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BACKGROUND/PURPOSE
A draft Technical Memorandum (TM) was completed for the Lake Mitchell Rehabilitation project in
January of 2018. The results of the TM were presented to the public later that month including the
source, nature and scale of the water quality problems being experienced at Lake Mitchell. In short,
nutrient levels (primarily Phosphorus) from watershed runoff and sediments causes algae blooms that
have become increasingly long in duration, odorous and are negatively affecting Lake Mitchell’s ability
to contribute positively to the community as the amenity it should be.
To reduce Phosphorous (P) levels, a variety of actions were studied and a phased implementation plan
that addresses internal (in-lake) and external (watershed) sources of P in the lake was formulated. The
first step in the implementation plan was to develop an internal load control (ILC) project. This project
will address the internal load in the lake created by the leaching of P from bottom sediments (see
original Draft TM for more detail.) The goal of the ILC project is to reduce the contribution of P from
the lake sediments. This project will do nothing to reduce external load sources, but with the planned,
significant, reduction of the internal sources of P, the goal is to restore the lake to a usable state while
other implementation components are refined, designed and funded.
This TM is the second step since the publishing of the Draft TM (the additional core sampling discussed
below was the first) in the refinement of the scope and opinion of probable cost for the ILC project.

CORE SAMPLING AND SEDIMENT VOLUME
The weekend of February 18th, 2018, the FYRA/Verax team traveled to Lake Mitchell to take some
additional core samples of the lake bottom sediments. These samples were to supplement the
information obtained in the samples taken in 2015 and were necessary to perform additional sediment
nutrient fractionation to determine the type of chemical binding that existed in the sediments.
Characterizing the sediment will allow the team to decide how much and where sediment needs to be
removed to achieve nutrient reduction goals and what other methods may be available to neutralize
the sediment’s contribution to in-lake P levels. Additional detail and the results of the work is provided
in the section below.
Also during this trip, the goal was to use a dual-frequency echo sounder to gage total soft sediment
depth across the entire lake to provide a potential soft sediment volume. Due to the thickness of the
ice and working in cold conditions, the electronic field equipment was not as effective as the team had
hoped due to reduced battery life and recharging times. A total of 62 sediment depth measurements
were taken from which a total volume of approximately two million cubic yards of soft sediment
material was estimated. The sediment thickness ranged from less than one foot in the cove and
floodplain areas to over seven feet in the historic channel valley.
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Figure 1 – February 2018 Sampling Locations
Because the primary focus of this project phase was to tie down the potential costs of an internal load
control project, we did not feel that the resolution of the information obtained during the February
investigation was sufficient to provide a construction cost estimate. Therefore, on May 31, 2018, FYRA
personnel traveled to Lake Mitchell to conduct a second bathymetric survey of the lake bottom with a
dual-frequency echo sounder via a boat. With the additional resolution obtained from the survey,
computation of the soft sediment volume could be made.
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Sediment volume estimates were made using the processed data retrieved from the dual-frequency
echo sounder survey and a 1927 contour map of the lake area. Computerized surfaces where created
for the top and bottom of the sediment layer, and from this a volume and spatial distribution of
sediment was produced. These depths were correlated to observed manual soundings to on the
overbanks and within the historic Firesteel Creek channel to confirm thicknesses. The echo sounder
was not able to return the full thickness of the sediment in the historic channel, and the data was
adjusted to account for the greater thickness in this area by reinforcing the observed historic stream
slope into the bottom of sediment surface. As a check, an estimate was also made by replacing bottom
of sediment surface with the 1927 contour map. Volume estimates are shown in Table 1.
Table 1 – Sediment Volume Analysis Results
Volume
Determined
Using Echo
Sounder
(cy)

Additional Volume
Determined Using
Historic Stream
Slope
(cy)

Total
Unconsolidated
Sediment Volume
Determined Using
Echo Sounder and
Stream Slope (cy)

1,210,000

580,000

1,790,000

2,070,000

Harmon Dr to RR

30,000

30,000

60,000

50,000

Middle Cove

50,000

-

50,000

100,000

South Cove

20,000

-

20,000

40,000

1,310,000

610,000

1,920,000

2,260,000

Segment of Lake
Main Body

Total

Total
Unconsolidated
Sediment Volume
Determined Using
Echo Sounder and
1927 Map (cy)

