





POWER ET AL.: MANAGING NITROGEN FOR WATER QUALITY

80% of the corn and soybeans [Glycine max (L.) Merr.]
produced in the USA are grown in the Midwest, and
over 50% of the fertilizer N used in the nation is applied
in that region. Thus, the decision was made to focus this
research project on the corn- and soybean-producing
regions of the Midwest. However, some funding was
also provided for additional research on specific topics
or unique situations in other states.

The locations selected for the MSEA field research
sites provide considerable diversity in conditions (Ward
et al., 1994). The site in Ohio is characterized as being

— —an alluyial river valley with a relative high water table

in a humid climate. The Minnesota site was on a sandy
outwash plain. Other sandy soil-shallow aquifer situa-
tions were studied in Wisconsin, North Dakota, and
South Dakota. In Iowa sites selected included a tiled
glacial till watershed, a tiled small plot research site,
and field scale studies of nitrate leaching in deep loess
soils. In Missouri the research concentrated on the fate
of fertilizer N on clay-pan soils and watersheds. Re-
search in Nebraska, and related research in Kansas,
studied water and nitrate movement on irrigated alluvial
soils. Collectively, these sites represented a good cross
section of the soils on which crops are produced in
the Corn Belt, especially those soils where a nitrate
pollution problem is most likely to develop. Corn was
the primary crop studied at all locations, grown both as
continuous corn and in rotation with soybeans. In most
instances, currently used production practices were
compared with practices designed to improve the effi-
ciency of use and conservation of N and water. Emphasis
was placed on the impacts of these practices on crop
yields and water quality. Frequently the effects of crop
rotations, tillage practices, animal manures, and other
such agricultural production practices were also evalu-
ated. Most field studies were conducted 1991 through
1995. Observation wells were used at all sites to monitor
the effects of the practices studied on water quality. Sev-
eral lysimeter studies were also conducted. It is recog-
nized that for many hydrological situations, there is little
likelihood of observing significant effects on ground wa-
ter quality within five years, when practices are modified.

RESULTS—LESSONS LEARNED
FROM MSEA

Results obtained from MSEA research both verified
information obtained from earlier research and pro-
vided knowledge on which to build new N management
strategies. A number of these research results related
to factors involved in N management are discussed in
the following pages.

Water Management Practices
Affecting Water Quality

The effects of a number of water management prac-
tices on nitrate movement and water quality were inves-
tigated at the different MSEA sites. These included
irrigation practices, tile drainage, water table controls,
terracing, and use of wetlands. Much of the irrigation
research was conducted to evaluate the effects of con-
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Fig. 2. Nitrate N concentrations in root zone drainage water at the -
Nebraska site under conventional, surge (modified furrow), and
center pivot sprinkler irrigation (Watts and Schepers, 1995),

ventional furrow, improved furrow (surge), and sprin-
kler irrigation on water use, nitrate leaching, N recovery
by crops, and crop yield. Compared with conventional
furrow irrigation, use of a center-pivot sprinkler in Ne-
braska reduced annual water application rate from 100
to 140 cm to about 25 to 40 cm, and provided much
better water control while maintaining or improving
crop yields (Watts and Schepers, 1995; Watts et al.,
1998). As a consequence, nitrate movement below the
root zone was likewise greatly reduced (Fig. 2). Effects
of surge irrigation were intermediate between these
other two treatments. Other irrigation research showed
that nitrate leaching could be reduced for furrow irriga-

..... tion_by_running_irrigation_water through every other
furrow, rather than every furrow, and applying the N
fertilizer in the nonirrigated furrow (Martin et al., 1995).
Generally, any furrow irrigation technique studied
failed to provide uniform depth of water and nitrate
movement over the entire field.

