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General Report Summary

What is the purpose of this report?

Thisreportserves multiple purposes. First, itisaresource for increased understanding of watershed and water quality
conditionsin and around Big Hollow Lake. Second, it satisfies the Federal Clean Water Act (CWA) requirement to
develop aTotal Maximum Daily Load (TMDL) forimpaired waterbodies. Third, it provides afoundation forlocally-driven
watershed and water quality improvement efforts. Finally, it may be useful for obtaining financial assistance to
implement projects to remove Big Hollow Lake from the Federal 303(d) list of impaired waters.

What is wrong with Big Hollow Lake?

Big Hollow Lake is listed asimpaired on the 2024 303(d) listfor not supportingits primary contact recreation designated
use.Theimpairmentis due to elevated levels of algae, turbidity, and pH, whichis caused by overly-abundant nutrients
and sediment, including sediment-bound phosphorusinthe lake.

What is causing the problem?

The amount of phosphorus transported to the lake from the surrounding watershed is sufficient to cause excessive
growth of algae and excessive sedimentloads tothe lake increase levels of turbidity, both of which reduce water clarity.
The excessive levels of algal growth can also lead to widely fluctuating pHvalues. Phosphorusis carried to the lake in
two primary forms: (1) attached to eroded soil thatis transported to the lake by rainfall runoff and stream flow, and (2)
dissolved phosphorusinrunoff and subsurface flow (e.g., shallow groundwater). Phosphorus and sediment within the
water columnand on the lake bed may become resuspended under certain conditions, which can add to the algae and
turbidity issues. There are no permitted point sources for phosphorusinthe Big Hollow Lake watershed; therefore, all
phosphorusloadstothe lake are attributed to nonpoint sources.

Nonpointsources are dischargedinanindirectand diffuse mannerand are often difficult to locate and quantify.
Nonpointsources of phosphorusinthe Big Hollow Lake watershed include gullyand streambank erosion, sheet andrill
erosion fromvarious land uses, runoff and subsurface flows from lands that receive fertilizer application, grazed pasture
land, poorly functioning septicsystems, manure deposited by wildlife, and particles carried by dustand wind (i.e.,
atmosphericdeposition). A portion of the phosphorus carried to the lake eventually settles to the lake bottom and
accumulates. Under certain conditions, this accumulated phosphorus can become available for algal uptake and growth
through an internal recycling process. Internal loading was found to be a significant source of phosphorusin Big Hollow
Lake.

What can be done to improve Big Hollow Lake?

Reducing phosphorusloss from pasture, row crops, and implementing orimproving existing structural best management
practices (BMPs) such as terraces, grass waterways, and constructed sediment basins in beneficial locations will
significantly reduce phosphorusloads tothe lake. Increasing the trapping efficiency of the existing sediment basins may
be the most cost-effective structural alternative. Stabilization of streambanks and reducing the impact of gully erosion
will also limitsediment bound phosphorus to the lake. Finally, removal of curly-leaf pondweed and otherinvasive plant
species may helpimprove water quality. Curly-leaf pondweed dies backin the summerreleasing nutrients that
contribute to algal blooms. Additionally, in-lake practices such as dredging or phosphorus stabilization may be necessary
inorder to address algae, turbidity, and pH concerns.

Whois responsible fora cleanerBig Hollow Lake?

Everyone wholives, works, or recreatesin the Big Hollow Lake watershed has arole in water quality improvement.
Nonpointsource pollutionis unregulated and responsiblefor the vast majority of sediment and phosphorus entering the
lake. Therefore, voluntary management of land, animals, and the lake itself will be required to achieve measurable
improvements to water quality. Many of the practices that protect and improve water quality also benefit soil fertility
and structure, the overall health of the ecosystem, and the value and productivity of the land. Practices thatimprove
water quality and enhance the long-term viability and profitability of agricultural production should appealto producers,
land owners, and lake users alike. Improving water qualityin Big Hollow Lake, whilealso improving the quality of the
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surroundingland, will continue to require collaborative participation by various stakeholder groups, with land owners
playingan especiallyimportantrole.

Does a TMDL guarantee water qualityimprovement?

The lowa Department of Natural Resources (DNR) recognizes that technical guidance and supportare critical to
achievingthe goals outlined in this Water Quality Improvement Plan (WQIP). The TMDL itself isonly adocumentand
withoutimplementation willnotimprove water quality. Therefore, abasicimplementation planisincluded for use by
local agencies, watershed managers, and citizens for decision-making supportand planning purposes. This
implementation plan should be used as aguide or foundation for detailed and comprehensive planning by local
stakeholders.

Reducing pollutants from unregulated nonpoint sources requires voluntary implementation of best management
practices. Many solutions have benefits to soil health and sustained productivity as wellas water quality. However,
guantifyingthe value of those ecosystem services is difficult, and those benefits are not commonly recognized.
Consequently, wide-spread adoption of voluntary conservation practices is often difficult to achieve. A coordinated
watershed improvement effort for Big Hollow Lake could address some of these barriers by providing financial
assistance, technical resources, and information/outreach to landowners to encourage and facilitate adoption of
conservation practices.

What are the primary challenges for water qualityimplementation?

In most lowa landscapes, implementation requires changesinland management and/oragricultural operations.
Management decisions mayinclude changesinthe numberof acres that are actively tilled and the diversity and rotation
of crops produced. These changes present challenges to producers by requiring new equipment (e.g., no-till planters),
narrowing planting, harvesting and fertilization windows, and necessitating more active and complexfarm management.

Additionally, potential short-termlosses inyields are more easily recognized and quantified than long-term benefits to
soil health and sustained productivity. Itis not easy to overcome existing incentives and the momentum of current
practices. Promotingalonger-termview with an emphasis on long-term soil fertility, production, agroecosystem health,
and reducedinput costs will be essential for successful, voluntary implementation by willing conservation partners.
However, water quality improvement and enhancement of Big Hollow Lake as a recreational resource are certainly
attainable goals, and are appropriate and feasible near-term goals fora coordinated watershed improvement effort.

Draft TMDL -9- May 2025
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Required Elements of the TMDL

This WQIP has been preparedin compliance with the currentregulations for TMDL development that were promulgated
in 1992 as 40 CFR Part 130.7 in compliance with the Clean Water Act. These regulations and consequent TMDL

developmentare summarized below in Table 1-1.

Table 1-1. Technical Elements of the TMDL.

Name and geographiclocation of the impaired or
threatened waterbody for whichthe TMDL is being
established:

Big Hollow Lake, Waterbody ID |A 02-ICD-6496,
Locatedin S17, T71N, R3W, 5 miles southwest of
Mediapolis.

Surface water classification and designated uses:

Al- Primary Contact
B(LW) - AquaticLife
HH - Human Health (fish consumption)

Impaired beneficial uses:

A1l - Primary Contact (IR 5a)
B(LW) - AquaticLife (IR 5a)

TMDL priority level:

Priority Tierll

Antidegradation Level:

Tierl

Identification of the pollutants and applicable water
quality standards (WQSs):

Poorwater transparency due to algae and turbidity.
Associated pHissues stemming from algal growth.

Quantification of the pollutantloads that may be
presentinthe waterbody and still allow attainment
and maintenance of WQSs:

Impairments were associated with total phosphorus

(TP). The allowable averageannual TP load = 2,188.1

Ibs/year; the allowable maximum daily TP load = 18.7
Ibs/day.

Quantification of the amountordegree by which the
currentpollutantloadsinthe waterbody, including
the pollutants from upstream sources thatare being
accounted foras backgroundloading, deviate from
the pollutantloads needed to attain and maintain
WQSs:

The existing growing season load of 7,414.5 |bs/year
must be reduced by 5,226.4 |bs/yearto meetthe
allowable TP load. Thisis a reduction of
approximately 70 percent.

Identification of pollution source categories:

The US Gypsum treatmentfacility is the only
permitted point source requiring pHlimits on
effluentdischarged. This facility is also the only
dischargerof phosphorusin the watershed. Nonpoint
sources of phosphorusinclude fertilizerand manure
fromrow crops, sheetandrill erosion from row crops
and pasture, gully and streambank erosion, wildlife,
septicsystems, groundwater, atmospheric
deposition, and others.

Wasteload allocations (WLAs) for pollutants from
pointsources:

The US Gypsum treatment facility is receivingan
annual TP WLA of 80 lbs/yr, which equatesto 2
Ibs/day maximum daily load. In addition, 201bs/yris
beingheld asa reserve forthe potential of onsite
septicsystemsto convertto a General Permit#4
(GP#4) discharge permit. The single point source
discharging pHsensitive effluentis permitted
between 6.5and 9.0 pH, similarto WQS for lake
impairmentlevels

Load allocations (LAs) for pollutants from nonpoint
sources:

The allowable annual average TP LAis 1,869.3
Ibs/year, and the allowable maximum daily LA is 15.9
Ibs/day.
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An explicit 10 percent MOS of isincorporatedinto

A margin of safety (MOS): thisTMDL. The MOS annual average TP is 218.8 |bs/yr
and the allowable maximum daily MOSis 1.9 |bs/day.
The TMDL is based on annual TP loading. Although
daily maximum loads are provided to address legal
Consideration of seasonal variation: uncertainties, the average annual loads are critical to
in-lake water qualityand lake/watershed
management decisions.

For the US Gypsum treatment facility, reasonable
assurance is provided through the NPDES permit. For
nonpointsource, reasonable assurance is provided
by: (1) a listof BMPs (see Section 4 of this WQIP) that
would provide phosphorus reductions, (2) agroup of
nonstructural practices that prevent transport of
Reasonable assurance thatload and wasteload phosphorus, (3) proposed methodology for
allocations willbe met: prioritizing and targeting BMPs on the landscape, (4)
bestavailable dataforestimatingthe
efficiency/reduction associated with BMPs, (5)
development of comprehensive watershed
management planthataddressesthe pollutant of
concern, and (6) local stakeholders already planning
for implementation of BMPs.

Although watershed development may continuein
the future, an increase inthe pollutantload from
land use change is not expected.

An implementation planis outlinedin Section 4 of
this WQIP. Phosphorusloadingand associated
impairments must be addressed through avariety of
voluntary management strategies and structural
practices. Emphasis on watershed best management
practices.

Allowance forreasonably foreseeable increasesin
pollutantloads:

Implementation plan:
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1. Introduction

The Federal Clean Water Act requires all states to develop lists of impaired waterbodies that do not meet water quality
standards (WQSs) and support designated uses. This list of impaired waterbodies is referred to as the state’s 303(d) list.
In additionto developing the 303(d) list,a TMDL must be developed foreach impaired waterbody included onthe list. A
TMDL is a calculation of the maximum amount of a pollutant that a waterbody can tolerate without exceeding WQSs
and impairing the waterbody’s designated uses. The TMDL calculation is represented by the following general equation:

TMDL = LC =2 WLA +2 LA+ MOS

Where: TMDL = total maximum dailyload

LC = loading capacity

2 WLA = sum of wasteload allocations (point sources)
LA  =sumofloadallocations (nonpoint sources)
MOS = margin of safety (to account for uncertainty)

One purpose of this WQIP for Big Hollow Lake, located in Des Moines County in eastern lowa, is to provide aTMDL for
algae, turbidity, and pH, which has decreased water quality in the lake. Another purpose is to provide local stakeholders
and watershed managers with atool to promote awareness and understanding of water quality issues, develop a
comprehensive watershed management plan, obtain funding assistance, and implement water quality improvement
projects. Over-abundance of phosphorusis largely responsible for excessive algal growth, which impairs the primary
contact designated use of Big Hollow Lake. The impairments are addressed by development of a TMDL that limits TP
loadsto the lake. Phosphorus reductions should be accompanied by reduced algal growth, reduced turbidity, and
stabilized pHfluctuationsin the watercolumn.

The plan alsoincludes descriptions of potential solutions to the impairments. This group of solutionsis presented as a
toolbox of BMPs forimproving water quality in Big Hollow Lake, with the ultimate goal of meeting WQSs and supporting
designated uses. These BMPs are outlined in the implementation planin Section 4.

The DNR recommends a phased approach to watershed management. A phased approachis helpfulwhen the origin,
interaction, and quantification of pollutants contributing to water quality problems are complex and difficult to fully
understand and predict. Iterative implementation of improvement practices and additional water quality assessment
(i.e., monitoring) willhelp ensure gradual progress towards meeting WQSs, maximize cost efficiency, and prevent
unnecessary orineffective implementation of costly BMPs. Implementation guidanceis provided in Section 4 of this
reportand water quality monitoring guidance is provided in Section 5.

This plan will be of limited value unless additional watershed improvement activities and BMPs are implemented. This
will require the active engagement of local stakeholders and land owners. Experience has shown thatlocally-led
watershed plans have the highest potential for success. The DNR has designed this plan for stakeholder use and may be
able to provide technical support forthe improvement of water quality in Big Hollow Lake.
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2. Description and History of Big Hollow Lake
Big Hollow Lake is located in Des Moines County approximately five miles southwest of the City of Mediapolis.

Construction on Big Hollow Lake dam was completed in 2008. The lake is located within the 798-acre Big Hollow
Recreation Area, which is owned and managed by the Des Moines County Conservation Board (CCB). The lake and
recreation area provide camping, fishing, hunting, horseback riding, shooting range, and other outdoorrecreation

activities forthe public. Figure 2-1isa 2019 aerial photograph with the boundaries of the watershed shown.

Table 2-1 lists some of the general characteristics of Big Hollow Lake and its watershed. Estimation of physical

characteristics such as surface area, depth, and volume are based on a bathymetricsurvey conducted by the DNRin

August of 2013.

Table 2-1. Big Hollow Lake Watershed and Lake Characteristics.

DNR Waterbody ID Code

IA 02-1CD-6496

12-Digit Hydrologic Unit Code (HUC)

070801041203

12-Digit HUC Name

Big Hollow - Flint Creek

Des Moines County, S17, T7IN, R3W; 5 miles

L i . .

ocation southwest of Mediapolis

Latitude 40.944° N (ambientlake monitoringlocation)
Longitude 91.237° W (ambient lake monitoringlocation)

Designated Uses

Al - Primary Recreation
B(LW) - AquaticlLife
HH - Human Health (fish consumption)

Tributaries

Big Hollow Creek, Unnamed streams

Receiving Waterbody

Big Hollow Creek

Lake Surface Area? 169.1 acres
Length of Shoreline 37,305 feet
Shoreline Development Index 3.88
Maximum Depth'? 56.8 feet
Mean Depth? 16.1 feet

Lake Volume?

2,701 acre-feet

Watershed Areat

4,733 acres (includeslake)

Watershed:Lake Ratio?

27:1

Hydraulic Lake Residence Time?

232 days

IPer August 2013 bathymetric survey.

2(Watershed Area - Lake Area) / Lake Area.

3BATHTUB model prediction for average annual conditions (2015-2023).

Draft TMDL

-13 -

May 2025



Big Hollow Lake - Des Moines County

Water Quality Improvement Plan Description and History of Big Hollow Lake
[ Roscoe - P2
st Fra R At : pa
; Mediapoli -
G | 2 = Yellow Springs i
i oo A Township
Washington G
Township 8,
)
=
G A
J'!." { (..r."(
Pleosant
Grove
2|
5
. e =
E 3 Benton
Pleasant Grove = = o '
, 2 I Township
Township e @‘
'Padgevjrle L
Franklin Legend
Township EbBig Hollow Lake Watershed
3 Big Hollow Lake
#we Big Hollow Creek
frsd] - - - |~ Other Named Streams (USGS)
£t 1 (. Big Hollow Creek Recreation Area
= . b S .
el e : ? C Political Township
E . r'.'r-,_ Municipal Boundary
ABA ,, @ e ¥ ] 1 2 2 Mikse C Former Village or Unincorporated Area

Figure 2-1. Big Hollow Lake Vicinity Map.

2.1 2021 Water Quality ImprovementPlan and Related Documents

In 2010, a watershed technical advisory committee (TAC) was formed to discuss water quality improvement efforts at
Big Hollow Lake. The TACwas made up of representatives from the Des Moines County Soil and Water Conservation
District (SWCD), CCB, Natural Resource Conservation Service (NRCS), DNR, lowa Department of Agricultureand Land
Stewardship (IDALS), and Fyra Engineering. Subsequent activity led to the development of two documents: 1) a WQIP
and 2) a Watershed Management Plan (WMP).

Water Quality Improvement Plan

In 2021, a WQIP was completed by the DNR and submitted to EPA forreview and approval. This plan addressed the
impairments of pHand algae. However, the 2021 WQIP neverreceived approval and significanttimehad lapsed,
necessitating updating and revising the WQIP to include the most current monitoring dataand an additional impairment
for turbidity. This WQIP supersedes the 2021 WQIP.

Watershed Management Plan

In April 2022, a WMP forthe Big Hollow Lake watershed was completed by Fyra Engineering. This WMP was written
based on the 2021 WQIP. Although results for both WQIPs are different, the solution to the impairments and improved
waterquality isthe same, whichisto reduce nutrients, specifically phosphorus. The purpose of the WMP is to identify
sources of water quality problems and develop a management plan forimproving the lake’s water quality (Fyra, 2022).
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The WMP includes: 1) the elements of a9-Element plan required for 319 funding; 2) an implementation planincluding
goals and objectives; and 3) encourage watershed communityinvolvement.

Improvements
Duringthe spring of 2024, two new sedimentation basins were constructed within the watershed, west of the
campground, in areas where significant gully erosion was observed.

Water Quality History

Water quality data were collected from 2000 through 2023 by lowa State University (ISU) through the statewide survey
of lowa Lakes. In addition, datawere collected by the DNRTMDL lakes programin 2019. Data were available for Big
Hollow Lake from 2011 to 2023, which includesthe 2024 305(b) assessment period of 2018 to 2022.

2.2 Big Hollow Lake

Hydrology

Daily precipitation datawere obtained from the Burlington Station, downloadable from the lowa Environmental
Mesonet (IEM). Daily potential evapotranspiration (PET) datawere obtained from the lowa Ag Climate Network,
downloadablefromthe IEM (IEM, 2024b). The lowa State Climatologist provides quality control of these data. Daily
observations between January 1, 2011 and December 31, 2023 were used in climate assessment and model
development. Table 2-2reports weather station information.

Table 2-2. Weather Station Information for Big Hollow Lake.

Data Temperature/Precipitation Potential ET
Network IACLIMATE ISU AgClimate/ISUSoil
Moisture
Station Name (ID) Burlington (I1A1060) Crawfordsville (CRFI4)
Latitude 40.83° 41.19°
Longitude -91.17° -91.48°

Source: https://mesonet.agron.iastate.edu/climodat

Average annual precipitation near Big Hollow Lake was 38.3 inches from 2011-2023. The annual average precipitation
duringthistime period was less than the 30-year annual average of 40.3 inches. Figure 2-2illustrates the annual
precipitation totals, along with lake evaporation (estimated as 100 percent of annual PET). This chart shows an inverse
relationship between precipitation and lake evapotranspiration (ET), mainly due to climatological factors such as cloud
coverand temperature. Wetyears show a surplus of precipitation, while dry years such as 2012, 2020, and 2022 show a
precipitation deficitin comparison tolake ET. The estimated annual lake ET of 44.7 inches is higherthan the annual
precipitation overthe modeled time period. This shows that watershed runoffis needed to maintain a steady state
condition forlake waterlevels overalong modeling period. The dataset forlake ET was not complete forthe year 2014
due to missing data during the months of May, June, and July. To account for this the average ET from 2000 - 2023 was
usedforthose three months.
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Figure 2-2. Annual Precipitation and Estimated Lake Evaporation.

Precipitationvaries greatly by seasonin lowa, with approximately 63 percent of annual rainfall taking place in half of the
year (April through September). Monthly average precipitationisillustrated in Figure 2-3, along with estimated
evapotranspiration (ET) in the watershed based on vegetation cover. Although precipitationis highest during the
growingseason, sois ET, and a monthly moisture deficit occasionally occurs. Note that watershed ET s typically higher
than lake evaporationinthe summermonths, aresult of hightemperatures and vegetation transpiring large volumes of
moisture from the soil during the peak of the growing season. Itis often during this period that harmful algal blooms
develop inwaterbodies, as water heats up and lake flushingis minimal.
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Figure 2-3. Monthly Precipitation and Estimated ET for the Big Hollow Lake Watershed.

Rainfall runoff, direct precipitation, evapotranspiration, shallow groundwater flow, and deep aquiferrecharge are all
part of the lake’s hydrologic system. Estimated residence time is based on annual precipitation and evaporation data,
Spreadsheet Tool for Estimating Pollutant Load (STEPL) estimates of average annual inflow, and a water balance
calculated withinthe BATHTUB model. The BATHTUB water balance calculation includes: inflows (from STEPL), direct
precipitation, evaporation calculated from measured PET at Crawfordsville, lowa, and lake morphometry.

Duringyears of below average precipitation the residencetime increases. In wetyears, the opposite istrue as residence
time decreases. In lakes with smaller watershed to lake ratios, the residence time may be longer than lakes with larger
watershedto lake ratios. The average residencetime in Big Hollow Lake is 233 days.

