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SUMMARY

Agricultural drainage wells (ADWs) are used in certain locations
in Iowa to provide outlets for subsurface and/or surface drainage
systems. Good drainage is necessary 1n these highly productive and
intensively farmed areas to allow field operations to be done at or
near optimum times (soil trafficability) and to provide a good soil
medium for crop growth (avoiding excessive wetness). The ADWs exist

where natural drainage is not present, as in the pothole country, and

where artificial drainage outlets via tile mains or drainage ditches

have not been provided. In addition, the ADWs, which are drilled or

dug holes from the soil surface to an underground aquifer, require a

location where the underground strata is capable of receiving large

quantities of water quickly. i
The common construction and setting for an ADW is an underground I

cistern (% to 2 m in diameter) with a well (10 to 25 cm in diameter) at

the bottom, with the whole assembly located near the bottom of a pothole.

Subsurface drainage tiles enter most cisterns, which are generally con-

structed from poured concrete, grouted bricks, large diameter clay

tiles or metal culverts. A field survey showed that most ADWs either

had surface inlets connected to the subsurface drainage systems, oOr

the cisterns were low enough such that surface drainage could enter

the wells directly when pondage occurred. For ADWs located near roads,

most had surface inlets for roadway and ditch drainage.
Because of the large cost involved in providing artificial drain-

age, areas where ADWs exist are almost always used for row crop produc-

14___———_
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tion with fertilizers and pesticides applied to achieve near maximum

yield. In intensively farmed areas in Iowa, essentially all the land

is treated with herbicides, and an average of over 175 kg N/ha is applied

annually for corn production (overall, the state average is somewhat
lower at about 140 kg N/ha). Insecticides are also commonly used on
continuous corn for rootworm control.

Soil adsorption of agricultural chemicals is important 1in deter-
mining differences in quality between surface runoff and subsurface
flow from intensively farmed land. In genmeral, as soil adsorption in-
creases, less surface-applied chemical is transported with subsurface
flow and more with surface runoff water and sediment. Nitrate-nitrogen
(NO
it is very soluble and not adsorbed by the soil. Anionic herbicides
such as chloramben, 2,4-D and dicamba are only slightly adsorbed by
soil and are soluble enough that they can be lost with subsurface flow.
Most other pesticides used in Iowa are either moderately or strongly
adsorbed to soil and are lost from the field mainly with surface run-
off water and sediment.

The quality of water draining to the four ADWs monitored in this
study showed the effects of the source of drainage water. During
periods between runoff events when all the drainage to the ADWs was
subsurface flow, N03-N concentrations were the highest, commonly in the
range of 10-30 mg/L, while during periods of snowmelt or rainfall-
runoff, concentrations often dropped below 10 mg/L for water draining
to the wells receiving both surface runoff water and subsurface flow.

On the other hand, pesticide concentrations in subsurface flow were

3-N) is transported from the field mainly with subsurface flow because
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lower (from undetectable to < 1.0 pug/L) than during rainfall-runoff
events, when, for example, the two highest values measured, 55 and

80 pg/L (for alachlor and cyanazine, respectively), were detected 1in
water draining to the wells receiving both subsurface flow and surface
runoff. Lower bacteria and sediment levels were also measured during

subsurface flow because of the filtering provided by the soil profile.

On the average, the N03-N concentration in water draining to ADWs was

16 mg/L (exceeding the 10 mg/L drinking water standard for 85% of the
samples) and alachlor, atrazine, cyanazine, and dicamba concentrations
averaged 0.9, 0.02, 3.3, and 0.3 ug/L, respectively. These concentra-
tions closely agree with those measured in other studies of agricultural
drainage in Iowa, for the Des Moines River at Boone, and in the Big
Spring Karst area of northeast Jowa. Pesticide and NO3—N concentrations
in agricultural drainage as predicted by mathematical models using data
for the ADW area in north-central Iowa were also in reasonable agreement
with those measured. At no time did pesticide concentrations measured
in drainage to the ADWs exceed established or proposed criteria for
pesticides in drinking or ground water.

Mathematical modeling of pollutant transport in the groundwater

system under typical flow and N03-N loading conditions indicated that
the areal influence of an ADW would be localized within about 2 km of
the well, with dilution and dispersion of inflow with existing ground-
water quickly reducing NO3-N concentrations in inflow to below the

drinking water standard. Sampling of farm water supply wells 1in areas

with and without ADWs showed that N03~N concentrations were uniformly

low in the area without ADWs, whereas in the area with many ADWs, some




water supply wells exceeded the drinking water standard, while other
supply wells in the same vicinity had near zero levels of N03-N. The

depth to bedrock is an important parameter in nitrate movement into the

aquifer. In those areas monitored, the NO_-N concentrations where the

3
glacial drift was greater than 15 m indicated higher levels of NO_-N

3
where ADWs were present over those areas where no ADWs were present.
The differences in average NOB-N concentrations were statistically
significant, indicating an impact due to ADWs.

One of the difficulties in assessing the impact of ADWs on the
groundwater is the determination of the proper criteria to be used in
evaluating these impacts. There are no specific water quality criteria
that apply directly to the ADWs situation. Some of the questions that

are raised are:

1. Should the water being recharged by ADWs meet the
drinking water standards?

2. Should the standards be applied to the highest concen-
trations recorded or the average concentrations?

3. Should there be no acceptable levels of pesticides
(zero concentrations) allowed in the recharge water?

It is recognized that these questions are complicated and beyond
the scope of this study. As the ULC program implementation begins,
there will need to be further clarification of the proper criteria to
be used by the EPA and the implementing states.

If the criteria to be applied to the recharge water entering ADWs
1s the current existing drinking water standard, then the ADWs would

not meet the criterion for N03-N. In fact, some 85% of the samples of
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the recharge water exceeded the drinking water standard. The results
from the individual well survey also indicated an elevated level of
N03-N in the vicinity of high concentrations of ADWs. This indicates
a localized impact that is degrading the water quality in the vicinity
of large numbers of ADWs. Bacteria levels during high recharge events
would also exceed the current drinking water standard, even in some
samples from those ADWs that are believed to be receiving only subsur-
face drainage. However, the bacteria levels in the recharge water are
not in excess of those in surface waters in the region that are used
for public drinking water after proper treatment.

The only pesticide used extensively in Iowa that has a drinking
water standard is 2,4-D. The maximum concentration measured in this
study (0.4 pg/L) is well below the drinking water standard for 2,4-D
(100 pg/L). The EPA is proposing a method for calculating maximum |
advisable levels (MALs) for pesticides in groundwater from established
acceptable daily intake (ADI) values. If this method is used, MALs, L
for alachlor, atrazine, 2,4-D, and dicamba would be 1000, 215, 125, and
12.5 pg/L, respectively, while maximum values measured were 55, 0.5,

0.4, and 12 pg/L. Only the mobile, less strongly adsorbed dicamba
approached its proposed MAL value.

As the recharge water moves into the groundwater system, dis-

persion and dilution will occur. The proposed criteria for implement-

ing the Resource Conservation and Recovery Act (RCRA) recognizes this

diluting effect in establishing the maximum contaminant levels. It 1is |

possible that the same approach should be taken with ADWs.
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The ADWs have offered an economic benefit by allowing intensive
agricultural development in portions of north-central Iowa. ADWs are
sources of NO3-N, bacteria, and pesticides entering the groundwater
system. There is strong evidence that ADWs are contributing to in-
creased leﬁels of nitrate-nitrogen in the shallow groundwater system.
These impacts are concentrated in the area of high ADW use and have not
been observed to impact on the public water supplies in the region, but
individual farm wells have been affected. This is probably because most
ADWs in this region are recharging the Mississippian aquifer while most
community water supplies obtain their water from the deeper Silurian-
Devonian formations.

There are several options to reduce the impacts of ADWs, depending
on what pollutant is involved. More careful N management could be used
to reduce the amount of N03-H leached and transported to a ADW. Model-
ing showed that lower and/or better-timed N applications could reduce
NOB-N concentrations in drainage to below 10 mg/L. Decreasing the N
application rate, however, from 150 to 75 kg/ha, would decrease net
return for corn about $26/ac at current corn and N prices (1 kg = 2.20 1b;
1 ha = 2.47 ac). Pesticide incorporation at application and the use of
soil conservation practices, along with more strongly adsorbed pesticides,
could decrease pesticide losses. For bacteria, moderately or strongly
adsorbed pesticides, and sediment itself, closing the surface inlets
and forcing surface water to infiltrate through the soil would decrease
their transport to the aquifer (although the ponding that would result
from slower drainage would increase any wetness problems). Transport

of the slightly adsorbed anionic herbicides with subsurface flow, or
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the even lesser movement of other pesticides, would have to be solved
by banning the pesticides of concern, or closing the ADWs if this
transport was deemed a problem.

If the ADWs were closed and no alternative drainage outlets were
provided, it is estimated that average (and highly weather-dependent)
crop losses would be at least $128/ac a year. It alternative drain-
age outlets were provided through tile mains and drainage ditches, with
pumps used where necessary, it is estimated from known locations of
54 ADWs in Humboldt and Pocahontas counties, draining about 5500 acres,
that one-time capital costs would average $236/ac (range from $90 to
§320/ac); there also would be some additional annual maintenance and
fuel costs with the pumped drainage.

Much of the initial work on the project was conducted by Jack
Musterman, Robert Fisher, and Lon Drake, then of the Department of

Environmental Engineering, University of Iowa.

'\=-___——__ e e
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I. INTRODUCTION

A. Background

It has been estimated that approximately 17 million waste disposal
facilities are placing over 1,700 billion gallons* (6,400 billion liters)
of contaminated liquids into the groundwater each year (U.S. EPA, 1977).
This waste load represents a serious threat to the millions of Americans
who are dependent on groundwater as a drinking water source. The
sources of contamination can range from industrial wastewater impound-
ment; to landfills and uncontrolled dumps to underground injection
wells. Figure I-1 shows the variety and magnitude of the potential
sources of contamination by subsurface disposal. This variety means
almost unlimited possibilities of pollutant transport and associated
impacts.

In an effort to avoid future contamination of existing groundwater
supplies, the Federal Government has instituted various programs. The
Safe Water Drinking Act states that "...underground migration of
injected wastes cannot be determined accurately; therefore, highly
toxic compounds should not be injected” (Musterman et al., 1980). The
Federal Government, in adopting this policy, has taken a preventative
rather than a 'clean-up' approach to groundwater contamination. The

establishment of the Underground Injection Control (UIC) program is a

major effort to prevent underground injection of waste which may endanger

drinking water sources.

"In some cases English units are used to improve readability: for
example, gallons (3.78 liters), acres (0.405 hectares), pounds
(0.454 kilograms), inches (2.54 centimeters).
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Figure I-1. How waste disposal practices contaminate the groundwater system
(from U.S. EPA, 1977).
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The UIC program was to be based on minimum federal standards and
regulations and was to be administered by the state. It was left to
the individual states to develop a program that satisfied the following
minimum requirements:

1. Prohibit unauthorized underground injection, effective
within three years after enactment of the program;

2. Require the injection applicant to bear the responsibility
for assuring protection of underground sources of drinking
water;

3. Provide assurance that no regulation would allow endanger-
ment of underground sources of drinking water;

4. Provide inspection, monitoring, record-keeping and reporting
requirements for injection wells;

5. Provide control over injection by federal agencies, whether
or not the injection occurs on property owned or leased
by the federal government; and

6. Provide non-interference with oil and gas production, unless
such requirements are essential to assure protection of under-
ground sources of drinking water (Musterman et al., 1980).

The final UIC regulations grouped all injection wells into five
major classes depending on the nature of the injected fluid, the zone
of injection, and its potential for groundwater contamination. The
injection well classes are generally defined as follows:

Classi 1 Wells that inject hazardous waste below an

underground source of drinking water;




Class LLs Wells used for brine disposal or enhanced
recovery processes in the production of oil
and gas;

Class IIT: "Special process wells'" used in in situ mining

of copper, sulfur, etc.;

Class IV: Wells that inject hazardous waste above or

into an underground source of drinking water;
and

Class V: Other injection wells, such as hydrocarbon

storage wells, cooling water return wells,
and agricultural drainage wells (Musterman
et al., 1980).

An inventory of subsurface injection activity in Iowa, prepared
for the Office of Drinking Water, Environmental Protection Agency, by
the Department of Environmental Engineering at the University of Iowa
(Musterman et al., 1980, 1981), indicated the following:

1. .Class I,.LL,.and TLE Injection Wells

No Class I, II, or III injection wells were identified in Iowa

during the inventory.

2. Class IV Wells

Initially, an estimate of 50 Class IV wells was made but was later
reduced to 13 in a report received by the UIC group from the EPA (U.S.
EPA, 1980). These 13 facilities were then contacted by phone where
possible and asked to clarify the response indicated on the notifica-
tion submitted by the EPA. All persons contacted characterized their

initial responses to the EPA either as mistakes or as septic tanks



receiving only domestic wastes. It therefore appears that few if any

Class IV wells currently exist in Iowa.

3. Class V Wells

The inventory of Class V wells broken down by type is as follows:
5 cooling water wells, 9 cesspool wells, and 690 ADWs, for a total of

704 Class V wells. The current estimate of Class V wells 1is reduced

from the number in an earlier survey because volatile hydrocarbon storage

wells have been eliminated from UIC control. With this elimination of

volatile hydrocarbon storage wells from UIC control, the agricultural |
drainage wells (ADW) become the only Class V injection activity of any > il

significance in Iowa (Musterman et g1 o T98T) |

B. Agricultural Drainage Wells i

Injection wells have been used in Jowa for more than 100 years
for subsurface disposal of surface runoff and tile waters from agri- |
cultural lands (Musterman et al., 1980). The use of these agricultural |
drainage wells (ADWs) has provided a simple, rapid and economical means
of drainage control that has increased the amount of tillable acreage
and the crop productivity in lowa. In north-central Iowa, there are
areas that could not be farmed economically without the drainage cur-
rently provided by ADWs.

Although ditches and tile drainage systems using surface outlets
have provided artificial drainage in many areas of Iowa, they have not
i satisfied all the drainage needs throughout the state. The agricultural
ﬁ

drainage well (ADW) has provided an alternative to surface ditch drain-




age by utilizing as an outlet a drilled, driven or dug hole extending
from the surface to an underground strata that is capable of taking
surplus water. In order for these wells to be operationally and cost
effective, they must be drilled into a shallow, high-capacity aquifer
such as a fractured carbonate strata (limestone or dolomite) with high
secondary permeability. This assures good recharge capacity with a
minimum of plugging by the drainage silt load (Harris, 1945).

