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ABSTRACT

Thirty-four permitted earthen waste storage structures (EWSS) wereinvestigated to characterize
their hydrogeol ogic setting using digita soilsdata, digital elevation data, geologic maps, and oblique aeria
photographs. Nearly 18 percent of the siteswere constructed above aluvia agquifersand on flood plains.
Morethan haf of theareawithin 3.2 km of most steshad soilswith avertical permeability = 25.4 mm/hr
andwell or moderately to well-drained soils. The prevalence of EWSS depths exceeding 3 mand areas
with water tablelessthan 1.6 m deep suggeststhat most sites are below the water table. Ephemeral or
perennid streamswere found within 152 m at one-third of the sites. Risksto water resources may be
reduced by using siting criteriathat incorporate geologic, hydrogeologic, and soilsdata. Controlling the
timing of manure gpplication and avoiding application on frequently flooded and permeabl e soilsmay reduce
therisk of water-resource contamination. Application of well-established, scientificaly defensibleground-
water monitoring techniques should be used to locate the position of the water table during construction and
throughout thelife of the EWSS. Uniform stream setbacks may not be appropriatefor all hydrogeologic
settings. These considerations, used with appropriate performance standards, would reduce the potential
for contamination of water resources.
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INTRODUCTION

Earthen waste storage structures (EWSS) are used extensively in lowato store wastewater and
manurefor treatment and/or land spreading. Swine production in confined or concentrated animal feeding
operations (CAFOs) hasincreased their number inthe 1990s at both state and nationd levels. Thistrendis
shownin lowaby anincreasein swine production concomitant, with adecreasein the number of swinefarms.
Thenumber of farmsthat rai sed swine decreased 80 percent from 90,000in 1970to 18,000in 1996, while
the number of animasper farmincreased 330 percent (from 180 to 778 head) during that time (Seigley and
Quade, 1998). Although therehasbeen anincreaseinthe useof EWSSfor manure storage and public
concern about theimpact of these Sructuresasthe size of swinefarmshasincreased, littleisknown about the
hydrogeol ogic settingsof EWSS. The purposeof thispaper isto document the hydrogeol ogic settings of

EWSSinlowa, with referenceto their potentia impact on water resourcesinthe state.
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EARTHEN WASTE STORAGE STRUCTURES

EWSS cons &t of uncovered earthen impoundments constructed from native materia son siterather than
concrete or imported materias. The processof constructioninvolvesexcavation, sdewall construction with
berms, and compaction of aliner made of native materids, al of which areimportant componentsto the
long-term hydrologic integrity of the structure. Basinsand lagoons are the common typesof EWSS. Basins
arethe smaller of thetwo and provide short-term storage of undiluted manurewaste. They aretypicaly
designed to hold 6 to 8 months of material prior toland spreading. Thelowa Department of Natural
Resources (IDNR) requireswaste from basins be removed and spread ontheland at |east twice ayear.
The manurein basinshasahigh nutrient content, typically 3.8 g/L asnitrogen (Smpkinset al., 2002). In
contrast, manureismixed with water inlagoons. The processincreasesthe volume of waste stored and
promotes anaerobic conditionsthat allow bacteriato reduceits nitrogen (N) content. Liquidisremoved
and applied to land at least once annually asrequired by theIDNR. At present, therate of applicationis
regulated by the N concentration of the manure. Because of thelower N concentration inlagoons (typically
only 0.5g/L), greater volumes of liquid waste may be applied per unit areathan from abasin serving a
smilar number of animals. A typical field gpplication ratefor manurewastefrom abasinin lowaisabout
56,000 L/ha, whilethe application rate from alagoon isabout 40,000 L/hafor ayield goa of 81 kg N/ha
(Simpkinset d., 2002).

Previous studies of the hydrogeol ogic settingsof EWSS arefew innumber. The Geological Survey
Bureau (GSB) of theIDNR investigated changesin groundwater quality adjacent to three EWSSIocated in
north-central, east-central, and west-central owaand constructed in late Wisconsinanttill, Pre-lllinoianttill/
colluvium, and loess, respectively (Libraand Quade, 1997). Groundwater monitoring at the north-central
and east-central EWSS has shown above-background concentrations of chloride (nearly 200 mg/L), total
organic carbon (>100 mg/L ), and fecd coliform bacteriato adistance of at least 46 m downgradient of the
structure. Ammonium and phosphate concentrations are not greater than ambient concentrationsfound
outsidethe structures, perhaps because theseions are retained on sediments surrounding the EWSS.
Nitrate- and sulfate-ion concentrations outside the EWSS are bel ow ambient concentrationsand may have
been reduced asaresult of low reduction-oxidation (redox) potentials created by EWSS-derived organic
carbon. None of the above-mentioned ions or bacteria has been observed in groundwater outsidethe

western lowaEWSS siteinloess (Libraand Quade, 1997).
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Legidative and Regulatory History