Morphometry

Accordingto the most current bathymetricdata (August 2013), the surface area of BigHollow Lake is 169.1 acres. The
estimated watervolume of the lake is 2,701 acre-feet (ac-ft), with amean depth of 16.1 ft and a maximum depth of 56.8
ftinthe western section of the lake nearthe outfall. The reservoir, like most man-made stream impoundments, has an
irregular shape, with small dissected arms thatlead to upland overland flow paths. Evidence of gullyerosion nearthe
lake, and sedimentation in upstream basins, suggest that the watershed of Big Hollow has a large impact on water
quality. The significance of sediment (and associated phosphorus) loading from the watershed is furtherevidenced by a
highshoreline developmentindex of 4.91. Values greaterthan 1.0 suggest the shoreline is highly dissected and
indicative of a high degree of watershed influence (Dodds, 2000). High indexes are frequently observed in man-made
reservoirs, anditis not surprising that watershed processes are criticallyimportant for the chemical, physical, and
biological processes that take place in Big Hollow Lake. Lake morphometry and bathymetry dataare shownin Figure 2-4.
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Figure 2-4. 2013 Bathymetric Map of Big Hollow Lake

2.3 The Big Hollow Lake Watershed

The watershed boundary of Big Hollow Lake encompasses 4,733 acres (including the lake) and isillustrated in Figure 2-1.
The watershed-to-lake ratiois 27:1. The largerthe ratio the more influence the watershed has on the waterqualityin
the lake and more mitigation efforts willbe required inthe watershed to see water quality improvements. Conversely, a
smallerratioindicates thatthe watershed may notinfluence water quality inthe lake as much as insitu influences. The
ratio of 27:1 meansthatfor every one acre of lake, there are 27 acres of watershed contributing runoff, sediment, and
potential pollutants to the lake. This ratioindicates a successful lake restoration program will be based on both
watershed and lake-based solutions. Mitigation of watershed influence will be required, and in-lake techniques may
have short effective life spansin the absence of watershed improvements and renovations. A prudent watershed
managementstrategy should focus on problem areas that can be most easily addressed and implementing alternatives
that provide multiple benefits in addition to water quality, such asincreased soil health, erosion reduction, and habitat
enhancement. Watershed managementand implementation strategies are discussed in more detail in Section 4-
Implementation Planning.

Land Use

Land use information for the area was created from a windshield survey conducted of the areain the summer of 2020,
fromvarious aerial photography, and from crop data layer (CDL) sets from 2017-2020 through ArcGIS. The predominant
land use is corn and soybean row crops, with row crops making up approximately 70.0 percent of the watershed (Table
2-3 and Figure 2-5). The observed land use, crop rotation, and tillage is also shown for 2020. Extended crop rotations
including small grains were considered as row crops as a conservative calculation in subsequent modelsimulations.
Grassland is an aggregate of alfalfa/hay, ungrazed land, and conservation programs.
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Table 2-3. Big Hollow Lake Watershed Land Uses.
Land Use Description Area (acres) Percent (%)

Row Crop Corn and Soybeans 3,314 70.0
Grassland Un-grazed Grassland, Alfalfa/Hay 190 4.0
Forest Bottomland, Coniferous, Deciduous 534 11.3
Urban Farmstead, Roads 333 7.0
Pasture Grazed grassland 183 3.9
Water/Wetland? Water and Wetland 179 3.8

Total 4,733 100.0

Yncludes Big Hollow Lake surfacearea.

Big Hollow Lake Watershed, Des Moines County
Observed Landuse & Tillage, 2020

Observed Landuse/Tillage
Corn/Soybean Rotation
= Corn/Soybeans/ Oats/Alalfa
I Farmstead Active

Grassland

Pasture
I Road
Il Urban
Hl Vater
W Woodland

& >

Figure 2-5. Big Hollow Lake Watershed Land Use Map.

Soils, Climate, and Topography

The Big Hollow Lake watershed is on the edge of the Rolling Loess Prairie ecoregion. This landform region is the largest
region within the state and extends broadly from the Mississippi Riverinthe east tothe westacross most of the south-
central part of the state. It isa subregion of Pre-lllinoian glacial deposits. Inthe southeast, there are some flat tabular
uplands andthe valleys can be relatively steep and forested (Griffith et al., 1994).
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The watershed is made up mainly of the Taintor and Mahaska soil series. These associations are characterized by flat to
very flat uplands and poorly to somewhat poorly drained soils formed on loess (USDA-NRCS, 1980).

As seeninTable 2-4 the Taintor, Mahaska, and Clinton soils make up a majority of the soils typesin the watershed
comprising 63.9 percent of the watershed. Table 2-4shows the soils, map units, area, percentarea of the watershed,
general description and typical slopes of each soil in the watershed. Figure 2-6is a map of the soil typesinthe
watershed.

Table 2-4. Predominant Soils of the Big Hollow Lake Watershed.

. Map Area .. Hydrologic Typical
IN . A 9 D .
Soil Name Units (ac) sl escription Soil Group | Slopes (%)

Taintor 279 1333 282 | Vervdeep,poorly D 02
drained, formedinloess

Mahaska 280 1237 261 | Verydeep,somewhat c/D 02
poorly drained, loess

. 80C; Very deep, moderately

Clinton 80C2 456 5 well drained, loess ¢ 2-9
Verydeep, well drained,

Lindley 424 322 5.6 upland positioned glacial C 14-40
till

Nira 570 301 64 | Vervdeep moderately c 2.9
well drained, loess

. Very deep, moderately

Hedrick 571 269 5.7 . C 2-5
well drained, loess

Nodayvay— 7308 158 33 Shares c.h‘aracterlstlcs of B 9.5

Cantril-Klum each soilincomplex

Gara-Rinda 89302 115 24 Shares c.h_aracterlstlcs of C 9-14

Complex each soil in complex

Givin 75 77 16 | /ervdeep,somewhat c/D 1-3
poorly drained, loess

Other Minor 465 112 Minor soils, complexes, N/A .

Soils guarry, water

Totals 4733 100.0 Varies Varies
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Figure 2-6. Big Hollow Lake Soil Classification Map.

Elevationsin the watershed range from a maximum of 964 feet North American Vertical Datum 1988 (NAVD 88) to a
minimum of 800 feet NAVD 88. The average slope class of the watershed is Class A with nearly flat (0 - 2 percentslope)
regions making up a large percentage of the watershed at 53.3 percent. Table 2-5. Slope Classifications of the Big Hollow
Lake Watershed. shows the percentage breakdown of slope classifications throughout the watershed and Figure 2-7
illustrates the distribution of the slopes within the Big Hollow Lake watershed. Note, the extremely flat uplands, the
gully formations closerto the lake inlets, and the slopes of an operational gypsum minelocated in the watershed.

Table 2-5. Slope Classifications of the Big Hollow Lake Watershed.

Slope Class (%) Area (%) D:r:::glc; Z:f
ClassA (0-2) 53.3 Nearly Flat
ClassB(2-5) 20.8 Gentlysloping
ClassC(5- 8) 12.5 Moderately Sloping
ClassD (8 -15) 6.2 Strongly Sloping
ClassE (15 - 30) 2.5 Moderately Steep
ClassF (30 and up) 4.7 SteeptoVery Steep

Total 100.0 ---
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The combination of soil classification, slope, topography, and hydrologicsoil group (discussed more in Appendix D)
indicate that the majority of non-agricultural areas in the Big Hollow Lake watershed would not be tile drained while
some of the upland crop areas may be tile drained. The absence of drainage district data could indicate that minimal
formal drainage is presentinthe watershed. However, agricultural management practices related to tile drainage may
change in the future, which may lead to changesin watershed loadingand its effects on Big Hollow Lake.
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Figure 2-7. Slope Classifications in the Big Hollow Lake Watershed.
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3. TMDL for Algae, Turbidity, and pH

ATMDL isrequired for BigHollow Lake by the Federal Clean Water Act. This section of the WQIP quantifies the
maximum amount of total phosphorus (TP) the lake can assimilate and still fully support primary contact recreation and
aquaticlife in Big Hollow Lake, which isimpaired by algae, turbidity, and fluctuations in pH. This sectionincludes an
evaluation of Big Hollow Lake water quality, documents the relationship between algae, turbidity, pH, and TP in Big
Hollow Lake, and quantifies the in-lake target and corresponding TMDL. It is assumed the TMDL for algae will also
address the pHimpairmentsince both are attributed to excess nutrients, particularly phosphorus.

3.1 ProblemIldentification

Big Hollow Lake is protected forthe following designated uses:
e Primary Contact Recreational Use - Class Al
e Agquaticlife - Class B(LW)
e Human Health - Class HH

The 2024 Section 305(b) Water Quality Assessment Reports state the Class Aland Class BLW uses of Big Hollow Lake
were assessed as “not supported” due to violations of their respective water qualitycriteria. The 2024 assessmentcan
be accessed at https://programs.iowadnr.gov/adbnet/Segments/6496/Assessment/2024.

Applicable Water Quality Standards

The State of lowa WQSs are publishedinthe lowa Administrative Code (IAC), Environmental Protection Rule 567,
Chapter61 (http://www.legis.iowa.gov/DOCS/ACO/IAC/LINC/Chapter.567.61.pdf). Although the State of lowa does not
have numericcriteriafor sediment, nutrients, oralgae (chl-a), general (narrative) water quality criteriabelow do apply:

61.3(2) General water quality criteria. The following criteriaare applicableto all surface watersincluding general useand
designated use waters, atall places and at all times forthe uses describedin 61.3(1)“a”.
a. Such watersshall be free from substances attributable to point source wastewater discharges that will settle to
formsludge deposits.
b. Such watersshall be free from floating debris, oil, grease, scum and other floating materials attributable to
wastewater discharges oragricultural practices inamounts sufficient to create anuisance.
c. Such watersshall be free from materials attributable to wastewater discharges oragricultural practices
producing objectionable color, odor or otheraesthetically objectionable conditions.
d. Such watersshall be free from substances attributable to wastewater discharges oragricultural practicesin
concentrations or combinations which are acutely toxicto human, animal, or plantlife.
e. Such watersshall be free from substances, attributable to wastewater discharges oragricultural practices, in
guantities which would produce undesirable or nuisance aquaticlife.

The specificWQS for pH impairments forboth Class “A” and Class “B” water are listed in subparagraphs 61.3(3)”a”(2)
and 61.3(3)"b”(2):
The pH shall not be lessthan 6.5 nor greaterthan 9.0. The maximum change permitted as a result of a waste
discharge shall notexceed 0.5 pH units.

In 2010 the State of lowa enacted an antidegradation policy. This policy was designed to maintain and protect high
quality waters and existing water quality in other waters from unnecessary pollution. Protection levels (ortiers) as
defined by the lowa Administrative Code (IAC) 567-61.2 are cited below.

567-61.2(2)(a) Tier 1 protection. Existing surface water uses and the level of water quality necessary to protect
the existing uses will be maintained and protected.

For 303(d) listing purposes, aesthetically objectionable conditions due to algae can be presentin a waterbody when
Carlson’s TrophicState Indices (TSI) forthe median growing season chl-a or Secchi depth exceed 65. In orderto delist
the algae and turbidity impairments for Big Hollow Lake, the median growing season for chl-aand Secchi depth TSI must
not exceed 63 for one listing cycle, per DNR delisting methodology (DNR, 2023). In orderto delistthe pHimpairment for
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Big Hollow Lake, pHviolations from water quality sampling must not be significantly greaterthan 10 percent forone
listing cycle, per DNR delisting methodology (DNR, 2023).

Problem Statement
The 2024 305(b) report assesses water quality in Big Hollow Lake as follows:

“The Class Al use was assessed (monitored) as ‘not supported’ due to the presence of aesthetically
objectionable conditions caused by non-algal turbidity, algal blooms and violations of the Class Alcriterion for
pH. The Class BLW use was assessed (monitored) as ‘not supported’ due to violations of the Class BLW criterion
for pH.”

High levels of algal production and turbidity fueled by phosphorus loads to the lake cause the impairment. These
elevated algae levels can cause pH fluctuations that can also impair the aquaticlife designated uses. TP loads must be
reducedinorderto reduce algae and fully supportthe lake’s designated uses. The TP reductions willreduce chl-a(an
algae indicator) and subsequently lower pHin the watercolumn.

Data Sources and Monitoring Sites
Sources of data usedin the development of this TMDL include those used in the 2024 305(b) report, several sources of
additional water qualitydata, and non-water quality related data used for model development. Sources include:
e Ambient Lake Monitoringand / or TMDL monitoringincluding:
o Resultsof available statewide surveys of lowa lakes sponsored by the DNR and conducted by lowa State
University 2011-2023
e Precipitation dataatBurlington, lowa, the ISUlowa Environmental Mesonet. (IEM, 2024a)
e PET data at Crawfordsville, lowa, the ISUAg Climate Network (IEM, 2024b)
e 3-m Digital Elevation Model (DEM) available fromthe DNR GIS library
e SSURGO soilsdatamaintained by United States Department of Agriculture -Natural Resource Conservation
Service (USDA-NRCS)
e Aerialimages (various years) collected and maintained by the DNR
o Lake bathymetricdatacollectedin August 2013
e Crop Data Layers (CDL) from multiple yearsinthe DNR ArcGIS servers

Interpreting Big Hollow Lake Data

The 2024 305(b) assessment was based on results of the ambient monitoring program conducted from 2018 through
2022 by ISU and from supplemental samples collected in 2019 by the DNRTMDL lakes program. Assessment of available
in-lake water qualityin this TMDL utilized available ISU data from 2015-2023. Allin-lake datawas collected atthe
ambient monitoring location, whichis shownin Figure 3-1. Development of the in-lake target, the TMDL, and
impairment status are based on data collected at this location, per DNRassessment methodology. In-lake water quality
dataisshownin AppendixC.
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Figure 3-1. Ambient Monitoring Location for Water Quality Assessment.

Carlson’s TrophicState Index (TSI) was used to evaluate the relationships between TP, algae (chl-a), and transparency
(Secchidepth)inBig Hollow Lake. TSI values are not a water quality index but anindex of the trophicstate of the
waterbody. However, the TSl values for Secchi depth and chl-acan be used as a guide to establish water quality
improvement targets.

Ifthe TSI valuesforthe three parameters are the same, the relationships between the TP, algae, and transparency are
strong. If the TP TSI value is higherthan the chl-a TSI, it suggests there are limitations to algal growth besides
phosphorus. Figure 3-2isa plot of the individual TSI values throughout the analysis period (2015-2023). It should be
noted that samples were not collected in 2020 due to concerns related to the COVID-19 pandemic. TSl values that
exceed the 303(d)-listing threshold of 65 (for chl-aand Secchi depth) are contained within the red box and TSl values
from the 2024 305(b) (2018-2022) assessment period are withinthe blue box. Data pointsinthe areaof overlapinboth
the red box and the blue box indicate TSI values higher than the 303(d)-listing threshold during the 2024 305(b)
assessment period. Table 3-1shows the overall average and median TSl values for Secchi depth, chl-a, and TP forthe
analysis period.
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Figure 3-2. TSI Values for Individual Samples in the Analysis Period.

Table 3-1. Average and Median TSI Values for the Analysis Period (2015-2023).

Secchi Depth Chlorophyll-a Total Phosphorus
Average TSI Values 56 66 74
Median TSI Values 66 64 70

Annual average TSl values forthe analysis period can be seenin Figure 3-3. The water clarity trend for the analysis
periodisnegative, with increasing TSI values for Secchi depth, chl-a, and TP. From the data it is observed that TP(TSI)
values are consistently higherthan chl-a(TSI) values, which would suggest that factors besides TP may be limiting (i.e.,
controlling) algal growth at certain times of the yearand under certain conditions. However, there are occurrences of
chl-a(TSI) values greaterthan 70, and a number of instancesin which the chl-a TSl is higherthan TP TSI. Thisindicates
that algal blooms do occur and suggests that TP is often the limiting factor. In addition, average TSl values for TP and chl-
a are higherthanfor Secchi depth, indicating thatalgae dominate light attenuation, but some factors such as nitrogen
limitation, zooplankton grazing, or toxics limit algal growth (Carlson and Simpson, 1996).

The chl-a(TSI) value in 2017 appears to be abnormally low, skewingthe trend line. The low chl-avalue could be aresult
of 1) the phosphorus beingtied to sedimentand notavailableforalgal production, 2) a higherthan normal
concentration of zooplankton feeding on the algae consequently, reducingthe amount of algae in the lake, or 3)
samplingerror. Table 3-2 shows the average and median TSI values for Secchi depth, chl-a, and TP forthe 2024 305(b)

assessment period (2018-2022).
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Figure 3-3. Annual Average TSI Values.

Table 3-2. Average and Median TSI Values for the 2024 IR Assessment Period (2018-2022).

Secchi Depth Chlorophyll-a Total Phosphorus
Average TSI Values 57 67 76
Median TSI Values 68 66 73

Table 3-3 describes the implications of TSI scores on attributes of lakes. TSI values for chl-a, Secchi depth, and TP are
used to estimate algal biomass. However, chl-ais abetter predictorthanthe othertwo.

Table 3-3. Implications of TSI Values on Lake Attributes.

TSI Value Attributes Primary Contact Recreation Aquatic Life (Fisheries)
cutronhv: anoxic hvpolimnia: Warm waterfisheriesonly;
50-60 macrop hy'te robleyras ossib'le [none] percid fishery?; bass may
phytep P be dominant
blue green algae dominate; weeds, algal scums, and low
60-70 algal scums and macrophyte transparency discourage Centrarcid fishery?
problems occur swimmingand boating
. . weeds, algal scums, and low Cyprinidfishery (e.g.,
hyper-eutrophy (light limited). .
70-80 transparency discourage common carp and other
Dense algae and macrophytes L . .
swimmingand boating rough fish)
algal scums, and low . .
. rough fish dominate;
>80 algal scums; few macrophytes transparency discourage L .
L . summer fish kills possible
swimmingand boating

IFish commonly found in percid fisheries include walleyeand some species of perch
2Fish commonly found in centrarcid fisheries includecrappie, bluegill,and bass

Note: Modified from Carlson and Simpson (1996).

Draft TMDL

-27 -

May 2025



Big Hollow Lake - Des Moines County

Water Quality Improvement Plan TMDL for Algae, Turbidity,and pH

Subsequent analyses show the link between the three indices of in-lake water quality. Figure 3-4 shows the relationship
between total phosphorus and Secchi depth TSI values. Figure 3-5shows the relationship between chl-aand TP. Figure
3-6 shows the relationship between Secchi depth and chl-a. The R? values between the various TSl indices are
summarizedinTable 3-4. There is a positive correlation between chl-aand Secchi depth, and aweak positive correlation
between TP and both chl-aand Secchi depth. This suggeststhat transparency issues can be linked to algae growth and
algae blooms. This alsoindicates that targeting phosphorus reductions to reduce algae growth in the watershed should
help toimprove chl-aand Secchi depth TSI values.

Table 3-4. Total Phosphorus, Chl-a, Secchi depth, and Total Nitrogen Relationships and R2 Values.

TSl indicator Total Phosphorus Chlorophyll-a
Total Phosphorus --- 0.023
Chlorophyll-a 0.023 ---
Secchidepth 0.004 0.495
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Figure 3-4. Analysis Period TSI Values for Total Phosphorus and Secchi Depth.
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Figure 3-5. Analysis Period TSI Values for Total Phosphorus and Chlorophyll-A.

Sechi Depthl TSI Values

80

75

70 +

65

[}
(=}

[9,)
(%]

(%)
(=}

35

s0 |

35 +

30

@ Chl-a TSI vs Secchi TSI o] @

R? = 0.495 %) %) %)

30 35 40 45 50 55 60 65 70 75 80 85 90
Chl-a TSI Values

Figure 3-6. Analysis Period TSI Values for Chlorophyll-A and Secchi Depth.

Figure 3-7 and Figure 3-8 illustrates amethod forinterpretingthe meaning of the deviations between Carlson’s TSI
valuesforTP, Secchi depth, and chl-a. Each quadrant of the chart indicates the potentialfactors that may limit algal

Draft TMDL

-29-

May 2025



Big Hollow Lake - Des Moines County
Water Quality Improvement Plan TMDL for Algae, Turbidity,and pH

growthin alake. A detailed description of thisapproachisavailable in A Coordinator’s Guide to Volunteer Lake
Monitoring Methods (Carlson and Simpson, 1996). If the deviation between the chl-aTSland TP TSl is less than zero (Chl
TSI < TP TSI), the data point will fall below the X-axis. This suggests phosphorus may not be the limiting factorin algal
growth. The X-axis, orzeroline, isrelated to TN:TP ratios of greaterthan 33:1 (Carlson, 1996). Because phosphorusis
thoughtto become limiting at ratios greaterthan 10:1, TP deviations slightly below the X-axis do not necessarily indicate
nitrogen limitation.

Pointstothe left of the Y-axis (Chl TSI < SD TSI) represent conditions in which transparency is reduced by non-algal
turbidity, whereas points to the rightreflect situations in which transparency is less than chl-alevels would suggest,
meaningthatlarge particles, ratherthan fine clay particles, influence water clarity. Deviations to the right may also be
caused by high zooplankton populations that feed on algae, keepingthe algal populations lowerthan expected given
otherconditions.