The use of ADWs apparently flourished in the 1950s, with a report
of as many as seven wells draining a single 400-acre farm (Hunt, 1961).

However, the enactment of Chapter 455A.25 of the Code of Iowa in 1957

curtailed new ADW construction by requiring a permit from INRC for new
ADW installations or expansion of the drainage area of existing wells.
No permit was required for existing wells if they did not "...create
waste or pollution." As a result of these regulations, only two new
wells have been permitted since 1957. No permits have been issued

for wells existing prior to 1957, and there are no currently active
permits for ADWs in the state (Musterman et al., 1981). Because of
the limited number of permits, there is a common belief that ADWs are
illegal. In fact, however, they are illegal only if they were con-
structed after May 1957, without a permit, or if they "...create

waste or pollution."

In 1981 the Iowa legislature reorganized the state agencies dealing
with water and environmental quality. The new legislation, Iowa Code
Chapter 455.B, resulted in several changes relating to ADWs. Under
chapter 455.A, all drainage wells constructed prior to 1957 did not need

a state permit if they were not creating waste or polluting the ground-



water. In Chapter 455.B this "grandfather" clause is rescinded. The

current rules and regulations for the Department of Water, Air and Waste

Management (DWAWM) (Sec. 900-51.5) require a diversion permit for any

diversion of surface waters into aquifers. Section 900-51.6 indicates

tile drainage is considered as surface water. Although not specifically

referenced, ADWs would fall under this rule; thus, it now appears that

a diversion permit is required for all ADWs, both new and existing. !

Section 900-62.9 of the DWAWM rules state that "...there shall be no

||
disposal of a pollutant other than heat into wells within Towa." ADWs J

would also be covered by this requirement. Chapter 455B.171 (13) de- & ﬁu
fines pollutant as sewage, industrial waste or other waste and subsec- il
tion (3) defines other waste as heat, garbage, municipal refuse, lime,
sand, ashes, offal, oil, tar, chemicals, and all other wastes that are
not sewage or industrial waste. i

It now appears that ADWs could still be constructed provided the
owner obtains a diversion permit from DWAWM and the owner can show it
does not pollute the groundwater. Further clarification of the DWAWM }

rules are needed to determine proper criteria to judge if an ADW is

polluting.

1. Geological Setting in Iowa

About 150 years ago when settlers first arrived in Iowa territory,
a large part of the upper Midwest area was considered unfit for human

@ habitation. At that time, flat areas in north-central Towa frequently
; were flooded. Many of the depressions were marshes and wetlands; the

only farmable areas were the higher lands surrounding the marshes.

The soils in this area are dominated by Wisconsin glacial till-derived




soils developed under a native vegetation of prairie grasses. A recent

survey (Schult et al., 1981) indicated that 60% of the soils in north-
central Iowa are considered poorly drained soils, and another 20% are
somewhat poorly drained soils. Therefore, without drainage, north-
central Iowa would not now be one of the most productive agricultural
areas in the country.

Research has proven that agricultural drainage is a valuable pro-
duction practice. Adequate drainage allows a longer growing season,
efficient use of water and fertilizer, reduced miring of agricultural
equipment, and reduced fuel consumption.

Drainage of agricultural lands began in earnest in Iowa with the
enactment of the 1906 drainage law. Most of the drainage systems were
installed between 1906 and 1925 by organizing the natural watersheds
into legal drainage districts (SCS, 1983). The drainage methods were
diverse, including open ditch and tile drain combinations or under-
ground systems only. Many of these drainage systems are inadequate
today, and many were recognized as inadequate the year they were com-
pleted. The areas that could not be included in the legal drainage
districts had to depend on other kinds of artificial drainage outlets
such as agricultural drainage wells.

Agricultural drainage wells drain surface runoff or subsurface
drainage from tiles, and in many cases both. The majority of the ADWs
in Iowa are located in the north-central portion of the state in areas
that were most recently covered with continental glacial ice sheets.
Five geomorphic areas in Iowa were reported by Musterman et al. (1980)

as candidate locations where ditch drainage was sufficiently difficult

e
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to offer incentives to drill ADWs. These potential landscapes are shown
in Fig. 1=2. Theiarea outlined on Fig. I-2, indicating that drainage
wells are probably abundant, was determined using topographic and soil
considerations only. Before ADWs could be constructed, an acceptable
aquifer to receive the recharge must also be present.

The prime aquifer units for recharge are likely to be the carbonate
formations with sufficient joints, pore Space, bedding planes, and solu-
tion channels, in order for ADWs to be able to recharge drainage water
over the long term. Several major bedrock aquifers (sandstones and
carbonates) exist in the region of the majority of ADWs. These aquifers
include the Dakota Sandstone aquifer, the Mississippian aquifer (upper
bedrock) the Silurian-Devonian aquifer (middle bedrock), and the Cambro-
Ordovician aquifers (lower bedrock). All of these aquifers are major
aquifers used for community and farm water supply in this region.

The major bedrock aquifers in north-central Iowa consist of sand-
stones and carbonates (limestones and dolomites) containing thin inter-
bedded layers of shales and cherts. Several of the carbonate layers
contain only limited secondary porosity. Musterman et al. (1981) pre-
sented several east-west (and one north-south) cross-sections of the
bedrock aquifers in northcentral Iowa. Figures I-3 and I-4 show gen-
eralized lithologic cross-sections through north-central Iowa (see
Fig. I-2 for cross-section locations).

As shown in Figs. I-3 and I-4, the glacial drift thickness varies
significantly across the area, from in excess of 300 feet to places

where the drift may be only a few feet thick. The thickness of the

drift plays an important role in the quality of the shallow ground-
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water. Surficial aquifers, consisting of disconnected sands and gravels
within the drift, do provide local water supply. These aquifers are not

expected to be influenced by ADWs.

The Dakota aquifer, present in the western part of the target land-

scapes (see Fig. I1-3), is comprised of many units of sands, shales, and

mixtures of the two. The sands of the Dakota aquifer would be readily

clogged by silt loads from ADWs. Thus, it is unlikely that many ADWs
are finished in the Dakota aquifer.

The Mississippian aquifer underlies most of the Des Moines Glacial
Lobe and is composed primarily of various carbonate units. The Missis-
sippian aquifer in this area is composed of limestones and dolomites
of the Osage and Kinderhook series. These formations tend to have fair
to low yields to pumping wells and consist of several cherty layers

interbedded in the formation. Thickness of the Mississippian aquifer

in the vicinity of Humboldt, Iowa, 1is about 200 to 350 feet. Some frac-
tures, bedding planes and solution channels do exist in the Mississip-

pian. The relatively shallow depths of this aquifer, combined with the

secondary porosity, make the Mississippian aquifer a candidate for ADWs.
The four ADWs monitored as part of this project ranged in depth from
100 to 285 feet, as measured by the weighted line method. These depths
would indicate that these ADWs were probably recharging to the Missis-
sippian aquifer.

The Mississippian aquifer 1is separated from the underlying Silurian-
Devonian aquifer by the Devonian aquiclude. In the study area, this
aquiclude consists of Maple Mill shales varying in thickness from a few

feet to more than 60 feet. In the western part of the area, this aqui-

| .
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clude is not apparent and the Mississippian and Silurian-Devonian aqui-
fers are in hydrologic connection.

The Silurian-Devonian aquifer consists of a series of limestones
and dolomite units with localized chert. Yields to wells in this aqui-
fer are high to fair with pumping rates in excess of 500 gpm possible.
The Silurian-Devonian generally has more secondary porosity than the
Mississippian aquifer. Much of the sink hole development in northeast
Iowa occurs in the Silurian-Devonian aquifer. The thickness of the
Silurian-Devonian aquifer in the study area varies from less than 200
feet in extreme north-central Iowa to more than 800 feet in the south-
central areas (see Figs. I-3 and I-4). Because the depth of the
Silurian-Devonian aquifer increases to the southwest, use of this forma-
tion for ADWs is probably confined to the northern portion of the target
landscapes. More municipalities use the Silurian-Devonian aquifer than
the Mississippian aquifer in this region of the state.

The Silurian-Devonian aquifer is separated from the underlying
Cambro-Ordovician aquifer by the Maquoketa aquiclude. This aquiclude
consists of shales and dolomites. Below the Maquoketa aquiclude is the
Galena formation, which is a minor aquifer of limestones and dolomites
with low yields. The Maquoketa aquiclude does not underlie all the
study region (see Figs. I-3 and I-4). The Decorah/Platteville forma-
tion is a series of thin limestone layers interbedded with shales forming
an aquiclude covering the entire area. Immediately below this aquiclude
is the St. Peter Sandstone, a formation with fair yields, the Prairie du
Chien formation, and the Jordan Sandstone, formations with high yields.

The Jordan sandstone is the most widely used formation in Iowa. It is
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doubtful that the Jordan is used for ADWs because of its lack of secondary
porosity and its depth below ground surface.

Table I-1 shows a generalized geologic column in Humboldt County,
Towa. This column shows the sequence of geologic formations Lo be found
and an approximate depth below ground surface.

Figure 1-5 indicates the target areas for ADWs as classified by
the first bedrock aquifer below the glacial drift. The extreme north
and west portions of the target areas have no suitable, near-surface
aquifers, and ADWs will not be expected in these areas. In the other
areas, the target aquifers are either the Mississippian or Silurian-
Devonian aquifers.

The combination of the flat topography and the availability of
shallow carbonate aquifers makes north-central Iowa the prime location
for large concentrations of ADWs; although isolated ADWs could be
found anywhere in Iowa, the most significant potential for groundwater
impacts will be in areas of large ADW concentrations.

2 Construction of ADWs

The details of the construction of ADWs in north-central Iowa are
highly variable. Since some of the ADWs are reported to be more than
100 years old, a variety of designs has been used.

Figure I-6 is a sketch of a typical ADW showing the three types of
flow into the well. In general, an ADW consists of a buried collection
basin or cistern, one or more tile lines entering the cistern, and a
cased drilled or dug well. In some ADWs, surface water can enter

directly into the tile lines through surface inlets or through cracks




Table I-1. Generalized geologic column near Humboldt, Iowa (after Musterman et al., 1981).
Depth Age Rock Units Hydrogeologic Water bearing
(ft) unit characteristics
0-50 Quarternery Glacial Drift Scattered sands low yields
and gravels
50-300 Mississippian Osage and Aquifer fair to low yields
Kinderhook series
300-320 Devonian Maple Mill Shales Devonian does not yield
Aquiclude water
320-830 Devonian Lime Creek, Silurian- high to
Cedar Valley, Devonian fair yields
Wapsipinicon Aquifer
Not present Silurian Niagaran Series
830-1120 Ordovician Galena Minor aquifer low yields
1120-1190 Ordovician Decorah Aquiclude does not yield
Platteville water
1190-1270 Ordovician St. Peter SS Aquifer fair yields
1270-1530 Ordovician Prairie du Chien Cambro-
Ordovician high yields
1530 + Cambrian Jordan Aquifer

91
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in or overtopping the cistern. Others appear to collect only subsur-
face tile flow from agricultural tiles. In some cases the water quality
of recharged water indicates an intermediate flow system. This quasi-
curface flow is believed to be due to the development of cracks and
macropores within the soil profile that allow rapid flow of ponded water
into the tile system.

Figure I-7 is a sketch of a typical cistern of an ADW. In this
case, the intake to the well is raised above the cistern bottom 1in
order to provide some sediment trapping. One ADW in Humboldt has two
cistern chambers, with the tiles entering the first chamber where
sedimentation can occur. However, during a single storm these sedi-
ment traps can become filled and become ineffective. As an example, if
the ADW shown in Figure I-5 drained 40 acres and received runoff from a
storm where only 1/4 T/ac erosion occurred, the volume of storage in the
éettling basin would be only 17% of the volume of sediment delivered to
the ADW. In addition, even if the sediment trap is not full, it may
still be ineffective because the sediment delivered will be fine-grained,
and the time for settling will be short (at a flow rate of 60 gal/min,
the average residence time for the water-sediment mixture would be
5 min; in that time a clay-sized particle would settle about 0.1 cm).

It appears that little maintenance is routinely performed on ADWs.

Several ADWs were observed in this project that needed structural

improvements.
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Figure I-7. Sketch of typical cistern and intake structure for
an agricultural drainage well prepared by INRC
staff from evidence of record for determination on
permit application No. 55-R-4-W- 1879 (Musterman
et al., 1981).
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C. Agricultural Drainage Water Quality

The quality of agricultural drainage from lowa cropland is dependent
on the management of that land and which type of drainage, surface run-
off or subsurface flow, is being considered. Of the approximately 36

million acres in Iowa, about 22 million acres are in row-crop production

of corn and soybeans. On the average, for the five-year period 1978-82,

there were 13.8 million acres of corn and 8.2 million acres of soybeans. |
Because soybeans are usually rotated with corn, with essentially no |
contiﬁuous soybeans, there were about 5.6 million acres continuous
corn. Throughout the state this row-cropped land is intensively farmed
with an average of 128 1b nitrogen (N), 26 1b phosphorus (P), and 52 1b
potassium (K) applied to each acre of corn ground and 1 1b N, 1 1b P,
and 4 1b K applied to each acre of soybean ground 1in 1980 (Hargett and
Berry, 1981). One lb/ac equals 1.12 kg/ha. A pesticide use survey
(USDA, 1982a) showed that herbicides were used on 99% and insecticides
were used on 44% of the corn grown in Iowa in 1980. Another survey
(USDA, 1982b) showed that 97% of the soybeans grown were treated with
herbicides. Application rates for most pesticides range from 0.5 to

2 1b/ac of active ingredient. (Throughout the text of this report,
common names of pesticides will be used; for cross reference between
common and trade names of pesticides, see Tables I-2 and I-3.) For
corn, five herbicides--alachlor, atrazine, butylate, cyanazine, and

2 . 4-D--represented at least 90% by weight of the herbicides used; five
insecticides--carbofuran, chlorpyrifos, fonofos, phorate, and terbufos--

represented over 94% by weight of the insecticide used. For soybeans,




Table I-2. Use and properties of dominant pesticides in Iowa (1979).%

B~ et

Name Use Persistence Solubility Adsorption Toxicity
LD, %

Common Trade (1b) (weeks) (ppm) class+ m%?kg
Insecticides

terbufos Counter 2,299,500 23+ 10 to M5 IT

fonofos Dyfonate 145633,330 52+ 13 IT

carbofuran Furadan 1,134,920 7 to 54 700 I

phorate Thimet 992,990 7 to 20 50 IT

chlorpyrifos Lorsban 670,271

ethoprop Mocap 343,221

others - 76,780

Total 7,151,012 N

Herbicides

butylate Sutan 13,596,600 6 to 8 45 IT 3880

alachlor Lasso 11,357,550 4 to 8 242 14 1200

cyanazine Bladex 8,513,100 8 to 12 171 ¥ 334

atrazine AAtrex 6,644,254 8 to 32 33 I 3080

trifluralin Treflan 4,535,420 12 to 24 1 T 3700

propachlor Ramrod/Bexton 1,714,500 4 to 6 580 IT 710

metochlor Dual 1,674,350 4 to 12 430 IT 2780

chloramben Amiben 1,606,380 6 to 8 700 I 3500

metribuzin Sencor/Lexone 1,594,080 4 to 16 1220 11 1940

2,4-D - 1,373,192 4 900 I 300-1000

dicamba Banvel 884,780 12 to 48 4,500 I 1140



Table I-2. Continued.

