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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

McDowell Dam is located in Burleigh County, Nortlakbta, 5 miles east of Bismarck. The
reservoir was created in 1976 with the construabiba dam on a small tributary to Apple Creek,
which is a tributary to the Missouri River. It cageés1.1 acres and has a mean depth of 15.6 feet
and a maximum depth of 42.4 feet. Table 1 summsispme of the geographical, hydrological,
and physical characteristics of McDowell Dam.

Tablel1l. General Characteristics of McDowell Dam and the M cDowell Dam Water shed.

L egal Name McDowell Dam

Major Drainage Basin Apple Creek and Missouri River

Near est M unicipality Bismarck , ND

Assessmnet Unit ID ND-10130103-014-L_00

County Burleigh County, ND

Latitude 46.82664

Longitude -100.63093

Surface Area 51.1 acres

Watershed Area 3959 acres

Average Depth 15.6 feet

Maximum Depth 42 .4 feet

Volume 802 acre-feet

Tributaries Small, unnamed tributary in the northwest portibthe lake
Outlets Gated structure

Type of Water body Constructed reservoir - 1976

Fishery Type g:)etjis 3 — warm water fishery — bluegill, largemadodiss, rainbow
Classified Beneficial Uses Recreation, agriculture, aquatic life, warm watehéry

1.1 Clean Water Act Section 303(d) Listing Information

As part of the Clean Water Act Section 303(d) TéMakimum Daily Load (TMDL) listing
process, the North Dakota Department of Health (MBpPhas identified McDowell Dam as an
impaired waterbody (Tables 2 and 3). In 1996, tB¥NH assessed the reservoir as
hypereutrophic due to a rapid loss of dissolvedgexybelow the thermocline, a need for aeration
to maintain the fishery and a history of significatgal blooms (NDDoH, 1996).
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Table 2. 2004 Section 303(d) TMDL Listing for Dissolved Oxygen.

Identification Number Assessment Unit (AU) ND-10183-014-L_00

Description McDowell Dam

Size 51.1 acres

Designated Use Fish and Other Aquatic Biota

Use Support Not Supporting

Impairment Dissolved Oxygen

Priority 1 (High)

Tabl 3. 2004 Section 303(d) TMDL Listing for Nutrients/Eutrophication.

Identification Number Assessment Unit (AU) ND-10183-014-L_00
Description McDowell Dam
Size 51.1 acres
Designated Use Recreation
Use Support Not Supporting
Impairment Nutrient/Eutrophication
Priority 1 (High)

The reservoir is listed as “not supporting” for atia life (i.e., fish and other aquatic biota) and
recreation uses because of low dissolved oxygematigent/eutrophication, respectively.
McDowell Dam is classified as a Class 3 warm whstreries lake, defined as capable of
supporting growth and propagation of nonsalmorstds and associated aquatic biota. The
fishery that was initially established within treservoir consisted of bluegill, largemouth bass,
smallmouth bass and rainbow trout. As the resehasraged it has experienced repeated late
summer fish kills. These repeated die offs weresedlby a eutrophic condition and subsequent
anoxia below the thermocline.

1.2 Topography

The contributing watershed for McDowell Dam covapproximately 3,759 acres or 5.9 square
miles and is located within the Missouri Coteaue Missouri Coteau is characterized by gently
rolling uplands with moderate slopes. The maximetief is approximately 100 feet. Soils in this
region are formed from rocky, gravelly and sandycdll till and are moderately to well-drained.
The McDowell Dam watershed is composed of five satenwsheds with subwatersheds 3, 4 and 5
contributing flow to the reservoir (Table 4, Figure Subwatersheds 1 and 2 are considered part
of the McDowell Dam watershed, however under nommabff conditions a small upstream dam
prevents these waters from flowing into the resiervo
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Table 4. Subwater sheds of McDowell Dam and Hydrologic Char acteristics.
Drainage Area | Drainage Area
Subwatershed | (acres) (mi?) Hydrologic Characteristics
Contributes water to an upper
1 360 0.56 watershed dam
Contributes water to an upper
2 1,285 2.01 watershed dam
3 1,050 1.64 Contributes water to the reservoi
4 584 0.91 Contributes water to the reservoi
5 480 0.75 Contributes water to the reservoi
Total 3,759 5.87
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1.3 Land Use/Land Cover in the Water shed

Primary land use is agriculture, with 2,650 acneg1¥ in cultivation. The remaining land uses
include non-cultivated acres (i.e., pasture) (23urgl residential developments (5%) and roads
(1%) (Figure 2).

Residentia Roadway:
(Rural Residentic 50 acres
Development) 1%
200 acre
5%

Non-Cultivated
(Pasture)
860 acres

23%

Cultivated
2,650 acres
71%

Figure 2. Land Use Summary for the McDowell Dam W ater shed.

1.4 Climate and Precipitation

McDowell Dam and its watershed lie within the socémtral climate division of North Dakota.
South central North Dakota has a typical continesiimate characterized by large annual, daily,
and day-to-day temperature changes, light to moel@racipitation, and nearly continuous air
movement. The average air temperature in Jans&@ 8F, while the average air temperature in
July is 70.57 (HPRCC, 2007). Over the last twenty years treraye annual temperature and
precipitation recorded in nearby Bismarck, Norttkdta, is 41.88° F and 16.33 inches,
respectively. Average monthly precipitation totate shown in Figure 3 (HPRC2007) June is
the wettest month of the year with average preatipih of 2.97 inches. Precipitation events tend
to be brief and intense and occur mainly duringntwaths of May through August, with little
precipitation from November through March.

Further discussion of the climate and precipitatiata is included in thielcDowell Dam Water
Quality Assessment Rep@ftppendix A).
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BISMARCE WSFO AF, MWD (320819)
Period of Record : 7/ 1/1943 to 12/31/2885
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Figure 3. Average Total Monthly Precipitation.

1.5 Available Water Quality and Hydrology Data

The NDDoH collected water quality samples in 1984 4995 from the reservoir using the
methodology described in theke Water Quality Assessment Atlas, VolunislDDoH, 1996).
Parameters analyzed included phosphorus, nitrafigsglved oxygen, water temperature, Secchi
disk transparency, lake bed sediments, aquaticatge and phytoplankton. Data were
summarized and reported in tNerth Dakota Lake Assessment Atlas, Volun{SiIDDOH, 1996).

American Engineering, P.C. completed an evaluadidhe annual and summer runoff yields and
a simulation of historic water levels within theseevoir. The data are summarized in the
McDowell Dam Recreation Area: A Supplemental W8iguply Evaluation — Annual Runoff
Review, Reservoir Simulation and Benefit/Cost Asiga{American Engineering, 1995).
Information used in the evaluation included an ysialof runoff yields, precipitation and
evaporation records, embankment seepage ratephgsital features of the reservoir's
recreational area and watershed.

There were three water quality sampling sites setefor the TMDL study{Table 5,Figure 3).

The upstream site was located near the intersegfitire walking trail and the creek on the
northwest side of the reservoir. The downstreamwsds located at the outlet to the reservoir. The
in-lake site was located in the deepest part ofeékervoir at the south end near the intake
structure. Most of the monitoring activities ocagmhetween May and October 2003 with one
additional sampling event in November 2002.
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Table5. Location of water sampling sitesfor M cDowell Dam.
Latitude Longitude
Sampling Site SiteID (approx.) (approx.)
In-lake 380815 46N 49'33” 100W 38’ 3"
Upstream 385275 46N 49’ 59” 100W 38' 43"
36" RCP outlet at the base of the dam
Downstream 385274 discharging into the plunge pool
1.5.1 _Upstream Monitoring

1.5.2

1.5.3

Surface water grab samples were collected fronupiséream site on three dates at mid-
depth of the flow in the creek. Samples were ctdigén accordance with accepted
Standard Operating Procedures (SOPs) (agadity Assurance Project Plan for the
McDowell Dam TMDL, (Houston Engineering, 2002)].

Downstream Monitoring

The downstream sampling site measured only seafpiagearges through the earthen
embankment. There was one sample collected dumengtuidy period. Historic seepage
outflow data were obtained from the NRCS (Wiedeneng004).

In-Lake Monitoring

In-lake water quality samples were collected at®iptermined depths for the lab
analyzed parameters and throughout the water coairane meter intervals for the field
measured parameters. Table 6 identifies the frexyuehsampling and the analysis for
each sample. Samples were collected in accordaitic@gcepted SOPs [s€riality
Assurance Project Plan for the McDowell Dam TMDPHouston Engineering, 2002)].



McDowell Dam Nutrient and Dissolved Oxygen TMDLs Final April 2007
Page 7 of 24

CDOWELL DAM TMDL
URLEIGH COUNTY WATER
ISMARCK, NORTH DAKOTA

— s

Figure 4. McDowell Dam Sampling L ocations.
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Table 6. Samples Collected from M cDowell Dam and the Parameter s Analyzed for thg
TMDL Study.
Sampling Frequency?
Field/Lab | Nov 2002 - May 2003 - Sample

Parameter Analysis' | April 2003 October 2003 Depth®
Water level (Stage) Daily average from May — Oct 2003

Temperature F M B d
Dissolved oxygen F M B d

Total Kjeldahl nitrogen L M B a,b,c
Ammonia nitrogen L M B ab,c
Nitrite plus nitrate nitrogen L M B a,b,c
Total nitrogen L M B a,b,c
Dissolved phosphorus L M B a,b,c
Total phosphorus L M B a,b,c
Total suspended solids L M B a,b,c
Total dissolved solids L M B a,b,c
Turbidity F M B e

pH F/L M B d/a,b,c
Total alkalinity L M B a,b,c
Specific conductance F/L M B d/a,b,c
Chlorophyll-a L M B a,b,c
Chlorophyll-b L M B a,b,c
Fecal coliform bacteria L Q a
Phytoplankton enumeration and M B a
biovolume (Nov 2002) (May — Aug 2003)

! Field/Lab Analysis: F = Field, L = Laboratory
2 sampling Frequency: B = Bimonthly, M = Monthly,%Quarterly, D = Daily
% sample Depth: a = surface, b = mid-depth, ¢ =opottepth, d = 1-m increments from surface to bot®m depth as necessary

20 WATER QUALITY STANDARDS
McDowell Dam is a Class 3 waterbody which cartiesfollowing definition:

* Warm water fishery. Waters capable of supportingvgfoand propagation of
nonsalmonid fishes and associated aquatic biota.

2.1 Narrative Water Quality Standards

The NDDoH has set narrative water quality stanslarkich apply to all surface waters in the
state. The narrative standards pertaining to enitimpairments are listed below (NDDoH, 2001).



McDowell Dam Nutrient and Dissolved Oxygen TMDLs Final April 2007
Page 9 of24
» All waters of the state shall be free from subsés attributable to municipal, industrial, or
other discharges or agricultural practices in catregions or combinations which are toxic or
harmful to humans, animals, plants, or residenaagubiota.

* No discharge of pollutants, which alone or in omation with other substances, shall:
(1) Cause a public health hazard or injury to Bnental resources;
(2) Impair existing or reasonable beneficial usethe receiving waters; or
(3) Directly or indirectly cause concentrationgoflutants to exceed applicable standards of
the receiving waters.

In addition to the narrative standards, the NDDa@ld ket a biological goal for all surface waters in
the state. The goal states that “the biologicaltton of surface waters shall be similar to tbit
sites or waterbodies determined by the departnociog regional reference sites,” (NDDoH,

2001).

2.2 Numeric Water Quality Standards

Standards of Quality for Waters of the St@terth Dakota Century Code 33-16) establishes
numeric standards for dissolved oxygen and totasphorus (Table 7). The numeric standards
for Class | streams include all classified lakese $tandard for dissolved oxygen is a
concentration not less than 5.0 mg/L. The stanftartbtal phosphorus is 0.1 mg/L. In addition,
guidelines for nitrates as N and phosphates ay® heen established for use as goals in lake
improvement and maintenance programs. The guidimghosphates as P is 0.02 mg/L and
0.25 mg/L for nitrates as N.

Table 7. Numeric Standards Applicable for North Dakota L akes and Reservoirs (NDDoH,
2001).

Par ameter Guidelines Limit

Guidelines for Classified Lakes

Nitrates (dissolved) 1.0 mg/L Maximum allowed
Phosphorus (total) 0.1 mg/L Maximum allowed
Dissolved Oxygen 5 mg/L Not less than

Guidelines for Goals in a lake improvement or meaince program

NO; as N 0.25 mg/L Goal

PO,as P 0.02 mg/L Goal

30TMDL TARGETS

The Clean Water Act requires that Total Maximumlypabads (TMDLSs) be developed for all waters
on a state's Section 303(d) list. A TMDL is defires “the sum of the individual wasteload
allocations for point sources and load allocatifmmsionpoint sources and natural background” such
that the capacity of the waterbody to assimilatéupsnt loadings is not exceeded. The purpose of a
TMDL is to identify the pollutant load reductions @ther actions that should be taken so that
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impaired waters will be able to attain water qyaditandards. TMDLs are required to be developed
with seasonal variations and must include a masfjgafety that addresses the uncertainty in the
analysis. Separate TMDLs are required to addr@ds eause of impairment (e.g., nutrients, organic
enrichment).

A TMDL target is the value that is measured to pitlge success of the TMDL effort. TMDL targets
must be based on state water quality standardsanulso include site-specific values when no
numeric criteria are specified in a state’s watalify standards. It is the goal of the Burleighu@ty
Park Board and Water Resource Boards to keep ttizokell Dam a primary focus of recreation for
the nearby city of Bismarck and other county resisleThis means keeping McDowell Dam
aesthetically pleasing and available for swimmirglevmaintaining a viable fishery.

3.1 Nutrient TMDL Target

The McDowell Dam reservoir is classified as a Clissarmwater fishery. However, the primary
use of the reservoir is for swimming (i.e., fulldyocontact recreation). Therefore, rather than
solely using the average annual or growing seastahfgthosphorus concentration as the lake
water quality goal, the use of water clarity (exgsed as Secchi disk transparency), algal
concentration (expressed as chlorophyll-a conceoteand algal bloom frequency are
recommended for the nutrient TMDL targets. It if@pated that by using these targets, current
water quality standards will be achieved.

A reduction in algal bloom frequency is the primargthod for establishing the nutrient TMDL
target because it directly relates to recreatiasal Algal bloom nuisance conditions, defined as
chlorophyll-a concentration exceeding 30 ug/L, f@edicted to be reduced from the current
36.4% to 24.5% of the time with a 30% reductiothia surface inflow and internal cycling total
phosphorus load. During May, June, July and Au¢lL®8 days total) this means 30 days
compared to 45 days classified as “nuisance camditibecause of algae bloom conditions.

