.01 9.56 12.43
Smooth brome 33.36 4823 78.81 11.81 9.38
Control 31.78 4701 83.77 10.31 5.92

*Based on weighted means of ash-free dry weights.

establishment of an effective quantitative balance between the supply (waste-
water) of, and the demand (crops and soil) for, these nutrients within the
overall system,

The data of Figure 10 also show that the total amounts of nitrogen and
phosphorus intercepted by the irrigated crops varies with the rates of appli-
cation. Nitrogen uptake is shown to be consistently higher than that of
phosphorus both on an absolute and on a relative basis. The latter observa-
tion reinforces the earlier contention of the authors that nitrogen rather
than phosphorus was the element more likely limiting to plant growth. A third
revelation is that nitrogen:phosphorus ratios, by weight, consistently fall
below a value of 2 in irrigation water whereas the same ratio increases by
3-6 fold in the mature crops. The above observation again stresses the
marked imbalance between available nitrogen and phosphorus abundance in secon-
dary effluent as opposed to the chemical make-up of these forage grasses.

Prior to October 1973, the Otis agricultural plots were woodlands yet
to be cleared and planted in hay crops. In the fall of 1975, after the
seeded crops had developed a firm root system, soil sampling profiles taken
to a depth of 122 cm (4 ft) were examined for each subplot and in addition
the uppermost 30 cm (1 ft) was subjected to soil and root analyses. Results
for the observed amounts of phosphorus and nitrogen measured in these samples
are given in Table 9. At each of the subplots, irrigation resulted in an in~
crease in phosphorus content above that recorded for the corresponding soil
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TABLE 9. NITROGEN-PHOSPHORUS CONTENT (GM/MZ) OF OTIS
SOILS SAMPLED TO A DEPTH OF 30 CM

Phosphorus Nitrogen

Site A, Reed canarygrass

East 108 234

South 115 207

West 122 213

Control 93.6 276
Site B

Timothy-alfalfa 76.4 186

Reed canarygrass 102 224

Timothy 112 -

Smooth brome 88.3 o231

Control 73.2 192

control sample. Phosphorus enrichment in the underlying soil was particu-
larly apparent in the case of reed canarygrass and timothy subplots. Re-
garding nitrogen, the situation was not so clear-cut, however, unlike phos-
phorus, there was little or no indication of a nitrogen build-up in the up-
per-most foot of agricultural soil.

Nitrogen:phosphorus (N:P) ratios of leaf, turf and soil samples, collected
from each of the agricultural plots, have also been examined. The resulting
data, as summarized in Table 10, show that the turf of these grasses does
not differ systematically from leaf material with regard to nitrogen and
phosphorus aportionment. The mean N:P ratio observed for all irrigated
crops was 5.03 whereas the comparable ratio in the irrigation water was only
1.48. Also the irrigated soils showed an N:P ratio of 1.66 whereas the soils
on non-irrigated control plots showed a significantly higher average N:P
ratio of 3.40. The above nitrogen:phosphorus relations when expressed in
terms of a single unit of phosphorus, indicates that the nitrogen deficiency
of secondary effluent corresponds to 3.40 units of nitrogen for each unit of

phosphorus provided.

Nitrogen limitation not only reduces potential productivity, but also
ensures an underutilization of phosphorus and possibly other elements. Fur-
thermore, the low N:P ratios described for irrigated soils may reflect sig-
nificant scavangering of soil nitrogen by nitrogen deficient crops and/or
above-ambient adsorption of underutilized phosphorus to soil particles.

ADDITIONAL CHEMICAL ELEMENTS MEASURED IN OTIS FORAGE CROPS

Elemeﬁtary chemical analyses of harvested crop material has also
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TABLE 10. NITROGEN:PHOSPHORUS RATIOS (BY WT)
OTIS FORAGE CROPS

1974 - 1977
Crop Turf Soil
N:P N:P N:P
Site A, Reed canarygrass
East 4,76 3.83 1.68
South 3.46 4.03 1.31
West 4.25 4.33 1.62
Control 3.02 5.47 4.04
Site B
Timothy-alfalfa 5.07 5.21 1.50
Reed canarygrass 5.95 4.59 1.61
Timothy 6.12 4,96 1.83
Smooth brome 5.63 4.38 2,05
Control 7.98 6.33 2.75
Mean, irrigated plots 5.05 4,48 1.66
Mean, Otis secondary effluent 1.48

included an evaluation of 10 additional elements besides carbon, hydrogen,
nitrogen and phosphorus. These other entities can be conveniently divided
into two groups, the major cations and the minor cations or elements present
at trace concentration. Among the major cations measured were potassium,
calcium, magnesium and sodium. The minor cations or trace elements included
iron, manganese, zinc, copper, lead and cadmium.

The fractional proportions of major cations measured on an ash-free dry
weight basis in the Otis crops are shown in Table 11 where the percentages
entered reflect weighted means for all crops harvested between 1974 and 1977.
The most abundantly represented element of this group was potassium which
consistently represented between 1.50 and 2.00 percent of the harvested
material. Sodium, on the other hand, was the least abundant of these ele-
ments, its highest concentration measuring less than 0.05 percent. The pro-
portions of calcium and magnesium in these grasses were quite comparable at
a concentration roughly intermediate between that of potassium and sodium.

A significant aspect of these data is the extent to which these crops dis-
criminate against sodium in favor of potassium. Another interesting point is
that potassium and magnesium alone showed enrichment in the irrigated crops
above that of the non-irrigated controls. The relative proportions of these
elements does not appear to differ significantly for the unique grass species.
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TABLE 11. ELEMENTARY COMPOSITION¥* MAJOR CATIONS
OTIS FORAGE CROPS

1974 - 1977
K Ca Mg Na
- Percent -
Site A, Reed canarygrass
East - .193 .192 .035
South 1.66 .142 .178 .026
West 1.88 .173 «234 042
Control 1.45 - .024 .011
Site B
Timothy~alfalfa 1.70 .295 .165 -
Reed canarygrass 1.97 .169 .169 ‘ .049
Timothy 1.91 .165 .119 .025
Smooth brome 2.00 .164 .110 .012
Timothy, control 1.51 +202 .098 .018

*Based on weighted means of ash-free dry weight.

The representation of minor cations or trace elements, given in parts
per million ash-free dry weight basis, is shown in Table 12. Again, the
values entered represent weighted means for all irrigated and non-irrigated
crops harvested between 1974 and 1977. 1In this case iron is the most
prominent trace metal, followed by a preferential order of uptake whereby
manganese exceeds zinec, copper, lead and cadmium. In terms of concentration,
iron exceeds cadmium by three orders of magnitude whereas the remaining ele-
ments occur at concentrations about 100 times greater than that of cadmium.
There is no consistent trend supporting luxury uptake by the irrigated crops
of any of these cations over that observed for the non-irrigated control
crops.

WASTEWATER RENOVATION BY CROPS

The renovation efficiency whereby crops remove a given chemical sub-
stance from wastewater is defined as:

o, _ mass in harvested crop
Efficiency, % = o1 applied irrigation

X 100. (3)

Accumulated values describing the long-term renovative efficiencies for

nitrogen, phosphorus, potassium, copper, cadmium and zinc are shown in
Figures 11 and 12 and Table 13. Within the observed scatter and for the
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Long-term renovation efficiencies for nitrogen, phosphorus and potassium at
three subplots of Site A and four subplots of Site B. Site A data correspond

to different rates of reed canary grass irrigation; solid circles, 1 in per wk.
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solid triangles timothy-alfalfa; solid circles, timothy; open triangles, reed
canary and open circles smooth brome.
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TABLE 12. ELEMENTARY COMPOSITION-TRACE ELEMENTS
OTIS FORAGE CROPS

1974 -~ 1977
Fe Mn Zn Cu Pb Ccd
- Parts per million -
Site A, Reed canarygrass
East 138 85 37 14 3 0.2
South 123 52 34 9 2 0.3
West 145 50 37 12 2 0.3
Control - -= 46 16 3 0.4
Site B
Timothy=-alfalfa 178 23 29 11 2 0.3
Reed canarygrass 89 46 33 - 2 0.2
Timothy 78 21 31 6 2 0.2
Smooth brome 76 33 23 -- 2 0.2
Timothy control - 29 18 7 3 0.3

delivery rates applied, these data consistently describe a linear relation be-
tween the application and uptake variables. Other elements such as magnesium,
calcium, and sodium were also observed to behave in a similar manner, whereas

calcium and iron behaved differently and exhibited a unique response for each

wastewater delivery rate.

Information on elementary efficiences for the four different crop varie-
ties of Site B has also been compiled. 1In Figure 11 and Tables 13 and 14,
nitrogen, phosphorus, and potassium exchanges are shown while Figure 12 pro-
vides information on copper, cadmium and zinc. In each of the above instances
the maximum removal efficiency was accomplished by the mixed timothy-alfalfa
crop. Other elements which were most effectively removed by the timothy-al-
falfa crop were calcium, iron, and lead. Regarding other Site B crops there
was little or no difference between the long term trends describing renovation
efficiencies for the elements described in Figures 11 and 12. On the other
hand, the individual crops of Site B showed separate uptake patterns for the
elements zinc, manganese, sodium and magnesium.

Values representing the ultimate extent of renovation accomplished for
all the chemical entities examined for Site A and B crops also appear in
Tables 13 and 14 respectively. These combined data suggest that neither the
irrigation rates, nor crop varieties employed, exclusively regulate the uptake
behavior of these crops. The authors would anticipate, however, that irriga-
tion rates in excess of some undefined, but critical level would ultimately
lead to a breakdown in renovation efficiencies.
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TABLE 13. RENOVATION EFFICIENCIES, PERCENT, FOR VARIOUS CHEMICAL
ELEMENTS APPLIED TO CROPS OF SITE A%*
1974 - 1977
Reed Canarygrass Plot

East South West
Chemical Element - Percent =
Manganese 144 92.3 92.7
Potassium 55.3 62.9 74.0
Nitrogen 51.8 42.8 54.7
Zinc 29.7 28.7 32.9
Magnesium 18.0 17.6 24.2
Phosphorus 15.3 17.4 18.0
Lead 14.1 10.0 10.7
Iron 8.97 8.38 10.1
Calcium 8.09 6.28 7.98
Copper 6.60 4,19 5.80
Sodium 0.29 0.23 0.39

*Irrigation rates: East 1 inch per week, 1974-1976

4 inches per week, 1977
South 2 inches per week, 1974-1977
West 3 inches per week, 1974-1977
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TABLE 14. RENOVATION EFFICIENCIES, PERCENT, FOR VARIOUS CHEMICAL
ELEMENTS APPLIED TO FOUR DIFFERENT CROPS OF SITE B
1974 - 1977

Timothy- Reed Smooth

alfalfa canarygrass Timothy brome
Chemical Element - Percent -
Manganese 89.5 60.6 37.4 47.6
Potassium 82.2 95.2 72.0 62.1
Nitrogen 53.8 82,7 41.5 42.4
Zinc 26.0 30.5 22,0 13.7
Magnesium 16.7 21.7 10.6 8.07
Phosphorus 12,5 22.6 10.0 10.4
Cadmium 10.8 20.2 9.67 7.95
Lead 10.2 15.4 9.73 7.24
Iron 5.84 17.1 5.23 4,27
Calcium 7.97 19.6 7.48 6.08
Copper 5.74 3.84 2.99 2.95
Sodium 0.48 1.10 0.22 0.09
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SECTION 9

GROUNDWATER HYDROLOGY AND THE IMPACT OF SPRAY-IRRIGATION

HYDROGEOLOGIC STUDIES

The geohydrography of Cape Cod (Figure 13) has been reviewed in reports
by Oldale [9]; Mather et al. [10]; Mather et al. [11]; Strahler [5, 6]; and
Palmer [25]. From these sources it can be inferred that the hydrogeology of
the area can be considered a single, homogeneous, anisotropic aquifer with
maximum hydraulic conductivity (HC) in the north-south direction roughly
parallel to the direction of deposition of the outwash sands and gravels.

The east-west HC is considerably smaller in a direction which is roughly per-
pendicular to that of glacial deposition. The water table map for the Fal-
mouth area shown in Figure 14 and the saturation thickness map shown in
Figure 15 have been used to prepare replicate estimates of the hydraulic con-
ductivities in each of the above directions. This analysis provided a range
of north-south HC values of 42.7-50.9 m (140~167 ft) per day and an east-west
range of 18.9-24.7 m (62-81 ft) per day for annual recharge rates of 5.35-

6.36 m (17.54-20.88 ft) per day.

Analyses of data from four aquifer tests, involving the array of ground-
water observation wells shown in Figure 16, yielded an estimated range of
35.7-48.2 m (117-158 ft) per day for HC and 0.13-0.26 for specific yield (SY)

defined as:

_ Volume water yielded by gravity from saturated rock 4
SY = Volume of rock source . )

The averages of four independent HC and SY measurements were 40.5 m (133 ft)
per day for HC and 0.18 for SY.

Average annual recharge was estimated by three different methods: a
Thornthwaite estimation of evapo-transpiration (ET), a flownet analysis, and
a chloride balance method. These methods yielded estimates of 53.04, 42.27,
45.21 cm (20.88, 16.64 and 17.80 in) per year respectively. Maximum and
minimum recharge rates for the irrigation plots were estimated using a
Thornthwaite calculation (assuming no ET loss from the irrigation water) and
a chloride balance method (using the maximum measured chloride concentration
in the percolate) respectively. The maximum recharge rates for 1975 were
respectively estimated to be 73%, 79% and 84% for the 2.54, 5.08, and 7.62 cn
(1, 2, and 3 in) per week plots of Site A. For 1976 the maximum recharge
rates were 68%, 75%, and 80% for the 2.54, 5.08 and 7.62 cm per week plots
respectively. The minimum recharge for the same plots, respectively, are
Placed at 32%, 49% and 34% for 1975 and 33%, 57% and 53% for 1976.

47



Qb Beach and Dune Deposits )
(Contemporaneous with Qs)
> Holocene
Qs | ¥ v w| Marsh Deposits
v
ww:: (Contemporaneous with Qb)
Y
\
Q1 Cape Cod Bay Glacial Lake
Deposits
Qbo < ,," /| Buzzards Bay Outwash Deposits
!y72/| (Contemporaneous with Qsm)
(Qsm Sandwich Moraine Deposits
(Contemporaneous with Qbo)
v vV ou :
B d
Qgm v uzzards Bay Ground Moraine ) Woodfordian > Pleistocene
w ¥ Deposits
v Vv
Qbn: \ngg Buzzards Bay Moraine Deposits
N
Qmp |.*.." /| Mashpee Pitted Plain Deposits
Nantucket Sound Ice-Contact
Deposits

Cape Cod Wastewater Renovation

Experiment Site

"-in.-. Bedrock Elevation Contour

(Contour Interval = 25 m)

Figure 13. Legend

48



41°45' -
LS AN TSN I A,
g R T L e
CAPE COD ZANAL YN Sa Sl
- X 3 v Y AL [}
R S, . S e ass,
o -1 " . . .....
" S A0 ; . % -
o / V \\ / . '
§ & & X .
| TN ' "
i?h Vi \.‘ VY “ "
- t,‘, s, e .
? vt o
A‘ 1y '

41°40'

‘

alo3s' - \\ il .' . :
', . ) ?/ NANTUCKET
. /i SOUND
.‘\\\ . = l‘ 7 lSOm
. I0OOm 125m
Ay ‘wyr
\ \\\\\\ VINEYARD SOUND
100m
e 70 : 40 7oi 35’ 70°Lso‘ 70° 25'
N o 4 , 8 .12 16 thousand ft
Q] e E R e "“

Figure 13.

Geology
(Legend

of the Falmouth Area of Cape Cod, Massachusetts.

continued.)

49



4|45

& L 8 :
~ CAPE COD CANAL PRAE it e

L aE) P Bz En b
[y
~

41°40' ‘ J "\
BUZZARDS A

BAY =

LI |

\BESE S § 5 F R

T

4°35'p

NANTUCKET
SOUND

30

—— Groundwater elevation confour
(contour Interval=5 feet)
v Experiment site at Otis AFB
® Pumping centers at Otis AFB
© Long Pond pumping station

VINEYARD SOUND

41° 30 P U TRTTINE 7 TPy PRI e
70°40' 70° 38’ 70° 30' 70° 25'
N 0 4 8 12 16 fhousand ft
L H:i-i"—_H::H"—", ¥ - 3
122 C | 2 3 4 kiomaters 5
ot Se———]

Figure 1l4. Watertable map for Falmouth area, Cape Cod, Massachuseits November, 1975.

50



4|°45' —_ - =7 T \kﬂ
@ CAPE COD TANAL CAPE COD BAY
= 170’
% 190’
'_' 210'
0
- 12
i ' 230
i 270
41°40' | . 300, 1
[BUZZARDS . B 150’
" BAy ®
X R
[ 20
- 6 3
| ) "
: | ;.'v
[ o0 )
i 190
4i° 35
3 210 ) / ” {4
W, { e, NANTUCKET
: /I / SOUND
& 230 '
i ,"‘5“1 :‘ A
L, 250 W ,
270 @B Otis B-Well
~ ' O®R Retrieval well
290 @3 Falmouth well no. 3
VINEYARD SOUND ®6 Faimouth well na 6-74
; =" Saturated thickness contour
' 10 20 (contour interval=20 ft)
4l°30‘ L " v R Oy W ¢ LAJ;LL_«‘,LL £ o S ds i e g 3 _ 5 4 L
70°40' 70° 38’ 70° 30 70° 25'
N O 4 8 12 16 thousand ft
L ot ot —
i3° \ c | 2 3 4 kilometers .
- ————]
Figure 15. Saturated thickness map.

51



4]

SAND FILTER BED AREA
OTIS AIR FORCE BASE,
MASSACHUSETTS

Figure 16. Map showing the location of the observation wells and discharge point with respect to the
Retrieval Well, Otis AFB, Cape Cod, Massachusetts.




A digital model was proposed and was used to simulate a steady state
watertable configuration based on existing conditions. This was
obtained for a homogeneous, anisotropic aquifer with an east-west HC = 26.2 m
(86 ft) per day and north-south HC = 38.1 m (125 ft) per day and with a re-
charge rate of 53.04 cm (20.88 in) per year. Thus far, no attempt has been
made to model any other recharge rates. Recharge for spetic tanks in the
Falmouth area was estimated from other reports [26] to be .089 cm (.035 in)
per day. Pumping at Long Pond, the source of most of the municipal fresh-
water for Falmouth, was set at 10,370 m3 (366,000 ft3) per day. Pumping at
Otis AFB was estimated to be 2082 m” (73,530 ft3) per day and was distributed
evenly over its two pumping centers and recharged evenly over the area of the
sand filter beds, since the prepared irrigation plan called for a 5.08 cm
(2 in) per week irrigation schedule, recharge rates of 49%, 697 and 79% of
the total applied water (irrigation and precipitation) were simulated.

The results of those simulations were that regardless of whether ocean
outfall or spray-irrigation are used as the wastewater management method, the
effect of sewering will be the same within the sewered areas, i.e., up to
39.62 em (1.3 ft) of groundwater level decline will result. Ocean outfall
will have the effect of dropping the water level of Long Pond by 15.2 cm
(0.5 ft) and spray-irrigation may reduce this drop to only 9.14 cm (0.3 ft).
These effects will be greater during the summer months when pumping is
greater and there is a net loss of water from the aquifer by ET. To evaluate
the effects during the summer months a non-steady-state model would be re-

quired.

Areas around the Otis irrigation site that are not far above the present

seasonably high water table may be affected by rising water levels resulting
from increased recharge; up to 1.68 m (5.5 ft). 1In particular, areas on the

west side of Ashumet Pond may be affected.

The model compiled has limitations. It needs further refinement of
hydraulic conductivity values. It was modeled upon only one recharge value,
and it is a steady-state model. Furthermore, it does not take into account
the effects from large ponds on the water table configuration. Streams can
also have a controlling influence on thewater table configuration, for stream
flows may increase in response to increased recharge rather than waterlevels
within a particular area. Better estimates of all parameters (recharge,
specific yield, hydraulic conductivity, etc.) are also needed for formulation
of an improved model along with validation studies involving more waterlevel

measurements over a much longer period of time.

In spite of all of these short-comings the model presented should repre-
sent at least a first and best presently available approximation of the po-
tential affects from a full scale wastewater-irrigation facility at Otis for

the town of Falmouth.

GROUNDWATER QUALITY CHANGES

Groundwater samples have been routinely collected from wells located im-
mediately down gradient from each Site A plot and also from upstream control
sources. All wells were assembled with 1.82 m (6 ft) well points which
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intersect the top several feet of the aquifer where the greatest groundwater
attenuation was anticipated.

Numerous cations and anions have been observed to occur at increased
concentrations with time, but the abundance has not as yet exceeded either
EPA or U.S. Public Health Service standards for potable waters. At the same
time, however, this subject cannot be lightly dismissed since certain of the
ions examined are continuing to appear at accelerated concentrations in the
groundwater. The following paragraphs describe groundwater characteristics
after the four years of wastewater irrigation.

Time related changes for chloride, nitrate, sodium, potassium and boron
from beneath Site A plots prior to and after four years of irrigation are
shown in Figures 17 through 21. These data have been expressed as three
point running averages to help overcome background noise. Also we have
purposely omitted data relating to the intermediate rates of irrigation,

[ south plot, irrigation 5.08 cm (2 in) per week ], since these data consis-
tently took an inbetween, but often overlapping position between results re-
corded for the minimum and maximum rates of irrigation.

Since chloride is one of the least likely ions to be intercepted by
crops or soil, its increase in groundwater can provide a useful measure of
the recharge time for irrigation water. At Otis the arrival of chloride in
the wells followed an S-shaped curve and a mean arrival time has been defined
as the interval between the start of irrigation and the arrival of one-half
of initial plateau concentration. Using this technique, the fastest rate of
irrigation corresponded to a recharge time of about 200 days or a descent of
7.6 cm (3in) per day (Figure 17). Greater uncertainty is associated with the
lesser rates of irrigation, but the data clearly suggest an arrival time in
excess of 200 days. Information on recharge indicates a time requirement
which is strongly influenced by the total hydraulic loading applied at the
surface.

Starting about mid 1976 a second pulse of chloride arrival began to
appear under the west plot and a maximum concentration of 40 ppm was reached
during the first half of 1977. The very moderate increase in chloride asso-

ciated with the east plot is probably an independent effect since the irriga-
tion rate at this location was increased from 2.54 to 10.16 cm (1 to 4 in)
per week during 1977. However, the reason for the secondary chloride pulse
under the west plot cannot be satisfactorily explained at this time.

Data describing the appearance of nitrate-nitrogen in the groundwater
under Site A are shown in Figure 18, Again the mid-point of the initial
pulse under the west plot correspond to an arrival time of about 200 days.
However, early in 1975 a marked decrease in nitrate concentration commenced
and persisted well into 1976. During the latter half of 1976 and throughout
1977 the nitrate changes stabilized at 1.0 and 0.30 ppm respectively for the
west and east plot groundwaters. There is reason to believe that the abrupt
decrease in nitrate in 1975 corresponded to an increase in crop biomass and
a more efficlent nitrate uptake provided by a fully established root system.

Figure 19 shows comparable groundwater results for sodium and provides
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and east (solid dots) subplots.
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unmistakable evidence of a continuing increase in concentration (up to 27
ppm) and the prolonged period required for a steady state development. In
view of recent adverse disclosures concerning the effects of sodium on
hypertensive individuals, the incompleteness of the sodium record will
remain a matter of concern unless follow-up analyses are completed. 1In
Massachusetts the drinking water recommendation for sodium is under 20 ppm,
which is significantly less than the current sodium content of the
groundwater beneath the agricultural crops.

The time related changes for potassium as shown in Figure 20 also de-
scribe an initial arrival time of about 200 days. As was the case with
chloride and nitrate, the maximum observed concentrations of potassium
occurred during the first half of 1975. Late potassium changes during 1977
which demonstrated an accelerated increase in abundance are difficult to
interpret in view of a simultaneous and inexplicable increase in the potas-
sium content of the upstream control well. This is the only instance where-
in such broad fluctuations were encountered in the control situation.

Groundwater changes in boron with time underneath Site A are shown in
Figure 21. Among the elements examined boron demonstrated the longest
groundwater arrival time; in excess of 500 days. Also, the pattern of boron
enrichment was characterized by prominent pulses which appeared in mid 1976
and again in 1977.

The investigators had hoped to make mass balance analyses, describing
the partitioning of some 15 critical chemical elements into crops, soil
water, and groundwater, an integral part of these studies. However, the
unexpected delay encountered with respect to steady-state arrivals in the
groundwater presently preclude this possibility pending the appearance of
constant concentrations of sodium, potassium, boron and chloride.

Distinct from the above, the Otis data also identify a second group of
ions which includes phosphate, nitrate, magnesium and calcium that display
groundwater concentrations which appear to have stabilized within the past
year. Providing the behavior of these elements can be compared with the
equilibrium behavior of more conservative ions, such as chloride, their
potential as tracer ions can be more fully exploited. Ultimately, this
should provide a much better understanding of the physical and biological
phenomenon which regulate the movement and quality of the groundwater of the
southern Cape Cod aquifer [27, 28].
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SECTION 10

CHLORINATION OF AGRICULTURAL SYSTEMS IRRIGATED
WITH DOMESTIC WASTEWATER

Spray irrigation of agricultural crops with partially treated wastewater
is already a popular means of extending water renovation and improving its
conservation. However, as with all waste disposal techniques, acceptance of
this form of recycling requires pathogen elimination as well as an avoidance
of other adverse environmental consequences.

Unfortunately, conventional wastewater treatments do not guarantée path~
ogen-free effluents unless their end products are subjected to terminal dis-
infection. 1In this country, chemical disinfection of wastewaters used for
irrigation is generally achieved by chlorination, especially if crops intend-
ed for human consumption are involved. In the absence of chlorinationm,
disease entities can be transmitted from incompletely disinfected irrigation

waters by way of the following:

1. 1Inhalation of aerosols carrying pathogenic bacteria or viruses,

2. Consumption of contaminated food crops,
3. Ingestion of drinking water containing pathogenic organisms.

While terminal disinfection would appear mandatory for safe spray irri-
gation, chlorine usage can also lead to undesirable environmental effects.
Chlorine residuals as low as 0.20 mg per 1 or less have been shown to be dis-
ruptive to many aquatic plants and animals. Also, free chlorine can seriously
inhibit photosynthesis in higher agricultural crops. Even more disconcerting
is the increasing number of references in the environmental literature which
warn of biological hazards from persistent chloro-organic compounds in nature.
Clearly, there is a need for improved criteria to restrain an overzealous use
of chlorine for disinfecting purposes. Ultimately, it may even become de-
sireable to assign optimal chlorine dosages which take into account the pecu-
liarities of individual chlorination facilities.

During the past year, the authors have investigated the effects of
chlorine on the inactivation of MS-2 bacterilophage at the spray-irrigation
and agricultural facility located at Otis Air Force Base, Massachusetts.

In this case, secondary effluent is lagooned for two to three weeks and then
disinfected with liquid chlorine immediately before application to a series

of experimental agricultural plots. A (10.2 cm) polyethylene force main
415 m (1360 ft) long, serves as an experimental contact chamber for chlorina-
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tion and provides a controllable retention time (12 min. at a normal pumping
rate of 265 1 (70 gals) per minute). Initially, the chlorine dosage applied
was fixed at 10 mg per 1; but since 1976, after evaluating preliminary test
results, a more flexible chlorination program was adopted whereby chlorine
dosage is varied. Usually residual chlorine (free available chlorine) is
maintained within the range of 1 to 2 mg per 1.

The experimental studies of the authorswith chlorine have emphasized viral
rather than bacterial survival since the former typically display more resis-
tance to chlorine. The virus of the bacterial species, Escherichia coli
P4 X 6, known as MS-2, has become the test organism of choice. This virus
has similar size and structure to Poliovirus 1 and is considered equally or
more resistant to chlorine than most enteric viruses. The experience of the
authors has verified that bacteriophage MS-2 is indeed more resistant to
chlorine than is the coliform group of bacteria.

To assess the disinfection potential of chlorine at the Otis spray-irri-
gation facility, nine survival studies were conducted with MS-2 coliphage.
In a typical_experiment, a known concentration of coliphage in the density
range 1 x 1010 to 1 x 1011 Plaque Forming Units (PFU) per ml was introduced
continuously into the origin of the force main with a peristaltic pump. The
static concentration of phage in the force main after its complete dispersal
and dilution with lagoon effluent was typically reduced to 1 x 107 to 1 x 10
PFU/ml. Before initiating chlorination, a sufficient number of samples was
taken over a 40-minute period to accurately establish the control MS-2 den-
sity in the absence of added chlorine. Subsequently, known and increasing
increments of chlorine were applied, each for a 40-minute period, for ulti-
mate comparison of MS-2 levels with the non-chlorinated control. At each
chlorine concentration, four samples were taken at l0-minute intervals and
immediately dechlorinated with sodium thiosulfate and preserved with chloro-
form. Finally, each sample was quantitatively assayed in the laboratory for
MS-2 using the agar overlay method described by Adams [29]. To help clarify
the experimental format, the record from a typical survival study is shown in
Figure 22. Seasonal repetition of such observations along with other appro-
priate water analyses has enabled the authors to intercompare antiviral
chlorine effectiveness with irrigation water parameters such as temperature,
pH and ammonia content.

Free residual chlorine was measured colorimetrically by the DPD method,
which uses the indicator solution diethyl-p-phenylene diamine. Either a pH
meter or colorimeter was used to determine pH. Ammonia-nitrogen was deter-
mined, following Millipore filtration (0.45 um porosity) of the primary
water sample by the alkaline phenolhypochlorite method.

Reductions in MS-2 density on nine different occasions following timed
exposures to experimentally added chlorine are shown in Figure 23. For each
experiment the logyy of the surviving coliphage is plotted against the appro-
priate amount of experimentally added chlorine. The relative steepness of
the negative slopes describes coliphage inactivation and provides an assess-
ment of the relative effectiveness of chlorination on each of the indicated

dates.
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Figure 22, Typical experimental format for studying coliphage, MS-2, survival in
response to controlled chlorine concentrations and contact times at Otis

Air Force Base.
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The amounts of chlorine dosage necessary to inactivate a majority of the
MS-2 particles varied from 2 to 3 mg per 1 in November 1975 to 25 mg per 1 in
February, 1976. Generally, the chlorine requirement for a comparable amount
of disinfection was higher during winter than summer and maintenance of 1.0
to 2.0 mg per 1 free available chlorine residual in the effluent insured ade-
quate disinfection. However, closer examination reveals that such high chlo-
rine concentrations are not always required and may represent over-dosage.

Because each coliphage measurement shown in Figure 23 corresponds to a
uniform contact period of 12 minutes, the slopes of the individual lines also
correspond to the time rates of change for coliphage inactivation. The
authors have expressed these data in terms of a chlorination index defined as
the concentration of chlorine (mg per 1) necessary to accomplish a 90 percent
inactivation of the initially provided MS-2 concentration after 12 minutes
contact. This index is inversely related to the effectiveness of chlorina-
tion since small chlorination indices correspond to relatively high chlorine
efficiencies. The relations shown in Figure 24 record chlorination indices
ranging from 0.4 mg per 1 chlorine (November 10, 1975) to 17.8 mg per 1 chlo-
rine (February 27, 1976).

Seasonal changes in the environmental variables, temperature, pH and
ammonia-nitrogen are linearly plotted in Figure 24 along with the nine chlo-
rination indices derived from Figure 23. The pH varied from 6.5 to 9.6.
Hence, as described by White [30, 31], most of the chlorine should have
occurred as HOC1l at the lower pH value but as OCl™ at the higher value.
However, the relations shown in Figure 24 indicate that these pH changes per
ge do not have an overriding effect on chlorination efficiency although
chemical theory predicts a significant role for this variable. Conversely,
seasonal changes in ammonia do appear to impart significant variations on
the chlorination index, with low indices corresponding to low ammonia concen-
trations and vice versa. As expected, temperature shows an inverse relation
to the chlorination index since high temperatures play a dual role by enhanc-
ing both ammonia removal via oxidative nitrification and the disinfection
process.

A large number of plausible mathematical relations were examined to
evaluate the influence of variations in pH, temperature, and ammonia-nitrogen
on the effectiveness of chlorination. Each of the empirical expressions was
computer-tested for statistical significance by means of the multiple re-
gression analysis available in the Statistical Package for Social Sciences
(SPSS). The overall test for statistical goodness of fit in the SPSS pro-
gram involves the calculation of an F-ratio which is distributed approxi-
mately as the F-distribution. 1In thiscase, an examined relationship becomes
statistically significant to the .00l level only when the F-ratio is greater
than or equal to the critical F of 29.00.