Itisobservedthatin Figure 3-7 there are some large deviations between TP(TSI) and Chl-a(TSl). Additional review
revealedthatthe large deviations occurred earlyin the year (April - June) when temperatures were not warm enough to
promote algae growth. Consequently, there are higherlevels of phosphorus and lower levels of chl-aduring those
months, which would account forthe large deviations. Those points have beenidentified with red triangles.
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Figure 3-7. Phosphorus TSI Deviations Grab Samples for Analysis Period.

For the blue data points, where the watertemperature typically exceeds 23.89°C (75 °F), chlorophyll-aand TP TSI
deviations are divided between positive and negative deviations with 59 percent of samples (13 of 22 samples) below
the x-axiswhile 41 percent of samples (90of 22 samples) are above the x-axis as shown in Figure 3-7. A majority of the
deviations are locatedin the bottom left hand quadrant (9 of 22 samples, 41%) and the upperright-hand quadrant (7 of
22 samples, 32%). Sampleslocated inthe bottom left hand quadrant would indicate smaller particles dominate and
something otherthan phosphoruslimits the growth of algae. Samplesin the upperright-hand quadrant would indicate
large particles dominate and that phosphorus limits the growth of algae.
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Figure 3-8. Phosphorus TSI Deviations Annual Averages for Analysis Period.
Chl-aTSI shows no correlation toannual and growing season precipitation. Secchi depth TSI shows a mild positive

correlationtoannual and growing season precipitation and TP TS| a moderate positive correlation to annual and
growing season precipitation as shown (Figure 3-9, Figure 3-10, and Figure 3-11).
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Figure 3-9. Chl-a TSI Values vs Annual and Growing Season Precipitation.
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Figure 3-10. Secchi Depth TSI Values vs Annual and Growing Season Precipitation.
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Figure 3-11. Total Phosphorus TSI Values vs Annual and Growing Season Precipitation.

In a lake environment, the main two nutrients necessary foralgal bloom development are nitrogen and phosphorus.
Whenone nutrientisinshort supply relative to the other, this nutrient supply will be exhausted first during growth.
Once thisnutrientis no longeravailable, growth is limited. Generally, in lowa lakes, phosphorusis the limiting nutrient.
Ratios of nitrogento phosphorus can provide clues as to which nutrientis limiting growth in agiven waterbody.

The overall TN:TP ratioin water quality samples from Big Hollow Lake, using average grab sample concentrations from
2015-2023, is 26. Accordingto a study on blue-green algae dominance in lakes, ratios greaterthan 17 suggesta lake is
phosphorus, ratherthan nitrogen, limited (MPCA, 2005). Carlson states that phosphorus may be a limiting factor at
TN:TP ratios greaterthan 10 (Carlson and Simpson, 1996). Ratios that fall between 10to 17 are often considered “co-
limiting,” meaning either nitrogen or phosphorusisthe limiting nutrient orlightis limited due to high non-algal turbidity.

Table 3-5 liststhe number of samples foreach nutrient limiting condition for all samples, when TSl(chl-a) is greaterthan
65, and when TSI(SD) is greaterthan 65. Analysis of the TN:TP ratioin Big Hollow Lake samples reveals that the lake is P-
limited 66 percent of the time and co-limited 31 percent of the time. In addition, when the chl-a TSl or the Secchi depth
TSI exceeds 65, the lake is either P-limited or co-limited 100 percent of the time. This analysis reveals that water quality
improvement of algal blooms and turbidity via TP reduction is most feasible. If phosphorus reductions are not
accompanied by reductionsin algal blooms, then reductionsin nitrogen may prove necessary to reduce algae to an
acceptable level.
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Table 3-5. TN:TP Ratio Summary in Big Hollow Lake.

samples Collected # of N-Limited Co-Limited P-Limited
Samples (<10) (10-17) (>17)
All Samples, 2015-2023 22 0 (0%) 5 (23%) 17 (77%)
Samples with Chl-aTSI> 65 16 0 (0%) 4 (25%) 12 (75%)
Samples with Secchi TSI > 65 19 0 (0%) 5 (26%) 14 (74%)
Both Chl-aand Secchi> 65 13 0 (0%) 5(31%) 9 (69%)

The pH valuesforthe assessment period are shownin Figure 3-12. The red boxes represent values outside the

acceptable pHrange. Water quality samples below 6.5and above 9.0 comprising significantly greater than 10 percent of
the total sampleswithinan assessment period triggeranimpairment.

The main cause of pH fluctuationsin Big Hollow Lake is primary production by photosyntheticbiomass. Figure 3-13
reveals a positive correlation (R?=0.1758) between chl-a TSI and pH overthe assessment period of 2015-2023, butthese
samples do not capture the diurnal nature of this phenomenon. Continuous data or data collected at peak production
times (i.e., late in the day on sunny afternoons) would likely strengthen this relationship. Reducing algal productionwill
decrease pHspikesin Big Hollow Lake, and the first step towards reduced algal blooms requires phosphorus load
reductions. The line of best fit for comparing chl-aand pH also shows that when the value forchl-a TSl isless than 63 the
value for pHis lessthan 9.0, meaning both are meeting the WQS.
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Figure 3-13. pH and Chl-a TSI Values During the Analysis Period.

3.2 TMDL Target

General Description of the Pollutant

The 2024 305(b) assessment attributes poor water quality in Big Hollow Lake to excess algae, turbidity,and pH
fluctuationsthatare outside allowablelevels. [t will be important to continue to assess TSI values for chl-aand Secchi
depthas phosphorus reduction practices are implemented. If phosphorus reductions are not accompanied by reductions
inalgal blooms, then reductions of nitrogen may prove necessary to reduce algae to an acceptable level. However,
phosphorus should be reducedfirst, asitisthe primary limiting nutrientin algal growth and pH fluctuations.
Additionally, reductionsin nitrogen thatresultin nitrogen limitation favor growth of harmful cyanobacteria, which have
the ability tofix nitrogen from the atmosphere. These bacteria, often referred to as blue-green algae, can emit
cyanotoxinstothe water, which can harm humans, pets, and wildlifeif ingested.

Table 3-6 reports the Secchi depth, chl-a, and TP at the ambient monitoring location for both existing and simulated
target conditions. In-lake water quality was simulated using the BATHTUB model, which is described in more detail in
Appendix E. The chl-a TSI target of 63 complies with the narrative “freefrom aesthetically objectionable conditions”
criterion. The Secchi depth TSI target of 63 or less complies with the turbidity impairment. Meeting both of these targets
will resultin delisting Big Hollow Lake if attained during one 303(d) listing cycle. Note that TP valuesin Table 3-6 are not
TMDL targets. Rather, they representin-lake water quality resulting from TP load reductions required to obtain the chl-a
and Secchi depth TSltargetsin Big Hollow Lake.
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Table 3-6. Existing and Target Water Quality (Ambient Monitoring Location).

Parameter 2015-2023" 2018-2022° TMDL Target
Conditions
Secchi Depth (meter) 1.4 1.2 1.8
TSI (Secchi Depth) 56 57 51.7
Chlorophyll-a (ug/L) 37.3 42.0 27.2
TSI (Chlorophyll-a) 66 67 63
TP (pg/L) 130.1 148.3 81.1
TSI (TP) 74 76 67.5
pH average 8.5 8.5 6.5-9.0
pH violations/ total % 7/35 (20 %) 6/23 (26 %) *

IModeled period.
22024 Assessment/Listing Cycle Values.
* Less than significantly greater than 10% of pH values outside of the accepted pH range.

Selection of Environmental Conditions

The critical period forthe occurrence of algal blooms resulting from high phosphorus levelsin the lake is the growing
season (April through September). However, long-term phosphorus loads lead to buildup of phosphorus in the reservoir
and can contribute to algal growth and turbidity regardless of when phosphorus first enters the lake. Additionally, the
combined watershed and in-lake modeling approach using EPA’s STEPLand BATHTUB lends itself to analysis of annual
average conditions. Therefore, both existing and allowable TP loads to Big Hollow Lake are expressed as annual
averages. Phosphorusloads are also expressed as daily maximums to comply with EPA guidance.

Waterbody Pollutant Loading Capacity (TMDL)

This TMDL establishes achlorophyll-a TSI target of 63 and a Secchi depth TSI target of 63 using analyses of existing water
quality data, Carlson’s trophicstate index methodology,and a pH target consistent with WQSs. The allowable TP loading
capacity was developed by performing water quality simulations usingthe BATHTUB model. BATHTUB is a steady-state
water quality model that performs empirical eutrophication simulations in lakes and reservoirs (Walker, 1999). The
BATHTUB model was calibrated to available water quality data collected by ISU and SHL from 2015 through 2023.

The BATHTUB modelisdriven by weather, lake morphometry (i.e., size and shape), watershed hydrology, and sediment

and nutrientloads predicted by the STEPLmodel. STEPL utilizes simple equations to predict sedimentand nutrientloads
fromvarious land use and animal sources, and includes atool that estimates potential sediment and nutrient reductions
resulting from implementation of BMPs. STEPL inputincluded local soil, land use, and climate data. A detailed discussion
of the parameterization and calibration of the STEPLand BATHTUB modelsis providedin Appendices D through F.

The annual TP loading capacity was obtained by adjusting the TP loads (tributary concentrations) in the calibrated
BATHTUB model until chl-aand Secchi depth TSIs no greaterthan 63 were attained forthe lake segmentinwhich
ambient monitoring datais collected. Due to the complexity of controllinginternal lake loading and external watershed
loading, many solutions existto meetthe water quality standard criteria. Figure 3-14is a load response curve from the
BATHTUB model showing one possible solution upon which this TMDL was based. It represents a 50 percent reductionin
internal Ploadingand 77.3 percentreductionin watershed P loading. Modeling reductions in external and internal TP
loading shows the annual loading capacity of BigHollow Lake is 2,188.1 lbs/yr.
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Figure 3-14. Simulated Load Response Between Chl-a TSI and TP Load.

In November of 2006, The U.S. Environmental Protection Agency (EPA)issued a memorandum entitled Establishing
TMDL “Daily” Loads in Light of the Decision by the U.S. Court of Appeals forthe D.C. circuit in Friends of the Earth, Inc. v.
EPA, et al., No. 05-5015, (April 25, 2006) and Implications for NPDES Permits. In the context of the memorandum, EPA

“..recommendsthatall TMDLs and associated load allocations and wasteload allocations be expressed in terms
of daily time increments. In addition, TMDLsubmissions may include alternative, non-daily pollutant load
expressionsinordertofacilitate implementation of the applicable water quality standards...”

As recommended by EPA, the loading capacity of Big Hollow Lake for TP is expressed as adaily maximum load, in
additiontothe annual loading capacity of 2,188.1 |bs/year. The annual average load isapplicableto the assessment of
in-lake water qualityand water quality improvement actions, while the daily maximum load satisfies EPA’s
recommendation forexpressing the loading capacity as a daily load.

The maximum daily load was estimated from the growing season average load using a statistical approach thatis
outlinedin more detail in Appendix G. This approach uses a log-normal distribution to calculate the daily maximum from
the long-term (e.g., annual) average load. The methodology for this approach is taken directly from a follow-up guidance
documententitled Options for Expressing Daily Loads in TMDLs (EPA, 2007), and was issued shortly afterthe November
2006 memorandum cited previously. This methodology can also be foundin EPA’s 1991 Technical Support Document for
Water Quality Based Toxics Control. Using the approach, the annual loading capacity of 2,188.1 Ibs/yris equivalenttoan
average daily load of 6.0 pounds perday (Ibs/day) and a maximum daily load of 18.7 Ibs/day.

Decision Criteria for WQS Attainment
The narrative criteriain the WQSs require that Big Hollow Lake support primary contact for recreation. The metrics for
WQS attainmentfor delistingthe impairments are a chl-a TSI and Secchi depth TSI of 63 or lessforone 303(d) listing
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cycle, and pH values not to exceed significantly greaterthan 10 percent of values outside the acceptablerange of 6.5 -
9.0 as defined by DNR IR methodology.

Compliance Point for WQS Attainment

The TSl target for listing and delisting of Big Hollow Lake is measured at the ambient monitoring location shown in Figure
3-1. For modeling purposes, the lake was divided into multiple segments (Figure E-2). To maintain consistency with other
Clean Water Act programs implemented by the DNR, such as the 305(b) assessmentand 303(d) listing process, the TMDL
target is based on water quality of Segment 1, which best represents the ambient monitoringlocation in Big Hollow
Lake.

3.3 Pollution Source Assessment

Existing Load

Average annual simulations of hydrology and pollutant loading were developed using the STEPLmodel (Version 4.3).
STEPL was developed by Tetra Tech, forthe US EPA Office of Wetlands, Oceans, and Watersheds (OWOW), and has been
utilized extensively in the United States for TMDL development and watershed planning. Model description and
parameterization are described in detail in AppendixD.

Using STEPL and BATHTUB to simulate annual average conditions between 2015-2023, the annual TP load to Big Hollow
Lake was estimated to be 7,414.5 |bs/yr. The simulation period (for existing conditions) includes the assessment period
for (the 2024 IR) as well as priorand subsequentyears where monitoring data were available.

Departure from Load Capacity

The TP loading capacity for Big Hollow Lake is 2,188.1 |bs/yrand 18.7 lbs/day (maximum daily load). To meet the target
loads, an overall reduction of 5,226.4 Ibs (70.5 percent) of the TP load is required. The implementation planincludedin
Section 4 describes potential BMPs, potential TP reductions, and considerations for targeted selection and location of
BMPs.

Identification of Pollutant Sources

The existing TP load to Big Hollow Lake is primarily from nonpoint sources of pollution, but doesinclude one (1) point
source operating underaNational Pollution Discharge Elimination System (NPDES) permit. Table 3-7 reports estimated
annual average TP loads to the lake from all known sources, based on the STEPL simulation of average annual conditions
from 2015-2023. The predominant sources of phosphorus to Big Hollow Lake include erosion from row crops and
internal recycling. Row crops comprise 70 percent of the watershed and approximately60 percent of the phosphorus
loadsto the lake (Table 3-7).

Internal recycling of phosphorusinthe lake, sometimes referred to asinternal loading, comprised 19.6 percent of the
average TP load from 2015 - 2023. The BATHTUB model allows users to quantify aninternal loadinginput to the model.
In lakes with substantialinternalloadingissues, inclusion of additional internal load inputs is sometimes necessary.
Internal recycling of phosphorus may be importantin extremely dry conditions, typically late in the growing season,
whenthe waterlevel falls belowthe spillway crest, creating astagnant pool in the reservoir. Reduction of internal loads
isstill thoughtto be a valid water quality improvement alternative, but watershed loads also need to be addressedto
ensure longterm water quality inthe lake.

Phosphorusdischarged fromthe United States Gypsum facility is estimated at approximately one percent of the total

load. In addition, the effluent from this facility is required to maintain a pH between 6.5and 9.0, whichisthe same
range as the WQS forBig Hollow Lake and therefore should notinfluence pHto unacceptable levelsin the lake.
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Table 3-7. Average Annual TP Loads from each Source.

TP Load Percent
(Ibs/yr) (%)
Pastureland Seasonally grazed grassland 103.8 1.4%

Sheetandrill erosion from corn and soybeans
dominated agriculture

Source Descriptions and Assumptions

Row Crops 4,448.6 60.0%

Internal Recycling Phosphorus below thermocline 1,453.7 19.6%
US Gypsum treatment facility and future

PointSources? reserve capacity for GP#4. 100.0 1.3%
Grassland Ungrazed Grassland, Alfalfa/Hay 33.6 0.5%
Forest Forested park grounds surrounding lake 96.1 1.3%
Urban Urban areas, roads, and farmsteads 678.1 9.1%
Groundwater AgrlcuIt;rrsLt::jev\ji;:;:??IrOgV% natural 202.3 2.7%
Gully Gully formationandincision 169.9 2.3%
All Others Wildlife, atmospheric deposition, septics, 128.4 1.7%
streambank
Total 7,414.5 99.9%>

IIncludes 80 Ibs (1%) for US Gypsum treatment facilityand 20 Ibs (0.3%) reserve capacity for future
GP#4 dischargingfacilities.
2Does not equal 100 due to rounding.

Allowance forIncreases in Pollutant Loads

Some allowance forincreased phosphorus loadingincluded as part of this TMDL has been incorporated into this TMDL.
20 Ibs/yrhas beensetaside inreserve toallow forthe conversion of existing onsite septicsystems to a General Permit
#4 (GP#4) dischargingfacility orfacilitygrowth. This allowance has beenincluded as part of the point source load as
showninTable 3-7.

A majority of the watershed isinagricultural row crop production andis likely toremaininthese land usesin the future.
Any future residential orurban development may contribute similar sediment loads and therefore will notincrease
phosphorustothe lake system. There are currently noincorporated unsewered communities in the watershed;
therefore, itis unlikely that a future WLA would be needed foranew pointsource discharge. Any future development of
animal feeding operations (AFO) qualifying as large concentrated animal feeding operations (CAFO) or meeting the
requirements for NPDES permits as small ormedium sized CAFOs will have zero discharge permits.

3.4 PollutantAllocation

Wasteload Allocation

The US Gypsum wastewatertreatmentfacility is located approximately 3.5 miles north of the lake outlet andis the only
permitted pointsource dischargerinthe watershed. The treatment facility is a three-cell controlled-discharge lagoon
that is permitted to discharge twice peryear, once in the spring and once in the fall/early winter. Existing phosphorus
loads from the facility were estimated using daily discharge records and an assumed effluent concentration of 2.0 mg/L
TP. This concentrationis based on the findings of a Minnesota Pollution Control Association (MPCA) study. The study
foundthat TP in lagoon effluent ranges from 1 to 3 mg/L, with the mean and median TP concentrations both equal to
2.0 mg/L (MPCA, 2000).

The estimated load contributed by the US Gypsum facility is approximately one percent of the overall TP load to Big
Hollow Lake. However, because no observed phosphorus data are available for this facility, there is uncertainty
associated with this allocation. The WLA is based on the best estimate of the existing effluent concentration of 2.0mg/L
and actual discharge (flow) records. Using daily monitoring records, it was determined that the 90" percentile of flows
from thisfacility between 2015 - 2023 is 4.77 MG/year, which translates to an annual TP load of 80 lbs/yr. Thisis
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reasonable and most likely a conservative assumption since the facility discharges sanitary waste as well as storm water,
which would have the effect of diluting the effluent. Assumingthatthisloadis discharged overthe course of 40 days the
maximum daily load would be 2Ibs/day. 40 days is based on the 10" percentile of number of days the facility discharged
from 2015 - 2023. In addition, this facility is required to maintain a pH between 6.5and 9.0 in the effluent.

There are two small animal feeding operations within the watershed neither of which are permitted to discharge.
However, manure generated at these facilitiesis applied to row crop and pasturelandin the watershed, whichiis
reflectedinthe LA calculations. Inaddition, there are several onsite septicsystemsin the watershed but they are not
designed or permitted discharge. A portion of the existing septicsystems are assumed to be failing or directly
dischargingtotile drainsand are included as nonpoint sources. Therefore, there is no wasteload allocation (WLA) for
these facilities and onsite systems. However, 201bs/yr has been held in reserve to allow forthe conversion of several
onsite septicsystemsto a GP#4 discharge permit.

Load Allocation

Nonpointsources of phosphorus to Big Hollow Lake include erosion fromland in pasture and row crop production, land
applied manure, erosion from grasslands, erosion from timber/wooded areas, transport from developed areas (roads,
residences, etc.), wildlife defecation, atmospheric deposition (from dustand rain), and groundwater contributions.
Septicsystemsinthis watershed, which are notregulated or permitted underthe Clean Water Act, but can fail ordrain
illegally to ditches, are assumed to have contributed phosphorus to the lake during the assessment period.

Changesin agricultural land management, implementation of structural BMPs, repair or replacement of failing septic
systems, and in-lake restoration techniques can reduce phosphorus loads and improve water quality in Big Hollow Lake.
Based on the inventory of sources, management and structural practices targeting surface runoff contributions of
phosphorus offerthe largest potential reductionsin TP loads.

Table 3-8 shows an example load allocation scenario forthe Big Hollow Lake watershed that meets the overall TMDL
phosphorustarget. The LA is 1,869.3 |bs/year, with amaximum daily LA of 15.9 |bs/day. The daily maximum LA was
obtained by subtracting the daily WLA and daily MOS from the statistically derived TMDL (as describedin Section 3.2
and AppendixG). The specificreductions shownin Table 3-8 are notrequired, but provide one of many possible
combinations of reductions that would achieve water quality goals.

Table 3-8. Example Load Allocation Scheme to Meet Target TP Load.