A secondary nutrient TMDL target for McDowell Damrepresented by trophic condition. The
reservoir’s trophic status can be described bydte phosphorus concentration, chlorophyll-a
concentration or Secchi disk transparefdye term trophic state refers to the level of padohity

in a lake and can be quantified using the Carlsdrophic State Index (TSI). McDowell Dam is
classified as hypereutrophic based on the totadpiharus concentration (TSI = 79). Based on a
30% reduction in the annual average total phosghlmading from all sources, annual average
total phosphorus concentrations will be reducethfid4.6 ug/L to 150.3 ug/L. Based on the
predicted annual average total phosphorus condiemtraf 150.3 ug/L a TSI target of 76 has been
chosen as a secondary target for this TMDL.

3.2 Dissolved Oxygen TMDL Target

The Water Quality Standard for the McDowell Danmaidissolved oxygen level of “not less than 5
mg/L” (Standards of Quality for Waters of the Stderth Dakota Century Code 33-16).

4.0 SIGNIFICANT SOURCES
4.1 Point Sour ces

There are no point sources in the McDowell Dantevged.
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4.2 Nonpoint Sour ces

Nonpoint source pollution accounts for 100 peraéribhe nutrient loading to McDowell Dam
(NDDoH, 1996). Approximately 71% of the land upatreof the reservoir is farmed with an
additional 23% used for pasture or with permaneriec. Currently, there are few developed areas
in the watershed.

According to the Burleigh County Soil Conservatistrict, the majority (95%) of the cultivated
lands and all other lands (100%) are adequatedyetdeto prevent soil loss (NDDoH, 1996).
“Adequately treated” is defined as the amount nfllreatment necessary to achieve the soil loss
tolerance value (T). The average T value for th®blgell Dam watershed is between 3 and 5
tons per acre. The P8 model predicts that durimgriyal” precipitation years a total of 19,873.3
Ibs (9,033.3 kg) of total suspended solids, 424s1(191.4kg) of total phosphorus and 1322.2 Ibs
(601.0 kg) of total nitrogen (Table 8) are delivete the McDowell Dam reservoir annually.

5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-lake TMDLtevayjuality targets and pollutant loading is a
critical component of TMDL development. Identifyitige cause-and-effect relationship between
pollutant loads and the water quality responsecessary to evaluate the loading capacity of the
receiving waterbody necessary to meet water qustitgdards.

Nutrients are the driving influence on the watealgy in terms of both algal response and dissolved
oxygen concentration in the reservoir. The es@thaialues of the load and concentration for
sediment, total nitrogen, total phosphorus, chlbydipa and Secchi disk transparency were calculated
using the P8 and BATHTUB models. A complete dismrssf the models used in the assessment is
available in thevicDowell Dam Water Quality Assessment Repappendix A).

5.1 P8 Model Estimated Annual L oads

The P8 model provided an estimate of the annuabgeetributary loads (Ibs) and concentrations
(ppm) for total suspended solids (TSS), total phosps, total kjeldahl nitrogen (TKN), ammonia
(NHs3) and nitrate plus nitrite (NO+F NOs) (Table 8). The tributary loads are estimated2fa®1
(normal runoff year) and 2003 and correspond tdake and rainfall monitoring period in 2003.

Table 8. Estimated Tributary L oads and Average Concentrations Generated by the P8
Water shed Runoff Model for 2003 and a Normal Precipitation Year (2001).

Load (Ibs) Concentration
Variable!

2003 Normal Year | 2003 Normal Year
Total Suspended Solids 3,183.28 19,875.3 22.1 mg/L 18.6
Total Phosphorus 59.60 421.1 413.5 ug/L 394.7
Total Kjeldahl Nitrogen (TKN) | 159.24 1131.3 1104.8 1060.3
NH; 18.27 127.3 126.7 119.3
NO, + NO; 27.40 190.9 190.1 ppb 179.0 ppb

TKN = organic nitrogen + Nki Total Nitrogen = (N@+ NG,) + TKN. Surface runoff volume estimated is 53.03
Acre-feet for 2003 and 329.5 a@etffor a normal precipitation year (2001).
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The results show that the nutrient loads from s@rfainoff are estimated to increase by a
factor of seven during “normal” conditions when gmared to those observed during 2003. A
“normal” precipitation year was developed usingadabm the North Dakota Agricultural
weather network for the Mandan Station. The nomnetipitation year was operationally
defined as an annual precipitation depth with @&@ent probability of occurrence (median
value) for the period of record. By examining th&tdric precipitation record, the median
annual precipitation depth was found to occur du&f01. The total rainfall depth for the
period from May 4, 2001 through October 21, 200% teen used in the P8 model to develop
the “normal precipitation year” hydrologic cyclehd net groundwater inflow/outflow was
assumed equal to zero.

Phosphorus and sediment yields for surface runefevestimated for the sub-watersheds 3,4
and 5 using the P8 mod@8lable 9). The phosphorus and sediment yieldshiemtatershed in
2003 are 0.009 tons/frand 0.48 tons/rj respectively.

Table 9. Phosphorus (Total) and Sediment Loads for Sub-watersheds 3,4 and 5 as
Estimated by the P8 Model for the M cDowell Dam Water shed in 2003.

grainage 2rainage Phosphorus | Phosphorus | Sediment | Sediment
rea rea L oad Yield L oad Yield

(acre) (i) (tons) (tons/mi?) (tons) (tons/mi?)

2,114 3.3 0.0298 0.009 1.59 0.48

Runoff from subwatersheds 1 & 2 were detainedtypstream dam and did not flow into McDowell DReservoir during
20083.

For a complete description of the P8 watershedffunodel please refer to Section 4.2.2 of
the McDowell Dam Water Quality Assessment Repogpé@ndix A).

5.2BATHTUB Moded and In-Reservoir Trophic Response

The BATHTUB model (Walker, 1996) was used to prethe water quality effects of nutrient
load reductions to McDowell Dam. BATHTUB performsigady-state water and nutrient
balance calculations in a spatially segmented draetwork, which accounts for advective
and diffusive transport, and nutrient sedimentatiBatrophication related water quality
conditions are predicted using empirical relatiopsipreviously developed and tested for
reservoir applications. Simulations were run farious phosphorus reduction scenarios.

Input for the BATHTUB model included information@lt the in-reservoir water quality data
from the 2003 monitoring season for calibratingin@del, reservoir geometry, the hydrologic
budget and the nutrient loads. The model was eaébrto the measured 2003 in-reservoir
water quality for total phosphorus, total nitrogehlorophyll-a and Secchi depth. The model
was calibrated by adjusting the sediment termdtal phosphorus and total nitrogen.

Two BATHTUB models were developed from the massihed data (i.e., one for 2001-the
normal precipitation year, and a second for 2008-atlonitoring year). The mass balances
show that the internal total phosphorus load islammn magnitude for a normal precipitation
year, to the load from surface runoff. A large majon of the load is retained within the
reservoir. The importance of this information iattany proposed management strategy should
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also focus on the internal load if it is to be sssful in improving water quality.

For a complete description of the BATHTUB modelgde refer to Section 4.2.3 of the
McDowell Dam Water Quality Assessment Report (Agper).

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPAgsilaions require that “TMDLs shall be
established at levels necessary to attain and anaitite applicable narrative and numerical water
quality standards with seasonal variations and i@imaf safety which takes into account any
lack of knowledge concerning the relationship bemveffluent limitations and water quality.”

The margin of safety (MOS) can either be incorpentahto conservative assumptions used to
develop the TMDL (implicit) or added as a sepacamponent of the TMDL (explicit). For the
purposes of this nutrient TMDL, a margin of safetyi0% of the loading capacity will be used

as an explicit margin of safety.

Assuming the combined “normal” year tributary laae internal cycling to McDowell Dam is
403.6 kg of total phosphorus and the goal of a 8@8action in tributary load and internal
cycling has been set as the TMDL, this would reisudt target loading capacity of 282.52 kg of
total phosphorus per year. A 10 % explicit mardisafety for the TMDL would be 28.25 kg per
year.

Post-implementation monitoring related to the @ffeness of the TMDL controls can also be
used to assure attainment of the targets, usingtisdananagement during the implementation
phase.

6.2 Seasonality
Section 303(d)(1)(C) of the Clean Water Act arel thS. Environmental Protection Agency
(EPA's) regulations require that a TMDL be estdiddswith seasonal variations. The McDowell

Dam TMDLs address seasonality because the BATHTWHeahincorporates season differences
in its prediction of annual average total phospeamncentrations.

7.0TMDL

Table 10 summarizes the nutrient TMDL for McDowR#m in terms of loading capacity (LC),
wasteload allocations (WLA), load allocations (LApd a margin of safety (MOS). The TMDL can
be generically described by the following equation:

TMDL = LC = WLA + LA + MOS

where:

LC = loading capacity, or the greatest loadingaderbody can receive without violating water
quality standards;
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WLA = wasteload allocation, or the portion of fiIDL allocated to existing or future point
sources;

LA = load allocation, or the portion of the TMRillocated to existing or future nonpoint
sources;

MOS = margin of safety, or an accounting of uraiety about the relationship between pollutant
loads and receiving water quality. The mardisajety can be provided implicitly through
analytical assumptions or explicitly by resegvanportion of loading capacity.

7.1 Nutrient TMDL

1.2

In order to meet the algal bloom frequency and phosus TSI nutrient TMDL targets the
BATHTUB computer model was used to predict theapdited improvement in water quality
with percentage reductions in the total phosphtwads from surface water runoff and internal
cycling (the average annual). A 30% reduction taltphosphorus loading is predicted to result in
a 33% reduction in the number of days with nuisaaigal blooms (i.e., chlorophyll-a
concentrations greater than 30 ug/L). A 30% redudi average annual phosphorus loading will
result in a decrease in the average in-lake phosplemncentration from 174.6 ug/L (TSI = 79) to
153.3 ug/L (TSI = 76). For further discussion retjag the nutrient TMDL please see Section 5.2
of the McDowell Dam Water Quality Assessment Reappendix A).

Table 10. Summary of the Nutrient TMDL for McDowell Dam.

Category Total Explanation
Phosphorus
(kglyr)
Existing Load (Tributary and 403.6 Based on total Phosphorus loads
Internal Cycling) from all sources (see Figure 4-19,
Appendix A).
L oading Capacity 282.52 30 percent reduction based on
BATHTUB modeling
Wasteload Allocation 0 No point sources
L oad Allocation 254.27 Entire loading capacity minus MOS
is allocated to nonpoint sources
MOS 28.25 Explicit ten percent (10%) MOS.

Dissolved Oxygen TM DL

The modeling done for the McDowell Dam TMDL is matpable of establishing a direct
relationship between dissolved oxygen and the pitakphorus load reduction target. A more
complex model might have been able to predict tlieslboxygen concentrations under a wide
range of loading scenarios. However, research WdB¢2002) has established a linkage between
instream nutrient levels, algae, and dissolved erygpncentrations by running the QUAL2K
model under dry weather, low flow conditions, wiedevated nutrient levels exert their largest
influence on dissolved oxygen concentrations. Assalt of this direct influence it is anticipated
that meeting the phosphorus load reduction targktdaDowell Dam will address the dissolved
oxygen impairment.

BATHTUB and P8 models indicate that excessive patrioading is responsible for the low
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dissolved oxygen levels in McDowell Dam. Wetze9§3) summarized, “The loading of organic
matter to the hypolimnion and sediments of prodectiutrophic lakes increases the consumption
of dissolved oxygen. As a result, the oxygen aandé the hypolimnion is reduced progressively
during the period of summer stratification.”

Carpenter et al. (1998) has shown that nonpointceswof phosphorous has lead to eutrophic
conditions for many lake/reservoirs across the UWW&e consequence of eutrophication is oxygen
depletions caused by decomposition of algae andteqoiants. They also document that a
reduction in nutrients will eventually lead to tteversal of eutrophication and attainment of
designated beneficial uses. However, the ratesooivery are variable among lakes/reservoirs.
This supports the NDDoH'’s opinion that decreasedent loads at the watershed level will result
in improved oxygen levels, the concern is that ghecess takes a significant amount of time (5-
15 years).

In Lake Erie, heavy loadings of phosphorous haygaicted the lake severely. Monitoring and
research from the 1960’s has shown that depresgealimnetic dissolved oxygen levels were
responsible for large fish kills and large matsletaying algae. Binational programs to reduce
nutrients into the lake have resulted in a downvweedd of the oxygen depletion rate since
monitoring began in the 1970’s. The trend of oxydepletion has lagged behind that of
phosphorous reduction, but this was expected (See:
http://www.epa.gov/glnpo/lakeerie/dostory.himl

Nurnberg (1995, 1995a, 1996, 1997) developed a htbdequantified duration (days) and extent
of lake oxygen depletion, referred to as an anfadgtor (AF). This model showed that AF is
positively correlated with average annual totalggtwrous (TP) concentrations. The AF may
also be used to quantify response to watersheoratisin measures which makes it very useful for
TMDL development. Nurnberg (1996) developed sdwegression models that show nutrients
control all trophic state indicators related to geg and phytoplankton in lakes/reservoirs. These
models were developed from water quality charasties using a suite of North American lakes.
NDDoH has calculated the morphometric parametesk as surface area {& 55.2 acres; 0.22
km?), mean depth (z = 13.8 feet; 4.21 meters), andatie of mean depth to the surface area
(zIAL° = 8.98) for McDowell Dam which show that thesegmaeters are within the range of lakes
used by Nirnberg. Based on this information, NDD®konfident that Nirnberg’s empirical
nutrient-oxygen relationship holds true for NortaKota lakes and reservoirs. NDDoH is also
confident that prescribed BMPs will reduce extefoatling of nutrients to the McDowell Dam
which will reduce algae blooms and therefore inseeaxygen levels over time.

Best professional judgment concludes that as lefgifiosphorus are reduced by the
implementation of best management practices, disdabxygen levels will improve. This is
supported by the research of Thornton, et al. (L9Bl@ey state that, “... as organic deposits were
exhausted, oxygen conditions improved.”

To insure that the implementation of BMPs will redyphosphorus levels and result in a
corresponding increase in dissolved oxygen, watality monitoring will be conducted in
accordance with an approved Quality Assurance Eréjian.
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8.0ALLOCATION
Restoration alternatives for reservoirs and lalkesgenerally be classified as:

« Source controls;

+ In-lake controls; and

« Problem treatment.