CAFO legidation and regulationin lowahave evolved in responseto theincreasein EWSS.
Permitting rulesgoverning CAFOsarefound in Chapter 65 of the lowa Administrative Code. 1n 1987,
permitsfor construction of anaerobic lagoonswere required, regardless of the number of animason site.
Legidation passed in 1995 (House File 519) revised Chapter 65 and providesthe basisfor most of the
present regulations. Senate File 2293, passed in 2002, provided further modification of theregulations.
Since 1995, facilitiesthat contain morethan atotal swineweight of 90,718 kg (approximately 1333 head at
an averageweight per animal of 68 kg) or 181,437 kg of cattle arerequired to submit plansfor construction
of abasin or lagoon. Asof December 1997, there were 639 permitted CAFOswith EWSSin the state.

By theend of 1999, construction of lagoons and basins had dlowed dueto atrend toward aternative
storage strategies, such as concrete pits, formed (concrete) storage structures, and above-ground tanks.
The number of permitted sitesgrew to only 661 by 1999 and, asof 2001, it stood at 729 sites. TheIDNR
estimatesthat 5000 additional CAFOsexist bel ow the sizethreshol ds necessary for construction permits.

L ocation and hydrogeol ogi ¢ settings of these EWSS are generally unknown to the IDNR until an officia
manure management planisfiled inanticipation of land spreading activities.

Setbacksof EWSSfrom * navigable’” streamshave been used in lowaregulations since 1995.
“Navigable,” inlowa, isdefined as*”...al streamsthat can support avessel capable of carrying oneor more
personsduring atotal of a6-month period in oneout of every 10years...” (Smpkinset a., 2002). Inthe
1999 revisions, “navigable’ was changed to “ major water source,” to which asetback distance of 152 m
applies. Rivers streams, and lakesthat are not specificaly listed inthe regul ations are now termed “ water-
courses,” with an associated setback distance of 61 m. Present rulesrequire only that thetop of the EWSSis
0.3 m abovetheedevation of the 100-yr flood plain. Other than arequired separation distance of 152 mfrom
aprivatewell, construction of EWSS or any other treatment lagoons, on an aguifer that isbeing used for water
supply hasnot been prohibited. Recent legidation (SF2293) does address protection for designated aquifers
and “ high-quality water resources,” asdefined inthelowa Administrative Code, Chapter 61.

Inlowa, EWSS are permitted to leak at amaximum rate of 1/16 in/d (converted to 1.6 mm/dfor
thispaper), although only those above the animal weight criterion are subject to review of Site-construction

plans. lowa sleskage-rate standard was derived from municipa lagoon technology. It isapproximately
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equivalent to 3.6 timestheleakage of alarge septic system (MPCA, 1997). Until 1999, EWSS permits
allowed leakage at that rate based on auniform 1.8-mliquid depth. Thisconstruction standard will be
referredto asthe“old rules.” Subsequent revisionsin 1999 required cal cul ations based on thefull design
depth of the structure, which will bereferred to asthe*new rules.” Adherenceto theleakage-rate standard
isdetermined by laboratory estimates of hydraulic conductivity (K) in soil corestaken from the compacted
liner at thetime of construction. Laboratory estimatesof K infine-grained materialsused for liner materias
(predominantly till and loess) typically underestimatefield vauesby oneto two orders of magnitude
(Bradbury and Muldoon, 1990; Simpkinsand Bradbury, 1992), so |eakage rates may be higher than the
design standard. Permitted |eakage ratescan resultin asubstantial lossof fluid from EWSS. An“average”
structure of 5815 m?will lose 3.4 x 10° L of fluid per year, whilea“large” facility of 28,308 m?will lose 1.6
x 107L of fluid per year. Anaverage basin contai ning amanurewaste concentration of 3.8 g/L N (mostly as
NH,-N) could lose 13,000 kg/yr of N by leakage.