Approximately a third of the crop land in the Mid-
western states of the USA is tile drained. Typically, tile
drains are placed at least 1 m deep, with spacing between
tile lines dictated by the permeability of the soil. Dis-
charge from these tile lines is normally emptied into a
surface water body, usually a drain ditch or natural
stream. A well-designed tile drain intercepts at least
95% of the percolating water and nitrates and diverts
most of this water through the tile line to the surface
water body, carrying with it any nitrates dissolved in
the percolating water (Hatfield et al., 1998). Thus, use
of tile drainage converts potential ground water quality
problems into potential surface water quality problems,
The MSEA research results from Iowa showed that in
some instances the equivalent of more than 100% of
the fertilizer N applied could be accounted for in tile
drainage discharge (Table 1). Thus, on a watershed ba-

Table 1. Loss of nitrate expressed as a fraction of that applied
per subbasin for 1992-1994 (Jaynes et al., 1999),

Subbasin no.
Year 110 210 220 230 310 320 330
Nitrate N loss (%)
1992 015 0.12+ 0.26 0.211 037 0.40 0.40
1993 0.29 0.70 0.57 119 091 1.02 115
1994 0.03 0.10 0.04 0.06 0.08 0.07 0.06

t Flow not monitored for entire year.
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Fig. 7. Relationship between relative grain yield and relative digital
counts for (a) raw data and (&) data corrected for vignetting, across
four corn hybrids and five N rates (Blackmer et al., 1996).

sessing N sufficiency of the crop over the entire field. By
use of GPS, those areas of the field needing additional N
could then be sidedressed or fertigated. For this ap-
proach to be useful, however, it must be ascertained
that differences in crop greenness are caused by N defi-
ciencies and not by other factors.

Blackmer et al. (1996) described an inexpensive pho-
tometric cell, with a peak light sensitivity at 550 nm,
that could be mounted on field equipment to measure
crop greenness. Such cells could be mounted on irriga-
tion machines or on high-clearance sidedressing ma-
chines to assess crop N needs as the machines traverse
the field. The signal from these cells could then be used
to turn fertilizer application equipment on and off as
the machine moved through various parts of the field.

The new knowledge attained from the studies cited
in this section opens up a new approach for N manage-
ment for crop production—using the crop as a monitor
of its N needs. It also provides a practical framework
upon which to develop site-specific or precision farming
systems. By using crop greenness as a monitor, it should
be possible to control soil nitrate level at a sufficient
but not excessive level in all parts of the field, thereby
greatly reducing opportunity for nitrate leaching, Clay
et al. (1997) showed that relative amounts of N mineral-
ized and denitrified in a 65 ha field varied greatly from
site to site, primarily depending on soil drainage.
Kitchen et al. (1995) concluded that the variable rate
approach holds much promise for use on the clay-pan
soils of Missouri. However, for the sand plains in Minne-
sota, Lamb et al. (1995a) indicate that variable rate
technology may be less useful because of difficulty in
relating yield variability to soil properties and climate.
One problem with this approach is that sometimes in
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Fig. 8. Annual nitrate N leaching estimated from CREAMS for three
adjacent fields in Ohio. Lines represent soil type boundaries (Wu
et al., 1996).

the Midwest prolonged rainy periods may prevail during
midsummer, limiting the time available for sidedressing.
Thus, much more research and development are needed
to bring these technologies to acceptable levels of appli-
cation. At many MSEA locations research on the next
steps in developing precision farming methods is un-
derway.

Evaluation of Computer Simulation Models
from MSEA Data

A number of factors influence soil N transformations
and water movement through soils. Because of the com-
plexity of these processes, coupled with the multitude
of soil types and cultural practices involved in crop pro-
duction, the potential combinations and interactions of
all factors affecting N transformations and water move-
ment are almost limitless. Therefore, realistic computer
simulation models are desirable to determine the best
combination of practices to use for any given situation.
A number of such models have been developed in recent
years. At several MSEA locations some of these models
were evaluated in regard to their ability to assess crop
yield, water movement, and nitrate leaching, using field
data collected from MSEA experiments as a reference.