Source controls are used to modify the qualitwafer entering a lake or reservoir. Examples of
source controls are management within the watergheztluce erosion (i.e., BMPs), chemical
treatment to reduce inflow nutrient concentratiarg] point source treatment or diversion. The
application of alum, a chemical used to remove phorus from the water column, and dredging
are examples of in-lake controls. Problem treatrmeriudes weed harvesting, aeration, and
chemical treatment to reduce plant growth and ¢hease of nutrients from lake sediments. A
variety of methods for improving the water quabfiythe reservoir are potentially available.

Table 11 presents a list of these methods. Noeimgithod by itself is likely to be completely
effective in improving the water quality of the eegoir. A combination of methods is generally
needed to improve water quality. For example,ragtidoad reduction (i.e., source control)
combined with in-lake controls (i.e., alum treatmeppears warranted.

8.1 Restoration Alternatives

This section presents the specific recommendatam®anaging the McDowell Dam
reservoir to meet the 30% total phosphorus loadatah goal. The recommendations are
based upon recreation (e.g., swimming and boa#iaghe primary use. Specifically:

* Implement a short-term (5-10 year) in-lake nutriettuction strategy through
alum treatment (Note: this strategy was implementehline 2006).

» Control external nutrient loads from surface wateoff in the watershed by
implementing, to the maximum extent possible, corse®n management
practices (i.e., BMPs on all cropland and pastuctkcres).

» Implement a long-term nutrient reduction stratdgptigh the “Dilution with
Hypolimnetic Withdrawal” alternative. The “Dilutiowith Hypolimnetic
Withdrawal” alternative is preferred because ohitsmalized cost, $275 per kg of
total phosphorus removepovided potential downstream water quality isstees
be minimized.
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Table11. Restoration Alternativesfor McDowell Dam Reservoir .

Method or Technique

Type of Technique

Desired Effect

Anticipated Improvement

Longevity

Positive Factors

Negative Factors

Estimated Cost

1. Agricultural
Runoff Treatment

Source Control

Reduction in algae an|
macrophyte biomass b
treating surface runoff.

d Not recommended for
McDowell Dam reservoir.

Years

Easy to do.

Low return on
investment.

None.

2. Dredging

In-Lake

Removal of sediment
as a nutrient source an
maintain adequate
oxygen for sustaining
fishery.

50% reduction in interna|
f load (estimate)

More than
10 years at presen
solids loading

Technology commonly
used and available.

Potential loss of
reservoir use for a
period of time. May
need to repeat on
periodic basis.
Hydraulic dredging
disposal site and
permitting. Moderate
success for aquatic

Approximately $2.5 -
$5.0 per cubic yard
excluding haul and
disposal costs.

4. Harvesting
Aguatic Plants

Reduction in aquatic
macrophyte density.

phosphorus minimal or
some slight increase, good
reduction in aquatic plants.

Not recommended for
McDowell Dam reservoir.

immediately. Easily
implemented and low
cost.

macrophytes.
3. No Phosphorus Source Control Eliminate or reduce | Not recommended within Years Easy to do. Few None
Fertilizer contact between an agricultural watershed.
nutrient source and Soil testing to determing
runoff. optimum application rate
may be useful.
Problem Treatment Effect on in-lake Weeks to Months Improves aesthetics | Does not address Commercial:

nutrient source. Needs
repeating 2-3 times/yr.
May remove habitat.
Turbidity increases
temporarily. May
spread aquatic nuisang
species.

$2.50/acre plus $50
mobilization cost. Total
cost of $1500/
treatment.  Purchase:
$15,000 - $35,000 plu
e O&M.

5. Dilution with
Hypolimnetic
withdrawal

In-Lake

Reduction in algae
biomass by increasing
loss of algae and
decreasing residence
time.

Considered feasible with a
estimated 25% load
reduction (internal and
surface load). Not quite
capable of meeting the in-
reservoir water quality

goals — 30% load reduction.

Years

Cost

Downstream water
quality impacts

Estimated:

$305,000 in capital
costs and $4,500 of
annual operating costs
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Table 11 (cont.) Restoration Alter nativesfor McDowell Dam Reservoir.

Method or Technique| Type of Technique Desired Effect Anticipated Improvement| Longevity Positive Factors Negative Factors Estimated Cost
6. Nutrient In-Lake Reduction in algae Substantial because of the| Between 5 and 10 | Effective long-lasting Fails to treat ultimate | $75,000 per treatment.
Inactivation — biomass by removing | reduction in internal years, with (up to 10 years) when | nutrient source. Public | Estimate excludes
Alum Treatment nutrients from the loading. Considered 80% | external load application appropriate| concern over chemical| mobilization cost.
water column and effective in controlling reduction. cost. May need to
“sealing” sediment. internal load for a 5-year buffer the lake.
period. Estimated 41%
reduction in combined
internal and surface runoff
loads. Capable of meeting
in-reservoir water quality
goal.
7. Aeration Problem Treatment Maintain oxic 50% reduction in internal Years Maintains refuge for Can result in increased| $30,000
conditions at sediment{ load estimate. Capable of fish if winterkill is mixing and availability )
water interface, meeting in-reservoir water problem. of nutrients. Success ig Excluding
reducing nutrient quality goal. varied and uncertainty | Administration and
release. Maintain of success large. Engineering
refuge for fish.
8. Food Chain In-Lake Increase the abundangeMinor. Not recommended. Unknown Theoretically Effectiveness difficult | None.
Manipulation of large zooplankton attractive. to predict.
thereby increasing
grazing on algae
9. Hypolimnetic Source Control Remove nutrient rich | Estimated 45% reduction in Years Potential to remove Need area to dischargg, None
Withdrawal water from the lake combined surface runoff large amounts of possibly wetland
bottom during and nutrient load. Capable nutrient. Common treatment system. If
stratification and of meeting in-reservoir sense easy method. system is nitrogen
sediment release of water quality goal. limited expect little
nutrients. improvement. Will
affect lake algae.
10. Grazing System Source Control Reduce load entering| Minor (~1-2 kg/yr TP plus | Years Logical Requires changing Up to $5,000.

BMPs (fence cattle|
away from lake,
alternative water
supply and lake
riparian buffer)

lake.

fences)

habits.




McDowell Dam Nutrient and Dissolved Oxygen TMDLs Final April 2007

Page 19 of 24

8.1.1

8.1.2

Conservation Management Practices

Conservation management practices primarily cow$iattering the current tillage
practices for cultivated land within the watersbhededuce the sediment and nutrient load
reaching the reservoir. Potential conservation myameent practices are tillage and residue
management options. These options include the fuse-tll, ridge till, mulch tillage and
leaving various amounts of crop residue.

The use of conservation management practices cueaged for improving reservoir
water quality. Conservation management practicest@fely reduce the nutrient load
reaching McDowell Dam. Solil nutrients are retaimathin the cultivated soils and lead to
enhanced crop production. Reservoir longevity sagiced because of the reduction in
solids and sediment reaching the reservoir antbdein storage resulting from
accumulation.

Appendix B of the McDowell Dam Water Quality Assesnt Report (Appendix A)
contains a preliminary analysis and estimate otakesl phosphorus annual load reduction
in surface runoff load, assuming one-half of therently cultivated land within the
watershed is placed in permanent cover. The asgtyssented is only for illustrative
purposes — the conservation management practitestdly implemented will need to be
determined through the combined efforts of the daviter and the Burleigh County Soill
Conservation District. The analysis is intendedhow the magnitude of annual load
reduction possible with the implementation of camagon management practices.

The analysis shows that for a normal precipitagiear the current estimated total
phosphorus load resulting from surface runoff camdzluced from 185 kg per year to 93
kg per year. This annual load reduction corresponds23% reduction (92 kg per year) in
the combined internal and surface runoff load. @stmated cost for treating the 1334.4
acres assuming land retirement at a cost of $508qre is $667,000. Therefore, the
estimated cost for the total phosphorus reductd@vi250 per kg.

Permanent land retirement is not the recommendechative. However, every
opportunity to reduce the external nutrient loathiereservoir should be pursued as a
recommended implementation strategy. Residue mamagfas expected to be the most
cost effective method of reducing the externalieatrload.

Nutrient Inactivation — Alum Treatment

The salts of iron and aluminum have long been usadvanced wastewater treatment to
remove phosphorus. This method consists of th#éiadaf primarily aluminum sulfate
(alum) to the lake-surface or injected above theohiynnion. The effect of the addition is
twofold. The precipitate formed within the watetuann removes phosphorus. The floc
once settled on the sediment-surface reduces tiegyf internal nutrients. One side
effect of the application of alum is a reductiorpid in low alkalinity waters.

Alum treatment is most effective when internal liogds an important source of nutrients,
relative to external sources. Lakes with nutrrgstt sediment resulting from historical
wastewater discharges often benefit from an aleatitnent. The effect of this method is
to eliminate the release of nutrients from sediment
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8.1.3

An alum application is generally considered to pe¢ai80% effective in controlling the
internal cycling of nutrients from sediment. Theagtity of aluminum required is generally
considered to be equal to the product of the imaetotal phosphorus load and the number
of years of control. Up to 15 years of control asgible, but 5 to 7 years is considered
typical. The duration of effectiveness is diredtgd to the reduction of external nutrient
loads.

An alum application will immediately clear the wat®lumn and increase light
penetration, likely stimulating the growth of rodtaquatic plants. One-half of the
reservoir acreage is less than 9 feet in deptlm, midst of the area in the upper portion of
the reservoir. This area is likely to become caediby rooted aquatic plants following
alum application.

The typical cost range per acre treated is $75@per. Additional testing is needed prior
to application. Therefore the estimated cost is@® which includes mobilization and
engineering. The total phosphorus reduction fa thethod is 164 kg 41% of the
combined internal and surface runoff load. The radized cost is $460 per kg of total
phosphorus. McDowell Dam Water Quality Assessmeaqdt (Appendix A).

Dilution with Hypolimnetic Withdrawal

Dilution with hypolimnetic withdrawal has two primamethods of action when
considered as a reservoir management tool. Thesatration of the limiting nutrient is
reduced by the addition of water with a lower rariticoncentration. The additional water
added to the reservoir, also decreases the residiene of the lake, flushing algae. The
loss rate of algae can exceed the growth rataesudt of flushing. The primary
considerations relative to dilution with hypolimietithdrawal as a restoration method
are the presence of a dependable source of lowenutwater and the present hydraulic
residence time of the lake. Dilution with hypolietit withdrawal is less effective when
the hydraulic residence time is short.

Apple Creek is a potential source of dilution wabéuntrient concentrations within Apple
Creek during the spring into July are less thathéreservoir's hypolimnion in late June,
July and August (see Appendix F of the McDowell Défater Quality Assessment Report
(Appendix A)). Flow rates within Apple Creek als@ @enerally large enough to allow for
the diversion / pumping of several cfs into theeresir. By adding water from Apple
Creek (3 cfs) and selectively withdrawing watemirthe reservoir hypolimnion following
thermal stratification (3 cfs), an estimated 9%kdptal phosphorus can be removed
annually from the reservoir during July and Augdste removal of water from the
hypolimnion requires restoring the use of the coreen port and possibly operation of
the low level drawdown. The load reduction (at&<3rate) equates to approximately 25%
of the combined internal and surface runoff totadgphorus load.

The opinion of probable cost (preliminary) for thiethod is $305,000. The estimated cost
includes a capital cost for the pump system anreg the use of the conservation port.
The administrative costs of acquiring the requpednits and easements are not included
in the estimate. Assuming a replacement life oy@@rs and 4% interest the estimated
annual cost of the infrastructure is $22,448. Aaimperation assuming a two month
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pumping period is approximately $4,500. Additioeafineering analysis is also needed
prior to implementation to evaluate timing and wafeality and quantity issues with the
removal of waters from Apple Creek. The normalizesdt for this method is an estimated
$275 per kilogram of total phosphorus removed.

Additional technical analysis is needed to res@dgees associated with this method. A
selective withdrawal analysis is recommended tduata the specific reservoir zones of
withdrawal and whether a retrofit of the outleheeded. Additional time series analysis of
water quality concentrations and flow rates witApple Creek is recommended. Further
analysis of the potential downstream affects adasing the high nutrient water from the
reservoir into Apple Creek, is also required. Thastruction of a series of drop structures
downstream of McDowell Dam may be necessary teeegarthe water released from the
reservoir.

The combination of these three methods shouldfieetefe in reducing the annual total
phosphorus load by more than 30%. Table 12 presemipinion of probable costs for these
management methods.

While the primary use of the McDowell Dam reserusiswimming and body contact recreation,
the reservoir has been a viable fishery and fishémgains a secondary use of the reservoir. If the
focus of reservoir improvement recommendationnistéd to improving the fishery quality of the
reservoir, hypolimnetic aeration is a viable metbbavater quality improvement.

Table 12. Opinions of Probable Cost of the Recommended M anagement M ethods.

Implementation | Annual Estimated Normalized Cost
M anagement M ethod . Phosphorus ($/kg of phosphorus
Costs Operating Cost Reduction removed)

Implementation of
Conservation Widely Variable & Future Development Dependent
Management Practicks

$75,000 per
Alum Treatment treatmertt none 164 kg $460
Dilution with
Hypolimnetic $305,000 $4500 99 kg annually $275
Withdrawal
Hypolimnetic Aeratiod | $30,000 Minimal Minimal

L Costs of implementation will vary widely dependimg effort. Efforts could range from encouraging
producers to implement better residue manageprantices (minimal costs) to the purchasing of land
for permanent retirement of land (significanttfos

2 Treatment will typically last 5 to 10 years depiigdon external phosphorus load

3 Aeration is recommended when the only improvengeat is to improve the fishery quality of the resgr.
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9.0 PUBLIC PARTICIPATION

A 30-day public notice, soliciting comment and papiation from interested parties was published
in Bismarck Tribune on February 26, 2007. In additithe proposed TMDL was made available in
hardcopy, electronic format and via the interndttid://www.health.state.nd.us/wijom the North
Dakota Department of Health.

Copies of the draft TMDL, with cover letter requegtpublic comment was sent to the following
stakeholders:

Bismarck Parks and Recreation Department

Burleigh County Soil Conservation District

Burleigh County Water Resource Board

Burleigh County Park Board

North Dakota Game and Fish Department

US EPA - Region VIII

USDA-NRCS State and Burleigh County Field Offices

US Fish and Wildlife Service, Ecological Servicesl@ Office, Bismarck ND

The 30 day public notice was held from FebruaryZ2®7 to March 30, 2007. Comments were
received from the following agencies: North Dak@@me and Fish and the U.S. EPA, Region 8. A
letter of support was also received from the BgHeCounty water Resource District. Public
comments received and the North Dakota Departnfdrealth’s response to those comments
received are provided in Appendix C.