It should be noted that significant deposits of sediment at the outfalls of the City’s municipal
stormwater system were not detected during the survey. There are likely deposits immediately below
the outfalls, but seemingly not at any sizable volume to make a measurable difference on the total soft
sediment volume.
The dredging project would likely be set up so that sediment removal is paid for per cubic yard of
sediment removed and stored. At least half of the sediment volumes in the lake are unconsolidated
sediment, meaning that they have not been compacted, or settled in place and more the case, have
likely been disturbed and re-disturbed by stressed due to wave action, boating, etc. and mechanically
by rough fish. Rough fish can typically disturb up to eighteen inches (18”) of sediments looking for
food, which is referred to as bioturbation. The consolidation rates in shallower lake areas with thinner
sediment volumes are less than those in deeper areas that are not subjected to wave/wind stresses.
Additionally, when sediment depths of several feet are present, the weight of the sediment can
consolidate the lower sediments. Considering the above, and total solid percentages reported with
the sediment sampling results, the average sediment consolidation rate has been assumed to be 50%,
which we believe is a conservative estimate. Therefore, moving forward, for cost estimating purposes,
a total consolidated sediment volume of one million cubic yards has been assumed.
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Figure 2 – Sediment Thickness Determined Using Dual-Frequency Echo Sounder and Stream Slope
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Figure 3 – Sediment Thickness Determined Using Dual-Frequency Echo Sounder and 1927 Topo Map
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SEDIMENT FRACTIONATION
Phosphorus (P) is held in sediment in various mineral and organic fractions, the understanding of which
is important to proper management of internal P loading. Those fractions include P that is easily
exchangeable, P bound to ferrous and ferric iron, aluminum, and calcium, and two organic fractions –
labile organic P that is readily available to algae and a more resistant fraction that yields part of its P
after biological degradation.
To determine how P is partitioned these sediment fractions, intervals from the 5-10 cm depth of all
cores retrieved in the February 2018 sampling event were chemically separated by sequential
extraction through processes described in greater detail in Appendix #. That report also provides
greater detail regarding the geochemical considerations associated with each fraction. Key results are
summarized here as they relate to the feasibility of internal loading management options.
Results
Of the seven lakebed samples analyzed, two (Samples 0 and 1) near the mouth of Firesteel Creek had
significant sand and silt content, representative of a transitional zone between the fluvial and lacustrine
environments where fine sediments are deposited during low discharge in the creek, while high flows
result in scour and deposition similar to fluvial processes. Another sandy/silty sediment (Sample 4) was
recovered underneath traditional lake sediments near the dam which represents sediments originally
in place before the reservoir was constructed, helping to understand how the lakebed would behave
if accumulated sediments were removed. The remaining four sediments (Samples 00, 2, 3, and 4)
represent fine lake deposits representing most of the existing lake deposits currently in Lake Mitchell.
Bulk chemistry and physical characteristics are set forth in Table 2 Sediment fractionation results are
set forth in Table 3
Table 2 – Bulk Chemistry and Physical Characteristics of Lakebed Sediments at 5-10 cm Depth.
SAMPLE ID

P

Fe

Ca

:

Total

Total

Total

SOLIDS

>63 um

Depth

63um

125um

>250

to

to

um

125um

250um

(cm)

(mg/kg)

(mg/kg)

(mg/kg)

%

%

%

%

%

00: 5-10

1510

24600

71100

0.29

95

5

0

0

0: 5-10

1790

5940

16200

0.6

62

24

13

1

1: 5-10

1720

8120

15200

0.71

22

34

27

17

2: 5-10

1160

26900

65500

0.28

98

2

0

0

3: 5-10

1210

28300

81200

0.24

96

4

0

0

4: 5-10

1700

7330

14300

0.59

15

24

33

36

5: 5-10

1680

13400

40400

0.26

100

0

0

0

Samples 0 and 1 represent fine sand and silt near the mouth of Firesteel Creek. Sample 4 exhibited loam, including a
rounded ~1.5 cm pebble characteristic of bottom alluvial sediments prior to reservoir construction. The remainder are
black, fine lake sediments.

7|Page
www.fyraengineering.com

Table 3 – Results of P Sequential Extractions
TOTALP

LOOSELY
BOUND
P

FERROUS
BOUND
P

FERRIC
BOUND
P

AL-P

LABILE
ORGANIC
P

ORGANIC
P

Depth
(cm)

CA
BOUND
P
(HCL)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

(mg/kg)

00: 5-10

1510

6.7

128

143

75

34

716

407

0: 5-10

1790

4.4

104

29

119

31

1172

331

1: 5-10

1720

2.6

63

25

12

8

1248

362

2: 5-10

1160

3.2

150

59

40

9

672

227

3: 5-10

1210

3

186

68

45

18

394

496

4: 5-10

1700

3.8

93

19

5

4

1496

79

5: 5-10

1680

4.9

298

82

43

19

920

314

SAMPLE
ID
:

AL and Labile organic P evolve together in the same digestion extraction. Al was calculated by subtracting the labile
organic fraction determined separately from the total caustic extraction results. Recalcitrant organic P is calculated as the
balance of other fractions subtracted from total P results.