In Ohio, Wu et al. (1996) found that the model
Groundwater Loading Effects of Agricultural Manage-
ment Systems (GLEAMS) provided reasonably accu-
rate predictions of nitrate leaching through soil columns.
They subdivided three 10-ha fields into 34 different hy-
drological environments, and using MSEA field data on
hydrology and nitrate loading, estimated nitrate leach-
ing losses from each of these units. Results showed that
there was large variation in estimated leaching losses
both among and within fields (Fig. 8). Annual nitrate
leaching losses up to 120 kg N ha™' were estimated.
Neiber et al. (1995) applied the GLEAMS model to
data collected from the sand plains in Minnesota and
found the model useful, within limits, in helping to iden-
tify combinations of best management practices that
minimize nitrate leaching and maintain crop yields.

Also in Ohio, Landa et al. (1999) estimated crop
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Fig, 3. Multilevel sampler construction.

the MLS locations for intercepting ground water flow down-
gradient from the pivot-irrigated corn field and resulted in
eliminating three MLSs from the downgradient data set (Fig.
2). The change in flow direction did not compromise the loca-
tions of the MLSs downgradient from the other fields.
After three purge volumes were removed from the suction
sampling tubes, conductivity and pH were measured in the
field using portable meters (APHA, 1989), and bicarbonate
was analyzed by potentiometric titration with standardized
H,SO, to pH of 4.5 using an expanded scale pH meter (APHA,
1989). Samples for Na, K, Mg, and Ca analysis were collected
in 500-mL polyethylene bottles; preserved with nitric acid; and
analyzed by atomic absorption spectrophotometry (APHA,
1989). Samples for NH, and NO, were collected in polyethyl-
ene bottles and acidified with H,SO,. Ammonium-N concen-
trations were determined by the automated phenate method,
and NO;-N concentrations were quantified using the cadmium
reduction method (APHA, 1989). Method detection limits for
NH,-N and NO;-N were 0.1 mg L™'. Samples for chloride
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total)Kjeldahl N analysis were digested with H,SO, (APHA,
1989).

Samples for 3""N-NO; determinations -were collected in
polyethylene bottles and kept on ice until they reached the
laboratory where they were frozen until the time of analysis.
Nitrate in the samples was converted to (NH,),SO, by steam
distillation (Bremner and Keeney, 1965) with a modification
by Gormly and Spalding (1979). The (NH, ),SO, subsequently
was oxidized to N, in a vacuum preparation system similar to
that of Krietler (1975). The purified N, samples were analyzed
with a VG Optima dual inlet isotope ratio mass spectrometer.

‘Samples for DOC analysis were collected in-precombusted
250-mL glass bottles with ground-glass stoppers and preserved
with mercuric chloride. The DOC was determined using the
wet oxidation method (APHA, 1989). An aliquot of sample
was filtered through a binderless, glass fiber filter; acidified;
and purged to remove dissolved inorganic C. The DOC was
oxidized to CO, using persulfate and the CO, was measured
with a linearized detector. Each sample was analyzed in tripli-
cate and the average DOC concentration was reported.

Samples for *He and tritium (*H) measurements were col-
lected from three MLS locations in spring 1993 (Fig. 2). For
the *He determination, ground water was removed from the
piezometers with a positive displacement pump, passed through
0.8-m copper tubes, and collected by crushing the ends of the
tubes. The samples were shipped in trunks and analyzed at
the Rare Gas Facility at the University of Rochester by the
method of Solomon et al. (1992). Tritium samples were col-
lected in 1-L glass bottles, shipped to the University of Roches-
ter with the He samples, electrolytically enriched, and ana-
lyzed by scintillation counting techniques.

Precipitation at the site was measured daily with a tipping
bucket rain gauge.

Corn yields were determined gravimetrically using a cali-
brated scale. Grain from 16-row strips across each manage-
ment field was harvested and weighed to provide a measure
of field variability. The N content of the grain was determined
by the Dumas-combustion procedure (Schepers et al., 1989).