The above analysis has enabled the authors to identify the following
emperical expressions 5 and 6 which have proven useful for evaluating the re-
lative influence of pH, temperature, and ammonia-nitrogen on the variation of
the chlorination index (Ic):
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T
PH - 7 (5)
and +

pH + ——— (6)

where temperature is in °C and ammonia-N in mg/l. The chlorination index,
when plotted against these parameters, describes the two exponential relations
shown in Figure 25a and 25¢. For a statistical analysis of each of the above,
a simple least squares bivariate regression was performed which provided the
linearized relations shown in Figure 25b and 25d defined as:

I =K, +K {e[pH_(ﬂ/4)]} and
e 1 2
F-ratio = 78.6 + (7)
I =K, + K {[PHFH, N/ ],
c 1 2
F-ratio = 58.6 (8)

where K. and K, represent the intercepts and slopes respectively for eaéh of
the above expréssions.

The F-ratio in both cases is much greater than the critical F of 29.00
discussed above, thus indicating an extremely good fit between the experimen-
tal observations and empirical relations proposed. An important implication
of this analysis is that pH modification by either temperature or ammonia ex-
erts a comparable influence on chlorination thereby suggesting that tempera-
ture and ammonia may also be interdependent. Verification of this concept is
provided by a general acceptance that the oxidative conversion of ammonia to
nitrite and nitrate via bacteria nitrification is indeed temperature dependent
and proceeds most rapidly during the summer months. The above relations pro-
vide useful terms of reference for predicting chlorination indices at Otis
when pH, temperature and ammonia content of the lagoon water are known. Pre-
sumably a more stringent use of these parameters to describe safer chlorine
dosages can be obtained by redefining the chlorination index in terms of 99
rather than 90 percent removal of the test MS-2 concentration.

These chlorination studies have underlined the complexity of chlorine
disinfection especially when overchlorination of secondary wastewater efflu-
ents is a matter of concern. Optimal chlorine dosage implies a studious
avoidance of overchlorination as well as successful control of pathogenic
agents. This definition is especially valid for spray-irrigation systems
wherein chlorine-sensitive agricultural crops intended for consumption by
animals along with soils and groundwaters are exposed to chlorinated waste-

water effluents.

In the experience of the authors, sole reliance on a particular free-
available chlorine residual to dictate chlorine dosage will not always guaran-
tee a pathogen-free effluent. Also, such a practice can at times result in
excessive overchlorination involving unnecessary cost and greater environmen-
tal hazard. Avoidance of this possibility emphasizes the need for vigilant
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monitoring and assessment of additional water parameters besides free-avail-
able chlorine.

These experiments again demonstrate that pH, temperature and ammonia-
nitrogen play an important role among the factors which control the effective-
ness of chlorination. How these same parameters affect the general environ-
mental toxicity of chlorine is, however, less certain. The inverse influence
of temperature as opposed to ammonia is clearly discernible in the data pre-
sented. The authors attributed this difference to the accelerated rates of
biological ammonia oxidation which lead to ammonia removal during the warmer
months of the year., Thus, both temperature and ammonia-nitrogen appear to
exert comparatively long-term but opposite influences on chlorination. Also,
variations in pH, which can occur within a much shorter time frame by rela-
tively rapid fluctuations in algal photosynthesis or by inputs of industrial
waste, can also have a profound influence.

Regression analysis has been used to isolate empirical parameters which
incorporate both long- and short-term variables as a means of predicting
chlorination efficiency. The results of these calculations are encouraging
and demonstrate a high degree of statistical significance. Future studies
are contemplated to measure the effect of different chlorine contact times
on the disinfection index of the authors. Also, for those involved in waste-
water irrigation, more and better information on the uptake and tolerance
characteristics of agricultural crops exposed to known chlorine residuals is
needed.
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DATA APPENDIX

The principle field sampling effort has focussed on the time-related
changes affecting the chemical composition of surface and subsurface waters,
hay, turf, and soils. All water samples are collected in 2-liter polyethy-
lene bottles, 200 ml aliquots being filtered (0.40 um porosity) in the field
through a vacuum assisted membrane filter unit. Filtered samples are refri-
gerated and within 24 hrs analyzed for the crop nutrients phosphate, ammonia,
nitrite and nitrate.

Well water samples are obtained with a vacuum pressure apparatus‘modi—
fied from the design of Wood (1967) for deep lysimeter sampling. With this
equipment, samples of groundwater from depths greater than 25 ft below the
surface are possible.

Lysimeters are used to collect interstitial soil water by applying vacuum
to permeable ceramic cups (pore size ca 1.0 uym) buried below ground level.
During dry periods, particularly in the non-irrigated control plots it was
not always possible to accumulate an adequate volume of sample water on a
routine basis.

Mature crops were cut, field dried, baled, and weighed according to ac-
cepted agricultural practice. During sample processing desiccated hay samples
were macerated in a blender and stored pending chemical analysis for carbon,
hydrogen, nitrogen and phosphorus content along with a variety of selected
anions and cations. Soil samples were removed via a horizontal core taken
from trench side walls exposed manually by shoveling or backhoe assistance.

Early water sampling was conducted on a biomonthly basis, but in 1977
and 1978 the sampling frequency was reduced to one complete sampling each
month. Hay sampling was timed to coincide with crop maturation which led to
three samplings per summer except for 1977 when only two hay crops were har-
vested. To date there have been a total of 10 hay crops which have been cut,
dried, and removed from the agricultural sites. Only nine of these have been
subjected to complete chemical analyses. Turf and soil samples were collected
on an annual basis in the fall of the year after the growing season was com-
plete, Identifications of the analytical techniques employed appears in Sec-
tion 5.

Since irrigation was initiated, in the summer of 1974, a continuous log
has been kept which records the amounts of wastewater irrigation applied to
each of the agricultural subplots of Sites A and B. Unpredictable interrup-
tions caused by equipment failures, weather extremes, or harvesting opera-
tions ensure that planned irrigation rates are rarely achieved and inevitably
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total less than the planned application totals. In a similar vein, differen-
tiation must be made between total wastewater applied to crops and the total
hydraulic load since the latter term includes the total amount of prec1p1ta—
tion contributed by rainfall.

The time-related, accumulated, amounts of secondary effluent applied to
the east, south and west subplots of Site A between July, 1974 and August,
1977 are shown in Figure 8, Section 8. The respective totals amount to 40,
49 and 62 million kgs per hectare (.109, .133, and .168 million tons per
acre). The total hydraulic loadings (irrigation plus rainfall) for the same
subplots during this period are shown in Figure 9, Section 8, and respectively
amounted to 76, 85 and 109 million kgs per hectare (.207, .232 and .297 mil-
lion tons per acre). These data demonstrate that, on Cape Cod, rainfall pro-
vides a significant fraction of the total amount of water applied, given ir-
rigation rates ranging from one to four inches per week. Percentage-wise the
fractional rainfall contribution amounted to 30-50 percent of the total hy-
draulic loading.
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TABLE A-1I OTIS TREATMENT PLANT, SECONDARY EFFLUENT
X X/ % A NIRRTV TR »
S 8 s ) 8§ 6 T ) ) 8 8 S e
Y Y
9 & 0 '<y N )& 6 %/ 'é/
ANALYSIS cv‘\"‘\‘?h(\/b\uh°\'v\°"’)\<\3"\l\>4a‘1'f\’7ﬁf\\f‘\/w@°>/éyb&
- oH 7.3 |74 (73172737272 ]|70]¢.% 6.817.417¢16.¢|{ 4.8 1¢.918 98|21 75 |23 7ulret]eT]4.8
NDUCTANCE
Mho/cm 2921424 422 4371362 {373
INORG. NITROGEN
pox !
NOz— +NOy-N £1413.¢/| 299| 3.25{3.98 | 7417 |11.80) 1708|7605 S 2 1d 20 3431128211072 10,.70113,72 | 16-10] 1476 414} 4.3313.29 ) 3.9 6. 18112,
NO,-N ] 2 i85 eis) a9 .23 - 28] 28] .46 .S2} . ¢ +53 241 .07| .05 .09 .12 /7 30
NH =N [4.2111.3174.0 1151\ 1. 7| 9.28| S.0¥| ¥72)|5727| 443 9.39)|2.021 /. L¥#12421).4812.18|3. 57| 2.¢517.42] 11. 5| 1550 \18. 1 {16 5| 796 |7 35
POy -P 593155417321 6.8417.7517.41 | 7. 111 7.0 115781 1640 16.2018.21 1598 S71704.c8| 735|73518.11 | 770|232V 7.92 | 7. 27\ /54 | £.42] /6.7
CATIONS,ppm
CALCIUM 15°1717.3616-£6] 6.72) 7.13| .72 70| 792 79| £:42) 85| 9.80] £71| £42]| 510|518 7 0 | FIE|S Y| S 81| s B3| €48 | ysald 75
MAGNESIUM 3.8713.7513.72{3.8113.90| 3.90)3.95 |14.15 3.4813.7/|37¢ 4.00[3.50|3.#2|3.80|3.75)3.98|3.33 |3.45|3.4 |3.40 |27/ [2.71
MANCANESE 20 gl/e] 8] ¢ |l/8|a¢]|ey 332|695 |21 |i5|s8]|2]s8]2«
POTASSIUM 23 |/0.1(23[28 110|924 |/0/] ¢ 8578187 (7317272718588 |9.219887 |2.5{/0.7|m0.8|9.4 |r0.9
SODIUM 2.9 146.8 1480 |4.7147.4] 4/ 214/.2 1352 37,6 |30.4 132.8)|37.8126.4)|30.4 |74.9|36.2139 ¢ |38.0 |32.413¢.8137.2 |40.8| 385|379
CATIONS,ppb
CADMIUM [‘Q -05|.05|-55 l.o5 |.05|.05|/¢5 L16}.10|.05|-10 |.05]-05 .05 |05 |05 |05
CHROMIUM 0 l10lrolso|iolio|so].05| /0] 70 /o0l/o0 | r0| so| /0 | r0fjr0|s0
COPPER /8 S5 |So |42 |30 |ys| oG |02 « |Fo |53 |éo 4|35 |42 92155 |v9|79
IRON Jo 132 107|100 115110 |74 275 /5o |205|250) 205|700 | 50| 200] 100]| 275
LEAD 7.6 34 231.2).21.2).2)V.2|.21.2 |-2}+4)-2123]l.2].2].2
ZINC
Boren _ppm
ANIONS ppm
CHLORIDE -C1 29.0|1274(27.7 136.9 [24.5 (24 4] 257112573 | 24.9 130.5 | 24.9|23.4 (24, /1 |23.6 | 24.7 27./1297129.0|27/ [35.8 3.5 (374 |238{2¢.5
SULFATE-SO4

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)
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TABLE A-1 (CONTINUED)

b, by 8 b N
o~ 0/ &/ oo N NN
l&(\ (\6&‘;\{)(\‘7&3 ﬁ;\lg\’@(\f\\ﬂ’\\p@&‘,\\o& (\‘\(l\\&&
& & &7 N K/ ‘b,@v\éé& & &/ i ’Yé”%’wu
ANALYSIS v w8 of N L) ) w) VAR A A o N/Q N
pH 6£ |66]66)|célgo|62]16.0]176162|6F170|24 6865167 logloe |62 16823 orl72]7.2]7/ |70
Cwojen - 1386|330 1300 [744]324| 332326300 [ 289|250 | 394 525 | 4 [341 | 298 303 Loy 1332 | 200 | 340 |34/ [#00]356 |#4/ | 300
INORG.";J;;ROGEN
NO:” tNOsN W5 86816 |157219.87 |25\ 105212 sz 7/ | 128 |1/3 |96 (2381892 |4.38] 1199 |12t Lipys 1903 Logs| 953|173 |2.20 298| 2.42] 792
-NO,-N 308 |- #20|./4/ |.225|./37 | .09P| 004 |.2/6 |. 217 |. 11/ |.24¢|.077 |.287).260|./08 |. 3g5|.227 |, 3/3 20/ Lou |.ogo|-#48 505|447
NHg-N 8. 308 /.057| 388|538 470 |. 697 | . 7/4 |3.95€)|6.43613.461|17766123.288 4 88) 245 9, 258 3221/ 49 23¢2:2 621 |5 196571277 (3.0
PO, -P BAL]2/616.76(770 {8.22] 7.57| 8 42 7.6¢ |c.40|576505. /18| /0.889.0¢ | 9.0 283175t 14,26 1698 15651439 (S8 16.67 1707 | 755 <3/
CATIONS ,ppm

CALCIUM (X 116 1107 |13 /3.6 1134 |20 |72 |c5 120 153 |60 |5.8170 l¢d |77 122 127 125 |59 |s7 137 [z 5|52 |70/

MAGNESIUM 371341331331 £4137 (36|35 132 |27 |2y |28 |2.6]27 (29 134 124 131 lz2leale3liecl/ slag s/

_ MANCANESE et} /3.3 27 145.2 lays {420 |40 |250 |yb 1223 229 |asy 8T |aal |0 |ars (g l1yg |81 |18 8.2 11351530 lv.0

Fotassim  1/0.018.8 (8.4(84 126195 (22|22 |76 8.2 0.2 p.50.1]9.8 o5 |28 l¢.5 6.9 o4 163140 |Bo |84 |55 |85

N

SODIUM 3¢.013406 36,0 |[40.0{23.5]23.0 345 |35.5|28.0]30.5] 5 5 Y25\ 480 4¢.0 144.0 1450 | 3801470 | g0\ 523 |40 |570 |55 575 648
CATIONS,ppb

CADMIUM 0 52 68 .S .56 72

CHROMIUM

COPPER X555 |35 11700361 | M3 |44 %20 o |522 1588 |10 |20 222140 137 1325190 lasglso 35~ |34 |3/ |24
‘RON 190 216 182 Ls00 | 24 lia2 | 98 |26( lass |223 |ags |23y lrof |90 |28 |98 185 L3z o |198 |4a6 | 5257|398 #23 | 270
LEAD .30 (38 195 205 104 104 L51 23 |72 |25 |2/
ZINC § |50 125135 175 |50 |So | s0 |50 |so |25 |50 |50 |52 |9 |as |as |as |25

BORoN (o) R.48 | 43 |4/ |.57 |2/ |.73 .55 62 |37 Lo |.s¢ |.e3 |2 Leg 158 Lsw oo | 03 LS5 .65 1.6/ |.551.63.60].43

ANIONS ,ppm
CHLORIDE-C )26 1262|256\ 204 |29.4|25.1|27.3|28.4126.7 | 247 | 0.2 |33 [299|319 |32/ |279 |25 ¥ |2z lap.0 la78] 294 [310]310]32.8]30.2]
surate-sos 127 | 22| /8 |97 27 125129 |28 lac (28 3¢ |3 las |22 |2y |23 |26 |0 | 16 | 6 |22 bt

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE (CONTINUED)
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TABLE A-1 (CONTINUED)
A
A ANTATAYANA YA R
TN/ &/ b/ &) 5%/,
¥ o/ N/ 9/ N/ o 0/\\/ L/ e
ANALYSIS / N/ o/ o/ SN/ / /) N/ N
pH 6717/16817211720173] 725145
RO 1314 |z83] 267 34/ 290} 312 | 447] 225
INORGP 1 TROGEN
NOz- +NO3-N §.681093Y0.08\/12.82| 742 | 47% |4.62) /82
NO,-N 64|40 .365]-350 | u5"|.a52). /a6 |- o957
NH,-N 3.68\1a57/27 /28 |£67\ 047|128 ¢ 5%
POy-P £48 | 594 1597|270 704 |\ 5951 722513.6/
CATIONS ,ppm
CALCIUM -8 1731621592 1727 1727 158 |46
MmaGNesim  R29 12/ |29 13.8 |45 140472129
MANGANESEpy 120.51 /0 | /0.4 | /.5 | /00| 6.0 /6 5| SO
poTassim  19.3 18.418.218918.6|8.1 {77163
SODIUM 38.0 |0l g5 sV a5 o0 485|515 12257
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 27 | 157173 | 7725 17 |78.5138.525.5]
1RON 270 |280 | a2¢s | 28571 2/57
LEAD
2INC
_Borop/ (eem) ) 64 | 45| 0tl.59 |. 60|57 .62 1.39
ANIONS ppm
crorioe-¢1 198 5104 1 (2351090315 | 26.0 33.7 |ad.o
SuFaTE-sos B2/ |26 124 22 |22 |3 |32 | /£

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-2

LAGOONED SECONDARY EFFLUENT

N/ X/ XSS AR »
NI NNV YR b/ b 4 .
&/ 8/5,/5/8/ 8 6)/55/ 5/ 51 85 /) V85 ) S S S G S S S
Q N3 \ ﬂéy A
anavsis 7 &/ &/ 8 S &S K T 0 ) o 8 8 X G N S) ) N R
pH g.0 7.3 I XA 8173|8487 |70 |74183]|92 |88|8c|68|l¢cs|cs|ecs5)75
O ngsem 238\ o 1| 352\ 296 | 397 | 312|351 | 293 | 295121226/ {326 |30€ | 720 V789
INORG. NITROGEN
ppm
NOz- +NO3-N <S/|.2d(-15 | 67 16.43|12.4810.6|/0.8113.2 |3.50|15:4 | 7.99]5.1513.98| 5700 | 6. 8|S 44|11 88 |3.58 | 7./5 |8.30 |wos| 96/ | 209 | 4.19 | 956
NO,~N Y AWC AL .3/ 22 |.t5|.0€l.08).09 |- 10 |-27{.199 |./33|./93 .92 | .060 |.1757).023| 0oy |. /5%
NHy~N 05]-0/|-/131245|-94|1.8912.15|.05|2.9812./0|5.96|6. 24|14 5\/0.1 | 2-04| 454|133 |.8¢) |.0éc |.396 | .otz .ora |.576 | .22 | or0 fz260
POL-P <17 |04 /9] 1.4¥|8.3718.52] 6.085 83]4.L4]6.72|4 48| 853 711 17.351¢.3218.02|17.8]7.87 [4./s [c.48| 58/ | 608 783|743 | 747 | 770
CATIONS ,ppm
CALCIUM “4¢6 |57 15.7(5.415°¢ |5.8ls°6 154|484 814.€ (5.1 (46|47 14l aclnzlrmalpalimolrzilinoelzse
MAGNESHIM 390|3.97 ¢/.03| 3.70|3.4|3.50]3,53 |3.90 13.15 13.45|3.88]|3.7/0 |2. 8[| 2.80| 25| 20|23 |3.3 |2 8|0/ |29 ]2/ |34
MANGANESE ) 81311 jasiasiag jas (26 | s lr3 | 2571103 109 1 /4 165 (204125 239 Wao
POTASSIUM 3817274727290 (7279|186 95|7¢ (9.7 |97 |95 |75 |83 |83 |84|73]|9/ |88|23 |g.0
SODIUM 17.9129-9|130.5|28.0 {203 34.31|37.2137.2 (316 137.2 13¢.2|34.2 (380 {¥0./ ({380 | 535 | 250 |38.0| 28 .5|32.0 | 32,0 |35.0 [70.5
CATIONS,ppb
CADMIUM
CHROMIUM I
COPPER §2 |67 | 63(61 |97 |75 |95 |72 | 8T |96 |93 32 1/ 132 172 V9 las |4y jao |so
IRON 2i0| Foléolr24{s00|2/0 [ 120 (360 (100 |270 |2/0 4 1,7 lar lag |3y las {4g |38
LEAD
ZINC 25 1as |as |as |as” | so | 757 | sO 00
BoroN ppm S 143 .99 |32 1.8 |6 .57 .70 .62,
ANIONS ppm
CHLORIE-C!  N//. 3|12 |1/-8|17.4|23.9 254 |22.7 22.9 [27.0128.5°| 29.5| 264 |29.3 |29 4 | 265 | 28.5 |28 4[29.9 |155 |27/ |32.6 |23.3{27.6 | 266|252/ 28.4
SULFATE-S0, 6 |24 |22 /7 122
TEMP. °C 15.0020.5 40|50 |28 |45.5(22.-0| /2L |a/9 |43.0|/90 } /20150650 /40 6.0

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)




6L

TABLE A-2 (CONTINUED)

A YA Y TR

& A o/ @ & " . ‘(\\ & N8 (i\ ({\ ay A NI 7

é\o’é{%&ﬁ 6(\/;&474:\“ / §o\ &{/& @%ﬁé\"\f\/@/\y
ANALYSIS / S/ v X/ N/ Y Y § & ¥ & AR VAR 720 7N VAN
COND;';"NCE 737 |77 |83178 |26 |72/ 1¢8lz 8122 19.7 1/0.3165 9.7 | 00} 7./51/02| 27 183|672 |237|2.#¢.8 | 75| 74

puho/em  )232 1703 |257 |32/ |32213%5 1348 | 40 294 23913.&5_ 237 \a20 | /87 |2 728420 | 344 | 29571 2751 397|370 | 2957|352 | 2957 .51
INORG_ NITROGEN
Y Laal

NO:_ *NOs N W 1253 |16 (152 | z02]5:6/ |9.97 0,987l 02 |4 % |vaS V3L |16 |0 2.7/ V4K 505|506 | S |7/7 (223 786 |4.23| 54210357

NO,-N SIS\ oAt o \134)207 | 227 ). 248 194 1,208 |13 \ss Lytol L003]|.069) 903 SC 134 | 43] /3107 |20 107 |28 |07 .0/

NH4~N 2.22/ VZM7\B.587|/.501 143/ |3.5%. 30/ 1379 679 Lsoo LoB Lot Loove 1720 .0/ 127832 ).37 1.0/ | .05].32 97 1.0714.& 42? W%

PO, -P 7.5 16,40 6.6417./12 w268 ZY Fﬂ-"‘ SosadelaR /e 71377 s503\4co0)cF | 72 3.98| S07\ 50/ |6.98 | 624 s 9/l £ 0] .67
CATIONS,ppm.

CALCIUM 78175153 153159 5@ 163 6.7 |5/ 169 |42 19/ lay |5y (39 20182 |2¢]|25(93 0658087 (58 /%
MAGNESUIM 135 [zol2d |231aY (26 |26 127 2.8 |30 |2t laslre 1r6 |43 142027149 122133 38le/14/ 13540 |05
MANGANESE ol 390 lano 1,27 Lo 150 Iriso 120 193 115 1oy 1o.e lo.c 1o #.519.4)1/43120130 /0 |75 |20 |20 laslas| 6.0
povasswm 182 17.3 190 |9/ |93 103 19/ |we |27 |6.9172¢ lee |43 |33 5./ [73]8/1[77|95(9/]|29 18728 29|29 ]~/

SODIUM F2.5|32-2|35.5 (325 |9r.5" |¥8.5 V990 Vstt.0 |42 1 0.0 A 727N AR /1S 32.5|57/5153.0|588|42.0| #io | 250| sz.0 52.0 |42 47| 4.57]132.5
CATIONS,ppb

CADMIUM

CHROMIUM

COPPER  Nys~ |¢2 139 |33 |as [a3 1/7 o/ |2 18 (¢ |8 as” | 39|38 | /7 | /7 |m5| 90 [300[3.0 /wyif /0.0
IRON ol 1764 20 | 79 37 133 |57 lar |7 lws | v |9 iz |633| 23|95 |23 [0 |55 | 20108 | o0

LEAD in 1.8 /_5 C)j-

ZINC 728 | 725 |50 a5 las las™ las |as las |as jas |as

~Batew ppen 1,53 .50 |.57 1.3 1,50 |62 |.72 |40 |57 |. 28 |.5F 1.9 .34 (.32 | .47

ANIONS, ppm

CHLORIDE-C1_ 125.5128,2|58.6|27/ |92 3.3 |34 |344 (293 |26y 1253 |225 200|267 (187 (222)3/.6(30.6[289)33.1 |04 4|28.4(87 8225 1282 | 6.0
suratese 1231y 130 |7 149 130 la7 |35 (a7 (a3 |2y |ay (/8 [/ | /0|20 | #0|225]208]30 Lag |24 (26 [27 ]2/ [ 2

\{\
N

TEMP °C 60 | 45 |t.o [6.0 8.0 S6 /25 |20.5 |a30 (225 /9.5 1641234 12251373 /85y |11y 5./

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-3 CHLORINATED IRRIGATION WATER

! ‘ ! / /
S NS TS ST S I TS S Y S ;
7 9 Ao§\ &&Aﬁ/@@@/\% A)‘/é{o\* ﬁ’jyage‘i@k/\“& f/ﬁﬁ \(\Ay\\

ANALYSIS o o) & ¥ ¥ o N

oH x |silx 1672123125 168164 721737/ |c2ls52]62]| x |6816./17316.6]65165 |63 |64 |62 (6.2
O ¥y [x | x lags|zrolase |31s|ss7 302|385 7351273 328 310 | x (22307300 |30/ | 300 1385|359 |40 |30e |25
INORG. NITROGEN
aom
NOp~ +N03-N ns Va7 Use |233139¢ | 5264 |6.v0 Y12.2214.6016 93174 Ll10.35V/0.52|6.84 | 14:84|13-14 |26 [170 | 15D 1245 (6.1 2 Y0-84 (0. 401/468)6.28
NO,-N X ¥ |.008|ooa|.030}.0/3 |.ooi |.00] |.003].00! | .00/]|.020 |.0003|.0004 X |-00f]|-09¢|.003|.004 |- |.002 |,002 |.003 |.c003].00/
NH-N a5 1.33 158 1280 (o0 lagol,// 1.997].0971.0£6].008|.058| .086|.210 | 1478|1730 )12.71511268410.861|/0.38 3.43 L. 010 13.25 |.0r4 027
PO, -P leog 1232 lcvzle 521290 [2op | 2.83| 6961223 700 [¢ ot 1275 | 755|770 | 723 |c.o4|648 | 737 11.38] 8691949 12706 5716 5/
CATIONS ppm
CALCIUM 507 |5.18 |50 W.6blyy2 530 (Yo l6 V1061123 | /4102 1/354]/25 185 |28 |F06 154 |53 |5.L 158169 {46 160 174
MaGNEsM 129 135 139 (3949 (33137 |081326135|7¢(33]|28|4/|38|35 |7¢|2.9 |29 |29 ]2y 2? |26 129 |3013.0
MANGANESE 1] 10 |25 |235] /3 | / 29.01/2.2 1129 | /1s | 26 {276 |22 4 | 390 |Y2.01249|25.1 |asel/24 259 105 1124 19.3 1217
Potassivv 153 180 |2 |92 102198(95 (28 |8.4]8518€|723 |2/ |88|7221922 1723192 (22 |93 |13(93 .l |82 |71
S0DIUM 291 135:5132.21322136.913401 39 61370 | 325335 | 78.5] 505 X3.5]31.0132.5132.5°(32.0 (35.532.5" |40.5| ¥B.0| ¥2.0 | 4%.0 146.0/39.0
CATIONS,ppbd
capmium _ 40 l.a7 |.ag .22 1.3 .62 |.271429 A7 U107 |.4A |45 .44 |ros .77 .50 .3/ V.52
CHROMIUM
COPPER 103 | ys | oy (82 757 33 1/3 /8 |9 |/ |3¢ (23 |58 |7 |s0 22 {3k las /6 12219 (6 |
IRON 180 |aso]asviass |¥20 2 135 138 |42 | 42 732 | 38 )65 |/35 1385 1220 1302 /65 | 114 | 0% \20¥ (207 | 3
LEAD 49 ¢us|.231.23 .23 1.90 |- (7 |.% .57 |.&/ |.81 |.65 .8/ .27 |.4¥¥ .25 .34 .30
ZINC 50 |a5 jas (a5 |so |75 |so |/00 a5 | 75 |as \as las las las |as las (a5
__Bomew __ppm S2 .53 .5 .94 .49 |.47 |58 |.67 |.59 |.49 |.4¢ |.52 .53 |.68 |.70 |.55 |.53|.57
ANIONS ppm
cueorioe-¢1 1394 |3 olag2139.8] x 613291327 |35°0 1367137 6132.2[36:3|32.4 |36-4|35.7 1495 1605 |80 |52.5198.04b.b |43 \s¥.1 |48
SULFATE-SO, 25 |17 |Zo |32 26 |25 {26 | 6 |aB |25 a7 |30 133 la7 |22
TEMP ¢ &

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
(CONTINUED}
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TABLE A-3 (CONTINUED)

& N\ (\(\(\(\Q{\l\(\(\(\(\(\@
$ ,\ﬁ/\"/w

A £
ANALYSIS N @él o qé/ {\é/ qPA& 9\y

N

pH 8.218.4|2.718¢|,00l13 24|78 |8.4|¢5 6.65] 722 |64

CONDUCTANCE

iMho/cm 281 134571212 | /83| 22| 4083|3308 257 |68 | 267 | 347 | 263 | 322

———

INORG.NITROGEN
M

NO2m *NOSN Ny [6.s2 (144|105 2.6202.38) 56 7)8.32 | S | 2./4 1223 | 740 | 482

NO,-N L/t .oor oot |-00% 002128 . 004).005] .00/ | . co4f| .03 | .00e

Ny 072+ L.00s| 008, or#| 257 ¢ 132). 5068 203|060 . 00e ) 243 |.0p2 |2.08

FOs-¢ 57 157 O3\ 545 | #35516 22) 31594 5. 531 5157 | 5 78] 246 | .25 15775
CATIONS,ppm ’

CALCIUM 0 |22 127 3;7 20 |54 15N 97123147 4172128

MAGNESWM 19 ¢ 134 lse 147 1ua 1271260 4£133(33]42]l4/]28

.MANGANESE”L 22106 1n.81/021 13 /29 2.3 Zol 7o 750 £o|3.0 /40

potassum |73 |70 (4.8 |40 | 22| 86187 1271832812/ (28] 78

SODIUM J5 siysol 2] 330 ) stol 530l cr2l 425 4.0l s#0 é‘f‘b‘ 5/0143.0

CATIONS,ppb

CADMIUM «/‘/ .3 '39

CHROMIUM
COPPER 7 ls0 | 8 |27 |30 |36 | 13 }13.5|120 |10.0)105 |60 [a40
IRON 24 |3 lao |#o |95.5] 258 |40.3)80.0] 550|950 | a/0 | yro

LEAD <IS5|.15 .36 153 sa s 104

zne Jas |as

Bogoy pem §.281.591.771.3571.53) .07 |.559 |.48 1 .57 | .46 |.53 |.53]|.52

ANIONS ppm

CHLORDEC\ 1315 134,3139.4129.71 3,/ |58,3]447 1377 |22.2|32./ | 425]23.7 | 425~

SULFATE-SOs 1§23 |35 123 [ 10 | aF | 2/ |28123.512¢ |32 |30 a6 |18

X:NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE
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TABLE A-4 TAP WATER, OTIS TREATMENT PLANT

Y W\ [ ‘ [
& Y A ,\/\/,\,\\)/\,\3\/,\\[}/}(’),\1'\"‘\(\/ (\4'\6’\/ f\‘"&\\“\
5 A by $ Lf’ Yy 9 \ 4 [V 4 5
ANALYSIS q ¢ q VAR AL AL AR vV & o D Yoy
co~n:2m~cs I x Jeq I x loz]x x leslee|x leglev loClee]b.2|64168162163|781590.8 08107
eMho/cm x | x| x B IR T . TN LN NN N VS A V- (XS VA AV Y AV A2 AV R WA W AN AN AN
INORG. NITROGEN
£em
NO, - +NO3-N MR 452 |00 .1olas?2l.of 1.93 |.57 l.oj l.oglol Lo3 |.solo3lo) 12272 L8774 13.// |.0/3). 029.050|.490 | /. 551
NO,-N ,o0b |.ovol.o44 ] % .OR0] « » x x X x x_|.o03f.002} x 0% | o2\ R2 LR0L 00/ 1. 00/ L 00300410/ 2. /0!
NHy-N a2 §.06 .02 l.00].0a].02].21 {32} 21 1329184 Lo/ b.of .06 LAY AP2N032).392.8/7 1.387]. 254 200,/ 28).0/2.
PO, -P 2l 102 Yryolod Loy oo lorl.o3 Lo/ Lo3l.o/ 1oy los].iolx | gy L2 2ERL031.03F L oo L ool .03 73
CATIONS, ppm
CALCIUM 7-7 2.2 2.2.17.9 2318913713537 Loblssti?2a7i23l 2055251273298 2.
MAGNESIUM 47 A £y |5 #7147 122 /6 |22 |42213.24|420\420|433| 4.5 |2.8 |4/71322] 297,
‘MANGANESE,, |
POTASSIUM 39 420 |, 401/.39\/28 |- 8 | 214181147
SODIUM 2.7 23 25 |70 eZ oS L g Luzslpb i 001 24123145 120 144 s |24
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER
IRON
LEAD
2INC
__Boneyw ppri +8 |10 143 |5 j.06 i o7 |./13 |./¥ |.a0
ANIONS ppm
cruorbe-c Voo losliad sy laaag s ozl 1127 132 e g lras 12.2]i3.1 a8 l3.0l4 0030 Vsalisaliaglisylisg
SULFATE-504 15 178 |5 2412315 | 5 114

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
(CONTINUED)
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TABLE A-4 (CONTINUED)