New and old rules stipul ate a separation distance of at least 1.2 m between the top of the EWSS
liner and water tableat thetime of construction. A synthetic liner isnecessary if thewater tableislessthan
0.6 mbelow thetop of theliner. Under theold rules, awater level in asingle, open boreholewastheonly
measurement necessary for determination of thewater table. New rulesrequireingtdlation of atemporary well
to bemonitored for at least oneweek. Ingtdlation of agroundwater-monitoring network around EWSS,
which may berequiredin certain hydrogeologica Stuationsin surrounding states, isnot requiredin lowa
Purpose of Study

Although EWSS areintended to minimize problems associated with large quantities of manure,
negative environmenta impacts, resulting from spills, ruptures, and leaks, are associated with EWSS
throughout the U.S. (Mallin, 2000). Groundwater may be contaminated directly by 1) leakagethroughthe
bottom or sides of EWSS (Huffman and Westerman, 1995; Parker et al., 1999); 2) leaching of nutrients
and contaminants dueto land spreading (Evanset d., 1984); and 3) surface water contaminated during
flooding (Burkholder et a., 1997). Surfacewater may be contaminated directly by spillsor leaks(Mallin et
al., 1997) and indirectly through interception by drainagetiles. Surface water may subsequently lose water

todluvia aquifers, causng contamination of groundwater (Burkart et a., 1999).
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Public concern about the potentia of these structuresto contaminate water resourceshasalso

increased. Inresponseto thisconcern, thelowal egidature provided fundsto lowa State University (1SU)
in 1997 “...to determinethe extent to which structures [ EWSS] contributeto point and nonpoint pollutionin
thestate...” (HF 708, Section 11, Animal Feeding Operations). A team of 15 |SU researchers examined
this problem and produced areport entitled “ Earthen Waste Storage Structuresin lowa” (lowa State
University, 1999). Thispaper presentsresearch on the hydrogeol ogic settingsof EWSS, asgiveninthefirst
chapter of that report (Smpkinset al., 1999).
PROCEDURES
Study Design

The study waslimited to EWSS permitted between 1987 and 1994. Thistime period was chosen
for tworeasons. First, evidenceintheliterature suggeststhat freeze-thaw, desi ccation during low-water
levels, bioturbation, overland flow, and groundwater inflow cause deterioration of thelinersand sidewallsof
EWSS, which would significantly weaken their ability to contain wastes (Glanvilleet ., 1998). EWSS
constructed prior to 1994 were presumed old enough to all ow these processesto modify the structures,
thusincreasing the potential for transport of contaminantsaway fromthem. Second, permitsissued before
1987 werenot availablein digital format and not readily accessibleto the project. Thefind database

consisted of 439 sitesthat wereissued construction permits between 1987 and 1994.
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To select asamplerepresenting current conditionsin lowa, the entire IDNR database through 1997
also was examined to include morerecent trendsin construction. The IDNR issued 639 permitsfor EWSS
by the end of 1997, including permitsfor 404 basins (63 percent) and 212 lagoons (33 percent) (Figure 1a,
Tablel). Thetypeof structurewas not defined in 23 permits (4 percent), and many of the permitted
EWSSwere never actually built. Similar percentages of lagoons and basinswere selected from the 1987 to
1994 database (n=439), based on datathrough 1997 (n=639). Thisensured asamplethat was representa
tive of theentire EWSS population.

A questionnairewas sent to the 439 owner/operators of facilitiesto seek initial permissionfor on-
sitestudy. From 124 positive responsesto thisquestionnaire, 40 EWSS were sel ected representing the
important hydrogeol ogic settingsinlowa. A digital map of the Groundwater V ulnerability Regionsof lowa
(Hoyer and Hallberg, 1991) was used to identify these settings and to classify the vulnerability of the aquifer
at theEWSS. Theeight-category classification of Hoyer and Hallberg (1991) wasreduced to five catego-

ries, termed aquifer vulnerability classes(AVC). Theseincluded aluvid aquifers, drift aquifers(aquifersin

Typeof Structure Typeof Animds
Aquifer Totad Through 1987-94 Beef
Vulnerdbility 1997 Sudy Stes | Lagoons | Baans  Other  Swine ad Poultry
Class (Yoof totd) (% of totd)? Dary
Allwvid
Adquifer 57 (9) 6 (18) 17 33 7 49 7 1
Drift Aquifer | 159 (25) 7 (21) 41 114 4 147 7 5
Thin-drift
Corf 102 (16) 5 (15) 49 50 3 98 2 2
Moderate-
it 221 (35) 11 (32) 76 141 4 212 7 2
Confinement
Sde
Confi 100 (16) 5 (15) 29 66 5 89 10 1
Tota 639 K%} 212 404 23 595 33 1

Theorigina percentages of the sub-samplewere nearly identical tothose of thelarger dataset. Two sites
weremoved to theadluvia aquifer category when they werefound to be mid ocated geographicaly inthe
origina digital database.