RESULTS AND DISCUSSION
Ground Water Dating

Atmospherically derived *H and its stable daughter
(®*He) have been used successfully to date ground water
<50 yr old (Solomon and Sudicky, 1991). The method
is especially applicable to shallow unconfined sand and
gravel aquifers with characteristically low dispersion
rates (Schlosser et al., 1989). Application of the dating
technique at the NE-MSEA provides reasonably accu-
rate dates because: (i) the layers are consistently older
with depth (Fig. 4); (ii) the ages are quite consistent for
water collected from the same depths across the site;
and (iii) a concentrated *H slug indicative of the mid-
1960s bomb peak is absent from this active ground wa-
ter system.

Recharge to an unconfined aquifer is defined as the
fluid flux normal to the water table surface and is related
to the average linear fluid velocity according to

r=wvb

where r = recharge rate (L/T); 6 = effective porosity
(L* L™?), and vy = component of the average linear
velocity normal to the water table (Solomon et al., 1995).

~ —and sulfate analysis were collected in polyethylene bottles and

Solomon et-al. (1993, 1995) have shown that the *H/
analyzed by ion chromatography (APHA, 1989). Samples for

*He age gradient in multilevel piezometer nests can ac-
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Fig. 6. Seasonal plots of average pore-water and shallow ground water NO-N concentrations and depth to water with inset plots of the regression
line of the seasonal average shallow ground water NO~N concentrations vs. depth to the water table at the (a) furrow-irrigated and (b) ==
pivot-irrigated management ficlds. Levels of statistical significance of r values are as follows: ns = not significant, * =-significant-at 5%level, -

and **¥ = significant at 0.1% level.
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during the 1994, 1995, and 1996 growing seasons (Fig.
6a). Although Cahoon et al. (1995) documented that
deep percolation occurred at the upper end of furrow-
irrigated fields and also behind diked end-rows at the
lower end of conventionally irrigated fields, these
NO7 leachates were detected in the center of the fields
(Fig. 2). Average pore-water NO;-N concentrations
rose approximately 20 mg L™ at both fields (Fig. 6a)
before the fall 1994 ground water sampling when con-
centrations rebounded to near or above the initial proj-
ect levels of 30 mg NO;-N L™! and remained at that

field, deep percolation of NO;-N appeared enhanced
by the preferential leaching of fertigation-applied N
when the highly concentrated water ponded in furrows
choked by storm-downed corn and weeds, Nitrate con-
centrations in ground water collected downgradient
from the surge-irrigated field after the 1995 and 1996
irrigation seasons suggest that applying all or part of
the N fertilizer requirement as sidedress was also detri-
mental to water quality (Fig. 6a). The fence downgra-
dient of the conventional field first intercepts percolate
from diked end-rows (Fig. 2) that were flooded during
periods of excessive irrigation in 1996. The upgradient
highly concentrated pore water appears to have been
attenuated by the 30 mg NO;~N L' recharge from
excess irrigation water at the diked end-rows during
ground water transport to the downgradient fence.

In contrast to the post-1993 rapid rebound in NO; at
the fences downgradient of the furrow-irrigated fields,
average shallow ground water concentrations at the
pivot-irrigated corn field were considerably <10 mg
NOs-N L7, and pore-water NOs-N concentrations re-
mained <5 mg L~! through spring 1995. Only after oper-
ator error resulted in a preplant application of an extra
22 kg N ha™! before heavy spring rains in 1996 did the
NO; levels in the pore water increase significantly (Fig.

| 6b). The rise in pore-water NO;-N concentrations was

accompanied by a marked increase in shallow ground
water NO;-N. Thus, a small overapplication of fertilizer
N clearly was detected in the shallow ground water and
caused NOj concentrations to rapidly exceed the MCL.

600

By design there were large discrepancies in total N
applied to the conventional field compared with the
surge and pivot-irrigated management fields (Fig. 7).
On the other hand, the total amount of N applied to
the surge and center pivot-irrigated management fields
was quite similar. Differences in the amount of applied
N were caused mostly by differences in the quantity of
applied water. When irrigating corn with NO;-contami-
nated water, leaching is limited by reducing fertilizer
applications below recommendations, thereby causing

the crop to extract N from the water. Hergert et al.