)
b, WA «\&\&\“\\‘\/‘\‘(\\ ‘&A/‘{b‘@‘\@
¥ *\A/ & 147/ 9/ é%/ o/ & \o& \0&/
ANALYSIS Y N\ N Y N A\ NN o/ N o6/ N/ N/ N
oo 1014516216706.1 16.3168|65|68|64|68|67 2/ 165 64168 |6lcf|72
maren— 8/29 150 11691/50 (63457 137\ azo\ 1851 150 | s\ 192 15BN 152 | 142 o | 153
INORG. NiTROGEN
pem ‘
NOz- +NO3-N 8 1464138240813 271447.2.8Y41-32¢| 350| .07 \3.23|2.88 |2.5C |/ 39 \2. 1/ |1.575| 407 |2.445(3 .0%f
NO,-N a2, /457,010]. 018l 038, 001 | 1257 -°9/ 007\ .0/ |- 133 | .0&5|.943|-O03¥].038 |.02¢ |. 1457 . 08/
NHe-N Lo/S51.2i0 L033].03b) 132004 |. BB 008054 - 763 |.280| .327 | 307 \-290 |- 2384 29/ | 42432/} /A6
PO -P 429121 Lo 1133 L3 Lago). 262 176 .a25(.242 ). 107 |.r08|.137|.058) . 126 | -/38] o59). ¥ 7
CATIONS ,ppm
CALCIUM 3./8516] 6.00|7.04|7.9218.272.29 2. 73 ¢8| 222 /065]77/ | 410)| 607|251 722] 730] 8./0
wacnesium B2 2903 39|y 251400449 14204051107 | 1.7 |#45 | 550 620475 | £63 1530) 482| s0| sk 570
MANGANESE, | 9.5 | 15050 {390 {37.5325\0757 |35 2951 2951 355 280
rorassim | /211,22 |1 2517, 2610221033 1.35 | £20| /00 | 1.75] /. #0) 4557116558 /60 1.50] 1.41| £ 70| £70
Sooium 2398631176190 RO0 ysi0l/821236 (35012421 7201270 /7.7 1 /5 éRag0ld30l 51225
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER o |z54 | 43|43 w0 \nsles 1257145 |9 (17 | 5
IRON 370 | /357|257 | /95~
LEAD
ZINC
_Rogon o 35 |oiS 143 Vot L1y 1.08 |17 {071 .08\ .21 |3/ 2} 4T\ s4 )| -sE af |15 4D | 45| IF
ANIONS,ppm
cuioroE-Ct K /3 /1/3.7 I13.2102.5110.7 U7 1132166 1/5/ | 202| /45133 | 1251138221 /421183|/3.6|/30
SULFATE-SOs N/ 145 ¥ s |t {4y /R |/ |2 1271038433157\ /3 | B /5 | /17177 | /R

X :NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-5 TAP WATER, OTIS FIELD LABORATORY
ARV T AT C,,\t,,,\ér\é’\(’\o WV A A N A g >
& N S R AN AN v a7 AN VAR
FITIIY VIS TYIYY IS S
ANALYSIS AR A &/ 7wy ) ) )y N\ NN N
o X 160163 lgal|sr ls7157|62|60\61 159163173 16./159159158160158\5.8l6.216017/ |64 |64
wnorem |« y501/33 1430 148728 /29 14711231122 11/8 1138 BOS\U3 12 18220/09 1902 9% 51121 ls2( 1281171 11 77| /25
INORG. NITROGEN
2°m
NOz— +NO3-N g3 .23 1.0/ lor ot |.oz ol 0/3 LoORLOAS L0 /3L /75 L 052,/ 36L 137 .1 21,025 :025).024|.28( 1.A77\. 148 - 88
NO2 N .08].009.00al.901 001 ).0034¢. 0ol 02|05 L o0R). 01/ .0, 001 .0/9 L 003.009), 01308 0051, 010|.004),0/5|.020].004 - 217
NHy-N a5 |.oalot |.or .ol |.oa}.oi harBlor3lai |.o/3|.036)027] 0as\0/8 L 0/9 |.o/3).008 014 039N 019\.009.031\.03Y| - 4/
POy -P .(_ﬂ‘ .OO.')“ ﬂ&&'&? .po(/: m.QOI MW.OO&.M‘ .az‘ l-m& A/? 'W/ IWS L0/ .04/ - 023
CATIONS ,ppm
cacwm ) ¢ lgg lve 145149 |5/ 1277375134713 6] 1312 1220121012232 7812901318 12.64|2.92408|46] 14.60|46.9212.43
macnesuM 129 |y l3oloy 13 alvg |z |L8RILBT71£9311.9/ 1468748017 901278165 118311271476 1. 97\ 2.67.3.18 |3.3913 451 2.97
.MANGANESE”L
POTASSIUM L01.88 .77 .83 .82 .77 .73 62 |.b] .6 .65 16! 6465 .65 .25 .6/ | .85
sooww Lo o5 lesles 123 173 Jg.s 6.0 58163 158515 153 153149154 157150151172 (29 (72 163 |55
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 3{
IRON
LEAD
ZINC
Roney epm 07 1.03 [.O¥ |.0% .06 {.02 Ic.oi].07 |.0¥ |.i2 |.06 |.02 |.05 |.Cb |.06 |.22]|.70 | .O5
ANIONS ppm
cuiorioe-Cl /9t \aoslupaluy Yzolse| s |93 199 186191 (76 (7726|7573 (84|91 |84 |93 .9 106 1061107 125
SULFATE-S04 /R4 2 &l | S Ve Vit ya V1 i\ Lo Vo lio | 7

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

{CONTINUED)
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TABLE A-5 (CONTINUED)

NN '
ANV YA
S G S GG
¥ b( & o/ & &/ N 0 Y \ﬁ
ANALYSIS Y & N Y v N N X
pH 4159186/ 65162167 169 V62l6./180l4¢
CONDUCTANCE -
_pMho/om /ZB /57 /5[ /77 127 18/ /ﬂ /37 /05 72 /07
INORG. NITROGEN
£pm
NO, - +NO3-N .38 | .073|.088)| 267 | K5\ /130 |.087). 0/ | .04 |. 109 |.0857]
NO,~N X @3 |.00¢| . 0ot] 008 X |.0xd] oof |.003]|.002].006
NH -N .046|.008].077|.0/6 | .07 | 008 | .02} 08 ] .0i9 |.001}.017
POy P .0003}.00a3 L oOZ | .00l | 002 {.00/l | .00l ). anf]-an3]-00/ | .002
CATIONS, ppm
CALCIUM 2108 13.31 14581598 154613.26 1234290 {334 |D.0/ {2.87
manesiom [ 857 0 a513.90] 3.6513.603.42 200
MANGANESELb #00 | /700 | 1200 1/25D § 1150 {/000 | 1000 |/05D
rotassium | 90 | 8012 | .22 |.80 | 2| .72 .60 |.70 | .70 | .70
S00Ium 58152 (55140 8|9/ 158 43|50 4|56
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER s2 ls5 V20170 |00 |20l2¢") 10 {3.0| /0] 0
IRON 2750 garp | 7000 | 7o) 4500
LEAD
2INe
_Bogow’ pom ) .70 | .07(.08 .06 |10 .0 | 4 |-20] -0F]<-1]-12
ANIONS,ppm
CHLORIDE-Ct  § /0.612.7 |w# (/o |82 18.4]20 | 7] (95| /87|94
SWFATE'SOs Yo |3 |74 | 251 2/1F 15 16 15|15 |5

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-6 TAP WATER, WOODS HOLE POTABLE WATER SUPPLY

3/ A \ 5 6 5 5
S S SIS
g 4 YIS ISV Y ST YY Y SIS T Y
ANALYSIS N o) o) ) Y A 8 YV of J of & & &
pH X | x Jevigo|x |« je7]x fx |x |66 |¢e 67167 )é-51¢.2]6216916.616618.2128212012216.7
O na/em apolz3iesalepolesglooalee 91200120, 4168 8 49 145 olad
INORG. NITROGEN
NOz” N0y MopmE. oo | s 82 Lor3laec] /6 LLaodl.aoz].cos x| x oy |.orolerd)o3 o3 L.os?2l./139). 099,063\ /04 .72 x |.3273
NO,-N pobls3 12913212721 | I x {x | x Ix | x leolgolro eV 7E1.8 V7004 |.42)238 x Ix 1.9
NH-N ppmi.03 |, coA.ooflovst.posl o3 Laaloal.od | x Ix Los V.oil.caloalorlo8loodl.onl 007 .notlo; * o0l
PO, -P perly7 L x Loz 128 L0 Laqla3 ol je toe | Loy s loslyo 102 ) /30L/241090 . 28¢.2281239 | « | x 1/35
CATIONS,ppm
CALCIUM LA\ 40\ 426492431 ) £ 801390 14331449
MAGNESIUM O /O 1.0 4o lro V42 (L7 |Lo (lo |fo Lo |, 22 .27 .82l . 20l.gg .gol 20 1.82] 9¢
AMANGANESEI,PL
POTASSIUM P66 43 60 | 60|66 .58 | 4040
SODIUM 2.3 2.2 2.4 24123123 124 122 1723 12/ 167145 1¢6 66 165144 AR AVR
CATIONS,ppd
CADMIUM i
CHROMIUM
COPPER
IRON
LEAD
ZINC
Roge, . 04 |.02 |<.01{.07 |.05 07 .07 |.02 |.04
ANIONS ppm
CHeoRioe - Wr-2 /13 \ty (a2 e\ s\ w2 b/ Vs Ve Vo \ o\ i s\ s e w3 lus Lol s L2V 2VEVO D
SULFATE-SO, 19212 9 101/

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
(CONTINUED)
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TABLE A-6 {CONTINUED)

SIS /f\@//éw‘?w/ vetd

ANALYSIS Y YO ¥V N o)

oH Y16.516.916.]20]7] |86 8.3 60 6516265 |72 67168t 67 495104

CONDUCTANCE

pnofem 157911000108/ 16336881611 1684738572 |c781678 |66 M-0 6575 6186501457 D2 77~> §3.4

INORG. NITROGEN

nop- +nos-Npum | /0 | 999\, /97 |, 186.108).501 |.04A,162) . 059 | a% |.106 |06 | .196 | 080|067 |.172 | 120 | 258 085 072

NN ppb §.9571.65 1/371€141.56].50 |.16 4O {40 0-6loél/so |07 062007030610

NRe-N pom Voo |.oo8l.001 |.0011,000.005].002 |.006 |- ¥€ | . 07|.020| 0al |05 . |-ood {0l liL .00l| 023| .00/ |. 0/

PP ppm 0 209l 239 jp3 1. 23y1. 361 | 161 L3001 79]. o4 | og7] 174|202 | 137 | 174 | 1157|094l .082] 043 ].059] 070

CATIONS,ppm

caccun N/ 3/ 175215814 22|4.86 4.8 | .24 ]4.7/|1282 290 | 4.4 | 452|558 | 405|307 £.7514.3] | 3943 67

wacneswm 8,24 | 281, 851,881,.781.73 |.83 |.76 | .¢3 N 1RV AN AW AW ZR VA2 VA AV RV AF A VA
MANGANESE oo 3oi2ol20 a0 201/0|/5 |20
rotassim B = 51 60 1.571.55].55 .45 |.59.50 o . ¢57|.Bo .82 .65 .70 .60 |. o | . P |. 90
SODIUM 6.3 164 0.0 104128 |78 179 (28| 74 75°18.518.2\8.1 | 75185178 |98.3]28|94
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 4051 96 | /96| /45| 75| #o|370 | 2757 2951085 900
IRON 130\ &o | o5 85~ 180
LEAD
ZINC
_Borow _pem J.08 Lo/ |.03 |.02 [.02 .03 |02 |.03 |.0¥ 08 1.of o302 o5 | Y |&L.4]|.H|./0]r0
ANIONS ppm

cuiorioe-ct N v 21 3L |11.3110.7 S04\ IL7 | 15 YRV XA S VAV Y A VE AV SR VAAVN]

swrateso, Y o |5 s (7 sy |75 145 S | 76158 4 |5 |3 |4 14(513

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-7 SURFACE WATER, ASHUMET POND

S Y / b/ o 1)) o) W
N A Y
Q‘;i"/r\ f\’\/\///f\é«/f\/’\éx/f\é/\'\/é&/ A;\?/A;/\Oq,;;\
ANALYSIS y : o o o y VIR A
o N last e bl Ix e 17 lor ] v darleslegleylaslesler ¢7168le5]6.3]65]79 |6.5]6.2
v N x e | w e L x L L« 1ol 1o [829l9golavaloalass|ous]ars9471988(9 51899(925 851815 |82
INORG ”’NJTROGEN
NOa”*NOs'N .58 .41 | 6o [r0F | 94 L.er |70 |.o5m .06 |76 |.5% |23 [£77|.¢5| X |.s¢ | .43 3992041 x_Ly17].5721622|.500 455
NOz-N .00 1.0a8] X .08 x | x_ |« x_| x_ loogl.oo?] x |.006].006] x |.007|.006], L0l % .0/1a1,.00/1.205|.001 |.O0Y
NHq-N leol7a9031.38 12291.39 [//3 |92 Lg3lrs2l.2s |.321.20 [.22)x [.340.26 Labl#5¢| x_ 1,203,492 ].506 WAL i
PO4-P .c0al./53°1.0071.3/0 | .00yl .co8l.00¥|.007] poy o200/ oo/ ooy |.oo3| x _ Laodloos l.ans o023l x  |.o03|.003lg0s Wozk]
CATIONS, ppm
CALCIUM 2. 3-7 372 137 2913235 |35 |3.52.5|35 |3 57|50a]47214 794634351 3.60|4/0 | 493
MAGNESIUM 2.2 2.2 22|22 2.312.3[32a/6 20 |2/ 126 (16 18RV /1871193149 1299\ a.mla.i0]190
MANGANESEpﬂ
POTASSIUM 3.3 2.9 2.9 |2y 2.01331/8 147 \2¢ (L8 /8 /¢ |1631/B0 L7515 AL 70 1150|440\ /42
SoDIuM o, 0.7 0.0l99 25 1o oo |83 10y 25 87 85120 241821781728 (7291722 (727
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER 4.9 LB 48
IRON
LEAD
ZINC
—Bokor gum 06 1.071.06 |.06 |.04 |.// |.06 |.06
ANIONS ppm
Cruoroe-C V29 @2 \us a2 w3 19 8 iy d 3 \ g \na\no lualue violys \uslnglyelizdle lyg 1749
SULFATE-504 2RV VIR~ /8 1 /7 |30

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
{CONTINUED)
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TABLE A-7 ( CONTINUED)

) \" NS A N\ 9
< N AN A A VAR NV N
Y é’&g’/&/ \/%{"A"A?o(\/\/&//\§
ANALYSIS / & v\ Y ¥V % Y N YW Ny Y YN
oH 72 16.016.9 6.1 16.716.816.7) 2612270163 s8¢ 373|369 |46 |6.5\c4|<.T
e |70l 71113 183.009.4186.31806 | 949|250l 08 8581 %.7 1752 100|830\ 715" 855 7/ 5 |78.9(97.2] 802
INORG.PPWROGEN
nop-+nosN | 51 09 1451 L 49 orl. 658).620]. 50|, 8971559 | 44 387 | 4457\ 937 | 392 . 315"\ 390 |.455|.32¢|.5C 7 | 378
NO,~N 005\ o0a | onBl.ook].cobi.00d.019.0/9 |, 004|206 0061 .006 {.00(}.0/0 |.006|.005"| 004 .cud|.00#| 005"
NH-N 493\, 2651400\, ¥64\. 852425484 |, 520, 849|428 |. 4751382 |. 28| 553 | 48| 240 |60 _|./60|.127 |-0%4).107
POL—P I 20! L ooz . 20/ Laoy |. o0l | .00/ [¢-00l{- 002} 002 |.002].003 |.00/ |.00f | .007].0 | .00/
CATIONS ,ppm
CALCIUM L7257 4594541443 4.2Y¥40\5.28\Y.blo 3. 32| 331 |5.26|4 66 14 75| 4.7515.26|3.3¢| 4751 4.3] | 3.84|3.6/
macnesim | /231,801, 74 L7214 221162176 11.93Lbla | /27 | 232 | /.70 |2.2512.0512 10240 | 20512751 2.30|237 |2 20
MANGANESE | c4.0|5Y0 |13.57125. | 550 | s6.0\#75 | £0.0|450(27. §|26.0(28 ©
porassim 1169 1/4712.301160|1.88|4.55 1152160 1. 75| 1851170 | 1757|4551 2 15 170 | /70| /60\/.60|260|925]/.75]
SODIUM 72§ 177190 12217919.2199 (97 19¢ 19518.8|9.81m3|0.8| 5/ \7/ P& |74 |wolr0./ 2.7
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER s S7 2.7 421471¢./ 139 |3.0 |20 |40 25 |2.0 5{50 Ae)
IRON 5D |50 |52 |40 jle
LEAD
ZiINC
Borew ppm }.081.12 .07 |.07 .06 |.0g l.o? |.o4 |t | .2/ .o .05 o514 |.r71.07].07]|.// |.071L ] (L. /
ANIONS ppm
cruorioe ¢ V) Vb Ll S\t 3 1B 1.6 |£0.9]10.7) 11t \#3-0 |//F |12.0 |2 4123 1257 #2)02.3) 117 |12 4|73.31117
SULFATE-S0s 83019 (o Vi \u (/2 |40 lio |9 |12 |/ |72 |//3182 /6|88 (1019 |/ |8

X:NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE
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TABLE A-8

WELL WATER, WELL

4

A A A ¢ 4
N, N / 4 § s & 4
SN 9 & 0 VAN A 4 DA
ANALYSIS 9 \ D b Y
pH ¥ * x X % % Y X |y X hd Aok ¥ x (% Jg.2al¢-2lé.2lg.olc.rle.2|6.51é.0 {c.0
e b o dx Lo Lo Ve b T T I I T T s U [ T [ oA s iy g/3l6rs 4
INORG. NITROGEN Tw
NO2~ +NO3N poml 0abl.0s5 |.0vg |.ord |.0ré Loral o0 O/ ookl o3 |.ony].007 L.0/3 020 .o/ |.ob].0/8) 027].039). 022.,25 160 |.so7) 850 670
NO2 N eebds L7 Vs |3 1r Vola |/ 13 Jes v (23 |x |x |x |y | ix |37 lewle Lol Lo
NH4-N pem). 08 L. oo/ |.ooS lao3 I4-a0(l.aof |.0o? |.oo? Loy lo72 lant|.oadl.¥723|.0/6 |.07/ |.039].0a8) 021 Lov 2O V210 | 006 .06 |- 057
POy P oo™ Lgos | SRl Lora Loos Lo/o Lok 1009 2k 006 Loty ,g_gr._ﬁ_,o@ L3 008 . 000 P Loz | Jo8 | o/ ool
CATIONS,ppm
CALCIUM 92 | 95 .55 155 x7A L48 39 . 39 L35V 5T (350 Y | /.86 L E6 VS
MAGNESIUM |/ &7 |/ 9 $Y .y / 4 37 74 AL RAY) (50 V/s& Lo (L20 (/85 00/
MANGANESE
Forassim 1.4 7 49 &7 8o .98 .78 .22 |.26 22 |.725 .80 |.g5 |.29 .57
S00wm __tcs oo / 52 SY_ 24 S8 2 L2318 Fr 136 isiifo g0 17/
CATIONS ppb
CADMIUM
CHROMIUM
COPPER &.7
IRON <30 L3030
LEAD
ZINC
BorkoN gem
ANIONS ,ppm
CHeomioe-Cl Y x (26129 |26 |25 (24 (2712 61772 |70 |22 (25 |75 23176 leo1lég |2/ L2188 |96 i3t 20, /0.5
SULFATE-SOe
TEMP °C /3.0 x O WS V@5 o 40 | 0.0 ip 5| MO\ o | /2.0 /5.5 /45"
ELEVATION FT _J56p [53./2 53,17 15295 e 5082159791520 152241521 SLel L7400 (609432 80|42 5614 F6 4149 ¢ 4l 449 150 /61 55, 37155, 3

X NO SAMPLE;, BLANK:ANALYSIS N

QT COMPLETE

(COMTINLED)
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TABLE A-8 (CONTINUED)

by &
&, AR \) ‘
§f§’§’4f & ’7“ ¥y M&M@/@
anaLYsis /¥ N/ 8 VAR \ {
oH 62|52 cales 6775|6462 |é/ {63 (506 |s5|53losls9 b 165150 57 AR (1 fé -7
Cwelem - N3 8lesaleazleoaleaolsts|smolsaa saTers vaa st leaolsyy lyzolss. 59514491635 196719931 132} 172 | 115 Is25”

INORG. NITROGEN

NO2” *NOsN pPm) 882 75 | 78| 4O\ 748 |8/ | 795).25%7).6951. 9301990 | 796 |. 957 423 372]. 217 L 368l 530 ) gve 1w . 906} 945 e |09 927

NO,-N Prol /48| .70 187 |.2¢|.28|.36 | 7o |<./4| .50 | 42 1.36 | .3/ |eaylsrg Lenlas .30 30148 |57 06 0443176

NHg~N PPm L. 8/5|.008].009 |.006 |.006\.0/2 | .0/5.c08) .01/ 228014 1012 |.p/3].c07], 008 |.on7l.0051 005 012 | .ca3|-co2|.or 7 |. a8 .0na co?

PO, -P PPm }. 0/ | 008 .008] .0// | 008 . @D i.0/0|.0/0 ] 0 |.oof | n9 08 | o/0l. L 2253.000 | po8 L.ar] L.ooR L 08 |.29 | P |.ce8 »023’.027
CATIONS ,ppm

cAwcM  §1.07) /0| 40/ |(06 | /02} /. 20) #2002 158|478 | 147|187 (11811551227 .79 (474 liss | 1761 /06 \rv# | 185 762 13-3213 26

MAGNESWM W48 177 177 107 174107 102 148 |76 /8 |o¥ lu5 143 143 143 14s i/ 113 to |l | S I25 V4134 13.9

MANGANESEplf X | X [ K | X I x ix Jx [x |x [x |x | x{x|x % [x|x|x |« |889528|/42z20ms

FoTASSIM }.73 170175 |73 |23 |23 |.67 |23 |22 .72 |.¢/ |68 |.73|.62|.60 |60 .65 .63 |40 (10| 1|20 30| /0 1 or

S00IUM £/ |58156|58{56|54|53(¢0 |5/ 5558146/ sglgaleo 59142178 180781881124 /3.0|/30)5°8

CATIONS,ppb

Capmium 8.0 725 |85 %.2 21 25 9.

CHROMIUM 7

COPPER 4.8 28 {32 34 7} a.0 29 40152178 |52 |0 |80
IRON 4.3 59 0 28 Iy 8.7 /55| F5 (/503595 | Ho
LEAD e 0L |06 |05 x | &«
ZiNC as 25 |as as as as” as”

BOROW (ppm) 4O 108 110 |.I13 [.OS Lo .02 |.05 |.as” |48 |.07 |,o8 |.os L.of .19 Loy (.02 |10 {06 | -ro e | 121 /21 /5| &

ANIONS ,ppm
cnorioe-¢' 0.2 /0. | 231|951 2/18.9 |93 |84 |95 (3-8 (8.6 (9.7 (g.71l86 (25| 22105 e lss e, 223 |18 |24.2|28.0
SULFATE-SOs 1 8 |18 | 7 /e l/6 |9 121515 & Y 15155 lé e |# |c2]/724]39

TEMP °C /4.0 |7251/3.01/3.0|12.0 | 7.5 18.8| /0.0 |s12.0 |r2.6 [12.5|1.0 s Liso bss /3.6 2. 0.5 0.0 [/12.01/2.5 /5701 50 /g0 | 11/
ELEVATION FT [50.20(5D.76 (4323142284400 N4 28476 3|55 | 518515739 [57.16 50,5350 5 /152.23150.¢ [l sp a1l w‘ﬁ!zé 50.35158.80\57 /5757 2 52-P0|5D. 5
X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE (CONTINUED)




26

TABLE A-8 (CONTINUED )

&
‘{\ ‘{\ a ‘\00 K (\@
A
TSI IS S
ANALYSIS VY N v N N/ N
oH Ss5157|co0l60l6.0]l62
awno/en — §/201 /25 /10 | /18 | 895 9.3
INORG. NITROGEN
NOa— +NOs—N ooy B 920 |, R0 | 955 | £ 722 Lra8| 7
NOp-N e 0.8l 171009 e5]0-8
NHy-N pru §_ oo .oudl.cof] o4 |. a5 ].on0
POy ~-P pe,0/0).cr2l.of |-0/2).0/8 .07
CATIONS ,ppm
CALCIM 2.0/12./151 2923702432557
MAGNESIUM 12 3513.4513.951.2 2512 ]2 &)
MANGANESE ) /6. 0lw. 0\ /S0l 157} Z0 |25~
POTASSIM /. 30|/ 20| 230/ ¥0 | L0sTa 79
soowm N/ &l /70ls50 Lago lsetolz3 T
CATIONS,pb
CADMIUM
CHROMIUM
COPPER 4.01c.0{7.5| 25|20 18.0
RON 350|460 /3 X 1 x X
LEAD
ZINC
_Baxor pem}.o5) -/18].792|.321./£| .48
ANIONS ppm
cworioe -¢ §26.41222)3/.313/0(/3.81%./
SULFATE-S04 2Vls 17 171018
TEMP. °C Wi 0o 8 lwslrog
ecevarion #1142 [50.5/ 50.59 5 #ls20253.79

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




€6

TABLE A-9 SOIL WATER FROM 6“, LYSIMETER
J ‘) & & v
&, iy { / A$7 N A$f & v
N V5 {\7 /§( *‘? '§' ﬁ 4y
ANALYSIS of VAR A 9 Y AV Y
o 2782123 |29 |2y | 2423|722 |66 |2/ |67 |6 68 |c2 64|06 222/ 17/ |7/
b /cm 32¢ |20/ 1228 | 262 | 08 V453 |6/0 | 5B7|6/8 | 433310 | 2957|437 1 /981277 |y52.|1443 | 7357 243 |98/
INORG. NITROGEN
NOa- +NOs-N om0 128 |03 |37 oo |« |.ovlor |23 | 4 |-347|-031|.0i¢|.221 | .oM|.080}.144|. 770|305 |. 40155 . 226 1192 /90 .19
NOz—N peb 20 | x Ix lao|252) X {.3/]|.22].28) X 1/.68|/%26]|.70 |8.40|2.06|2.9013804 8.7 | 2.4/
NHq-N poml).3¢ {06 | .17 |.ov |osr os Los | .o} x |.0r |.034] X |.002.0/5].00¢] .007).007|-473|.007| .ca3|.012.| 013 Lot/ |.609 L 003
PO, ~P ppb 837 lecalse lesalso Jre lwsa] x | « |ce2)2-85] x [{.6alcg2) 724 x |ma9]1269002.4 1192 15551325 2281329
CATIONS, ppm
cALcim 1007 x | x |Bolits1933 1766|678 | x 268|296 112/ (92 217301610 [1237
MAGNESIUM a2l g0 X | x [322)3./7 |2./21/85]2.20] x |3.9313.63]2.9312.28|326|3.3514. 40
MANGANESE ool 025" X | x | x x | x o x_ | x x | x| xlux X x | x
PoTASSIM 2.6 x | x |.36|.42]|./8|.2¢|.22 | x |s4/ |/80|.4/ | 35 2981203 ¢
SODIUM .2 X X 13725 |é4.0 agal x %71 x livolieliare 30.5|sss¥8 51 72.2)
CATIONS,ppb
CADMIUM x X x ‘
CHROMIUM X | x X x
COPPER x X X )
IRON x | x X <
LEAD X X X B
ZINC X X P <
___Bonon._pp™ X x .34 |28 128 | x .18 [ x [.i8 |.24 |.27 |.372 |.50].46 | x
ANIONS,,ppm
om0 ¥ x bsoelozslzi/ ie9lac | x l3a)|es9le39] X [8A3|785|9.2(26.3|¢8, |7 |42¢ (380426005 |v0.8780| X |95
Al X | X |34 | x | x | x |23 127 1/7 |/¢ (/3 |4/ |57 |50 |4

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)




7o

TABLE A-9 (CONTINUED)

& &/ S &7
& A A WA WAL
g AT

ANALYSIS VARAR ARV VIRV EE VAN
_oom lslzzleelezls2 |ccles|csler|é.6]c8]
CONDUCTANCE

aMho/cm 990 L wao gﬁ_é/o 197 |4/ 15/2 529|473 425°13/5°

INORG. NITROGEN

N0z~ +NOsNpgm ). 097],/5°71.1/5 |, 0351143 |.173 |. /40 |.r25 | 487| /8 | 258

NN ped Ny | x lss Ly I X |9.8ls.8147](3.7]02 /5

NHe'N  pem Losslos | ordl.oas)oo3|.osu). o/2).ord].ord Laof | 004

POP 20t Y6 u2001 306 551229 Bog s sl vel 920123 ool

CATIONS ,ppm

CALCIUM X | x |0/2888] x | X |¢5./{8801722132.7 1724
MAGNESIUM ¥ 3ol o | 2951471800 | x | é0|¢.9516.00)6.02] 5. /0
MANGANESE, L | x | x |4¢| X l/ao|/8lco|®0]//
POTASSIUM 1 5o | % luas luss).sv | x |0.951 .851/./0].63] .40

S0DIUM 7251 x B.olmsl X | X 1570 (c/01520i4.0633]
CATIONS,ppb
CADMIUM " " X X X X X X
CHROMIUM < " X X X X | X | x

COPPER my 38585| X | /5 (34580 |25 2.5

IRON < | x X | X |230|93 | 2 |s0
LEAD X » X X X X1 x| X
ZINC x | x x A x| x| x| x

_Bogon ppm 3.y .89 x l.5¢|.3%

X

LS21.5% | .557|.34 .28

ANIONS ppm

CHLORIDE ~CI 2| » |88 5152.4129£ | #.3|8/ 4|¢2.51370 \20.7148.6

SULFATE-SOs R 39 | 12 129 | 7 | s lavalimelae (72 2.