2002 Proceedings—Waste Resear ch Technology



- =
L 3 L]
S ? ® Basin
< " ¥ - : I A Lagmn
X Y
W

. "%
{ : N
: |
!
o

“ 3 - /J
[ Alluviad
¥ ay [ Drift Groundwater
1 [ Thinly Confined

1 [ Moderatsly

= — Confined
Mesified frem Heyer and Haliserg, 1581 \,J [ Shale Confined

glacia sediments); and confined aquifersoverlain by thin-drift thickness (< 30.5 m), moderate drift thickness

-

(30.5t091.4 m), and any thicknessof shale. Inthispaper, thelatter three categorieswill bereferredto
amply asthin-drift confinement, moderate-drift confinement, and shale confinement. Based on positive
responsesto the questionnaire, asub-sample of 56 EWSSwas selected for further investigation. Owners/
operators of the EWSS were then asked to sign amemorandum of understanding (MOU) that allowed
ground and air accessto the site. A final group of 40 EWSS, representing awide geographic distribution
and comprising about 9 percent of the 1987 to 1994 sample, was sel ected from positive responsesto the
MOU. The sub-sample approximately maintainsthe nearly 2:1 ratio of basinsover lagoonsand the per-
centagesin each of thefive AVCsinthelarger database (Table 1), but it does not reflect the distribution of
stesamong surficia materials. Six siteswere subsequently eliminated from the study becausethey were
ether unwilling to signtheMOU or initid field information showed they werenot suitablefor testing. The
remaining 34 EWSS, consisting of 13 lagoonsand 21 basins, were used for the study (Figure 1b). An
additiona lagoon near lowa State University was added later for leakage calculations.
Sources of Data

Datafrom adigital soil database, county soil surveys, topographic and geologic maps, and aeria
photographswere used to interpret the hydrogeol ogi ¢ setting of each EWSS and surrounding area. Digita
soilsdatawere obtained from the Map Unit | dentification Records (MUIR) digital databasefor lowa,

maintained by the Soil Survey Division of thelowaDepartment of Agricultureand Land Stewardship and
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ISU (www.statl ab.iastate.edu/soil muir/downl oad.html, Jan 13, 1997). Soil mapping unitswereverified
with the soil surveysfor each county. Digital topographic dataand scanned images of topographic maps
fromthe U.S. Geological Survey asowere used to locate EWSS, and to estimate distancesto perennial
and ephemera streams. Geologic maps (Hallberg et a., 1991) and aeria photographswere used to classify
EWSShy surficial-materid categoriesof sand and gravel, loess, till, and colluvium.

Digital soil datawere used primarily to assessthe potentia for leakageto the water table or for overland
flow from fields on which manure may beapplied. A circle of radius 3.2 km around each EWSS was
defined asthe manure-spreading area (M SA). For an average farrow-to-finish swine operation, itisnot
economically feasible to haul and apply manure more than adistance of 1.6 km (Brenneman, 1995); thus,
3.2kmisactudly beyond thelikely hauling distance. Soil variables salected for these andysesincluded
equivaent vertica hydraulic conductivity, hydrologic group, flood frequency, and depth to the seasona ly
highwater table. Anaveragevertical hydraulic conductivity (K avg) was estimated for each soil usingthe
equation (modified from Fetter, 2001; p. 106):

K,avg = b

$ b
%ﬁ )
Where K = vertica hydraulic conductivity (K) of themthlayer (unitsof L/T)

b_=thicknessof thesoil layer (unitsof L)

b =total thicknessof the soil (unitsof L)

A vaueof 25.4 mm/hr, the approximate boundary between permeable sands and less-permeablesilty
sands (Freeze and Cherry, 1979), was used as athreshold between high and low valuesof K for manure
application. Hydrologic group isavariablethat incorporates soil propertiesinfluencing potential for over-
land flow and infiltration (Soil Survey Staff, 1996). Soilswithlargeto moderateinfiltration rates(groupsA
and B) haveahigh potentid to transmit contaminantsto groundwater. Soilswith dow to very dow infiltra:
tion rates (groups C and D) have agreater potentia to transport contaminants by overland flow. Thedepth
to the seasonally high water tableisameasure of the shallowest depth to saturation that may be expected
during atypical year (Soil Survey Staff, 1996).