Name Use Persistence Solubility Adsorption Toxicity
+ LD o=
Common Trade (1b) (weeks) (ppm) class mg?kg
bifenox Modown 551,040 6 to 8 1 1 6400
bentazon Basagran 459,626 6 500 I 1100
others = 2,124,622
Total 56,629,494

wle

“gource: Becker and Stockdale (1980).

+Absorption class I represents weakly adsorbed pesticides, readily leached in sandy soil low in
organic matter (£1%), but some resistance to movement in other soils. Class II represents mediumly
adsorbed pesticides with moderate movement in sandy soils low in organic matter, but little or no
movement in other soils. Class III represents strongly adsorbed pesticides with slight movement 1in
sandy soils low in organic matter, with negligible movement in other soils.

i 1) 0 is single oral dose that is lethal to 50% of the test animals, usually white rats; for

comparison the values for aspirin and table salt are 1200 and 3320 mg/kg, respectively (note, the
smaller the value the more toxic the compound).

£C




Table I-3. 96-Hour LC50 values for selected pesticides and fish species (pg/l).

Rainbow Fathead Channel Largemouth

Trout Minnow Catfish Bluegill Bass
Organochlorines
Aldrin 2.6 8.2 53 6.2 5
DDT 8.7 12.2 21.5 8.6 1.5
Dieldrin 1.2 3.8 4.5 3.1 3.5
Heptachlor® 7.4 23 25 13 10
Toxaphene=® 11 18 13 2.4 2.0
Organophosphate
Diazinon* 90 168
Fenitrothion 2400 3200 4300 3800
Malathion* 200 8650 8970 103 285
Parathion 1430 2350 2650 400 620
Terbufos* (Counter) 9.4 270 13
Fonofos* (Dyfonate) 20 7
Phorate* (Thimet) 13 280 2 5
Chlorpyrifos* (Lorsban) Iad 280 2.4
Carbamates
Carbaryl* (Sevin) 1950 14600 15800 6760 6400
Carbofuran® (Furadan) 380 872 248 240

we



Table I-3. Continued.

Rainbow Fathead Channel Largemouth
Trout Minnow Catfish Bluegill Bass
Herbicides
Cyanazine* (Bladex) 9000 22500
Alachlor* (Lasso) 2400 4300
Trifluralin®* (Treflan) 41 58 75
2,4-D% 3100 7400

ake

"Commonly used in Iowa.

T4
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five herbicides--alachlor, bentazon, chloramben, metribuzin, and tri-
fluralin--represented 84% by weight of the herbicide used (Becker and
Stockdale, 1980). No aldicarb was reported to have been used in Towa .
(See Table I-2 for the usage and properties of the dominant pesticides.)
Although there are more than 3 million acres of oats and hay grown
in Iowa each year, these crops are usually produced on marginal, less
intensively farmed land. Because of the high cost of agricultural drain-
age wells (ADWs) and the subsurface drainage systems associated with
them, land draining to ADWs is usually intensively farmed. For example,
in Humboldt County, a county known to have a significant number of
ADWs, over 95% of the cropland is in row-crops. For these reasons, in
considering the quality of drainage to ADWs, only row-cropped land
will be considered. Because of the much lower chemical inputs to hay
and oat crops and the lower erosion potential of close-grown crops,
any error as a result of this assumption will result in an overestimate
of a potential pollution problem.
The chemicals of concern relative to nonpoint pollution from agri-
cultural drainage generally involve the nutrients N and P. For surface
water resources which must support aquatic life and serve as potentially

potable water sources, there is concern for total N and P entering the
+

+
system as well as for the specific ions NH4 (NH3, un-ionized NH4

being toxic to fish), N03- (conversion to Noz- causing methemoglobinemia

in infants), and PO4 (nutrient often limiting algal growth). In the

case of groundwater resources that are being protected as sources of
potable water, it is contamination with NOB-N above 10 ppm that is of

the greatest concern. High levels of NH, -N (greater than 0.5 ppm)
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would also be of concern where chlorine is used as a disinfectant,
because NH& reactions with chlorine result in compounds with much lower
disinfecting efficiency than free chlorine.

With pesticides, there 1is also concern for both aquatic and human

life. Acute toxicities 1n the form of lethal doses to 50% of &he test

animals (usually rats), LD;,'s, are given in Table I-2 for pesticides |

commonly used in Iowa. In general, herbicides are much less toXic |

than insecticides to both mammals and fish. Table I-3 gives 96-hr

LC50 concentrations (lethal concentrations to 50% of the test species

in a 96-hr test) for selected pesticides. = e i
The problem with pesticide contamination of water resources 1s !

that information is not available on the chronic effects of exposure

to low levels of pesticides. The U.S. EPA (1976) has published concen-

tration criteria on domestic water supply and freshwater and marine

aquatic life for only two herbicides and 15 insecticides out of more

than 1000 known pesticides. Domestic water supply concentrations for

2,4-D and 2,4,5-TP are set atl 100 and 10 pg/L, respectively. Aguatic

1life concentrations for most chlorinated hydrocarbon insecticides (aldrin,

dieldrin, and DDT, all now banned) are extremely low, in the 0.001 pg/L

range. Because of their persistence and potential carcinogenicity,

human exposure to these should be minimized. The organophosphorus in-

secticides listed (guthion, malathion, and parathion) are apparently

one or two orders of magnitude less toxic to aquatic life; the concen-

tration criteria range from 0.01 to 0.1 pg/L. The EPA has set no domes~-

tic water supply criteria for the organophosphorus insecticides, although

the Federal Water Pollution Control Administration (1968) earlier had
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established a criterion of 100 pg/L for organophosphorus plus carbamate
insecticides.

Because there is a need to establish guidelines for pesticide
residues in drinking water, the hazard evaluation division of EPA's
Office of Pesticide Programs has announced plans to establish maximum
advisable levels (MAL) for pesticides in ground water. The basis will
likely be the toxicology data base and scientific expertise currently
utilized to establish tolerances for pesticide residues in food. The
concept of acceptable daily intake (ADI) would be extended for the
assessment of potential hazard. The ADI is the daily exposure level
of a pesticide residue that, taken during the lifetime of a man, appears
to be without appreciable risk. It is generally expressed as mg of
pesticide per kg of body weight per day. Under the EPA plan, the maxi-
mum advisable level in one liter of water would be set as equal to the
ADI for the pesticide of interest times 10 kg. This is equivalent to
the mass of a 22 1b child (children are probably the group most sensi-
tive because of a higher water consumption per unit weight (0.1 liter/
kg/day)).

In equation form:

ADI X 10 kg
1 liter/day

Maximum Advisable Level =

As an example, the National Academy of Sciences (1977) has estab-

lished 0.0215 mg/kg/day as the ADI for atrazine, therefore:

_ 0.0215 mg/kg/day X 10 kg _

1 liter/day 0.215 mg/L

MAL

= ol 3

WS -

R —
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or (using the conversion factor 1 mg/L equals 1000 ppb) 215 ppb. MALs

for pesticides 1in use in Towa, plus some others, are given in Table I1-4,

calculated from the available ADIs.

The quality and differences in quality of surface runoff and sub-

surface flow from row-crop land will be discussed in the following
sections. The effects of different management practices on drainage |
water quality will also be discussed.

1. Surface Runoff

On soils that are not extremely wet or impermeable, initial rain- ;
fall preceding a runoff event continues to completely infiltrate until
the infiltration rate decreases and/or the rainfall rate increases to h
the point that the infiltration rate is less than the rainfall rate
and runoff begins. Under conditions common to Iowa this means that
probably at least 10 mm of rain, and usually much more, infiltrates
before runoff begins. It is also believed (Ahuja and Lehman, 1983;
Frere et al., 1980; and Donigian et al., 1977) that the depth of mixing
or interaction between soil and rainfall-runoff water is less than
10 mm (or mixing possibly decreases exponentially with depth to depths
as great as 20 mm) .
Therefore, the interaction between the soil and a chemical (i.e.,
soil adsorption), which affects how quickly the chemical 1is leached
from the surface soil, is very important in determining chemical con-
centrations and losses in surface runoff. The other important factors
are the amount, location, and persistence of a chemical in the soil

profile. As a result of leaching from this surface mixing zone, con-

centrations of very soluble, non-adsorbed chemicals such as NO3 are
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Table I-4. Proposed maximum advisable levels for pesticides in
groundwater,

No Observed Safety Acceptable Maximum

Pesticide Effect Level Factor Daily Intake  Advisable Level
mg/kg/day mg/kg/day ppb
Insecticides
phorate 0.01 100 0.0001 1.0
diazinon 0.02 10 0.002 20 '
carbaryl 8.2 100 0.082 820
parathion 0.043 10 0.0043 43
malathion 0.2 10 0.02 200
methoxychlor 10 100 0.01 1000 .
toxaphene 1.25 1000 0.00125 12. i
captan 50 1000 0.05 500
aldicarb D5 1 100 0.001 10
Herbicides
|
alachlox! 100 1000 01 1000 |
atrazine 21.5 1000 0.0215 Z15 %
trifluralin 10 100 0.1 1000 1
propachlor 100 1000 0.1 1000 .
chloramben 250 1000 0.25 2500 ;
2,4-D 12D 1000 0.0125 125
dicamba 125 1000 0.00125 12 ‘
2,4, 5=T 10 100 ) 1000
2 ,4,5=TP 0.75 1000 0.00075 2
butachlor 10 1000 0.01 100
propanil 20 1000 0.02 200 1
paraquat 8.5 1000 0.0085 85
propazine 46 .4 1000 0.0464 464
simazine 213 1000 0.215 2150

“From National Academy of Science (1977).

T‘Jalues for alachlor will likely be revised downward when new data
become available.
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not very high in runoff water (as opposed to subsurface flow) and
decrease with time, even though there may be over 100 kg NOB-N/ha in

the soil profile at the time of a runoff event. As shown in Table

li=5 NOB-N concentrations in surface runoff from corn and soybean fields
in the Midwest are typically less tham or equal to 5 mg/L, one-half

the current drinking water standard. Because NOB-N is not adsorbed,

all of the NOS—N losses in surface runoff are associated with the water
phase and are usually less than 5 kg/ha per year.

Chemicals such as NHa-N and POA-P are adsorbed by the soil, are
not flushed as easily from the surface mixing zone, and are lost 1in
surface runoff with both water and sediment. In one study (Baker and
Laflen, 1983), the concentration ratio of NHQ-N in sediment to that in
runoff water was 42 and for POa-P was about 2300. On the gentle slopes
(< 2 percent) expected in the areas where ADWs are used, the ratio of
water to soil lost in runoff is probably on the order of 500 to 1.

For NHa-N then, most would be lost with runoff water, whereas for POA-P,
most would be lost with sediment. Total losses of NH&-N in surface
runoff are usually less than 2 kg/ha which 1s less than the (approxi-
mate) 7 kg/ha that comes down with precipitation in lowa (Tabatabai

and Laflen, 1976). Total losses of POA-P are usually less than

1 kg/ha.

As shown in Table I-2, different pesticides show a wide variation
in the degree of soil adsorption. A majority of the pesticides fall

into Class II and are moderately adsorbed. This means in most soils

they are not easily leached and are lost mostly in surface runoff.

However, like NHA-N, most of the losses in surface runoff are with




Table I-5. Soluble nutrients in surface runoff from Midwestern corn and soybean fields.

Crop State Flow NHA-N N03-N POA-P Reference
ChE B BT e mg/ls—=——————as
Corn (rotated with soybeans) ITowa 3.0 0.8 4.5 0.16 9
Soybeans (rotated with corn) 2.9 B.1 3.5 0.03 9
Cont. corn (448 kgN/ha-yr) 5.6 f: .0 2.5 0.20 2
Cont. corn (168 kgN/ha-yr) 4.9 i | i 0.18 2
Corn (terraced) 3.6 0.6T S.UT 0.26 2
Corn and soybeans 4.4 = 5.2 0.06 32
Cont. corn (no-till) 3.2~% 0.2 0.6 0.73 38
Cont. corn (conventional tillage) 5.4%* 9.2 0.7 0.18 38
Cont. corn Minnesota 8.0 0.3 185 0.22 23
Corn (in rotation) 0.4 150 0.24 23
Corn So. Dakota 1.3 1.0 0.6 0.2 65
Cont. corn Missouri 18.2 ---; 5.31 0.41 55
Cont. soybeans 17.4 ——— 4.1 0.74 55

<

“Flow-weighted average concentrations; kg/ha losses = mg/L X cm/10.

TNHQ-N 1s included with NOB-N,

‘ﬂGrowing season runoff (late April-October).

A%
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water and not sediment. For example, 1in one study (Baker and Laflen,
1979), 82-89% of the atrazine, alachlor, and propachlor losses were in
solution. Pesticides in Class III are strongly adsorbed and are lost
primarily with sediment in surface runoff. Pesticides in Class 1 are
only weakly adsorbed and in surface runoff are lost mainly with water;
they also potentially could be leached.