10.0 MONITORING STRATEGY

Depending on the implementation of restorationraiBves, future monitoring will be conducted in
accordance with an approved Quality Assurance Er&jan(s) for McDowell Dam.

Specifically, monitoring will be conducted for a&kriables that are currently causing impairments to
the beneficial uses of the waterbody. These in¢lbdeare not limited to nutrients (i.e., nitrogen

and phosphorus) and dissolved oxygen. Monitoriflgoe conducted in the lake beginning two
years after implementation and extending 5 yedes #fe implementation project is complete.

In response to the alum treatment that occurreday 10, 2006, McDowell Dam has (and will be)
monitored in accordance with the Quality AssuraRogect Plan for the McDowell Dam Alum
Treatment (Houston Engineering, 2006).

11.0 RESTORATION STRATEGY

Local sponsors have expressed interest in implangehest management practices to help restore
the beneficial uses of McDowell Dam.

In the event a Watershed Restoration Project iettakien, monitoring will be a required

component of the project. As a part of the watedsgbroject, data are collected to monitor and track
the effects of BMP implementation as well as tag@dverall project success. A Quality Assurance
Project Plan will be developed as part of the mtdjleat details the strategy of how, when and where
monitoring will be conducted to gather the datadegkto document success in meeting the TMDL
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implementation goal(s). As data are gathered aatyaed, watershed restoration tasks will be
adapted, if necessary, to place BMPs where thdyhaile the greatest benefit to water quality and
in meeting the TMDL goal(s).

12.0 ENDANGERED SPECIES

The North Dakota Department of Health has reviethedist of Threatened and Endangered
Species in Burleigh County as provided by the Ush aind Wildlife Service (Appendix B).
Although there are listed species present in thmtyothey do not utilize the waterbody that is
targeted by this TMDL. It is, therefore, the Depaeht’s best professional judgment that the
McDowell Dam TMDL poses “No Adverse Effect” to tho$hreatened and Endangered species
listed for Burleigh County.

As mentioned in Section 9.0, the US Fish and WadHervice was provided a copy of this
document for their review during the public commpatiod. No comments were received.
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1.0 GENERAL INFORMATION

Applicant Information

Name of Organization

Burleigh County Water ReseWdstrict (BCWRD)

Type of Organization

Water Resource District

Project Manager

Mr. Michael ElI
North Dakota Department of Health (NDDH)
Surface Water Quality Management Program
1200 Missouri Avenue Bismarck, ND 58506
701-3285210

Principle Investigator

Mr. Michael Gunsch, PE
Houston Engineering, Inc.
304 East Rosser Avenue, Bismarck, ND 58501-4012
701-323-0200

Project Information

Project Name

McDowell Dam Water Quality ImprovemEnbject

Impaired Use

Aquatic Life

Impairment Cause

Nutrient enrichment and low digstloxygen

Funding

$20,000 EPA/NDDH - TMDL Program

$22,688 EPA/NDDH — Section 319 Non-Point Source
Pollution Control Program

$3,285 In-Kind — Bismarck Parks & Recreation

$7,135 In-Kind — North Dakota Game and Fish
funding from the North Dakota Sawar O
Lake Program

$4,911 In-Kind - BCWRD Total = $58,019

Project Dates

June 2002 — June 2004

Project Summary

The goal of this project is to datee the nutrient loa
reductions for McDowell Dam which, if implementeulill
improve the lake’s trophic status, thereby imprgvirs
beneficial uses for recreation, fishing, and pubhkater
supply. This goal will be accomplished by: 1) det&ring

hydrologic and nutrient budgets for the lake; 2) |by
identifying the primary causes and sources of ants in
the watershed and delivered to McDowell Dam; and 3)
examining and making recommendations for lake
restoration and/or watershed BMPs which can | be
implemented to reduce nutrient loading to the lake.

McDowell Dam Page 11 of 63 September 2004

Final TMDL Report



2.0 PROJECT BACKGROUND

McDowell Dam is located in Burleigh County, Noiftakota, approximately four miles
east of Bismarck in the central portion of thees{&igure 2-1). The McDowell Dam Reservoir
(the reservoir) formed by the dam, is identified thie North Dakota 2002 303(d) List as a
priority waterbody for TMDL development. The Norakota Department of Health (NDDH)
and Burleigh County Water Resource District (BCWRrsued funding to develop data to
ultimately complete a Total Maximum Daily Load (TNMPanalysis for this reservoir.

This study is intended to provide information neeeyg for the development of a future
TMDL. The goal is to develop load reduction recomueions for the reservoir which, if
implemented, will improve the lake’s trophic statukereby improving beneficial uses for
recreation, fishing, and public water supply. Tgeal will be accomplished by: 1) determining
hydrologic and nutrient budgets for the lake; 2)idgntifying the primary causes and sources of
nutrients in the watershed and delivered to theervesr; and 3) examining and making
recommendations for restoration and/or watershed8Mhich can be implemented to reduce

nutrient loadings.

2.1  Description of the Problem

The Clean Water Act requires the development ofDLNI for all waters on a state’s
Section 303(d) List. One part of the TMDL is thdoeation of allowable loads. A load
allocation is the sum of the allowable loads ofrayle pollutant from all contributing point and
nonpoint sources, which a waterbody can receive, sl meet water quality standards.
Development of a TMDL must take into consideratiba seasonal variation in water quality
and a margin of safety that addresses uncertaintitbe analysis. Separate TMDLs are required
to address each cause of impairment (i.e., nusiieatdiments, etc). This report will address the
nutrient impairment in the McDowell Dam Reservoir.

Section 303(d) of the Clean Water AGWA) requires each state to identify

waterbodies which are considered water qualitytéohiand require load allocations, waste load

allocations and Total Maximum Daily Loads (TMDLs).The North Dakota
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Insert Figure 2-1 Location of McDowell Dam Reservoi
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Department of Health (NDDH) has identified McDowBlm as an impaired waterbody
(Table 2-1).In 1996, the NDDH identified the reservoir as hyperophic because of a

rapid loss of dissolved oxygen below the thermeagle need for aeration to maintain the
fishery, and a history of significant algal bloo(hNDDH, 1996).

Table 2-1 The Section 303(d) TMDL listing for McDovell Dam (NDDH, 2004).

Identification Number Assessment Unit (AU) ND-10183-014-L_00
Description McDowell Dam

Size 56.5 acres

Designated Use Fish and Other Aquatic Biota

Use Support Not Supporting

Impairment Dissolved Oxygen

Priority 1 (High)

The reservoir is listed as “not supporting” fohfiand other aquatic biota because
of low dissolved oxygen. McDowell Dam is classifiagl a Class 3 warm water fisheries
lake, defined as capable of supporting growth agagation of nonsalmonid fishes and
associated aquatic biota (NDDH, 2001). The fishesyablished initially within the
reservoir consisted of bluegill, largemouth and lémauth bass, and rainbow trout. The
reservoir has experienced repeated late summekifishThese die offs were caused by

a eutrophic condition and subsequent anoxia betevtermocline.

2.2 History of the Watershed and McDowell Dam

The McDowell Dam Recreation Area was opened ireJL@80 by the Burleigh
County Water Resource District (BCWRD). The fagilwas designed by the Natural
Resources Conservation Service with funding assistdrom the BCWRD and the
Lewis and Clark Regional Development Council. ThH@VBRD holds the title to the
property and contracts with the Bismarck Parks Bedreation Department to operate

and manage the facility.

McDowell Dam Page 14 of 63 September 2004
Final TMDL Report



The McDowell Dam Recreational Area includes a swingrbeach, boat ramp
and dock, boat and canoe rentals, walking trait:)ip shelters, playground equipment
and a seasonal concessionaire. The facility calgtsacres within the Missouri Coteau.
The area is characterized by gently rolling uplawdb moderate slopes. The maximum
relief is approximately 100 feet. Soils are forniemin rocky, gravelly and sandy glacial
till and are moderately to well drained.

The reservoir was created in 1976 by damming dl $ntautary to Apple Creek,
which is a tributary to the Missouri River. It cageé6.5 acres and has a mean depth of 14
feet and a maximum depth of 43 fd@&tigure 2-2). Table 2-2 summarizes general
characteristics of McDowell Dam and the watershed.

The McDowell Dam outlet structure consists of a aete drop inlet with a
conservation port and a low level drawdown. Thegypal spillway is a 36-inch
Reinforced Concrete Pipe (RCP) that exits to a ropkap plunge pool. The weir
elevation of the concrete drop inlet structure wagyinally 1723.5 msl (as-built
measurement on 11/17/75). Redwood flashboards westalled in May 1980 that
effectively raised the weir elevation to 1724.56.rm&e design discharge capacity is 214
cfs.

The principal spillway structure has a low-levehwwdown system to assist in
maintaining reservoir water quality. The system wasigned to allow initial reservoir
outflows from the lower pool elevations, which caintwaters with higher nutrient levels
that can cause water quality problems within theemeoir. The low level drawdown
structure is a 16-inch Asbestos Cement Pipe (AG#&)is controlled by a waterman gate.
The inlet of the drawdown pipe is at 1684.36 m&le Wvaterman gate stem was broken in
March 1995 and subsequently repaired but has reat bperated since. The emergency
spillway is a grassed waterway at elevation 1729sband a maximum design capacity
of 703 cfs.
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Insert Figure 2-2 McDowell Dam Recreation Area
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Table 2-2General characteristics of McDowell Dam and the watshed

Waterbody Name

McDowell Dam

8-Digit HUC 10130103
Waterbody Type Constructed reservoir
Location Township 139 North, Range 79 West, Se@ipn

County Location

Burleigh County, ND

Nearest City

Bismarck, ND

Physiographic Region

Missouri Coteau

Major Drainage Basin

Tributary of Apple Creek

Watershed Area

3,959 acres

Surface Area of Reservoir

56.5 acres

Volume 779 acre-feet
Mean Depth 13.8 feet
Maximum Depth 43 feet

Dam Type Constructed earthen embankment
Outlet Type None

Principal Spillway Elevation 1724.0 msl

Tropic Status Hypereutrophic

Fishery Type

Warm water fishery — stocked with bitielargemouth
bass and trout

2.3 Land Uses in the Watershed

The contributing watershed for McDowell Dam covapproximately 3,759 acres
or 5.9 square milegrigure 2-3) and (Table 2-3) The watershed is composed of five
subwatersheds with subwatersheds 3, 4 and 5 comtgp flow to the reservoir.
Subwatersheds 1 and 2 contribute water to thet&ipuhowever under normal runoff

conditions a small upstream dam prevents thesersvaiten flowing into the reservoir at

McDowell Dam Recreational Area.
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Insert Figure 2-3 McDowell Dam Watershed
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Primary land use is agriculture, with 2,650 acres7©% in cultivation. The
remaining land uses include non-cultivated acr&84(2 rural residential developments
(5%) and roads (1% Jigure 2-4).

Table 2-3 The contributing subwatersheds for McDowiéDam.

Drainage Area | Drainage Area
Subwatershed (acres) (mi?) Comments

Contributes water to an upper
1 360 0.56 watershed dam

Contributes water to an upper

2 1,285 2.01 watershed dam

3 1,050 1.64 Contributes water to the reservoi

4 584 0.91 Contributes water to the reservoi

5 480 0.75 Contributes water to the reservoi
Total 3,759 5.87

2.4 Previous Data Collection

The NDDH collected water quality samples in 1994 4995 from the reservoir
using the methodology described in theke Water Quality Assessment Atlas, Volume I
(NDDH, 1996). Parameters analyzed included phosgharitrogen, dissolved oxygen,
water temperature, trophic status, lake bed sedsneaquatic vegetation and
phytoplankton. Data were summarized and reportedthia North Dakota Lake
Assessment Atlas, VolumdgMNDDH, 1996).

American Engineering, P.C. (1996) completed anuati®n of the annual and
summer runoff yields and a simulation of historiater levels within the reservoir. The
data is summarized in thglcDowell Dam Recreation Area: A Supplemental Water
Supply Evaluation — Annual Runoff Review, Reser@&inulation and Benefit/Cost
Analysis(American Engineering, 1995). Information usedha evaluation included an
analysis of runoff yields, precipitation and evagimm records, embankment seepage
rates, and physical features of the Reservoir atioreal area and its watershed.
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2.5  Water Quality Standards

The purpose of the TMDL process is to improve wafeaality and restore or
protect defined beneficial uses of the waterbodye Establishment of water quality
targets that can be measured and tracked is negessgage document and verify
improvement. Numeric criteria, established as s&ewatiality standard, can serve as these
targets.

Standards of Quality for Waters of the St@terth Dakota Century Code 33-16)
establishes numeric standards for dissolved oxygeh total phosphoru@rable 2-4)
The numeric standards for Class | Streams incllldelassified lakes. The standard for
dissolved oxygen is a value not less than 5.0 argllfor total phosphorus, a value of 0.1
mg/l. In addition, nutrient guidelines have beetablished for use as goals in lake
improvement and maintenance programs at 0.02 migdHfosphorus (P£as P).

Table 2-4. Numeric Standards from theStandards of Quality for Waters of the State
(North Dakota Century Code 33-16)

Parameter Guidelines Limit

Guidelines for Classified Lakes

Nitrates (dissolved) 1.0 mg/I Maximum allowed
Phosphorus (total) 0.1 mg/l Maximum allowed
Dissolved Oxygen 5 mg/l Not less than

Guidelines for Goals in a lake improvement or m&iaince program

NOs;as N 0.25 mg/l Goal

PQ,as P 0.02 mg/l Goal

3.0 STUDY METHODS

The purpose for the monitoring activities was lbain representative hydrologic
and water quality data to characterize the lakenaality, reservoir quality and to have
the data needed to estimate nutrient loads. Moshefmonitoring activities occurred
between May and October 2003 with one additionalpdi;mg event in November 2002.

This section of the report summarizes the methsds.u
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3.1  Water Quality Monitoring

There were three water quality sampling sitescsetefor the studyTable 3-1;
Figure 3-1). The upstream site was located near the interseofitime walking trail and
the creek on the northwest side of the reservdie downstream site was located at the
outlet to the reservoir. The in-lake site was ledaih the deepest part of the reservoir at

the south end near the intake structure.