(1995) suggested reducing the N recommendation for
furrow-irrigated corn by the amount of N in 230 mm of
irrigation water, which is less than the minimum amount
of water applied by most conventional irrigators during
the crop’s rapid N uptake period that ends about 1
August. Irrigation applications on the conventional
management field far exceeded 230 mm in all but 1993
(Table 1), the only year in which there was a reduction
in shallow ground water NO; concentrations. Nitrogen
fertilizer applications also exceeded recommendations
in all but 1993. The 6-yr total fertilizer N application
exceeded the amount of N removed in the grain by 438
kg ha™!. Irrigation water in excess of the prescribed 230
mm was applied in 4 of 6 yr on the surge-irrigated field
(Table 1); however, only in 1991 was this total exceeded
before the end of the rapid N uptake period. Although
N fertilizer was applied below or at recommended rates,
the 6-yr total fertilizer N application exceeded the
amount removed in the grain by 129 kg ha™". In theory,
the expected reduction in NO;-N leaching from the
surge-irrigated field should have resulted in less adverse
impact on shallow ground water than the conventional
field. In practice, it did not. The surge technology was
unable to adequately control leaching of N fertilizer,
even when applied by split application for fertigation.
In only the first year did irrigation water applied at the
pivot field.exceed 230 mm (Table 1). Total applied N
was less than or equal to the recommended amount
during the first 4 yr (Fig. 7). During the 6 yr, total applied
N was only 80 kg N ha™! in excess of that removed in
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Table 1

ical/sacial effects.

Human time
‘Animal health

Soll Guality

Nutrient cyeling.

IPerennlal characteristics

Water quality

+| Little time devoted to
managing herd

Animal stress, soil ingestion,

parasite ingestion possible

Compaction, erosion,
reduced OM, reduced
permeability likely

Nutrient hot spots. Nutrient
deficiencies elsewhere.
Nutrients may exceed
plant needs on long-term
overstocked pastures

Most are perennial, but
annuals tend to invade.
Re-establishment
often needed

" | Runoff and loss of sediment,
nutrients, organics, and
pathogens likely

Social and ecological benefits of intensive grazing systems

Planting, harvest, storage,
and daily feeding required

Confinement: hoof and
leg problems, acidosis,
udder health, animal
stress possible

Wheel compaction when
soils are wet

Close fields tend to receive
more nutrients. Higher use
of commercial fertilizer due
to nitrogen losses in
confinement operations
and often inefficient
collection, storage, and
utilization of manures

Frequent reestablishment
of some species required

Confinement:

Water collection and
management, manure
storage, manure
distribution, and nutrient
management required to
protect water quality

Planting, harvest,
storage, and daily
feeding required

Confinement: hoof
and leg problems,
acidosis, udder health,
animal stress possible

Reduced OM,
erosion, reduced
permeability,
compaction

Nutrient uptake not
uniform throughout
growing season.

Close fields tend to

get more nutrients.
Higher use of
commercial fertilizer
due to nitrogen losses in
confinement operations
and often inefficient
collection, storage, and
utilization of manures

Reseeded annually

Confinement:

Water collection and
management, manure
storage, manure
distribution, and nutrient
management required
to protect water quality.
Sllage leachate
potential rapid depletion
of dissolved oxygen

Multiple harvest,
storage, and daily
feeding required

Confinement: hoof
and leg problems,
acidosis, udder health,
animal stress possible

Compaction when soils
are wet

Close fields tend to get
more nutrients. Manure
not often applied since it
can be harmful to alfalfa
stand maintenance.
Requires commercial
fertilizer applications
instead, unless
preceding crop receives
excess manure

Re-established every
3-5 years

Confinement:

Water collection and
management, manure
storage, manure
distribution, and nutrient
management required
to protect water quality

Multiple harvest,
storage, and daily
feeding required

Confinement: hoof
and leg problems,
acidosis, udder health,
animal stress possible