Pesticides do not naturally exist, do degrade with time, and are
usually surface applied or only incorporated to a shallow depth.
Class. I and II pesticides can be leached from the surface mixing zone.
The result of these facts is that the pesticide concentrations in the
first runoff event after application usually represent the maximum
concentrations. In a review of pesticide runoff data, Wauchope (1978)
noted that maximum concentrations of Class Il compounds like atrazine,
alachlor, cyanazine, metribuzin, propachlor, fonofos, and carbofuran
in bulk runoff (sediment and water) were usually less than 1000 pg/L.
Maximum concentrations of Class I compounds like 2,4-D and dicamba were
in the 2000-5000 pg/L range when applied mainly to foliage, but were a
factor of three less when applied to bare soil. Maximum concentrations
for Class II1 compounds like trifluralin were less than 25 ug/L. As
Wauchope states, the most soluble pesticides tend to give the highest
runoff concentrations, unless they are applied to bare soil where

leaching into the soil interior reduces the amount available for wash-

off.
Because pesticides shown in Table I-2 that are used in lowa are

not persistent, annual average concentrations in runoff and losses are

much less than those estimated from the maximum values just discussed.
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It was estimated (Harmon and Duncan, 1978) that 0-1% of that applied
would be lost in surface runoff water for Class I pesticides, 0-5% for
Class II pesticides, and 0-0.5% for Class III pesticides. That lost
with sediment was estimated as 0-0.1%, 0-1%, and 0-2% for Class I, II,
and III pesticides, respectively.

It may seem illogical that losses in surface runoff water of the
least strongly adsorbed, Class I pesticides are smaller than those for
Class II. However, for most Iowa soils under most conditions, a signifi-
cant amount of rainfall infiltrates before runoff begins during a storm.
This infiltration can flush much of a non- or slightly-adsorbed pesti-
cide from the soil surface, whereas stronger adsorption can hold a
pesticide on the surface longer to be lost later with surface runoff.

2. Subsurface Flow

Soil adsorption, which is important in determining chemical con-
centrations in surface runoff, is also an important factor in subsur-

face drainage. The lack of adsorption that allows N03~N to be leached

from the thin surface mixing zone also allows NO3-N to be leached com-

pletely through the soil profile with excess precipitation and lost with

subsurface flow. As shown in Table I-6, N03-N concentrations in sub-

surface flow from row-cropped areas usually exceed the 10-mg/L drinking
water standard, and losses commonly exceed 20-kg/ha. It is also evident

that the higher the application rates, the higher the NO3-N concentra-

tions and losses.

The adsorption of NH4+ and POl‘E that causes some NHA-N and PO&-P

to be lost with sediment in surface runoff also prevents NH&-N and

P04~P from readily leaching and being lost with subsurface flow.

|
:
!
a
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Concentrations of NHA-N and POA—P in subsurface flow (Table I-6) are
less than those in surface runoff (Table I-5).

Soil adsorption (and low solubility in some cases) also prevents
the significant leaching of Class II and III pesticides from non-sandy
soils. However, in one study (Muir and Baker, 1976), the Class I1
herbicides atrazine, cyanazine, and metribuzin, applied to corn ground
(sandy loam), were detected at low levels (relative to surface runoff)
in subsurface flow from tile drains. Herbicide concentrations ranged
from 0.30 to 1.49 pg/L for atrazine, 0.0 to 0.68 ug/L for cyanazine,
and 0.0 to 1.65 pg/L for metribuzin. Heavy rainfall and high flow
rates resulted in the appearance of herbicides in tile drain water
only six days after herbicide application. This rapid flushing of
even low levels of herbicides through the soil profile (the drain tile
were at depths of 1.2 to 1.6 m) must have resulted from water movement
through macropores. Macropores exist in most soils at some time because
of soil cracking, root channels, or holes caused by worms or other
insects. Dao et al. (1979), in a laboratory study, found that at a high
water flow rate of 2 cm/hr, atrazine was leached much more quickly than
at 0.08 to 0.04 cm/hr. They believed the herbicide was rapidly dis-
placed through the soil column because of movement through macropores
under nonequilibrium conditions where there was minimal chance for con-
tact and adsorption of the herbicides by the soil matrix.

3. Best Management Practices

Agricultural chemicals can be classified in three different groups

depending on their major mechanism for transport from the field with

agricultural drainage. There are chemicals that are lost primarily




Table I-6. Soluble nutrients in subsurface flow from Midwestern corn and soybean fields.

Crop State Flow NHQ-N NOB-N P04-P Reference
Ccm @ m=em—e—————— mg/LA==—memmmm——
Mixed cover watersheds Iowa - 0.1 12.1 0.12 9
Cont. corn (448 kgN/ha-yr) 9.9 0.2 21 .0 -~ 22
Cont. corn (168 kgN/ha-yr) 118 0.2 5.8 -- 22
Corn (terraced, 448 kgN/ha-yr) 17.6 0.3 20.0 - 22
Corn-oats-corn-soybeans (low fert.) 14.6 0.3 21.0 0.005 5
Corn-oats-corn-soybeans (high fert.) 12.4 -- 40.5 —= 5
Corn and soybeans T+8 == 13.0% 0.01 32
Mixed cover watersheds - ol 19.0 —— 66
Corn (20 kgN/ha-yr) Minnesota 7.8 -- 7.5 -- 30
Corn (112 kgN/ha-yr) 8.2 - 215 - 30
Corn (224 kgN/ha-yr) 8.3 -— 37 :3 - 30
Corn (448 kgN/ha-yr) 9.3 - G1.2 - 30
Mixed cover watersheds Illinois -— Range: 9522 - 34

wta
"

Flow-weighted average concentrations (if flow was measured); kg/ha losses = mg/L X cm/10.

TNHQ-N is included with NOB-N.

9f.
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with sediment--the strongly adsorbed chemicals such as POA-P (and

other forms of P) and the Class III pesticides; chemicals lost primarily

with surface runoff water--the less strongly adsorbed chemicals such

as NH&—N and the Class I and II pesticides; and chemicals lost primarily

with subsurface flow--the non-adsorbed chemicals such as NOB-N and
other ions such as Cl . Management practices to control chemical losses

must be chosen with these three groups in mind.

Since losses are determined from the product of concentration and

the volume of the carrier, losses can be decreased by decreasing con- |

centrations and/or the carrier. Practices such as rates, timing, and |

methods of chemical application affect concentrations; practices such
as conservation tillage affect volumes of carriers (and sometimes con-
centrations because of differences in methods of chemical application).
However, a practice used to control losses from one chemical group may
increase losses from another chemical group, as illustrated later.

A Best Management Practice (BMP) by definition must be effective
in controlling nonpoint source pollution, but also must be a socially
and economically acceptable practice. These criteria severely limit
the number of realistic BMPs. One obvious method of decreasing concen-
trations for all three groups of chemicals 1s to decrease the rate of
application. This has been shown to work for both pesticides (Hall
et al., 1972; Barnett, 1967; Bovey et al., 1978) and nutrients (Moe
et al., 1967; Dunigan et al., 1974; Baker and Laflen, 1982; Baker and
Johnson, 1981; Gast et al., 1978; Timmons and Dylla, 1981; Burwell

et al., 1976; Benoit, 1973; Romkens and Nelson, 1974; Romkens et al.,

1973; Zwerman et al., 1972; Bolton et al., 1970). In some cases the
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chemical form applied also affects losses (Barnett, 1967; Moe et al.,
1968). Timmons and Dylla (1981) showed that improved timing of N
additions through multiple applications versus a single application
decreased NOB—N leaching losses. Any increase in the time interval
between chemical application and the first runoff event should
decrease concentrations and losses. Chemical placement has been shown
to be important, with insecticide loss from a broadcast application
being greater than from an in-furrow application (Caro et al., 1973)
and losses from a surface application of pesticides (Baker and Laflen,
1979) or nutrients (Timmons et al., 1973; Baker and Laflen, 1982)

being much greater than for a soil-incorporated application. One
problem with tillage incorporation of chemicals is that soil protecting
surface crop residue is also incorporated, increasing the potential for
erosion and losses of sediment-associated chemicals.

The use of soil conservation practices such as terraces (Burwell
et al., 1974; Schuman et al., 1973a,b; Laflen et al., 1972), grassed
waterways (Asmussen et al., 1977), and filter strips (Aull et al.,
1980) reduces the loss of sediment and the chemicals sediment carries.
However, in one study (Burwell et al., 1974), the use of level terraces
also increased infiltration and therefore the losses of NO3-N with sub-
surface flow. The use of conservation tillage which leaves some or all
of the previous crop's residue on the soil surface is very effective 1in
decreasing erosion and sediment-carried chemicals. However, there is

some concern that herbicides broadcast-sprayed on the crop residue may

be more susceptible to runoff losses under some conditions (Baker et al.,

1978; Martin et al., 1978), and decreased fertilizer incorporation with
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conservation tillage, particularly for no-till where fertilizer is

surface-applied, results in increased nutrient losses (Johnson et al.,

1979; McDowell and McGregor, 1980; Romkens et al., 1973; Barisas et Al
1978; Siemens and Oschwald, 1978).

It is very difficult to affect significantly the total volume of

drainage water, although in some cases it is possible to shift water |
from the surface runoff route to the subsurface flow route. The effect i
of level terraces has already been mentioned, and installation of sub- J

surface drains short-circuits the subsurface flow path and increases

subsurface flow (Baker and Johnson, 1976). In a review of conservation ‘o 1
tillage effects on water quality, Baker and Laflen (1983) noted that |
conservation tillage systems generally reduce the volumes of surface
runoff by 25%, although the degree of reduction is highly variable.
Presumably, subsurface flows would increase by approximately the same
volumes. In general, it is evident that attempts to control chemical
losses due to either surface runoff or subsurface flow should focus
mainly on practices that decrease chemical concentrations.

In pothole areas where ADWs are used to provide the only drainage
outlet, surface inlets to the underground drainage system (or direct
access to the ADW, e.g., through a grated opening at the soil surface)
are provided. In these unique cases the opportunity exists to force
all drainage to be subsurface flow by closing the surface inlets.

This case is somewhat analogous to level terraces, except that level
terraces pond water over larger areas somewhat uniformly distributed

across the landscape, whereas in the pothole area a few smaller but

deeper ponds would form in scattered depressions. Closing the surface
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inlets would cause percolation of large volumes of water through the
soil in the ponded area and leach out any NOB-N present (this extra
loss would be less than for level terraces because of the smaller area
involved; it would also be possible to avoid application of N to this
area). Another major disadvantage would be the land taken out of pro-
duction in the pondage areas and the inconvenience of trying to farm
around the resulting scattered wet areas. The advantage of forcing
runoff water that collected in the depression to percolate through the
soil would be that much of the particulate matter (sediment and bac-
teria) would be filtered from the water before it entered the subsur-
face drainage system. There would also be opportunity for the extrac-
tion of soil~adsorbed chemicals; however, the higher flow rates caused
by the hydraulic head of the ponded water and rapid movement of water
through macropores under non-equilibrium conditions (as discussed
earlier) would still allow a portion of even the strongly adsorbed
chemicals to pass through quickly. Depending on the rates of chemical
dissipation in the soil in the pondage area, it would also be possible
for chemical concentrations in the soil column in that area to become
high enough to decrease the efficiency of extraction or even to release
chemical to percolating water that initially had little or no chemical
in it, e.g., pesticides to runoff water late in the growing season.

To summarize BMPs, soil conservation practices should be used to
control losses of sediment-carried chemicals in group one and soil in-
corporation of applied chemicals will reduce losses for chemicals in
group two that are lost mainly in surface runoff water. Better timing

of N applications to match crop needs and reduce amounts present in
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the soil profile at any one time should reduce leaching losses of N03-N,

the most important chemical in group three that 1s lost mainly in sub-

surface flow. Although decreased application rates would decrease
losses of all chemicals, because of the high cost of chemicals very
few farmers are putting on amounts in excess of what is needed with

current technology. If improved application equipment and procedures

rates may be possible.
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I1. ADW MONITORING

A. Wells Monitored

Water draining to four ADWs in Humboldt County was monitored

during periods of flow in 1981 and 1982. All four wells took drainage

from row-cropped areas, and emphasis was placed on sampling during the

spring periods when flow was highest and agricultural chemicals had

just been applied. Figure II-1 shows the approximate locations of the

wells relative to each other (the principal investigators especially
appreciate the cooperation of the landowners who allowed their wells | l
to be monitored). Although it was not possible to determine the exact |
extent of the area of drainage or the amounts of agricultural chemicals
used on these areas, it is known that in a watershed similar in inten-
sity of row-crop production to those in the Humboldt area (Johnson and
Baker, 1983) that 99% of the corn and 28% of the soybeans were ferti-
lized in 1980. Also, 99% of the row-cropped area in that study
received herbicide treatment and 70% of the corn received an insecti-
cide treatment.
Well no. 1 was located on the south side of Highway 3, west of
the city of Humboldt. It took drainage from an area that was in soy-
beans in 1981 and in corn in 1982 and had a circular brick cistern of
about 1.5 m in diameter and about 0.9 m high surrounding it. However,

the cistern had been moved from its foundation such that the well took
both surface runoff and subsurface flow. Sediment had deposited within

the cistern to the point that the well and the subsurface tile (about

0.3 m in diameter) draining to it were not readily accessible. During
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recharge events it was possible to hear subsurface drainage reaching

the well and, at times, to sample it. It was, of course, possible to

sample the surface runoff draining to the well. No depth could be
obtained from this well.

Well no. 2 was also located on the south side of Highway 3, west
of Humboldt, but east of well no. 1. Well no. 2 took drainage from an

area that was believed to be about 36 ha in area, 3/4 of which was 1in

corn and 1/4 of which was in soybeans in 1981, with those areas rotated

in 1982 (i.e., 3/4 soybeans, 1/4 corn). This well had a 20 cm diameter
casing in the bottom of a brick cistern, with the well inlet protected
from clogging by a trash rack. The cistern was about 1.8 m in diameter
and 2.7 m high extending 2.4 m below the ground surface (about 0.3 m
above the ground surface). There was no evidence that surface water was
entering this well as no surface inlets were observed and water would
have to pond quite deeply before overtopping the wall of the cistern.
The subsurface drains that came in through the side of the cistern were
25 to 30 cm in diameter. It was observed during one period of high
recharge that the well would take water for a time and then air would
bubble back out. Apparently the well pipe was not flowing full and air
being trapped by the entering water was building up pressure that
periodically had to be released. A weighted line was used to estimate
the depth of this well. Well no. 2 appears to be about 49 m deep and
would be recharging into the Gilmore City limestone formation of the
Mississippian aquifer.

Well no. 6 was located north of Highway 3, west of Humboldt and

east of well no. 2. It took drainage from an area that was in corn in
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1981 and soybeans in 1982. It had a unique construction with two small
concrete cisterns about 75 cm in diameter, one into which three tile
drains emptied and a second, connected to the first through a large
diameter clay tile, which had a 15 cm, unguarded well at its bottom.