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



TABLE A-10  SOIL WATER FROM |”, LYSIMETER
: & & b 8 . . WS
& A A A N A " N /&\
S IVISTVITSS S ST s & N
ANALYSIS ” Y VAR 2R AR AR A AR VIR A AR AN
oH x | X lx | fjzala25 12017 168168|62]66|58|57 |6£165|¢.51¢L]¢8lc.6|70]6.3]46/\64
CONDCTANCE Yol 1Y 1227 ey | g0 |30 |3651335 (313 |23 |65} 157|223)|295 | /25 78| 6/57| 53/ | o | Y80 420|309
INORG. NITROGEN
M0u” YOS N ppml2 g0 | /casl 22y 93 |.2¢ |.06 |.r2 {350\ i |.670 |- o | 34F| 321 |.1231.122 1148 | /577|553 403 |./8/|. 924, 038087} -095]
NO,-N oobl 2 | % | = 2 lgo 48 |« | X | X |185|L.4| .14 |/5¢| 5017842 447 10.8| 7/ |.F0 2371 /3 .80 1.4
M H qer 106 |23 | 06 |.03 .oy Lo7 03103/ X |.006| olf | 0of| .023]|.007|-004.035 |, /94 |.0a4\. 057, 039)./53\.034|.006 | -010
PO, -P J‘g Fo l<¢alfgolcoalreolzqolysrngl X | X |2.37¢.62|4.76]22.3 15.20]/3.4 |88.0 v IEBVFFAWL L AVIYAVE AN 22X 2VFYi é5.1
CATIONS, ppm
Cacn z8.0 X | X |23.413%7 |36./ | 425 /6.0 |22-2(323 172421413751 3/0] 30 4| 33.4.32.9] *
MAGNESIUM tdo o8 X | X [3.42]2.50(2.70 |52 |as52 |2.22 |13.77 |8 20| /30| 3.50]2.68| 2 90l o/ 17|25 %
t;q. MANGANESE a5 X X w | x X x X x | X x X X X X Al X X
PoTASSIM 36 X | x |r02|.93|.48|.6¢ | .68 |.% |34 |3.92]4/3 |1.74 | ap|243]547|5 25| X
SoDIuM 28 X | X 3481395 162 1/6.5 (/124 1177 (345 198.51725)975199.51770| s¢/ 515751 %
CATIONS,ppb
CADMIUM X X < %
CHROMIUM X | x x o
COPPER X x \ 3 X
IRON X X x X
LEAD x | x x x
ZINC X % y X
X
Bowo_ gro0m x | x |.3¢ |.ag |.a7 |.29 1./8 [.a8 |.40 |.82 |.70 | x 1.¢3 |.70 .6/ |.59 ]| x
ANIONS,ppm
CHLORDEC Vizk2lso8 3| w4/ 1229 oo eligs (20 | X | K 14571374208 [ 2051255 447 | 25.7)723.2) x| X \zp0|y24|45.2)30.0 392
SULTATE . X | x| x |s5| x |2/ |22 | /81/3 |yp |32 |39 32|37 |32 | 25| X

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




96

N

/
TABLE A-11 SOIL WATER FROM 2°, LYSIMETER
&y N by b/ 49 L/ &/ & o &/ & b o/
& | VAR /N S (\é},\\, Ay V«\y/
5 Y o W 8/ o/ é( o o & % ﬁl o & Y e 4’ é\y
ANALYSIS 9 Voo ~ S S NS o S N A7 Y g : »y
D"ZT . €81¢716-51¢.51857|57]|58|s58|6./|6.7]|56]|62]|63]|59ed|6.3]60]06.0]6360l063c3
AN
Cofz"%/""c /9571 1551 F3.0169.7) /785122 29372321 /73| /138|196 | 1972)| s92| 278 |aad 248 S66| 4748/ 140 | 52 397
INORG. NITROGEN
Nz~ +MOs-Nppn 1.2, 7712301 /.6£|2.55] .v7 |.o2 |08 |.057|-081| .058|.130 | .070|.5%3] . 078| .657| 16s |.223].,08).112 .a55] 26/ ). a5l 028l /81 L 1501072
NOz'N PPb Za X X X ﬂo /.0 /O X 98 /.Dé Z/Z 98 -?8 227 //Z /-5/ /3.2 ' /.40 5'.9 30 1‘7 /'8 4-0/39 /-j’
NN fPPb Ys3ol3algol 30y L i | 2 | K 1.7 )21816.0204 44853276 |5.32(94.1 [23.2]¢3.1 188 |spo 4| 106 | 4942881140 28,01 /2€
PO P ﬂ <é2 (.53 sgz <.62/2 48 _Jr4—? 8.06! /86| 70/ | s50 Lé/7 m g ols2 l¢r3ls7Az0.
CATIONSppm ‘
CALCIUM VA 18.31/3.7 /48 /6.7 |12 |12.7[26.4|¢512¢.8]20.0 232 8. 5las0l49 1327122004120,
oL LELL] 143 | 85| s/0| 18| /20| .90 |2.7013.28]2.80235|2.32] 2 £/ |3.44| 2 951324 | 233] 1951 2. 3]
MANGANESE V] Lo X X x x x X X ' x x X X X X X X X
FoTassioM 2-7 34|98 .44 | 421.28|.70 |.22 |.93 |.62|.73 |26 |277|0y .0 71.92 .77 01 11357
it ¢ 213 (29.5 1546 |545118.0168 | 45 |198 |/7.6 /8.9 138534 0 l57 s'levio| 775 455 4.0 5770
CATIONS,ppb
CADMIUM "
CHROMIUM P
COPPER ‘
tRON x
LEAD X
ZiNC 4
_Bestenn (o) 49 |41 .37 1.3y a5 | X 1.2, |.a3 137 [« |42 .0 |48 ].65| X |go |7 |.5F
ANIONS,ppm
cneomoe ¢t §30.¢/ 14271347 K 94| 2¢ <391 3327|367 (36.0|35.1(/9.0| 28 (231 |30.5 455 |29.9|308]v99 922] x | x |200leaslrs]
LT x | x| 4/ | x| x| x|ar (28] x [ x lzp 133132 |29 138 |33 |42 |29

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-12

SOIL WATER FROM 3’, LYSIMETER

! ! / .
' / 9 Q, o o © &7 o/ o
4{" %) '\é /\4 ,\/ $ Ib a a (\‘) s, é;\ (\\0 ,\\D ,\\p /\\D r\\o
ANALYSIS / Y W Y S A AR ARV Y AN Y e
PH s et 2} ) lpaled|es le3le3|57(67 |57 6360|626 0|gsls0]|62)0.3162]|57] 02164
Cwnasem - 8 x| o o | U0 o sl sgol 229l ior V232l 197 L2051 72] 130 (983 177 [ 207 (1861 1921178 |92 3751337 |31/
INORG. NITROGEN
NO2— +NOsN pomb /39 | 230 o V3. 61 250 15y log0 | s8¢\ 2y .1y |.F07).1321.221 | . /1S | 28] . 064|.B30). 140|.28] {.043).178 . 3/6 |5/ |. 227125
NaN  ppb ) x| | o b oa | o L e | x Jros Jroo 140\ 43¢ 15¥ /40| 56| /7| .5C |2.80lm ol « |10y |40 230|220 ], 90
NHy-N pprml. .6l t .30 1.33 | .4 .10 .20 .29 .as {.o2 {01 1.712€).032 .097| .aif | .odf| .02 | .03 o84 .26 {,0a2.|.0/17 '035'02/ r0¢2/,03j
POs-F peblaocolebalziolecal v letalcealsdoleea |26ald 6214 ea]¢ 621433 |527|8 €220 | 4301234 113.9 |48 972\ .2 (2/6 L1oB
CATIONS ,ppm
CALCIUM (28] x /5.3 |25 1/0218.6 8.3 |90 |/27 |36y [52.0)13.7 ;2809 /48|83 /3.6
MAGNESIUM FYAAIVES Y £.80| /.72 7.39| /.45 402 7./3|2.73 650 [3.95 | 207|102 1 269 |2.39\2.97 /.95
MANGANESE 100 | .46 | .08 |.o54 Xlx | <] xlx | x| x| xjx |x|x x | x| x x
POTASSIUM 18 145 Y13 110 2.5H 466\ 170 | 125 .68|.76 | -851.89 | -82].06 |.57 | 102|.95 | 102} .90
SO0 Y2 Lgo. a5 1353 26.2|31.0 130.0|25.21 /4.8 /1.7 1/6.41/3.6 | 2/.8|/24 |a3.6 305 | 4.5 0.5 46.0
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER I‘/ o / /o
IRON /7f 762 1 ayé
LEAD
ZINC
Bogon_pam .53 |.34 |. 31 (.29 |0 1.22 |19 (.27 (.27 1.39 |.59 |.62 1.6 | X
ANIONS .ppm
CHLORIDE -CI X 194771308 |ass 388 e @ |22.2[,57 123 (27 |414|2571 |32.0|22.4{r4/ 1439 (23.9 |30.5 |45.0|33.71|2¢.5 1356|610 L 70 330
SULFATE-504 X <131 | £ | x | x |22 |23 |8 |7 | /7 27 | 25|25 3)

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(COnTINUED)
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TABLE A-12 (CONTINUED)

\" a
S SEEY
s
Q " N\ \ /
ANALYSIS AR A
pH b2 164\586.94]64
NDUCTANCE
Cewolem | 204\ 267|305 | 2551194
INORG  NITROGEN
NO2~ *NOS N oo LOZD L, /6 2135 | 070|241
NO,-N ppb 1.0 1.60 231,40 )09
NHo-N pem LpR61.0211.0/2 .05 0t8
PO, - P eeb | 2.4 32.6l2/4197
CATIONS ,ppm
CALCIUM VRV YAV 04} B
MaGNESIUM | 1 39] 2.431/.92.1,.85] X
MANGANESE x x r'Y X X
POTASSIUM | 72 1/ /713 00| 1951 X
SODIUM #45142.5 140 140.51 X
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER
IRON
LEAD
zINe
ZeroN _pom .58 1.62 |.S8|.52| x
ANIONS ppm
cHiomioE-Ct e 4 | 368 40.8]353] X
SULFATE-SOs R g 13/ | 27123 X

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE
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TABLE A-13  SOIL WATER FROM 4, LYSIMETER

! !
o/ &/ v b
&, 1/ Y N b & &) o/ Ao \ Vi/
A A A A
S ; SAA VR A Ji h&’ § ﬁ/ &Ayl . é&’ Qﬁ, Q& A( 0,\@ é;/\
ANALYSIS ~ o S ) N Y Y YA VAR
i v U e bw | a1 s levlev|ro|za|rs |60l68|66]|60l62|c2|ss5|es|co|py 03|63 |6568
co;zl'.‘:g/rct:’r\ece 3 x > | ~ < Yrza- \rg2 sz Lo Lovg |2721252|12481 /67 (/65| x 23013831204 |all | 200 L 4p0 143 1391

INORG. NITROGEN

NO, - "NOS'NPPM 319 _1g.o2lre.2 /7 182¢5 .70 12 31813 85 G.¢51.97 {.55 1960 |.263 .47] %1 170 /.333.099 QS? .M? 7724 {6‘1'.39816/7

2pb x | < x | o « oot/ lre |« | x x (P x (3371246]-841 x |-.84 218 |re361426 9.5 125512.5 136
NHs-N eembrys 183 l.y4 1,03 .03 1,06 Loy iza | = | = 054|.026|.0/8 |.0/7 | .or4)|.968|. 06 |- /1F0 | -037.0/6 |.11 7 .0Y8|,03]|. 104

NO,-N

PO, -P ppm R .o/ |¢.0006d < 005" l(moobd .00 | .003.| x X « » 082 x |.030|-0dl|.0ig| x l.023}302 5206 Lozs 039 pac | 0¥6

CATIONS,ppm

CALCIUM s 2220 X /722 /4 U2 | X |33/ |48¢ 667 |20 /24 /8.5 /A (0.8
MAGNESIUM 4t 134 V18 lad | Lo 2.30} X 14814451766 X_|4./0130712.13 238298276 |£9312.60
.MANGANESEmL 1.9 [A f o3 | .o 14 X X x > X x X ¥ | x s X X X
POTASSIUM so)39 las 129 | 25 4| X 3000077 1432 x _(/73].82| 4870 |/.s8 /48 \,23|2.1¢

SODiuM 4b lasol/gal3zi 1443 30.0] X (450 | /841,4.3| ¥ |£561,931/73129.54251505 |57.5]60.5
CATIONS,ppb |
CADMIUM X X

CHROMIUM X X

COPPER 20179 lraly |ra X A

IRON 2301357 sy 49/ Vi5b ol X

LEAD X X

ZINC A X
BoRoN _ppm WS7 tx l4x (.92 .33 K L2 Lad 1,20 {ys” 65 |75 eS| x
ANIONS ppm
CHLORIDE - CI X 2.6ly261307 |38.2 19 /‘_y 23.7 /6.0 X 9.0 4/2 278 |13/0 /4.2 29| x (282 34.3 ‘/415 /35“ Yf‘/ S8Y 759 &30
SULFATE -S04

x | x| » | x| x| x laxjas iz |s8129 130 |26 |30

X' NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
(COUTINUED)




00t

TABLE A-13 {CONTINUED)

W, N/ AN o/ oY &N o
AL « (\ 8 /\ / A /
¥ 4& o) & Q (
ANALYSIS Voo xS X WY 2 Y
oM 64167 |57 6 Y |c ¥ 70|/ |65\ celcy|c#] gy les
iwno/em 1323 | 312 1358318 1259 1273|276 | 370 1227 | s057| 207|392 |23
INORG.  NITROGEN
NOz- +NOs-Ngpm | 339 | snB11.33 |60y | 288 | 6521/ cad]a.a28] 49012177 2058 4 2g] 325
NO.-N PPo Y4 l08132 /70 rys | X 12313.72143 /7214712 log
NHq-N prm ).063).020).014[.017 |. 008 .0a¢|.030},082 |.0/8 | 025|245, 045" | 0s6
POy -P pem Yro2 Lo3d | pot |92y 0c5]. s8¢ 1209408051 301 | 2206 | c52l0 281390
CATIONS, ppm
CaLCIumM .7 /8.0 301 /5. 812221337 1901723 w72 1?5 1i3.6]03.8
wacnesium /90 12.// |7.07|3.42]580\¢.00 |5.90 1620 | 452 | 42 | 5/8]220 | 6t0
MANGANESE x X X | x log1a272|r.8 a0l selo8l/8 sl r8
poTassiuM /40 |//2 14.83|5.0014./0]£.30|830| 3@ |6.02 | 558 |4 305 y0 lg.10
SoDium .0 1460 143.5 1435 |24 2| #. 81570 | 570 310 | 2500 8 by 5| v |
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 12.0)320 /85132-3/3.0 |/5.0 \.130] 19.0) 0.5
RON X | X | X | x|r7 /0 |/ |50 |33
LEAD
ZINC
Bavas @ |.5¢ .53 |.56 |.53 |.33 .37 1.49 | 68|40 |.29].30 ) .47 |.so
ANIONS ppm
CHLORIDE -C! 1377 |32¢ |4a.4|38.6]|3¢.6|43.1152.7 [58.5 |2y 711/ 502 Als3.51 320
SULFATE-SOs |22 |24 (22 1/9 V/3 (/8 2@ (g0 /3 (/2 | /0 a4
TEMP oC
ELEVATION FT

X NO SAMPLE,; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-14 WELL WATER, WELL *5

( oL
& Y N o /\‘\k Q ‘\\/\ o R/ Y /o § v, E\ S (\‘\ NENANS ({W » /‘\ é’
SNNNYYN YA g 3
anaysis /) v/ W o) S Y ) S Y )Y Y VY Yy N
pH X x| x| x x| X1 x x| x| = 6.5 x| x| x A 5£91¢.2] x e.3]e3lc. 1162163 4.8|5.9
Onarem s B 2| xlx [l [« [ x e[ {x [x§xle x| xx x| x| v lpaspra|eestm s (e |asy

INORG. NITROGEN

N0~ +NOs-N pppd .009 |. 013 |.0/0].00A .00 .006) cvsT. 004 | .cos 0071013 |.o157].007|.048 | .02¢|.135" .00 |- 047 |06y | 148|-523|.393 .c22] 107 894.974
NO,-N eeb] ¢ [ ()12 1717217 1/ j2(+/172172Ix]IxIx [x]x]|x A 1SE B (<4l 143 (<i¥]
NHy-N PP Lol 5™ [{ o7 . co3l.005 K cood 006 Loog 1050 |.007|.030 |.013 |.028] 008 |.02r 032 1037 lo2# L0222 Lol |.¢3 |.oli |.ooGl.cof|. 0/6 KoxF. 0/0

PO4-P 'L el oi3 002 |.002].005".0081.0/0|.607 |.006}.007] s07].002 '°’i3 .003|.007| .01/ |.002|008]|.008]|.007 .007].0951 00§ | 007 |. 00 | .03 - oA
CATIONS, ppm

CALCIUM .87 l.st .70 .70 63 .24 .77 .79 /3571.2¢0 Yo | 86 1107 1L131.97 |148|152
MAGNESIUM 113 | /082 ¥ {4 .83 .73 .95 . 957 lLov lo2] 119 [ Lat] Jde] 1.67) 1.9¥] 1751 A.1 2
.MANGANESE
rorassw |9 |5 & .8/ .8¢ L2 130 Lot 971 .9¢ 77 || ®4)|.8¢|.8/].93].9¢

SODIUM 57| 53 §0 4.8 4.9 v/ 5.2 sy 5718y sYIsbis )¢ 2164169173
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 7
IRON {30 K30
LEAD .8
ZINC
Boron.  (PPM)
ANIONS ppm

Ceompe e y X 19/1e21¢0l6.06.571¢.9 (70 180123 |25 (2.1 (727]6.3]7.8|8.718) 124 261807 120105708 X VY4

SULFATE-SO,

TEMP oC X x [x [xjx e 1x |x Iy X | X Vo X Ygo s /g ollfoliolleswolrox]volysits z.0]/4.
ELEVATION FT_p2.80153.22153. 475343 | 53.05153./3 52051 =X |97 [s2e¢lsa 70| sm39|m30(51 76 57 557 |572¢ 50. 84 95 92.30\5/9 9% 8,3 ¥R 4798302 46
X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)



TABLE A-14 (CONTINUED)

o A &/ A
N RVEVEYEYE. IR T & & & &Y &
FIITSIII T IS YV TS S
ANALYSIS AR ARAL AL VAT VAL 7R/ /N AV \ & S WY D
oH 65 1571c2 (58|57 |74 |57 |colso0 66|57/ |572160163|6.11800.3|59|55158|63157|43155|5.7

CONDUCTANCE

uMho fom 70890 |88.3|1773 | 1/120|826 |820177.2|670 163-8]/0% |80.9 10 |95°4 P.aljed o5 1778 180.7168.¢ 1742 /4] 1140 [ /57 | /40

INORG. NITROGEN

NOz- +NO-N P )/ 379 //B4| 8601088 |1 47 Y531 |/.063|. 715|735 |.377 |,964|.438L98 7\/033) ¢ 76 |, 974|741 .65 | Bee |- 287|286 | 784 . ¢59|.743 | 725
NN e )70 |84 (.88 | 3/ | 25| 457| .64 |4 .53|.620.73 |ya lp7 sy Lyalead] g0 |31 |3/ | X |07 |0.3|6F |35
NH4-N pem 013 |- 019 | 007 |.008|.007| 9/F|.020| 006 | 0/Z ]| 008|.0/0 |.a% L0322 |00 |\.cv7|.007| .05 007|008 | co4|.28 \os? |oif|.007] 012

FO,-P Pn §.904 006 0031005 | 002] 00f| 006 | 005} oot | votl ooy |03 | g0 a3 ooy Lapd | a0y L pos| 004 | cof | 006 | a8 | ovsl o6 | ord
CATIONS,pprn
CALCIUM 1-091s.201/07 |7 28 /44 140 | /.16 |1.321/.32 |10 (2.0 p s /8521 {08 |20/ (240 1132 4wy | .53 | .62 | 106 /8512 64257

MAGNESIUM 28 12727 (323713020 (,9 {48 )5 |26 |24 1261272125120 ay 15 (4d |47 12/ 127136136 (3.3

MANGANESE X | » Ix x 1% x X x | x x| x x | x| x x | x| x x | x (/2.3 |20 \2%0 |8.8|18.51/70

¢Gl

potassim | . 85 (.85 |.81 | 95 1/.02]/05|/02(.93 .98 |23 |.98 |.90 105193 .88 |9 | % |.80 .88 1,0 .95\ syol/yst 190|189

SODIUM 8.0175 175 |86 |24 188|272 |73 |2 leb |89 183 186 1ws ool sl Qe 43 18:319.2 | #.31/82 2250225]

CATIONS,ppb

caomium 2.1 189 207 12.2 5.0 (8.3 0.8

CHROMIUM

COPPER 79 47 153" 3.7 3.9 al 2.2 4252 |10 4|98 210 1230
1RO VA 2.2)8.6 4o 8.4 2.5 /0.8 /#3)/5,51/5.0|/5.8]38.0/32.0
LEAD * x | x ~ % x ~ 030217/ |06l x | X
ZiNC as as_|as as 25 A5

BORON fppm) Bo04 .03 |.04 1.O3 |4 |.07 {1 |.05 [,10 .O7 1.i0O .06 Lo8 lio |.;7 l.oé \.t0 .13 |.271.# | ./21.77 |.a0].2/].22

ANICNS ppm

cruomie-& V77 |/9.01/8:512.2124.3121:7 1/871/6-7 |15 |13.3 |35 22.2124.7(24.9 254|233 |22.2],5.2|10.4 145 | £.2 316 |56 {33.3132)

SULFATE-SOs } 7 1 B | /B 1< Ix 14 1/716 |6 |5 |13 |4 1l3 s lyglsld 1711517161912 /2

TEMP °C /8 |35 |/20|/30 |\ /5|95 \75 |/0.0|/£.0 14201125 1110 |450|13.0 |55 \/3.0\125 0.0 0.0 |13.5)/20 /50 /551735 o

ELEVATION FT_ }50.20 4724 |49 32199.35|49./6 149 35°149. 72| 5D.6/ | 57.96 |5148 | 57. 36| 51.03| 50.2/52.3 50.70 150,30 $384|57. 1/ |¥873  50.43\50.88)57. 2.3 57/.32|50.97 5063
X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE (CONTINUED)




€0l

TABLE A-14

(CONT [NUED )

&y & & o &Y
&/
$ A A
VARV S AN TR S AR AW
ANALYSIS NARAN AN
pH S4153c2163152]6.0
Ovvesem - §/49) /621 150\ s50] 129} 103
INORG. NITROGEN
NO,- +NOy-N paw | 35t BI57|.675°}.857).4857. 207
NO,-N o129 Va6 |18 r5 24|53
NHe-N pem J.008|.003}.007|-a7| 006l 007
PO, -P fom F.007|. 08| .ors| .aw7 |.0e8f.c/0
CATIONS, ppm
CALCIUM 2.02] 78517551 2.64l0./5 1 72
MAGNESIUM 12 5012 20} 08413.70(2 s12.29
MANGANESE 897 o 12¢/5"12/.57126.01/3.0 |/2.0
POTASSIUM 1% (180190 200} 7.521/.32
SODIUM 3 2|s6.0|a55126.5 270 120
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 7.5\ 15185775 | wolg.o
IRON X |23.51z80] x | x | X
LEAD
ZINC
Tovorn prmi. /813 |2¢ | fo0]76 |./2
ANIONS ,ppm
cHLoriDE-C! §32.5713y @124 /1370 | 2.2l 00
SULFATE-SOs | /¢ |18 | /7| /9 |72 | X
TEMP oC — w705 — | w3|wy
ELEVATION FT g 42 50.69| 0.33| 5/ 42{53./3|53./ )

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




vol

TABLE A-15  SOIL WATER FROM 6”7, LYSIMETER
N ) & &/ N &/ & A A\
o &/ é\’ 47 N X o/ & SN NN SO
8‘7 \ 5 n 9 A{ é/ & Y &5 A ? AN/
ANALYSIS /o & Y s NV N 3
N 2.0 246 cl6.6lgs5|s6lsels91651 05 6366 7/168 65 c8lec.7
iNbo/im 31¢ 180 | 273|300 | 270| /78] /83| 276 | 337|425 307 1298 307|352 /77 240 | 2057
INORG. NITROGEN
NO,~ +NO3-N ppy 2.33 Al |.2641.732|. 1757 |/.043] . 197 |. 322211 | BM1.378).074].148]- 20130 |. 158} 22/ |/
NO-N PPb 2/ K 12.80|546l 56|57 lnzol x | x 181 L1 109 x 08 3.2 X |27
NHg-N pPm .3 ol | x Vo7l oml.007] /94| .284.000 |,030]. 006 1.008 X Je035]. -040|. 077 |08l
PO, P FFm +002, A | -0/4].528] .0%5].0%8] 094 /37| « L9 | ,180 L4 X |04} iat X o
CATIONS ppm
CALCHM l-641/8.1 | 12) Lza w4l id 136 17 1:78 X ja¢é 2.¢ gy |l
MAGNESIUM 2512531245358 x  [3.2013.56 400 13.50 X | x 3% ¢ fo 14,57
MANGANESE X | X x| ®] x X | x X 1A X1 X 2.6 2o |80
POTASSIUM 08|.58| .74 |1.28 424|107 | LI 75" |3.20 X |/70 | o-% /40 |/ 70
SODIUM 36.0 (390 (20.5|4.7133.0]405715) &7 385 4,5 X [ X 30.0 370 |30
CATIONS,ppb
CADMIUM ¥
CHROMIUM ‘:(
COPPER . X \xo 0 /2015
IRON ] < X | X 70 370 |4/0
LEAD | X
2ING | <
G°“°~(pp~)| He 1.48 |.30 |.as | x 2 eS| 60 .55 X |.5€ -33 |- -337] .30
ANIONS ,ppm
CHLORIDE - C!I 2971 X K3.913-2140.6126 5| /2.6l ay o420 (4. 71541 327 |v95 582|70¢ 85" X 2957
SULFATE-SO, X | x| x J1x Jaal%x tal 138 aa__|aa 17| 25 /8 X | 2¢

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




TABLE A-16 SOIL WATER FROM I”, LYSIMETER

(\
& A N '\\’é;\
Y

ANALYSIS S S
pH L8] 2 91¢65]67
CONDUCTANCE

pnosem B 4831337 4jo | 330! 2457]

INORG  NITROGEN

N0z~ +NOs-Nppn 0919 |49 094 |,325] /20

NO,-N

pemf x | x 1x |x | A
NHq-N PPM1.1291 x .08501,027].0/12
POy ~P o m x x |.0Sb| X
CATIONS ,ppm
CALCIUM 19.0 | 26 128.3 S| X
MAGNESIUM X 14801 x le, 25! X
- MANGANESE L1 ox ]« a
o
= POTASSIUM  B34p (2391 x 821 A
SODIUM 430 L X | x Y30l X
CATIONS,ppb
CADMIUM < X
- CHROMIUM X X
COPPER L X
IRON X X
LEAD « X
ZINC " K

BORON (ppm) §.73 |.6Y |.90 |.55 X

ANIONS ppm
CHLORIDE-CI 110 [33.3] x |¢y5.3]252
SULFATE-S04 < X laa | x X

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE



901

TABLE A-17

SOIL WATER FROM 2’

LYSIMETER

/
(\‘\ \)‘ { h ! & N b g
4, VAR AN < 9 q o/ N/ A A Y
A ~, (\ N |\ N N
SHY G5 TYS @ﬁé@@*\ JYSISS Y
ANALYSIS ‘\' WYY V Y 5 YW
PH AR NES A 2465120 70|75 23167 |64 (63|63 ]6.5|6.0 62|63 ]¢ca|6Blcd |6 163
o - | ] x | x| x | x | pg| x (Bel|Rs1729 w2 |238)zes| 20 | 222 |32¢] 169 253 |yig | 3351398 | 35| w3
INORG  NITROGEN
NOz- +NO3-N ppmlys,757| 449 12.251395 o 59 /78 | -62 |33 |.oC |- 1 | X |15 |.387| 435/ #Z [1617].260] /06 |.386 |2.6b].i8 |.197].388]. /53
NO,-N pPb | x X |48 X | X |/AsKLE12.41 X | X X | x |39z]322]/62| .70)2.10|/6218ab|34 | .= x |94 §2.3
NHq-N prblzzoviigo| Fol Fo |30 |do /0 |éo | X | x X | x Vs9sie . 7]|7./011834|3719¢ 1 #70#|23% l1at Yyayqlis3 | %43 |r0.7
PQ4-P ppul -9 .62 2.51¢-62K.6212.7 K.62{13.¢ | X | % X X |rz26l¢. 627671285999/ {sie {0 lioz ) « 1169 loSi a2
CATIONS,ppm
CALCIUM 23,/ X 1132|147V /271/8813.0li2alis7 |y te.a ] x /1925 ] X
MAGNES UM 2.9 13,/ X |/ 471477 | 143 /90] -6312.67 [a44 |ayy |92} x |30 | X
MANGANESE JY 06 X X X X = X X X % X e X X
POTASSIUM 1.0 X 1.60|.461.33 .06 |-4¢0]|.53 |92 [ ¢7].73 ]| x |65 | X
SODIUM 9,571 X 133.0|34.5)325|290{ 25| /6./ |3720]530] x |sas |49.5] X
CATIONS,ppb
CADMIUM X
CHROMIUM X
COPPER b X
IRON X
LEAD X
ZINC x
Bonn, (£Pm) x_ 147 146 |42 |37 J.or |.23 |63 |92 |77 .50 |.59
ANIONS ,ppm
crioroe-ci  §92 9 19¢ 3135,/ 135 €1 X 132.9118.C1 X 72 ] K [43.9] X |26-1|3¢4|/6.01250|439 |24.6|384 |6/ %5 | x |45 |252
SULFATE -S04 X x x | /8 x| 785122 ],8 |32 ] x | x ag X

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




{01

SOIL WATER FROM 3’. LYSIMETER

VA Y WA Y A &/ & &
SIS SIS T GG TS TS 55 T
v
Q ‘0, ~ 0 0 s &
ANALYSIS 5 ‘% VA N7/ 9% o ¥ b N & ) Y af N 5 Ny y o) “? °}
oH Al x el x| xjg9l62|cclc4lc7163 16/ |6/163162167 1561661676360 |68 |64 ]6.5]06.3]57
CONDUCTAI
wnarem = N x| x| x| x U x st l176be8) ss1issV962 213 1296 | 16/ V208 | 152128 )| 149 | 242)228) 359 {329 {3720 310] 209 | 200
INORG. NITROGEN
NOo- +NOs-Nppmlle. 57 | 4751271113 U2o W70 Lo | L1810 \. 120} 106 | .16/ | -107 V1525 . /08| 7004 | 067|286 |.12b).392.1.193 |. 2wt ].158 L 10w |- 070
N N e | X I x 321 X X /4Kl 4l | x 1 x [196]/48lrs541/620 92V x |98 | .73 {-47 [agoleo | x | x L x /7 loea
NH4-N pert .20 1, 18102 103 h071.0/ 1 K [.63].03] X [.038].0201.0r2 |.0c20|.0/6 }./4/ }.0/5 | .046]1-0281.06C |.oas|.ov5 |.os¢ |.opaloso 009
PO P peb N 7 K621 19 K62[a 5162162149 18] X 14.6217./70 1/ | 45012851 X 17.601/23¢|9951/18.0 1149 [/29 |02 9} /3.4
CATIONS ppm
CALCIUM 0.9 8 1/2.41/37177 [/R8] » 1z50 /624251372139 x |x |{uglisB| X
MAGNESIUM 2.7125 |2y 2.9 B /061067 961290 X |2a#|g092.96]153] 701038 x  |raglrag] X
MANGANESE 4l 103l o2 o/ X e by o 1x x | X
POTASSIUM 28|16 |10 A a7 .26 .55 1.25 .81 x |.20 .20 |.7& 1.32 |.ax |.29 | x x .23 | X
SODIUM 5517261194 35 as|fool2ad4iasil X |/271/48 |23¢]133.01u5] x 4205351 X
CATIONS,ppb
CADMIUM X ¥ % X X
CHROMIUM X x % X X
COPPER g |/ ty /2 X, < < x X
RON 95 149121/ A5€ X x | |« <
LEAD X x % * X
ZING X x 1< 15 X
Burew (£m) &3 |.37 |40 |.32 |.3g | « .28 (9 |.32].59].75|.9 LLO |4y {481 =
ANIONS ppm B
CHLORIDE-Ct 1255 WX 3 U8y P2 e | XN |140.505:2 139¢ (.5 K3.9 | 4.1 (267 |412]/0F |25.3] X |2¢.8|234 |¢56|295)|5723| x| x|y |50.5|FO!
SULFATE-SO, X | x|l x| x{ x a7 y7122aia8 | «x |29 {0 |23 | x

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



801L

/
TABLE A-i9 SOIL WATER FROM 4, LYSIMETER
/ NERVIR VRN & | /
oy oy o (\‘)t Y o N/ X o/ d ) \
/2R Q ) Y v/ N Y W) o AN AN oér &
ANALYS'S q D 9 A? n’ (Y N\, ? ¥ N W \ 9, v Ay, 1% (’) Y Y
o X |2 X 4x IXI67IX 163]17016.8168|6.4|58]59|58|s7|62|62|s0|62]6.5|¢al02ls58 |59 142
norm | x | A | & | & 1« Nago 1 < 173 {190 195 [235]78.5] 100 | 128] 27 182[190 | 109| 203|/90 | 124 18 |338 235 |ai0 [a/5
INORG. NITROGEN
NOz- +NOs-Nppml 9.5% | 1 Ju | 1.6/ |3.40] X 15Y |.o8[182]20511.73| .17 |-0F |.077|.080|.494].049 2416 | .0F6 | . 446 |.074 .070 |. ;04 L1200 |.094).077]|.004 ]
WX prod x | <1871 % {x [.801 X Rualid [2YIX 10 |126|748|128].50 | 16/] .5 | .47] « |84 .50 wi 127 s 13
NHy-N perl 27 14].06 L.oxt X |0 {.o5].07 .0 |or | x -0/ |.0i7 }-004{.015].013| 014} .034}.02) 0,5 | 160 |.a56 |.183 Losslov3 Loax
PO F &bl Jolcenssider) X Jealsg lae2laa [22] X 120 14.62]zailc 2] 830/ 58]/ 74 285187 1130 1179 1133 {useliog 223
CATIONS ppm
caLCium 8.1 6 |4£0|46133|s8 |33 [8¢] x |55 35129 3.5 13.2 |35
MAGNESIUM 3.7|12¢47 | X |55 (3.9 100 |/.621/.761/.30|/.68) 17 2.249] x _|v420s54 1479 | 98 |.83 |oc
MANGANESE 041.09 .o/ |.X L0¥].02 X X X X X x Al x X X X X X X
POTASSIUM 26144124 x {23119 .50 [ 138148\ / 4 | 74| .43 |50 |« |49 2921179 |95 is 87
SODIuM 7.7 l1a.0] 2.8] X lay 7|56 X 122114871275 124516.2123-7] « la4q]286] x [ya5]3y5|a95
CATIONS,ppb
CADMIUM "
CHROMIUM X
COPPER c V4 /0 | x 9 &/ <
IRON 15 128 10| X |36 |4E p
LEAD x
ZINC X
Benon pom Y .43 Ly 137 |49 |.a9 .29 | x |ys L0 .72 [of |.60 |97
ANIONS ppm . L
cromE-Cl 374 1. ¢ 1378 [28.0| X |4.9 0 /5 1308|343 K37 K3.2 4.0120.9[34.0{22.6|2506]| 8.7 |42 32037 |35.2|48.2]3/.2 |,88 |314
SULPRTE™S0 X | X |31 | x| X (24 |ja | x |8 |45 |aa 133 |49 |aa