Draft TMDL

TP Source E’E::tsi;‘ygelg?d (IbsI/-cear) NPS Reduction (%)
Pastureland 103.8 14.5 86
Row Crops 4,448.6 622.8 86
Internal Recycling 1,453.7 726.9 50
PointSource 100.0 100.0 0
Grassland! 33.6 4.7 86
Forest 96.1 13.5 86
Urban 678.1 94.9 86
Groundwater 202.3 202.3 0
Gully 169.9 85.0 50
All Others?? 116.9 86.0 33
Total 7,414.5 1,950.6 --

INon grazed grassland and Alfalfa/Hay.
2Atmospheric contributions, directlake contributions by waterfowl, septics, streambank.
3Represents a 50 percent reduction from septic systems and streambank erosion.
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Margin of Safety

To account for uncertainties in dataand modeling, a margin of safety (MOS) is a required component of all TMDLs.
These uncertainties may include seasonal changes in nutrient concentrations of influent to Big Hollow Lake, changesin
internal recycling that may be seasonal in nature, and maintenance and efficiency of existing BMPs. Implicit and explicit
considerations were used in establishing the MOS for this TMDL. Ultimately, an explicit MOS of 10 percent (218.8 |bs/yr,
1.9 Ibs/day) was utilized.

The 10 percent explicit MOS is deemed appropriateforthe following reasons:
1) The STEPL model overpredictsaTP load that is approximately 0.29 percent higherthan the SPARROW
calibrationsite.
2) The model showsgood agreement between predicted and observed loadings, after calibration, indicating that
the model reasonably reflects the conditionsin the lake.
3) Usingan explicit 10 percent MOS provides an additionallevel of conservatismin the final TMDL calculations.

Reasonable Assurance

Under current EPA guidance, TMDLs that allocate loads to both pointsources (WLAs) and nonpointsources (LAs) must
demonstrate reasonable assurance thatimplementation and pollutant reductions will occur. For point sources,
reasonable assurance is provided through NPDES permits. Permits include operation requirements and compliance
schedulesthatare developed based on water quality protection.

Reasonable assurance forreduction of nonpoint sourcesis provided by the list of potential BMPs that would deliver
phosphorusreductions, agroup of nonstructural practices that prevent transport of phosphorus, a proposed
methodology for prioritizing and targeting BMPs on the landscape, and monitoring for best available datafor estimating
the reductions associated with implemented BMPs. As discussed previously, a WMP has been written and portions of
that plan have already beenimplemented. In addition, the WMP contains a schedule and plan forimplementation of
BMPs in the watershed. Continued monitoring of the lowa DNR as part of the Ambient Lake Monitoring Program will
track the progress and success of implemented projects.

3.5 TMDL Summary
The following general equation represents the TMDL calculation and its components:

TMDL=LC=23 WLA +2 LA+ MOS

Where: TMDL = total maximum dailyload

LC = loading capacity

Y WLA = sum of wasteload allocations (point sources)
LA =sumofloadallocations (nonpointsources)
MOS = marginof safety (to account for uncertainty)

Once the loading capacity, wasteload allocations, load allocations, and margin of safety have all been determined for the
Big Hollow Lake watershed, the general equation above can be expressed for the Big Hollow Lake algae and turbidity
TMDL.

Expressed asthe allowableannual average, which is helpful for water quality assessment and watershed management:

TMDL =LC =X WLA (100 lbs-TP/year) + LA (1,869.3 |bs-TP/year)
+ MOS (218.8 Ibs-TP/year) =2,188.1 Ibs-TP/year

Expressed as the maximum daily load:

TMDL = LC =3 WLA (0.9 Ibs-TP/day) +2 LA (15.9 Ibs-TP/day)
+ MOS (1.9 Ibs-TP/day) =18.7 Ibs-TP/day
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The maximum daily load is presented on a 365 days/year basis to satisfy EPA requirements. However, the point source
discharger (US Gypsum, Permit # 2900103) inthe watershedisaCDL. Consequently, asitdoes notdischarge daily for
NPDES purposes, the US Gypsum facility will be given a WLA of 80 Ibs/yror a maximum daily load of 2 Ibs/day.
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4. Implementation Planning

An implementation planis notarequirement of the CWA. However, the DNR recognizes that technical guidance and
supportare critical to achieving the goals outlined in this WQIP. Therefore, thisimplementation planisincluded for use
by local agencies, watershed managers, and citizens for decision-making support and planning purposes. The BMPs
discussed are potential tools that will help achieve water quality goals if appropriately utilized. Itis possible that only a
portion of BMPs included in this plan will be feasible forimplementation in the Big Hollow Lake watershed. Additionally,
there may be potential BMPs notdiscussed in thisimplementation plan thatshould be considered. Thisimplementation
planshould be used as a guide orfoundation for detailed and comprehensive planning by local stakeholders.

Collaboration and action by residents, landowners, lake users, and local agencies will be essentialto improve water
qualityin BigHollow Lake and supportits designated uses. Locally-led efforts have proven to be the most successfulin
obtainingreal and significant water quality improvements. Improved water quality results in economicand recreational
benefitsforpeople thatlive, work, and recreate inthe watershed. Therefore, each group has a stake in promoting
awareness and educating others about water quality, working togetherto adopt a comprehensive watershed
improvement plan, and applying BMPs and land management changesin the watershed.

4.1 Watershed Planning and Implementation

Since the development of Big Hollow Lake in 2008, agricultural producers have updated management practices, installed
grassed waterways, and implemented conservation tillage practices. The CCB manages the park and recreation area
around the lake and has made continued efforts toimplement BMPs wherever possible. These practices help prevent
and mitigate soil loss from the landscape, which caninturn decrease nutrientand pollutant loading to the lake system.
In addition, sedimentation basins were added to aid in the improvement of the water quality of Big Hollow Lake by
settling out sedimentladen runoff.

4.2 Existing Watershed Planning and Implementation

As discussedin Section 2,a WMP for the Big Hollow Lake watershed was developed by Fyra Engineering. The WMP
includes: 1) the elements of a9-Element plan required for 319 funding; 2) an implement planincluding goals and
objectives; and 3) encourage watershed community involvement. For convenience, a copy of the implementation
schedule contained within the WMP is presented in this document as Table 4-1. At the time of this writing, two
sedimentation basins have been constructed on the west side of the lake. Full effects of these ponds on water quality
may not be known until water quality datais collected and analyzed as part of a future assessment cycle.
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Table 4-1. Implementation Schedule from WMP?!

20-Year Plan Phase 1 Phase 2 Phase 3 Phase 4
# Years 20 1 4 5 10
Practice Goal Cost Cost LUEES Phase Cost RS Phase Cost AT Phase Cost
Goal Goal Goal
Watershed
Coordinator N/A $2,084,466 | $70,000 N/A $309,143 N/A $461,285 N/A $1,244,038
WQ Monitoring N/A $160,000 $8,000 N/A $32,000 N/A $40,000 N/A $80,000
ou N/A $7,000 $2,500 N/A $1,500 N/A $1,500 N/A $1,500
Grassed WW 334 $35,430 SO 84 $8,857 84 $8,857 167 $17,715
Wetlands 316 $126,416 S0 79 $31,604 79 $31,604 158 $63,208
Sediment Ponds 490 $281,917 SO 123 $70,479 123 $70,479 245 $140,958
Terraces 205 $269,384 SO 51 $67,346 51 $67,346 103 $134,692
WASCOBs 130 $237,633 S0 33 $59,408 33 $59,408 65 $118,817
No-Till 580 $2,799 SO 145 $2,900 145 $2,900 290 $5,799
Cover Crops 828 $41,425 SO 207 $20,712 207 $20,712 414 $41,425
Extended 298 $8,948 SO 75 $6,711 75 $6,711 149 $13,422
Rotation ! ! ! !
Perennial
Conversion 166 $31,814 SO 41 $23,861 41 $23,861 83 $47,722
Riparian Buffers 8 $5,178 SO 2 $1,346 2 $1,346 4 $2,693
Streambank
stabilization (ff) 270 $56,700 SO 68 $14,175 68 $14,175 135 $28,350
Gully
Stabilization (ft) 1708 $179,314 S0 427 $44,828 427 $44,828 854 $89,657
Access Control 5000 | $15,000 $0 1,250 $3,750 1,250 $3,750 2,500 $7,500
(Fencing, ft)
Park P Reh
arkPond Rehab 6 $300,000 $0 0 $0 0 $0 6 $300,000
# ponds)
L
ake Forebays ) $500,000 $0 0 50 0 S0 2 $500,000
(# forebays)
Total $4,343,424 | $80,500 $698,620 $858,762 $2,837,496

1Adapted from the WMP. For full details seeTable 7.1 inthe WMP.

4.3 Future Planning and Implementation

General Approach

Watershed managementand BMP implementation to reduce algae in the lake should utilize aphased approach to
improving water quality. The existing loads, loading targets, ageneral listing of BMPs needed to improve water quality,
and a monitoring planto assess progress are established in this WQIP. Completion of the WQIP should be followed by
the development of awatershed management plan by alocal planning group. The watershed plan should include more
comprehensive and detailed actions to better guide the implementation of specific BMPs. Tasks required to obtain real
and significant water quality improvements include continued monitoring, assessment of water quality trends,
assessment of WQS attainment, and adjustment of proposed BMP types, location, and implementation scheduleto
account forchanging conditionsinthe watershed.

Timeline
Planning and implementation of future improvement efforts may take several years, depending on stakeholderinterest,
availability of funds, landowner participation, and time needed for design and construction of any structural BMPs.
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Realization and documentation of significant water quality benefits may take 5-10 years or longer, depending on
weather patterns, amount of water quality data collected, and the successful selection, location, design, construction,
and maintenance of BMPs. Monitoring should continue throughoutimplementation of BMPs and beyond to document
water quality improvement.

Tracking milestones and progress

This WQIP, including the proposed monitoring plan outlinedin Section 5, would address several of the elements
required fora nine-element plan approved by EPA forthe use of 319 funds. [t may also prove useful in attempting to
obtain otherstate and federal funding sources, as available. Establishment of specificshort, intermediate, and long-term
water quality goals and milestones would also be needed for additional funding from available sources. A path to full
attainment of WQSs and designated uses must be included for most funding sources, but efforts should first focus on
documenting water quality improvement resulting from BMPs and elimination of any phosphorus “hot spots” that may
exist.

4.4 Best ManagementPractices

No stand-alone BMP will be able to sufficiently reduce phosphorus loads to Big Hollow Lake. Rather, acomprehensive
package of BMPs will be required toreduce sedimentand phosphorus loads to the lake. The majority of phosphorus
entersthe lake vianutrient loss from cropland, non-grazed grassland and forested land through sheet /rill, and gully
erosion. These sources have distinct phosphorus transport pathways and processes; therefore, each requires adifferent
setof BMPs and strategies.

Othersources, although relatively small on anannualized basis, can have importantlocalized and seasonal effects on
water quality. Itisimportant that all sources are considered to reduce phosphorusloadsinthe most comprehensive
manner possible. Experience has shown that watershed projects thatinvolve widespread “ownership” of potential
solutions have the best chance of success. Atthe same time, resources to address the various sources of phosphorus
should be allocated inamannerthat is reflective of the importance to the impairment: algal blooms and turbidity issues
caused primarily by excess phosphorus loads to the lake and inthe lake. Potential BMPs are grouped into three types:
land management (prevention), structural (mitigation), and in-lake alternatives (remediation).

Land Management (Prevention Strategies)

Many agricultural BMPs are designed to reduce erosion and nutrientloss fromthe landscape. These BMPs providethe
highestlevel of soil conservation and soil health benefits because they prevent erosion and nutrientloss from occurring.
Land management alternativesimplemented in row crop areas should include conservation practices such as no-till and
strip-till farming, diversified crop rotation methods, utilization of in-field buffers, and cover crops. Incorporation of
fertilizerinto the soil by knife injection equipment reduces phosphorus levels, as well as nitrogen and bacterialevels, in
runoff from application areas. Strategictiming of fertilizer application and avoiding over-application may have even
greaterbenefits to water quality. Application of fertilizer on frozen ground should be avoided, as should application
when heavy rainfall is forecasted. Land retirement programs such as the conservation reserve program (CRP), and
conservation reserve enhancement program (CREP) constructed wetlands may be considered where appropriate. Table
4-4 summarizes land management BMPs and associated phosphorus reduction estimates.
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Table 4-2. Potential Land Management BMPs (Prevention Strategies).

BMP or Activity I:::::;:;:f

Conservation Tillage:

Moderate vs. Intensive Tillage 50%

No-Till vs. IntensiveTillage 70%

No-Till vs. Moderate Tillage 45%
CoverCrops 50%
Diversified Cropping Systems 50%
In-Field Vegetative Buffers 50%
Pasture/Grassland Management:

Livestock Exclusion from Streams 75%

Rotational Grazingvs. Constant Intensive Grazing 25%

Seasonal Grazingvs. Constant Intensive Grazing 50%
Phosphorus Nutrient Application Techniques:

DeepTillage Incorporation vs. Surface Broadcast? -15%

Shallow Tillage Incorporation vs. Surface Broadcast? -10%

Knife/Injection Incorporation vs. Surface Broadcast 35%
Phosphorus Nutrient Application Timing and Rates:

Springvs. Fall Application 30%

Soil-Test P Rate vs. Over-Application Rates 40%

Application: 1-month priorto runoff eventvs. 1-day 30%

1Adopted from Dinnes (2004). Actual reduction percentages may vary widelyacross sites and runoff
events.
ZNote: Tillageincorporation canincrease TP inrunoffin some cases.

Structural BMPs (Mitigation Strategies)

Althoughthey do notaddressthe underlying generation of sediment or nutrients, structural BMPs such as sediment
control basins, terraces, grass waterways, saturated buffers, riparian buffers, and wetlands can play avaluable role in
reduction of sedimentand nutrienttransportto Big Hollow Lake. These BMPs attempt to mitigate the impacts of soil
erosion and nutrientloss by interceptingthem before they reach astream or lake. Structural BMPs should be targeted
to “priority areas” to increase their cost effectiveness and maximize pollutant reductions. Landowner willingness and the
physical features of potential sites mustalso be considered when targeting structural practices. These practices may
offeradditional benefits not directly related to water quality improvement. These secondary benefits are important to
emphasize toincrease landownerand publicinterestand adoption. Potential structural BMPs are listed in Table 4-3.
Potential Structural BMPs (Mitigation Strategies)., which includes secondary benefits and potential TP reductions.
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Table 4-3. Potential Structural BMPs (Mitigation Strategies).

Potential TP
BMP or Activit Secondary Benefits .
y Y Reduction!
Soil conservation, preventin-field
Terraces . /P 50%
gullies, prevent wash-outs
Preventin-field gullies, prevent
Grass Waterways & . P . 50%
washouts, some ecological services
. Some ecological services, gull .
Sediment Control Structures? . g - .g ¥ Varies
prevention and mitigation
Ecological services, potential flood
Wetlands? g . P . 15%
mitigation, aestheticvalue
L Ecological services, aestheticvalue,
Riparian Buffers 8 . ) 45%
alternative agriculture
Saturated Buffers Nitrate removal Varies*

IAdopted from Dinnes (2004). Actual reduction percentages may vary widely across sites and runoff

events.

ZNot discussed in Dinnes (2004). Phosphorus removal in sediment basins varies widely and is dependent
upon the sizeof the structurerelativeto the drainagearea, the length:width ratio,and drawdown time
of a specified rainfall/runoff event.

3Note: TP reductions in wetlands vary greatly depending on site-specific conditions, such as thoselisted

for sediment control structures. Generally, removal of phosphorusis lowerin wetlands thanin
sediment control structures. Wetland can sometimes be sources, rather than sinks, of phosphorus
4Limited researchin total phosphorus reduction values

Landownerbuy-in, ease of construction, and difficultyimplementing preventative land management measures all
contribute to the popularity of sediment control structures as a sediment and phosphorus mitigation strategy. Thisis a
proven practice, if properly located, designed, constructed, and maintained. However, if not properly designed and
constructed, sediment control basins may trap substantially less sediment and phosphorus than widely-used rules-of-

thumb that are often assumed when quantifying reductions in the context of awatershed management plan.

To obtainreductionsin TP load necessary to meet water quality targets, land management strategies and structural
BMPs should be implemented to obtain the largest and most cost-effective water quality benefit. Targeting efforts

should considerareas with the highest potential phosphorus loads to the lake. Factors affecting phosphorus

contributioninclude: land cover, steepness of slopes, proximity to the waterbody, tillage practices, and the method,
timing, and amount of manure and commercial fertilizer application.

The STEPL model was used in TMDL developmentto predict phosphorusloads to BigHollow Lake. Figure 4-1shows the
annual phosphorus exportfrom each subbasinin the Big Hollow Lake watershed. Phosphorus export rates range from
316 to 1,570 |bs/year. Figure 4-2shows the annual phosphorus export rate peracre of subbasin. Export rates range from
0.86 to 1.56 |bs/acre-year. The darkershaded basins indicate the heaviest phosphorus export rates and the lighter

shaded basinsindicate the lowest export rates relative to the subbasinsin this study.

More detailed information should be collected in orderto target specific BMPs to specificareas (e.g., singularfields or

waterways) within asubbasin. This level of detailed targetingis best accomplished by local officials working

collaboratively with local stakeholders and land owners.
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Figure 4-1. Pounds of Total Phosphorus export to Big Hollow Lake by Subbasin.
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Figure 4-2. Pounds per Acre of Total Phosphorus export to Big Hollow Lake by Subbasin.

In-Lake BMPs (Remediation Strategies)

Phosphorusrecycled between the bottom sediment and water column of the lake has the potential to be a contributor
of bioavailable phosphorus to lakes. The average annual contribution of TP to the system frominternal loading appears
to be relatively smallin Big Hollow Lake. The reservoir has a s watershed-to-lake ratio (27:1) and a rather deep mean
depth (16.1 ft) and max depth (56.8 ft) compared to other lakes of similarsize, so external inputs typically dwarf internal
recycling. However, internalloading may influence in-lake water under certain conditions despite its relatively
insignificant average annual phosphorus contribution. Internal loads may exacerbate algal bloomsin late summer
periods, especially if lake outflow ceases and watertemperatures exceed normal levels. Itisimportantto understand
that external phosphorus loads from wet weather supply the build-up of phosphorusin the bottom sediments.
Estimates of external loads from the Big Hollow Lake watershed are of large enough magnitude to fully account for
observedin-lake phosphorus and subsequent algae levels. Even in lakes with high suspected internalloads, uncertainty
regarding the magnitude of internal loadsis one of the biggest challenges to TMDL development and lake restoration.
Because of these factors, reductions from watershed sources of TP should be givenimplementation priority. If and when
monitoring shows that the external watershed load has been adequately reduced, then additional in-lake measures may
be warranted.

Brief descriptions of potentialin-lake restoration methods are included in Table 4-4. Potential in-lake BMPs for Water
Quality Improvement.. Phosphorus reduction impacts of each alternative will vary and depend on a number of site-
specificfactors. Itis difficult to determine how much of the internal load is due to each of the contributing factors, and
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equally difficult to predict phosphorus reductions associated with individual improvement strategies. In-lake measures
should be a part of a comprehensive watershed management planthatincludes watershed practicesin orderto
enhance, prolong, and protect the effectiveness of in-lake investments.

Table 4-4. Potential in-lake BMPs for Water Quality Improvement.

In-Lake BMPs Comments

Low to moderate reductionsininternal phosphorusload may be attainedvia
continued fisheries management. The reduction of in-lake phosphorus as a
result of this practice is variable, but the overall health of the aquatic
ecosystem may be improved, which typicallyimproves overall water quality
as well. Resident grass carp may be a problem and could be controlled
through this method.

Fisheries management

Targeted dredgingand Strategicdredging would also increase the sediment capacity, thereby
sedimentbasin reducing sedimentand phosphorus loads to the main body where ambient
improvement conditions are monitored.

Helps establish and sustain vegetation, which provides local erosion
protection and competes with algae for nutrients. Impacts of individual
projects may be small, but cumulative effects of widespread stabilization
projects can helpimprove water quality.

Adding compounds, such as alum, to the water column can help stabilize
phosphorusthat may be resuspended from the lake bottom. This additive
precipitates alayer of flocthat removes phosphorus as it settles to the lake
bottom, and can combine with phosphorus asitis released from sediment

Shoreline stabilization

Phosphorus stabilization

Holistic Approach

An example of a holisticimplementation plan would involve prevention, mitigation, and remediation practices across
the Big Hollow Lake watershed. These may include any of the practices from Table 4-2, Table 4-3, and Table 4-4 at any
scale. Extending grass waterways in conjunction with renovation of existing terraces and contour buffersin cornand
soybean ground will help mitigate soil loss from row crop ground. Addressing gully erosion and streambank sloughing
nearthe park areas may mitigate furthersediment deposition and phosphorus transportto the lake. Further adoption of
agricultural prevention measures like those listed in Table 4-2. Potential Land Management BMPs (Prevention
Strategies). will retain topsoilin the soil profile of the fields and prevent erosion. Potential in-lake strategies such
phosphorus stabilization treatments in Big Hollow Lake are included as well.
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5. Future Monitoring

Water quality monitoringis critical forassessing the current status of water resources as well as historical and future
trends. Furthermore, monitoringis necessary to track the effectiveness of BMP implementation, to document
attainment of TMDLs, and progress towards meeting WQSs.