Specifics about the geochemical relevance of the results are discussed in detail in Appendix #, but key
findings are summarized as follows:
1. All sediments regardless of location had elevated P content ranging from 1210 to 1790 mg/kg.
However native sediments held the vast majority of P in a calcium fraction that is relatively
stable under prevailing geochemical conditions in the lake. They represent a relatively low
potential for producing internal loading, but also have little capacity to adsorb P brought in by
external loads. The capacity for these sediments to retain P can be enhanced by the addition
of strategic aluminum and fluoride minerals, discussed later.
2. Sediments contain some natural iron, but accumulate high iron concentrations in fine
sediments. Iron-bound P in the lake is separated into two primary fractions – an oxidized ferric
form, which is recognized by a rusty or brown color to soils and a reduced, ferrous form,
recognized in fine black sediments in wetlands and deep lake bottoms. Both forms exist in all
lakebed sediments, but the ferric form dominates near the mouth of Firesteel Creek where
sediments are subject to high oxygen content and resuspension during high creek discharge.
The reduced black ferrous form dominates quiescent regimes in deeper parts of the lake where
decomposition of organic materials maintain anaerobic conditions. Phosphorus
concentrations have been elevated for long enough in the water column of Lake Mitchell that
significant P mass has accumulated in all lake sediments in the form of ferrous phosphate salts.
These salts are most concentrated in fine anaerobic sediments and would pose a significant
new source of internal loading if the water column were managed at lower P concentrations
or if the sediments were oxidized (e,g, by aggressive aeration).
3. The vast majority of P in the lake is bound with calcium, which comes in two major forms –
adsorbed to calcite and incorporated into a family of minerals called apatite. Calcium-bound
P (Ca-P) is more stable than most other P fraction in the lake, but because much of the Ca-P
was produced under high P conditions, some P is still subject to release if the Ca-P sediments
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are subjected to cleaner water or if they are acidified (e.g. through excessive alum addition or
aggressive aerations). Biological activity has been producing vast reserves of Ca in fine lakebed
sediments which have the capacity to bind much more P, but are likely in the calcite form,
which is much less effective at trapping P than apatite. While the bulk of these sediments
should be removed, the underutilized Ca provides an opportunity to bolster P retention for
remnant sediments that may not be practical to remove, such as thick deposits in the historic
creek valley. Addition of fluoride can help stabilize these sediments as fluorapatite in a manner
similar to how fluoridation of drinking water prevents dental cavities. Flouride amendment is
discussed later.
4. Natural aluminum, along with some aluminum that is likely remnant from previous alum
additions, represents a small fraction of current P retention capacity. This is an important
fraction in resisting release from other fractions, especially in the summer when biological
activity in the lakebed is highest. If it is not feasible to remove thick sections of the current
sediment profile, P retention can be enhanced by the addition of strategic aluminum minerals,
which is discussed later.
5. The organic fractions represent a significant part of internal loading under present conditions
and would release vast reserves of P if oxidized (e.g. through aggressive aeration).

SEDIMENT REMOVAL FEASIBILITY
Because existing lakebed sediments hold enormous reserves of P that would frustrate any reasonable
effort to lower water column P concentrations, lake restoration requires their removal to the maximum
extent possible. However, because of sediment thicknesses and the transitional boundary between
alluvial and lacustrine conditions at the mouth of Firesteel Creek, it is important to be strategic about
sediment removal to avoid excessive dredging and sediment transportation and storage costs. The
extent to which P is released from historical sediments is both a function of area, sediment type, and
location. For example, significant reductions in internal loading can be achieved by removing relatively
thin, but expansive deposits of fine lake materials. These materials exhibit a large surface area and are
susceptible to releasing the greatest proportion of their P mass. Moreover, they are largely water and
their volumes can be substantially reduced when drained. Accordingly, they are the primary targets for
removal. However, there are very thick sections of anoxic sediments that accumulated in the former
channel valley of Firesteel Creek. It may not be economically feasible to remove them, but they still
represent a threat to lake management objectives if left in place. It may be less expensive in those
cases to use either capping, chemical stabilization, or a combination thereof so that money can be
saved without threatening ultimate water quality objectives. A final sediment type is near the mouth
of Firesteel creek, where sediments are thick, but are less prone to releasing P, and Mother Nature is
actively capping or reworking sediments during high creek discharge. Sediment removal is not
recommended where silts and sands are currently being deposited. In fact, removal of surface
aggregates could actually expose deeper, more vulnerable organic deposits. If a sediment cap is being
naturally provided by incoming creek clastics, modest chemical amendment would provide more
economical P sequestration than removal near Samples 0 and 1).
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ALTERNATIVES ANALYSIS
One alternative discussed in the Draft TM to control the internal load is to dredge the material from
the lake. Both mechanical and hydraulic dredging methods were considered as well as a combination
of the two. Each method has advantages and disadvantages. They are shared below. Alternatives of
capping or amending sediments were also considered.
5.1

Mechanical Dredging

Mechanical dredging refers to the method of removing the sediment mechanically, either by draining
the lake, or removing the material by mechanical means by a barge or (partially) submersible excavator.
Due to depth in the lake, we have focused costs assuming that the lake would have to be drained to
remove material mechanically.
We chose to focus on several major considerations discussed during the publishing of the Draft TM to
assist in developing a more accurate cost estimate for the project. Those considerations are addressed
below.
5.1.1

Construction Period

The construction period required would be a function of Contractor capacity (equipment used) and
the distance to and from the haul route. Moving quantities of up to 20,000 CY per day is possible with
the right equipment and relatively short distance to the disposal area (a 30 CY Dumptruck making 50
round trips a day can move 1,500 CY, and therefore, 14 dump trucks could handle that rate.)
Contractors on dredging projects often work 24/7 with alternating shifts and therefore, even a higher
rate is possible. For the purpose of preparing cost and schedule estimates, it is assumed that a
minimum of sixty (60) working days would be required for this project to remove one million cubic
yards. That assumes that the Contractor would be performing work in the lake bottom so that they
were transporting mostly consolidated material.
5.1.2

Construction Season

The preferred construction season for a mechanical dredging project is when there is low risk for
rainfall and accompanying runoff and relatively low humidity. This helps to keep the lakebed dry and
reduces the need for any significant handling of water. Mechanical work over the winter is possible
and at times, even preferred as frost can help to firm up a mushy lakebed. But in extreme freezing
temps, cold can be hard on equipment and while some work can be done, compaction in the spoil
area will be near impossible. If the majority of the work could occur during the months of September
through December, the construction period available and weather are likely to cooperate as much as
can be reasonably expected.
5.1.3