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)



601

TABLE A-19 (CONTINUED)

N
& l{\ & ({\ ‘{\ l{\ “\\ O ({\ A lb
A 'é, R \
§F VA4 /2 o ! o\’\/
ANALYSIS o/ &/ &/ ¥/ @ N R
oH ci|lelis5716/162 1606./ (6-5|c4|75
Oawcrem - /48 1308 157 1592351139 V159 Vso2 lava {15
INORG. NITROGEN
N0~ *NOs-Nppw| s22 |.097 | . 364 | 174 | .45B]. /12 (1 73].38) R.¢33|. 473
NO-N PP 77 | x |Me|s¥#1/2 12.8lo.4 o557 | %
NHe-N PP | o5 |.021|.738(.057].0401.0/3 |.0s0]|-003].203] X
PO, -P PPb |73.2 | 465.6\558.0,240.6| 70.8 | 33 511581 22.0l2a2.42 x
CATIONS ,ppm
CALCIUM 49 2721291 30l js0 |5 |46 |70 ]3.3
MAGNESIUM | /5D | a.20( /.20 /.25 2.l /o5 /90 /. 80} 2.80]|3.30
MANGANESE | 20| /5 | 43|o.s|le- 7 271 3.1 27172 ] X
POYASSIUM 1 451 0.¢513.40]0.70]0.60]0.50 o. 4510.3) |2.4510.70
SODIUM 270l420l22081312 {390 3"0956'{32"/ 370 |/8.57
CATIONS ppb
CADMIUM
CHROMIUM
COPPER Hs (/681950 |8.0l/ksNBole.5 1ip0| x
IRON X | X | X | X |4 re |zl rss|{97] x
LEAD
ZINC
BoroM (pe) |.3/ .27 |.30 |.52 |.4/ |.32].28].33|.23| X
ANIONS ppm
CHLORIDE-C1 24046 1/5.3 |90 4|49.7|31.7 Dg.¢l425131.5]1 X
SULFATE-SOa 712 lms 12 1/l 18124 /6|76 | x

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




TABLE-A 20 WELL WATER, WELL ‘6

Y, x ) \ "y
o 3 ) A oA A
v 9T S
ANALYSIS , o) n v Y Y Y W y
pH » x » - . -
CONDUCTANCE . =1 2L = L LA 2 ey | x| x x |SPle2]x 62])d/ |0 |57
4Mho/cm x % b x ® < x x x X x x x X X ~ ' X x * x |yBY| B8 03 |

INORG NITROGEN

OLL

”Oz'*“Os'Ngm S8 125 |17 lao g Lig Lo |ovioe | ¥ |62} /3 |/ Jogt.ro |22 23 1.79 Liw Ly |22l 42| 80 |208 279
NO,~N Py Vi / / / VY v. 7 1.6 |/ / 2l 151325146 } ~ x w | x M x |y |.¢ ; lewl o
NHg-N aam §.009 Loy |KawoJkgonny. 0007 |.008 .00y |.008].008 |, 03¢ |.00¢ 001 |.0/8 Loop Lok | 039 L,034 |.oanl.0agl.ossloy Lol or7). 002

o gen oS 006 Loos Loof  gog Leod o2 looeloog oo Loog L3io ooz Logilaws Laod pp |.007 | 008 007 Loo7 L oog Lavy | ooy | gor
CATIONS,ppm

CALCIUM Lof |.76 |.78 /20 Lo 107 /Y LO3 (02 .92 /09 e V177 es | oar3/8
MAGNESIUM 1l /o8 /.09 do /o3 1415 £15 .44 L5 /2 1/22 sy7 V57 1235 050 lyos]
MANGANESE
POTASSIUM | £ | v | & R4 63 63 70 .82 oA 7/ |29 25 1 29 1res L3 1123
SODIUM f2 1#9 5o 6 v %7 4 sy 7 vy | ny (0|55 7.0 |& 5053
CATIONS,ppb

CADMIUM
CHROMIUM

COPPER /&

IRON 230 ¢330 <30

LEAD

ZINC

BeBatt gam

ANIONS ppm

CHLORIDE-C! ¥o.7 64 |6:6 16.51¢.7 |70 129 |29 179 |67 |77 |24 |23 |25 |25 |28 (.7 |70 |28 (83 |9/ |fos5 |/ma|2eq|as
SULFATE-S04

TEMP °C x < L * x > x = 't x x * %3 ol x /oMo lras|/ao0l/e e (/0. 0 So | /s /0
ELEVATION FT_Joogs—is2 3252y 1s20dle3yols3.3als3-a0s224] X (320192999355 | $998|50.461 [S2.45 11821 % y5 5703 I50. 620509 |sa s 1596|9955 5020
X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)



LLL

TABLE A-20 (CONTINUED)

l
YV (\,, 9 V N AT
QI . \
K/ A A
Y
ANALYSIS v = i/ ‘?f VAR,
oH 4157159160157 158157 157]721c./]|58|6.0]6.016.015.760 (64|59 |74 148 |57 |52|s8l¢.3157
Cnosem 320,39 osh 1331730 1371 /291 130 1y57) 19 { 2z} 12| v22]i30 9 (32 13y \ g Loy sy Le7 1iss 1 92 | 72/ 1773
INORG NITROGEN
NO2~ +NOsN oom | o.39 |a.02) /. 28| 1 784\/.77¢ |1275" {.3¢4 V/.JB /571476 |. 787,307\ .8/57].7951. 606 |. 730|486 | 605 | 484\ S¥0 | 433\ 230]/550|2.037]. 315~
N0z N ab 130 |« 1t |-8¢|rao v | £ | . J61.36 |32 34| .cf 70 |3y L4 | iy|ya 5o 136 Lo Lyo |.ar [.67] x 08|
NM =N gom V.ose kovorl.cop| -021) .ort . ord |.goél 007 Vo177 | .ot |.010|.033}.0/3 ). 008 .oy | ps3\.a0¥ o | oos 006 ] .06 | .3l 020 .LéL__
P0a P g ).ood L oosl coyl 0asl cosl 0a3) ce3 002 | 00| 008 . ora | ou8l.ovo |.oa8 | pas™ L oog | pob Laos L ooz poslovg |.ons™|. oogl poél. 009
CATIONS ,ppm
CALCIUM 3331333 « |/88]/60(/78|/721|2.06]2.20]/.76 524 |3.00(2.082.5012)8 232|255 |2/ |2.82)3. 4| 2.50]2.20|.88 | /9/ | 185
MAGNESWM Y yal¢galx |37 13.313.8|39514013.€13./ 196 |27 a9 lap |las 242623 laslaglaocisg (23 /327
MANGANESE ,, | X | x |1ms] x| < 1 35] sas] < | x| gl x| x| 69| = | < |job] = |0 x| so5|/40| 38
FOTASSIM _M/as |232 120 |10 (1l \sso |1l | 743|774 100 | /.06 100 1100 |00 02 l/00 |90 Lroo f60 .92, .86 | 10517251445
SODIUM o L3z | x |raslaalae|\nz|io]e] 341739 1125 1/6:01/3.7 456 14 3186 Lao2yz 71197 /2.21/6.51/95
CATIONS, ppb
CADMIUM L2 Ll 113 34 L9 40 /2 X ?
CHROMIUM ‘
COPPER 4.3 27159 4.9 2.7 04 2.2 3717897
IRON x. X X X, x X X /57 /4 3 55‘
LEAD A5 5119 £,05] 02 2L D05 o/1-3|.8
Zine a5 as |75 as as” Ex% S at
Bagea ppot 08 1 1,07 1,09 L10 Lo [.32. 1.0 |.18 Las |.ay |.29 Las |.ay .39 |3 |.20l.28|. 257 57| -2/ .29
ANIONS ppm
CHLORIDE-C' 1226 l308|309 |3/.¢ 128.5130.8|1300|294 1259 |28.1 |29.8 8.3 |286|288 |28.8|1209 289|122 7|28.3 | 0.513¢.3 |32 /1/6.8125.7|42.2
SULFATE-50, 718 17 | x| X |x e |pd (/317218 |14 {2 sy 17 |13 |ry |20 187 |9 |4
TEMP °C [12.0 |/35 |y | 4.0 |/351/3.0 |13.0 /20|90 |95 |/0.0 /3.0 1a.57|13.5 1.5 Vg0 /3.5 50 12.0 1 13.0l .57 0.0 1550 1 72.0 /¢ 0
N T Kepvd Lo e gy U535 1043 (#4747 |41 Y |99 35|47 531478¢ (502 152,17 |S1.44 | 57.47)57. 35\ S0.9\ 50, 521 0 88 | 0.4 50,07 4724|485 T\ 0 58I 51061 5792
X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE (CONTINLED)



AN

TABLE A-20

(CONTINUED )

o Y
A /‘\ Q N QA ) ) )
&/ : / [ N
7 S N5
) 9 X
anatysis /Y Y QS Y Yy
oM 63|56 |56 |54156162|58157 |57
Ovcrem k1781788 | pic | 1801 168117/ | B2 | 1% |23
INORG  NiTROGEN
NOz- +NOy-N ppm |. 360 |. 344 | 307 |.242 | 220 [.as0 | /85| Jot-| 47
NOp~N p jo-+143 221092602 ot o7 /5
NH4-N pey -0/ |-0r6 | -0 | oo .007|. 005] 0/ | -003]. 00
PO, -P pem | 0020157 .023|. 0// | o/ 024 AZ| 2| o
CATIONS ,ppm
CALCIUM 334|#£013.6/ |2.64]2.¢0| 2.02334|3.85|38
MAGNESIUM 4512/ 13813513/ [32135(4/13.7
MANGANESEprpd /0.5 | 0.0l 6 .5| #0 | 20| Lo | e (w0 | Ze
potassm |45, 874751 /40| /45 /.50 |50 |45y g0
soowm  § /8| 255127.51345 X% 0|3/ 5|32 5]35°0]32.5
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER 170 4.5 .0 *x (Ko|85 s us |45
IRON 7.3 | x.0|s570 50| x |a¢vs x | x
LEAD YAEIES
ZINC
Borow gom )-26 | 43 1.3¢ | .38].77 | .3/ |43 |.36 |.49
ANIONS ppm
cmoroe-ct 142 5\90.6| 25221336 |32 39.0|43.5143.7 | 9.5
SULFATE -S04 B lro| 2712851 /7122143 | 128
TEMP °C s\ &0 3 . (10304 X |rolre]
ELEVATON FT 5752 57. 245080150 47 |2.87\90.87 15155 5336 $.4/

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




ELL

TABLE A-21 SOIL WATER FROM 6°, LYSIMETER

L) 1 !
Q
Y A v & v/ R
AS Ay /A N . )9 N Q
$ & 5 4 &y 4 IS Y
ANALYSIS o ) g Yy Y YY ! o T Y
H -

COND‘;CWCE X A= je [¥ | > 125 1oy (22 123162167 |65167 6458165 |6/ oy os)zoleslon]lso|c. ¢

" uMing fom Sl L L L x L x 13281232 |0/ | 4/6 | £02\1387 1252 1/831 2471337 | 3/3 | 384 | sas |y79 | 379 L3513 | 30 09 | 416

INORG  NITROGEN

M02 NN omd 30 Voo | 4o 133 107 |ralor |23 |ia | 358|204 ). /% |08\ 228 |.603) 082|187 | 137} 29 L ass | ovo | oval e | o7 | os3

pob Y > x | x X | x ks taalx x /60| 37| ./41-28 | L£00|2./012.1012.38]2.97] 4y 2 25V 90 lwo lre 7 /9
waot .09 |16 | 231 .03 x 1273 03] x J.0/ |.or0].095.026] .00 .0/8].0r6 {. 037} .020].017 1l \os5lom oot |.or3 ) o | 007
PO P i1 R 003 K.0006) 009 kioaoel < |.3a0].003 ] « 001 |- 078 .02 0040041 008l. 008 0/8| o7 ]. 62

NO,-N

NH -N

CATIONS, ppm : : w2l Lost Lok o0l ol 705 | 082
CALCIUM
MAGNESIUM 28 2.5 5¢.6528 502 Lo 4 127.5(394 | #8.fs7al 315|398 |30t 303 | %3 |62 ) 475
PRy o216.9 286 12.2512901/92 .95 12.5515.30] » 1a.85|30212.55)3.00 1208013321 601400
POTASS n"L 23 S S S T XX ix >y x | X x x laolaeias
[1V
SOD. 4L 420 |.281.22 | . #6].77 |. 20 2.341427).80 .33 .32 Ly |.301.301.50
UM
22 9.5 | 595 #201/9.0 13361757 ]19./ 1222 ys0]ls/5 o051 gsd lgc 5| 0.0l cr 85257
CATIONS,ppb
CADMIUM
X
CHROMIUM
X
COPPER
IRON X “olws\15
L4 x x |70
LEAD
ZINC X
X
BoroN pom_ .58 |.y3 .43 .29 .37 j.2a 28 1 x 63 17y 182 lse Lsz] 30 __37 52
ANIONS ppm
CHLORIDE -CI

257 1288|324 (/2013871 % | x lez9| x |366|424)|298] 7.0 |248{257]2181] x 221092150 21429 1384 (347172 31525

SULFATE-SO,

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
(conTINuLD)



yLL

TABLE A-21 (CONTINUED)

o
& /&\ &/ &/ A/QJ
SN A A N
ANALYSIS / % VARAD
oH §81¢8167168 |73
O wvarem N 22/ 1233 |272] 26 0] 250
INORG  NITROGEN
NOg- +NO3N om b 203 | . 119 112893157157
NO,-N epb k38 X | X | /8] X
NH =N ppr | 213 | 04| coé| 04/ X
PO, -P e 1 /581 o9/ |- 2557 #28] K
CATIONS ,ppm
CALCIUM 34156 426 |25°3|/27
MAGNESIUM 3.60013.92|3.4P| £ 01424
mancanese, (| /8 133 | /o857 X
POTASSIUM 65| 30 | &2 .,29/ .35
50DIUM 358|325 345 900|350
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER 17.0 |320(13.5|/4 0| X
IRON E3 134 | so |5y X
LEAD
ZINC
Bopony pem ¥ .57/ . 221.3/ 1.28] X
ANIONS ,ppm
cHLRDE-Ct §g o | X X 35457 X
sukatesos 1 96 | 8| X 24 | x
L _ |
R }

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




TABLE A-22

SOIL WATER FROM |”, LYSIMETER

|
! b, Ny o b
8 VIS YN YHY & &
) [ 0 /A \ \o M \0 f ) N
ANALYSIS ny v N/ N VAR AN J Yy 2
PH x« |* |w ¢ Ve 25251222/ |6.516.5]|66|6516418.6157 6.5 64147169109 65]67
CONDUCTANCE
uMho/cm » x ¥ v | x 52 /88 1728 i 294 2791282231 | /96 | 2.25] 267 357 450 o 74 29213871320123/
INORG. NITROGEN
NO, - +NO,-NM_'EQ .93 1.6¢ 23 .07 V\22).5941.73 |.77 |-202|.i5%4|./6/ | .172 1317 3.4 107 150 403 1./9% 1./195 1.172].083]./5/
NO,-N aab ] x . x|y 1x ki lavlx |» |sggl/82lo3#| x | .é¢|/68| /04 x sy Isslix Lyo lyolrss
NHoN_ x loyl.a5]03 [ x |.5F .02 x {0/ |.of8].003.00P} X |.034}.027|.027 040 106 1038|0000/ L. 007
PO, -P yed Ryl w0 x 22000/ | x |« .0/3] .0/6].007] X l.ozal.o/ |.005] x Lo37 Logd 1020 | oy7 | pa 3l o
CATIONS, ppm
CALCIUM Y X _|#58|/5:/1/3.0l904 |23 .129.2/22 Vo1 218 ¢ lay3lap.2] X
MAGNESIUM 2.6 12.] x_|/58]1.98|/16/]/8613.0)5¢0|03527¢ a5t x |a58l300] X
: MANGANESE 0a X X x X X £ X X X, X | x X X
(&3] POTASSIUM 2a X |-301.22 |.471.08].2/ {,;0 .82 |.%0 L.a7 |« .37 .79 X
SODIUM <8 X 13901576 3551210 Z4-0120.6138.5°|525 190,51 = |425 |460 ] *
CATIONS,ppb
CADMIUM X o «
CHROMIUM x' x X
COPPER 3 4 x X
IRON b 4 X X
LEAD x ¥ <
ZINC X x X
—Bago gem x |45 |4 1.38 .36 .36 .32 |.70 .85 |.7¢ [.23 1.5 .63 ] X
ANIONS,ppm
CHLORIDE-C! I % |sall4as|ase|#.28|30.4]308]¢25| x_[404|393|42.6|30.0|/96 |3¢.4 |97 lasa|ea3 |L38] » |s072]995] x
SULFATE-SO. X | x x| x | x |2¢g |20 x |48 |60 |3¢4 |ae |af | X

X' NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




9Ll

TABLE A-23

SOIL WATER FROM 2’, LYSIMETER

S Y b

Y &

& K)" / y AR K A Y A &
Qv 3 0, y ‘o M o) V) N NS \7/ \
ANALYSIS \ \ L o 9 NSNS N Voo N 9 o » oy
- DP:‘“ S L W A 2467169 |25 | 23|6.8|65|66]c.3|c4ls5|6/16.0]6d)ealZ0]L963)c0]00
CONDUCTAN
Mo fem x X x X | X 3%&2& N2 | 3951308334 /6212& | 2871 276) 27012490 | 47/ y53_—_&_}71/ 304 1226
INORG. NITROGEN
NO,- «PN(),-?J""m 49 1218 L fr5 1241|330 Ve 2l {r.s0 lo.0],06 |, 09]-782].292].235]./58 2.1 8.7d ./88]. .197 220,410} 350|193 {167 ] ./37
NN bl | x | s b x dx loalx lgs]lx {x | x |2394/2| 84| .64|265|280\4 % WK s0.0isy |47 |.30|.50] *
NH -N £ 170 ]0149].25] 06 ol .0 |.28] » |x .035] .00f|-0/8|.0/2) .0/5].0/3|.317]-033.023|.027|.033 |.008|.a09].008. 013
P04 -P . 000f¢0006].009 loose] « |.008].530|.9 | x 1w |.037] 0771.076].0C6].092] 463 /471#.377 L2327\ g Logr | 283].529 4541 X
CATIONS, ppm
CALCIUM ar2 X |28.7|27.3|/55)30.1 25212231 9-? 143 |/ |at8 | x {aga]| x |
MAGNESIUM FN-AVE S X 13.32(2.%|/60|3.4833.206.4513.78 12471269 2% a0 |426 | « | «
MANGANESE 13 X | x| x x | x X x X < x x x X " X
POTASSILM 29 X |.36 |43 |.10 lop lao |faol|2.i8 |40 ) .¢1 .39 |.281.39 |« | *
SODIUM s X l250}s7s | /9. 1910 1320126 1345 360 isp0 s [ 325 1390 | x | X
CATIONS ppb
CADMIUM X < < - x %
CHROMIUM 1 X < x x |« X
COPPER X x x | x Ix A
RON X < ~ « x X
LEAD 14 < x > x X
ZIneC X x « 1= |« [X
R |45 1.8 1,28 137 |48 .37 |db |x |75 |20 |.47 |.5¥ 53] K
ANIONS ,ppm
CHLoRDE-Ct | x 531 lag9lais| x lag3 beo [ara | x | |35.8|350 406|724 |29.7136sas425] < |eV7]sadd «» |43.1{39.6]929
SULFATE-SO4 X X {34 ] x X |38123) x | Ho lgy¢ | x a2 | x X

X1 NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




LLL

TABLE A-24

SOIL WATER FROM 3’, LYSIMETER

1)
& A A & R &““’&&’«\L’é\(’f\b‘\b,\ A
A g \)
Q
ANALYSIS V > y ~ VAR AR AR ("‘9'*’@9{*‘6’(‘? ¥ %
CONDD:‘;“M X x| x x {¢elestizai 1¢9 167167 52 1¢c8ic2 6¢ 164 6./ 160 162145 |6.61¢.3]¢.3 69
U
Pyl B b xX X %2!1 230 /20 /a0 } 188|248 [26/ |22/ {278 | 228 |27/ 1318 oy | 4133 | 34| 220 1352
INORG. NITROGEN
MOz~ *NOs~Nppm ¥ 2o 2l 97 el Viea 1348|291 1393|250l 001,17 |45 | 145|125 | 157 |. 48 |2.597). 146 |.€27|.136 |1.85|.189 |.189 |13k |.o%
NO,-H pebd x | » | x | % N> 1.2 lerd]y3 | @ lr0 |2.14)4268)|s601/57 095 .64|/82] .00]148] .30 |a.5)|.50 .40 |0.7
NHy - eomBy) 1,i51.351.08) 03} % Loy |.osl.o) loal o) |-0421.0/8|.0/4].008).03/|.458|.078|.037 |.04oloat |.pu).007 {. 022
POy ~P gebldo oa196 Jcorlas |9 lctaisg 3.1 Mcballo 1£.62]3.95(2.37|3.17(3.64656 {217 (1094 prsly3.alsil 1552138
CATIONS ,ppm B
CALCIUM 23 o 23£127.5125.71253 | 364 |22.2(2/6 [1%4 |ava | a50]ar3lavs | =
MAGNESIUM 48133126 2. 184 1/.82 1202 12.% |2.4513.67[292|2.26 (292 323|350 |3.89¢ ) A
MANGANESE 19 |.03%].008 o4 XY XXX §X fx Jx P fx | x]xix
POTASSIUM ¢ ls1 1.8 A 42 |.40 |47 .27 | .15 |.93 |.3¢ [295]|.3¢ |.ag Lsa |5 #
SODIUM XA VFIRITY 293 12.9 120.1 | 55.01 25:512/.6 |/8.9 |27.0 |40.0 | 901910 |yys |4257] X
CATIONS,ppb
CADMIUM
_CMOMIUH
coPper S WA B WL A g
1RON 181 1175 | 2osT] x-)
LEAD
ZiNC
_Botow ppm %S A 133 |7 .28 1.39 .&f .77 Jrod |.s9 |.s2 ] %
ANIONS ppm
CHLORIDE -Ct i5.8129.0123.3 1[4 12a.M] 28913¢.21297{¢391£39|/5°8 |/7.41327|/2.3 |24 HA o |#.3 |26 |STI |55.5|967 |4¢s| X
SULFATE-S04 X | X | x js2 | x (/8 12f {vs | X | 172 a3 | x

X:NO SAMPLE,; BLANK: ANALYSIS NOT COMPLETE




gLt

TABLE A-25

SOIL WATER FROM 4”, LYSIMETER

!
o0

)

. L\ ! :\6 !r) ) b \
& VA S S Y G S S S S o
I 3 9 o// ﬁ \’4\ ) Q'&,Q?(\‘y ﬁlfb Q~m&~$”$’§’
ANALYSIS Y " % o N VAR A A AR VAR TR VAR >
pH X| x| > [ |« x | x g3l )gale387 |57 167 1671723 |5¢ |57 |52 |67 (626t |t los|e
Co/':aw:u? < /5% | s9a] /32|70 |/88 |2Z50|223|2231/73 (2257 /187|229 (243 )227 (277 | 393 | 3y 332
INORG. NITROGEN
NO2~ *NOsNopml 129 |73 1537|252 13.4813.57 L.£#8 |AY |- 98 |:3F |27 %0 |.30]\./70 |/¢4/|.14# 4.329|.704 |. 162 |-347|. /8¢ |157| 205 2 1o
NO-N 506 | & x < j x|« |.30 [-$6]|.7 |.8 |40 | |1.26|/148|2.38| 92| X |/57| x | 98|78 | x |4yl a3 |ayg 20.0
NHy-N eom) is |06 |35 |.osm | 03 lox |o5"|.0/ |.oa|.0/ |.0n] 040 -0!7)|.028| 017 |.0o2 022 | -047 | 45D |.078 |.087|.251 | 234 | 37 | oe7
PO, -P geblre deex |23 exlas koo i o (12 lecalao | 6314.621783]1741 % (39717838358 291809100 1/uo 890
CATIONS, ppm
CALCIUM 2.5 1.3 /2.7 /3.4 1230] X |262|/728|20s |/8.11142 152 1,530,588 lay
MAGNESIUM Y5 \og (178|470 % |/£33 143172342/ /62| X |2.48] /.65](3.32 (228 |/,85|497 {265 (237 19
“MANGANESE .0a1].178|.050|.008] « |.038 *| <l xI x| x|l x| x|x x| x Ix < | % | x
POTASSIUM .83|,8311/3 |too | x | o¢ 60| 90| 63| 30| x | .50 .42 55| ./8|.4¢ [a35)/48 123 47
SODIUM 46 |18 | /54 337 % 202 21.2 33514651209 x |s5|/55)83 |2¢5Tavy |3ys 455|525 0
CATIONS,ppb
CADMIUM X <
CHROMIUM X X
COPPER X X
IRON X x
LEAD beS A
ZINC X X
X =
—Boroy _reem S8 1.Y7 135 1,38 | x .3/ .32 .38 |.ac | <« [.5B|.72 |25 |25
ANIONS ppm
chiorioe-Ct N, 8 |9 ey 1306150 |x (322 ]3/.2]334 wolez | x |370/9/ 1247 x [312| x |34yt 1390 ~ |lsuglygale.?
SULFATE-504 x x 1241 x| % 127 [24 |25| < [« < |37 139 |3y

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE

{COITINUED)




oLl

TABLE A-25 (CONTINUED)

A N
Qv ) l& )
ANALYSIS v Y YD ARV
oH 2le2les621c3|63|¢6l6.3]|6/]|64]|65
CONDUCTANCE ] ]
Mho/cm 370 \ 3¢ | 2031 2798|2471 28813251 170 12351270 | 2/5”
INORG. NITROGEN
NO2— +NOS-N PPm | 19p | 424/ | /% | 733|207 |. 307 . /67 |/.012|1.5¢7 | 1 883|2.6/2
NO,-N Pl s fyollotl X (2275123123 |06lo.c| A
NHs-N PP os7l.oit |. 028|024} 05/}.033| .0/12 | 023 | 022|.05|.025]
PO =P PPolcn 3 i3y 1862|195 6lss8l81 457|643 4561377 {987
CATIONS ,ppm
caLCium 146 1581/ ¥ 227115/ (/90 |20 AV AVIBU-N
MAGNESIUM | 200 | 2.03[3.30 1 4./512.88| 3.20( 4251 3.30 |3.157| 3.40 | 2.05]
.MANGANESE”L x X X > rd P . < X, P%d X
POTASSIUM '90 S |lro|.70 65| .90 ol &).f0|.30 | .30
SODIUM 2 —-ﬂ‘o 33.0|420 375 4—38 #4.57|36.0 3.0 |35 0H0.0
CATIONS, ppb
CADMIUM
~ CHROMIUM BOIHO|/23| 28| to |yo (/70 |#o |&o
COPPER
IRON
LEAD
ZINC
BoRoN (opm) §.6¥ | 5 1.27 | .341.38].491.50 | .46 |.44 [ .32 [.40
ANIONS ,ppm
CHLORDE-C! Kya > Iy 8120.9 | 454 | 2901478 |53.1 a9 7 | 2€ |e457 37
SULFATE-SO: Nas |29 |17 1 /0 | // 1 /3 |/8 142 | 2¢ [a¥ | 2¢
]

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




0cL

TABLE A-26

WELL WATER, WELL *3

/
g ; ; 4 Yy 5 &
ANALYSIS v, M \ m n n o
pH » X x| <] x X < e ledlx x| % |% |s9l¢.xx |calesteyleslesls,
CO:%E}::CE % M > ¥ N x < M < > » > x x x % X |32/ |51 5?.0 $02.0 57-(]5'&-3
INORG. NITROGEN
NO2- +NOs-N 5, mil . 02¢ 242 1.0/3).008).008|, 009 | 007,006 {.00F .o/ |.00R|.068 | 006 |oe7 |.0ca0] walpas laos b cofl. 009 o/ | oad oas™). a7 | naglo/l
NoaN  ppblso ys | ol |72 d2 | & | s2 s sz | 2 Ux |x LU s L2l Y Lw] 8lx Ly L& |/
NHq-N 2| 019 l4.007].006 [.0007|L.0007],008 |.003 Lot |.008 059 1,006 1.0/8 Lors” 445" |./36 |07/ Loaf | oal.oxl|.a0f |.ort | . or¢). 078 .0/ ). 00/ | s
PO, -P ppm ) 035 1.odd 1.00S" 1,605 | 003 |, 009 |.002-{:002.]. 00 |, oo |.o/7 1.00571.0031,0061.0091.006!.0061.007).0071 005,087 |. 006 |.00¢ |.006 007
CATIONS, ppm
CALCIUM 723 |69 107 i .78 foX RNz 75 I8 406 178 ), 8314251 /28 .72 1,/8) 08
magnesiom  Fas |29 119 /17 429 2l .82 227828 lsao (12 1271, 31127
.MANGANESEP’L
Potassiw 1.7 1.6 7 68 2 86 .80 80 28178 ) | ¢2).70 .28 |72 | .70 |.70
SODILM 6.0 |59 5. <) PYr" 5.5 < b 55 A SYylsaly3 | 5163 (54153
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER
IRON ¢30 g3
LEAD (.0
ZiNC
Boron spm
ANIONS pom
X YK (73173 129123 |24 186 |25 122 |2.516.F |70 |7/ (27 |25 |25 |26 22 (2229 |26 |70 |7 7|75 (72 8.0
SULFATE-SO,4
TEM- 5 % fo /2 |y25] oy (S (r0.0|m.5 i 1e | Lo itz
ELEVATON T Mspas|*  lsperlsaoslsasalszsolaan ]| x  |ermlgaalyzailes e colss sl s 500 S1L 15129 16117 [50.8960.33 [sv.08 145,73 Kp aal53.6357/¢

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE

(CONTIWED)



el

TABLE A-26 (CONTINUED)

/ ‘) b ) A
IS"bAé, ly’c\"m‘?,“/);,"&&"““’/\*&\‘” «\f\é/‘\‘{\‘\‘\g‘\
g
9 o/ ® k
anaysis / Y Y Y @ VAR AR AR Yy VY WYY g
. wn 56 |60]|€31£6/158|7016.317716517412015816016316516.8(2816./157|53|7235|57 4510|157
essom V4115921542154 3| 55.3|8.29757| 572|478 490|450 |42.5 |5 gl ol @b 1 v/ (g0 7 |/ 231 y9a| 98/ | 478151/ | s5.3|<23]525]
INORG. NIiTROGEN
NOz- +NOs-N pPPar} . 243|.03/ |. Ol | .04 lpry |.aa8|.027).03€ |.v#2).025.010 017 l.o/Y | an¥|.007 |.022) naol. o/ 71.030 .c03 | 028 | 45D |.022]./757. 15D
NO.-N  pPb .84 |.&441.45| ./71|.28). 52 |.5D .25 .53 . 421,22 |.56 lc.H .o |30 .14 20 L 30 l.yg .34 | X oz 10.218.1 |17¢
NHe-N  pPm l.0a1|.0i5|.0/0|.007] .00 .0i85|.0kl|.c0k|.0/6].007|,0071.00@ . 021 . o09).0/3 L. ans L age . a0 $].008|- % . ors Vo .oy2 .02/ .00¢
POg-P Pm 1 .008]. 009| .00C]. ou7l.004| .00k .006| .0051 .004] 005004 005 |.oo3 | o/ | op L5 | Xe | 3a8 |.006 . 005 | 008 .of5 -6t .0/ .05
CATIONS ,ppm
CALCIUM 70 1-621-70|-701.70 |.90 |/.80},.23|.20/.20 |L.oa|.AB /00 |L28)//3 |123/23|.92 | A¢ .5/ | .53 o (106 |1 % |14/
vacneswm 2 f | st | 44| 1608 |26 VA€ [ty 12y |43 |12l lud s lsd lio 143 0.9 109 b8 p.9 0.21/811¢ /¢
MANCANESEpop ] ¢ | < | 3l xt X | joi] soyl > | x | 03] X | x| 03] x| x | a4l < | @ps]x |/53|88|90|80\pols0
POTASSIUM (4|63 .6/ |.U |66 |70 |6/ 1.62).67 )6/ 1.60 1,65 L7 | LL \taltsls9l.53].52].% .éo/,?a .90V po| 1
SODIUM Jolso 5o s 150147 \ys |ys5 |95 147147 |47 147 a2i4.8 681¢ 85757183 5215 5160l6415/
CATIONS,ppb
Camium /A L2124 R.x 4 28 3.2 L8 LSV AVIAR S
CHROMIUM
_ copeeR 57 2257 .0 £ 4 58 73 |\ 2122617./ |235[ /98
1RON 19.50:3548.0| 150|270 |23.5]
LEAD /-1 LY .52, %) WA 2 . Sl 4.3y | X}«
BOAON (pe) R, 04 }.10 |08 |02 los |.0R LoA .ot .oz .07 o7 .o .03 |.os5i./9 l.as l.o¥ |,72].051.09!1 . 07]|.07].07 |06 o4
ANIONS ppm
CHioRIOE-C )78 1821861%/18.6|8084172212518.08.8 |85 1o |46 |43 Walw3|92(95|8.6|8.6\24)90 /0430
swrareson ¥/ VN7 | x | x V7V 72 s ¢ |7 1¢ (7 14 14 |s |7 (g9 16 17217 72127|w8 7
TEMP °C 12.0 455|351 /3.0 |25 | /0.0 /0.0 | 8.5 125" |/2.0 43.5 | 11.0 {p6.0l1d0 isco o Lrsolw.olmo 220 l12573.0 130l 000{18
€ evation T M7 |5/62 147 751427295 T YR IR D47 15103 52.37051.89 |51. 70|57 47| 57 15150 7 | 57 1 V0. 73ls00. 2514/ 7.2 79691207915/ 27, 5757 |5772 |8/92 15723