Future monitoringinthe Big Hollow Lake watershed can be agency-led, volunteer-based, or acombination of both. For
those interested in participatingin avolunteer based water quality monitoring program, more information can be found
at the program website: http://www.iowadnr.gov/Environmental-Protection/Water-Quality/Water-
Monitoring/Volunteer-Water-Monitoring.

Volunteer-based monitoring efforts should include an approved water quality monitoring plan, called a Quality
Assurance Project Plan (QAPP), in accordance with lowa Administrative Code (IAC) 567-61.10(455B) through 567-
61.13(455B). The IACcan be viewed here: https://www.legis.iowa.gov/docs/iac/chapter/01-18-2017.567.61.pdf.

Failure to prepare an approved QAPP will prevent data collected from being used to evaluate the waterbody inthe
305(b) Integrated Report - the biennial assessment of water quality in the state, and the 303(d) list- the listthat
identifiesimpaired waterbodies.

5.1 Routine Monitoring for Water Quality Assessment

Data collectionin Big Hollow Lake to assess water quality trends and compliance with WQSs will include monitoring
conducted as part of the DNR Ambient Lake Monitoring Program. The Ambient Lake Monitoring Program was initiatedin
2000 inorder to betterassessthe water quality of lowa lakes. Typically, one location near the deepest part of the lake is
sampled, and many chemical, physical, and biological parameters are measured.

The Ambient Lake Monitoring Program sampling parameters are reportedin Table 5-1. At least three sampling events
are scheduled every summer. Samples are collected from as early as May 1 to as late as October 31. While the ambient
lake monitoring program can be used toidentify trends overall and in-lake water quality, it does not necessarily lend
itself to calculation of watershed loads, identification of individual pollutant sources, or the evaluation of BMP
implementation.

Table 5-1. Ambient Lake Monitoring Program Water Quality Parameters.

Chemical Physical Biological
Total Phosphorus (TP) Secchi Depth Chlorophylla
Orthophosphate Temperature Phycocyanin?
Total KjeldahlNitrogen (TKN) Dissolved Oxygen (DO) Microcystin?
Ammonia Turbidity
Un-ionized Ammonia Total Suspended Solids (TSS)
Nitrate + Nitrite Nitrogen Total Fixed Suspended Solids
Alkalinity Total Volatile Suspended Solids
pH SpecificConductivity
Total Dissolved Solids Thermocline Depth
TP Below Thermocline? Lake Depth

INot typically included with the ambient monitoring samples. However, data on these parameters can be
provided by additional sampling collected by the DNR.

5.2 Expanded Monitoring for Detailed Analysis

Given currentresources and funding, future water quality data collectionin the Big Hollow Lake watershed to assess
water quality trends and compliance with WQSs may be limited. However, there may be enoughinterest by local
stakeholderstoseek out fundingtoimplement BMPs and allow for future monitoring of those practices to ensure
phosphorus and other pollutant reductions to Big Hollow Lake.
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Data available fromthe DNR Ambient Lake Monitoring Program will be used to assess general water quality trends and
WQS violations and attainment. More detailed monitoring datais required to reduce the level of uncertainty associated
with water quality trend analysis, better understand the impacts of implemented watershed projects (i.e., BMPs), and
guide future water quality modeling and BMP implementation efforts.

If the goal of monitoringisto evaluate spatial and temporal trends and differences in water quality resulting from
implementation of BMPs, a more intensive monitoring program will be needed. Table 5-2 outlines potential locations,
type of monitoring, parameters collected, and the purpose of each type of data collected as part of an expanded
monitoring effort. Itis unlikelythat availablefunding willallow collection of all dataincludedin Table 5-2, but the
information should be used to help stakeholders identify and prioritize data needs.

Table 5-2. Recommended Monitoring Plan.

Parameter(s)

Intervals

Duration

Location(s)*

Routine grab sampling
for flow, sediment, P,
and N

Every 1-2 weeks

April through October

AmbientlocationinBig
Hollow Lake, plus secondary
locations

Flow and & stage data

ortho-P, temperature,
DO, pH, chloride, & E.
coli?

intervals during
runoff

2 events between April
and October

for stage-discharge 15-60 minute April through October | Big Hollow Lake outlet
curve development

Continuous pH, DO, and 15-60 minute April through October AmbientlocationinBig
temperature Hollow Lake

Runoff eventflow, Selecttributaries, tile and/or
sediment, P, N, TSS, 15-60-minute culvertdischarge locationsin

areas of focused BMP
implementation to evaluate
efficacy

Eventor continuoustile
drainflow, sediment, P,
N, TSS, ortho-P,
temperature, DO, pH,
chloride, & E. col?

15-60 minute

10 to 14-day wet
weather periods if
continuous samplingis
not feasible

Selecttributaries, tile and/or
culvertdischarge locationsin
areas of focused BMP
implementation to evaluate
efficacy

Before and after

Nearfuture dredging

sulfide?

Shoreline mapplr\g, dredglngf)r Design lifespan of operations, or nearlake inlets,
bathymetry studies construction, waterbody . .
upstream sediment basins
every5years
Grab samplesfor Annually Springand fall Nearthe sediment-water

interface.

Tributary, tiledrain,and gully siteselection to be based on suspected pollutantsourcelocation, BMP placement,
landowner permission,and access/installation feasibility.

2pdapted from WMP.

3See Appendix C, BigHollow Lake Sediment Analysis, of the WMP.

It may be useful to divide the recommended monitoring planinto several tiers based on ease of deployment and cost
effectiveness. This will help stakeholders and management personnel best direct their resources. This monitoring plan
may be reevaluated at any time to change the management strategy. Data collection should commence before new
BMPs are implemented orexistingones are renovated inthe watershed to establish baseline conditions. Selection of
tributary sites should considerlocation of BMPs, location of historical data (for comparative purposes), landowner
permission (ifapplicable), and logistical concerns such as site access and feasibility of equipmentinstallation (if
necessary). These data could form the foundation for assessment of water quality trends; however, more detailed
information will be necessary to make any statements about water quality trends with certainty. Therefore, routine grab
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sampling should be viewed only as a starting point for assessing trends in water quality. Possible monitoring scenarios
above the current monitoring condition are described below.

In 2020, the DNR prepared a draft tributary monitoring plan for the Big Hollow Lake watershed, which wasincludedin
the WMP. The monitoring planincluded aschedule and five monitoring locations within the watershed. These
monitoringlocations are located onthe east and west tributary branches, as shown in Figure 5-1, to assess the influence
of row crop agriculture, livestock management activities, household septic systems, and effectiveness of BMPs.
Frequency of samplesand parameters sampled forare outlinedin Table 5-2. Initial samples were taken during the 2022
and 2023 monitoringseason and canserve as a baseline to determinethe effectiveness of future watershed
improvements.

In addition, as part of the WMP, sediment core samples were taken fromthe lake bottomin late 2021 and analyzed. The
analysis was conducted to determine the fraction of iron in the sedimentand the potential impacts from sulfate loading
inthe lake.

Some of the concernfor sulfate on lake and lakebed chemistry comes from afishkill that occurred in 2014. Atthe time
of the fishkill, low DO and white solids were observed in Big Hollow Creek below the dam. It was hypothesized that
gypsum clays may have been the source of the white solids observedinthe creek. Additionally, there were concerns
regarding the toxicity of sulfurinthe lake and the potential for sulfurto reduce to sulfide, which would bind with iron
makingiron unavailable to bind with phosphorus.

Results of the analysisindicated 1) there are trace concentrations of sulfidein sediment samples but are not at levels
that significantly compromise the availability of free iron to participate in sequestration of phosphorus and 2) that
sulfate levels are below those presenting concerns for toxicity. Additionally, eutrophic conditions may exhaust the
supply of free iron, reducing the capacity for phosphorus retention and allowing sulfide concentration to climb.
Therefore, itisrecommended that sulfide monitoring nearthe sediment-waterinterface be done annually in the spring
and fall. The report also suggests that the white solids observed in the creek during the 2014 fishkill may be from natural
sources and notgypsum clays.

Basic Monitoring
Targeted grab sampling of the Big Hollow Lake ambient monitoring point should be continued on a bi-weekly basis. Grab
samples ona seasonal basis atthe inletwould be done to support data provided by the main lake.

Targeted Monitoring

Grab samples should continue on aroutine and runoff event-based schedule. Flow data may be recorded with manual
flow readings based on developed rating curves. Locations and sampling approaches would include the ambient
monitoring station and upstreaminlets.

Advanced Monitoring

Automated datarecorded by ISCO devices would provide information on continuous flow, and continuous pH, DO, and
temperature. Routinegrab sampling for flow, sediment, P, and N will help provide acheck onthe automated sampling.
In addition to routine sampling, runoff event sampling for event flow, sediment, N, and P will help show the effects of
highrecurrence interval events. Locations and sampling approaches would include the ambient monitoring station,
inlets and outlets of newly constructed sedimentation basins, and outlets from upstream tributaries-such as roadway
culverts. Reliable long-term flow datais alsoimportant because hydrology drives many important processes related to
water quality, and a good hydrologic dataset will be necessary to evaluate the success of BMPs such as reduced-tillage,
saturated buffers, terraces and grass waterways, riparian buffers, and wetlands.

Monitoring of chemicals associated with gypsum production in the watershed may provide useful feedback of the
overall impact of the facility on the health of the lake. Information on calcium and sulfate levels (the two components of
gypsum)inthe lake could be compared to academicsources or other waterbodies with similarindustrial activity in the
watershed.
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To furthergatherinformation on erosioninthe watershed, a “rapid assessment of stream conditions along length”
(RASCAL) procedure can be done on gullies and channels on an annual basis to show erosion mitigation over several
years. These RASCALassessments would be compared to pastassessments to show if gully and streambank erosion
problems are worseningorlessening. Previous assessments will provide a benchmark of current conditions and will
allow stakeholders to identify potential problem areas forimplementation of BMPs. Gully and streambank erosion
labeled as moderate, severe, orvery severe inthe most recent RASCALassessment are markedin Figure 5-1.

Core samplesfrom several points throughout Big Hollow Lake would also help provideinsight on the significance of
gypsumsedimentonthe lake bed. Although gypsum may have aslight mitigationimpact on phosphorusinthe water
column by helping phosphorus settle out of the water column, gypsum byproducts may create an aesthetically
objectionable layer of sediment on the bottom of the lake as well as negatively affecting the benthic macroinvertebrate
community.

The proposed monitoringinformation would assist utilization of watershed and water quality models to simulate various
scenarios and water quality response to BMP implementation. Monitoring parameters and locations should be
continually evaluated. Adjustment of parameters and / or locations should be based on BMP placement, newly
discovered orsuspected pollution sources, and other dynamicfactors. The DNR Water Quality Improvement Section
may provide technical supporttolocally led effortsin collecting further water quality and flow monitoring datain the Big
Hollow Lake watershed. Alook at how these proposed monitoring plans may be deployed inthe Big Hollow Lake
watershedisshownin Figure 5-1. It should be noted that as part of the WMP, samples were collected in 2022 and 2023
at five sites throughout the watershed, which are identified Figure 5-1. These sites should be included in any future
monitoring plans.
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Figure 5-1. Potential Monitoring Locations.
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6. Public Participation

Publicinvolvementisimportantinthe TMDL processsinceitisthe land owners, tenants, and citizens who directly
manage land and live in the watershed that determine the water quality in Big Hollow Lake.

6.1 PublicMeeting

Public Presentations

Avirtual on-line presentation was posted on the DNR’s YouTube channel for publicviewing on May 1, 2025. A link was
providedtothe presentation onthe DNR’s website at https://www.iowadnr.gov/environmental-protection/water-
guality/watershed-improvement/watershed-planning/water-quality-improvement-plans. The presentation will be
available forviewingthrough the publiccomment period.

6.2 Written Comments
A pressrelease wasissued on May 1, 2025 to begin a 30-day publiccomment period, which willend onJune 2, 2025. All
commentsreceived by the DNR during the 30-day publiccomment period will be included in Appendix|.
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Appendix A. Glossary of Terms, Abbreviations, and Acronyms

A.l. Terms

303(d) list: Refersto section 303(d) of the Federal Clean Water Act, which requires alisting of all public
surface waterbodies (creeks, rivers, wetlands, and lakes) that do not supporttheirgeneral and/or
designated uses. Also called the state’s “Impaired Waters List.”

305(b) assessment: Referstosection305(b) of the Federal Clean Water Act, itisa comprehensiveassessment of the
state’s publicwaterbodies’ ability to supporttheirgeneral and designated uses. Those bodies of
waterwhich are found to be notsupportingtheiruses are placed on the 303(d) list.

319: Refersto Section 319 of the Federal Clean Water Act, the Nonpoint Source Management Program.
Under thisamendment, States receivegrant money from EPA to provide technical & financial
assistance, education, & monitoringtoimplement local nonpoint source water quality projects.

AFO: Animal Feeding Operation. A lot, yard, corral, building, or otherareain which animals are confined
and fed and maintained for45 days or more in any 12-month period, and all structures used for
the storage of manure fromanimalsinthe operation. Openfeedlots and confinement feeding
operationsare considered to be separate animal feeding operations.

AU: Animal Unit. A unit of measure used to compare manure production between animal types or
varyingsizes of the same animal. Forexample, one 1,000-pound steer constitutes one AU, while
one mature hog weighing 200 pounds constitutes 0.4 AU.

Benthic: Associated with orlocated atthe bottom (in this context, “bottom” refers to the bottom of
streams, lakes, orwetlands). Usually refers to algae or other aquaticorganismsthatreside atthe
bottom of a wetland, lake, or stream (see periphyton).

Benthic macroinvertebrates: Animalslargerthan 0.5 mm that do not have backbones. These animals live on rocks,
logs, sediment, debris and aquatic plants duringsome periodin theirlife. Theyinclude
crayfish, mussels, snails,aquaticworms, and the immature forms of aquaticinsects such
as stonefly and mayfly nymphs.

Base flow: Sustained flow of astreamin the absence of direct runoff. It can include natural and human-
induced stream flows. Natural base flowis sustained largely by groundwater discharges.

Biological impairment: A stream segmentis classified as biologically impaired if one or more of the following
occurs, the FIBland or BMIBI scores fall below biological reference conditions, afish kill has
occurred on the segment, orthe segment has seena > 50% reductionin mussel species.

Biological reference condition: Biological reference sites representthe least disturbed (i.e. most natural) streamsin
the ecoregion. The biological datafromthese sites are used to derive leastimpacted
BMIBI and FIBI scores foreach ecoregion. These scores are used to develop
Biological Impairment Criteria (BIC) scores for each ecoregion. The BICis used to
determine the impairment status for other stream segments within an ecoregion.

BMIBI: Benthic Macroinvertebrate Index of BioticIntegrity. Anindex-based scoring method for assessing

the biological health of streams and rivers (scale of 0-100) based on characteristics of bottom-
dwellinginvertebrates.
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BMP: Best Management Practice. A general term forany structural or upland soil or water conservation
practice. For example, terraces, grass waterways, sediment retention ponds, reduced tillage
systems, etc.

CAFO: Concentrated Animal Feeding Operation. Afederal term defined as any animal feeding operation
(AFO) with more than 1,000 animal units confined onsite, oran AFO of any size that discharges
pollutants (e.g. manure, wastewater) into any ditch, stream, or other water conveyance system,
whether man-made ornatural.

CBODS: 5-day Carbonaceous Biochemical Oxygen Demand. Measures the amount of oxygen used by
microorganisms to oxidize hydrocarbonsinasample of water at a temperature of 20°C and over
an elapsed period of five days in the dark.

CFU: A colony formingunitisa cell or cluster of cells capable of multiplyingtoform a colony of cells.
Used as a unit of bacteria concentration when a traditional membrane filter method of analysisis
used. Though not necessarily equivalent to the most probable number (MPN), the two terms are
often usedinterchangeably.

Confinementfeedingoperation: An animal feedingoperation (AFO) in which animals are confined to areas which are
totally roofed.

Credible datalaw: Refersto455B.193 of the lowa Administrative Code, which ensures that water quality data used
for all purposes of the Federal Clean Water Act are sufficiently up-to-dateand accurate. To be
considered “credible,” datamust be collected and analyzed using methods and protocols outlined
inan approved Quality Assurance Project Plan (QAPP).

Cyanobacteria (blue-greenalgae): Membersof the phytoplankton community that are not true algae but are capable
of photosynthesis. Some species produce toxic substances that can be harmful to
humans and pets.

Designateduse(s): Uses specified in water quality standards for each water body or segment. Typical designated uses
describedinthe clean wateract include protection and propagation of fish, shellfish, and wildlife;
recreation; and publicwater supply. See Appendix Bfora description of all general and designated

uses.
DNR: lowa Department of Natural Resources.
Ecoregion: Areas of general similarity in ecosystems and in the type, quality, and quantity of environmental

resources based on geology, vegetation, climate, soils, land use, wildlife, and hydrology.
EPA (or USEPA): United States Environmental Protection Agency.
Ephemeral gullyerosion: Ephemeral gullies occur where runoff from adjacent slopes forms concentrated flow in
drainage ways. Ephemerals are void of vegetation and occurin the same location every

year. They are crossable with farm equipment and are often partially filled in by tillage.

FIBI: Fish Index of BioticIntegrity. Anindex-based scoring method for assessing the biological health of
streams and rivers (scale of 0-100) based on characteristics of fish species.

FSA: Farm Service Agency (United States Department of Agriculture). Federal agency responsible for
implementing farm policy, commodity, and conservation programs.
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General use(s):

Geometric Mean (GM):

GIS:

Groundwater:

Gully erosion:

HEL:

IDALS:

Watersthat are protected forlivestock and wildlife watering, aquaticlife, noncontact recreation,
crop irrigation, and industrial, agricultural, domesticand otherincidental water withdrawal uses.
General use waters must meet the narrative water quality criteria. See Appendix Bfora
description of all general and designated uses.

A statisticthatis a type of mean or average (different from arithmeticmean oraverage) that
measures central tendency of data. Itis often used to summarize highly skewed data or data
with extreme values such as wastewater discharges and bacteria concentrationsin surface
waters. Inlowa’s WQSs and assessment procedures, the geometric mean criterion for E. coli
ismeasured using at least five samples collected over a 30-day period.

GeographicInformation System(s). A collection of map-based dataand tools forcreating,
managing, and analyzing spatial information.

Subsurface waterthat occurs beneath the watertable in soils and geologicformations that are
fully saturated.

Soil movement (loss) that occursin defined upland channels and ravines that are typically too
wide and deeptofillin with traditional tillage methods.

Highly Erodible Land. Defined by the USDA Natural Resources Conservation Service (NRCS), itis
land that has the potential forlong-term annual soil losses to exceed the tolerable amount by

eighttimesfora givenagricultural field.

lowa Department of Agriculture and Land Stewardship

Integrated report (IR): Referstoa comprehensivedocumentthat combinesthe 305(b) assessment with the 303(d) list,

LiDAR:

Load:

Macrophyte:

MOS:

MPN:

Draft TMDL

as well as narratives and discussion of overall water quality trends in the state’s public
waterbodies. The lowa Department of Natural Resources submits anintegrated reportto the EPA
bienniallyineven numbered years.

Load Allocation. The portion of the loading capacity attributed to (1) the existing or future
nonpointsources of pollution and (2) natural background sources. Wherever possible, nonpoint
source loads and natural loads should be distinguished. (The total pollutantload is the sum of the
wasteload andload allocations.)

Light Detection and Ranging. Remote sensing technology that uses laserscanningto collect height
or elevation dataforthe earth’s surface.

The total amount of pollutants entering a waterbody from one or multiplesources, measured as a
rate, as in weight per unittime or per unitarea.

An aquaticplantthatislarge enoughto be seenwith the naked eye and grows eitherin ornear
water. It can be floating, completelysubmerged (underwater), or partially submerged.

Margin of Safety. A required component of the TMDL that accounts forthe uncertaintyinthe
response of the water quality of a waterbody to pollutant loads.

Most Probable Number. Used as a unit of bacteria concentration when amore rapid method of
analysis (such as Colisure or Colilert) is utilized. Though not necessarily equivalent to colony
formingunits (CFU), the two terms are often used interchangeably.
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MS4:

Municipal Separate Storm Sewer System. A conveyance or system of conveyances (including roads
with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made
channels, or stormdrains) owned and operated by a state, city, town, borough, county, parish,
district, association, or other publicbody (created by or pursuant to state law) havingjurisdiction
overdisposal of sewage, industrial wastes, stormwater, or other wastes, including special districts
understate law such as a sewerdistrict, flood control district or drainage district, or similar entity,
or an Indiantribe or an authorized Indian tribal organization, ora designated and approved
managementagency undersection 208 of the Clean Water Act (CWA) that discharges to waters of
the United States.

Nonpoint source pollution: Pollution thatis notreleased through pipes but rather originates from multiple sources

NPDES:

NRCS:

Openfeediot:

Periphyton:

Phytoplankton:

overa relativelylarge area. Nonpoint sources can be divided into source activities
related eithertoland orwater use includingfailing septictanks, improperanimal-
keeping practices, forestry practices, and urban and rural runoff.