A one-year recurrenceinterval was used for flood-frequency datain thisanalyss, and the datawere

subdivided into frequent and occasional floods. Frequent floods have a 50-percent chance or more of
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occurring in any oneyear, while occasiona floods have a5- to 50-percent chancein any year (Soil Survey
Staff, 1996). Manureapplied to soilswith the high probability of flooding will most likely contaminate
nearby streams. Flooding could also erode and breach the berms of EWSS.

Topographic mapswere used to identify hydrologic and cultura features, and to measurethe
approximeate distanceto featuresthat may influence or beinfluenced by the operation of EWSSor the
application of manureinthestearea. Examplesof such featuresincluded surface-water bodies, communi-
ties, ingtitutions, and recreational facilities. Both perennial and ephemera streamswereidentified inthe
analysis. A perennia stream flows continuoudy throughout the year, whereasan ephemera stream flows
only in responseto precipitation (Bates and Jackson, 1980). The maps al so were used to describe slopes
and the geomorphology at each EWSS. Geomorphic featureswere used in combination with geologic and
soil mapsto interpret the surficia geologic materia and the most likely geologic materia at the base of the
excavated EWSS. Obliqueaeria photographsweretaken from afixed-wing aircraft at an atitude of
approximately 300 m, to facilitateinterpretation of the geomorphic and hydrol ogic featuresand to confirm
the position of the EWSS.

In addition to data specific to thisstudy, datafrom Glanville et d. (1999) were used to compare
leakageratesamong surficiad materialsand AV Cs. Thelr estimateswere made using amass-ba ancetech-
nique, inwhich water-level declineand meteorological conditions(e.g., temperature, humidity, wind speed)
were observed on multiple occasionsduring a3- to 10- day period after pumping into and out of the EWSS
ceased. Thedataat each sitedemonstrated alarge variance. Estimateswere madeat only 27 of the 34
structures, because the data either were not interpretable or some EWSS were not amenabl e to the neces-
sary measurements. Oneadditiond sitein central lowathat was maintained by |SU was added to the
database, bringing thefinal number to 28. Because 80 percent of the siteswerefilled only towithin 1 m of
their design depth, Darcy’ sLaw was used to convert leakage val ues measured from existing liquid levelsto
both the 1.8-mliquid depth (the old rules) and full-design depth (the new rules). Evaporation losseswere
not differentiated from actual EWSS leakage, because evaporation was difficult to quantify and assumed to
beinggnificant. Becausetheraw |eakage and evaporation datawere not availableto our study, the reader

isreferred to Glanvilleet d. (1999) for acomplete discussion.
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Statistical Analysis

Nonparametric statistical techniques (Conover, 1980) were used to compare |eakage ratesamong
aurficia materidsand AV Cs, and to distinguish significant differences between leskage rates under theold
and new rules. The*" standard boxplot” (Helsel and Hirsch, 1992;) was used to graphically show the
median, upper, and lower quartiles; whiskers; and outliersfor each sample category. Median leakagerates
from surficid geologic unitsand AV Cswere compared using the nonparametric Kruskal-Wallistest (Kruska
andWallis, 1952) and two-tailed Mann-Whitney test (Mann and Whitney, 1947). Datawere categorized by
aurficid materid, and AV C and the medianswere compared to the 1.6 mm/d construction standard under the
old and new rules. TheWilcoxon Signed-Rank procedure (Wilcoxon, 1945; Helsel and Hirsch, 1992) was
used to test significant differences of each group’smedian from the construction standard.

RESULTSAND DISCUSSION
Hydrogeologic Settings of EWSS

Analysisof thedataindicated that 14 EWSS (41 percent) are constructed inttill, either of late
Wisconsinan or Pre-1llinoian age (Figure 28). Most occur inlate Wisconsinantill associated withthe Des
MoinesLobeinnorth centra lowa. Till unitsthereare part of the Dows Formation, which consistsof a
basd till unit, the Alden Member, and asupraglacia unit, the Morgan Member. Theformer isgenerdly

compact, homogeneousin texture with depth, and extensively fractured (Eidemet d., 1999). Thelatter is