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

(CONTINUED)




¢cl

TABLE A-26

(CONTINUED )

v R
& / N NYAVARN
¥ o/ & &)
\
ANALYSIS N NAAR
oM S51ssl¢21¢6./]59163
TANCE -
Oovborem 1555 co 9| 654 94 2| 5T 5]53.3
INORG. NITROGEN
N0y~ +NOs-Npow | 08/ | 070 |.778 ] 034|./8/1. 035
NO,-N o /7] 204128]|0.810.6]0.¢
NH4-N pem N o10).008). 016 |. /8 |. 997 }. 2/57]
PO, -P ppm N, 0/ | 024 .0 | 4772 - 015] .00/
CATIONS,ppm
CALCIUM /.581,.28] 23| /32|58 1,4/
MAGNESIUM 181/ N re \ 27148148
MANGANESE o) /5. 57| pol o] 20 &fao
porassim N, ol /0| 1531/20) 7051095
SODIUM c£|93|80|7./1¢.5|g.¢
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 20.0173.3|48.0l12.5112.0 |10.0
IRON 4o |0 4doo| ¥ | x | X
LEAD
ZING
Bevrpr omlod [/ [ /] gojdd ]
ANIONS ppm
cioricE-Cl K 1o | 5176 | 98|22 | Q4
surate-sos | 7 [ 5 L7 |57 | 5
TEMP OC L2\ 1y r0.5| 10.7170.0 \10.8
ELEVATION FT 50,92 |57 // |5/ 02| 5/ 84 .ﬁé&&f

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




TABLE A-27  SOIL WATER FROM 6”, LYSIMETER

V& Y& N ey &
<, NS A \o & N
<§lf\ / @ /S;\ /\/ /$’ /%/ 1y, WA /§’/\ /,\\o /X"\ 147 /‘y’ / /
ANALYSIS o ) S ) Y S A AN
pH X PR LY L X16216.116016.1163157155|54 68|56 |65]70|56 ¢
woren < b n | x Vx| e dm9sp5 s I3 A4 /{576 00 [ 7051109 | ot |82] 4380299 1193
iINORG. NITROGEN
NOa” *NOsN PPrAE4 3 |5.2713.2712.89) .14 |.257 .1/ |.o) |.321./7 |.2% | 24¢) 259 1,189 |. 709\ o90|./9% |.08/
NN PPh R X [ X X 2 s [ F IR AR r|rdox Jye|— | - |59 |27
NH -N PPb Jroa3) 430l 20120 & |/ laol x | x |2 (sa3|770l 3 [vg (e 30276 |50
Posp Frols.claBieal 9 120155 iy | x [ x | x |silaszl i Leggli — 1= Ts4 09
CATIONS,ppm
CALCIUM 243y | x 1132 46 (124
MAGNESIUM 2.57/1/B6 x 1,895 Mo 1722
— MANGANESE, |, X X )y X x x| < 18/
s POTASSIUM 13714076t x 183 lJjo |0.30
SODIUM 27 lae | x |30 59 .8
CATIONS,ppb
CADMIUM X {
'CHROMIUM X
COPPER X .3
IRON X 47257
LEAD X
ZINC X
_Bovow (eom) 09 .04 |4 |47 .0? : % {
ANIONS ,ppm
CrioRoEC B X [ X /71X |3.9(439 065 x (<3964 (<39 . [c39]44 [<39 £2
SULFATE-SO4 X | x {8 19 X | x A i | :
. T T
N -
Tt

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE

S




TABLE A-28  SOIL WATER FROM I’, LYSIMETER

vel

. o, Lo b/ &
o & o S A N & X ) S b
A, / Y55 &
Y, 0/ O/ W W NS g ‘\y v/ o o/
ANALYSIS / v/ ~/ %/ N/ VAR V& Y S
oH X | x| X |e2|é6¥¢8|¢c.516.¢57 |60]60l6a1851ct]eq]| 72
Ceworem s N x 1 < [ x Igezlsrdssoc]esns] s |928]23.61/32 22 138\ 110 | 113
INORG  NITROGEN
NOg- mo,—nppnfh5'27 437|515 .08{.03 [.01 03 |.17|.238{./% |.070 |./74 | 133 |. 16 | 098|078
NOz-N PPof X I x | X 14 |2 x| x| x c#]|.98].70] x A3|/8| X | X
NHq-N PPEy ol 2ol 40| s 16 P x {x | 3 | r0|s.28|/1.50 171¢0]3.7 353 X
Por _PPo) i3 jceticorig3i36lx Ix |/ 1283277053619/ 192 4]2.8 hossd x
CATIONS, ppm
CALCIUM 3241a13] X 12.3|/k./1/48 2.6} X
MAGNESIUM 2.9 17.72] X (60| 5.7|célcolsz
MANGANESEPPL X | X | X |25 00] 34310 x
POTASSIUM 43|26 | X [, 857 |.50}).a25|r.60] x
SODIUM F.6109 | x {s5o0lag|ral,3] x
CATIONS ppb
CADMIUM X
CHROMIUM X
COPPER X | BYmolras|isol| x
JRON X 11771730 |380] 45| x
LEAD X
ZiNC X
Borow (Pom) 10 1.0] | x }.0¢| .07 .04|K0l| x
ANIONS ppm :
creomoe-C § X |48 x [K39|ml| X [K39k3.9/<39 <40l x (6./]33|80]0.9 X
SULFATE-504 X1 x| x 122|418 1 x

X NO SAMPLE, BLANK: ANALYS!S NOT COMPLETE



gel

/
TABLE A-29 SOIL WATER FROM 2, LYSIMETER
AN 3/ | !'\ b ! ’I’) {
S & Y S /\\7‘\ Y @ dy &/ ‘;\4 YO y
X
Q, N
anawysis / Y ~) & o) & VY Y Y Y ¥ Yy
vHT - X | x | X 162|159 ¢c4|e/|cy|s |57 56|67 |53 |s54] 20leolséler|izlsylsslsc §.7
A
maien } X | % | X lyolos A 799l cyAs.0l323 678577 528 ¢70lsz.cl4gols4 9167/ 1 /2] | #0439 |580152.5142.0
INORG. NITROGEN
NO2~ MO N P £ |/ 431,02 |./F |./Y |.53 .03 |.20 |./7 |.088|.152]./22} 108|. 098 ;15 |0 |.077].063|.099|.1as]. 099| /29| .097
NO.N Py | X XA X 1132 X IX 1/ I x swp x .70l 70lx it | x | x |loglzclo8F x| x
NH4 =N PPo 3ol Bo| X I |2 |7 | 71X {1/ |rea)rr2|266ly54i<.70] x .80 lasa] x |43/ 6176|058 x
PO, -P Pre ) /3 jLeaic.elc.oal G 130 [Lelx 1o | x lcedzgzlceiced 221 x X 17/ 12.8{7221 x| X
CATIONS ,ppm
CALCIUM R 1A |Zolol|lsp ]« [sd %20 |SY 18350
MAGNESIUM X1 x {7mn1.98{.25] ., liio 138|0.98 s40l 200
MANGANESE, | xdx | i <] x|« {x sSolzs51x |so
POTASSIUM x| x {fozl.72|.62] . |.72 .3%71.50 |.70 | /80
S00IUM X | X 123122119 |« (a7 44£13.614712.7
CATIONS, ppb
CADMIUM . X « P X X X X
CHROMIUM x | x « " X < X X
COPPER x| X « 1 l8ol/ol x |/
IRON x| x P . X x | x I X
LEAD X | x « x X X « | X
2INC X X % x X X X 1 X
Borme (Fer) x x |.of {6507 Lif .42 | % | x| x |.05].2Y]| x |<o!
ANIONS ppm i R
ceomoe-ct | ¢ bysTx 18.9(¢3.9¢3.9] X l¢2.91<391<a9] x [¢39 <39 a9|n9l4s 6.7 3214.3| X |44
SULFATE-S0, x I x | » x| X1x e X X1 x | x 1 X

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




921

/
TABLE A-30 SOIL WATER FROM 3", LYSIMETER
a o &S LS L b L/ & A &y
7S JSYYI TSI ST K8
¥ Aylo | vﬁo“h~ﬁ0y4&§t§\w 'Dz\/%(
ANALYSIS [/ ™ W ¥ VAR A /AT v/ vy %o N & o Q
o Al | x [Sylseleatessyles |63 (525 |56 |s5162 56 6.3 g |53 |53 63576765058 6.5
Ohworem N x | x | x (w8 N3 r02iny | 29| 893152/ 658654 108115 |810|800 | 155|148 | 782]820|957 839 692 8511 /080] 745
INORG. NITROGEN )
NOz- +NOs-Nppwr 19 o/ 1/2. G| .o | 8.¥6|3.92) . 73|.73 1 1251.57|-881|-398 . 430 | ./12¢| /06 | ./83].08Y |. 10 | .a04 | .53 |.1e0 |.091{.123|.102.| . /03| 087|. 126
NO,-N Pyl X L ix 1.B2lzy 8 1 | x |/ |.70].22].53] 50].268] x | x * Tx 130 |to L2610 /spisio| /o |02 |25
NHq-N PPh 920 |40 (95 |30 |« (4o |F | X | 301239 |<. 7012481270 | 6. 46|82 1134 welyg 163 361154106 | 783031248
POy -P PPb 1 3./ J4.62] X j.C |A.62] L2 [L.60 X 1£.62(K.862|4.62{,¢€2|< 62|14 .62]3.63] « x lap las 1i3.3) 74l 2329290/
CATIONS,ppm
CALCIUM 3.3 17¢|r52)60 | x |72 al.5 |58 (49 |e.a] X X 4931/ 40| 8.80|4.58
MAGNESIUM 3.5 4.5 B71 X |r10| /65| /¢48] x | x a8 ligs|re0]| X | x « 1/wla.30285] 185
MANGANESE . | .2557] w1 x| x | x x [ x |y X | X X X X L lagoll6B 4.0 1315
POTASSIUM %6 3.7 B0 {117 {/.5¢ 120 7] X | x layl|zse [r23 ]| x| x X | /e0| /057 0.58 720
SODIUM 5,9 5.5 a¥ | x {37 s.6lag8 | X | x |47 laqg |30 35| x | x | 40|43 |35 |45
CATIONS,ppb
CADMIUM X .
CHROMIUM X <
COPPER 25~ 1Y x| « 70 [do.0(l3571/2.5
RoN 77 27 X |« 7.0 170 /0
LEAD X .
ZINC X, .
Beron (P9m) 0 o8 lol |.oglos|x | x loe o7 |8 o] x | x |.ro]|.06].05].12
ANIONS ppm
CHLORDE-CL Y X X 25T 2K391€09(<3.7 43.914 3913 |<59 |<39|<39| x |39 |jpp |39 [<39]47 | X 152 |2.2(2.5]33 |75
SULFATE -S04 i x| x I xlbx U xlag (a9 | xlre lusol x | ~ 1133176 128 /4

X NC SAMPLE, BLANK: ANALYSIS NOT COMPLETE



LSl

TABLE A-31  SOIL WATER FROM 4", LYSIMETER

L h
NS o o) Y J o 1Y YA V&S &\/

K A & y W/ N N s N &
“9?(/\/“9%' &3’?@0@«,“’6’@'9’\/\&&@/ /\7\&&% \xé

ANALYSIS 9

Y ) N
ODDZ - Kl X x| x [6.415716/]5.2]53|853 |52 148 56l54 |57 |v8 )03 |sg 62159 156|58162(C2157
NDUCTA, — .
O o fem X LXAX L X s 1722199557/ (5020571 |68.0172.4| 10/ |13/ | 703 632|659 0r.0 &.0|73.8123.0(6%25 .3} 759 | 274
INORG. NITROGEN
NOz- +NOs-Nepm 0 2.8 | 1.2/ (0. 1710, 10] .20 07 |.081./0 | 07| 415" | .42 |.094)|.065].047|.043].036 |,0271.039 |, 0c2 034 |.025 |.o4€ | 045105 7). 057
NO.-N  ppf Al x|l xj.elr31.2 117 LA 1A -5¢ .78 |-50].31 |.63|.78 .50 (.28 |.¢c2 231.30 & |lo4]| x | X lo.4
NMeN  PPh 3ol Bolx | |5 {3 12 | /13941448 | 355 | .87 [L2.36)10.00 | 594 \j0.50 | w22l s |15 o8 | 76 1260| 2 /58
PO,-P PPp 13 14621461 1.7 (< 6262 /& <.éz<.é;.:3 L.621<.620< 621 3.561 .8/ 1254 a8l3y7ly Ly 12717655 x 17
CATIONS, ppm
CALCIUM £ F.7192 (44| 46 (92|83 (6.2 |49 s/ |si |¢e |56 |65 /72¢| x 148
MAGNESIUM X 3.7 7.7 1901 90 |r05|/36) 1.70]/3/ |1/9 |105 | 102 135 126 |/07 lt301240] x /25
ManGANESE, LE 43 42 X 1 x Xl x| x|x x I'x | x | x |x X 81 X X 18.3]
POTASSIUM X ¢z 2.0 2.72 | 342! 4.75| 3.90 | 343 |25:30|3 8¢ | v 3¢ |4 07 | 9175 433 153514 /0]090| % |445]
SODILM X 13¢ 29 20 35138138 12.¢121 |49 47 |27 lay |29 [32] x| + |55
CATIONS, ppb
CADMIUM
CHROMIUM
COPPER 17 70 731X | X 143]
IRON 7? 20
LEAD
ZINC
Bovew (o) 207 .09 .03 |.o1 {.03 |07 .09 |oa l.of l.o7 |47 |13 |.po] X | x | .4
ANIONS ppm L
CHLORIDE -CI 12 3 8¢ |24843.9/<3.943.9 L37X39K371<48[/2.4|2) |46 |¢3.91<29 |47 |39 |et |40|4.7(123]a5
SULFATE-50, K| X |2576 | x {2823 1,8 |+ |32 |13 (it | 76|27 X |5
X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE

{ConTIUED)



gel

_TABLE A-31 (CONTINUED)

& S
v ’@ o
ANALYSIS N N D,
on 6216315840 {ss5]7€
Omorem - R 75.419%.51 s0s2) 758 €43 B7¢
INORG  NITROGEN
NOz - +NOs-Npepmy | OCE-| . 047]. o944 . 05F7]. 08| X
No,-N  pp, Ro.8 0.7 |o.os]o.6 107 ] X
NHe-N oy N2/ g3 lr3.4] 588|658 X
PO-P  po, R /7 135°127]/7]83] X
CATIONS ppm
caLciuM AV RV TRV YA N4 RS
MAGNESIUM 2012 171 /80| /306 228] X
MANGANESE LB 43 |7/ 183 pol//s] X
POTASSIUM ¥ 4401 2 731 8. S|4 0514.03] X
SOD1UM 30|45 14 #(3.4(3.5] x
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER £2 |0 158 Lo |138] X
IRON 25 (a5 85| 52 |475] X
LEAD
ZINC
Bevow (Pom) .05 .c21.081./7 |.o7] X
ANIONS ,ppm
CHLORIDE-CI 85457129 | 75714/ 1 X
SULFATE-SOs | sy 16 | /¥ | SO 1 /o | X

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




6l

TABLE A-32 SOIL WATER FROM 6”7, LYSIMETER

X\ X / ! { [ !
WA N X N
JIITTTI YIS 7SS
Q
ANALYSIS ~ Y VY 9 1%
oM X |n | N X 1731797291220 22 (22 |7/ | 7469|7225 |70
oo~ | A | X | x| X V405122306 (399 V569 1549 [ 427] 5791 528 ceclsze | 505
INORG. NITROGEN
NO;- +Nos-Nppwl 9057|385 |¢.82|.SY (929 1-31 |-2¢ |-¥2 . 787 | 409 .54 267 |.27| x Y71 268
NO;-N by 13 3 12 1/ |2 1280jclenl 42| x 4/ | x 160
NN ppng § o1f }.03] .04 oy .031.02 107 |.0/ L.oog|.cot|.on |-org | okz.0l6 {022 ). 002
PO, -P pop RLel 7.1 |¢.¢2] 10 V1.6 112 K62k jc.62fc.62f 5270506 | 434 32 egq
CATIONS, ppm
caccum 195,/ 29 5] 105.6| 42.6| 878|883 X _|430] x 1827
macnesiow 033512, 012.257 IS\ 28 s /| < laod ] x |3.30
MANGANESE | 0o~ x
i | AR {3525 34| x |, 671« |.%0
SODIUM 7./ 2/ 57 535 |55°8|s%.0[208| X Uesiy laps
CATIONS,ppb
CADMIUM X x
. CHROMIUM % x
COPPER X <
IRON X <
LEAD X X
ZINC x x
By (Pom) .52 .38 |.34 |.ag | x |.¢8 |.4p |.54
ANIONS, ppm
CHLORIDE -C! ![IKJ %.6 2.92|450 3.4 0.2 12.7|378149¢ |188| 62| X |sp8] x 38.2
SULFATE-SO, 28 | a5 X §ya | 34 |24

X NO SAMPLE,; BLANK: ANALYSIS NOT COMPLETE




GEl

/
TABLE A-33  SOIL WATER FROM | , LYSIMETER
i ! ! [
(\ v ) ! { (\ ‘L)
& A\\ 8/ Y « /§ \VARN /(\‘1 K N/ A N
£ J VA y &
Q 0 WARYS SN Y Y 6 Y
ANALYSIS " Y VAR, N Y
o x| x| x1928|50722195168| 7/ 7718|6820 156 |69
CONDUCTANCE Jg
4Mna/cm XL X LK 370 (B0 |5l \768\ 55¢ | 302|552 470|357 | 4531321 |4a0
INORG. NITROGEN
NOe- Ny Npm | o) |819|.57|.50 |16 |23 | Y7 | 1ur | 567|247 .825).79| x Loga a03
NC,-N pol X | AL K2 12| 2.00|2.40|0.52|0.36l0.56| 40 | x X
NaN b Qyo 722713 |2 | 5 lyelwel« 7 /e5(622[88plv) | x |39
P0q-P peb k3.7 Jee2] A 17 ¢ {c <. /.0 | .821{ &2 {c.6114.3¢ a5 ]| « 133.8
CATIONS,ppm ’
CALCIUM 763 8| x /0821885 Yy 1387722
macnesum 12,0 [ /.9 LY X [2.26] 1.68 442 a4 2.8
MANGANESE X kS
POTASSIUM .7 .62 .30 .357.27 591 x 167
SODIUM n9 Y95 | A [56.5| 340 S0 13275 128.0
CATIONS,ppb
CADMIUM X %
CHROMIUM X .
COPPER X X
IRON X X
LEAD x 1S
ZINC X X
B (rom) &7 1w |.38 .38 b |.35 .30
ANIONS ppm
criorioe-¢l ¥9.2 136.714.4122 K39 2.6} x |B& 224 153.2 1350 |<37 (87 |90.L (428
SULFATE-S0, X 133128 4 1S 118
X

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




TABLE A-34  SOIL WATER FROM 2°, LYSIMETER

LeL

ég’(\ N /‘?fé/s/y@/&@/& ﬁf\\ou&\o

0
ANALYSIS g o) «f L) Y Y
oH < x | x| xleelaolpilz21¢al92 7/ 172 651¢8|58(08 65167
Cbejen B x|k | x | & losdi3gix 95|92 |as ke (207 209 | 263|267] 290] 123 | 346 | 248
INORG. NITROGEN |
NO2~ *NOs“Nepmlay. [ 122716 32 3.1 2.171.63 |.07 | 07 |.og |. 1 ).607| 320 | 02 | 3851.298| 2259|0971 x |.a%¢
NC,-N Py X 1£.9] x X .8 /.f X X A 7 ¥/&8| x A 1.281.28| x X 50 | <
NH¢-N e dcdol x |yol72013 |2 |1 | x | x | 8oy 4621K.7 |47 1622 6322521222 1 3.4 {129
PO, -P prp Je€zlz.29<.e2]l X 112 1761 X | x| x | X /58] X | R _|&-621372{/705] x {057 x
CATIONS ppm
cacum leu g 58,2 X | A X 1325 % |94 216 [23.8] x
magnesud  f o 9 9.5 XXX [+rDf & |/43].7221,93] x
.MANGANESE 2% 08~ > L3 X x X oL
POTASSIUM 4.5 2.0 X | XX (.| x|-38}.21/].357 | «
SODIUM 7.7 3.% x x | X (05| x (/56187 |01 x
CATIONS,ppb
CADMIUM X X X X X 3
CHROMIUM x | x X X X X
COPPER X | X X X 1 X <
IRON X | x| X X X <
LEAD X X X X | X X
2INC X | X1 K x 1 X X
Beyon Ceom) x {x |x |.3|x |x |.20].55 |x
ANIONS ppm -
CHLORIDE-C!_Kgo | k| x | XI3) 439X | x | XJo| * | x | X |754] x| x |72 |9/ |2y)
SULFATE-SO, Xt X I X X1 X 122 1a9 | x

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



2el

/
TABLE A-35 SOIL WATER FROM 3, LYSIMETER
X { { l
SIS T /t"/ﬁ/’\& “"/&“’ VY Y o &
7 /s b/ 4
Q ) & ¥,
ANALYSIS / /) o Y v Y YV U9 ) VY Y DARAR
oH R yx IX [ X |sipleclsfleelsidls?)s4|s3las st (5355|5757 | 60|56t |48 |4y |sq]lsa
e} x | x [« | % Vestisolizolue (954103 121 (206|247 [260] 18/ (137 | 231925 983 726 Lz | aa 20012341263
INORG. NITROGEN
"0x” O Neoprdde( (IPC |0 B0 24128 .C0 | 457N gD |20 |.27 |33z | 344 | 423 40 101 | 5|88 | 050 |0tz | 50] 072 122 ) 2ee -1504.270 |, 24,
NO,-N pes § KN 13.c|X | X |3 |- 81.&1.721r Vv |reo|rs#lize /57| x | -2 34| 42| -#2| /0c|rabl< iy 30.30 {45 |.bO
Ma  ceb 82es (313719707 VG |/ Ve (/5 |/ 16726407 [944] 86 |anst .20 | /76 |r2:8] 28 95 | .80 |48 |48 53134
PO -P pPo e e2is2 icey X | 8.71.9 [«62]).9 |c.62 {62100 |L62lcbr]cbdlcta]. 28 /86 1.8/ Jésﬂ/ 4281.9 147 .gm Ll L/ A
CATIONS ,ppm
CALCIUM Q51 18073 77 162147 |56)29 |56 |53 |5/ 155153 (o2 184 0.0 40 |4.7 46
machesm  N/2o 17331225 40|, 52 60| 431.36| 42| 3/).25).26|.28).321.26].271.38 1,35 |9y | 22 20 |
-MANGANESE 2601095 1190 1,215 o
potassim  § 2.25100512./2]209] /% ‘40\2.00\5%512.03] 1.22}/.28] /30| .8L {/.22]/07]|112).58 162 22 1.93 |.9%
soowm  Jsusrleasiczs] Swligss) 2.1 las2t 40.440.502:.01/9.0 1176\ 0 | /2| 10.5]/2.31s8. 20132.5°1 43 5142, 0
CATIONS,ppb
CADMIUM
CHROMIUM
CorPER K L7 VST o (Y
IRow (2] 7811 V13| 217
LEAD !
ZINC
Govan (pon) .38 Mi_ 130 13y .30 .23 19 |us |ie lay .32 L3y |59 Ler Lsa
ANIONS ppm
CHLORIDE -Ct Ole7 (76 %o P18 |8 K339 571222372 325 gl [zl s2]62 58 5./ |48 122.5|309 248|448
SULFATE -S04 50 |53 28 |34 |as7|ad | & 12 |47 (48 |53 |s¢

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



gel

/
TABLE A-36  SOIL WATER FROM 4', LYSIMETER
i
b /
Y o 3 4““*‘6“(\9&&‘*
& /,\/,@0 ! \on’ouéy,{) orﬁ,/
ANALYSIS Y Y 5 z." VA e 3
2N x L X ey te 120176 1éalovles|5715718716/]|58|57 48|58|64 | 5057152157
Cwnoren = b v Vw T« T« Lor |« Ligr liov |s2n) 125 /3 | /57| 1981222 244 ) 177 |37 | 228|74.7/28 17%313@;_395
INORG. NITROGEN
NO,- +NO3-N 8/ L1o0.2 257|242 1427).07).58 |.33 |.72|.3¢ |32 |.6271.685| 4351 ./72| /25| 304 |.2¢7 437 1. 207|.225]./92|.280]. 214
NO,-N bl x V3 I x|/ ¢ 1o V2 1> Vs |7 1238|.921/26] 42|.84|.%0 |42 |.70]|.62|.50|.70 |.50 .90
NHeN pom §.37 |30 |03 | 05| 02 ] o5 | o2].of |.00].0/ | 0/ | 02¢).0/2]|.008.007 {009 |.cva]|.o? ey |0/ |.ovo .2 \.oi Lo
PO,-P bheéa btalcealesa] o/ Z8 /6 1.9 |27 lecal s |27 .c2l 86|« 2] .23 l2.c 78142181 19.7 190 172 19.3
CATIONS, ppm
caLcom g3y PYr: 2.6 | 7715/ 0472 |5¢ (40137198 8.6 |57 (6.2 o5
maghesiow Ko/ | ig 1a.8 128 leg |07 3571.321.27].5571.3/ 1.321.23 {./8 |.27 |.28 Ab 1,33 .40
MANGANESE 060 |.0¢0|. 080! .080
potassim  ds o 3.glye |5/ las a3 4451554 |¢.50|5.00 |3.40|2.80|186 1/ 1307 .651/.9512.231.2.23
SO0IUM 695 Yo l2a6lg2y 10/ 1a1.) |30.51530(,9.3176.9 /2.2 |/ 2 .23 320 140.0 | 4.5]
CATIONS,ppd
CADMIUM
CHROMIUM
COPPER 3 A 1! 1raté /2
IRON N Vg5 {40 | 147 | /96 | 19/
LEAD
ZINC
Bogon_gam -35 1.39 1.42. 1.04 |.a4 |.a7 |17 |./7 .24 .31 |42 |.40 .53
ANIONS ppm
M Y29 L9k 1r3.5las (307 e laya i3 |ag ey |¢a3.9 |235 024 34 1]84)12.7 (2.8 [<39 /9-/ 138.2)36.6|356 |43
SULFATE-S04 o 37133 127 |22 |/7 |90 |57 |59

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




vEL

TABLE A-37  SOIL WATER FROM 6°, LYSIMETER

by &
8 N \')
& N b & b & Y n {4;\
N VAR ,YO /6 Y
ANALYSIS Y v W N
pH 724 [ 80 |80 |73 168163167149 722148
iaren N s/os 1298 | 2901292 772{4/6 | 250 | 216 )
INORG. NITROGEN
N0z~ +NOSN N2 39 |58 |60 |-480| 827150%0| 174 |53/ 1.3/ |/
NOg-N peb § 2 & | x K| % X | X 1/5 ] x 90
NMaN_ pom ot J.oz | ¥ |.076] 022] 020\.0% {0y .ou |.o0¥
POy -P ot Nood |02l x 107 x o] X Loe7l x Lo
CATIONS, ppm
CALCIOM x x | x X 13R4 1348
MAGNESIUM X XV X1/ x |a10l2.15
MANGANESE o X1 % X
POTASSIUM < X | X 13360 » |.¢/ |.37
SODIUM X X | X 11971 « X.5135.0
CATIONS, ppb
CADMIUM v | X | X <
CHROMIUM X_ X X "
COPPER X X | X X
IRON N X X *%
LEAD P X | X x
ZiNC % X X X
X * | x |La8 | X |.43 .54
ANIONS ppm
 CHLORIDE ¢ sysippalx AL X | x 147 x 283|316
SULFATE-S04 X XA W8 (/7 1i3 lazx

X " NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE



TABLE A-38  SOIL WATER FROM |, LYSIMETER

b &
& Y N A ) \g Ay
A , / Yy A
& /3; Q,‘y A ;1 \/ N o0 ’ ,@'
ANALYSIS VR vAAR VAR \
o x % | x 1Y 1917 107 725V 6.8 70160 losi25 (6.9
CONDUCTANCE

AeMho fem x > X » 339 éla 8281 aa1 | 270| /6 233 & P

INORG. N!TROGEN

N2~ *NOs Napm N2( 57l 009 | 957 Lso |2.28).7¢ |a¢ |ae | 2701 csfl 90/ %  |iy7 il

Noz—N;,,Lxxt‘L%’-"-”x"/'/"

NHe-N £PnY7Y |.or7).09/) 034|007 014 |.0¥7) ¥ |.0/9|.005).02/ |, 0/81.077).009

PO, -P PM W00y |.002]tesst]| x {02 |ooa)-00a]| « Of. 037,04/ | x X

X

CATIONS ,ppm

CALCIUM 5.9 | x  |rosy 554 15321449

MAGNESIUM 2721 * 555 -77

LB [£.03 go

Gl

.MANGANESE Fris X -y Ry

POTASSIUM 3.9 « 1.3 .28 .30 |.40 S

wIx Ix b [%

¥ |[* Ik K fx

SODIUM a7l » lai 19.8 105141, §

CATIONS,ppb

CADMIUM

CHROMIUM

COPPER

IRON

LEAD

ZINC

PSR N PR DR DR b

BoloN _prm ) 33

ANIONS ppm

CHLORIDE-CI  fo: o | 453l x 1339(3-4 [«3.9] x 4./

~

3del4dal x 132

SULFATE-S504

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



9tL

X NC SAMPLE; BLANK: ANALYSIS NOT COMPLETE

/
TABLE A-39 SOIL WATER FROM 3 , LYSIMETER
" o/ | VR ’ & &
ST T ’ 4 Y Y (5
Y /Y A Y AR o/ b ' ) ¥ N g %y
ANALYSIS \ VAR VARAR y AR v
o x | x | x 20V x 122123 1gv 62|65l |c2ic/ |58le2lct]|s721cr163l63]59157 ¢ 4 1¢.7
Oarm b 2| « | « 2L X _LJoo lagyrlanol2i 7] 2271272 1248|248 12571 27| /55| /231 13| ~20108 149 |25 /63 /98
INORG  NITROGEN
N0z~ tNOsNom N 513 /6.7 |4 81148 | ¢4 o5 |. 0¥ | 08 Log |y |.ov | 100 ). .42 }.087].0¢2) 0%\ 157 | 105 .050 165).043Loso | x  |.yool, 70| 5351
WM el f o A Ix |l2 )2 |2 1 Ix Ja |3 |/40}r3¢)/20] se].5¢]| 57| .50 |.3¢ | % .98 x |10 |ro ls5 |27
NN peblse VX a5 o |5 lyz s | o L [ x (v |8.68|wm3| 891266137\ 508602 6.86|1476 9.1 |42 123 lpalzs 148
PO, -P ppb ke |25 leca| x 25149 /¢ 176 Voo véalreafrro)o.95] 186l ¢ Q'/a-'zgo T\ 72%Mgwos |43 x L7/ 53l lus
CATIONS ppm
CALCIUM 2,34 ¢ 5] £.3140.51296 1257138571257 |0 4\ 4.2 1/39 /21 147/ 133.3 5.5 /6.9 124
MAGNESIUM fo 209123748810 fap | 75| 97].95|.50) .45 55140 [.90 |.40 .50 .ot |.3/ Lo 1.4
MANGANESE '%} B4o) 020
POTASSIM )58 leat |risips |95 70 |.80|.67 | 65|42 |.3¢ |30 | .24/ |27 |27 .39 .49 |33 [ 57 |55
SODIUM g5 l2/0 |z00 | si0)r3.20 #s 1117 1441183173524 1128 2319./ 193 |,/ 12,5200 23.51220
CATIONS,ppb
CADMIUM
CHROMIUM
copreR 2 14 7 |.é
IRON 13> 1497 17727 1/37 | +73
LEAD
ZINC
—BeRoN A .33 .35 1.3 1.22 |13 .19 % 1.8 |.20 .28 .30 |43 |.yo0 |40
ANIONS ppm
SIORDEC N3k6 jabol33 0l 329|350 | asel ate |12 (133 k3 leaq |¥97[1531230(294|194 (184 |18 8 <29y 3 1233128 20,2.91v5.9 247
SULFATE-50, 37 12¢ |22 las | /6 |26 |35 (27 |/9