Compaction when soils
are wet

Close fields tend to get
more nutrients. Nutrients
used throughout the
growing season. Higher
use of commercial
fertilizer due to nitrogen
losses in confinement
operations and often
inefficient collection,
storage, and utilization
of manures

Periodic reestablishmant
of perennials. Annuals
reseeded yearly

Confinement:

Water collection and
management, manure
storage, manure
distribution, and nutrient
management required to
protect water quality

Muttiple h:
and daily f
required

rvest, storage,
eding

leg problems, acidosis,
udder health, animal
siress possible

Conﬁnemq‘r:: hoof and

Compactionp when soils
are wet

Close fields tend to get
more nutrignts. Nutrients
used throughout the
growing sepson. Higher
use of commercial
fertilizer dug to nitrogen
losses in confinement
operations and often
inefficient dollection,
storage, and utilization
of manu

Perennial, but may be in
a crop rotation with corn
or other crgps

Confinement:

Water collection and
management, manure
storage, manure
distribution] and nutrient
management required to
protect water quality.
Silage leachate

potential rapid depletion
of dissolved oxygen

Moving and maintaining
temporary fences and
watering systems and
moving cows required

Improved

leg/foot/udder health and
less parasite ingestion and
climatic stress

Increased OM,
compaction minimized,
little to no erosion

Nutrients in balance with
plant needs. Nutrients
used throughout the
growing season. Good
nutrient distribution

Most are perennial.
Occasional, optional
reestablishment or
overseed necessary

Water quality maintained
with adequate buffers as
needed
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Profitable Grazing-Based Dairy Systems

pasture field(s) should be allocated to ensure that just
enough vegetation is cut so cows will not be grazing
overmature forage at times or regrazing paddocks
where forage is too immature and short at other times.

The following design considerations are effective in
installing long-lasting serviceable laneways:

e (Construct laneways with a relatively flat grade,
but allow some elevation change for drainage
along the length. Side-to-side drainage can be

i i ane or using graded

¢ increases the potential for nutrient transfer to
those areas not needing additional nutrients

e reduces milk production by depressing water
and forage intake (cows at a watering facility
are unlikely to return to the paddock if far away
or during hot weather)

e increases the amount of energy used by the ani-
mal for nonproductive activity (walking to/from
water), energy otherwise devoted to foraging or
lactation

deflectors to collect water and redirect it into a
stable grassed area (fig. 11).

e Harden steep or heavily used laneways. A lay-
ered, compacted composite of filter fabric cloth
(bottom layer), coarse stone or gravel, and fine
granular material (top layer) are typical compo-
nents (fig. 12).

e Maintain laneways regularly to avoid trail ruts
that can deliver sediment, nutrients, and bacte-
ria to nearby waterbodies.

e Make sure the topcoat material of laneways is
foot-friendly and does not bruise or injure feet.

Water distribution

A single, fixed watering site should be avoided when
distance to water is greater than 800 feet. Multiple,
dispersed water sites ensure that lactating dairy cows
do not spend too much time in laneways. Excessive
travel time:

e degrades laneways and gate openings

e increases the potential to move nutrients and
other pollutants offsite

Figure 10 Hypothetical paddock layout design
e

Paddock Layout Design

Large pasture divided down the center length-wise with lane.
Paddocks are strip-grazed by moving temporary front wire and
back wire across the pasture. Allows for flexible paddock size
and easier machinery work.

21m | Yoeg
BliM JUOI4

Lane

The equipment necessary to hook up a portable water
trough is readily available and inexpensive. A pres-
surized delivery system is best for portable troughs.
Troughs should be kept full at all times to keep cows
well watered and prevent them from overturning
them. Install a pipeline to serve all paddocks. Pipelines
can be laid on the soil surface at the lane fence if
polyethylene water tubing is used. Burying in a trench
is preferred to deliver cooler water and reduce mainte-
nance. However, burying involves a long-term commit-
ment to the layout as it is now. Do not restrict flow by
using a narrow diameter pipe. Winterize as needed.