2002 Proceedings—Waste Resear ch Technology



n=11

Number of Sites

Alluvial  Drift Thin Mod, Shale
drift drift

Aquifer Vulnerability Class

more heterogeneous, less consolidated, but isalso fractured. The Morgan Member also containssand in

linked, subglacia channels, which, when exposed on thewals of newly constructed EWSS, areknownto
causeingability inthe compacted liner (Smpkinset d., 2002). Thicknessesof weathered till rangefrom3min
theDesMoinesLobe, upto 10 minolder Pre-lllinoian depositsin therest of the state. The sidewalls of
EWSS may bein contact with the weathered zone of either unit. Studiesof chemical transport inthe
weathered zone show velocities of nearly 11 m/day dueto fractureflow (Helmkeet a., 1999). Based on
the depth of the structures and discussionswith DNR personnel and site engineers, the base of EWSSinthe
DesMoinesLobeisusualy excavated into the denser, unweathered till. Fracture density in unwegthered il
isless, and overal chemical transport velocitiesmay belessthan 0.1 m/day (Helmkeet a., 1999). The
base of EWSS may liewithin the weathered zone of Pre-1llinocianttill in areas outside the DesMoinesLobe.
Themagority (21 of 34 EWSS, 62 percent) of EWSS surveyed in thisstudy overlie confined
aquifers(Figure2b). Six of 34 EWSS (18 percent) directly overliean dluvia aquifer. Thisaquifer typeis
generaly recognized asthe most vulnerable and most productivein lowa. 1tisthe most widely used aquifer
for domestic and municipa water supplies (IGWA, 1990; Burkart and Kolpin, 1993). Theaquiferis
particularly vulnerable becauseit liescloseto land surface and isrecharged predominantly by vertica
infiltration through the unsaturated zone. 1n addition, the base of the excavation may lie bel ow thewater

tableand top of the aquifer, thusincreasing the potentia for contamination of adomestic or municipal water
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supply drawing from that aquifer. One EWSSin thisstudy waslocated inan dluvia aquifer onafloodplain

that was adjacent to active sand and gravel pits.

Comparison of thetota depths of EWSS and seasonal ly high water tables suggest that most EWSS
excavationsin thisstudy were below or are at least in contact with the water table at thetime of their
construction. Rulesrequire aminimum depth of 2.4 mand a0.6 m freeboard (distance between the maxi-
mum water level and thetop of the berm) (Zhang et al., 1995), which meansthat the structurewill be
excavated with the depth plus berm height greater than 3 m. Twenty-nine of the 31 EWSS (94 percent)
with depth datawere deeper than 3m. Most of the EWSS (22 of 31; 71 percent) were between 3 and 6
m deep (Figure 3). Further examination showed that 22 of 34 (65 percent) werewithin an M SA where 50
percent or more of the areahad water- table depthslessthan 1.6 m (Figure4). Field evidenceindicated
that the water table waswithin 2.4 m of theland surface at 20 of the 28 EWSS (71 percent) inthelarger
study (Baker et a., 1999). The 1.2-m separation between thetop of theliner and water table could not
have been met inthese cases. I1n addition to decreasing the effective storage capacity of the EWSS, con-
struction below thewater table has, in the short term, caused groundwater flow into the structure prior to
filling. Anecdotd reportsfromthel DNR indicatethat inflow hasresultedin dopefalureinthesdewalsand
affected theintegrity of thecompactedliner. Inthelong term, construction of EWSSabove or below thewater

tablewill likely createamound and establish ahydraulic gradient outward from the structure. Assuminga
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specificyield vaueinthemateria of 0.2, leakage from an average EWSSwithin the study period may have

raised thewater tablelocally by 3m.
Land Spreading

Although construction of EWSS on permeable soil creates an obviousrisk to groundwater, leaching and
overland flow onland designated for manure application area so important. Drainage characteristicsof the
s0il areonefactor that should control how much manure may be applied without negatively impacting
groundwater. Specifically, morelandisnecessary to safely utilize manurein areas of well-drained soilsthan
inareasof poorly drained soils. Twenty-five of 34 EWSS (74 percent) liewithin MSAsmore than 90
percent dominated by soilswith vertical permeability exceeding 25.4 mmvhr. MSAswith 50 percent or
more soilsin hydrologic groups A and B (well-drained and moderately to well-drained soils) also occur at
25 of the 34 EWSS (74 percent). Presumably, vertical infiltration would dominate at these EWSS. MSAs
where soilsare mapped within hydrol ogic groups C and D (moderately poor to poorly drained) predomi-
nated at only 7 EWSS (21 percent). Inadditionto overland flow in poorly drained aress, drainagetile
intakes may intercept contaminants, particularly if manure gpplicationimmediately precedesrainfall or

snowmelt events, and transport them to surface water.