Table 3-1 Location of water sampling sites for Mcbwell Dam.

Latitude Longitude
Sampling Site Site ID (approx.) (approx.)
In-lake 380815 46N 49'33" 100w 38’ 3”
Upstream 385275 46N 49’ 59” 100W 38’ 43"

36" RCP outlet at the base of the dam

Downstream 385274 discharging into the plunge pool

3.1.1 Upstream Monitoring
Surface water grab samples were collected fronugistream site on three dates,

at mid-depth of the flow in the creek. Samples weodlected in accordance with
accepted Standard Operating Procedures (SOPsQ(sdity Assurance Project Plan for
the McDowell Dam TMDL2002).

3.1.2 Downstream Monitoring

The downstream sampling site measured only seeg@sgbarges through the
earthen embankment. There was one sampling dategdie study period. The historic

seepage outflow data was obtained from the NRC&d@&fimeyer, 2004).
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Insert Figure 3.1 Location of Sampling sites
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3.1.3 In-Lake Monitoring

In-lake water quality samples were collected pt&letermined depths for the lab
analyzed parameters and through the water columb-ratincrements for the field
measured parametei&ble 3-2identifies the frequency of sampling and the asialjor
each sample. Samples were collected in accordaitbeaacepted SOPs (s€guality
Assurance Project Plan for the McDowell Dam TMR2D02).

3.1.4 Ground Water
There were no wells or piezometers installed asgdadhis project.

3.2 Precipitation

Precipitation data was collected using two cordusirecording rain gages. The
gages recorded precipitation depth electronically0i0Ol1-inch increments. The upper
watershed rain gage was located in the SY2, SEY48S&239N, R79W (approx: Lat 46N
52’ 27" Long 100W 40’ 50”). The McDowell Dam rairage was located in the NE %4 ,
SW¥4, SWY4, Sec. 27, T139N, R79W (approx: Lat 46N 3®’ Long 100W 38’ 28").
There was no flow past the upper watershed danmgluhie study period; therefore the

McDowell Dam rain gage was used for the preciptatiata for the study.
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Table 3-2 Water samples collected from the McDowelbam reservoir and the
parameters analyzed for the TMDlIstudy.

x4

Sampling Frequency

Field/Lab | Nov 2002 - May 2003 - Sample
Parameter Analysis' | April 2003 October 2003 Depth®
Water level (Stage) Daily average from May — Odd20
Temperature F M B d
Dissolved oxygen F M B d
Total Kjeldahl nitrogen L M B a,b,c
Ammonia nitrogen L M B a,b,c
Nitrite plus nitrate nitrogen L M B a,b,c
Total nitrogen L M B a,b,c
Dissolved phosphorus L M B a,b,c
Total phosphorus L M B a,b,c
Total suspended solids L M B a,b,d
Total dissolved solids L M B a,b,c
Turbidity F M B e
pH F/L M B d/a,b,c
Total alkalinity L M B a,b,c
Specific conductance F/L M B d/a,b,
Chlorophyll-a L M B a,b,c
Chlorophyll-b L M B ab,c
Fecal coliform bacteria L Q a
Phytoplankton enumeration L M B a
and biovolume (Nov 2002) (May — Aug 2003)

! Field/Lab Analysis: F = Field, L = Laboratory
2 sampling Frequency: B = Bimonthly, M = Monthly,<Quarterly, D = Daily

s Sample Depth: a = surface, b = mid-depth, ¢ =opotiepth, d = 1-m increments from surface to bottom
e = depth as necessary
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3.3 Evaporation

Potential evapotranspiration was calculated uging different methodologies
with daily observation data obtained from tiNorth Dakota Agricultural Weather
Network (NDAWNS) (http://ndawn.ndsu.nodak.edu for the Mandan station
(latitude46.767, longitude 100.917). Data was olgtdifor the period from May 7, 2003
to October 21, 2003.

The five methods were the Penman equation, Lakenddefl equation, Lake

Hefner #2 equation, Meyer 1915 equation and thelteefrom the Penman PET located
at the Mandan NDAWNS station. The meteorologicaladequired for the methods
included average air temperature, minimum relatiuamidity, ratio of actual to

maximum possible sunshine hours, and average wpegds The value used as the
evaporation rate for modeling and determining therblogic balance for the monitoring

period is the average of the five methodakile 3-3.

Table 3-3 Evaporation calculation methods.

Calculated Evaporation for the
Evaporation Calculation Methods Monitoring Period 5/7/03 through
10/21/03 (Inches)
Penman equation 51.25
Lake Hefner #1 equation 27.46
Lake Hefner #2 equation 33.51
Meyer 1915 equation 36.81
Penman PET 43.04
Average 38.42

3.4  Water Level (Stage)

An electronic continuous stage recorder was usedbtain daily stage levels
within the reservoir. Continuous stage readingsryev@ene hour were averaged to
determine the daily average stage. Reservoir levele also measured once per month

using a staff gage or measurement at the outfaittsire.
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3.5  Vegetation

A survey of the macrophyte community was conduaadMcDowell Dam in
1993 (NDDH, 1996). Six emergent and five submergésnt species were identified that
are tolerant of fresh and alkaline waters. Plartecage was limited due to the steep
gradient of the shoreline. Actual coverage was betwl10 to 20 percent of the lake

surface.

3.6 Modeling of Hydrology, Nutrient Loads and Reseroir Response

Instrumentation placed in the field is normallydgo quantify the various terms
comprising the hydrologic budget. By combining thésrms and the quality of runoff, an
annual nutrient load is developed. Because of tiyecdnditions, little runoff into the
reservoir occurred during the study period, theeefin alternative method needed to be

developed. The method selected consisted of thikcappn of the P8 Urban Catchment

Model (ttp://wwwalker.net/p§/ This model was used simulate watershed hydrology
and nutrient loads into the reservoir.

P8 is a water quality model used for predicting gemeration and transport of
stormwater runoff pollutants in urban watershertee P8 model has also successfully
been applied to rural watersheds for the purpossstiating loads. The loads from the
P8 model were then used to evaluate reservoir nsgpaising the BATHTUB model.

3.6.1 P8 Model

Continuous water-balance and mass-balance catmsadre performed on a user-
defined system consisting of the following elementatersheds (non-point source areas)
including curve number, length of travel across tlaadscape; devices (runoff
storage/treatment areas or BMPSs); particle claggps; of channel or pond; and water
quality components (NURP water quality data). Tineusations are driven by continuous
hourly rainfall and daily air temperature time ssriThe model was adjusted to generate
the average water quality for Apple Creek (USGR)130because of a lack of measured

runoff quality from the reservoir tributary.
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The hydrologic results obtained from the P8 modetenqualitatively compared
to a HEC-1 model for the same period. Peak runadf\wlume were compared to ensure
reasonable behavior of the P8 model. The runoftimel and loads from the P8 model
were then used within the BATHTUB model to prediat in-reservoir response.

Developing an implementation strategy based ondigdic conditions for a dry
climatic period occurred during 2003 may be misiegdTherefore, models were needed
to assess the response of the reservoir to loacttieds for more “normal” hydrologic
conditions. Because of the small amount of runoifi @aumber of samples collected,
during the 2003 monitoring period rainfall datanri2001 (NDAWNS), a “normal”
annual precipitation year, were used to run thenRflel and generate loads to the
reservoir. These loads were generated for the ¢héraom early May through the end of
October.

Normally, a water quality runoff model is “calibeaf’ or adjusted to achieve a
measured average runoff concentration. The avenageff concentration used is the
measured or monitored surface runoff quality. Beeaaf the low number of runoff
samples collected from the tributary to McDowellnaan alternative method to adjust
the P8 model was needed. The P8 model results ‘adpested” to predict the average
runoff quality from Apple Creek. These data canmrirmonitoring completed by the
USGS between 1/28/1975 and 12/19/1984 (USGS).

3.6.2 BATHTUB Model

The BATHTUB model applies a series of empiricatrephication equations to
morphologically complex lakes and reservoirs. Thegpam performs steady-state water
and nutrient balance calculations in a spatiallgnsented hydraulic network that
accounts for advective and diffusive transport anttient sedimentation. Eutrophication-
related water quality conditions (Total P, Total Bhlorophyll-a, transparency and
hypolimnetic oxygen depletion) are predicted usngpirical relationships derived from
reservoir data. The BATHTUB outputs include tabukard/or graphic displays of
segment hydraulics, water and nutrient balancesjigtions of nutrient concentrations,
transparency, chlorophyll-a concentrations, andgery depletion for observed and

predicted values.
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The BATHTUB model was calibrated to the 2003 resgrwater quality data. A
second model was then developed for a normal ptatgn year (2001) and also
calibrated to the 2003 reservoir water quality ddtaernal loading from anoxic
sediments was computed using the reservoir watditgaata (as described below).

The BATHTUB Model included an explicit term for tiv@ernal total phosphorus
load from sediments. Using the change in total phosus concentration within the
hypolimnion during the period of thermal stratiticem (approximately May 5, 2003 to
August 20, 2003), the increase in total phospharass was an estimated 205.4 kg. The
estimate is based upon an average summer elevétiorthe upper limit of the
hypolimnion at elevation 1721.4 (derived from themperature profiles), which
corresponds to a hypolimnion volume of 200 acre-fébe change in total phosphorus
concentration within the hypolimnion from the onsétthermal stratification until just
prior to turnover was 830 ppb. The internal load\wasumed constant between years for

the purposes of modeling.

4.0 STUDY RESULTS

This section discusses the results of the resemnitoring, tributary and
seepage outflow monitoring. Because of the dry tmms, only 1-3 samples were
collected at the upstream and downstream locatems#e data could not be interpreted.
Therefore, only the reservoir monitoring results presented.

4.1 Reservoir Monitoring Results

The temperature during the winter 2002-2003 wa®igdly warmer than average
(Table 4-1) The spring and early summer were generally cooh va¢low average
precipitation. May 2003 was a wetter than normahthowith precipitation 2.27 inches
above average. Summer months were warmer than gevevdh precipitation below

average.
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Table 4-1 Monthly mean temperature and differencerbm the mean for the
Mandan, North Dakota Station for Bdvember 2002 through November
2003. The mean precipitation data was obtaineidom the on-site rain gage
at McDowell Dam.

Mean Air | Mean Air Mean Mean

Month T?%%S_:) T?E%S_:) Difference Pr(ezcci)%z(i_n) Pr(elcégs()i_n) Difference
2003) current) 2003) current)

Nov/02 31.0 28.0 3.0 No data No data No data
Dec /02 24.0 15.0 9.0 No data No data No daja
Jan/03 14.0 10.0 4.0 No data No data No daja
Feb/03 114 17.0 -5.6 No data No data No dafa
Mar/03 24.6 29.0 -4.4 No data No data No dath
Apr/03 46.6 43.0 3.6 No data No data No datg
May/03 53.2 56.0 -2.8 4.24 1.97 2.27
Jun/03 62.1 65.0 -2.9 1.99 3.94 -1.95
Jul/03 71.0 70.0 1.0 0.96 2.19 -1.23
Aug/03 74.1 69.0 5.1 0.26 1.73 -1.47
Sep/03 58.6 57.0 1.6 1.92 1.19 0.73
Oct/03 49.5 45.0 4.5 0.17 0.85 -0.68
Nov/03 20.9 28.0 -7.1 No data No data No data
Year
2003 41.6 41.0 0.6 No data No data No datg

The reservoir data collected during this periodised to diagnose the extent of

the water quality problems within McDowell Dam. $tdata was also used to calibrate

the BATHTUB model.
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4.1.1 Temperature, Dissolved Oxygen, pH, Transparey and Specific
Conductance

The mixing dynamics of the reservoir influence dsemical and biological
characteristics and are a function of the tempeggitofile, the amount of solar radiation
and wind energy striking the water surfaéeggure 4-1 shows the temperature profile of
the reservoir from November 2002 through Octobdd320rhe reservoir was stratified
from mid-June through September 2003. The thermeckached an estimated depth of
16 to 26 feet at the base of the epilimnion andofaje hypolimnion, respectively.

The dissolved oxygen (DO) concentration below tthermocline is less than 5
mg/l throughout the summer montl{Eigure 4-2). The NDDH (1996) report on
McDowell Dam cited low DO as a problem below theerthocline. Typical
concentrations necessary to maintain aquatic Iree 45 mg/l, depending on water
temperature. Adequate DO concentrations were dlailabove the thermocline to
sustain aquatic life. Anoxic conditions were usyatached within 3 feet below the
thermocline which agrees with the NDDH results oted in 1996.

As the DO concentrations decrease the pH also aleeseacross the profile
(Figure 4-3). Measurements ranged from a pH of 9.2 at the seitia a pH of 7.1 at the
bottom depth. The range of pH values across thélgrearies on a seasonal basis
dependent on the stratification of the reservoiheW the lake is non-stratified, the pH
was uniform throughout the profile. During strat#tion, the pH generally varies 1 unit
from the surface to the bottom of the profile.

Water transparency was measured with the secck, divhich roughly
corresponds to the depth of light penetration rergsfor plant growth. Clarity of the
reservoir varies seasonally depending upon algabrbé and/or suspended sediments.
Figure 4-4 shows that the secchi depth in early spring goastratification ranged from
1.4 feet to 9.6 feet. After the reservoir strasifithe secchi depth ranged from 2.5 feet to
4.7 feet. Wind mixing is likely a contributing factto the degree of water clarity in this

reservoir.
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Figure 4-1. McDowell Dam Temperature (degree C)
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Specific conductance within the surface mixed lg{e6 feet) ranged from 2280
to 2860 umhos/cn{Figure 4-5). Within the entire profile, the specific conduatan
ranged from 2270 to 2910 umhos/cm. The NDDH repb®06) calculated an average
volume-weighted mean conductivity for McDowell Darh839 umhos/cm. The average
(not volume-weighted) for 2002-2003 across theilgafas 2566 umhos/cm. In 2002-
2003, the reservoir had low stage levels whichease the conductance of the water. As
a result, the conductivity levels are likely eleaditas compared to the 1996 results.
However, a comparison with 1996 is difficult sirtbe McDowell Dam stage levels were

not reported in the 1996 report.

4.1.2 Nutrients and Chlorophyll-a

The reservoir's trophic state can be described thg total phosphorus
concentration, chlorophyll-a concentration and beatepth (Table 4-2) The term
trophic state refers to the level of productivitya lake and can be quantified using the
Carlson’s Trophic State Index (TSI). McDowell Dam élassified as hypereutrophic
based on the total phosphorus concentration (T8)=Based on chlorophyll-a (TSI =
64) and secchi depth (TSI = 56), the trophic stdtéicDowell Dam is classified as
eutrophic. This suggests that some factor othar tb&al phosphorus limits algae growth
in the reservoir and drives water clarity. Basedtba secchi disk depth during the
summer, light penetration may limit algal growth.