LEL

TABLE A-40  SOIL WATER FROM 6”7, LYSIMETER

&
& b & 9 Y Y &
A A 4\ A N
Y 3 (,4* ” VTRV A IR 57
ANALYSIS AR v b B/ AR AR
pH X 728 |20 |26 1232771237/ 163163 5168169 {722} 20
el I ¢3¢ | 235 | 2g0 | 3581 352] #10]322 | 200 {2051 398 | 570 | Y57 | 275 400
INORG. NITROGEN
NOz~ +NOsNpwm ley/y/ V.24 |2op |09 l.o3 {22 ]| . 285]-25¢].725|.706 |- 42 \.118 |1, 70} X |a.73l.aas
NO, N 2pb s T x 13 12 13 13 | x J<el|.42|768|r68V/82 x 1.90 |/.0 .50
NHe-N pom | % | .oal] 038 653} 07 loost % .3 |.006 {08/ |.os¥.a9).018).013 |.00¢].00%
PO, -P pobls3l x | velso lra Lea]l x lea2|saslastimge 2.4 Lo3olo loig | 00
CATIONS ,ppm
CALCIUM x | 85480,/ |554[4.0 [83.6{40.01394 |324 ] x
MAGNESIUM 23 X | .s# 45| 46 1220102% 745 .86 | B0 | x
.MANGANESE X X
POTASSIUM A l.30l.51..81.374 .07y 1,23 /5|
SODIUM x 13651221132 /55128680 es.s 1.5 x
CATIONS,ppb
CADMIUM X X
CH‘ROHIUM X X
COPPER S X
IRON X L4
LEAD X <
ZINC X »
ar?o s .3 40 |.30 23 1.2 |.70 L.7¢ .60
ANIONS ppm
CHLORIDE-C! N/3¢8 1236 |¥58] 52 |1al |5.3 |/3.8 {350 (37 K39 1.8 1356|8725 |v38lu5 1359
SULFATE-SO4 X 2 12 142 139 25 |

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



TABLE A-41  SOIL WATER FROM |”, LYSIMETER

3el

{ { { h, ¢
%/ o \$ W/ o/ L/ &/ N \
& & Q & N /(\Q N/ /5\:,\ Y A f\/
< N/ K Y/ 5 X VA A '
SN o/ 9 \y ,}k 7/ O/ W/ & : / ¥/
ANALYSIS / ¥ R/ N AR/
pH x| X1 r 1671725 |22122172./16-7)6516516.5 |60 64120169 |67
i | x| x | % (zzs|ais| el 06| 67| w8 |24 | 827|492\ 375|998 | 249 357|325
INORG. NITROGEN
NO,- +NOy-N pemb 007 | 1894|2451 370|696 | 158 | .0 |.00|-081 | .37 |. 920,62 238 2¢5] x| 36/]. 235
NO,- N bl X | % 20 aejacl x | x | x | .8#£]|.67 238 x |.50le0lx 10
NHg-N pPm b 28| o3 |.023]|.0/2|.0b8l.040] X | XA | X |.oo7| o 02| v Lo35\.0/7|.023l.022
Po.-p  PPb 1,9 le-ad] x 187 las |r2 | A | « [«.6A.63c.621/42|x 15051223 [230]/5.
CATIONS,ppm
CALCIUM A s AP xR I x |578|RT522i5301 x |asq| x
MAGNESIUM X {<o0 X x| x> |.s8[35,52|.43 1 |47 |«x
MANGANESE v .o X X X | X X
POTASSIUM X |ra x| % x | A |43 1.3 L¢s Lys ix L5 ix
SODIUM X g8 A3 X | x | X 12701/3.913/.01830] x 0l x
CATIONS,ppb
CADMIUM % % * X X X X
CHROMIUM % X X X X
COPPER A X R X X X X
IRON A X ¥ X X x %
LEAD X S x| X X X X
ZINC A~ X X X X x
X x| f
Borop pp x_ |.48 |.24 1.5/ [.71 }.55 |.6b |.54
ANIONS ppm
CHLORIDE -CI X _|%#5 1247 ]33.61/48|<40|<q.0[<sF| x |528|4941,72.9( %020 42/ |3.2
SULFATE-504 Al X JX P X o /7 122 1x |2/ |x
——
: i
1 1

X' NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE



TABLE A-42  SOIL WATER FROM 2, LYSIMETER

6€1L

/
,\“‘\‘Xq\n’(\"qllf\l, (\"7,{7 & & b

& ~) \y
& N
Y ’g o/y v/ X é, Q)Ay bé{ o /§’ @' /
ANALYSIS oS w/ S wS N N Y N \ ~
pH X | Arl7012723178|7/ 7231731621 70177 [63]6.8]16.0l6¥ |73
islem | x | x |ge51a23|1931s27| 63| 3/ | 260| 202|237| 3550 720|232l313 |48
INORG. NITROGEN
NOz— +NO3-N PPMI4B /7| 5792 ¢4 1.22 |- 1871 0320] . 15 |.0851.224 | . 267 | .037 | .8862) .223|.982.18/ | X
NO,-N peel x x |7 {<4] x las]| x X I x I x| x {r/5] .28 82| x X
NH -N PPr1) co57| 06 | .cas| 0P| o406 00B] X |-00P|.0/é] . 0| X |.03| 007l.06T 1057 137
PO, -P PPl X | X |0 (S0ol40] x | x L R X | A L4211 403{%.3| .5
CATIONS, ppm
CALCIUM 10091 X < {1 x| x X} K x & | A 1221757|c25 502 x
MAGNESIUM Iz 55 ¢ x| < | 2] % K| ®x 1 ® | % |.351.2¢]1.5701.39 | «
.MANGANESE 7 2" P'e e R ' X X X X X
PoTassiM  f 40 | A < | x| o] x| x| x| x |,95].28).20].35].97 | «
SODIUM .4 < Al K] <] & | & ] < | x {« {234[1726)/52]126] «
CATIONS,ppb
CADMIUM X K X X X X X x X X
CHROMIUM " I'e « X X X A % X £
COPPER X X ¢ X A £ | XK x X L
IRON X | X} £ ] ¢ L] x | x | X x
LEAD " X X £ £ X X | x X X
ZINC I'4 ¥ < £ £ £ A X X X
B (om ] x | x L« l.38l31 Lay a7 [.5
ANIONS ppm
CHLORIDE-C! 1/370)| X {203 |//.2| X [<4.0|<89| x | x |796|73.6|23.91/3.4 |33.6 X
SULFATE-SOs Al Rl A {2 X X | x| X | # 23
|
1

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE



ovL

TABLE A-43

SOIL WATER FROM 3”, LYSIMETER

b A L b ! WA
, A N N \0 \ \0
S S e o s i 4 4 A/q\'&'\“/@v&\ N
Q ) \ " s 9 Y v 9
ANALYSIS v b v VY 7 7 / Y ¥ VY I \éy ¥
oH g lx Ix le?21c8 167143 | 59)4.0|5¢ 5656156167 (58|67 16716.0]60 |5¢]52|5715¢ 6o
Oawnoson = Na | x| x Lz Lag3 o Lz lyay Lo7 |80 | 17 1232 000 L1397 | 129] 73 | 94.3|846(88.0 | %0203 107 /73 |as0
INORG  NITROGEN
N0z~ +NOSN ool g | s0.9 112/ |y | 59 |so |15 | a5 | .43 | 3857|130 | 353 (332 |. /67 |.237 |.084 083 |- 73/ |.350|, 244 |. 357 | /.08 |.337|. 28/
NN b lsalx | x w7 les g Lz 1y L7 |-78|r34) 5| -82] 42| r40]280]| .50 X |22y |70 400 |4.20|.40 {140
NHe-N — pom 8.0 .03 .03 .0/ |oa | or |02 lo) |.0/ |.005|.a08l.004|.203] ao]|.346].57 . 244| ./2Q.0580531029 l.o/3 a0 2| 0/0
PO, -P ges o> lpp |y 172 16 |ré2le ls2 ly2 7.7 14621 <€21<6-2]9.3 |32, 198 122 | /08 1849 |598135°7 13631329 1257
CATIONS,ppm
CALCIUM 7. | x avl 4o 1134 13.21/2519.0 |3.9 [ 4.0 3321391728 |20 6.0 6.0
maonesim  oye | 2820 4 |oss 87 1.3 |42 .3 |26 |27 |09 |.75 57 4.4 |.82 |.28 |.20 .20
MANGANESE § 20571.2357 » lo¢o L
potassim |, 18| x |, 198 lraalr 95115 .50 LGB (196 |/.6¢6 | x Qasps|rR0.9Y 1,37 1.37
SODIUM 27 |9/ | « YL Yl ldp 5123012065123 197 |« 143 /3 122 ﬂf_ﬁﬂ 35.0
CATIONS,ppb
CADMIUM X
CHROMIUM X
COPPER 19 & % o X
RON 85|18 | x lata X
LEAD <
ZiINC X
_BoroN _ppm Ak 1.37 {.36 |36 [.27 {49 .07 [.09 | x |.21 |.35 }.3Y |.5Y |.52 4@
ANIONS ,ppm
cHLORDE-Cl Ry p | 259 50 |20.71229 le3.51 ¢ |¢.& 6 |0 (28412201128 1/7.019.2 16.2 |55 (Yo /1221 %.0 \Z4.9125./|135.4
SULFATE-504 /B 11 X /8 1s3 2 lasiRa 17

X' NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




TABLE A-44  SOIL WATER FROM 4°, LYSIMETER

Lyt

/ b o Lo b & b \
5 SIS SIS oAy
S § VAN o) Y T A <
ANALYSIS /) ) VAR AR vV Y N \ $ o
pH x |« | % g/« legl23l¢s|calesle4lr8lcclcen/ 63 5715216569 16.7]¢9
co/':a‘,‘,’f}::‘?‘ x X Y6 | x /72 |/95 1728 | /55 722 342|2021293|2 78] 49 ,7§ 1zl 72 33/ 14/ ZT‘Z?J'
INORG. NITROGEN
NO2™ *NOs Npamlssio \ifa 127 | 437 3¢ |yw |23 128 | o2 | 1o |.732) 23] 53/11s23]./85] 395 ¢ #2Y.077|.280|.2057.263 246
NOeN  pobdor| x | x l28laa|ss |« * fx | X 1328044 67| 84|.72|. 90| « | x |x |.8b]x
e N peé Baco Yaso lwr |30 150 (530 « Vs [u |50 laiy|<.7 1598|776 |49 |5.40 122481231 3aslar |are .5
PO P ppb N ewa|cialia |22 |9 |« » |« x | .9571.43].c2l.ex| 15515210090 x Ll x 2301198
CATIONS, ppm
CALCIUM 4zl = x [aB0 13r2 43/ 22215781 « 266l x 1183 [20.1
MAGNESIUM 43|« Lgo | o x |./8 |.20].35 Ml 472« 1.89 | x 57178
MANGANESE M « .| .oao] X B} )
PoTASSILM g2l 1s3s3 % |.52].60 |32 20140 1« 133 |« |78 139
S0 oy lyee lsas o X /4.5 13001325 [LOYIB] « L2251« 3¢5 (385
CATIONS,ppb
CADMIUM X X ¥
CHROMIUM X % X
COPPER /o /2 | 2¢ X } <
IRON Zol /87 1760 X B .
LEAD X . <
ZINC x X <
Goten_pom x |.ag .39 [37 A3 [y | ¢ [.38 .49 |57 |.49
ANIONS ppem
CHLORIDE ~Cl 625 | X 15¥3| x 1238| « |39 |x ly7 494114 F129.6117.7 | 10.8|12.7 428 x 13481« 6.8 137
SULFATE-S0, K 230 « . /2 B 6 ?
I
|

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




Al

TABLE A-45

SOIL WATER FROM 6°, LYSIMETER

/ o
& A A (\\0 N, '<';'\
TYT TG
ANALYSIS by Y W
pH 27182317/ 167 6569
Oorem — Vo | x |a057|aar]20s]3<y
INORG. NITROGEN
NOz— +NOs—N oMl 7.28].53|-2/81.1501,2380.1)
NO.-N pb ) a X 1a38l290!.50
NHe-N oM} .027] . 043 -02/.038).001 l.ont
PO, - ppmt ) .00 | 005 - 015 . 014 1.023].022
CATIONS ,ppm
CALCIUM x b |18.3135.3
MAGNESIUM * 2.2/ 1142135
MANGANESE PS
POTASSIUM A 173 .40 1.33
SODIUM x_lz6l30.01500
CATIONS,ppb
CADMiIUM *
CHROMIUM X
COPPER "y
IRON x
LEAD X
ZINC X
Poron ppM X .25 |.35 |.6d
ANIONS ppm
CHLORIDE-C! F ssolry/ (|83 11961184 308
SULFATE-S0, X O l28

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE




TABLE A-46  SOIL WATER FROM |”, LYSIMETER

Evl

o | b b & y
\Y U N XY \o (\V ) A\
SGSIISTE TSI T 8GS
ANALYSIS Y VA g VAR AR NARYAR LY 2R/2RN
o « 12 |» (2721271251220 o V74 168170167 68|80164 16317] 146.716.8
wtim - N« | x | x |7ysla3d|ovol| o lisg los7laos345 1102 | 1r2 057 Lo 2er [Hog laer {der 119
INORG. NITROGEN
N0~ +NO3-N ool 03 12.57)|.370) 207 ], 535,092 . sos) . Jos| 025 Y8 (. 130 ).05Y ). /3¢ | .6 7211.9/8]. 160 1.098), 80|, 307 |.239
NO,-N ppb Uy Aw g2 W2/ lpy 12 1y ¥ 1 X 1248136 1.25 .42 X X |.HO|7b}173]12.0
NHe-N ppm -23__’224 ,6)’ 7] 060} 07| = x X ool m4' o2 1-0i0 303 .01/ .09»447/ 003_2 'm
PO, -P 204 (2 géal x |27 |25 |cex x |x x X | .ok|l.coal¢.62].0/51 x 4.5 12233513351 /43
CATIONS, ppm
CALCIUM PR E R | g Y1651 15371458157.01.324]223138.4] x
magnesim B y7 13490 X PR 1601, 57193 V146 1,920 .76 46| X
MANGANESE -3 WET A X % x
POTASSIUM X +3 X X .28 129 .08 122 l.yo .22 |1.abl.37 | x
SObIuM d (2 X x 13051425 /00 Yg 7 1/8.2.143.0136080.51
CATIONS, ppb
" cADMIUM x| x X
CHROMIUM X X X
COPPER X A <
IRON X ~z X
LEAD X '3 X
ZiNC X * 4
Raroy #P™ X 1 ¥ |4 [.49 L47 | x &7 .59 |.52 .56
ANIONS ,ppm
CHLORIOE-Cl  §905-\ /7 | 17.0|768|8-0 |55 |£39147.9|229] * | X |4a.0]|3531/8.3]278|235|4361127|59Y141.9
SULFATE-504 X | X 29 X /7 130 las |a4 | x
i
R
P !

X:NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




2%

TABLE A-47

SOIL WATER FROM 2”, LYSIMETER

/ 1, !
0 ¥
S : 46 /Aé 7 Y & A4
' F 4 4 & 4
Q 4 v \ \o X, Y X o,
ANALYSIS v v, NN N ” ¥
o x I x 4x 167126 | 80123 (722 ¢.7 65 |66 |66|63 66168169 16.510.816.716.¢
°°,’13‘d§}c‘m"°‘ X X X (3a7 70 lasolys |78 sy \276 |27/ |34/13251272 | & 187 13381315 | 3971 3751
INORG NITROGEN
N2 WO N 2285573 | po7 | g2 23 iy |.op | i |ag ) 17 | 238022 | 213|583 126 |.087),008) 120 106 ). 113
MWeN b} e N l2 s la e [x |/ 11%|20#s90].&2 | 28] x | x [1al.90].4012.0
NN 06 129816 la) |5 |8y 197 loo [ x |3 joaldmli 336l x (57194 ey s 142
PO, -P oob ¥ #¢ bl x 1se 155 19 | * 2 1237]/3.0 623015270 x | x 122319.9 i10.214.9
CATIONS .ppm
CALCIUM 0.4 5781371 |33 3143 11405123,1131] {384]a2.2]3.3|30.6
mIOLESM £8p L 3411 537457 .68 ST 45| x |.931139].7 [1.7571.97
MANGANESE ,0? , 0‘ X
POTASSIUM % /~f 54 42 43 3“5/ SO < ‘/0 .42,2, .ﬂ .25.254
—_— x_lez 142 |28.0|36513800234 |« |/40 133530 5143.5 545
CATIONS,ppb
CADMIUM .
CHROMIUM LS
COPPER "
IRON x
LEAD .
ZINC .
Boron _pom Ho |43 [.32.(.33 |45 | x 1,29 1.6/ .43 |.50][.57
ANIONS ppm
TIOROEC A7 |y2g| 25|38 123 | x <2529 k39 296 |47 loog | 330 g <3 15945706y lua s
SULFATE -S04 ,,’25 a2¢ /? 10 a2 19 17 é_\f

X NC SAMPLE, BLANK: ANALYSIS NOT COMPLETE




ghl

/
TABLE A-48 SOIL WATER FROM 3", LYSIMETER
/ !
L) J o/ oo
A X {, A /\4 4 N (\‘J N N \o v J\\ﬁ
SIS SIS S S WS S S
Y Y 5 VAR S Y Y q Y & Y &/ 5
ANALYSIS v VAR AL AR A AR Y y VAR AR LAY AR
DHA £ x 7122|7226 1¢5|e¥]860]|62|c/ 63|50 |6cis./ |62]63]|58l02163162]63
Oamworem | x| 365 32 3lagslass | 200200l 297 | 29| 322 |29 | 851 sp0| 43 | 271177 132 ] 208) 085 ]2 1370
INORG. NITROGEN
NO, - 4+NO3-N /h8 1353 2, 51.3¢ L.r? |og Log |1y | /2| #1135 |./22 |.028|.085|.088 | 40 | .09/ |.09% .09/ |.083).085| 050|.106
NN 4 bzolx |x |ivlg Zlro | solso)s26it20| .8/ 281 56| 2 70| x 1.7 |17 2.5 .50 .60 .3
NH¢-N pprm § .05 | o |.oal.or |.ar| os |.003].03|. 2/ | 015 cot].a8].0n |.cwe aaf|.032 |-v81.0/0 },0/7.038|.004 |.o0Y ) oot
POu b ppb Rra leéal x |2 ls9 Jecalse lecaloca]| 2198l4.a2]c.e2[. 723|220 545 ] /95034089 32.913L0 1;3.0 1.3 1.5~
CATIONS ,ppm
CALCIUM 723 3771317 1423 1408 133.7 | 20.2132.4120.21268.3| /2.4 380\ 20.6 1327137
MAGNESIUM B2 3212450 2.2 470 70 |- %57 188|.55") .48 |. 80 |.5% |.50 |.57 |.38 |.y7 Lv2 |.s¢ Lss
MANGANESE L85 .02 |, 08 {.o02.
POTASSIUM 3-3_5%&3 3.0 |92 be |/o8 117 | a1 |58 .80 |.<&.ol.y7l 3¢ .30 1.t /AN
S0Dium Jlaosl/zo14 3] 109 [3BI5F5 BT 113 127 2y 43\ s YA (22540434
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER 5 lao | ¥ Y]
IRON 3// 26, 35623 220
LEAD
2INC
Bokoy 4om a5 1.33 |.33 [.30 Ao |44 115 1.7 |24 1.A8 |40 |44 |43
ANIONS ppm
CHLORIDE Ol 2V \ o\ 0.9\ % 01278159 16.5 |23.5 \e3.9 |3.51310\37/| 193 | w5167 |<39 S.el/o |55 139713531321 (989
SULFATE-SO, 74 39 (A6 |45 12/ |20 |2 |37 |33 {33

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




Sl

TABLE A-49  SOIL WATER FROM 4’, LYSIMETER

1 ‘\, « <\l7 b ‘\‘} &
& 1 f%4¢/ /Q ﬁi &@ §/W/
ANALYSIS R

AN
oM x| x ] * 1¢¥ x lgzlay zj’éor.ea sé|s8l60|58|62 |co 605.‘763 58162
%mmflexmeWMWMWﬂmWwwwmwm
INORG  NITROGEN
NO2~ *NOsNowml ) 189 sl sy .23 3s | oy L3351 29 | 288 | 144 ] 126 BB\ k7 |83 |.30¢ |.085). 156 1,134 |.13¢ | 080
LA TR E PRy s ls 1y Y, (721871752 .2 X | 95\ L0020 .00 .50 1.60
NH4-N 2PN .08 Las” Lol of Lo¥ | x |or |.oy |os .01 | .03/ 002|.006].0/0| 00r{ 032 0251-002.007|,0/8 |.007|.007
PO P geblya ez leezlsg 119 109l ralse 2 {ecad raslacal< sal<ea]- 73] < 267 748140 41/4.91an2 [23.¢
CATIONS, ppm
CALCIUM JiL 22N 318 /|28 1281 % | < /431y 1300 170 18
MAGNESIM B2 2 13/ L i 674 521 53154 .28 | < | x |.38 137 [y |.49 |.5%
MANGANESE (082 | 060 Y0 |.020| x < X
POTASSIUM (3 1250t 1o ] 9 141202 7./2) 702 5] X X |38 .9 |.25 40 52‘1%
SODIUM 5 .80 x| 29522 5] 5.7 1AY5133.51550 123,11 x A /3.8 471723514351 44.5
CATIONS,ppb
CADMIUM X | x
CHROMIUM X X
COPPER 9 jeot| |y |ao % | X
IRON asg|to |gad|R2|ard x| X
LEAD X X
ZINC X | X
_BorON pom | 37 .41 .39 .35 | x X 18 |.a8 1.5/ .65 |48
ANIONS ppm
CHCORDEC V509 \ssa|vi?\voe|ve (2899 |55 v 7 (58|34 364770 |38 307 x | X M6 89 4./ (6.4 {42
SULFATE -S04 2, A 1271 x a7 |4/ 13y
| R

X NC SAMPLE, BLANK: ANALYSIS NOT COMPLETE
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TABLE A-50

WELL WATER, WELL -8

YA Y, %
& N A 49 A / &\ I\ /a& Ny A A AN T A 4 A ,é Y
& <9 VARV, b D¥ % ASV v M by %/ D
ANALYSIS VARVAR vV s VAR W o)
pH LI R T O L O E x x| ] ] tw 1 x lgéele 14 [x |59lcal«x (valeylss
CE
C?,'iaﬂf}f.ﬁ‘ * ~ | X > X ~ | x > - b X ¥ X x | % x x o ) | % |25\ 4823|4577
INORG. NITROGEN
NOz-+N03-N",,\ ax |07 L. of .08 \.og \.y7 4 .3/ 137 1.32 .21 V.21 {.3a8lexl.73 1,7 ) 29}.221.:9 1.69|.07 V7o {72 | 66 |63
N2 N bl |y s s el 818 |7 1/ ta |2 l3s 35| xix |valx | x | x| x| x| .ol 21/0|coy
NHq-N LPMY 001 12.00/ 1409 |, 004 |, 20d|s.00) | 00f |.003 |.0/8 |00 |.035).007 |.ové |.00% | 028 | oar |.osa 039 1,03¢ l.022.c08 l.ook |.oso |l 009 l.orz
PQ4-P popr ., 085 . a0/ |00/ |.083 |, 004 |.006 .0/, 002 o0y |.006 |.ao7 1.3/ piol.o631.007]1 x  |,p0671.8/0 [1007 .oaB |- 007 .0/ |,0a9l. 0.0 {6/6
CATIONS,ppm
CALCIUM 195V eo .58 1.9 fO2- y2/A 4A0 ) - . 7A .78 .85 97 £00 |37 \4/F 1.9
MAGNESWM  1//9 l/02. l/03 .95 /03 /24 727 /i toé /83 Lo A08 1422 | /oy |07
MANGANESE,, /
Potassim lra |.59|.57 Y .6b .73 8¢ 8¢ 82 2/ 1.68 G |70 1.62 .67
SODIUM (s isi/ |s3 gy 1A%4 455 §:80 6.3 599 {38570 5.83 | 5730 | 534 | 5.4
CATIONS,ppb
CADMIUM 25
CHROMIUM '
COPPER 7.8
IRON 230 |30 | <30
LEAD 2.4
ZINC
icltd ngﬂ
ANIONS ppm
cruoroe Vo3 (57 g0 )58 slee oy (268 |20 12/ o5 |2/ (g7 lev (e e lealsoleelia (s 4 573123 [ £y
SULFATE~SO,4
TEMP °C o * < x ” x P A x x x x ¥ _/j/ PARPT Az //—TZZTQQ f//;‘ 2NN AV i‘//o“rv
ELEVATION FT. ¥¢9.97 |§%02]{5e/ {sVa3lsyanlsyasr|szan]| « = 5281 7289 $233157 521 53.3¢] r727)50.94 503 {J,wiﬁ_,s—lgwq 5;‘,35;,_;3 553_8/155,.,,§9.‘,&»1

X' NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE

(cenrinuen)




8L

TABLE A-50 (CONTINUED)

!
/e
& A N A / \ /& i\
Y 7 é) VAR & & ‘& WARYARY Ly Ay
ANALYSIS T, MDA A S o) ¥/« AR AR
b it 127 140 et 2alealselcalco|25|so|colss|solse]es|58l67]6.0]65180
icren - Vaas|vgs 502 |smo| 41578 577 | s¢4 |83 |7 5231533 w0 482535 yfalsy9 45l 4y 0528]538
INORG  MITROGEN
NOp- +NOs-N omb )5 | 58| 02 |35 1.325|.378] 3501266 | 470 |. 444 | 402 |-2357 . 4D |. 428 | 298|, 386 407 |.a60).209 1,197 . 150
NN b b el s Ly 198 laa (6ol rsg] 30 | 12| 2l 4] 4262 .37 Ly2 |¢1y|.45].50 (.14 .20
NHeN  ppm o/7 [o07].0/9] .0/ 8L 028|038 .coal.ons|.o08 L. oY L o/ 2).00 210203 L0120 |.008).014,.008).CO51.00b |.COS
PO P pem ool ol o7l o3 oy Lov? . apdl. 202\ ou Lok o8l L o Lodf .ood.c08.da81.01] L.OIO
CATIONS,ppm
CALCIUM 57 |24 10 SR 676277 .50 .20 .20, 22 o2 | kot . 22 11.03).91 .97 .97 1.0l (102,
MAGNESIUM  N//0 | 10/ L 4/5 L2142 (23 142 1r2 13122 105|408 4051 97 (1.1l {Log|1.00].9Y |[.c0|,.98
MANGANESE | 8., 90192 8.9 175 4.6
potassiM |95 | ¢4 |.45 o/ 16 \of |.6Y 65167 |56 .58 .60 1.57].551.55 6760 ].531.60 |57/
SODIUM 5-34 30 "7( 6-0 e‘: ﬁ‘/ _l/ é‘ ;27 é.a élé O‘ .0 5& ./ ‘10 é.él&- 6-3
CATIONS,ppb
CADMIUM .89 153 )/07 .1.78
CHROMIUM
COPPER A 3.515.3 70 9.6 4.1
IRON 6.6 4.5 16,/ 8. 3.1 8.2
LEAD
ZINC a5 a5 150 a5 75 75
BaRoN _pLM 04 .06 .14 |.02 |.c4 |.07 loy |.05 |.o7 |.o/ .06 |.08 o4 |.0% l.o4 L.oY |.ob
ANIONS ppm
cHiorioe-¢! 1e> [go |87 18.618.3 |18.8(90 12319/ 199 193 w0 |90 18.2128 12218673 6.4 16.918.0
SULFATE-504 9 /0 L7 247|413 e |y |2 |17 14 17 |l |5
TEMP °C p5 VS ms 28”43 | /3 /@ a5 |/ sl us1y3 173 113 (2 issliaslivolias|izs
E-EvaTiON FT ey 23 | 702 | 5/25 | £.27 5p.99\50 SBJOSD. /1499 57.& 52 OR.57.8 7151. 551514515742 |5/ 075268

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE
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TABLE A-51 SOIL WATER FROM 6° LYSIMETER

t, ! J i
o N o) - ‘\{) a) ,’7
& 8 A )
7 Y & A,
Q/ o
b) é’ % U \ r? a
ANALYSIS ¢/ b X
oH Al wl wlrel g2125176 17.2175 165182 178 |58
Carem - N < | <l x 195 1231132/ 1092 12/7 340 la12 g0l 370 /3¢
INORG. NITROGEN
NO, - +NOs-NppmBs, 1/ 100,514,371 .72 |. 32 (.25 |305# |.203 | . #/8 |. 29| 38/ |.a77. /130
no.-%  pph kx| x X |/ i §X Ix }é]-o)x | x Ix |45
NWN pPh §3251 93| 0/ 1DANPC B F K | X (1201 iy 2.t
Po,-p  PPhl2.c [ce2icef g7 | X |X { x| x l&xlx L x |x 1.9
CATIONS ppm
CALCIUM A |95.f X | x jw 1730} % x 1359
MAGNESIUM x 1207 x X |.3Z |.40 | A x 1,53
.MANGANESE X X % *x
POTASSIUM < |, X | X |./31.681 % | x |Lys”
SODIUM X a2 X | x {17176 | % 530
CATIONS,ppb
CADMI_UM X X X %
CHROMIUM xX | x x %
COPPER X X *® *
IRON X X * %
LEAD x | x * | x
ZINC X | x x| x
m x | x |.06 .07 |.07 a5 |.U
ANIONS ppm
CHLORIDE -CI 3 Jls.t 6.0l <« | x X K213z 9lx [x [<39
SULFATE-504 i x | x X 1/ 16

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE
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TABLE A-52 SOIL WATER FROM I,

LYSIMETER

&

A

& & 4
\'¢/
9 4
ANALYSIS b
CONDUCTANCE
tnosem | 268 1372|369
INORG.  NITROGEN
NO- +nOs-N ppm | 427|206 | 424
NO,-N pey | 28| s¢| x
NH =N e | x 1279144
PO,-P rfb x| -£2 1 4.0
CATIONS, ,ppm
CALCIUM /22 1127 | %
MAGNESIUM gz 1657 &
MANGANESE
POTASSIUM 2| ¢
SODIUM 2.0 109 | x
CATIONS,ppb
CADMIUM X
CHROMIUM %
COPPER %
IRON X
LEAD x
ZINC X
BORON (ppm) ¥o02, 1.03 |.JR
ANIONS,ppm
CHLORIDE -ClI 74 1 x
SULFATE-50, X

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE




TABLE A-53 SOIL WATER FROM 2. LYSIMETER

L, L, L4, | | /
@A/“““/Q“«’w“l\‘)‘\"/ﬁl\l’ép&o&oq\p A
Y, ) " \y & o) o o/s( 'Y& /\}/ @‘
ANALYSIS Y o )y Y Y Y9 v o/ A s AR
o Alx 16216766 |cE12216818.5|6.7\67\0864163|6.6|62|57 47 1723] 72
o V& | x {7l gesdzor |az2lonclasolaoo (242223 210 (216 | e | 250 183] 100 | 1o 118)
INORG. NITROGEN
NOz- +NO3-N ppnd s 1o/ |10 3 |a0. Gt/ 1193 Loysia& s |- %7 | 3## | 257 |.250 |.774 | 157|050 | . 25%|.153 ..uzLaas..m
NO,-N opn | X X {2z layla2lrs iy / 12.381182{200|t// | 42| 70 Lo (3021134 .80 | x _{/C
NH =N pem 10552 118910171007 0080 lf 100 . X |.034].008] .005].0/4 | .oof | 005 006 | .007 006 .00 |.0281.003
Po-P b 89, | X 1] 9 127].9 |60 ¢ed] 62] .63 8¢14-621<.67].9¢ [2.857#38|23612 5036 Lc.ey
CATIONS, ppm
CALCIUM « 1€3.7 o) |52.3 |25 | 43.( 1581 |53.2|429 572 |52 3I45Y (387 |50.2
MAGNESIUM A’ _f'(?z .43 1.501 .43 -42 17 40 e i .321.a5 .28 .30
-~ MANGANESE X |.025T
(2] ‘
- potassiM  § X | .40 26 l.ao{.23 .77 | 20| s3]./210¢ |sa lag Ly Ly |
S0DIUM x 3.0 /.3 r5 173102 1072 06 05706 128 2.5 14
CATIONS,ppb
CADMIUM,
CHROMIUM
COPPER
RON
LEAD
ZINC
Boron (Pom) 02 .07 1,09 |02 .07 {45 |03 [.o3 o5 |.ob |.04 | .45
ANIONS ppm
CHLORIDE -Gl ¥ « o35Gl 142 1K3. 243 7K3.21€3.9 17/ |74 1K5.61¢3913.91¢39 |£3.9 1.5 o2 l/3.2 174
ST 28 123 (/9 |z 122 (/9 |
| ﬂ”‘“‘"‘*”ﬁﬁ