2002 Proceedings—Waste Resear ch Technology



Distance to Surface Water

EWSSinthisstudy weregenerally greater than 61 mfrom ariver, stream, or lake, eventhough
therewas no enforced setback distance at thetime of construction. Many, but not all, reaches of perennia
streamsidentified in the present study were listed as navigablein thelowa Administrative Code; however,
none of the ephemera streams met thisdefinition. Eighteen ephemera and 19 perennid streamswere
identified at the 34 EWSS. Bothtypesof streamsoccurred near three EWSS and were counted in both
categories. Four of 19 EWSS (21 percent) near perennia streamswerewithin 152 m of them, which if
interpreted asa“major water source,” would violatethe new rules. Two of 18 EWSS (11 percent) near
ephemera streamswerewithin 61 m of them, which, if interpreted as* watercourses,” would also violate the
new rules. Useof the* navigable’ definition hasalowed some crestive uses of existing drainage networks
tofacilitate construction of EWSS. One such structure wasbuilt by damming an ephemerd stream channel
that leadsdownward very steeply to amgor navigableriver.
Risk of Flooding

Flooding posesasubstantial risk for surface-water contamination when landsused for spreading are
inundated. Lossof structura stability and subsequent erosion and breaching of bermsare also concerns
related to flooding (Mallin, 2000). Although the mgjority of EWSSinthisstudy (24 of 34; 71 percent) are
surrounded by MSAswherelessthan 10 percent of the areamay have been frequently flooded, ten of 34
(29 percent) had M SA where greater than 10 percent of theland isfrequently flooded. Many of thesewere
located ondluvia aguifers, which pose particular risksto groundwater quality dueto recharge of floodwater
to groundwater and high water tables associated with rising stream stage.
Hydrogeologic Settings and Leakage Rates

Hydrogeol ogic setting should exert someinfluence on EWSS leakage rates and affect the potential
impact of leakage on nearby water resources. Consequently, knowledge of hydrogeologic settings could be
used to suggest areasin the state that should be avoided for future EWSS. L eakage dataobtained from 28
EWSS (Glanvilleet al., 1999) were grouped according to their AV Cs (five classes) and the dominant
aurficia materid (threeclasses). Inthelatter, two EWSS classified within colluvium were judged too small
for ananalyssasaclass. They wereincluded withinthetill classbecausethey contained mostly fine-
grained sediment. Differencesinleskageratesamong surficid materialsand AV Cswereinvestigated, as

well aswhether |eakage rateswere significantly greater or lessthan the construction standard of 1.6 mnv/d.
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Boxplotsindicate that combined |eakage rates computed for the old and new rulesare significantly
different (a = 0.05level; Figure5), indicating that the assumptions(i.e., K, hydraulic gradient) madein
caculating leakagerates strongly influencethereported rate. Somedifferencesinleakageratesexist among
the 28 EWSSin different surficia materids(Figure6) andAVCs(Figure7). However, Kruska-Walis
(Kruskal and Wallis, 1952) and Mann-Whitney (Mann and Whitney, 1947) tests both indicate that none of
the differencesin themedians are significantly different at thea = 0.05level. Thissuggeststhat thesurficia
materidsandthe AV C arelessimportant in predicting differencesamong theleskageratesthan areinitial
construction practices and/or subsequent K changesdueto settling of solids. However, because of thelarge
confidenceinterva sassociated with themeansin theorigina data, thelack of sgnificant differencesamong
classesmay dso reflect random error introduced during datacollection. Resultsof the Wilcoxon Signed-Rank
test (Wilcoxon, 1945; Helsdl and Hirsch, 1992) indicate that the median leskage ratefrom all 28 EWSSisnot
ggnificantly different (a = 0.05levd) from the 1.6 mm/d standard under the old rules. However, themedian
leskagerateissgnificantly different from the sandard under the new rules (Figure5). With the exception of
EWSSinloess(under the new rules), median leekageratesfor individud surficia materidsarenot sgnificantly
different (a = 0.05leve) from the standard under the old or new rules(Figure6). EWSSinwell-drained

loess may |eak morethan in other materials dueto the presence of macroporesand fractures. Median
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leakageratesfor individua AV Csarenot sgnificantly different (a = 0.05 level) than theleakage standard in

theoldrules(Figure 7). For the new rules, only EWSSinthe moderate-drift confinement category show
ggnificantly greater leakage (a = 0.05 level) than the standard, an interesting result given the thickness of
driftanditslow K value. Statistical differencesfrom the standard in the other classes (such asthethin-drift
class) may be affected by small sample sizes, which tend to emphasize val ues that might be outlierswithin
larger samples. Thedrift aquifer category showsawideinterquartilerange of leakagerates, perhaps
indicating the presence or absence of interconnected sand bodies.