The total phosphorus average value over the sagqmariod was 0.17 mg/l
across all depths, which is 0.07 mg/l above thetiNDakota total phosphorus guideline.
The 0.1 mg/l guideline was exceeded beginning etdigeper sampling depths in April
2003 (Figure 4-6). The average value for total phosphorus acrossdefiths was
exceeded beginning in June 20(0R8gure 4-7). The high total phosphorus within the
hypolimnion indicates sediments releasing phosphaturing periods of low DO. By
July 2003, the standard was exceeded at all dephigsratio of dissolved phosphorus to
total phosphorus can be used to determine if thginois organic (dissolved) or
associated with sediments. The concentration af #utd dissolved phosphorus through
time follows the same trer(&igure 4-8).
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Table 4-2 Carlson’s Trophic State Index.

Trophic Ph;-sog;[ﬁlmus Chlorophyl!-a _

State Index CarmaaTiEten Concentrgltlon Secchi I33epth L.a.ke .,

(TSI) Scale (ug/n* (nafl) (m) Classification
0 0.75 0.04 64 Oligotrophic
10 15 0.12 32 Oligotrophic
20 3 0.34 16 Oligotrophic
30 6 0.94 8 Oligotrophic
40 12 2.61 5 Mesotrophic
50 24 7.23 2 Eutrophic
60 48 20 1 Eutrophic
70 96 55.5 0.5 Hypereutrophid
80 192 154 1.25 Hypereutrophig
90 384 426 1.025 Hypereutrophig
100 768 1180 0.0625 Hypereutrophi

1 TSI = (14.42*[In (Total Phosphorus average)]) 5.
2TSI = (9.81*In (Chlorophyll-a average)]) + 30.6

3 TSI =60 - (14.41*In (Secchi average)])

4 Lakes can generally be classified in order oféasing productivity and decreasing water quality as
oligotrophic (TSI = 0-40), mesotrophic (TSI = 80), eutrophic (TSI = 50-70) or hypereutrophic (ESI

70-100).
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Figure 4-5. Specific Conductance (umhos/cm) within the Mixed Surface Layer
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Figure 4-6. Total Phosphorus Concentration (mg/l)
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Nitrogen to phosphorus ratios are showifrigure 4-9. The total nitrogen to total
phosphorus ratio (TN:TP) ranged from 37.5:1 forid-take sample in June 2003 to 1.7:1
to for a surface sample in November 2003. The dap#naged ratio was 14.8:1. Prior to
July 2003, the ratio indicated that the limitingtment for phytoplankton growth was
phosphorus. After July 2003, nitrogen became téihg nutrient.

Lake sediment has a role in the phosphorus cyttldinsthe reservoir. There are
elevated concentrations of total phosphorus withie hypolimnion in late July/early
August 2003(Figure 4-6). As the bottom sediments become anoxic, phosphisrus
mobilized or released from the sediments. The fdenb sediment release typically
corresponds with stratification and low DO concatins.

Chlorophyll-a concentrations were measured atstivéace of the reservoir. The
highest value occurred (62 mg/l) when the total spih@rus was readily available in
September 2003(Figure 4-10; Figure 4-6) High chlorophyll-concentrations are

typically associated with algal blooms, which apenmon in the reservoir.

4.1.3 Phytoplankton Abundance

Phytoplankton is a collective term for microscopmuatic plants and plant-like
animals. The phytoplankton, primarily, algae, fahme base of the aquatic food chain. In
a highly productive lake (hypereutrophic), excesslgal growth creates scums or algae
blooms. Algae blooms are usually the most obviaudemce of water quality problems.

Typical algae types include green, brown, red ling-green. Green and brown
algae are generally abundant in a lake. Blue-gedgae are considered undesirable and
may lead to algae blooms which have an odor dudiecpy. Algae abundance can be
expressed by either concentration or biovolume.wBraalgae (diatoms), red algae
(dinoflagellates) and blue-green algae were thet masimon phytoplankton within the
reservoir on a biovolume bas(&igure 4-11) Diatoms (brown algae) dominated in
November 2002 and May, mid-June and July 2(fl8ure 4-12) Dinoflagellates (red
algae) dominated in early June, late June and 200B. Blue-green algae biovolumes

started to increase in mid-July in the reservoir.
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Figure 4-11. Mean Phytoplankton Biovolume by Class
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Figure 4-12. Phytoplankton Biovolume by Sampling Date (May - August 2003)
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4.2  Modeling Results

Nutrients influence the water quality of the remér. The estimated values of the
load and concentration for sediment, total nitrqgetal phosphorus, chlorophyll-a and
secchi depth were calculated using the P8 and BAJBITmodels. The following
discussion focuses primarily on reservoir hydrologwtrient loads and reservoir

response to a reduced nutrient load.

4.2.1 Hydrology

Climatic factors influence the amount of runofacking McDowell Dam. There
was measured surface runoff to the reservoir, fikdery through July 2003. However, no
surface runoff occurred for the remainder of thenitwing period(Figure 4-13) The
reservoir level declined 2.32 feet from May throu@ttober 2003. The change in stage is
equivalent to a volume of water equaling 116.7 deet or approximately 14% of the
volume of the reservoifFigure 4-14) The reservoir reached a maximum stage during
May/June 2003 (~1722.26 msl) and a minimum stagkeaénd of the study (~ 1719.94
msl).

A hydrologic balance was developed using the meas@003 data. Seepage
through the dam was estimated using records anessign curves provided by the
NRCS. Evaporation loss was computed using the geavifive methods as described in
Section 3.3. The depth of rainfall to the lake acef came from the McDowell Dam
rainfall gage. Surface runoff was computed usinating curve developed from the
inflow channel and measured channel stage. Netngrevater inflow and outflow was
assumed to be negligible.

The hydrologic balance equation is:

Storage Storage Surface Ground Precipitation Ground Dam
End -Begin =Runoff + Water , tolLake - Evaporation . Water _Seepagéd- Error
Inflow Surface Outflow

Direct rainfall and surface runoff contributed 94a6re-feet of water to the
reservoir during the 2003 monitoring peri¢igure 4-15) Evaporation and seepage
accounted for 100% of the water loss. There wasumnface outflow from the reservoir.
There was a total volume loss of 98.2 acre-feetnduthe monitoring period, which

resulted in a stage decrease of 2.32 ft.
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Figure 4-15. McDowell Dam Reservoir (2003) Hydrologic Budget
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The P8 model was also used to develop the surtawEfrterm of the hydrologic
budget for a “normal” precipitation year using pp#ation data from the North Dakota
Agricultural weather network for the Mandan StatiGgee page 17). The normal
precipitation year was operationally defined asaanual precipitation depth with a 50%
probability of occurrence (median value) for theige of record. The total rainfall depth
for the period from May 4, 2001 through October 2001 was then used in the P8 model
to develop the “normal precipitation year” hydralodalance. The net groundwater
inflow / outflow was assumed equal to zero.

Based upon the P8 model, an estimated 85% of taé itdlow volume to the
reservoir is derived from surface runoff duringamal precipitation yeaffFigure 4-16)
Discharge through the reservoir outlet and evaporaare approximately equal in
magnitude. The hydraulic residence time is estithate?.7 years, compared to a nearly

infinite residence time when no surface outflowwsaduring dry conditions like 2003.

4.2.2 P8 Model Estimated Annual Loads

The P8 model estimated the load (Ibs) and coragois (ppm) for Total
Suspended Sediments (TSS), Total Phosphorus, Kgdhhl Nitrogen, NH and NQ +
NOs. Table 4-3 shows the P8 model generated loads and averagerdoations within
surface runoff. The loads are for the period of Mhasough the end of October and

correspond to the lake level and rainfall monitgnoeriod.

Table 4-3 Estimated loads and average concentratisrgenerated by the P8 model
for 2003 and a normal precipitatio year (2001).

Load :
Concentration
) (Ibs)
Variable*
2003 Normal 2003 Normal Year
Year

Total Suspended Solids 3,183.28 19,875.3 22.1 ppm 18.6 ppm
Total Phosphorus 59.60 421.1 413.5 ppb 394.7 ppb
Total Kjeldahl Nitrogen (TKN) 159.24 1131.3 1104.8 ppk 1060.3 ppb
NH; 18.27 127.3 126.7 ppb 119.3 ppb
NO, + NO; 27.40 190.9 190.1 ppb 179.0 ppb

TKN = organic nitrogen + Nk Total Nitrogen = (N@+ NG,) + TKN. Surface runoff volume estimated is 53.03
Acre-feet for 2003 and 329.5 acrd-feea normal precipitation year (2001).
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Figure 4-16. McDowell Dam Reservoir Hydrologic Budget for "Normal" Precipitation Year
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The results show that the nutrient loads from serfaunoff are estimated to
increase by a factor of seven during “normal” ctinds, compared to those observed
during 2003.

The phosphorus and sediment yields for surfaceffuam be calculated for the
watershed using the P8 modékble 4-4) The phosphorus and sediment yields for the
watershed in 2003 are 0.009 ton</arid 0.48 tons/mj respectively.

Table 4-4 Phosphorus (Total) and sediment loads faubwatersheds 3, 4 and 5 as
estimated by the P8 model for the McDowell Dam watshed in 2003.

. : Phosphorus Phosphorus Sediment  Sediment
Drainage  Drainage

Area Area Load Yield , Load Yield ,
. tons tons/mi tons tons/mi
2,114 3.3 0.0298 0.009 1.59 0.48

Runoff from subwatersheds 1 & 2 were detained bysiream dam and did not flow into McDowell DarmrsBwoir
during 2003.

There was no outflow in 2003 so the entire load#Pcollected in the reservoir.

4.2.3 BATHTUB Model and In-Reservoir Response

Input for the BATHTUB model included information@lt the in-reservoir water
quality data from the 2003 monitoring season folibcating the model, reservoir
geometry, the hydrologic budget and the nutrieati$o The model was calibrated to the
measured 2003 in-reservoir water quality for togahosphorus, total nitrogen,
chlorophyll-a and secchi depth. The model was catidal by adjusting the sediment term
for total phosphorus and total nitrogen.

Two BATHTUB models were developed from the massubed data: i.e., one for
2001 (the normal precipitation year) and a secon@®03,(Figures 4-17and4-18) The
mass balances show that the internal total phosghorad is similar in magnitude for a
normal precipitation year, to the load from surfageoff. A large proportion of the load
is retained within the reservoir. The importanceho$ information is that any proposed
management strategy should also focus on the altéwad if it is to be successful in

improving water quality.

McDowell Dam Page 53 of 63 September 2004
Final TMDL Report



Hoday 1Al reulq

€9 J0 G abed weq [|SMOaIN

#00¢ Jequiardes

Annual Load (kg)

Figure 4-17. McDowell Dam Reservoir Total Phosphorus Mass Balance for 2003
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Figure 4-18. McDowell Dam Reservoir Total Phosphorus Mass Balance for Normal Precipition
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Understanding the in-reservoir response to the atemtu in the tributary and
internal nutrient loads is useful in establishingtrient load reduction goals for the
McDowell Dam ReservoirFigures 4-19 through 4-21show the in-reservoir response
for total phosphorus and chlorophyll-a concentragjoand secchi visibility for various
percentage reductions in tributary and internal dsdor both the monitored and normal
precipitation years. The in-reservoir reductiorairerage total phosphorus concentration
ranges from 14% to 19% with a 40 percent nutrierad| reduction(Figure 4-19)
Because of the in-reservoir decline in total phosps, the average chlorophyll-a
concentration decreases in excess 2@®%gure 4-20) with improved water clarity
(Figure 4-21)

Nuisance algal blooms periodically prevent the ofsthe reservoir. As the algal
concentration reaches and exceeds some threshhld, the reservoir becomes less
desirable for swimming and use ceases. Load remuginals based on the frequency of
anticipated algal blooms are most directly relatedecreational uséigure 4-22shows
the relationship between algal concentrations @sg®d as chlorophyll-a concentration)
and the percentage tributary and internal loadatalu for a normal precipitation year.

The frequency analysis is based upon reservoirwlidiien the BATHTUB model.
Assuming 30 ppb chlorophyll-a is established anrthisance threshold, a 30% nutrient
load reduction decreases the frequency of time albloig value from the current 36.4%
of the time to 24.5% of the time. This means a & increase in reservoir use of

approximately 12% of the time.
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Percentage Tributary and Internal Load Reductions
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Figure 4-21. Annual Average Reservoir Sechi Depth Corresponding with Percentage Tributary
and Internal Load Reductions for Normal Precipitation Year (2001) and Monitored Year (2003)
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Figure 4-22. McDowell Dam Reservoir

Frequency Analysis of Chlorphyll-a Concentrations with Tributary and Internal Percentage

Load Reduction for Normal Precipitation Year (2001)
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5.0 FEASIBILITY OF WATER QUALITY MANAGEMENT
ALTERNATIVES

5.1  Water Quality Exceedences

Table 5-1 contains a summary of the percentage of the samplates that
exceeded state water quality standards for totasjpimorus, DO and temperature values.
The information presented includes samples colleatmoss all depths during the time
period of November 2002 through October 2003.

Table 5-1. Summary of percent exceedences for thiene period from November
2002 to October 2003.

Parameter Standard Value (unit) % Exceedences
TOTAL PHOSPHORUS > 0.1 mg/l 43.1
Dissolved Oxygen <5 mgl/l 19.5

5.2 Recommended Water Quality Goals

The water quality goal for McDowell Dam reservigifocused on nutrients. The
U.S. Army Corps of Engineers’ BATHTUB computer mbaes used to predict the
anticipated improvement in water quality with perage reductions in the total
phosphorus loads from surface water runoff andrmadecycling (Figures 4-19through
Figure 4-21) The primary use of the McDowell Dam reservoiriraming and body
contact recreation therefore, rather than soleipgushe average annual or growing
season total phosphorus concentration as the laterwuality goal, the use of water
clarity (expressed as secchi visibility), algal centration (expressed as chlorophyll-a)
and algal bloom frequency is recommended. Algabil frequency is perhaps the best
method for establishing the goal because it isliysdaectly related to recreational use.