It is believed this well is nearly 100 years old, making it one of the
oldest ADWs in Humboldt county. Its location on a side-slope would
prevent surface water from entering the well directly, but from
February 1982 observation of muddy water in both cisterns at a level
equal to that of snowmelt ponded around the well, it was concluded that
a surface inlet(s) was connected to this well. A weighted line was
used to determine the approximate depth of this well. Well no. 6
appears to be about 87 m deep and would be recharging the Maynes Creek
formation of the Mississippian aquifer.

Well no. 7 was located two miles north and two miles east of
Rutland, south of a county road. It took drainage from an area that
was in corn in 1981 and soybeans in 1982. It had a corrugated metal
culvert, 1.2 m in diameter and about 3.5 m long (1 m of which was above
ground surface) used vertically, for a cistern which had a 30 cm
drain till entering one side and a 15 cm tile entering from the
opposite side. There was no evidence that the well took any surface
drainage. The subsurface flow entered a 20 cm unguarded drilled well.
A weighted line was used to determine the approximate depth of this
well. Well no. 7 appears to be about 37 m deep and would be recharging
the Gilmore City limestone of the Mississippian aquifer.

In addition to the four ADWs monitored, a water supply well in

Sheldon Park (just a few hundred feet west of the Des Moines River at



55

Humboldt and south of Highway 3) was monitored on about a weekly basis.
The Sheldon Park well was drilled in 1967 to a depth of about 54 m

(178 feet) into the Mississippian aquifer. Mississippian limestone was
reached at a depth of 12 m below the land surface. Two water supply
wells on farms close to ADWs 6 and 7 were also each sampled twice.

No hydrogeologic data on these two wells could be obtained.

B. Methods and Procedures

The methods used to analyze the water samples for various water

quality parameters are as follows:

Parameter Method References
Total coliform (TC) membrane filter AWWA (1976)
Fecal coliform (FC) membrane filter AWWA (1976)
Fecal streptococcus (FS) membrane filter, two-stage test Millipore (1972)
pH potentiometric AWWA (1976)
NHQ—N automated phenate method EPA (1979)
NOS-N cadmium reduction method EPA (1979)
POA—P ascorbic acid reduction EPA (1979)
Cl ferric thiocyanate method EPA (1979)
Ca flame photometric method AWWA (1976)
Fe flame photometric method AWWA (1976)
Suspended solids (SS) glass fiber filter AWWA (1976)

Total solids (TS) evaporation and weighing AWWA (1976)
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Pesticides were divided into four classes: carbamate insecticides,

organophosphate insecticides, chlorinated hydrocarbon insecticides, and
herbicides.

Carbamate and organophosphate insecticides are analyzed by the methods
in National Pollutant Discharge Elimination System, Appendix A. Fed.
Reg., 38, No. 75, PL II. The carbamate are analyzed by G.C. using an
N.P. detector and the organophosphates by G.C. using an FPD detector.

The chlorinated hydrocarbon and acid herbicides are analyzed by Methods
For Organochlorine Pesticides and Chlorophenoxy Acid Herbicides in
Drinking Water and Raw Source Water. EPA - EMSL, Cincinnati.

The acid herbicides were methylated using diazomethane, not boron tri-
floride, as choramben and dicamba are also determined by using this
procedure.

The other (non-acid) herbicides (such as atrazine, cyanazine, alachlor,

trifluralin, metribuzin, etc.) were determined using G.C. with a combi-
nation of dual column electron capture and N-P detection.

Sampling of water draining to the four monitored ADWs was per-
formed in one of two ways. If there was slowly receding flow to the
wells (i.e., no heavy rains or snowmelt in the recent past), then a
weekly grab sampling was performed. At the same time automatic samplers
were in place (ISCO), capable of taking an aliquot of flow every hour
after being triggered by a stage-activated switch. This switch was
positioned such that a few cm rise in the water level in the cisterns
on ADWs 2, 6, and 7, resulting from rain and an increase in drainage
to the wells, would trigger it. For ADW 1, the switch was positioned

so that surface runoff ponding around its cistern would trigger it.

Samples taken by the automatic samplers were then a composite of several
hours of flow during increased recharge rates. The Sheldon Park well

was grab-sampled on approximately a weekly basis.

i
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C. Data and Discussion

Data in Tables II-1 and II-2 give arithmetic averages (and ranges
and standard deviations) for the water quality parameters measured for
water entering the four monitored ADWs and the Sheldon Park well. All
of the actual data are given in Tables A-1 through A-5 in the Appendix;
these data include some of that taken by Musterman et al. (1981). As
expected (see the literature review of Section I), different sources
of water had an effect on the quality of water entering the ADWs. In
parﬁicular, there were differences between snowmelt, rainfall-runoff,
and subsurface drainage. Samples taken following at least a week
without rainfall (e.g., 6/8/81, 6/16/81, 4/27/82, and 5/4/82) represent

strictly subsurface drainage. As such, the NO,-N, Cl1, Ca, and dissolved

3
solids (TS-SS) levels were usually near their highest values, although
NOB-N levels sometimes decreased with time and decreasing flow during
a dry period following a wet period (see the Appendix, Table A-6 for
rainfall data). For subsurface drainage samples, bacterial levels as
represented by fecal coliform were the lowest, usually <10/100 ml.
Similarly, pesticide concentrations in subsurface drainage water were
either low (<1 ppb) or below the limit of detection of about 0.01 ppb.
The samples taken 2/22/82 and 3/19/82 during snowmelt show higher
levels of NHA-N, PO

than for subsurface drainage, but lower levels of NOS-N, Ca, dissolved

Q-P, Fe and suspended solids in surface water samples

solids, and sometimes Cl. Suspended solids concentrations in excess of

1000 mg/L in water draining 1into well no. 6 during snowmelt would indi-

cate that it, as well as no. 1, was taking surface water directly.




Table II-1. Concentrations of nutrients, dissolved solids, and sediment in, and pH of water entering

monitored ADWs.

Well No. Sheldon
Species 1 2 6 7 Park Well
NHA—N mg/L, avg. .14 . 12 .39 .06 .03
(range; S.D.) (.01=-.49; .20) (.00~1512: w27) (.01-3.78; .89) (0158 262 .07) (201=.11% .03)
NOS-N mg/L, avg. 10.8 14.8 20.1 17.9 1.5
(range; S.D.) (1.5-26.0: 7.0) (2.3-25.0; 5.7) (1.7-35.0; 8.7) (6.3-26.0; 5.6) (.1-11.0; 2.8)
POQ-P ug/L, avg. 64 183 333 180 121
(range; S.D.) (20-137; 41) (10-1882; 410) (40-1992; 488) (20-1715; 402) (40-520; 127)
Cl mg/L, avg. 7.6 40.1 36.0 29.2 Vs
(range; S.D.) (1.0-12.0; 4.0) (22.0-120.05 16.7) (9.5-49.0; 9.7) (19.0-38.0; 5.8) (1.0-39.0; 10.6)
Ca mg/L, avg. 47 121 110 96 84
(range; S.D.) (13-62; 19) (60-150; 20) (18-140; 29) (36-120; 20) (53-93; 6) -

)

Fe mg/L, avg. +15 .11 .24 .14 .58

(range; S.D.)

Dissolved solids
mg/L, avg.
(range; S.D.)

Sediment mg/L, avg.

(range; S.D.)

pH, avg.
(range; S.D.)

(.03-.44; .15)
238
(78-369; 102)

1340
(1-5360; 2177)

(.01=1.50: ..31)
581
(249-709; 103)

17
(0-159:;" 37)

1.3
(7.1-8.2: .3)

(.01-2.60; .61)

557
(75-745; 146)
166
(1-2260; 511)

1 <3
(7.1-7.8: .2)

(.01-1.70; 40)

456
(137-604; 100)

17
(1-130; 37)

7.5
(7.2-7.8; .2)

(.06-6.50; 1.65)

379
(272-636; 63)




Table 1I-2. Concentrations of pesticides and bacteria in water entering monitored ADWs.

Well No. Sheldon
Species 1 2 6 7 Park Well
Atrazine pg/L, avg. .02 .01 .01 .03 <.01
(range; S.D.) (0-.12; .04) (0-.18; .04) (0-.11; .02) (0-.50; .12) (0-.11; .02)
Cyanazine pg/L, avg. 11.8 .43 .54 .49
(range; S.D.) (0-80.0; 27.9) (0-7.4; 1.35) (0-7.5; 1.76) (0-5.6; 1.36) -
Alachlor pg/L, avg. s Fa 3.01 .08 .08
(range; S.D.) (0-.70; .24) (0-2.8; .63) (0-55.0; 12.6) (0-1.2; .29) (0-2.7; .45)
Dieldrin pg/L, avg. .004 .001 .001 .001 0
(range; S.D.) (0-.028; .010) (0-.009; .002) (0-.011; .004) (0-.016; .004) -
Metribuzin pg/L,
avg. 0 .06 0 <.01
(range; S.D.) - - (0-.41; .14) - (0-.15; .03)
Dicamba pg/L, avg. ol B 221 .18 . 32 0
(range; S.D.) (0-.90; .32) (0-6.1; 1.11) (0-12.0; 2.78) (0-1.8; .44) -
Fecal coliform*

#/100 mL, avg. 105 23 15800 134 5
(range; S.D.) (20-330; 150) (<10;250; 59) (<10-180000; 44000)(<10-2000; 520) (<10-20; 8)
Total coliform®

#/100 mL, avg. 24800 860 32100 460 13

(range; S.D.)

J‘
™

Results recorded as <10 were taken as zero;
compute an average.

(500-90000; 43500) (<10;6000; 1650)

(<10-260000; 75800) (<10-4000; 1140)

(<1-120; 24)

results recorded as too numerous to count (>) were not used to

6S
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Concentrations in excess of 100 mg/L were observed for wells no. 2 and
!/, indicating possible short-circuiting of ponded snowmelt water to sub-
surface drains through macropores in the soil profile (i.e., quasi-
surface runoff).

Samples taken 5/4/81, 5/24/81, 6/24/81, 4/20/82, 5/7/82, 5/18/82,
and 5/27/82 closely followed one or several rainfall events totaling at
least 20 mm when surface runoff (or ponding) could be expected to take
place. It was for these samples that the highest levels of pesticides
and bacterial counts were measured. The samples of 5/24/81 illustrate
the difference between surface and subsurface flow with respect to
sediment. Wells nos. 1 and 6 with surface runoff sources had 5360 and
2260 mg/L, respectively, while wells nos. 2 and 7, with subsurface flow
only, had 100 and 28 mg/L. It was also during large recharge events
that the lowest pH values were measured. However, the influence of
surface water on the amount of NOB—N (and dissolved solids) in water
draining to the ADWs was not as pronounced for rainfall runoff as for
snowmelt. This implies that under the wet conditions following rainfall,
a significant portion of the drainage to the ADWs was still from sub-
surface drainage.

The source of total coliform bacteria (TC) in water draining to ADWs
may be animal feces, soil, vegetation, etc. The presence and level of
contamination give some indication of the efficiency of the subsoil to
filter out these bacteria, which in turn depends on the travel time and
distance of water coming from the more biologically active surface soil.

Fecal coliforms (FC) are inhabitants of warm-blooded animal intes-

tines and may be considered indicators of recent fecal pollution. The
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presence of other coliform organisms as measured by total coliform sug-
gests less recent pollution or contributions from other sources of non-
fecal origins. The ratio of fecal coliform to fecal streptococcus (FS)
can be used to determine the relative contributions of fecal organisms
from humans, livestock, and small wild animals (Geldreich, 1966).
Ratios of FC/FS above 4.0 indicate human sources, 0.4 to 0.1 indicate
livestock and poultry sources, and less than 0.04 indicate small, wild
animal sources. Differential die-off or analytical interference from
other bacteria may reduce the significance of the measured ratios.
Samples taken 5/7/82, 5/18/82, 6/1/82, and particularly 5/27/82
had high bacterial levels. In general, these dates followed rainfall
events when flows to the wells would be expected to increase. The
high values of 4/13/82 inexplicably occurred after a five-day dry
period. As shown in Table II-2, wells nos. 2 and 7, which do not have
surface inlets, had much lower maximum and average values for total
coliform than wells 1 and 6 with surface inlets. Wells 2 and 7/ had
fecal coliform and fecal streptococcus levels <50, with the exceptions
of 5/18/82 and 5/27/82, while wells nos. 1 and 6 had levels often ex-
ceeding 100 (fecal coliform had a maximum value of 180,000 for well
no. 6 on 5/27/82). For wells nos. 1 and 2, the FC/FS ratio averaged
about 0.2, indicating that the source of fecal contamination was prob-
ably livestock. For well no. 6, the ratio varied from 0.06 to 4.3,
indicating that at various times different sources dominated; sometimes

human, sometimes livestock. It was not possible to obtain a ratio for

well no. 1.
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The maximum total coliform count for the Sheldon Park well was 120
per 100 ml on 5/25/82. This was also the day of maximum fecal coliform
and fecal streptococcus levels (as well as maximum N03-N concentrations).
Nine of the 13 samples analyzed for fecal coliform had less than 10 per
100 ml.

The presence and levels of NH&—N, POA-P, Cl and Ca do not present
much of a water quality concern (with the exception of hardness and the
problem of excess NHa—N reducing the efficiency of the chlorination
process), but in some cases they can be used to estimate roughly the
proportion of total flow to an ADW that is coming fairly directly from
the soil surface. At the least, substantial increases in NHA—N and
PO, -P (e.g. to values above 0.2 mg/L) would indicate that surface water
is influencing the quality of water draining to an ADW. The reasons
for the increase are that surface soils are usually more fertile than
subsoils with respect to N and P because of fertilization and higher
organic matter; hence, water contacting these soils has higher NHQ-N
and POA—P concentrations. In addition, upon slow passage through the
soil profile, as in the case of subsurface flow, NHQ—N can be removed
from water by cation exchange, and POQ-P can be removed by precipita-
tion. As shown in Table II-1, well no. 6, which has a surface inlet,
had the highest maximum and averages for NHA-N and POA-P, although well
no. 1, also taking surface drainage, had the lowest POQ-P values.