In summary, resultsfrom the statistical analyses suggest that neither thetype of surficiad materialsnor
the underlying aquifer probably affected the magnitude of leakage ratesat EWSSin thisstudy. However,
the median |eakage rate from our samplewas significantly greater than the new rulesalow. Atleast 50
percent of EWSS (14 of 28) were not in compliance with the newer construction standard—alarger value
than the 10 of 28 (36 percent) suggested by Glanvilleet d. (1999).

CONCLUSIONS

Thisstudy investigated the hydrogeol ogic settings of 34 EWSS permitted between 1987 and 1994

inlowa. Resultssuggest that hydrogeol ogic setting was not amgjor criterion in siting EWSS during that

period. Inparticular, nearly 18 percent of EWSS (6 of 34) inthe study were sited on alluvial aquifers,

2002 Proceedings—Waste Resear ch Technology



Old Rules New Rules I
b Construction
=3 standard
= 107 1.6 mm/d
= ]
s | )
E _ @
Y] 1 - L - = L - - ai -
o
% 1_§ E % ned =9
X 7 n=5 n=a
n=4 n=5
g ]
"5 ne5 nes
0.1-
- n=9
I T 1 I I 1 1 I d‘g I
: A @ \ £ :
. 3 ,-(:‘C,‘ L o
ﬁﬁ ST %‘9@ oS GG
Aquifer Vulnerability Class

consdered to bethe most vulnerable type of aguifer in lowa, and wherethe entry of contaminantscould

potentialy impact municipa and domestic water supplies. Inaddition, most EWSSindluvid aquifersliein
theflood plain, wherethereisacontinual risk of flooding and entry of contaminantsinto surfacewater from
manure application and berm failure. Elevated water tables associated with rising stream stage may com-
promise EWSS liner integrity and increase potentia for failurelong beforea 100-year flood occurs.

Most of the manure spreading areas (M SA; areaswithin 3.2-km radius of the EWSS) contain
permeable soilsthat may increasethe potential for groundwater contamination. Drainagetiles can transport
contaminantsto streamsin poorly drained land. Controlling thetiming of manure application and avoiding
manure application on frequently flooded soils, such asthose on flood plains, may reducethe potential for
contamination of groundwater and surfacewater.

The predominance of EWSSwith depthsequal to or exceeding 1.6 m suggeststhat most now lie below
thewater table and haveimpacted the surrounding groundwater resource. Established groundwater
monitoring techniques should be used to | ocate the position of the water table during EWSS construction.
Although rulesnow requireingtalation of atemporary monitoring well, continued monitoring to check the
status of hydraulic separation between the EWSSIiner and the water table would ensure that the separation
ismaintained during thelife of the structure. Based onour previousexperiencein surficia materialsinlowa

(eg.,Eidemetal., 1999), itislikely that EWSS built under deeper water table conditionsinthefall or
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winter may havesaturated linersby springtime. Andyssof longer termwater teblefluctuationsinvarioussurficid
meateridsstatewide may behdpful in estimating probablewater table depthsin areas of proposed EWSS.

Theeffect of the hydrogeol ogic setting on leakage rateswas examined by classifyingthe EWSSintofive
aquifer vulnerability classes (AV Cs) and three surficial materia classes. Leakageratesdid not differ signifi-
cantly among surficid materiasor AV Cs, suggesting that the hydrogeol ogi ¢ setting a one does not control
leakagerates. Median leakagerateswere significantly greater than the 1.6 mm/d leakage standard under
thenew rules. By inferencefrom our sample of leakageratesat 28 Sites, at least 50 percent of 439 EWSS
built between 1987 and 1994 could leak at ratesgreater than allowed by lowaregulations. Itislikely that
50 percent non-compliance with the construction standard isaconservative estimate because of the bias
introduced by the Site-sel ection processin thisstudy.

Findly, theimpact of EWSS on water resources may belessened by adopting regul ationsthat
requireabetter understanding of the hydrogeol ogic setting. Although used to some extent today, GIS
databases could be more widely used during the EWSS permitting process and for manure-management
plans. Unfortunately, permitted EWSS now compriseaminority inthestate. Approximately 5,000 CAFOs
fall under thelega size necessary for obtaining aconstruction or manure-spreading permit, and thereisno
effectiveguidance or regulation of their Siting and construction. The hydrogeol ogic settings of these CAFOs
aregenerally unknownto IDNR, even though activities at these Sites a so pose arisk to water resources
(Simpkinset d., 2002).
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