Algal bloom nuisance conditions, defined as clpbsdl-a concentration
exceeding 30 ppb, can be reduced from the curreédtdadto 24.5% of the time with a
30% reduction in the surface inflow and internatlinyg total phosphorus load. During
May, June, July and August (123 days total) thisamse30 days compared to 45 days
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classified as “nuisance conditions” because of elgpom conditions. A 30% load
reduction is also predicted to decrease the araueahge total phosphorus concentration

from 176.0 ppb to 150.3 for a normal precipitaty@ar.
5.3  Nutrient Sources

5.3.1 Point Sources

There are no known point sources upstream of tk®dwell Dam Reservoir.
Approximately 71% of the land upstream of the resieris farmed with an additional
23% used for pasture or with permanent cover. @Qtlgre¢here are few developed areas

in the watershed.

5.3.2 Non-point Sources

Non-point source pollution accounts for 100 pera&rthe nutrient and sediment
loading to McDowell Dam (NDDH, 1996). According the Burleigh County Soll
Conservation District, the majority (95%) of theltated lands and all other lands
(100%) are adequately treated to prevent soil(N&DH, 1996). “Adequately treated” is
defined as the amount of land treatment neceseaaghieve the soil loss tolerance (T).
The average T value for McDowell is between 3-Sstper acre. The P8 model predicts
that during “normal” precipitation years 9.9 torfdatal suspended solids are delivered to
the McDowell Dam Reservoir annually.

5.4  Feasibility of Water Quality Management Alternatives
Management alternatives for reservoirs and lakesgenerally be classified as:

« Source controls;

+ In-lake controls; and

« Problem treatment.

Source controls are used to modify the qualitywafter entering a lake or
reservoir. Examples of source controls are managéenvithin the watershed to reduce
erosion, chemical treatment to reduce inflow nuatrieoncentrations, and point source
treatment or diversion. The application of aluncha@mical used to remove phosphorus
from the water column and dredging, are examplesndbéke controls. Problem

treatment includes weed harvesting, aeration, dreimeal treatment to reduce plant
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growth and the release of nutrients from lake sedisi A variety of methods for
improving the water quality of the reservoir aregmtially available.

Table 5-2 presents a list of these methods. No single mellyoitself is likely to
be completely effective in improving the water diyabf the reservoir. A combination of
methods is generally needed to improve water gqualifFor example, external load
reduction (i.e., source control) combined withaké controls appears warranted.

This section presents the evaluation of variouthods for improving the water
quality of the McDowell Dam Reservoir. Preliminarginions of probable cost for these
management alternatives are also provided. A dpesdter quality goal is essential in
developing a water quality management plan. Thénpreary goal established for the
purposes of evaluating the alternatives correspomds 30% reduction in internal and

surface runoff total phosphorus loads.
5.4.1 Surface Runoff Treatment

This concept consists of treating surface runoffedduce the nutrient load, prior
to reaching the reservoir and can be accomplislyedohstructing additional upstream
sedimentation basins or physically treating theofifwith alum much like a wastewater
plant) to reduce nutrients. One sedimentation biasinrrently located upstream from the
reservoir. The opportunity to add an additionaliseatation basin is limited and may
subsequently affect water quality inflows. Becadaseng a normal precipitation period
the internal load exceeds the load from surfaceffumeducing the load from surface
runoff alone is unlikely to achieve the intendederwoir water quality goals. Therefore,

this alternative was eliminated from additional siokeration.
5.4.2 Conservation Management Practices

Conservation management practices primarily consfstltering the current
tillage practices for cultivated land within the teshed to reduce the sediment and
nutrient load reaching the reservoir. Potential sepwation management practices are
tillage and residue management options. These repiitclude the use of no-till, ridge
till, mulch tillage and leaving various amountscobp residue.

The use of conservation management practices ¢sueaged for improving

reservoir water quality. Conservation managemerdctpres effectively reduce the
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nutrient load reaching McDowell Dam Reservoir. Suikrients are retained within the
cultivated soils and lead to enhanced crop prodaoctReservoir longevity is enhanced
because of the reduction in solids and sedimerthieg the reservoir and the loss in
storage resulting from accumulation.

Appendix B contains a preliminary analysis andneate of the total phosphorus
annual load reduction in surface runoff load, asegmone-half of the currently
cultivated land within the watershed is placed @nnpanent cover. The analysis presented
is only for illustrative purposes — the conservatimanagement practices ultimately
implemented will need to be determined throughdbmbined efforts of the landowner
and the Burleigh County Soil Conservation Distridte analysis is intended to show the
magnitude of annual load reduction possible with implementation of conservation
management practices.

The analysis shows that for a normal precipitatiear the current estimated total
phosphorus load resulting from surface runoff camdzluced from 185 kg per year to 93
kg per year. This annual load reduction correspaods23% reduction (92 kg per year)
in the combined internal and surface runoff loatle Testimated cost for treating the
1334.4 acres assuming land retirement at a cdb@d per acre is $667,000. Therefore,
the estimated cost for the total phosphorus rednds $7,250 per kg.

Permanent land retirement is not the recommendednative. However, every
opportunity to reduce the external nutrient loadhe reservoir should be pursued as a
recommended implementation strategy. Residue mamages expected to be the most

cost effective method of reducing the externalieatrload.
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Table 5-2
Restoration Alternatives for McDowell Dam Reservoir

Method or Technique Type of Technique Desired Effec | Anticipated Improvement| Longevity Positive Fastor Negative Factors Estimated Cost
1. Agricultural Source Control Reduction in algae andNot recommended for Years Easy to do. Low return on None.
Runoff Treatment macrophyte biomass by McDowell Dam reservoir. investment.
treating surface runoff.
2. Dredging In-Lake Removal of sediments 50% reduction in internal | More than Technology commonly| Potential loss of Approximately $2.5 -

as a nutrient source an
maintain adequate
oxygen for sustaining
fishery.

d

load (estimate)

10 years at presen
solids loading

used

and available.

reservoir use for a
period of time. May
need to repeat on
periodic basis.
Hydraulic dredging
disposal site and
permitting. Moderate
success for aquatic

$5.0 per cubic yard
excluding haul and
disposal costs.

macrophytes.
3. No Phosphorus Source Control Eliminate or reduce Not recommended within Years Easy to do. Few None
Fertilizer contact between an agricultural watershed.
nutrient source and Soil testing to determine
runoff, optimum application rates
may be useful.
4. Harvesting Problem Treatment Reduction in aquatic | Effect on in-lake Weeks to Months Improves aesthetics | Does not address Commercial:

Aquatic Plants

macrophyte density.

phosphorus minimal or
some slight increase, good
reduction in aquatic plants.

Not recommended for

immediately. Easily
implemented and low

cost.

nutrient source. Needs
repeating 2-3 times/yr.
May remove habitat.
Turbidity increases
temporarily. May

$2.50/acre plus $500
mobilization cost. Total
cost of $1500/
treatment. Purchase:
$15,000 - $35,000 plug

) spread Eurasian Water O&M.
McDowell Dam reservoir. Milfoil if present.
5.  Dilution with In-Lake Reduction in algae Considered feasible with al Years Cost Downstream water Estimated:
Hypolimnetic biomass by increasing | estimated 25% load quality impacts $305,000 in capital
withdrawal loss of algae and reduction (internal and '

decreasing residence
time.

surface load). Not quite
capable of meeting the in-
reservoir water quality

goals — 30% load reduction.

costs and $4,500 of
annual operating costs|
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Table 5-2 (cont.)

Restoration Alternatives for McDowell Dam Reservoir

Method or Technique

Type of Technique

Desired Effec

Anticipated Improvement

Longevity

Positive Fastor

Negative Factors

Estimated Cost

6. Nutrient In-Lake Reduction in algae Substantial because of the Between 5 and 10| Effective long-lasting | Fails to treat ultimate $75,000 per treatment
Inactivation — biomass by removing reduction in internal years, with (up to 10 years) when | nutrient source. Public Estimate excludes
Alum Treatment nutrients from the loading. Considered 80% external load application appropriate| concern over chemical mobilization cost.

water column and effective in controlling reduction. cost. May need to
“sealing” sediment. internal load for a 5-year buffer the lake.
period. Estimated 41%
reduction in combined
internal and surface runoff
loads. Capable of meeting
in-reservoir water quality
goal.

7. Aeration Problem Treatment Maintain oxic 50% reduction in internal Years Maintains refuge for Can result in increased| $30,000
conditions at sediment{ load estimate. Capable of fish if winterkill is mixing and availability Excluding
water interface, meeting in-reservoir water, problem. of nutrients. Success iy agministration and
reducing nutrient quality goal. varied and uncertainty Engineering
release. Maintain of success large.
refuge for fish.

8. Food Chain In-Lake Increase the abundange Minor. Not recommended. Unknown Theoretically Effectiveness difficult None.

Manipulation of large zooplankton attractive. to predict.
thereby increasing
grazing on algae
9. Hypolimnetic Source Control Remove nutrient rich | Estimated 45% reduction in Years Potential to remove Need area to dischargg None
Withdrawal water from the lake combined surface runoff large amounts of possibly wetland
bottom during and nutrient load. Capable nutrient. Common treatment system. If
stratification and of meeting in-reservoir sense easy method. system is nitrogen
sediment release of water quality goal. limited expect little
nutrients. improvement. Will
affect lake algae.
10. Grazing System Source Control Reduce load entering| Minor (~1-2 kg/yr TP plus Years Logical Requires changing Up to $5,000.

BMPs (fence cattle
away from lake,
alternative water
supply and lake
parian buffer)

lake.

fences)

habits.
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5.4.3 Dredging

Dredging as a reservoir management tool has ntbtwaried success. Sediment
removal usually includes one or more of the follogvobjectives (Peterson, 1981).

- Deepening to improve boating, fishing, water-skiiag other uses

impaired by shoaling;

- Preventing or reducing the internal cycling of merts by removing

the sediment source;

« Removing of toxic sediments; and

« The reduction in nuisance aquatic macrophyte growth

The primary disadvantages of dredging are thespEnsion of lake sediment
during dredging, the potential liberation of toxmaterial if present, the disruption of the
benthic community and finding a suitable disposahtion. Dredging fails to treat the
excessive nutrient problem, if the source is extetrm the lake and not from accumulated
sediment. Dredging fails to treat the source notrimads and must generally be
implemented with source controls to be effective.

With regard to the McDowell Dam reservoir, dredpgicould be used to remove
organic rich sediment from the bottom, to enhaneéewcolumn oxygen concentrations
and reduce internal nutrient cycling. The questbwhether to use dredging to address
these problems is one of cost and the likelihoosuatess.

Dredging the McDowell Dam reservoir should be @sstul in removing
nutrients accumulated in the sediment, but themoisechnically defensible method to
guantify the anticipated in-reservoir improvemedhtseems reasonable to expect a 50%
reduction in internal loading by sediment remowaedging will need to be repeated at
some future date, unless the external surface fiwed is also reduced.

A preliminary cost estimate was developed assurttiegremoval of sediment 3
feet in depth from an area equal to the reservofase area (i.e., 56.5 acres). A sediment
depth of 3 feet across the reservoir surface ageates to an in-place sediment volume
of 273,460 cubic yards (wet weight). Typical hydi@adredge costs, excluding disposal,
range from $2.5 to $5.0 per cubic yard. Therefohe, anticipated cost for dredging
would likely exceed $500,000, excluding contraanadstration and engineering costs.

If the internal loading is reduced by 50% annuéll92.5 kg) the removal cost, excluding
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contract administration and engineering, is annested $4,878 per kilogram of total
phosphorus.

Based upon the P8 modeling, the total suspendbdssmot sediment) load
during a normal precipitation year, is 9,034 kg pear. Assuming a specific gravity of
190 Ibs per cubic yard, this equates to an estmndt®5 cubic yards annually,
accumulating within the reservoir. This implies theed for additional dredging in the
near future is unlikely. Should dredging be purswustliment retention in the existing
upstream basin should be evaluated to ensure maxim@onoval.

Dredging is not recommended if the problem is ldssolved oxygen during
winter. A more cost effective method of enhancinygen concentrations during the
winter is the removal of snow from ice. Winterki#nds to occur during periods of
heavy snow-cover, when light fails to penetrate itee Snow removal in strips over
areas less than 7 feet in depth, allows light patien and the production of oxygen by

rooted aquatic plants.
5.4.4 Dilution with Hypolimnetic Withdrawal

Dilution with hypolimnetic withdrawal has two prary methods of action when
considered as a reservoir management tool. Thesotmation of the limiting nutrient is
reduced by the addition of water with a lower reriti concentration. The additional
water added to the reservoir, also decreases sideree time of the lake, flushing algae.
The loss rate of algae can exceed the growth st r@sult of flushing. The primary
considerations relative to dilution with hypolimieetvithdrawal as a restoration method
are the presence of a dependable source of lowenutrvater and the present hydraulic
residence time of the lake. Dilution with hypolietic withdrawal is less effective when
the hydraulic residence time is short.

Apple Creek is a potential source of dilution wabéutrient concentrations within
Apple Creek during the spring into July are lesantin the reservoir's hypolimnion in
late June, July and August (see Appendix F). Flates within Apple Creek also are
generally large enough to allow for the diversiopumping of several cfs into the
reservoir. By adding water from Apple Creek (3 @sy selectively withdrawing water
from the reservoir hypolimnion following thermakatification (3 cfs), an estimated 99

kg of total phosphorus can be removed annually ftbm reservoir during July and
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August. The removal of water from the hypolimniaquires restoring the use of the
conservation port and possibly operation of the level drawdown. The load reduction
(at a 3 cfs rate) equates to approximately 25%hef dcombined internal and surface
runoff total phosphorus load.

The opinion of probable cost (preliminary) for ghinethod is $305,000. The
estimated cost includes a capital cost for the psggtem and restoring the use of the
conservation port. The administrative costs ofua&ng the required permits and
easements are not included in the estimate. Asguanreplacement life of 20 years and
4% interest the estimated annual cost of the itrfratire is $22,448. Annual operation
assuming a two month pumping period is approxinge$dl,500. Additional engineering
analysis is also needed prior to implementatioev@uate timing and water quality and
guantity issues with the removal of waters from Kp@reek.The normalized cost for
this method is an estimated $275 per kilogram @ fghosphorus removed.