Handling of Water

During the construction period, the handling of water is an important factor. If the lake is mostly
drained during a mechanical dredging project, there will still be water to deal with in the project site
originating from any watershed runoff, localized drainage, groundwater seepage, etc. Therefore, a
flowage area through the lake bottom must be maintained which, due to anticipated rock ledges in
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the floodplain area, is most likely to be confined to the historic channel area. This presents some
challenges in the dredging of this area because it is not likely to be able to be dried out at any point
during construction. There are options available to facilitate the handling of water such as a temporary
upstream detention cell, low level drawdown, or defined pumping area. Another option would be to
dredge the lake in segments, using coffer dams and allowing portions of the lake to remain full during
construction.
5.1.4

Low-Level Drawdown

The potential addition of a low-level drawdown would help to facilitate not only the handling of water
under normal conditions (to alleviate pumping as the sole method of moving water through the dam)
from the reservoir area, but also in draining the lake down initially, or after any events that re-flood
the reservoir once construction has begun. A few options for this were considered; a new conduit
could be bored/jacked through the dam which would require hundreds of feet of new conduit in
addition to new valve housing, energy dissipation and seepage protection. Installing a low-level
drawdown through the existing spillway riser would reduce the length of pipe needed tremendously
by conveying the flows through the existing spillway and using
the spillway’s existing energy dissipation configuration. The
level of the drawdown capability would be limited by the
elevation of the existing spillway, but water would still be able
to be drawn down to approximately the top of historic channel
level at the dam. A figure is provided below on how a
drawdown may be incorporated into the riser/spillway
structure. This design would have to be performed in
conjunction with an experienced structural engineer with dam
design experience as it would be a very complex structural
design. The size of the drawdown conduit would extremely
Figure 4 – Drawdown Plan
beneficial if it could be at least 42” in diameter. Ultimately, the
structural design of the
riser modification may
dictate how large a
conduit can be cut into
the spillway.
For the
purposes of preparing
cost estimates, a 42”
diameter ductile iron
conduit was assumed.

Figure 5 – Drawdown Profile
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The figure below shows the times to pump down the lake using various methods. This assumes little
to no inflow into the lake during the pump down. This information would be important for
understanding how long it would take to initially pump down the lake for a mechanical dredging
project and how long it would take if the lake was re-flooded by a runoff event that occurred during
construction. The times shown do not include any mobilization of equipment or any drying time after
the lake is pumped down. These time frames need to be considered when scheduling and estimating
risks and costs for a mechanical dredging project.
800
Lake Surface Area (ac)

700
600
500
400
300
200
100
0
0

10

20

30

PumpingDays
200 CFS
90,000 GPM
130 MGD

Pumping
100 CFS
45,000 GPM
65 MGD

Siphon
5 - 18"

40
Pipe
42"

Figure 6 – Potential Drawdown Times
The probability of occurrence for a runoff event that would re-flood the lake during construction must
be considered along w/ the consequences of such an event to determine the true risk to the project.
The table below considers historical gage data to assign a probability of flooding by month (and for a
September to February combined construction period) to inundate both 50% and 100% of the lake’s
surface area at normal pool. The cost of pumping down the lake is a function of pump and fuel
electricity cost. Higher capacity pumps cost more than lower capacity pumps to remove the same
volume of water.
Table 4 – Historic Probability of Inundating 50% and 100% of the Lake Bed Area During Drawdown
Lake
Bed
Area
50%
100%

Drawdown
Capacity
(cfs)

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

SEPFEB

100

0%

7%

43%

47%

43%

42%

23%

10%

3%

0%

6%

0%

16%

200

0%

6%

40%

45%

32%

33%

18%

9%

0%

0%

0%

0%

6%

100

0%

1%

18%

29%

18%

18%

10%

6%

0%

0%

1%

0%

2%

200

0%

1%

16%

20%

15%

15%

9%

4%

0%

0%

0%

0%

1%
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The chance of significant runoff tapers off from July to Mid-August. In the past 62 years there have
been 4 years with runoff events Mid-Aug to Mid-Feb which would fill the lake to some degree (less
than half the volume) assuming 100cfs drawdown (or pump in place) capacity. Therefore, the risk of
runoff hindering dredging efforts is low (but not zero) during a late fall construction period. This would
need to be considered by the contractor and the City, in terms of how to pay for additional pumping
if such an event occurs during construction, but for now, is included in project contingencies.
5.1.5

Construction Traffic

Construction traffic needs to be a consideration and while access to and from the lake can occur readily
through publicly owned land, ultimately the important consideration is traffic to and from the dredge
disposal area. The City owns approximately 70% of the Lake Mitchell lakeshore, so wherever the
dredge disposal area is planned, there is likely adjacent access available.
5.1.6