For Cl and Ca, decreases in concentrations would indicate that
there is a surface water influence. The C1 ion (plus the N03-N ion

discussed later) is readily leached from the surface and the Ca ion

is dissolved from subsoil sources; thus they have higher concentrations




63

in subsurface flow than in surface runoff. The prime examples of
increased NHa-N and POQ-P and decreased C1 and Ca concentrations
indicating the influence of surface water on the quality of water
draining to the ADWs are the samples of 2/22/82 and 3/19/82 taken
during snowmelt (see Tables A-1 to A-4 in the Appendix). The maximums
and averages in Table II-1 particularly show the influence of surface
runoff quality on values of Cl, Ca and dissolved solids for well no. 1.

For iron, concentrations in excess of 0.3 mg/L may cause objection-
able tastes or laundry staining, but the 0.3 mg/L standard is of
sesthetic rather than toxicological significance. This value for
drainage to the ADWs was exceeded only during snowmelt and for the
samples taken 5/27/82 during an increase 1n flow following a rainstorm.
The high values of 5/27/82 (>1.5 mg/L) may have resulted from the
influence of surface water which had been in contact with lower pH sur-
face soils.

Concentrations of NOS—N entering the ADWs exceeded the 10 mg/L
standard for 85% of the samples. As shown in Table II-1, average con-
centrations ranged from 10.8 to 20.1 mg/L (with an overall average of
16 mg/L) with a maximum of 34 mg/L for a single sample. The times at
which concentrations were depressed, or below 10 mg/L, were usually
during the influence of surface flows with their lower N03—N concentra-
tions. During the wet spring of 1982 (April, May, June) with sustained
subsurface drainage, NOS-N concentrations in water draining to the four

ADWs averaged 21 mg/L, whereas they averaged 13 mg/L in the dry spring

of 1981.
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For the Sheldon Park well, just west of the Des Moines River a few

hundred feet, NO,-N concentrations were very low (average <1 mg/L) for

3
all of 1981 and up to 4/27/82 (116 mm of rain fell between 4/1 and

4/27). From 4/20 to 5/25, NO,-N concentrations in water from the

3
Sheldon Park well increased from 0.2 to 11 mg/L. In that same period,
Cl concentrations increased from 3 to 33 mg/L (concentrations measured
for a weekly sampling of the Des Moines River downstream at Boone were

14.5 mg for NO,-N and 33 mg/L for Cl on 5/19/82; Baumann et al., 1983).

3
Then from 5/25 to 6/29, NO,-N and Cl concentrations in the Sheldon Park

3
well decreased to 1.4 and 10 mg/L, respectively. Linear regression
techniques showed that the correlation between NOB—N and Cl concentra-
tions was significant at the 1% level for the Sheldon Park well (N03-N
= -0.4 + 0.25 C1; r = .956, n = 42), but was not for eight quarterly Cl
samples taken from the Des Moines River in 1981 and 1982 (NOB-N = 21.3
- 0.36 C1; r = -.038, n = 8) (Baumann et al., 1982, 1983).

At times, several different pesticides were detected in water
draining to the ADWs, but always at levels less than 100 ppb and
usually less than 1 ppb. The pesticides detected were alachlor,
atrazine, carbofuran, chlordane, cyanazine, 2,4-D, dicamba, dieldrin,
and metribuzin at maximum concentrations of 55, 0.5, 0.6, 1.8, 80,

0.4, 12, 0.028, and 0.41 ppb, respectively. The detection of chlordane
in the samples from wells nos. 2 and 6 on 3/30/82 was surprising, as
chlordane is not heavily used in Iowa and was not detected in any
samples other than those during snowmelt. Over half of the samples

taken of water draining to the ADWs and analyzed for pesticides had no

pesticides above detectable limits.
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Of the 35 samples taken from the Sheldon Park well and analyzed
for pesticides, only four were found to contain pesticides. The
maximum concentrations were 2.7 ppb for alachlor, 0.15 ppb for metri-
buzin, and 0.11 ppb for atrazine. As a point of reference, atrazine
has a higher (less toxic) acute oral LD50 than aspirin, and one would
have to drink 3,000,000 L of water at 0.1l ppb to ingest as much atrazine
as there is aspirin in a single five-grain aspirin tablet (more water
than anyone consumes 1in a lifetime). Of course, chronic toxicity is of
most concern, and little is known about the effects of long-term but very
low-level exposure to most pesticides. However, if the proposed MALs in
Table I-4 for alachlor (1000 ppb) and atrazine (215 ppb) are approved
(none are yet proposed for metribuzin), there should be no problem with
respect to these two heavily used herbicides unless concentrations in
groundwater increase dramatically with time (however, it is likely that
the MAL value for alachlor will be lower after new data are available).

On two occasions, in December 1980, and July 1981, a farm well
within one-half mile of well no. 6 and another farm well within one-half
mile of well no. 7 were sampled. The data (Table A-7 in the Appendix)
show that no presticides were found in any sample, and the NOB-N content

in both wells averaged less than 5 ppm.
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III. ESTIMATION OF POLLUTANTS INJECTED BY ADWs

Knowledge of the volume of drainage 1s necessary to determine the
pollutant loads from concentration data, and is also important in
determining the expected dilution of the drainage water entering the
total groundwater system through ADWs. The physical characteristics
of ADWs, the method in which they function, a lack of knowledge about
the area which they drain, and the variability caused by weather make
flow measurements very difficult. Therefore, two different mathemati-
cal models were used to estimate the volumes of water delivered to the
ADWs to be injected. One of these models, CREAMS (Chemicals, Runoff,
and Erosion from Agricultural Management Systems), developed by the USDA,
was also used to predict sediment, nutrient, and pesticide concentra-
tions and loads in surface flow and N03-N in subsurface flow. The
second model, developed at ISU and used as a check on the CREAMS model,
was also used to predict NOB-N concentrations and loads delivered to

ADWs with subsurface drainage water.

A. CREAMS Model

The CREAMS model (Knisel, 1980) simulates three hydrologic systems
as separate sub-models. The brief description of these three sub-models
and their data input needs are given in the following sections.

1. Hydrology Model

The CREAMS hydrology model simulates the processes of infiltration,

soil water movement, and soil/plant evapotranspiration between storms.
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It is a continuous model using a day as a time step for evapotranspir-
ation and soil water movement between storms, and using shorter time
increments, dictated by the available rainfall records, during storms.

The hydrology model operates on a given rainfall data sequence
plus a record of average monthly radiation and temperature, with in-
formation on crop, soil profile, and field shape, to generate a sequence
of information on runoff, evapotranspiration, and seepage. This
output information is produced on the hydrology pass file and is used
by the erosion, pesticide, and nutrient models in simulating sediment
and chemical transport.

Two options are available to the user: option one, which uses
daily rainfall data; and option two, which uses the breakpoint or
hourly rainfall data. Hourly rainfall data for Humboldt County (rain
gauge station Humboldt 2) were used in this study. These data were
recorded by the National Climatic Center, Asheville, NC, on magnetic
tape, with a standard format, for the years 1957 through 1979. The
data were corrected by comparing them with daily rainfall for Humboldt
County and converted to the format required by the CREAMS model in
hydrology option two (the same format as breakpoint rainfall data).

Figure III-1 illustrates the variations in the annual rainfall
for the 23 years of record, with an average of 780.0 mm.

The hydrology model is designed to use physically related or
easily estimable parameters as much as possible. It does not depend
on extensive detail for soil or field topography. The simplifications
used are dictated largely by data limitations rather than ignorance of

the interrelations of the physical processes involved.
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The required data in the hydrology parameter file and their esti-
mated values as used in the model are summarized in Table III-1.
Long-term average monthly temperature and solar radiation for Humboldt
County were used in the study, as given in Table III-2. Crop leaf
area indexes for corn and soybeans were taken from the recommended
values in the CREAMS manual (Knisel, 1980).

2. Erosion Model

The erosion model predicts soil erosion, sediment yield, and
particle composition of the sediment on a storm-by-storm basis. The
erosion model is structured around the three basic elements--overland
flow, concentrated (channel) flow, and an impoundment (pond). The
study area is represented by a sequence of these elements. The main
input data are rainfall erosivity and runoff for each storm, and
erosion-sediment transport characteristics of the area.

The hydrology inputs such as storm erosivity, volume, and peak
rate of runoff are transferred to the model through the hydrology pass
file. The erosion parameter file contains input that characterizes
the erosion and sediment transport characteristics of the area.
Factors that change with time are updated periodically.

In this study, it was assumed that the field area was a simple
overland flow area; thus only the overland flow component was used.
The overland flow subprogram computes interrill-rill (sheet-rill)
erosion and sediment transport by overland flow. A modified version
of USLE (Universal Soil Loss Equation) has been used. This relation
uses input values for storms such as the rainfall erosivity factor,
runoff volume, and peak discharge rate, and also factors such as soil

erodibility, cover, management, and contouring.
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Table 11I-1. Hydrology model parameters: description and calibrated
values as used in the hydrology program.

Parameter Parameter definition Estimated
name values

DACRE Field area, acre 40.0
RC Effective saturated conductivity of the

soil, in/h 0.18
FUL Fraction of pore space filled at field

capacity 0.78
BST . Fraction of plant-available water storage

filled when simulation begins 0.50

1

CONA Soil evaporation parameter, |11111/<:laj,r'2 3.50
POROS Soil porosity, cm3/cm 0.47
BR15 Immobile soil water content at 15 bars

tension, in/in 0.19
DS Depth of surface soil, in 2.0
DP Depth of maximum root growth layer, in 34.0
GA Effective capillary tension of soil, in 9.0
RMN Manning's n for overland flow 0.03
SLOPE Effective hydrologic slope steepness,

7 e dy 4 0.01
XLP Effective hydrologic slope length, ft 200.0
GR Winter cover (crop) 1.0
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Table III-2. Average monthly temperature and solar radiation for
Humboldt County, Iowa.

Month Average temperature Average solar radiation
°F Langleys/day
January 18.0 174.0
February 22.0 253.0
March 32.5 326.0
April 48.0 403.0
May 60.0 480.0
June 69.5 541.0
July 74.5 536.0
August 72.0 460.0
September 63.5 367.0
October 52.5 274.0
November 3559 167.0

December 23.0 143.0
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The required hydrology input data are transferred to the erosion
model through the hydrology pass file. Watershed characteristics and
management practices are collected 1in the erosion parameter file. In
this file, the default values suggested in the CREAMS manual were used
for those parameters where no measured values were available. The
numerical values of other parameters were estimated from the site data.

The original surface soil layers (Webster silty clay in Humboldt
County) consist of 25% clay, 70% silt, and 5% sand. The fraction of
organic matter was taken as 2.5%. Based on these soil data, the soil
erodibility factor was determined by use of erodibility nomograph to be
0.38. A watershed area of 40.0 acres, with the slope length of 200.0
feet and slope steepness of 0.01, was used 1n the erosion model to be
compatible with the hydrology model. Soil loss ratios were determined
based on the cropping management of corn after corn with spring tillage
and residue left on the ground, as given in Table III-3 (Wischmeier and
Smith, 1978).

Erosion model output is transferred to the chemical model in the
erosion pass file. The erosion pass file 1is the same as the hydrology
pass file, except that the numerical values of the amount of soil loss
and sediment enrichment ratio computed in the erosion model are sub-
stituted for the excess rainfall rate and rainfall erosivity factor in
the hydrology pass file.

3. Nutrient Model

The major chemicals essential for the plant growth are nitrogen

(N), phosphorus (P) and potassium (K). The CREAMS model considers only

N and P as principal nutrient pollutants. The nutrient model takes the
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Table III-3. Soil loss ratios for various periods during the growing
season.
Period of growing season Soil loss ratio

Period

Period

Period

Period

Period

Period

F:

SB:

i R

2

3:s

4:

rough fallow, plowing to secondary tillage
(March 1 to April 15)

seed bed, secondary tillage to 10% canopy
development (April 15 to June 1)

establishment, 10% to 50% crop canopy
development (June 1 to July 1)

development, 50% to 75% crop canopy
development (July 1 to July 15)

maturing crop, 75% canopy developed to
harvest (July 15 to October 1)

residue or stubble, harvest to plowing or
new seeding (October 1 to March 1)

0.31

0.55

0.48

0.38

0.20

0.23




75

required input data from the erosion pass file and the nutrient input
file data and predicts the amounts of nitrogen and phosphorus in

runoff water and lost with sediment, N mineralized, plant N uptake,
nitrate leached, and N denitrified. It also estimates nitrogen storage;
i.e., soil nitrate and solution N, so the model could be run sequentially
for as many years as data are available.

The hydrology model provides estimates of the volume of runoff,
percolation below the root zone, soil water content, plant growth, and
water use. The erosion model estimates sediment loss on a field
scale. These data are transferred to the nutrient model in the erosion
pass file to be used along with the required nutrient input parameters
to predict nitrogen and phosphorus losses.

The required hydrology and sediment input data are transferred to
the nutrient model through the erosion pass file. The required nutrient
input data and their numerical values as used in the model are summarized
in Table III-4.

In the initial runs of the CREAMS nutrient model (version 1.6),

two problems were observed:

1. Dentrification was unrealistically high

9. Plant nitrogen uptake for the first storm in the third

year was also in error

Therefore, the computation of denitrification and plant N-uptake in the
nutrient source program was checked, and the errors were corrected.

To account for nitrogen carryover from soybeans, 1t was assumed
that actual fertilizer N applied would be adjusted down by 25-307%, but

that fertilizer N plus carryover would still be 150 kg/ha (134 1b/ac).
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Table III-4. Nutrient model parameter definitions and calibrated
values as used in the nutrient program.
Parameter Estimated
name Parameter definition value
SOLPOR Soil porosity, percent by volume 0.47
FC Field capacity, percent by volume 0.41
OM Average organic matter in the total root
zone (915 mm), percent of soil mass 1.25
SOLN Initial soluble nitrogen in surface cm of
soil, kg/ha 1.0
SOLP Initial soluble phosphorus in surface cm
of soil, kg/ha 052
NO3 Initial total nitrate in the root zone,
kg/ha 50.0
SOILN Content of total nitrogen in the surface
soil, kg/kg 0.0012
SOILP Content of total phosphorus in the sur-
face soil, kg/kg 0.0006
EXKN & EXKP Extraction coefficient for N and P 0.075
AN & AP Enrichment coefficient for N and P 7.0
BN & BP Enrichment exponent for N and P =015
RCN Nitrogen concentration in rainfall,
mg/L 1.60
NF Number of fertilizer applications 1 & 3
DEMERG Julian date of emergence, 10 days
after planting See Table III-5
DHRVST Julian date of harvest 270
CROP Crop type 1.0 = corn
2.0 = soybeans
SNAJ Soybean N proportion factor, kg/ha 100.0
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Table I11-4. Continued.