Additional technical analysis is needed to resabsues associated with this
method. A selective withdrawal analysis is recomdeeh to evaluate the specific
reservoir zones of withdrawal and whether a retraffithe outlet is needed. Additional
time series analysis of water quality concentratiand flow rates within Apple Creek is
recommended. Further analysis of the potential dongam affects of releasing the high
nutrient water from the reservoir into Apple Cremskalso required. The construction of a
series of drop structures downstream of McDowelinDaay be necessary to reareate the

water released from the reservoir.
5.4.5 Hypolimnetic Withdrawal Only

Hypolimnetic withdrawal is a method for exportingtrients, which accumulate
within the hypolimnion during stratification. Thesult is a shorter detention time within
the hypolimnion and presumably the likelihood ofeleping anaerobic conditions is
decreased. The technique is most applicable ontyatbly stratified lakes and reservoirs
(like McDowell). The primary concern with hypoliratic withdrawal is the potential to
destratify a lake. Destratification can resulsuffficient cold water is removed from the
hypolimnion. Some consideration in the potentierge in lake-elevation is also needed
and due to water quantity issues associated wélrd@bervoir an alternative source may

be required.
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The potential improvement in lake water qualitp@sated with hypolimnetic
withdrawal was evaluated. The release of watanftbe hypolimnion was assumed to
occur at a rate of 3 cfs during the months of Jahgl August. An estimated total
phosphorus load reduction of 188 during July and August (~45% of the annual load)
can be realized with hypolimnetic withdrawal.

This analysis assumes no adverse hydrologic impaad no additional load from
ground water because of hypolimnetic withdrawal.

The use of this method is limited to surplus watears during the summer
without an alternate source. Releasing a constafg Guring July and August equals 357
acre-feet or 6 feet of water from the reservoifaze. Without the addition of water to

offset this loss this method is infeasible.
5.4.6 Nutrient Inactivation — Alum Treatment

The salts of iron and aluminum have long been useddvanced wastewater
treatment to remove phosphorus. This method dsnsisthe addition of primarily
aluminum sulfate to the lake-surface or injectedvatthe hypolimnion. The effect of the
addition is twofold. The precipitate formed withithe water column removes
phosphorus. The floc once settled on the sedimeri&ce reduces the cycling of internal
nutrients. One side effect of the application loiv@num sulfate is a reduction in pH in
low alkalinity waters. Hypolimnetic application bduid alum is the preferred method.

Alum treatment is most effective when internaldig is an important source of
nutrients, relative to external sources. Lakes wiltrient rich sediment resulting from
historical wastewater discharges often benefit feomalum treatment. The effect of this
method is to eliminate the release of nutrientsnfsediments.

An alum application is generally considered ug@®o effective in controlling the
internal cycling of nutrients from sediment. Theanqtity of aluminum required is
generally considered to be equal to the produ¢hefinternal total phosphorus load and
the number of years of control. Up to 15 yearsanitml is possible, but 5 to 7 years is
considered typical. The duration of effectivenessdirectly tied to the reduction of
external nutrient loads.

An alum application will immediately clear the watcolumn and increase light

penetration, likely stimulating the growth of rodtequatic plants. One-half of the
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reservoir acreage is less than 9 feet in deptin, mist of the area in the upper portion of
the reservoir. This area is likely to become catediby rooted aquatic plants following
alum application.

The typical cost range per acre treated is $750apee. Additional testing is
needed prior to application. Therefore the estichatest is $75,000 which includes
mobilization and engineering. The total phospharduction for this method is 164 kg
41% of the combined internal and surface runoftlloBhe normalized cost is $460 per

kg of total phosphorus.
5.4.7 Hypolimnentic Aeration

Low dissolved oxygen levels are typically obseriredutrophic lakes because the
decomposition of organic matter consumes oxygerictwis not replaced by photo-
synthesis or diffusion from the atmosphere. Assult, available fish habitat in the lake
is decreased, noxious odors are produced and comgliare created which favor the
release of nutrients (phosphorus) held in the sedisa Several projects have studied the
use of artificial aeration equipment to improvesdised oxygen in the lake. In one
approach, air is injected into the lake near thgolbo through a bubblier device, such as a
perforated hose. As the bubbles rise, water sechto the surface and the lake is mixed.
Another approach avoids mixing the lake by pumpidy oxygen-deficient water from
the hypolimnion to the surface or on shore andrnétg the same water after aeration to
the lake, thereby maintaining the stratified natoie¢he lake. Recent design work done
by the University of Minnesota allows the suspens@f an aeration system some
distance (about 1 meter) above the lake sedimentnj&cted into the system effectively
blankets the region above the lake bottom, reducutgent release from the sediments.

A preliminary analysis to determine the approxinsize for an aeration system
was completed, for the purpose of providing an iopirof probable cost. An aeration
system could be used and sized to maintain a gisgaxygen concentration of 4 mg/l or
more within the upper portion of the hypolimniorag®d upon the 2003 field data, the
upper portion of the hypolimnion is located betw@én(~ 1710 msl) and 20 feet (~ 1706
msl) below the normal pool elevation. The wateruwoé within the upper portion of the
hypolimnion is an estimated 30 acre-feet duringgbeod of thermal stratification. The

dissolved oxygen concentration within the upper dhiiygpnion declines from
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approximately 7.5 mg.l to 2.5 mg/l from early Juteough the end of August. To
maintain the concentration at or above 4.0 mg/kdditional 1 mg/l of dissolved oxygen
must be added, which equates to a minimum of & bfll, per day (2.8 kg LOper day)
during July and August. The estimate of 6.1 Ib®gper day must be further adjusted for
efficiency and peak requirements. The estimatdtbairate necessary for the system is
3.8 cfs. Further analysis of the actual diffusemegded for proper sizing. The estimated
cost to install a basic aeration system for the sind shape of the McDowell Dam
reservoir is $30,000, excluding contract admintgiraand engineering. Assuming a
replacement life of 25 years and 4% interest, $tenated annual cost of the aeration
system is approximately $1950.

Sizing an aeration system for a hypereutrophi¢esydike the McDowell Dam
reservoir is challenging. Aeration systems havditimally been undersized and success
has been varied. Therefore, installation of antamraystem is not recommended, unless
the primary purpose is to create and maintain ageeffor fish to avoid summer or
winterkill. The system should then be installedhii the deepest part of the reservoir,

upstream from the embankment.
5.5  Management Alternatives Summary

This section presents the specific recommendafi@nsanaging the McDowell
Dam reservoir to meet the 30% total phosphorus loaeduction goal. The
recommendations are based upon swimming and baagpaorecreation as the primary
use. Specifically:

» External nutrient loads from surface water rundibed be controlled
to the maximum extent possible, through the impletaiégon of
conservation management practices;

* The conservation management practices should béinech with the
“Dilution with Hypolimnetic Withdrawal” method orhe “Nutrient
Inactivation-Alum Treatment” method. The “Dilutionwith
Hypolimnetic Withdrawal” method is preferred beocaws normalized
cost, $275 per kg of total phosphorus removaayvided potential
downstream water quality issues can be minimized.
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The combination of these two methods should bec&fie in reducing the annual
total phosphorus load by more than 30Pable 5-3 presents the opinion of probable
costs for these management methods.

While the primary use of the McDowell Dam reservisirswimming and body
contact recreation, the reservoir has been a viablery and fishing remains a secondary
use of the reservoir. If the focus of reservoipmovement recommendation is limited to
improving the fishery quality of the reservoir, lojionnetic aeration is a viable method of

water quality improvement.

Table 5.30pinions of Probable Cost of the Recommended Managent Methods

Annual Estimated NI 2
Management | Implementation : Cost ($/kg of
Operating Phosphorus
Method Costs . phosphorus
Cost Reduction
removed)

Implementation

of Conservation Widely Variable & Future Development Dependent

Management
Practice$
Alum Treatment ﬁzsa’l?r?]gr%er none 164 kg $460
Dilution with
Hypolimnetic $305,000 $4500 99 kg annualy  $275
Withdrawal
Fypolimnetic $30,000 Minimal Minimal

! Costs of implementation will vary widely dependimg effort. Efforts could range from encouraging
producers to implement better residue manageprantices (minimal costs) to the purchasing oflla
for permanent land retirement of land (sigrifitcost).

2 Treatment will typically last 5 to 10 years depimgdon external phosphorus load

3 Aeration is recommended when the only improvengesal is to improve the fishery quality of the ressgr.
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Estimate Nutrient Load Reduction
Resulting from Conservation Tillage Practices
on Agricultural Land



APPENDIX C
Detailed Monitoring Plan (QAPP)

Available upon request from Houston Engineering, Ic.
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Monitoring Data from USGS for Apple Creek



Cubic Feet per Second

Mean of Daily Mean Flow Values For Apple Creek

Burleigh County, North Dakota

Hydrologic Unit Code 10130103 HTML table of
Latitude 46%47'40", Longitude 10039'25"
NAD27 Tab-separated data

Drainage area 1,680 square miles
Contributing drainage area 1,180 square miles
Gage datum 1,638.61 feet above sea level
NGVD29

Reference: Surface Water data for USA: Daily
Streanflow Statistics
http://waterdata.usgs.gov/nwis/dvstat, retrieved
on 2004-06-03 11:58 EDT.
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Monthly Mean Water Quality for Apple Creek
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US Geological Survey, 2001, National
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Photos



Upper Watershed Dam outlet



Upper Watershed Dam #2 facing sout owrds ebankemt

McDowell Dam outfall structure #1



Redwood flashboards installed in 1980 to raise theffective
outfall elevation of McDowell Dam from 1723.5 to 174.56.

McDowell Dam outfall structure #2



Low Level drawdown gate



In-Lake stage recorder
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County Occurrence of Endangered, Threatened and Candidate Species
and Designated Critical Habitat in North Dakota (M arch 2006)
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County Occurrence of Endangered, Threatened and Calidate Species

and Designated Critical Habitat in North Dakota March 2006
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a e |o |i o|e |njc e |Jo [I n [t n [a |u|p | I a |e || s |r I m
n r n || n |[r a |le|ly Imf|e |d |[e |t n [x |le [k |e [n | I h [d |s [s
Interior Least X X | X [X X X X
Tern-E
Whooping Crane - E X X | X | X X X X X[ X | X ]| X X [ X X | X | X
Black-footed X | X
Ferret - E
Pallid Sturgeon - E X X | X | X X X X
Gray Wolf - E X X | X | X X X X [ X [X [X [X X X | X X
Bald Eagle - T X X | X X X X [ X [ X [X [X [X [X [X X | X | X |X X
Piping Plover - T X X | X [X X X X X X X
W. P. Fringed X X
Orchid - T
Dakota Skipper - C X X[ X] X X X|] X
Designated
Critical Habitat
Piping Plover X X | X | X X X X X | X X X X
E - Endangered T - Threatened C — Candidate



Appendix C

Public Comments on the Draft McDowell Dam Nutrientand Dissolved Oxygen TMDL Report
and the North Dakota Department of Health’s Resporsto Comments



During the 30-day public notice soliciting commentthe draft report entitled “Nutrient and Dissalve
Oxygen TMDLs for McDowell Cam in Burleigh Countypih Dakota”, the NDDoH received comments
from Scott Elstad with the North Dakota Game arshMBepartment, Vern Berry with the US EPA
Region 8 and Ken Royse with the Burleigh County &/&esource District (attached letter). Mr.
Elstad’s comments were submitted as hand writtemaeents submitted in the margins of the draft report
Mr. Berry’s comments were submitted to the NDDoH &mail dated March 30, 2007. The following are
their comments and the NDDoH’s reponse to thosenoemts.

NDGF Comment: In Section 1.0, Table 1, page 1 “The Fishery Tsipeuld be the same as that named
under the Classified Beneficial Uses and rainb@uttshould be added under Fishery Type™?

NDDoH Response: Yes, the table was changed to be consistent amioora trout was added.

NDGF Comment: In Section 1.1, Tables 2 and 3 “The size of tlaganbody should be consistent with
that listed in Table 1”.

NDDoH Response: Suggested change was made.

NDGF Comment: In Section 8.1, Table 11, page 17, “Under Negafactors for Harvesting Aquatic
Plants, Eurasion Water Milfoil be changed to Aqu&tuisance Species”.

NDDoH Response: Suggested change was made.

EPA Region 8 Comment: In Section 7.1, Table 10The "existing load" for total phosphorous shown in
Table 10 (p 14) is said to be based on the “noriyadit model results. This does not match the nlorma
year total phosphorous load shown in Table 8 (TMBiLYable 4-3 (Appendix A). Please double check
the existing load figure in Table 10. If that nueniis changed to match the numbers shown in T&bles
and 4-3, then the LC, LA and MOS loads in Tableath@ in some of the text (e.g., Section 6.1 MOS
discussion) would also need to change.

NDDoH Response: The reason for the different values reflectechmtiables is that the TMDL is written
based on the total phosphorus load from all soutaésitary and internal cycling). That loadingiesite
is provided in Figure 4 -19 of Appendix A. The P8del was used to determine the tributary loads It i
the tributary load that is reflected in Table 438ction 5.1. Section 5.1 will be more clearly dtknd the
explanation of the “Existing Load” in Table 10 wilé clarified.

EPA Region 8 Comment: The Table 9 units for the second column (Drain&gea) should be expressed
as miles squared.

NDDoH Response: Suggested change was made.
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Michael J. Ell

Division of Water Quality
ND Department of Health
918 E Divide Ave., 4" Floor
Bismarck, ND 58501 1947

RE: McDowell Dam Nutrient and Dissolved Oxygen Total Maximuwm Daily Loads
Dear Mike:

Thank you for the opportunity to review the draft copy of the MeDowell Dam Nutrient and
Dissolved Oxygen Total Maximum Daily Loads (TMDL). As the local project sponsor and
owner of the facility, we understand the importance of continuing efforts to improve and protect
the quality of water stored in the reservoir.

As you are aware, we completed an alum treatment of the reservoir this past summer with grant
assistance provided through the Section 319 program. We are currently continuing with the
waler quality monitoring program as outlined in the Quality Assurance Project Plan. We are also
working with the USGS to conduct additional sampling from Apple Creek. this spring and
summer, to better assess the quality and compatibility of this potential supplemental water
gource. Therefore, we support the establishment of effective TMDL's, and the recommendations
of the drail report.

Throughout our efforts to improve the recreational resources associated with McDowell Dam
and Reservoir, we have received outstanding cooperation from the ND Department of Health as
well as other state and federal agencies. We appreciate all your assistance and we look forward
to working with you and your department in continuing efforts to improve the quality of water
stored behind McDowell Dam.

Sincerely,

Fay ) )
-
Ken Royse, Chairman

Burleigh County Water Resource District

C: Michael Gunsch, Houston Engineering, Inc.

Comrnml Kooy Menbs ra:
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