POET Water Needs

POET water needs will play a role in the staging of the project and the handling of water. The City has
a water use agreement contract with POET to provide raw (lake) water for their operations. In June of
2017, 22,000,000 gallons (68 acre-feet) were used and in the winter months, the use goes down to 1518 million gallons per month. The water is used and re-used throughout the processes at POET and
none is discharged to Dry Run Creek or back to the lake (except for a small amount backwashing of
the filters.) Therefore, depending on the time of the year, rates of 350-510 gpm would need to be
provided to POET. Some of the options that were discussed were;
1. Segmenting the lake via a coffer dam around the POET intake so that water can be
continuously provided to POET during operations. Pumping from this segmented area will
draw the volume set aside down, but can be replenished with pumping of seepage or other
localized runoff during the dredging operations. The area set aside can be sized appropriately
to contain enough water.
2. Potable water could be provided to supplement the lake water during dredging operations,
but the current distribution system does not have the capacity to provide that volume of water
and there is only a small (1/2”) line that currently feeds POET from the distribution system.
3. Water could be pumped up from the James River, but the equipment (pump station) is not
currently operable. The inlet is near the dam outlet. A conversation with the State’s Water
Rights Program revealed that the pumping cessation from the James River (in the early 2000s)
was a temporary shut-off order. The City still has an active water rights permit to pump from
the James River, and therefore, assessing the cost of repairing the equipment may be worth
consideration.
4. A small diversion structure could be placed at the headwaters of the lake, or just above it, to
capture water before entering the lake to assist with providing additional raw water to POET.
This would require easements or land purchase that may be necessary for future project phases
(potential detention cell location) anyway. This could also assist with the handling of water.
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Due to filtering requirements, the more turbid the water provided to POET, the more total water that
needs to be provided to filter enough clean water, backwash filters, etc. A coffer dam to store water
that can be accessed by POET can be designed along the RR embankment and some minor
reconfiguration of their pumping station may be needed to access the water, but this would allow
access to water for POET during construction and even help some with containing minor runoff events
during construction. The volume that is currently upstream of the railroad embankment is capable of
providing water to POET at their fall/winter usage rate for approximately six months.
5.1.7

Disposal

The disposal of the mechanically dredged spoils would consist of the stockpiling, grading and
stabilization of dredged materials. Contractors would gain efficiency by de-watering the materials to
the greatest extent possible in the lake area to avoid the transportation of additional water weight to
the spoil area. Some de-watering of the spoiled materials may still facilitate consolidation of materials
in the spoil area, but nothing to the extent of what is required by hydraulic dredging. To assess the
size of the spoil area required, if one million (consolidated) cubic yards of spoiled materials are to be
stockpiled, that would require 15.5 feet of embankment height for every 40 acres of spoil area. The
material would not require any special permits to transport or store.
Potential secondary uses of spoiled material have been discussed. Due to the nutrient levels in the
spoiled materials, it can be spread across agricultural fields to be used as a soil amendment. However,
at agronomic rates of phosphorus application (similar to manure and synthetic fertilizer), the
application rate would be so low that it would require spreading the material across such a large area
that it is not financially feasible.
The potential use of spoiled materials as a structural fill is also challenging. Due to often high organic
content and limited particle distribution size, the material does not make a good structural fill.
Therefore, using the material as foundations for building pads or roadway embankments often requires
some modification with added fly ash or other materials to meet engineered fill requirements. The
compacted fill can work for other uses such as topsoil or embankment for golf courses, soccer fields,
etc.
5.1.8

Cost of Mechanical Dredging

The main factors in the cost of mechanical dredging is the distance to the dredge disposal site, quantity
of material to be removed, but other factors such as those listed above can play a factor as well. For
this project, the handling of water will play a major factor in the cost as well. Additionally, although
bottom sediments deposited before the reservoir pose less risk than traditional lake sediments, they
still contain some P that requires amendment to limit P mobility.
Ancillary benefits of mechanical dredging include the ability to perform shoreline work or perform
other reservoir grading for aquatic habitat improvement, etc. It can also cause some concern for the
stability of seawalls or other dock equipment that relies on a steady water surface for stability.
Additionally, mechanical dredging would reduce rough fish populations temporarily, resulting in a lag
in sediment bioturbation that can exacerbate internal P loading.
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5.2

Hydraulic Dredging

Hydraulic dredging is the process of removing targeted sediments by pumping sediments from the
lake bottom along with lake water in what is referred to as a slurry to a disposal area where the
sediments are allowed to settle out and the decanted water is returned to the lake. The slurry and
decanted water are pumped through conduits of varying materials and sizes. Return water is conveyed
by gravity when possible. The sediment can be removed by a cutter head if the sediment is
consolidated. Otherwise, a vacuum-like sucker head removes the looser, unconsolidated sediment
from the lake floor.
A barge containing the pumping equipment and cutter head or vacuum are driven across the lake and
sonar equipment helps the dredge master to locate and remove the targeted sediments. There are
varying, proprietary, types of dredging equipment that all have different advantages and
disadvantages. The goal is to remove the targeted sediments only and as much of them as possible,
and therefore, in Lake Mitchell, equipment that can help the dredger ‘feel” when he’s dredging soft
sediments vs. getting into the original lake bed, or hard pan, will be of great benefit.
The number, type, size and positioning of any pump stations that are located off of the dredge will be
a function of the distance, elevation and route of the dredge discharge/return lines and positioned by
the dredger based on what equipment they have.
The disposal area is usually a depressed, or bermed containment area that must be near water-tight.
The slurry is pumped in and the cleaner, decanted water is returned to the lake for re-use. Often,
bermed cells within the disposal area and piping systems are used to help filter out sediments. The
larger the containment area, the more efficient the settling of the sediments within the slurry. A
minimum of two times the ultimate storage volume is desired for a containment area, but three times
the storage volume will likely allow for a 24-hour operation without worrying about full containment
sites and returning high sediment slurries to the lake. The rate of settlement is a function of the
sediment type and size. Clays take longer to settle out than sands, etc. Other chemical factors can
improve or reduce settling rates and sometimes flocculants are used to improve the settling rates.
The return water re-enters the lake and systems can be put in place to settle out any returning
settlement in a defined area. A maximum nephelometric turbidity unit (or NTU…a standardized
measurement of turbidity in water) can be defined that the contractor must adhere to. Requiring a
maximum NTU for return water will add cost to the project. The overall goal is to remove the targeted
sediments and settle them out as quickly as possible. Hydraulic dredgers will work often work around
the clock due to the expense of operating the equipment. The noise associated with the pumps (often
large, diesel pumps) can be a nuisance during dredging operations.
Hydraulic dredging will eliminate several of the challenges associated with mechanical dredging.
Because the hydraulic dredging occurs at full pool, there is no worry about handling of water, draining
and re-draining the lake, providing water to POET, OR any instability of shoreline features such as
seawalls or docks. The drawbacks compared to mechanical dredging are the unit costs of removing
the material and the ability to verify that all of the targeted sediments are removed. There are methods
to do the latter, such as using sonar, sediment coring during operations, visual inspection by diving
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and others, but none will compare to visually being able to verify that the targeted sediments are
removed.
Finally, hydraulic dredging would likely leave some remnant fine lake sediments disbursed along the
lakebed owing to suspension of solids created by dredging activities. It is estimated that approximately
1” of traditional lake sediment would remain on the lakebed from settlement of dredging-suspended
solids which would need to receive amendment by alumina..
5.3