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-54 SOIL WATER FROM 3. LYSIMETER

{

L\ { i ! \J
\g 0
- Q X/ N Y o/ N Y W 6/ ‘y
ANALYSIS Y N ) N Y YNy VAR Y "
pH X1k jx lsylecelegled|csN¢ole8l6&lsr (686867 ¢ols7158 |51 s ]|y
e PRI ERr (812361 /501 /el s2 60| vz | 48147 | ras 20 | ri7 Las 18301847 a6019321940
INORG NITROGEN
NO2~ +NOSN e g/ | 6082 Elas C|f.6/ |55 |. 67 |.86 |33 | X |.4551.23¢| /57| 7 | 882|.0%0|.025]045 | 470l 338 .30y
NoerN o ppb kI fw t 2t/ s L/ s 2| X |sa0 48] 0| 28|45 90 |72 e | x 126 .90
NN opb st lsol| 6312217 |3 |7 | 77 bo2|c w8l | P2.921 4.3 152090 | x licalaso
Pos-P  pph, 1/.9 |¢.ezlc s2] g2l 2|62l .7 Jc62]c .62 x < éz]|< s3]¢ 62 $eU2051 3.0 109 14401, 90 140 148
CATIONS .ppm
CALCIUM % 12291 x| X X 136.2]25.0(30.612821269 1317 |lag. 71232l x 122.3] x
MAGNESIUM %12 RY, X _|.42| 42|.42|.30 | 48 |57 |. 421, 100 |80 1455
MANGANESE 0L 02| X X
POTASSIUM 451,350 .02 X |8 ko |./5" .70 |./6 |.25 [.a5" |30 |.55 Ly 105
SODIUM 951353250 X ZAAVIRVEREAEEVIRrYAFUEFS]
CATIONS,ppb
CADMIUM X
CHROMIUM X
COPPER v |2 Vi c X
IRON X151 )38 170 X
LEAD A
ZINC x
Bovow (Ppm x_{.05 [.04 |.05 |.08 |.03 |.01 |.a5|.05|.03 |.i12 |15 ¢
ANIONS ,ppm
crioroe-c ) X 37/ ENHSIATISD] X K2 PR32 X |51 60163 |<39[439 |s00)c0 |19.0/0.0)15.4 18,7
SULFATE-SO4 s 297 33\ /8 12 /5 10 LU 112
|

X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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TABLE A-55 SOIL WATER FROM 4, LYSIMETER

L, 1, L L
] L/ @ L 5 9 h 5 & X
@, ARV o A N LY\
$ V)Y Y v
™ 0
ANALYSIS AR v Y o b VAR AR AR \
oo de e [xlepix lsglerles|evieclssleylsalsolsy |salsy|vzle0lsd bl le3 lbalso 53
Camorem | x| X | & |z57] X ogFov 2y 81030 0631 | o8y 52,044/ 1448 |410|37.01455 427|775 | 2.2 610 | 4l2| 620 270
INORG. NITROGEN
no.- +Nos-Nepmed 857177301 00] .57 ) .46 lj2.2]¢.6/15.8812.73 %03),279).745.531|.79/ |.253).221 |.139 |.06¥ |.099 |./05"|, 148 | 148 |. 1924. Ao |. 333
NN e X | X x| .B3¥lR21. 317 T " |2 |89 l1v0 )6 |v2 |22 |.3¢ |37 .36 |.73 .30 | x |Ho|.yo |, 30
NHe-N  ppry 133 1.6/, 080 .o .0o¥l.ot Lol Lol |.03].0/ L0009 .o0al.004.003].003].005).004).003}004.008.007).008 |.003|,0,0.005]
Po, P ppp N 8.1 i4.e2l<62].2 179 1.2 12C13.2[4.8L 620925163 |<odiconl .ol 13.321/493 14289 raoleeyleld lzg 1y
CATIONS ,ppm
CALCIUM L8 22 s o8 133137 139 o/ 156 {5257 144 147151 (8.6127
MAGNESIUM xla.3|.72 1.6 .201.3¥.32.1,.35|.32 .37 .4, |.64 .63 |.62 .82 |45 |.5n|.60 .45~
MANGANESE
POTASSIUM L l1.¢1.¢0.3 6 | M\ Y34 .36 .40).4] |20 |.27).46 1,29 .27 .37 |.¥3
S0DIUM K |5013.7|29 V4 301281/ 1,7 ARV AV 2 2.0 “Fil 4.8
CATIONS,ppb
CADMIUM
CHROMIUM
COPPER X (Q £ 13
IRON b4 4,‘0 /20 ZZ
LEAD
ZINC |
‘+__....
By (0Pv) J3 107007 !.0a(,031.06 |.0b|.04).0a)01 .06 0547 |Li2 (.10
ANIONS ,ppm
CHLORIDE -C! X 308 N 20181 17 81231K89 |42 143154 (59 1401439 3.9 |4.6]€3.914.0 (<39 439\ a|5.6
SULFATE-504 7 /9 123 N5y /9 19 Lo 10

© X NO SAMPLE; BLANK: ANALYSIS NOT COMPLETE
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#
TABLE A-56 WELL WATER, WELL °7
Q/(\(\(\b“:\f\c\(\‘-\z\C\“(\c\‘\,\(\t\ By L’(\,\(é
VAN Y N K NN A
ANALYSIS AR, oy L ¥ o « SN, D/ & /A Y & 0
pH A1 x x x > | x x X x| & x | x <165 X7l x le2ic3le2)e1]e3 59 ré'3 6.0
o | < [« Lx [ e [ x| Lo Lo lr Lol ade Lol sl x Lol ol « lnolugalvrrlsrAssslsisisralsn s
INORG. NITROGEN
NOz— +NOs-Nppmb.oa | s |0l | el |.of J.of Joo2].0l |.o2].0l].02|.02 |,03]| . /002 |.08].03].03 |.oF|./18 35 |.58 |.¥5|. 42| vupl 550
AR - S I A A WA LA Y- 3 YA WAR WX s W VIR VSV A5 s .S Vi 4R 0y40 vy A 28 Lo 4 1520 - 30 W WA V7 A X,
NHo-N pPy fouf|. .0l 2],004.005].003l.00) |.ous.c03 .0t/ |o12 037 |,003].0/F .o pal |.o2x.ole | .00l |. o |.033].05¢.0¢2\ .c30| 030l 62>
POs-P PP f.005].00ll. 003l.003].003 ] noRl.ovtl.oostopy oo d L oot | .00 |.ao7leos ool ' Caoll.oi0), 010].0(2).007 |.océilooe oog 006 o/ | ap
CATIONS ppm
caccom N 59l .yo},37 .52 63 .8 L5 L7 (2 1,33 Loy 8/ .92 | (/4]123 L0 LB/
macnesm N, R0 1 /.994 7% A 73 L3 .2 .93 1231413 ],9Z v |4y 173015 R
MANGANESE?Pbl
POTASSIULM B, ei/ | ¢/ 1,357 SE S7 A N4} ‘7€/ S2L58 .58 l.s7 0 .48 ) )
SODIUM 475 4.5 453 (24 #22 Y26 LSV £.24 5.70|5.3814-43 5”?;? 6./30‘57& 5,8Y] 59 |3
CATIONS ppb
CADMIUM 5/
CHROMIUM
COPPER :1
IRON gs() (30 (30
LEAD 7@
ZINC
Beroy (£Pn o5 |.oe
ANIONS ppm
CHLORIDE-Cl IR |47 |sivlso (4L 14715016/ 158161 KL Fle? 7718424173 |28\€8|7.€ 9K Ww3|22107 |73
SULFATE-504 i 4 9 9
TEMP oC Al | x X I PRI I X x| % P fa3 ] x| X (el ey (#siysiRelss] i iis
ELEVATION FT &7 153./7153.2/] 53331532/ | 52.08453./2|53.08] X 92 152.6430462.79 | 526718292l .33 s2./7|58.£ 750257192 92 2-0"&%.’45" 124155 234D,y 2|57 44

X NO SAMPLE, BLANK: ANALYSIS NOT COMPLETE

(CORTIMUED)



gal

TABLE A-56 (CONTINUED)

ANALYSIS \

A
oM 6/ 16,3628 27160

o s 215215 71¢.316.3 631641729

INORG. NITROGEN

6.4 7
s wwmmmmmmzﬂmm%ﬂy
VA2,

NOz— +NO3 N 1oy 693 2.29V.30 /.47 (312231 402\ 3YR\1. % 12.0914.8214.3%

30 .
NO:-N  opb Mo 43/ \rsa V. 2al .84 ra |l o). 25 50| 4% 1¢141.32 12.01.89 .20
NHq-N 2o s/ 7. 0i3Laasl o8\ oogl b3 01k L oast 0ol 007i.00.

2£3
Posr oz mwwﬂ
CATIONS,ppm
T3

CALCIUM 1L AL VAl V55

EAFVAFNRVIAIAAVERF A FNAFYAEY.]
MAGNESIUM eV /2 W23 las |¥b 122\ 22125 1/6 118 181126 12.512.812.8
mancanese, fl 7.0 8.3 89 8.1 , 2
POTASSIUM WA AW/ YR AW+ AW <) %M 272176 .73 |.BS|.80
soown Vs 91/ 162142 22127177 k5.7 _é—o 4&_5- 2176 8.1 187
CATIONS,ppb
capmwm | ¢ 1.85]./18 72
CHROMIUM
COPPER L3 3 2.9 47 2
IRON 5 .7 46 9.0 yZ A
LEAD
ZINe 75" 25 las as~ 25 50
m Ji2 .04 1.03 |.0a |.o5" |.05 .09 |./16_|.06 |.08 |.06 |.ob l.ov¥ {.05 |.05
ANIONS ppm
cneoroe-ct 397 L2 s \ /68l 28\20.4 |20 8la0d /3.0l/3.61/15.3/6.7113.8 /4.1 118.3
SULFATE-S0, SV 1?2 (2013 ¥ |5 13 7 13 13 |3

TEMP °C 4143 /3 10 19810 143 Vo 143 45 /55m5 3.0 13.0/3.0
ELEVATION FT. g;z W& 7 031D, .92150.8252.13

X: NOi AMPLE; BLANK: ANALYSIS NOT COMPLETE



961

TABLE A-57 REED CANARY, EAST PLOT

S

STo S

DATE Sy
‘74 HARVEST I 25
'75 HARVEST I |42.5 (1.1 72
'75 HARVEST III | 40.7 | 1,51 | Qs /08
'75 HARVEST I} y1s |;7¢ /3.1
'75 TURF 98 le. 146
'76 HARVEST Y | y3.811.49 (9.3 , : . 22 a0 |1.30 | /8¢
'76 HARVEST ¥ 45/ /4.0 1,382 4390](,3481, 8774920/ 247 |.22 |59 |y3 las |16 |77 (39 a9 141 | 24O
"76 HARVEST YL\ 43.5°| 218 1/3.63].53514323) 940 |, soslisigol 436 |30 |29 |aow lav |19 lga |,1e 13/ |103]| #8
'76 TURF j0.2.|.9 |5.L9.ys -MMMMLLMmﬂ 51 249 |58 | ® | 57
"TTHARVESTYII| 3.5 | 239 |44.9¢ |.377 [44¢ 1407 |fps pj300 135¢ |.29 |23 |47 |65 3.1 |43 |22 |3+ |27 312
'7TTHARVEST IX { 44.4 1203 (1249 |.5¢¢ |4 é45]{300 |97 |88 | 620 |, 27 2.4 |8.0 |¢8 |40 | 52 26 |55 343 | 407
'T7 TURF 470925 75|24/ | ® 1BEP yps) 980|355 (.94 | 2.7 lass 4150|2051 957|559 |52 |®@ | 450

¥EST.AS % Nx6.25 @:NoDATA X:NoSAMPLE



L5l

TABLE A-58 REED CANARY, SOUTH PLOT

DATE

'74 HARVEST I

'75 HARVEST I

'75 HARVEST 111 | 39.9 147 19.19

'75 HARVEST I¥ 71290 11188

'75 TURF

'76 HARVEST Y |43.a)1.58| 988 |.423 J,J,agaLPL-’-
'76 HARVEST Y| w9 1097 | M |4 3Y8|, 230 |

'76 HARVEST vI |¢ .

'76 TURF

‘77 HARVESTYIN| 424 | .7/ /067

'77 HARVEST IX

'77 TURF

40.7 | 1,29 |8.06 |.

46

RTEAZTAVE )

lLail 179a21/38

891192951358

S

54

19%

A

179

.39

/73

3434020

20 1,70 14.38 |.i05 | ® |y

4 6v4|8597] 25¢

4k23121083] 250

78

89

050

S

109

T

23.7

Lo | /69 |

1 9.3

/o]

5.9

29

25.7

a5

g.0

4,324

38

YA

20

Lb

3.70

38

750 |4

4 1.70 |4.38].094 ® 10

13,033 A0

A3

g.0

5.0

8s

L2

$7

5.0

3a.

.35

365

4

33

Y

a3

25

¥4

.03

39

L2321804 | 4o7

L {472 114835] 503

.73

5.8

P-L')

2,938

./
9.3

47

4.8

76

40.7

385575715000

B30 |/fo0|/83

.28

47

a7

&3

3./

28

2

3/

r2/

32

44+./|2.06|/2.88

575 \¢ 6y s

o4\, 70| 228

e

28

8.0

Z3

35

—

/5

3.0

85~

2.é#

4./

423 |0.87|544

M7 & e

), 6(3500] 676

/63

2%

34.3

3770

277

133

.5

/3

303

¥EST.AS % N x 6.25

@: NoDara

X: No SAMPLE
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TABLE A-59 REED CANARY, WEST PLOT

£ v \\é}

e
DATE é—’i‘%’ig

'74 HARVEST I LA

'75 HARVEST I 244

'75 HARVEST I 295"

'75 HARVEST IV | 41 13.80 14,13 ]. 415" |408019 4891807 \98a0 | 385 .01 |44 l/s less \sy 184 |as |97 |87 357

'75 TURF 395 |L1a 200|136 | ® |j02al897 fuvsisya |.sa |2/ |48 laagalsy [aa |9 1y |® | 375

'76 HARVEST X |48 1179 |19 |05 |uass|fav (2134 ossy| 496 |27 (24 |29 {55 |11 las las |z (597 $73

'76 HARVEST VI 448 1293 la.cbl.#19 143901/ /22 14838Yymaa] 279 .32 |80 |57 179 |.% |37 |sa | sa :e.?H 533

'76 HARVEST YIL|43.0 |2.27 |/4.49 |, 567 |4297)) 7542041 3.478) dsp |.29 |30 laod | s2 loy |ae laa |28 |roa| 627

'76 TURF so.8{ il 16.9% |.219 | ® Lsdo laisels .58 (%9 (358a3al 09 (2, |95 leo | @ | 676

‘77 HARVEST V| 43.8 |25/ |/5767 |- 383£ €37|/300 ({430 K am| 68 | . a5\ 574 | 42 16/.3| 23| /9 |32 33 |2x| 658

'77 HARVEST IX | 440 |2.05]|2.8/ |.5B#|460c|/502 |3 spolsgam| $30 | .27 |34 | 8.57| 620 4438 |30 |60 (3857 729

‘77 TURF 38.8|0.9/ (547 |./75| @ |76304750|A320| 55/ | 1.53| /6.8 |as0|3870|13.5| 56 16./ |4/ | ® | 255~

¥ EST.AS % N x 6.25 ®: NoDATA  %: No SAMPLE



6SGl

TABLE A-60 REED CANARY, CONTROL PLOT

S

a S o

DATE “‘Sﬁ v&iﬁf
'74 HARVEST I 09 | ®
'75 HARVEST II |43, l1.00 09 | @
'75 HARVEST IIL | 4a.0 |1.00 |¢.a5 07 | @
'"TSHARVESTIV| x | x | x | x x | x| x X 1 x [ X /x | x | x |x [x [X | % |owvl|l®
'75 TURF %4 177 |4.8) letoa | ® lia05|10a7/1330| 198 |70 | 15 | 00 lcmal 722 |2z ls7 lor @ | @
"76 HARVEST ¥ {446 11.70 110.631.29¢ |4/72. |1 927 4000 29921106 .35 1¢.9 |4¢ l1oo3|26 |95 (43 |20 |09 | @
'76 HARVEST¥WI)4g £213 |j3.3/ |, 4977.221 1,998 18298184 |.a5 |1 8o |aoy |20 131 | 00133 o7 | @
76 HARVEST YIL| 450 l2.0¢ [12.75 |.320 |4 386 |2 454 |2 108 0919|139 |.s3 |20 Lz | o 26 /53 130 |36 oy | ®
'76 TURF 3.7 | 85 |$3) |27 | @ |youg| 9us |i34a .73 |57 305184 |as |sa |ler | @ | ®
7T HARVEST YN | 4 57 3. 48| 1988 | . /904 657 | ¢ 500 [ 100 Yo 00| 125~ | « 25 40117083813/ | 57 lea |2 |.07 | @
'77 HARVEST IX #4720/ 1258 | 33/ | £ 43|, 500 (A38A13500| 123 | .18 |34 |78 | P00 |58 0737 |53 |.04] &
‘77 TURF 376 | 117 | 7#3|.2/8| ® |7/2012780|2210| 192 | 45| 570 | /92 |z, 8m0| 28 7854167 | ® | ®

¥ EST.AS % N x 6.25

®: No Data

X! Ne SaMPLE



09t

TABLE A-61  TIMOTHY

DATE

74 HARVEST I | 4341160 |10.001.37 | ® 1389 | %2 |asaidd 282 | .as |24 | et |90 |34 |50 |20 |19 |5y | 23

'75 HARVEST I | 449 |1.i0 | 488 2821468/ |1,912.| 9 |1z3% | ace a1 |4t |57 |29 |1 34 |l 502l /05
'75 HARVEST I 89.7 |59 |994 | 303 559 2,0k |79 @os00l 298 |.30 |5 |54 |97 |26 |36 |40 |23 |.49 | 756
‘7S HARVEST IW| 44.8 | /.40 |i0.00|.270 442l |3,1321/54] |8asy| 157 |.30 |3y |¢8 |388 |3g a3y s |4 | .43 | <90
'75 TURF ¥3 {2/0 6881239 @ l4257|7:33 507 | wos |92 |12 | 110l3098|ss |59 |sz |y | @ | 208

23.0

'T6 HARVEST ¥ |y 17,59 |99y |.37y 42201113 | 860 lagsi| 494 |.a4 (20 |44 |29 09 |ap |13 |18 lasy

76 HARVEST Y| 45,020/ |1a 56,302 |9397 1788|1310 |igaoa| 1o |.23 |90 |27 |say 107 [s7 |2s |es |as | 258

'76 HARVESTMIL 447 |3.a5 e 39/ 1499/ |2 4954 72.\15209| 230 |.58 |25 |ys0 | s0 |30 |8.5 |20 | 34 |.49 | 398
315

'76 TURF 3|92 |5251.209| @ [35%/|1,141 Jis01 {0141 |.50 |89 |i3.4 lasoal 48 |27 las |32 | @

"TTHARVESTYIIL | ¢35/ |2./3 |33/ | 305|592 |/ 672 |82 |Bew0|243 | 20 |20 |55 |25 | 3.0 13 | 76 | 20 |.co | 340

'77 HARVEST IX |#£.57|/-34 |8.50 |- H42|g8a8 ), 700 (520 \isgm\ 292 | /3 | 1.7 |50 |43 |2/ | 1y |25 | s |33¢| 320

'77 TURF 45|16 |73 .95\ AT S |sHo| &8 | .| 7/ | /et |Jsso s | 65| 72y s7|® | 4l0

¥ EST.AS % N x 6.25 ®:NoData X : No SAMPLE



L9t

TABLE A-62 SMOOTH BROME

DATE

'74 HARVEST I (40 |93 |.3uy 98s lagqol 25| .30 |24 |54 {90 120 |57 | jy |6 |49 |33
'75 HARVEST II |ya.9 | 147 | 231 |, b {452/ 1,3u8| 24 Ugazi238|.22.138 |64 139 [r2 |31 (23 |2 |47a]| 05
'75 HARVEST IT | g0 | 1.3/ |89 542} 1,709,319 Y3194 352.1.27 | 6.0 |5y |a20 |lao |us [a3 {23 .ot | 7%
75 HARVEST I\ 4o | 174 11100 |.287 |yuyp\3,uial s 30el 7 42 203 |31 |25 |s7 |3gs |33 |99 |4 |8 |.2a | 209
'75 TURF 4 1299 249 \.a48| @ |389al1133 |36 709 |.wi |42 (89 lasial43 |0 |39 |29 (@ | 28 |
76 HARVEST ¥ |0 | /.49 |93/ |.332 |4a43li423 | 835 |19 920] /73 |.23 |¢2 |44 |s3s |25 |22 o4 | |18l 230
‘76 HARVESTYI#Q& L90 11188 1,329 yJ21s 17 14193 Yswo\ b2 L.2a |/ \up \ow 118 |i7 lea |a¥ |70 158
'76 HARVEST ¥IL| 43,7 13.63]- 15| Yas912,130| (b gare| 770 |47 46 |78 |55 30 |y |28 |27 |8 | T°8
'76 TURF 28.80 |s00]y72| @ |b34|aa23]2 569 781 |41 |se |99 |L976)59 |32 |42 |9y | @ il
'77 HARVEST NI 42.3 | 2.73 (/706 | 2804428 |18% /170 |10 | 2/6 | .25 | 42| 75 {100 |32 (/# |19 |38 {45 | 340
77T HARVEST IX |45.3|/.67 l/0./7 |.342 |4 6/ |47 (430 |[7800| 344 | 45| 17 |60 | 25 |3/ |77 |22 |32 |2¢¢ 370
'77 TURF 439|101 631 | Bof] © |730|35% 2000|533 |18 1108 |/ 3920|175 | 40 |69 |47 | ® | 410

¥ EST.AS % N x 6.25 @ :NoDATA  X:NoSamPLE
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TABLE A-63  TIMOTHY ALFALFA

DATE
'74 HARVEST I 428 |1.68 [10.50], @ la00(107al260d 253 [.28 |ab 165 Jazo |45 | 77 a0 |aa |.ys |-F3
'75 HARVEST I |43.3 |45 | 4. 3L 14 430|,882/1173 a@ol.ae (34 |72 |44 | 16 25 |28 lugs| /05

al
'75 HARVEST I | fl.b_|9.00 |/2.50|.394 |y/43312 37/ |[457\aa a7\, 920 | .32, |92 |63 |59 |se {20 |47 |8 la3g| /57¢
| 28

‘75 TURF 4.8 {142 18.881.298] @ @m%& s led 13 lazslza |er |43 |48 | @ 20.8
'76 HARVEST ¥ | y1.0 |}, f0.25|.247 | 42302 949\ L s¥7lps9| 723 .34 |26 |92 |ioa (a0 |34 (17 |24 443 25.0
'76 HARVEST Y1l ys./ |2.04 |12.25|. 337 | yw09| 3219 | 98/ |gatk| 795 |27 |21 |59 |aaglao |z | lay 23| 258
76 HARVEST VIL|44.2. 1329 . S2514 42316 2502 68912, 948, 4/83].80 | 1.7 | /3 3.0 |0 /6 130 10| 308
'76 TURF | 36.4/.3] |8.19 [.880] @ |1 0714730192607/ {102 {57 [Jo |4267/3 |31 4.9 |37 L | 3ls”

'77 HARVESTMIN | 43.3 | 240 | 500 |, 364 |£685|A 00 820 |4 70| 263 | .3/ | 2.0 | 757\ #.9\2-/ | s | /4 | 24 | 180|340

77 HARVESTIX |49 | /60 (/000 | 345\1, 4954 O | [ #80|14800 550 | /5~ | /6 | 50 la50| 33 |s2 |28 37 | 349 350
'T7 TURF

417|148 | 925|283 | B (700 |B7O\46201087| & | 7.4 | B8RS0\ @ |77 |55 |38 | ® | 410

*¥EST.AS % N x 6.25 ®: NoDATA X' Ne SAMPLE



€91

TABLE A-64

REED CANARY

DATE

'74 HARVEST I
'75 HARVEST I

'75 HARVEST 1T

'75 HARVEST IV | 4y 4

‘75 TURF

'76 HARVEST ¥

'76 HARVEST YI| 455

'76 HARVEST VI | yy.».

'76 TURF

'77 HARVEST VI | 433

‘77 HARVEST IX

'77 TURF

* x ¥ | ¥ % ¥ A X | ¥ x | ¥ | ¥ | X X X X X 1,23 | 3
43.0 | 1.07 6.9 |. 260 |y43/ |1 358 | B34 23 148 160 |86 |13 [s0 2.9 |8 l4s53] /05
Ha.) 1 1.5819.88 |, HoBly y7/ 11,214 23394 6/0 |.29 139 190 160 |44 lso0 |28 |35 |p12 | /56
2.39 44.94 . 364 |4/ 4bs 3,54 yay).30 | je |58 |37 |34 | 96 |de |.47 | 300
QY 1743 Lissl @ 13202la0381a372! 708169 |43 |2 13493129 |39 |58 29 | @ | 208
43.7| .76 1100 |.369 [Higq |11a 4&9_%}1{_ .23 |26 |56 139 143 |42 |15 |2/ |aea) 230
£8S 1/[.56 1. 3524393117281, 901 Y6o2| 306 |.22, |38 |43 |7¢ |,y ls8 |3y |ag 182|258
.2 {ka9%]-550\434) |4 4lie |2,480.1/3,89936%01.94 a5 |y |89 |33 16 lao |32 |.5%| 398
40.51.88 |s.sol.an | @ |gs10|,29810 w5 o8y |.55 |05 (us 350379 law |ua |z | @ | F/5
238|488 |- 352 £, % |(4P |43/0 /74 285°| .28 |33 [ /0 |s92| 22|19 | 24| 29 || 340
BB|185 |/1.58 | 476 457|700 |2 s70)/7300| 533 | .17 | 22 6.5 | 52 |4/ #0 | 2¢ |68 |284] 330
409 |/ 625|205 @ |4752|35002530\9 750| .77 | r0.0 255" |S050 14.0| 39 (6.2 |43 | D | £r0

¥ESTAS % Nx6.25 @ NoData

X: No SamPLE




¥9l

TABLE A-65 CONTROL PLOT

DATE

'74 HARVEST I

'75 HARVEST II

'75 HARVESTII | «

'7S HARVEST I¥| =

'75 TURF

'76 HARVEST ¥

'76 HARVEST ¥I| 45 0

'76 HARVEST VIL| 44,

'76 TURF
'77 HARVEST YL

‘77 HARVEST IX

‘77 TURF

X | ¥ x | x | x x | x ix I x x| x |x Xx | x | x | x x 1.3 | &
© @ | ® |.219 43318981899 lgsailias |.ae len |21 |4oo |as |32 |5y |4 [.92] @
* | x| x | x x | x x | x x | x | x x | x |x X | X loy | ®
¥ | % X | x | x | x Ix x x x | x | «x X x ¥ lo¢g | &
346 1122 1263 1469 | @ |65y5]/906 2471|660 |.56 |29 |26 |2507|5.1 |48 |56 lp0o |® | &
¥4.21,.35 |84 |.223 |4358 11,991 | 10 liz548| 329 |.27 (8.9 |43 |a13 [re a1 |so0 |p {1 | &
[16 | 235 |.243 |422413,104 11,404 133541325 |-36 | He |37 laoa (2.6 lay |44 |2y [.O% | @
141 |BBI \.221 | 42204907 |, 5¢b 6452|283 | 105 [6.3 13231457 |46 |20 147 o4 | 8
139.21.79 (4.9 l.1a8 | @ |a,900|8 423|634 |4 |.92 |28 |54 13349112560 {29 |32 | @ | ©
43.1|1.98| 1238 204 4,780 |2c00| 6/0 |5 | s70 | .29 | /5 |70 |30\ 27124 | /3 |2/ |® | &
462|074 |#43| /45 | 4624 (2200|850 lg300 1 237 | /7 | 20 |45 |I00 | 471 92 |25 | 24 |. 22| ®
432|070 | 450! /4| ® |p3wi3B0 |26\ /70| 58| P75 | 6.5 4270|209 | 3/ |67 | /] |® | ®

¥ EST.AS % N x 6.25

®: NoDara

X: NoSaMPLE




g9l

TABLE A-66 EAST PLOT

&of ~ Yy éo\ $ g 43 &5’
5’? & (§~9§5§0"§ g\z DA (g\*a g*a RIS LSl & g"éi 348 &
DATE % & /3 §§:‘°§§i\° (/S /T E qé\\“g S$E Jgfo’c‘ffm BERE/SERE/SERE
Aua. 1173 06 | x | < " x x X | x x X X X X x x x
(Pre-TRAISATION)
1. x % % % x X % x X X X x x x X X
Dec. 1975 0-4 |57 04 1031 11287908 183 128 |.27 |34 (124 5693|187 127 |18 |55
" 0-3 |57 1287144 |Lo3l 4462239 |25 |25 |.22 |3.0 |44 lssasix lw |na o4
N 3-b 152 1740 V.21 Lol os| 9 1172 ] 20 |27 |.93 l4a3s\40 |3/ |14 |43
! e (481.83 \.0a 022,199 /48 (/68 |2k |.a¥ |33 1.8 lg725132 |84 |49 |45
) w2 148149 Lo loia |29 laaolugalsz | l3g \.9¢ (3705132 \u las |so
! ad |47 |07 |20l lomleo {203 w9 | |t |28 Wty |z0mlaa |57 las |5y
" 36 147 .07 o1 o |40 439 |29 |ar 1.8 | 42 l30 |s989l30 |7 |35 /0
) 48 Vue Loy l.oa Lon \ss 39 laa /7 127 osvalas |3z 29 8¢ |
| Nov.i97e  Jo-6 | @ (32af}.// |oa% a3 | 995 1228 | 102.1.39 |4y |22 18859195 [ /3 |35 |/
" 03| @ lyys|.// \.038 255 | |49 |s8 132 |Baar|/27]22 |39 |r4 | X:NoSampLe
" 36 | @ (246 }.07 {.0/7 /36 | 335 1/87 (18 |.35 |52 |15 9803|173 |8.5 134 |89 |®:NoData
" ® |.os . |.03 1195 400 lig5 _é[ 29 147 127 \w03pls7 laz {34 |0
Nov. 1977 Jo-¢ | @ [|2.87]-07 |.052|,500|2,950|425| /35| .4 | 28 | 2.4 |ngoo| 155|255 6o | us
. 0-3|® |377| /4| .07/ |48°|3,810) 4i5| Joo | .55 | 1] | 33 || /85|80 | 6.7 | 130
v 3-6|® /38| o8| .opz| 370 750|505\ 10 | .44 [ /0| 1T |13s00) 120 (210 | 73 | 8.5
| - /A | ® [0-32] of |.o/7|F0 |,250)375| PO (.3 [/06 | 26 |Baw|ios |400| 2] | 130




SOUTH PLOT

TABLE A-67

X No SampLE

48

45

77

78"

[0

¥8 |/

./

Y2 | /0

a0

725 |50

74

17

39%7| 6.3 |45 |45 |52

S8 4 Y 0.0 3.0 S8

(g

rs

7348 42 t /5~ |3.6

r g

rg

7421 | 4o 129

318.3

rg

699153 1 SO |aa |75 D NoDATA

159 14.

L/

L4 1735548 |40 123 |52

M |72975°12.8 (LY |20

2.7

L/

L/

19

58

.19

: ao 31‘{ /, /

47 134
JE 133

AR 139 .84 17872138 |47 |28 |50

JO 142 |15

iy

.08 | S |/8 Y20 45 |26

L0 159 135 685042 | 40

53148 147595050 20.0] 42 | g0.0

Y5

162 | 31

332 | 39

/88

190 |a%221.33 |.09 |42 |84 |s942|20 |47 las

1889122721/3a. |.52& |.3.4 |49 472221165134 133 jao

o o

169 | 50

251978 1308 |3

4

S5 1 /54121972 1.30 1.3/

034|804 | bbb [ 343 | 44

023 1 64

QY 132

028|598 | 2471 /691 27 | .34 [2.8 |2/

/4

017 1 30 la9¥ a9 | 48 |.24 140

085|015 | 5.5 138 {323 ] 35~

Of 1.010 | 4o | 7222 1336 | 3/

/i

07 |.025| 655|950 3557 | /10 | 49 | £9 | 3.3 | 942|910 2202 |s50

16 | .o48|4as53]3,5%| 300 | /00

/)

06 .02 1,005 { SR |226 |A%6 |37

05 1.03

.08 1.23 |, 04! |27

.39 |.o/

2.2

[ 72| 04| 07/| 350 | 360|209 |8%0 | £57| £3 | 2.2 |P202| /75| 2351 4./ |22.0

59 11581.04

ss1® | B
S$51.28 .0/
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