National Pollution Discharge Elimination System. The national program forissuing, modifying,
revoking and reissuing, terminating, monitoring, and enforcing permits, and imposing and
enforcing pretreatment requirements, under Section 307, 402, 318, and 405 of the Clean Water
Act. Facilities subjected to NPDES permitting regulations include operations such as municipal
wastewatertreatment plants and industrial waste treatment facilities, as well as some MS4s.

Natural Resources Conservation Service (United States Department of Agriculture). Federal agency
that provides technical assistance forthe conservation and enhancement of natural resources.

An unroofed or partially roofed animalfeeding operation (AFO) in which no crop, vegetation, or
forage growth or residue coveris maintained during the period that animals are confined in the
operation.

Algae that are attached to substrates (rocks, sediment, wood, and otherliving organisms). Are
oftenlocated atthe bottom of a wetland, lake, orstream.

Collectiveterm forall photosyntheticorganisms suspended in the water column. Includes many
types of algae and cyanobacteria.

Point source pollution: Pollutantloads discharged ataspecificlocation from pipes, outfalls, and conveyance channels.

Pollutant:

Pollution:

PPB:

PPM:

Draft TMDL

Sourcesinclude butare not limited to municipal wastewater treatment plants orindustrial
waste treatment facilities. Point sources can also include pollutant loads contributed by
tributaries tothe mainreceiving waterstream orriver. Point sources are generally regulated
by a federal NPDES permit.

As definedin Clean Water Act section 502(6), a pollutant means dredged spoil, solid waste,
incineratorresidue, sewage, garbage, sewage sludge, munitions, chemical wastes, biological
materials, heat, wrecked ordiscarded equipment, rock, sand, cellar dirt, and industrial, municipal,
and agricultural waste discharged into water.

The man-made or man-induced alteration of the chemical, physical, biological, and/or radiological
integrity of water.

Parts perbillion. A measure of concentration thatis the same as micrograms per liter (ug/L).

Parts permillion. A measure of concentration thatis the same as milligrams perliter (mg/L).
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RASCAL: Rapid Assessment of Stream Conditions Along Length. RASCALIis a global positioning system (GPS)
based assessment procedure designed to provide continuous stream and riparian condition data
at a watershed scale.

Riparian: Refersto areas nearthe banks of natural courses of water. Features of riparian areasinclude
specificphysical, chemical, and biological characteristics that differ from upland (dry) sites. Usually
referstothe areanear a bank of a streamor river.

RUSLE: Revised Universal Soil Loss Equation. An empirical model for estimating long term, average annual
soil losses due to sheetandrill erosion.

Scientificnotation: See explanationinsection A.2. Scientific Notation.

Secchi disk: A device used to measure transparency in waterbodies. The greaterthe Secchi depth (typically
measured in meters), the more transparent the water.

Sedimentdeliveryratio: A value, expressed asa percent, whichis used to describe the fraction of gross soil erosion
that isdelivered tothe waterbody of concern.

Seston: All particulate matter (organicandinorganic) suspended in the water column.

SHL: State HygieniclLaboratory (University of lowa). Provides physical, biological, and chemical
sampling for water quality purposesin support of beach monitoring, ambient monitoring,
biological reference monitoring, and impaired water assessments.

Sheet & rill erosion: The detachmentand removal of soil from the land surface by raindrop impact, and/or overland
runoff. It occurs on slopes with overland flow and where runoff is not concentrated.

Single-Sample Maximum (SSM): A water quality standard criterion used to quantify E. coli levels. The single-sample
maximum is the maximum allowable concentration measured at a specificpointin
time ina waterbody.

Sl: Stressor Identification. A process by which the specificcause(s) of abiological impairmenttoa
waterbody can be determined from cause-and-effect relationships.

Storm flow (or stormwater): The discharge (flow) from surface runoff generated by a precipitation event. Stormwater
generally refers to runoff thatis routed through some artificial channel or structure,
ofteninurbanareas.

STP: Sewage Treatment Plant. General termforafacility that treats municipal sewage priorto
discharge to a waterbody accordingto the conditions of an NPDES permit.

SWCD: Soiland Water Conservation District. Agency that provideslocal assistance for soil conservation
and water quality projectimplementation, with support from the lowa Department of Agriculture
and Land Stewardship.

TDS: Total Dissolved Solids: The quantitative measure of matter (organicand inorganic material)

dissolved, ratherthan suspended, in the water column. TDS is analyzedin a laboratory and
quantifies the material passing through afilterand dried at 180 degrees Celsius.
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TMDL:

Trophic state:

TSI (or Carlson’s TSI):

TSS:

Turbidity:

UAA:

USDA:

USGS:

Watershed:

WLA:

WaQs:

WWTF:

Zooplankton:

Draft TMDL

Total Maximum Daily Load. Asrequired by the Federal Clean Water Act, a comprehensive analysis
and quantification of the maximum amount of a particular pollutant that a waterbody can tolerate
while still meetingits general and designated uses. ATMDL is mathematically defined as the sum

of all individual wasteload allocations (WLAs), load allocations (LAs), and a margin of safety (MOS).

The level of ecosystem productivity, typically measured in terms of algal biomass.

TrophicState Index. A standardized scoring system developed by Carlson (Carlson, 1977) that
placestrophicstate on an exponential scale of Secchi depth, chlorophyll, and total phosphorus. TSI
ranges between0and 100, with 10 scale units representinga doubling of algal biomass.

Total Suspended Solids. The quantitative measure of matter (organicandinorganicmaterial)
suspended, ratherthan dissolved, in the watercolumn. TSSisanalyzedin alaboratory and
guantifies the material retained by afilterand dried at 103 to 105 degrees Celsius.

A termusedto indicate water transparency (orlack thereof). Turbidity is the degree to which light
isscattered or absorbed by a fluid. In practical terms, highly turbid waters have a high degree of
cloudiness or murkiness caused by suspended particles.

Use Attainability Analysis. A structured scientificassessment of the factors affecting the
attainment of uses specified in Section 101(a)(2) of the Clean Water Act. The factorsto be
consideredinsuchananalysisinclude the physical, chemical, biological, and economicuse
removal criteriadescribedinthe EPA's water quality standards (WQS) regulation at 40 CFR
131.10(g)(1)-(6). See AppendixBfora description of all generaland designated uses.

United States Department of Agriculture

United States Geological Survey (United States Department of the Interior). Federal agency
responsible forimplementation and maintenance of discharge (flow) gauging stations onthe
nation’s waterbodies.

The land areathat drains water (usually surface water) to a particular waterbody oroutlet.

Wasteload Allocation. The portion of areceiving waterbody’s loading capacity thatis allocated to
one of itsexisting or future point sources of pollution (e.g., permitted waste treatment facilities).

Water Quality Standards. Defined in 567 IAC Chapter 61, theyinclude designated uses,
antidegradation, and the specificcriteria by which water quality is gaugedin lowa.

Wastewater Treatment Facility. General term forafacility that treats municipal, industrial, or
agricultural wastewater fordischarge to publicwaters according to the conditions of the facility's

NPDES permit. Used interchangeably with wastewater treatment plant (WWTP).

Collectivetermforall animal plankton suspended in the watercolumn which serve as secondary
producersinthe aquatic food chain and the primaryfood source for largeraquaticorganisms.
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A.2. ScientificNotation

Scientificnotationis the way that scientists easily handle very large numbers or very small numbers. Forexample,
instead of writing 45,000,000,000 we write 4.5E+10. So, how does this work?

We can think of 4.5E+10 as the product of two numbers: 4.5 (the digitterm) and E+10 (the exponentialterm). Here are

some examples of scientificnotation.

10,000 = 1E+4 24,327 = 2.4327E+4
1,000 = 1E+3 7,354 =7.354E+3
100 =1E+2 482 =4.82E+2
1/100 =0.01 = 1E-2 0.053 =5.3E-2
1/1,000 =0.001 = 1E-3 0.0078 = 7.8E-3
1/10,000 = 0.0001 = 1E-4 0.00044 =4.4E-4

As you can see, the exponentisthe number of places the decimal point must be shifted to give the numberinlongform.
A positive exponent shows that the decimal pointis shifted that number of places tothe right. A negative exponent

shows that the decimal pointis shifted that number of places to the left.
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Appendix B. General and Designated Uses of lowa’s Waters

Introduction

lowa’s WQSs (567 IAC Chapter 61) include the narrative and numerical criteria by which waterbodies are judged when
determiningthe health and quality of ouraquaticecosystems. Thesecriteriavary depending on the type of waterbody
(lakesvs.rivers) and the assigned uses (general use vs. designated uses) of the waterbody thatis being dealt with. This
appendixisintendedto provide information about how lowa’s waterbodies are classified and what the use designations
mean, hopefully providing abettergeneral understanding for the reader.

All publicsurface watersinthe state are protected for certain beneficial uses, such as livestock and wildlife watering,
aquaticlife, non-contactrecreation, cropirrigation, and otherincidental uses (e.g. withdrawal forindustry and
agriculture). However, certainrivers and lakes warrant a greater degree of protection because they provide enhanced
recreational, economical, or ecological opportunities. Thus, surface watersin lowaare divided into two main categories:
generaluse segments and designated use segments. Thisisanimportant classification because the water quality criteria
that are applied to the waterbody will differ depending on what classification the waterbody is given.

General Use Segments

A general use segment waterbody is one that does not maintain perennial (year-round) flow of water or pools of water
inmost years (i.e. ephemeral orintermittent waterways). In other words, stream channels or basins that are consistently
dry almostall year during normal flows would be classified as general use segments. For the full definition of ageneral
use waterbody, consult 567 subrule 61.3(1).

General use waters are protected forthe beneficial uses listed above, which are: livestock and wildlife watering, aquatic
life, non-contactrecreation, cropirrigation, and industrial, agricultural, domesticand otherincidental water withdrawal
uses. The criteria used to ensure protection of these uses are described in 567 subrule 61.3(2).

Designated Use Segments

Designated use segments are waterbodies that maintain flow throughout the year, or at least hold pools of water that
are sufficientto support a viable aquaticcommunity (i.e. perennial waterways). In addition to being protected for the
same beneficialuses as the general use segments, these perennial waters are protected for more specificactivitiessuch
as recreation, drinking water sources, oraquaticlife. There are 11 different designated uses (Table B-1) that may apply,
and a waterbody may have more than one designated use. For definitions of the uses and more detailed descriptions,
consult567 subrule 61.3(1).
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Table B-1. Designated Uses for lowa Waterbodies.

Class Designated Use Brief Comments
Prolonged/direct contact with the water. Supports
Al Primary contact recreation swimming, water skiing, etc.

Accidental/incidental contact with the water. Supports
A2 Secondary contact recreation shoreline activities, fishing, and commercial and
recreational boating.

Uses by children are common. Primarily occursin urban

A3 Children’s contactrecreation . . .
or residentialareas. Supports use by children.
B(CW1) Cold wateraquaticlife - Type 1 Supports coldwaterfish (e.g. trout) populations
o Typically, unable to support consistent trout
B(CW2) Cold wateraquaticlife - Type 2 populations but can support other organisms.
B(WW-1)  Warm wateraquatic life - Type 1 Supports game and nongame fish populations.

Smallerstreams that are able to support nongame fish,

BIWW-2)  Warm wateraquatic life - Type 2 but cannot maintain game fish populations.

Intermittent streams with perennial pools that can

B(WW-3)  Warm wateraquatic life - Type 3 supportorganisms that can survive inrelatively harsh
aquaticconditions.

B(LW) Warm water aquatic life - Lakes and Wetlands Artificial and natural impoundments with “lake-like

conditions.
C Drinking water supply Raw water source of potable watersupply.
HH Human health Waters where fish are routinely harvested forhuman

consumption.

Designated uses are determined based on a use attainability analysis (UAA). Thisis a processin which the waterbody is
thoroughly scrutinized, using existing knowledge, historical documents, and visual evidence of existing uses, in orderto
determine whatits designated use(s) should be. This can be a challenging endeavor, and as such, conservative judgment
isappliedto ensure thatany potential uses of awaterbody are allowed for. Changes to awaterbody’s designated uses
may only occur based ona new UAA, which depending onresources and personnel, can be quite time consuming.
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Appendix C. Water Quality Data
The followingis asummary of the sampling datafrom the lowa State University (ISU) lowa Lakes Information System

and University of lowa State HygienicLaboratory (SHL) monitoring efforts.

C.1. Individual Sample Results

Table C-1. ISU and DNR TMDL Water Quality Sampling Data (Ambient Location1).

Source Date? TP Secchi | Chl-a P oH Secchi Chl-a TP
(mg/1)* | (m) (ng/L) (ng/L) TSI TSI TSI
ISU 5/25/2011 2.60 6.93 34.43 8.65 46.2 49.6 55.1
ISU 7/13/2011 1.00 38.40 50.65 8.29 60.0 66.4 60.7
ISU 8/23/2011 0.33 39.54 42.41 9.33 76.0 66.7 58.1
ISU 5/23/2012 3.65 2.83 26.50 8.48 41.3 40.8 51.4
ISU 7/11/2012 0.98 14.48 57.30 8.94 60.3 56.8 62.5
ISU 8/23/2012 0.38 65.41 57.60 8.10 73.9 71.6 62.6
ISU 5/22/2013 2.27 3.79 153.70 8.11 48.2 43.7 76.7
ISU 7/10/2013 091 | 223.36 | 105.35 9.68 61.4 83.7 713
ISU 8/21/2013 0.34 84.24 96.32 9.42 75.5 74.1 70.0
ISU 5/28/2014 2.80 14.76 97.85 8.57 45.2 57.0 70.2
ISU 7/16/2014 0.80 37.28 66.65 9.20 63.2 66.1 64.7
ISU 8/24/2014 1.18 30.64 33.85 7.87 57.6 64.2 54.9
ISU 5/28/2015 2.80 3.03 43.45 8.42 45.2 41.5 58.5
ISU 7/15/2015 0.45 15.60 184.20 9.64 71.5 57.6 79.3
ISU 8/23/2015 0.80 44.73 95.75 8.30 63.2 67.9 69.9
ISU 5/25/2016 5.40 1.02 23.95 8.18 35.7 30.8 49.9
ISU 7/13/2016 0.67 86.56 82.30 8.45 65.8 74.4 67.7
ISU 8/26/2016 0.67 67.72 172.30 8.76 65.8 72.0 78.4
ISU 5/24/2017 3.75 1.65 97.90 8.11 41.0 35.5 70.2
ISU 7/10/2017 0.50 1.65 67.90 8.30 70.0 35.5 64.9
ISU 8/20/2017 0.50 4.00 86.60 8.30 70.0 44.2 68.4
ISU 5/21/2018 5.43 1.00 203.70 8.20 35.6 30.6 80.8
ISU 7/9/2018 0.40 84.00 110.30 8.70 73.2 74.1 71.9
ISU 8/19/2018 0.40 26.00 85.90 8.60 73.2 62.6 68.3
TMDL 4/10/2019 | 0.36 0.57 94.00 210.00 9.40 68.1 75.2 81.2
TMDL 4/22/2019 | 0.41 1.89 10.00 170.00 9.10 50.8 53.2 78.2
TMDL 5/6/2019 0.56 2.06 1.00 560.00 7.90 49.6 30.6 95.3
TMDL 5/22/2019 | 0.46 1.93 2.00 320.00 7.70 50.5 37.4 87.3
ISU 6/3/2019 0.73 3.50 301.15 7.50 64.6 42.9 86.4
TMDL 6/13/2019 | 0.40 2.17 9.00 180.00 8.50 48.8 52.2 79.0
TMDL 6/27/2019 | 0.46 1.76 36.00 130.00 8.80 51.9 65.8 74.3
TMDL 7/9/2019 0.43 0.68 41.00 80.00 65.6 67.0 67.3
ISU 7/15/2019 0.53 21.83 71.40 8.69 69.1 60.8 65.7
TMDL 7/25/2019 | 0.44 0.31 100.00 | 180.00 9.60 76.9 75.8 79.0
TMDL 8/4/2019 0.13 61.00 80.00 70.9 67.3
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Source Date? TP Secchi | Chl-a P oH Secchi Chl-a TP
(mg/1)* | (m) (ng/L) (ng/L) TSI TSI TSI
TMDL 8/5/2019 0.4 0.00 9.70 73.2

TMDL 8/22/2019 0.49 0.3 99.00 150.00 9.40 77.3 75.7 76.4
ISU 8/26/2019 0.3 18.38 90.00 8.48 80.0 59.2 69.0
TMDL 9/20/2019 0.49 0.7 35.00 40.00 9.00 64.5 65.5 57.3
TMDL 10/1/2019 0.55 0.6 44.00 60.00 8.30 68.1 67.7 63.1
ISU 5/24/2021 34 0.90 168.00 7.89 42.6 29.6 78.0
ISU 7/12/2021 0.5 81.78 139.00 8.19 70.7 73.8 75.3
ISU 8/22/2021 0.6 40.90 123.00 7.42 68.6 67.0 73.5
ISU 6/13/2022 2.5 16.10 118.00 8.67 46.8 57.9 72.9
ISU 8/1/2022 0.5 96.20 95.50 8.43 70.0 75.4 69.8
ISU 9/6/2022 0.4 85.50 73.00 7.95 73.2 74.2 66.0
ISU 6/12/2023 2.9 17.96 128.00 8.38 44.5 58.9 74.1
ISU 8/1/2023 1.0 46.00 73.00 7.85 60.2 68.2 66.0
ISU 9/7/2023 0.7 45.50 71.00 6.98 65.7 68.1 65.6
Average -- 0.43 1.38 39.7 116.08 8.54 55.4 66.7 72.7

LAmbient monitoringlocation = STORET ID 22290002
2Data between 2018 - 2022 were used for the 2024 Water Quality Assessment Period.
3Data between 2011-2014 were usedin calibration and Data between 2015 - 2023 were used inanalysis.
4TP sampled below thermocline.
>Samples were not collectedin 2020 due to concerns related to the COVID-19 pandemic.

C.2. Annual Mean Data

Table C-2. Precipitation and Annual Mean TSI Values (Ambient Location1).

Date .Armu'al . :Ar?r-Sfep . Secchi Chl-a TP pH
Precipitation (in) | Precipitation (in) TSI TSI TSI
2011 41.1 24.7 61.2 60.9 9.10
2012 27.4 16.1 58.1 56.5 58.8 8.50
2013 40.5 25.0 62.3 67.3 72.6 9.07
2014 44.4 30.9 55.3 62.4 63.3 8.55
2015 40.6 24.4 59.5 55.7 69.2 8.77
2016 35.3 23.8 56.8 58.9 65.3 8.50
2017 34.7 22.5 60.2 38.4 67.9 8.23
2018 44.5 22.2 60.7 55.7 73.7 8.50
2019 48.6 33.2 63.9 60.0 75.1 8.72
20207 334 19.7
2021 44.1 30.0 60.6 56.8 75.6 7.83
2022 31.2 19.8 63.3 69.2 69.6 8.35
2023 38.3 23.8 56.8 65.0 68.5 7.74
Average 38.8 24.3 59.9 59.1 68.4 8.49

1Ambient monitoringlocation=STORET 22290002.
2Samples not collected due to concerns related to COVID-19.
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Appendix D. Watershed Model Development

Watershed andin-lake modeling were used in conjunction with analysis of observed water quality datato develop the
TMDL for the algae, turbidity, and pHimpairments to Big Hollow Lake in Des Moines County, lowa. This TMDL targets an
allowable phosphorus load that will satisfy the primary contact recreation and aquaticlife impairments (seeSection 3 of
this documentfordetails). Reduction of phosphorusis expected to reduce algal blooms and non-algal turbidity, which
decrease water clarity and impair the ability of the publicto enjoy the recreational benefits of the lake. In addition,
reduction of phosphorus willalso limit algal growth, which willin turn stabilize water column pHwithin an acceptable
range.

The STEPL, version 4.4, was utilized to simulate watershed hydrology and pollutant loading. In-lake water quality
simulations were performed using BATHTUB 6.20, an empirical lake and reservoir eutrophication model. The integrated
watershed andin-lake modeling approach allows the holisticanalysis of hydrology and water quality in Big Hollow Lake
and its watershed. This section of the WQIP discusses the modeling approach and development of the STEPLwatershed
and BATHTUB lake models.

D.1. Modeling Approach

Data from a 13-year period of record, 2011-2023, were analyzed and used to develop watershed and lake models forthe
simulation and prediction of phosphorus loads and in-lake response. This simulation period is supplemental to the water
guality assessment period (2018-2022) upon which the 2024 IR and 303(d) list were generated.