Capping

Where sediments vulnerable to high P release are too thick to economically remove, capping them is
a secondary option to segregate the P they contain from the water column. There are two goals in
capping. The first is to create a diffusive and adsorptive barrier between the P-bearing sediments and
the water column. The second is to inhibit bioturbation and/or resuspension of fine materials and
amendments by currents in the lake.
The rate of diffusion across a porous media cap is partly related to the difference in P concentrations
above and below the cap, the thickness of the cap and strongly related to the capacity the cap has for
adsorption of P and its porosity. The difficulty in obtaining a thick, adsorptive cap is two-fold. First,
shipping suitable P-adsorbing materials to rural Mitchell is very expensive. A literature review of
geological materials in the area indicates that sediments which are locally available are either
Cretaceous marine sediments with a high likelihood of containing elevated P, or they are glacially
reworked marine sediments with similar concerns. There is no advantage in spend money to fill the
lake with newly imported P sources. Other strategically useful materials include bauxite, red muds, and
calcined alumina, in order of increasing adsorption capacity. However, despite their having reasonably
good adsorption capacities, thick segments of these materials that would be required and shipping
costs alone would be prohibitive. Thus, the search for suitable materials is constrained to minerals that
are highly effective at increasing P adsorption and/or aggregate that is reasonably suitable for capping
and sourced from the lake itself, so that overall depth of the lake is not impaired by remedial efforts.
The sequential extractions performed on native alluvial sediments deposited before the reservoir was
constructed were the most resistant to releasing P, but do not presently have sufficient adsorptive
capacity without amendment with P-sequestering minerals. Considerations of a few alternative
amendments are discussed below
Alum was considered, but is inappropriate for direct addition to lakebed sediments in this setting for
multiple reasons. First, it imparts acidity, which would partially degrade the calcareous native
sediments. Second, it contains sulfate, which would reduce to sulfide and bind iron, making it less
available for P adsorption. Finally, shipping and materials costs would be prohibitive. Liquid alum
contains large amounts of water and sulfuric acid is used as a carrier to keep alum in suspension,
making it a deleterious sediment amendment. However, even dry alum contains a large amount of
water weight due to waters of hydration in the crystal structure. The typical composition of alum is not
just aluminum sulfate, but contains 14 to 18 waters of hydration. Thus, dry alum contains only about
9% useful aluminum, but enough sulfur to inactivate 1.5 iron atoms for every aluminum atom being
added. Despite the well-earned reputation alum has for treating the water column, it is a poor choice
for treating sediments in this setting.
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Sodium aluminate was another amendment that was considered, because it provides aluminum, but it
raises pH sharply. The increased pH is an advantage if the goal is to promote mineral deposition in the
pore spaces of the cap and the development of apatite minerals to bind P. However, the elevated pH
could interfere with P adsorption to aluminum and would unnecessarily increase pore water salinity,
with potential impacts to beneficial biological processes. Sodium aluminate, however, may be a
suitable pH buffer for alum addition to the water column if needed in the future – a subject discussed
in a subsequent section.
Aluminum trihydrate (ATH) is a very suitable amendment because it is essentially the end product
desired from alum addition, except without the pH changes, sulfate, and excessive water weight.
Aluminum trihydrate is also calcined to remove water and prepare it for various industrial uses. Water
removal reduces product weight by 35%, greatly reducing shipping costs. However, one has to be
careful about how the ATH is calcined. Most calcining processes are preparing aluminum for the
ceramics industry or metallurgical applications, using far too much heat for lake amendment
applications. ATH is in short supply on the global market and is often routed in dedicated contractual
arrangement because it is a precursor material to other products rather than a typically purchased end
commodity. Nevertheless, an Arkansas mine was identified which can produce the raw material and
dry it to 220oC, which is enough to dehydrate ATH for shipping but not so hot that its utility is
damaged. Upon application to the lakebed, the dried alumina would simply rehydrate without causing
significant pH changes. It is a highly effective P adsorbant, allowing use of less material. Approximately
770 tons of dry alumina would be required to treat 52 acres of thicker, historic creek valley sediments.
Extractions also revealed the importance of calcium binding in sediments. The very large amount of
underutilized calcium already in place in lake sediments provides an opportunity to stimulate P
sequestration in sediments that are not economical to remove. The addition of high grade fluorspar
(CaF2) would combine with existing Ca and P to promote precipitation of fluorapatite, the same mineral
in healthy teeth. The recommended initial amendment for any vulnerable sediments remaining in place
is 1 ton/acre CaF2 (coarse acidspar grade) not to exceed 100 tons/year. Additionally, this amendment
would not be impaired by bioturbation. However, CaF2 is sufficiently soluble that excessive application
would cause water column fluoride to exceed the 4 mg/L maximum contaminant level for drinking
water. The upper recommended dosage limit of 100 tons/year is designed to prevent that from
happening. Suitable grade fluorspar is available in bulk for $475/ton in Cleveland, approximately 1000
rail miles from Mitchell.
Alumina and fluorspar would work in concert as pH in sediments undergo natural seasonal changes.
As discussed in Appendix #, the lakebed currently shifts from an average pH 8.0 in the summer to 8.3
in the winter in response to increased biological activity in the lakebed during the warm season. When
the pH is lower, Al binding is favored. When it is higher, Ca binding is favored. Promotion of fluorapatite
through the use of fluorspar would help permanently sequester P that is transferred to the Ca-P
fraction. This would leave the Al fraction with added capacity to adsorb P from other sources in the
summer when it is needed most.
It is foreseeable that during the interim between a project to manage internal loading and later
implementation of external loading management that the watershed will occasionally deliver high
discharge, high P influxes that would promote algal blooms even if internal loading is completely
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abated. In those scenarios, water column amendments are appropriate on a temporary basis. Alum
doses recommended by Osgood were calculated to be reasonably effective at stripping P in the water
column, with minimal residual remaining for addressing internal loading. The water column is
sufficiently buffered to support modest alum addition without the need for adding other chemical
buffers. Alum should be applied strategically and sparingly to address peak P from external loading.
Alum use should be minimized for economic reasons and to avoid excessive addition of sulfur, which
binds iron. Although alum is not suitable for direct amendment to sediments, it is an effective water
column amendment because it also acts as a flocculant. Thus, it can chemically strip dissolved P while
physically precipitating particulate P. Additionally, the sulfur is diluted in the water column where much
of it is discharged over the spillway, limiting the amount that diffuses into the lakebed. However, alum
loses effectiveness with excessive use. Moreover, it stores P on the lakebed which can be released years
later if alum is too frequently applied.
The addition of up to 100 tons/yr CaF2 is highly recommended to take advantage of vast natural Ca
reserves in this lake system by promoting fluorapatite. The does can be increased if monitoring
demonstrates low F concentrations in the water column. Aluminum does not permanently sequester P
in all settings. Conversely, fluorapatite is a versatile and essentially permanent P sequestration
mechanism that will be stable under all foreseeable watershed pH conditions. Evidence for the longterm stability of fluorapatite is displayed worldwide in fossil exhibits.
5.4