Figure 11 Water bar design
==y

Surface flow

2-4% Use material excavated
Hom dip to construct

Shallow Water Bar
A =8to 12inches
B=61to 12 feet

Figure 12 Laneway design
i Sem e S0

Laneway Design

Dairy laneways with heavy traffic need surfacing to

prevent severe erosion on slopes or muddy conditions
Wy in wet weather.
‘ 4-inch lar of lime dust or flyash
| L[ ,u?ﬂ’f"i‘i‘?ff? Stone. Filter
}«———6-16 feet wide depending onneed———]  fabric

(keep as narrow as possible)

16 Range and Pasture Technical Note No. 1, May 2007
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at the highest urine or feces N application rate, the grass
in the lysimeters was not damaged.

Leachate volumes, NO,~N concentrations, and total
NO;-N loss are summarized in Table 3. The N applica-
tion rate from urine is about three times higher than
that from feces, but the potential impact of urine on

leachate NO,-N concentration was disproportionally
higher for two reasons. Urine immediately infiltrates
into the soil where the urea is readily hydrolyzed to
NH;, nitrified, and becomes more subject to leaching
than to volatilization. In contrast, feces remains on the
surface where organically bound N is subject to volatil-
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Fig. 1. Daily mean temperature and precipitation af the study site.
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— 3). Although there was a significant year X treatment Nitrate-Nitrogen Leaching Loss

interaction for NOs-N concentration, NO;-N concen- B 1
trations beneath fall-applied urine were always highest n generalimast HO-N Wik Jesched bansatithe fall

applied urine in all years of the study (Table 3, Fig.

(Table 3). This was because there was insufficient time - 4§>'pH owever, there Ja s a significant tr)éa(tment % yefr

left in the growing season for this N to be assimilated interaction caused by NO,-N leaching beneath spring-

by tt}?e fgrlzlass before it was subject to increased leaching and summer-applied urine being equal to that under
in the fa : s s

Nitrate-N concentrations in leachate beneath spring- fall-applied urine in 1 yr of the study, This was due to low

and summer-applied urine were generally lower, despite precipitation (Fig, 1) during the middle of the grazing

season in 1995, which retarded grass growth and N as-
the s tga(th apphcatlon LS e sprm’gr-apphed similation. Conscquently, more N was available for

drarime i 1995

Lower NO;-N concentratxons beneath spring-applied .
than in the other 2 yr.

urine are likely because grass receiving urine in the .

spring has most of the growing season to assimilate the The leaching of NO;-N from l})lenef::th the feces was

applied N. The lower NO;-N concentrations beneath ot sigrficantly diffrent than tha; om benea(;h L

the summer-applied urine can be attributed to higher control (Fig.4, Table 3). During the 3 yrof the study, tlie

= : 3 additional NOs-N leaching loss (i.e., treatment minus
I:t \;?Iainghgz?’agl)on framyurine dixing the:spouner {Harper control) that could be attributed to feces-applied N was

. o 0.51 g m™ or about 2% of the N applied in the feces.

In contrast to urine, NO;-N concentrations in lea- In contrast, additional NO;-N leaching losses that could

chate beneath feces were not significantly different from b A buted to satine=. sirmes=. ind talkapolied niing

those beneath the control (Fig. 3, Table 3). This was a were 209 22.9 1; # dg3,0 3 omE Ees ectigle)l Thess
result of the much lower amount of N applied in the s ~ 8 ; = Y.

b . A nts represent 18, 28, and 31% of the spring-, sum-
feces than in urine, the potential volatilization of N from amoun . . .

the feces (Ryden, 1986), and the lower availability of et 300 Lall-applied wting N, respectively.