Parameter Estimated
name Parameter definition value
RZMAX Maximum depth of root zone, mm 915.0
o Potential yield, kg/ha 9400.0°
POTM Potential mineralizable nitrogen,
kg/ha 150.0
AWU Actual water use, mm, variable with
year From hydrology
output
PWU Potential water use, mm 358.50b
g e |G Cubic coefficient in N uptake equation 0.0209 &
1 3 C
0.0128
C, & C Cubic exponent in N uptake equation -0.157 ;&
2 4 d
-0.415
DF Date of fertilizer application,
variable with year See Table III-5
FN Nitrogen applied, kg/ha 75 1505 2255
FP Phosphorus applied, kg/ha Soal)
FA Surface fraction of application 0.10
aYp = 3020.0 kg/ha for soybeans.
bPWU = 476.50 mm for soybeans.
CCI - C3 = 0.0259 for soybeans.
d

02 = C& = -0.104 for soybeans.

No nitrogen fertilizer was applied for soybeans; 75, 150, 225 kg/ha
= 67, 134, and 201 1b/ac.
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Therefore, the input value of 150 kg/ha N really represents about
110 kg/ha from fertilizer and 40 kg/ha from soybean carryover. Assumed
fertilizer and pesticide application dates are given in Table III-5.

4. Pesticide Model

The pesticide model is designed for field scale application and
provides estimates of pesticide mass and storm mean concentrations
at the edge of the field. Foliar and soil-applied pesticides are
separately described so that different decay rates can be used for
each source of the chemical if necessary. In this study, only soil-
applied pesticides are considered. Pesticide extraction by raindrop
splash and interrill soil movement occurs in a very shallow layer,
whereas extraction from rills may extend several centimeters deep.
However, in the CREAMS pesticide model, these processes are conﬁep-
tually combined for simplicity.

A hydrology pass file is used to generate an erosion pass file
which also contains the hydrology data required by the pesticide model.
Rainfall and runoff volume, and sediment yield and the sediment enrich-
ment ratio, are obtained from the erosion pass file.

Additional pesticide model parameters and inputs which characterize
individual pesticide application with their numerical values as used in
the pesticide program are given in Table III-6.

The pesticide model was revised to print out the pesticide mass
and percent lost in both water and sediment, besides the total values,
at the end of each year. The average annual pesticide concentrations

in runoff water and sediment were also calculated.
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Table III-5. Planting, pesticide and fertilizer application dates, as
used in the model, for the period 1957 to 1979.

Date of planting Date of fertilizer application
and pesticide lst 2nd 3rd

Year application after April 1 after June 1 after July 1
1957 4/29 4/3 6/4 1/6
1958 4/27 4/9 6/6 1/7
1959 4/27 4/4 6/4 7/4
1960 L27 4/7 6/4 7/4
1961 4/28 4/7 6/4 7/4
1962 5/3 4/9 6/8 7/10
1963 5/7 4/6 6/9 7/10
1964 4/25 4/8 6/4 7/8
1965 4/30 4/2 6/10 1/4
1966 4/26 4715 6/18 7/17
1967 4/29 4/4 6/3 7/3
1968 4/28 4/6 6/3 7/10
1969 5/1 4/3 6/3 7/12
1970 427 4/4 6/3 1/9
1971 3/3 4/3 6/12 7/13
1972 4/26 4/7 6/10 7/11
1973 4/29 4/12 6/10 1/7
1974 4/28 4/3 6/2 1/6
1975 4/30 4/4 6/7 1/4
1976 L4/28 4/3 6/4 1/4
1977 4/30 4/17 6/4 1/4
1978 4/28 4/8 6/4 7/9
1979 4/28 4/5 6/4 1/6
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Table III-6. Pesticide model parameters; definition and calibrated
values as used in the model.
Parameter Estimated
name Parameter definition value

NPEST Number of pesticide applications 3
PBDATE & Date the model begins and ends to 57105 to
PEDATE consider pesticide (Julian dates) 79365
APDATE Date of pesticide application, variable

with the year See Table III-5
PSTNAM Pesticide names atrazine, alachlor

and fonofos

APRATE? Rate of application, kg/ha 2.24b
DEPINC? Depth of incorporation, cm 165
EFFINC Efficiency of incorporation a0
FOLFRC Fraction of pesticide applied to the

foliage 0.0
SOLFRC Fraction of pesticide applied to the

soil 1.0
FOLRES Amount of pesticide residue on the

foliage prior to the application,

Hg/g 0.0
SOLRES Amount of pesticide residue in the

soil prior to application, pg/g 0.0
WSHEFRC Fraction on the foliage available for

rainfall washoff 0.0

T TN TN EEEERESSSSIE TR
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Table II11-6. Continued-.

Parameter Estimated
name Parameter definition value

WSHTHR Rainfall threshold for foliage washoff,

cm 0.0
SOLH20° Water solubility, ppm 30.0d
HALIF Eoliare residue half-life 0.0 (not

applied)

EXTRCT Extraction ratio, soil:water ratio

in the mixing zone 0.10
DECAY® Decay constant, day_ 0.0154°
KD® Distribution coefficient A.Of

4The tabulated values are for atrazine.

DAPRATE =

DEPINC =

dsoLH20 =

2.24 kg/ha for lasso and 1.12 kg/ha for dyfonate.

1.0 cm for lasso and 5.0 cm for dyfonate.

242.0 ppm for alachlor and 13.0 ppm for fonofos.

1

€pECAY = 0.0495 d ! for alachlor and 0.0347 d~ for fonofos.

fxp = 6.0

for alachlor and 50.0 for fonofos.

= e Ce——— e ————————
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Similar to the nutrient model, the user can specify the type of
output desired from the pesticide model. Tt generates annual summaries
only, monthly and annual summaries, or individual storm as well as
monthly and annual summaries.

5. Results and Discussion

The CREAMS hydrology model, using hourly rainfall and the average
monthly temperature and radiation data, predicts surface runoff, deep
percolation, actual evapotranspiration, and soil moisture storage for
the study period 1957 to 1979.

Figure ITI-2 illustrates the yearly variation in surface and sub-
surface flows with the corresponding precipitation. The annual average
precipitation of 775 mm generated an annual average of 28 mm of surface
runoff and 89 mm of subsurface flow (below the three-foot root zone).
In the absence of actual data on flow to ADWs, which are difficult if
not impossible to obtain, the predicted flow values can be combined
with actual measured concentration data to estimate loadings.

Recorded stream flows for 1960 through 1979 for the rivers at
stations in the vicinity of the study area (Humboldt County), including
the ITowa River at Rawan, the Des Moines River at Humboldt, the Boone
River near Webster City, and the Des Moines River near Stratford, were
used to evaluate the model predictions (Table III-7). The average
annual measured stream flows for these six rivers were compared with
the total surface and subsurface flows predicted by the model as shown
in Fig. III-3. While the predicted values for some years do not agree
very closely with the measured values, the average values are reason-

ably close. The measured records had an average of 148 mm, whereas
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Table III-7. Comparison of the streamflow of rivers near Humboldt County with the sum of the model predictions
of surface and subsurface flow.

Stream flow, mm

Des Moines Des Moines East Fork Des Boone Des Moines
Iowa River River at River near Moines River River near River near Model

Year at Rawan Humboldt Clare at Dakota City Webster City Stratford Average prediction
1960 169.8 102.6 105.7 96.5 113.8 97.8 61.17
1961 121.9 117.6 125 7 128.0 117.6 1222 67.6
1962 280.7 277.9 214.6 2537 220.5 249 .4 165.3
1963 153.9 84.8 11753 140.7 95.7 18033 304.8
1964 99.1 47.7 1150 100.0 92.2 89.9 23 .1
1965 413.0 209.8 217.9 278.4 403.6 271.0 298.9 213.6
1966 143.2 ST 20 69.8 86.6 101.6 76.4 89.1 137.2
1967 71.4 58.7 75.4 60.7 93.7 7.1 72.9 137
1968 85.3 65.0 31.7 79.5 85.8 68.3 69.3 24.0
1969 273.8 271.5 202.9 261.6 286.2 277.6 262 .4 180.0
1970 99.3 82.0 716.7 72.4 93.7 81.5 84.3 0.3
1971 174.2 13373 139.2 147.3 166.6 142.5 150.6 137.4 o
1972 216.4 103.1 191.0 122.9 216.1 152.6 167.1 i
1973 331.5 179.1 389.1 299.5 402.6 24951 314.4 286.0
1974 154.4 82.5 154.7 141.5 216.7 142.0 148.6 191.0
1975 151.9 104.6 130.5 131.1 166.9 135.9 136.9 83.6
1976 -—— 28.9 24.9 25.4 69.6 41.9 38.1 65.5
1977 --- 2211 17.0 9.6 24.9 o, 2 20.0 39.4
1978 97.3 11.4 115.6 68.8 8541 95.0 88.9 104 .4
1979 379.2 298.4 348.5 35353 334.5 315.0 338.1 128.8

Averages: 147.6 135.4
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the model predicted an average of 135 mm. The significant differences
for years such as 1963, 1969, and 1979 were partly due to the differ-
ences in rainfall between Humboldt County and the surrounding areas.

The monthly averages for the 23 years of record were also computed
in the CREAMS model. Tables III-8 to III-10 summarize the average
monthly values of precipitation, surface runoff, deep percolation, and
actual evapotranspiration for continuous corn, corn-soybeans, and soy-
beans-corn, respectively.

Monthly values of precipitation, surface runoff, and subsurface
flow for continuous corn and the corn-soybean rotation are shown in
Fig. III-4. As shown, most of the rainfall occurred in May through
July and produced the highest surface and subsurface flows.

The plant nutrient model used the erosion pass file, which contains
the required hydrology and soil loss input data, and the nutrient param-
eters file, which provides information on particular nutrient character-
istics of the field, to estimate nitrogen and phosphorus losses with
runotff, with sediment, and by leaching.

Nitrogen fertilizer was assumed to be applied to the soil at rates
of 75, 150 and 225 kg/ha (67, 134 and 201 1lb/ac), in the first week of
April, after three consecutive dry days. The comparisons of plant ni-
trogen uptake, nitrate leached, and denitrification for the three appli-
cation rates are given in Table III-11 and Figs. III-5 to III-7. As
expected, for all years the highest plant nitrogen uptake, nitrate
leached, and denitrification values are associated with the maximum
application rate (225 kg/ha).

To determine the effect of multiple nitrogen applications, the

same amounts of fertilizer (75, 150, 225 kg/ha) were considered to be
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Table III-8. Monthly averages of precipitation, surface runoff, deep
percolation, and actual evapotranspiration for the 23
years of record, 1957-1979, for continuous corm.

Surface Deep

Month Precipitation runoff percolation Evapotranspiration

mm mm mm mm

l

January 17.90 0.0 0.0 0.40
February 23.30 0.0 0.0 0.0
March 50.50 0.23 9.95 29.90
April. 75.00 0.74 14.35 54.85
May 93.50 0.86 16.35 63.65 v i
June 113.70 Nl 26.70 74.40
July 110.40 13.40 18.80 113.30
August 92.20 5.35 0.90 162.00
September 88.50 2.30 [ 1 93.90 |
October 51.40 0.0 0.0 36.40 |
November 33.20 0.0 0.20 21.10 ;f
December 22.80 0.0 0.0 0.75 |

Total 722.30 28.62 89.20 650.80 |
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Table III-9. Monthly averages of precipitation, surface runoff, deep
percolation, and actual evapotranspiration for the 23
years of record, 1957-1979, for corn-soybean rotation.

Surface Deep
Month Precipitation  runoff percolation Evapotranspiration
mm mm mm mm

January 17.90 0.0 0.0 0.41

February 23.30 0.0 0.0 0.0

March 50.50 0.23 9.50 29.95

April 75.00 0.74 14.65 54.85

May 93.50 1.02 16.65 62.65

June 113,70 5.87 25.20 93.30

July 110.40 14.73 8.80 145.90

August 92.20 5431 0.0 137.0

September 88.50 2.87 1.95 79.85

October 51.40 0.0 0.0 34.90

November 33.20 0.0 0.20 27,12

December 22.80 0.0 0.0 1.02

Total 722.30 30.25 170 661.65
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Table III-10. Monthly averages of precipitation, surface runoff, deep
percolation, and actual evapotranspiration for the 23
years of record, 1957-1979, for soybean-corn rotation.

Surface Deep

Month Precipitation runoff percolation Evapotranspiration

mm mm mm mm
January 17.90 0.0 0.0 0.43
February 23.30 0.0 0.0 0.0
March 50.50 0.23 9.80 29.95
April 75.00 0.73 14.25 54.90 |
May 93.50 1.05 16.45 62.60
June 113.70 5.80 22.90 93.75 ‘
July 110.40 14.15 12.40 149.50
August 92.20 5.30 0.90 129.85 1
September 88.50 1.90 2.0 82.25 |
October 51.40 0.0 0.0 34.65 |
November 33.20 0.0 0.0 21.80 }
December 22 .80 0.0 0.0 1.04 |

Total 772.30 29.15 78.65 660.00
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Figure III-4.

Monthly variation in precipitation and predicted
surface runoff and subsurface flow, Humboldt
County 1957-1979.



Table ITI-11. Comparison of the plant nitrogen uptake, nitrate leached and denitrification for 75,
150, and 225 kg/ha fertilizer nitrogen application rates, using single application,
Humboldt County, 1957-1979.