Whole Lake Alumina Amendment

The use of amendments for inactivating P in the sediments without removal was considered as an
alternative. Aluminum products have been successful in numerous lakes in the Midwest, and have
received a good reputation as a result. However, amendments are not a panacea for all lakes. As
aluminum products are continually added to a lake system, the efficiency of aluminum drops.
Aluminum products have also received a reputation for permanently “locking” P to the lakebed, which
is not supported by science in highly impaired alkaline lakes. In fact, aluminum hydroxide flocs created
by aluminum product addition eventually begin to leak P. The geochemical bases for long-term P
release is described in detail in Appendix #.
Al amendment of a cap over 52 acres of thick sediments was reasonably considered in Section 4.3
because it represents a small fraction of the overall lake surface. Even though some P release would
occur through such a cap, the P flux through that acreage was not enough to impair internal loading
management objectives. That is not the case when attempting to chemically amend the entire lakebed
surface.
Alum addition for whole-lake amendment for internal loading is not feasible based on economics
alone. Because alum has low aluminum content (~9%) and high water content, the cost of aluminum
in alum is approximately $4.30/lb. Using dehydrated alumina, the cost is $0.66/lb. Even at that lower
cost, alumina addition would prove more expensive than dredging and would have a shorter lifespan.
In the first few years, alumina addition would successfully sequester internal P loading and even assist
in reducing externally loaded P by adsorption. However, after several years, P would begin to leak
through the alumna from approximately 300 acres of deep sediments left in place with enough mass
to begin compromising water quality treatment objectives. After about 10 to 15 years, the alumina P
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adsorption capacity would be exhausted., and due to crystal maturation of the aluminum, could even
release P it previously stored. Accordingly, whole lake alum addition is not recommended.
CaF2 provides fluoride at $0.92/lb, but each F ion that binds as apatite sequesters 3 P and does so
permanently. It is recommended that CaF2 be applied routinely. Unfortunately doses must be tightly
constrained to avoid elevated F concentration in the water column. The initial recommended dose of
100 tons/yr prevents elevated F and could be monitored after a few years of application to determine
if the dose can be increased. However, the P mass currently in place at the lake could not be amended
with CaF2 in any reasonable time at those low doses.