N in feces. Nitrate-N concentrations beneath all treat-

ments were greatest in 1995, the driest year of the study DISCUSSION

when N assimilation by the grass was limited by a lack The observations that grazed grasslands have higher

of soil moisture. N leaching losses than cut grasslands (Ryden et al., 1984)
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Fig. 3. Nltrate-N conccntratnons in leacha(e under spring-, summer-, and fall-applied urine, summer-apphed feces, and an untreated conirol.








































Outside Weight with | Wall Coupling Coupling Threads per Minimum
Diameter Couplings Thickness 0.D. Length Inch Grade of
(inches) (Ibs/ft) (inches) (inches) (inches) Casing
4% 9.50 205 5.000 5 8 F-25
5% 13.00 225 6.050 6% 8 F-25
6 15.00 233 6.625 7 8 F-25
6% 17.00 245 7.390 T4 8 F-25
7 17.00 231 7.656 7Y 8 F-25
7% 20.00 250 8.500 7' 8 F-25
8% 24.00 264 9.625 T 8 F-25
9% 29.30 281 10.625 T 8 F-25
10% 32.75 279 11.750 8 8 F-25
11% 38.00 .300 12.750 8 8 F-25
13% 48.00 .330 14.375 8 8 F-25
16 55.00 312 17.000 9 8 F-25
20 94.00 438 21.000 9 8 F-25

E. Casing installation requirements: The casing shall be centered within the bore hole so grout

may be evenly placed around the casing. A commercially made float shoe shall be installed on the lowermost joint
of casing to be landed unless an alternate method for cementing has been approved by the state engineer. The casing
shall be un-perforated and the well shall be designed in a manner to prevent the commingling of water from the
artesian stratum with water in an overlying or underlying geologic unit.

F. Annular space: The diameter of the hole in which the cement seal shall be placed shall be at least
four (4) inches greater than the outside diameter of the casing set through the confining formation overlying the
artesian aquifer. The diameter of the hole in which the cement seal shall be placed may be reduced to three (3)
inches greater than the outside diameter of the casing set through the confining formation overlying the artesian
aquifer if pressure grouting from the bottom up is used for grout placement and the well casing is centralized in the

- bore hole. If surface casing is used, the inside diameter of the surface casing shall be at least three (3) inches greater
than the outside diameter of the production casing.

G. Annular space cementing requirements: The annular seal shall consist of a neat cement slurry
acceptable to the state engineer. The cement seal shall originate within the artesian stratum and shall be
continuously placed to land surface. The cementing process shall be witnessed by an authorized representative of
the state engineer. When necessary, sufficient annular seal shall be placed to prevent inter-aquifer exchange of
water and to prevent loss of hydraulic head between geologic zones.

H. Annular space - cement placement: The cement slurry shall be placed in the annular space by
one of the following methods:

(1) Tremie method: The neat cement slurry shall be pumped using a tremie pipe to fill the annular
space of the well from the origin of the seal within the artesian stratum to land surface. Flow of undiluted cement
out of the top of the annular space shall be established with the tremie pipe suspended in the annulus. The lower end
of the tremie shall remain immersed in the cement slurry for the duration of pumping. The tremie pipe may be
gradually removed as cement level in the annulus rises.

(2) Pressure grout method: The neat cement slurry shall be pumped down the inside of the casing,
through the float shoe, and up the annular space until undiluted cement slurry circulates out of the annulus at land
surface. Excess cement may be displaced out of the casing from behind with drilling fluid, but the drilling fluid
shall not be pumped entirely to the level of the float shoe except to lodge a drillable plug at the bottom of the casing.
Should undiluted cement slurry not be displaced out the top of the annulus in a continuous pressure grouting
operation, the cementing job may be completed by the use of the tremie method. If the tremie method is employed,
a tremie pipe shall be suspended in the annulus to the approximate level of the competent cement grout. The neat
cement slurry shall be pumped to fill the annular space of the well from the top of the competent cement grout to
land surface.

L Sealing off formations: The compressive strength of neat cement shall be five hundred (500) psi
or more before well drilling is resumed. Cement must be allowed to set a minimum of forty-eight (48) hours before
well drilling is resumed. Shorter set times may be requested if approved accelerants are used. Sealing off of the
formations shall be checked by a method acceptable to the state engineer. In the case of remediation of
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