D.2. STEPL Model Description

STEPL is a watershed-scale hydrology and water quality model developed for the U.S. Environmental Protection Agency
(EPA) by Tetra Tech, Incorporated. STEPLis a long-term average annual modelused to assess the impacts of land use and
best management practices on hydrology and pollutantloads. STEPLis capable of simulatingavariety of pollutants,
including sediment, nutrients (nitrogen and phosphorus), and 5-day biochemical oxygen demand (BOD5). Requiredinput
data is minimal if the use of model default county-wide soils and coarse precipitation information is acceptable to the
user. If available, the user can modify soil and precipitation inputs with higherresolution and local soil and precipitation
data. Precipitation inputsinclude average annual rainfall and rainfall correction factors that describe the intensity(i.e.,
runoff producing) characteristics of long-term precipitation. Characteristics that affect STEPL estimates of hydrology and
pollutantloadinginclude land covertypes, population of agricultural livestock, wildlife populations, population served
by septicsystems, and urbanland uses. STEPLalso quantifies the impacts of manure application and best management
practices (BMPs). Almostall STEPLinputs can be customized if site-specificdatais available and more detail is desired.

The watershed was divided into seven subbasins to help quantify the relative pollutant loads stemming from different
areas of the watershed and to assist with targeting potential BMP locations. The basins were created to coincide with
the natural drainage network and physical features as shownin Figure D-1. Hydrology and pollutant loadings are
summarized forthe subbasin and also aggregated as watershed totals.
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Figure D-1. STEPL Subbasin Map

D.3. Meteorological Input

Precipitation Data

The STEPL modelincludes a pre-defined set of weather stations from which the user may obtain precipitation-related
model inputs. Unfortunately, none of the NWS COOP stations within areasonable distance of Big Hollow Lake are
includedinthe STEPLmodel. Therefore, rainfall data from the lowa Environmental Mesonet network were used for
modeling purposes. Weather stationinformation and rainfall data were reportedin Section 2.1 (see Table 2-2and Figure
2-2 and Figure 2-3). Annual rainfall was calculated for two time periods 2000 - 2014 and 2015 - 2023. Rainfall datafrom
2000 - 2014 was usedinthe STEPL calibration model. Average annual precipitation for this time period was 41.4
inches/year. Annual average precipitation from 2015 - 2023 usedinthe STEPL simulation model was 39.0inches/year,
which was slightly lowerthan the 30-yearaverage (1994-2023) of 40.3 inches.

The STEPL precipitation correlation and rain day correction factors were calculated outside of STEPLand entered directly
inthe STEPL “Input” worksheetto override the default rainfall data. Precipitation data from the modeling period were
utilized in parameterization. Precipitation inputs forthe calibration modelare shown in Table D-1and precipitation
inputs forthe simulation modelare reportedin Table D-2.
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Table D-1. STEPL Rainfall Inputs Calibration Model (2000-2014 Average Annual Data).

Rain Correction Factors

0.899 0.474?
Annual Rain Avg. —
Rainfall® Days’ | Rain/Event® Input Notes/Descriptions
The percent of rainfall that exceeds 5mm perevent
2The percent of rain events that generate runoff
41.4 113 0.695 3Annual average precipitation for modeling period (in)

4Average days of precipitation peryear(days)
>Average precipitation perevent(in)

Table D-2. STEPL R

ainfall Inputs Simulation Model (2015-2023 Average Annual Data).

Rain Correction Factors

0.909! 0.479?
Annual Rain Avg. —
Rainfall® Days* | Rain/Event® Input Notes/Descriptions
1The percent of rainfall that exceeds 5mm perevent
2The percent of rain events that generate runoff
39.0 103 0.721 3Annual average precipitation formodeling period (in)

4Average days of precipitation peryear(days)
>Average precipitation perevent(in)

D.4. Watershed Characteristics
Topography
The Big Hollow Lake watershed was delineated into seven subbasins. The subbasin boundaries were chosen to coincide
with natural and artificial boundaries as shown in Figure D-1. These will aid inidentifying areas toimplement best

management practice strategies in water quality improvement programsin the future.

Land Use

A GeographicInformation System (GIS) coverage of land use was developed using 2017-2020 aerial photography and the
2017-2020 Cropland Data Layers (CDL), which were obtained from the United States Department of Agriculture -
National Agricultural Statistics Service (USDA-NASS, 2017). The CDL land coverdata is summarized by Common Land
Units (CLUs). Accordingtothe USDA - Farm Service Agency, CLUs are the smallest units of land that have a permanent,
contiguous boundary, common land cover, common owner, and common producer (USDA-FSA, 2016). Because land
cover pixels are much smallerthan CLU field boundaries, many CLUs have one primary land cover, but small isolated
pixels with several minorland covertypes. Inthose cases, the dominantland cover within each CLUboundary was
determined using azonal statisticcommand within Spatial Analyst. This step served as aland cover “filter” to simplify
the data and eliminate small isolated pixels of various land uses within asingle field boundary. In addition, 2017 aerial
photography was used to furtherrefine the GIS land use coverage. STEPLIand cover classifications are reported in Table
D-3, with land use distribution previouslyillustrated in the map (Figure 2-4) and Table 2-3 in Section 2.
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Table D-3. STEPL Land Use Inputs.

Watershed Urban® | Cropland | Pastureland | Forest U.s er Total®
Defined?
W1 13.3 42.6 22.8 236.5 22.7 337.9
W2 29.2 220.1 62.0 237.0 56.7 605.1
w3 18.7 389.1 22.0 1.6 24.4 455.9
w4 73.2 907.3 62.1 58.8 40.7 1142.2
W5 31.1 523.1 13.8 0.0 17.3 585.3
W6 110.4 640.1 0.0 0.0 10.3 760.8
W7 57.2 591.7 0.0 0.0 18.1 667.1
Total 3 333.2 3,314.0 182.7 534.0 190.2 4,554.1

lUrbanincludes all developed areas, including roads and farmsteads.

2Includes hay/alfalfa, non-pasturegrassland and conservation reserve programs.
3Totals exclude open water in STEPL land useinputs.

Land use type was assigned a specific USLE C-factor based on regional estimates developed by the DNRand the lowa
Department of Agriculture (IDALS) personnelduringin-field land use assessments. USLE-P factors were determinedin
the same mannerfor cropland. These factors were area-weighted and entered into the “Input” worksheetin the STEPL
model. The STEPLdefault value forthe USLE P-factor was used for all otherland uses. A summary of the C and P-factor
valuesare providedin Table D-4.

Soils

Soilsare discussed in detail in Section 2.2. The hydrologicsoil group (HSG) and the USLE K-factorare the critical soil
parametersinthe STEPL model. Watershed soils are splitbetween HSG type Cand type D. with some C/D soils
interspersed. HSG type C/Dsoils were assigned an HSG type D since itis more conservative than an HSG type C soil. USLE
K-factors are specificto each soil type, and were determined based on K values from USGS Web Soil Survey data for the

Big Hollow Lake watershed. K factors were area-weighted and entered into the “Input” worksheetinthe STEPLmodel

(See Table D-4).

Table D-4. C, P, and K Factors for each Land Use.

Land Use Description C-Factor P-Factor K-Factor
Row Crop 0.099 - 0.133 0.932-1.0 | 0.243 -0.295
Forest 0.002 1.0 0.274 - 0.294
Pasture 0.002 1.0 0.268- 0.309
User Defined 0.001 - 0.005 1.0 0.269 - 0.316

Slopes

Slopes are described in more detail in Section 2.2. USLE land slope (LS) factors were obtained from the subroutine Ls-
factor, field based, in Quantum GIS (QGIS). Resulting LS-factors entered into the “Input” worksheetin the STEPLmodel
vary between 0.23in row crop areas to 2.48 inforest ground near the park area. Slopes are heavily influenced by the
highly dissected loess hill landform. Slopes for each land use in each basin are listed below in Table D-5.
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Table D-5. STEPL LS Factors.

Watershed Cropland Pastureland Forest DeL:::; qt
w1 0.493 1.276 2.074 0.558
W2 0.785 2.357 2.481 0.851
W3 0.574 1.414 1.223 1.181
W4 0.459 1.716 1.540 1.502
W5 0.282 1.455 --- 1.107
Wé 0.230 --- 1.691
W7 0.296 --- --- 0.831

UIncludes hay/alfalfa, non-pasturegrassland,and conservation reserve programs.

Curve Numbers

The STEPL modelincludes curve numbers (CNs) selected based on HSGand land use. CNs were selected within arange
of valuesto calibrate the STEPLmodel. CNs were entered inthe “Input” worksheet of STEPL, and are reportedin Table
D-6. For additional discussion on the selection of CNs see Appendix F.

Table D-6. STEPL Curve Numbers.

Subbasin HSG Urban? Cropland Forest Pastureland U.S er
Defined?
w1 C 89 79 73 77 71
W2 C 89 79 73 77 71
w3 D 91 80 77 85 78
w4 C 89 79 73 77 71
W5 D 91 80 77 85 78
W6 D 91 80 77 85 78
W7 D 91 80 77 85 78

1Urbanincludes all developed areas, including transportation and farmstead areas.
2User defined Includes hay/ alfalfa, non-pasturegrassland, and conservation reserve programs.

Sediment Delivery Ratio

The sedimentloadto Big Hollow Lake will be dependent upon watershed morphology, watervelocity, residencetime,
and otherfactors. The sedimentload to the lake is smallerthan total sheetandrill erosion because some of the eroded
material is depositedin depressions, ditches, or streams before itreaches the watershed outlet (i.e., the lake). The
sedimentdeliveryratio (SDR) is the portion of sheetandrill erosion thatis transported to the watershed outlet. STEPL
calculatesthe SDRfor each subbasin usingasimple empirical formula based on drainage area (i.e., subbasin area).The
resulting SDRvalues range from 0.259 in subbasin 4to 0.328 in subbasin 1.

D.5. Animals

Agricultural Animals and Manure Application

The STEPL model utilizes livestock population data and the duration (in months) that manure is applied to account for
nutrientloading from livestock manure application. The number of livestock animals within the watershed were
determined using available datafrom two sources: 1) the DNR and 2) from the PLET Input Data Serverlocated on the
EPA’swebsite (EPA, 2024).

Based on available datafrom the DNR, there are two small cattle animal feeding operations (<500 animal units) within
the watershed. In addition, based on manure management plans (MMP) on file with the DNR, there are two larger swine
AFOs, with an estimated head count of 9,880 swine, outside the watershed that apply manure within the watershed.
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Livestock confinements are not permitted to discharge manure, thereforethe WLA for the facilities within the
watershedis zero. However, a portion of the liquid manure generated is land applied to cropland and pastureland within
the watershed. The number of cattle and swine for these facilities were calculated by finding aratio of land applied
manure within asubbasin to the total of land applied manure and thenrelating this to the total number of animals for
each facility asshownin Table D-7.

It isassumed that manure will be applied to cropland and pastureland twice ayear. Twice a year was selected because it
provided favorableresults when comparing STEPLmodel TP loadings to TP loadings from the SPARROW calibration site.

Table D-7. Agricultural Animals and Manure Application.

Beef Dairy Swine Sciiicatis

Watershed Sheep | Horse | Turkey Duck manure

Cattle Cattle (Hog) —-—
w1 0 0 126 2 1 1 <1 2
W2 0 0 235 2 1 1 <1 2
W3 77 0 161 2 1 1 <1 2
w4 25 1 37 6 2 2 <1 2
W5 223 1 0 3 1 1 <1 2
W6 225 1 4 2 1 <1 2
w7 0 1 0 3 1 1 <1 2
Totals 550 L} 559 22 9 8 1 --

IManureis applied twice per yearto cropland and pastureland.

Livestock Grazing

Pastureland makes up approximately four percent of the entire land use within the watershed, which includes several
small grazing areasin the Big Hollow Lake watershed. Erosion from pasture (and other grassland that may be in poor
condition) carries sediment-bound phosphorus, which is accounted for by using a sediment nutrient enrichment ratio.
The STEPL defaultenrichmentratiois 2.0. STEPL simulates nutrientlossin pasture and grassland runoff by assuminga
phosphorus concentration of 0.3 mg/L in the runoff. Similarly, a phosphorus concentration of 0.063 was used to
simulate phosphorus loads from shallow groundwaterin grazed areas.

Open Feedlots

There are noopenfeedlotsinthe BigHollow Lake watershedin the DNR Animal Feeding Operations Database. Feedlot
operators are not required to reportopen feedlotinformation tothe DNR for feedlots with less than 1000 animal units
(AUs).

Wildlife
Due to insufficient data, population densities were assumed to be as follows: 200geese and a density of 10 animals per
square mile of cropland and pastureland for all other wildlife.

Septic Systems

A GIS coverage of rural residences with private onsite wastewater treatment systems (e.g., septicsystems) was
developed using aerialimages. This procedure resulted in the identification of 33 septicsystemsin this sparsely
populated watershed. Itis estimated that 20 percent of these systems are not functioning adequately (i.e., are ponding
or leaching). Thisis afairly common occurrence in some rural parts of the state. Thisinformationisincludedinthe
“Inputs” worksheet of the STEPL model for Big Hollow Lake.
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Appendix E. Water Quality Model Development
Two models were used to develop the TMDL for Big Hollow Lake. Watershed hydrology and pollutant loading was
simulated usingthe STEPL, version 4.4. STEPL model development was described in detail in Appendix D.

In-lake water quality simulations were performed using BATHTUB 6.20, an empirical lake and reservoir eutrophication
model. The BATHTUB model developed for Big Hollow Lake does not simulate dynamic conditions associated with storm
eventsorindividualgrowing seasons. Rather, the model predicts average water quality in the modeling period of 2015-
2023, whichincludesthe time period forthe 2024 Integrated Report (2018-2022). This appendix discusses development
of the BATHTUB model. The integrated watershed and in-lake modeling approach allows the holisticanalysis of
hydrology and water quality in Big Hollow Lake and its watershed.

E.1. BATHTUB Model Description

BATHTUB is a steady-state water quality model developed by the U.S. Army Corps of Engineers that performs empirical
eutrophication simulationsin lakes and reservoirs (Walker, 1999). Eutrophication-related parameters are expressedin
terms of total phosphorus (TP), total nitrogen (TN), chlorophyll-a (chl-a), and transparency. The model can distinguish
between organicandinorganicforms of phosphorus and nitrogen, and simulates hypolimneticoxygen depletion rates.
Water quality predictions are based on empirical models that have been calibrated and tested for lake and reservoir
applications (Walker, 1985). Control pathways for nutrient levels and water quality response are illustrated in Figure E-1.

Hypalimnetic Oz
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Inflow Total P
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hlean Total Depth
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Total P—Ortho P

Manal gal Turbidity

Figure E-1. Eutrophication control pathways in BATHTUB (Walker, 1999)

E.2. Model Parameterization

BATHTUB includes several datainput menus and modules to describe lake characteristics, simulation equations, and
external (i.e., watershed) inputs. Data menus utilized to develop the BATHTUB model for Big Hollow Lake include: model
selections, global variables, segment data, and tributary data. The model selections menu allows the userto specify
which modeling equations (i.e., empirical relationships) are used in the simulation of in-lake nitrogen, phosphorus, chl-a,
transparency, and other parameters. The global variables menu describes parameters consistent throughout the lake
such as precipitation, evaporation, and atmosphericdeposition. The segment data menuis used to describe lake
morphometry, observed water quality, calibration factors, and internal loads in each segment of the lake orreservoir.
The tributary data menu specifies nutrient loads to each segment using mean flow and concentrationin the averaging
period. The following sub-sections describe the development of the Big Hollow Lake BATHTUB model and reportinput
parameters foreach menu.

ModelSelections
BATHTUB includes several models and empirical relationships for simulating in-lake nutrients and eutrophication
response. For TP, TN, chl-a, and transparency, Models 1 and 2 are the most general formulations, based upon model
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testingresults (Walker, 1999). Alternative models are provided in BATHTUB to allow use of other eutrophication models,
evaluate sensitivity of each model, and facilitate water quality simulation in light of data constraints.

Table E-1 reports the models selected foreach parameter used to simulate eutrophication response in Big Hollow Lake.
Preference was givento Models 1and 2 duringevaluation of model performance and calibration of the Big Hollow Lake
model, butfinal selection of modeltype was based on applicability to lake characteristics, availability of data, and
agreement between predicted and observed data. Model performance is discussed in more detail in Appendix F.

Table E-1. Model selections for Big Hollow Lake.

Parameter Model No. Model Description
Total Phosphorus *01 2" order, Avail. P
Total Nitrogen 01 2" order, Avail. N
Chlorophyll-a *02 P, Light, T
Transparency *01 vs CHLA & Turbidity
Longitudinal Dispersion *01 Fischer-Numeric
Phosphorus Calibration 02 Concentrations
Nitrogen Calibration 02 Concentrations
Availability Factors *00 Ignore

* Asterisks indicate BATHTUB defaults

Global Variables

Global input data for Big Hollow Lake are reported in Table E-2. Global variables are independent of watershed
hydrology orlake morphometry, but affect the water balance and nutrient cycling of the lake. The first global input s the
averaging period. Both seasonal and annual averaging periods are appropriate, depending on site-specific conditions. An
annual averaging period was utilized to quantify existing loads and in-lake water quality, and to develop TMDL targets
for BigHollow Lake.

Table E-2. Global Variables Data for Simulation Period.

Parameter Observed Data BATHTUB Input
AveragingPeriod Annual 1.0 years
Precipitation! 39.0in 0.990 m
Evaporation® 45.5in 1.15m
Increase in Storage? 0 0

Atmosphericloads:?
TP 0.3 kg/ha-yr 30 mg/m?-yr
TN 7.7 kg/ha-yr 770.3 mg/m?-yr

IPrecip and evaporation data arefrom 2015 - 2023 in order to provideaccuratelong-term data.
2Change inlakevolume from beginningto end of simulation period.
3From Anderson and Downing, 2006.

Precipitation was summarized forthe 9- year assessment period of 2015-2023 from the lowa Mesonet network
collected and discussed in Chapter 2. Potential evapotranspiration dataforthe same period was obtained from the
Crawfordsville, lowa weather station viathe ISU Ag Climate database (IEM, 2024b). Net change in reservoir storage was
assumedto be zero. This 9-year period was chosenin orderto reflectthe climate during the assessment period when
water quality datawas collected and analyzed to show the algal impairments at Big Hollow Lake. It was shownin Section
3.1 (Figures 3-9to 3-11) that precipitationis somewhat correlated with total phosphorus and not highly correlated with
the impairmentseen at BigHollow Lake. These datawere summarized and converted to BATHTUB units and enteredin
the global data menu. Atmosphericdeposition rates were obtained from aregional study (Anderson and Downing,
2006). Nutrient deposition rates are assumed constantfrom yearto year.
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Segment Data

Lake morphometry, observed water quality, calibration factors, and internal loads are all included in the segment data
menu of the BATHTUB model. Separate inputs can be made for each segment of the lake or reservoirsystem that the

userwishesto simulate. In lakes with simple morphometry and one primary tributary, simulation of the entirelake as
one segmentis often acceptable. If evaluation of individual segments of the lake (orinflowing tributaries)is desirable,
the lake can be splitinto multiple segments. Each segment may have adistinct tributary.

The Big Hollow Lake BATHTUB model includes nine segments to facilitate simulation of diffusion, dispersion,and
sedimentation that occuras watertraverses between the upstream segments and downstream segments of Big Hollow
Lake. For the BATHTUB model, Subbasin 1was further dividedinto three subbasins to model the main body of the lake
separately from the arms or upperreaches of the lake. The subbasins are designated as Subbasin 1A, 1B, and 1C, with
Subbasin 1A beingthe outlet of the reservoiras shownin Figure E-2. The relationship between watershed basins and the
BATHTUB segmentisshowninTable E-5. The ambient monitoringlocationis used forlistingand delisting purposes;
therefore, the TMDLtarget applies atthe ambient monitoringlocationinthat segment.

Segmentdatainputto the BATHTUB modelincludes morphometry andinternalloading. Segment morphometry was
calculatedinthe model. Bathymetricsurvey dataand ESRI GIS software were used to estimate segment surface area,
mean depth, and segment length. Internal loading was calculated from TP concentrations from samples collected below
the thermocline, atthe ambient monitoringlocation, during the 2019 monitoring season. Segment physical parameters
and internal loadinginputinto BATHTUB for the lake system areashownin Table E-3.
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Figure E-2. Big Hollow Lake, Subbasins for BATHTUB Modeling.

Table E-3. Segment In

put Data for the Big Hollow Lake.

L3
Segment Surface Mean Length )
Segment Outflow Segment Group Area (km?) | Depth (m) (km) MLD? (m‘:lga/;r)m
01 Segname 1A?! Out of Reservoir 1 0.205 6.60 0.688 2.63 3.925
01 Segname 1B! 01 Segname 1A 1 0.126 5.71 0.463 2.21 3.389
01 Segname 1Ct 02 Segname 1B 1 0.166 5.03 0.611 1.96 2.986
01 Segname 2 03 Segname 1C 1 0.179 2.39 1.177 1.52 0.0436

1Subdivided from Subbasin 1.

2Mixed Layer Depth.

3Internal Loading.

Mean water quality parameters observed forthe modeling period (2015-2023) are reportedin Table E-4. These data
were compared to outputin segment “01 Segname 1A” of the BATHTUB lake model to evaluate model performance and
calibrate the BATHUB and STEPL models foreach scenario. The TMDL and future water quality assessmentand listing
will be based solely on water quality data from the ambient monitoring locationin segment “01 Segname 1A”.
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Table E-4. Ambient Water Quality (2015-2023 Annual Means).