Fertilizer N = 75 kg_/haa Fertilizer N = 150 kgfhaa Fertilizer N = 225 kg/haa

N NO,-N Denitri- N NO.-N Denitri- N NO.,-N Denitri-
Year uptake leatChed fication uptake leathed fication uptake leached fication

kg/ha kg/ha kg/ha

1957 154.2 7.4 25.0 208.3 121 41.0 262.5 16.8 57.0
1958 126.1 17 9.5 179.7 17 =2 21.2 215.8 26.8 32.8
1959 129.6 6.3 ¥ 190.4 13.0 14.8 265:..3 213 24.2
1960 120.2 6.0 19.4 170.6 11.8 38.1 221.1 17.6 56.8
1961 129.6 7.0 9.8 191.5 12 ;1 17 .7 253.4 1.3 25.6
1962 113.9 16.9 211 150.6 33.0 43.0 187.3 49.1 65.4
1963 94.9 36.3 22 .4 116.9 66.9 44 .6 138.8 97.6 66.9 O
1964 130.3 6.5 111 179.1 178 26.5 2974 977 42.2 i
1965 106.3 20.9 24.9 146.1 36.7 44.3 185:.5 52.5 63.7
1966 116.9 13.8 17.9 169.7 2302 30.8 222.4 32.5 43.8
1967 113.6 9.1 EpRY 164.9 17.6 30.7 216.3 26.2 45.6
1968 137.7 0.0 0.0 21243 0.0 0.0 272.0 0.0 0.0
1969 113.8 16.3 23.9 157.6 28.5 42 .9 207.6 44 .3 66.8
1970 137.7 0.0 0.0 212.0 0.0 0.0 213.4 0.0 0.0
1971 1325 14.5 18.3 156.0 28.4 35.6 196.3 57.2 72.0
1972 112.9 15.2 26.4 151.6 29.7 48.3 201 .5 55.5 90.4
1973 109.1 22.3 21.4 153.0 36.4 38.0 196.9 50.5 54.7
1974 109.4 19.5 2746 1552 33.3 37,1 200.9 47.0 52.6
1975 109.1 13.8 21.6 154.4 29 o 39.9 199.6 36.4 58.0
1976 134.5 e 6.1 199.7 3.0 10.8 199.7 4.4 15.6
1977 141.1 0.0 0.0 219.9 0.0 0.0 281.4 0.0 0.0
1978 128.2 6.1 D3 181.9 13.0 25.5 269.0 27.3 55.3
1979 1271..3 | L) 17 .4 161.0 25.8 39.5 21353 43.4 69.9

dFertilizer was applied on the first week of April; 75, 150, and 225 kg/ha = 67, 134, and 201 1lb/ac.
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Yearly variation in plant nitrogen uptake for three
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applied in three applications. Three 25 kg/ha, three 50 kg/ha, and \

50, 75, and 100 kg/ha were applied in the first week of April, June,
and July, after three dry days. l

Plant uptake, nitrate leached, and denitrification under multiple

fertilizer applications are given in Table III-12. Multiple applica-
tions resulted in higher plant uptake, lower nitrate leached, and lower
denitrification than for a single application. Figure I11-8 compares :

the nitrate leached under single and multiple applications of 150.0 kg/ha,

and shows a considerable decrease in the nitrate leached when multiple
application versus a single application was used. ;S |
Table III-13 compares the annual averages for the 23 years of

record under three different application rates for single and multiple

nitrogen fertilizer applicatioms.
On the average, multiple fertilizer applications increased the |
plant uptake by 10%, decreased the nitrate leached by 40%, and decreased
denitrification by 35%. Increasing the N fertilizer rate from 75.0 kg/ n
ha to 225.0 kg/ha increased plant uptake by 85%, increased nitrate :
leached by 180%, and increased denitrification by 135%.
The annual nitrate leached under continuous corn was compared with
the rotations of both corn-soybeans and soybeans-corn (Fig: ILI=9).
For all soybean years, nitrate leached is considerably lower than for
the corn years, and for all years with corn after soybeans, the nitrate
leached is slightly greater than for corn after corn.
The three pesticides considered in this study were atrazine,

alachlor, and fonofos. The common pesticide parameters, including

application rate, incorporation depth, water solubility, half-life, and




Table III-12. Comparison of the plant nitrogen uptake, nitrate leached, and denitrification for 195

150, and 225 kg/ha fertilizer nitrogen application rates, using multiple application,
Humboldt County, 1957-1979.

Fertilizer N = 75 kg/haa Fertilizer N = 150 kg/haa Fertilizer N = 225 gg/haa

N NO,-N Denitri- N NO_,-N Denitri- N NO,-N Denitri-
Year uptake leathed fication uptake leached fication uptake leaCThed fication

kg/ha kg/ha kg/ha

1957 159. 1 5.85 20.96 218.3 9.07 32.98 10.8 10.8 41.0
1958 126.1 71.60 9.3 279.7 17.2 21.20 27.8 27.8 34.1
1959 134.4 4.10 4.6 200.1 8.5 9.70 12.8 12.8 14.6
1960 128.2 4.10 18.3 186.7 78 25.90 i £ (O | 11.1 36.8
1961 135.3 4.50 6.5 203.0 v s .1 8.2 8.2 13.1
1962 126.8 10.7 14.2 1762 20.8 29.9 26.3 26.3 40.6
1963 117.2 20.2 16.1 161.4 34.8 32.1 40.8 40.8 43.4
1964 137.2 4.0 6.8 ¥92.1 Y220 18.4 19.2 19.2 27.6
1965 1297 10.3 12.0 193.0 15.6 18.4 16.0 16.0 18.9
1966 131.8 7.6 9.3 199.3 10.7 13.6 10.7 10.7 136
1967 121.4 6.3 10.8 180.7 11.9 20.7 16.9 16.9 29.4
1968 137.8 0.0 0.0 212.6 0.0 0.0 0.0 0.0 0.0
1969 1251 11.8 eS| 180.2 19.4 29.3 32.9 32.9 48.1
1970 137.1 0.0 0.0 212.0 0.0 0.0 0.0 0.0 0.0
1971 132.5 10.0 11.9 V7 .o 19.4 23.0 390 39.0 47.3
1972 112.9 10.2 14.8 180.6 21.0 28.2 50.1 20l 712.6
1973 109.1 13.4 13.7 186.5 18.7 220 i e 19.3 26.2
1974 109.4 13.3 14.3 182.1 20.9 225 23.8 23.8 25.5
1975 189. 1 8.3 13.5 181.4 14.2 23.7 16.2 16.2 21.8
1976 134.5 0.81 2.9 200.0 1§ 5 4.5 1.5 13 D
1977 141.1 0.0 0.0 228.2 0.0 0.0 0.0 0.0 0.0
1978 128.2 3.9 1.9 183, 1 8.5 18.8 20.8 20.8 46.8
1979 121.3 9.5 14.1 173.9 19.5 32.9 39,3 39 33 70.5

“Three applications in the first week of April, June and July.

96
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Table III-13. Comparison of the nutrient model results under single
and multiple nitrogen fertilizer applications with

different application rates.

Single application®

Multiple aEplicationb

Application Plant N NO Denitri- Plant N NO_,-N Denitri-
rate uptake leached fication uptake leached fication
kg/ha kg/ha kg/ha
75.0° 122.0 17 131.0 7.0 10.0

150.0° 173.0 o1, 191.0 13.0 19.0
225.0d 219.0 3300 249.0 19.0 30.0

%One application in the first week of April.

bThree applications in the first week of April, June, and July.

“For multiple application, three equal portions were used.

d

50, 75 and 100 kg/ha were used for multiple application.
Note that the results are annual averages for the 23 years of record.
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distribution coefficient, are given in Table III-14 for these three
pesticides.

Yearly variation of pesticide losses in percent of amount applied,
and pesticide concentrations in surface runoff water (flow-weighted
averages), are shown in Figs. III-10 and III-11, respectively. As shown,
for all years the highest loss is associated with atrazine, and the
lowest loss with fonofos.

Table I1I-15 shows the comparison of average annual losses for
the three pesticides for the 23 years of record. As expected, atrazine,
with the longest half-life, generated the highest losses with both
water and sediment. Fonofos produced the lowest losses, due to the
lowest application rate and water solubility and the highest incor-
poration depth. The concentrations given in Table III-15 are based on
predicted losses in surface runoff without and with dilution by sub-
surface runoff or flow (assuming zero levels in subsurface flow; the
model was not capable of predicting pesticide leaching).

6. Summary

The CREAMS model used in this study is a model structured in three
separate components: hydrology; erosion and sedimentation; and chemistry
for plant nutrients and pesticides.

The hydrology model operates on a given rainfall data sequence plus
a record of monthly temperature and radiation, with information on crop,
soil profile, and field shape to estimate a time series of runoff,
evaporation, and seepage data. The erosion model uses the required
hydrology input from the hydrology model, plus the erosion-sediment

yield, and particle composition of the sediment on a storm-by-storm



Table I1I-14. Common pesticide parameters, as used in the model.

C
Pesticide Application Incorporation Water KD = EE
name rate depth solubility Half-life w
kg/ha cm ppm days Dist. Coeff.
Atrazine 2.24 1.0 30.0 45.0 4.0
Alachlor 2.24 1.0 242.0 14.0 6.0
Fonofos 112 5.0 13.0 20.0 50.0

10T
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Table III-15. Average annual values of pesticide losses in water and sediment for the 23 years of
record, 1957-1979.

Percent Percent Concegtration in water
Pesticide Mass in Mass in Total loss in loss in Total SRO SOR+b
name water sediment mass water sediment loss SSRO
g/ha g/ha g/ha ppb
Atrazine 10.8 0.20 ] [fy 8 ¢ 0.48 0.01 0.49 38.75 9.25
Lasso 3.9 0.10 4.0 0.17 0.01 0.18 14.0 335
Dyfonate 0.46 0.10 0.56 0.04 0.01 0.05 1.65 0.40

%SRO = surface runoff; average annual SRO = 2.80 cm.

bSSRO = subsurface runoff; average annual SSRO = 8.90 cm.

Average annual soil loss = 0.5 T/acre.

%01
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The chemistry model uses information from the hydrology and

erosion models, plus the particular nutrient characteristics (Nutrient

model) or pesticide characteristics (pesticide model), to predict the

nitrogen, phosphorus and pesticide losses in runoff, with sediment, and

by leaching.

The CREAMS model was run using 23 years of hourly rainfall data

(1957 to 1979) for Humboldt County. The following results were obtained.

103

The average annual precipitation of 775 mm generated an annual
average of 28 mm of surface runoff and 89 mm of deep percolation.
The average annual sums of surface and subsurface flows were
reasonably close to the average measured records of stream

flow at stations surrounding the study area (135 mm predicted
versus 148 mm measured for 1960 to 1979).

The monthly trend indicated that most of the rainfall occurred
in May through July and produced the highest monthly surface

and subsurface flows.

Nitrogen fertilizer was assumed to be applied at rates of 75,
150 and 225 kg/ha. For all years, the highest plant N uptake,
nitrate leached, and denitrification values were associated with
fertilizer application of 225 kg/ha. Multiple fertilizer
application increased the plant N uptake (by 10%), and decreased
nitrate leached and denitrification by 40%.

For continuous corn fertilized at 150 kg N/ha in a single
application, the predicted average value for NO3-N leached was
21.0 kg/ha; for comparison, the average annual N03—N loss

estimated from predicted total flow (117 mm) and monitored ADW

drainage was 18.7 kg/ha.

3
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5. The nitrate leached under soybeans was considerably less than
that leached under corn; for corn after soybeans, the nitrate
leached was slightly more than for corn after corn.

6. Among the three pesticides used in this study, atrazine, with
the highest half-life, generated the highest losses with both
water and sediment. Fonofos, with the lowest application rate

and highest incorporation depth, resulted in the lowest losses.

B. 1ISU Drainage Model

1. Hydrology and Nutrient Transport Model

A computer simulation model was developed to simulate the hydro-
logic and nitrogen flow processes occurring in a tile-drained agri-
cultural field (Kanwar, 1981). This model allows prediction of the
nitrate load from tile drainage as a function of various farm manage-
ment practices and weather conditions. The major inputs to the model
include daily precipitation and daily open-pan evaporation, planting
and harvesting dates, days and amounts of fertilization, soil-water
relationships, and plant growth relationships. The various outputs
from the model are surface runoff, tile drainage, nitrate load in the
tile effluent, and nitrate uptake by plants.

This model was calibrated and verified using eight years (1970 to
1978) of data on tile flow and the nitrate concentrations of the tile
water from field experiments conducted at the Iowa State University's
Agronomy and Agricultural Engineering Research Center near Boone, lowa.

The model predictions agreed reasonably well with the measured values
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of tile drainage water and nitrate losses in the tile effluent (Kanwar
et al., 1983).

Daily rainfall data for Humboldt County were taken from rain gauge
station Humboldt 2 and were used for the model simulations from 1957
to 1979. The open-pan evaporation data were not available at station
Humboldt 2. Therefore, these data for 1957 to 1979 were taken from the
Kanawha station, which was the nearest station to Humboldt 2. An assump-
tion was made in the model simulations that the open-pan evaporation

data obtained from the Kanawha station were the same as would have been

taken at the Humboldt 2 station.
The planting and harvesting days for the corn were taken as May 15
and October 15, respectively. Data on moisture stress factors, Crop

development ratios for corn, and distribution of root system as a func-

tion of time are given by Kanwar et al. (1983). Corn growth rate func-
tion used in the model is similar to the one used by Duffy et al. (1975).

The data on initial soil moisture content, field capacity, wilting |

point, diffusivity, unsaturated and saturated hydraulic conductivities,

and initial water table depth are needed as inputs for the model. The

data on initial soil moisture content for April 15 were available for

| Kanawha station from 1957 to 1979. These data were converted to

Humboldt 2 station using the available conversion factors. The data

on field caéacity and wilting points were taken from Kanawha station

and have been used in the model. The initial water table depth was

assumed to be at 150 cm on the day simulation started for all the years.
The saturated hydraulic condictivity was taken as 15 cm/day (from

the calibration process as developed by Kanwar, 1981). The data on un-

l——————_
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saturated hydraulic conductivity and diffusivity were taken from the
literature for the Clarion-Webster soils.

The data on depth of tiles, drain spacings, depth of impermeable
layer, and drain diameter are needed for simulation. These data as
used in the model are given in Table III-16.

A fertilizer application rate of 150 kg/ha was used in the model.

All the fertilizer was considered to be applied on May 1 of each year

in a single application.

The model does predict that some water will not be intercepted by
the tile lines and will move deep into the soil profile. However, it
is assumed that no NOS-N moves with deep percolation, but instead that

any NO,-N in that water is denitrified (although the amount of total

3
denitrification in the surface soil plus in deep percolation 1is
obtained by calibration).

Kanwar (1981) used a trial and error procedure to calibrate the
selected parameters used in this model by using field data from the
Agronomy and Agricultural Engineering Research Center near Ames in
Boone County, ITowa. Some values of these parameters were used for the
Humboldt County data which are given in Table III-16.

The initial nitrate concentration levels in the soil profile are
also needed as inputs, and such data were not available for Humboldt
County area. Therefore, constant nitrate concentrations were taken
for April 1 of each year as 2, 2, 7, 5, 10, 8, 8, 10, 10, and 5 ppm

for layers one through ten of the soil profile.

e R S W
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Table III-16. Parameter definitions and calibrated values used 1n
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