Parameter Measured Data IBATHTUB Input
Total Phosphorus 130.1 pg/L 130.1 ppb
Total Nitrogen 2.61 mg/L 2,614.7 ppb
Chlorophyll-a 37.3 pg/L 37.3 ppb
Secchi Depth 1.36 m 1.36 m

IMeasured or monitored data converted to units required by BATHTUB
ppb = parts per billion=micrograms per liter (ug/L)

Tributary Data

The empirical eutrophication relationshipsin the BATHTUB model are influenced by the global and segment parameters
previously described, but are heavily driven by flow and nutrient loads from the contributing drainage area (watershed).
Flow and nutrient loads can be inputto the BATHTUB model inanumberof ways. Flow and nutrientloads usedinthe
development of the Big Hollow Lake BATHTUB model utilize watershed hydrology and nutrient loads predicted using the
STEPL model describedin Appendix D. Output from STEPLincludes annual average flow and nutrient loads. Table E-5
summarizesthe physical parameters and monitored inputs for Big Hollow Lake.

Table E-5. Tributary Data for the Big Hollow Lake.

Tributary BATI-!T.UB Total Avg Period STEPL TP.
Name Receiving Watershed Flow Rate Concentration
Segment Area (km) (hm3/yr) (ppb)
Trib 11 -- 1.367 0.386 371.4
Trib 1A? Segname 1A 0.375 0.106 371.4
Trib 1B2 Segname 1B 0.457 0.129 371.4
Trib 1C? Segname 1C 0.535 0.151 371.4
Trib 2 Seghame 2 2.449 0.721 326.2
Trib 3 Segname 2 1.845 0.506 638.2
Trib 4 Seghame 2 4.622 1.452 490.3
Trib 5 Segname 2 2.369 0.652 547.5
Trib 6 Seghame 2 3.079 0.876 551.0
Trib 7 Segname 2 2.700 0.748 516.0
US Gypsum Segname 2 -- 0.0181 2,009.1
GP#43 Segname 2 -- 0.0006 14,590.9

1This is proved as reference information only and was not used inthe BATHTUB model.

2Subdivided from Subbasin 1.Flow and TP loads entered as a ratio of the subdivided subbasin area
to the area of Trib 1, multiplied by the flow rate or TP of Trib 1.

3Future reserve capacity for transition of onsite septic systems to a GP#4 facility.

E.3. References
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Appendix F. Model Performance and Calibration

The Big Hollow Lake watershed and water quality models were calibrated by comparing simulated and observed local
and regional data. The primary source of calibration datais the ambient lake monitoring data collected by lowa State
University (ISU) and the DNR between 2011 and 2023. Literature values andresultsfromregional studies regarding
sedimentand phosphorus exportsin similar watersheds werealso utilized to evaluate model performance. Calibration
was an iterative process thatinvolved running both the watershed model (STEPL) and in-lake model (BATHTUB), and
refiningmodel parametersto (1) produce simulated values that were within reasonable ranges according to similar
studies, and (2) provide good agreement with observed water quality in Big Hollow Lake.

F.1. STEPL Performance and Calibration

The STEPL modelisalong-term average annual simulation model, and isincapable of simulating storm events or short-
term fluctuationsin hydrology and nutrient loads. There is no long-term monitoring data for tributaries in the Big Hollow
Lake watershed, therefore modelcalibration relied heavily upon sediment and phosphorus exports reported in similar
watershedsinthe region. Table F-1reports estimated sheet andrill erosion rates found in several lowa watershedsthat
are similarcomposition or proximate in location. Values for all watersheds are before any potential BMP reductions.

Table F-1. Sheet and Rill Erosion in Similar Watersheds.

Watershed comty | o) | lmtes) | (comgfaciy
Arbor Lake Poweshiek 1,069 95 0.8
Hannen Lake Benton 628 78 3.1
Hawthorn Lake Mahaska 3,069 74 4.2
lowa Lake lowa 1,288 69 1.8
Lake Keomah Mahaska 1,873 72 3.7
KentPark Lake Johnson 673 59 0.7
Lake of the Hills Scott 1,683 48 2.2
Big Hollow Lake Des Moines 4,554 -- 14

1Gross annual sheet/rill erosion before any potential BMP reductions.

The Big Hollow Lake STEPL model predicts sheetandrill erosion rates that are slightly lower, but still consistent with
those predicted by the DNR for other watershedsin the area. The 2015-2023 simulated annual average sheetandrill
erosion rate was 1.4 tons/acre-year, compared with average estimated rates between 0.7to 4.2 tons/acre-year
estimated in other similar watersheds within the Rolling Loess Prairie ecoregion. Note that erosion ratesin Table F-1
reflectsheetandrill erosion, not sediment delivered to the lake.

Table F-2 compares the annual average TP export simulated by the Big Hollow Lake STEPLmodel with past study results
in other watershedsin lowawith an emphasis on watershedsin close proximity and within the Rolling Loess Prairie
ecoregion. TP exportsin the Big Hollow Lake watershed are 1.7 pounds peracre peryear, compared with average
estimated rates between 0.9to 3.0 pounds peracre peryearin otherwatersheds. Because the STEPLmodel predicted
sedimentand phosphorus loads similarin magnitude to estimates developed for otherlocal and regional watersheds.
The DNR has determined the STEPL model to be adequate for estimation of phosphorus loads to Big Hollow Lake for
development of TMDLs and implementation planning.
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Table F-2. Comparison of TP Exports in Similar Watersheds.

Watershed County Source TP Export (Ib.ac)
Arbor Lake Poweshiek lowa DNR (Previous TMDL) 2.0
Hannen Lake Benton lowa DNR (Previous TMDL) 1.0
Hawthorn Lake Mahaska lowa DNR (Previous TMDL) 1.6
lowa Lake lowa lowa DNR (Previous TMDL) 1.0
Lake Keomah Mahaska lowa DNR (Previous TMDL) 2.4
KentPark Lake Johnson lowa DNR (Previous TMDL) 0.9
Lake of the Hills Scott lowa DNR (Previous TMDL) 3.0
Big Hollow Lake Des Moines STEPL Model (Current TMDL) 1.7
Sparrow Calibration

In additionto comparing erosion rates and TP loads from other watersheds, the STEPLmodel was calibrated to three
parameters 1) flow rate 2) TP; and 3) groundwater (GW) flow. Flow rate and TP values from STEPLwere compared to
values fromthe SPARROW model and the GW flow was compared to the base flow index (BFI). The STEPL calibration
model, used datafrom 2000 - 2014 since this was the same time frame used to develop the SPARROW models.

SPARROW, was developed by the USGS and stands for SPAtially Referenced Regression On Watershed attributes. Itisa
model developed to describe long-term mean annual streamflow, total nitrogen, total phosphorus, and suspended
solidsin streams of the midwestern part of the United States. (Robertson and Sadd, 2019). The SPARROW calibration
site coincides with the USGS gaging station, Skunk River at Augusta, |A (Station ID 05474000) as shownin Figure F-1. This
site was selected as the STEPL calibration site since it was the closest site that met the following criteria: 1) Itisa
SPARROW calibration site used for both flow and TP; 2) It is not immediately downstream of areservoir; and 3) based on
a USGS study (SIR2012-5232) Big Hollow Lake and the SPARROW calibration site are in the same local region (local
region 1). “A local regionis an area in which the streamflows measured at all the streamgages are highly correlated”
(Linhart, etal. 2012).

The BFIl was also developed by the USGS for the conterminous United States. “The base-flowindex (BFI) grid forthe
conterminous United States was developed to estimate (1) BFl values for ungaged streams, and (2) ground-water
recharge throughout the conterminous United States.” (Wolock, DM. 2003). BFlis the portion of a stream’s discharge
that comesfromthe groundwaterandisrepresentedinthe form of a ratio. The BFI for Big Hollow Lake is 0.31.

The STEPL model was calibrated by iteratively adjusting the curve numbers (CN) and the soil infiltration fraction for
precipitation values within the STEPLmodel. The iterative process of determining the CNs and infiltration fraction value
was accomplished using the SOLVER add-in module within Microsoft EXCEL. CNs were adjusted within arange of values
using literature datalisted inthe runoff curve numbertables found inthe TR-55manual (Cronshey, R. 1986). The
infiltration fraction values were adjusted within arange of values usingliterature datalisted in the HEC-RAS 2D User’s
Manual (Brunner, 2024). The SOLVER calculates the value of a cell formula within Microsoft EXCEL, while setting
constraintsin othercells. Atarget flow rate value of 4,460 ac-ft/yearwassetinthe SOLVER and values were iteratively
changed withinaspecified set of constraints untilthe target flow rate value was achieved. A summary of the CNs, soil
infiltration fraction value, flow rate, BFI, and TP loading targets and constraints are presentedin Table F-3.
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Figure F-1. SPARROW Calibration Site Location Map.
Table F-3. STEPL Calibration Value Summary.
Curve Number Values Soil Infiltration Fraction for Precipitation
STEPL Land
. HSG C HSG D HSG C HSG D
Use Categories
Range Final Range Final Range Final Range Final
Cropland 77 - 88 79 80-91 80 0.05-0.15 0.139 0.025 - 0.075 0.073
Forest 70-73 73 77 -79 77 0.05-0.15 0.139 0.025 - 0.075 0.072
Pastureland 74 - 86 77 80 - 89 85 0.05-0.15 0.139 0.025 - 0.075 0.072
Urban 89 89 91 91 0.05-0.12 0.111 0.025 - 0.06 0.058
User Defined 71 71 78 78 0.05-0.15 0.139 0.025 - 0.075 0.073
Model .
Parameter Percent Difference
SPARROW/BFI (Target) STEPL
Flow Rate (ac-ft/yr) 4,460 4,460 0.00%
TP (Ibs/yr) 5,907 5,924 0.29%
Percent GW Flow 0.31 0.309 0.32%
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F.2. BATHTUB Model Performance

Performance of the BATHTUB model was assessed by comparing predicted water quality with observed data collected in
Big Hollow Lake. Simulation of TP concentration and Secchi depth / chl-a (algae) were critical for TMDL development,
and were the focus of calibration efforts.

Calibration

Table F-4 reports the initial modeling results for the observed and predicted annual average TP, chl-a, and Secchi depths,
observedto predictedratios, and T-test valuesinthe open waterarea of Big Hollow Lake (Segment 1A). More
comprehensive observed dataisreported in Appendix C.

Table F-4. Initial BATHTUB Modeling Results with Internal Loading.

Parameter Observed! | Predicted? Obs/l?red T-Test
Ratio
Modeling period and TMDL conditions (2015-2023) T1 T2 T3
Total Phosphorus (ug/L) 130.1 82.5 1.58 0.75 1.70 | 0.60
Chlorophyll-a (ug/L) 37.3 46.6 0.80 -0.24 | -0.64 | -0.22
Secchidepth (m) 1.40 1.10 1.22 0.19 0.71 0.18

1Average concentration observed at ambient monitoringlocation.
2Average annual concentration predicted in Segment 1A of the BATHTUB lake model.

Statistical comparisons, such as the T-test, can be used to determineif model calibrationis needed orif there isany
significant difference between the observed vs the predicted values. The T-test procedure evaluates the means of two
data setsto determine if they are significantly different and to check the reasonableness of amodel. (Walker, 1999; EPA-
R7, 2022). Three t valuesare produced by the BATHTUB model, T(1), T(2), and T(3). It should be noted that T(1) values
are provided only when the coefficient of variation (CV) values are provided as part of the input data for the observed
parameters of interest.

T(2) and T(3) values are used to test the applicability of the model. If their absolutevalues exceed 2thereislessthana
five percentchance that nutrient sedimentation dynamicsinthe reservoirare typical of those in the model development
data set (Walker, 1999). As showninTable F-4, the absolute T(2) and T(3) valuesforall parameters of interest are less
than two, which would indicate that there isa95 percent chance that the nutrient sedimentation dynamicsinthe
reservoirare typical of those inthe model development dataset.

T(1) values can be used to determine if calibration of the model is appropriate. If the absolute value of T(1) is greater
than two, thereislessthan a five percent chance thatthe observed and predicted means are equal. In this case, it may
be desirable to calibrate the model. However, in our model, the absolute value of T(1) for phosphorusis 0.55, which
wouldindicate thatthereisa 95 percent chance that the observed meanvalue is not significantly differentfrom the
predicted meanvalue and that calibration of the model is not needed (Walker, 1999).

EventhoughT(1) was lessthantwo for all three parametersitwas decided to do further calibration since predicted TP
loadin the model was underpredicted. Table F-5reports the final modeling results, after calibration and reduction of
phosphorusloads from the tributaries, for the observed and predicted annualaverage TP, chl-a, Secchi depths,along
with the calibration coefficients for each parameter of interest. Predicted water qualityis based on BATHTUB
simulations, and the calibration coefficients were iteratively adjusted in orderto obtain the best possible agreement
between observed and predicted water quality, while minimizing changes inthe default coefficients.

Calibration coefficients listed alongside the simulated valuesin Table F-5were entered in the “Model Coefficients” menu
of the BATHTUB model, and apply only to the ambient monitoring segment (Segment 1A) of Big Hollow Lake. Other lake
segments were uncalibrated due to lack of historical water quality data. Calibration coefficients for Big Hollow Lake are
withinthe recommended range according to the BATHTUB user guidance (Walker, 1999).
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Table F-5. BATHTUB Calibration Modeling Results.
Parameter | Observed! | Predicted? Calibration
Modeling period and TMDL conditions (2015-2023) Coefficient
Total Phosphorus (pg/L) 130.1 130.1 1.578
Chlorophyll-a(pg/L) 37.3 37.3 0.591
Secchidepth(m) 1.36 1.36 1.0

1Average concentration observed at ambient monitoringlocation.
2Average annual concentration predicted in Segment 1A of the BATHTUB lake
model.
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Appendix G. Expressing Average Loads as Daily Maximums

In November of 2006, The U.S. Environmental Protection Agency (EPA)issued a memorandum entitled Establishing
TMDL “Daily” Loads in Light of the Decision by the U.S. Court of Appeals forthe D.C. circuit in Friends of the Earth, Inc. v.
EPA, et al., No. 05-5015, (April 25, 2006) and Implications for NPDES Permits. In the context of the memorandum, EPA

“..recommendsthatall TMDLs and associated load allocations and wasteload allocations be expressed in terms
of daily time increments. In addition, TMDLsubmissions may include alternative, non-daily pollutant load
expressionsinordertofacilitate implementation of the applicable water quality standards...”

Perthe EPA requirements, the loading capacity of Big Hollow Lake for TP is expressed as both a maximum annual
average and a daily maximum load. The annual average load is more applicable to the assessment of in-lake water
quality and water quality improvement actions, whereas the daily maximum load expression satisfies the legal
uncertainty addressedinthe EPA memorandum. The allowableannual average was derived using the BATHTUB model
describedin Appendix E, and is 2,188.1 Ibs/year.

The maximum daily load was estimated from the allowable growing season average using a statistical approach. The
methodology for this approachis taken directly from the follow-up guidance document titled Options for Expressing
Daily Loads in TMIDLs (EPA, 2007), which was issued shortly afterthe November 2006 memorandum cited previously.
This methodology canalso be foundin EPA’s 1991 Technical Support Document for Water Quality Based Toxics Control.

The Options for Expressing Daily Loads in TMDLs document presents asimilar case study in which a statistical approach
isconsidered the best option foridentifying a maximum daily load (MDL) that corresponds to the allowable average
load. The method calculates the daily maximum based on along-term average and considers variation. This method is
represented by the equation:

MDL = LTA x elz0-050%]

Where: MDL = maximumdaily limit
LTA = longtermaverage
z = z statisticof the probability of occurrence
o’ =|n(CV2+1)
cv = coefficient of variation

The allowable annual average of 2,188.1 |bs/yearis equivalenttoalong-term average (LTA) daily of 6.0lbs/day. The LTA
isthe allowableannual load divided by the 365-day averaging period. The average annual allowable load must be
convertedtoa MDL. The 365-day averaging period equatesto arecurrence interval of 99.7 percentand corresponding z
statisticof 2.326, as reportedin Table G-1. The coefficient of variation (CV) is the ratio of the standard deviation to the
mean. However, there isinsufficient datato calculate a CV as itrelatesto TP loads to the lake, because the models are
based on annual averages overseveral years. In cases where data necessary for calculatinga CV is lacking, EPA
recommends usingaCV of 0.6 (EPA, 1991). The resulting 6?2 value is 0.31. ThisyieldsaTMDL of 18.7 Ibs/day. The TMDL
calculationissummarizedin Table G-2. An explicit MOS of 10 percent (0.6 Ibs) was applied, resultinginadaily LA of 1.9
Ibs/day to the daily TMDL equations. The resulting TMDL, expressed as adaily maximum, is:

TMDL = LC =3 WLA (0.9 Ibs-TP/day) +2 LA (15.9 |bs-TP/day) + MOS (1.9 Ibs-TP/day) =18.7 lbs-TP/day
The maximum daily load is presented on a 365 days/year basis to satisfy EPA requirements. However, the point source

discharger (US Gypsum, Permit # 2900103) inthe watershedisaCDL. Consequently, it does not discharge daily so for
NPDES purposes, the US Gypsum facility will be given a WLA of 80 Ibs/yrand a maximum daily load of 2 Ibs/day.
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Table G-1. Multipliers Used to Converta LTA to an MDL.

Parameter TMDL X WLA LA MOS
LTA (lbs/day) 6.0 0.3 5.4 0.6
Z Statistic 2.326 2.326 2.326 2.326
cv 0.6 0.6 0.6 0.6
o’ 0.31 0.31 0.31 0.31
MDL (lbs/day) 18.7 0.9 15.9 1.9

Table G-2. Summary of LTA to MDL Calculation for the TMDL.

Parameter Value Description
LTA 6.0 Ibs/day Annual TMDL (2,188.1 Ibs) divided by 365 days
Z Statistic 2.326 Based on 180-day averaging period
cv 0.6 Used CV from annual GWLF TP loads
o? 0.31 In(CVZ+1)
MDL 18.7 Ibs/day | TMDL expressed as daily load
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Appendix H. DNR Project Files and Locations

Thisappendixis primarily for future reference for DNR staff that may wish to access the original spreadsheets, models,
maps, figures, and otherfiles utilized in the development of the TMDL.

Table H-1. Project Files and Locations.

Directory\folder path

File name

Description

\\iowa.gov.state.ia.us\...\
Big_Hollow_L_29 Revised\Data\Raw

Variousfiles

All raw data received from others

\\iowa.gov.state.ia.us\...\
Big_Hollow_L_29 Revised\Data\Reduced

WQ_dataset BHL.xIsx

Summary of in-lake WQ data

\\iowa.gov.state.ia.us\...\
Big_Hollow_L_29 Revised\Data\Reduced\
Weather

CrawfordsvilleET.xlIsx

Summary of precipitation and PET data

\\iowa.gov.state.ia.us\...\
Big_Hollow_L_29 Revised\Documents_
Presentations\Draft TMDL

Draft TMDL reports

Includes review comments

\\iowa.gov.state.ia.us\...\
Big_Hollow_L 29 Revised\Documents_
Presentations\Final TMDL

Final report

Reportfor submittal to EPA

\\iowa.gov.state.ia.us\...\
Big_Hollow_L 29 Revised\Documents_
Presentations\References

Various .pdfand.docfiles

Referencescited inthe WQIP and/or
utilized to develop model input
parameters

\\iowa.gov.state.ia.us\...\
Big_Hollow_L 29 Revised\GIS\GIS_ Data

Various shapefiles (.shp)
and rasterfiles(.grd)

Usedto develop models and maps

\\iowa.gov.state.ia.us\...\
Big_Hollow_L_29 Revised\GIS\Projects

ArcGIS projectfiles

Used to develop models and maps

\\iowa.gov.state.ia.us\...\
Big_Hollow_L 29 Revised\GIS\Maps

Various .pdfand.jpgfiles

Maps/figures usedinthe WQIP
document

\\iowa.gov.state.ia.us\...\
Big_Hollow_L_29 Revised\Modeling

TMDL_Equation_Calcs_
BHL.xIsx

Calculate the TMDL

Usedto developthe TMDL equation
(LA, WLA, and MOS)

Load response curve calcs

\\iowa.gov.state.ia.us...\
Big_Hollow_L 29 Revised\Modeling\STEPL

STEPL_BHL.xIsm

Used to simulated/predict existing
watershedloads

Various .xIsfiles

Used to develop/calculate STEPL
model inputs

\\iowa.gov.state.ia.us\...\
Big_Hollow L 09 Revised\Modeling\
BATHTUB

BHL_Calibration.xlsx;
BHL TMDL.xlsx;

Calculated/converted STEPLoutputs to
BATHTUB inputs forexisting conditions

Various .btbfiles

BATHTUB input filesforvarious
scenarios

Draft TMDL

-88 -

May 2025




Big Hollow Lake - Des Moines County
Water Quality Improvement Plan Appendix J--- Public Comments

Appendix|. Public Comments

Public Comment:
All publiccomments received during the publiccomment period will be placed in this section, along with the DNR
responses.
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