PROJECT ALTERNATIVES
As discussed in the section above, the cost of capping or amending soft sediments became prohibitive
not only because of the location of the material needed to help native soils adsorb P from bottom
sediments, but also in the volume of fill that would be necessary to construct the cap over such a large
area. Therefore, two alternatives are presented below that focus on a primarily mechanical dredging
project and a hydraulic dredging project.
6.0.1

Alternative 1 – Mechanical Dredging

A project that involves primarily mechanical dredging would consist of draining the lake down and
removing targeted sediments from the lake bed by mechanical means. The dredged materials would
be hauled to a spoil site that would require some
preparation and dewatering system to facilitate
consolidation. It is anticipated that during final
design, an overall approach by which the lake is
drained and floodplain/cove sediment is removed
quite easily and the sediment in the channel is
removed either mechanically, hydraulically, or both
and perhaps dried in a higher area of the lake before
it is hauled to the disposal site. The scale of the
project would include the main lake area and into
the headwaters and Firesteel Creek as the budget
allows. Localized areas that require dredging can be
addressed to make sure that additional depth can
be provided where desired.
A coffer dam would be designed somewhere near
their intake by the railroad embankment to
impound water for POET use. There may need to be
some reconfiguration of the intake system,
depending on where the coffer dam is placed.
Figure 7 – Potential Coffer Dam Locations
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The disposal site is yet to be determined and is assumed to be within 1.5 miles of the lake for cost
estimating purposes. Depending on the topography, etc. of the disposal site, some grading and an
under-drainage system will facilitate the disposal, drying and consolidation of the material.
Access to and from the lake as well as equipment staging is a detail that can be worked out during
final design, but as shown in Figure 8, there is an abundance of city-owned land around the lake
adjacent to public roadways, so finding a route will not be difficult. Because the roads will be traveled
by heavy machinery and weighted dump trucks repeatedly, a haul route should consider the road type
and quality and any bridge capacity considerations. Replacing some roads after the project may be
required, but no costs for this are included at this time.

Figure 8 – City Property Adjacent to Lake Mitchell
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Once the project has been completed, a soil amendment is proposed to handle any internal loading
coming from the native soils. The alluvial material that serves as the hardpan for the lakebed is high
in P and will contribute to internal loading once the lake re-fills. A soil amendment can reduce that
significantly for several years while the external load is addressed.
Permitting requirements will include one or more permits for maintenance activities from the U.S. Army
Corps of Engineers (likely a Nationwide permit). What permits are needed will depend on the impacts,
type and scale of dredging operations, haul routes, disposal location, etc. A SWPPP/NPDES permit will
be needed for stormwater management for the reservoir dredging and spoil area management during
construction and a permit for the soil amendment may be needed, depending on the ultimate produce
used, what rate it is applied at and what effects are expected on changes in water quality in the lake
once it is applied. A conversation with SDDENR indicated that no permits would likely be required for
discharging to the James River while draining the lake.
Costs for this alternative are detailed in Attachment X. As discussed previously, the project would be
conducted primarily in the fall months, but could begin even earlier in the summer to facilitate drying
bottom sediments if the City chooses to cut into the recreation season some.
6.0.2

Alternative 2 – Hydraulic Dredging

A hydraulic dredging project would consist of removing all of the targeted sediments from the lake
via a barge any time during the year when there is not ice on the lake and accompanying freezing
temperatures. The barge would remove sediments from the entire lake and pump them to a dredge
disposal area (possibly more than one) for settling, deposition and stabilization.
Dredge discharge and return line routes would be determined once dredge disposal areas are
determined.
Permitting requirements will include one or more permits for maintenance activities from the U.S. Army
Corps of Engineers (likely a Nationwide permit). What permits are needed will depend on the impacts,
type and scale of dredging operations, haul routes, disposal location, etc. A SWPPP/NPDES permit will
be needed for stormwater management for the spoil area management during construction and a
permit for the post-dredging whole lake application will be needed.
Costs for this alternative are detailed in Attachment X. This project can occur any time there is not ice
on the lake or freezing temperatures and can even be conducted over more than one season.
6.1

Future Operation and Maintenance Costs

Both projects require very little future operation and maintenance except for some minor attention
that may be needed in managing the spoiled sediments. That area would eventually be graded and
stabilized once the spoils are dewatered sufficiently. One item for consideration is that funding the
next project begins soon. The lake will begin silting in again once this project is complete. One goal
of a future project phase of a near-lake detention cell or similar facility is to more efficiently trap
sediments so that they can be removed before they enter the lake. So perhaps funding that activity
may be more appropriate than funding a future whole-lake dredging project.
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The annual water column stripping project (if needed) can also be considered a maintenance (shortterm) activity and should be funded at least until a future project addressing external loading can be
implemented. If in-lake P levels are low enough in future years to not require a water column stripping
project, they can be put towards the future external loading project(s.)
6.2

Expected Results

Implementation of the internal loading control project, as described above, will significantly reduce
phosphorus release from the bottom of the lake, and as a result, notable improvements in water
column phosphorus will be attained. Improved water quality will be more apparent in relatively dry
years, when internal loads from the bottom of the lake would have otherwise driven water quality
conditions. In the absence of significant and frequent storm flows from the watershed, in-lake
concentrations are expected to drop to near 100 ug/L (0.100 mg/L). In high runoff years, however,
loads to the lake from Firesteel Creek will still cause problematic levels of phosphorus, similar to those
observed in recent wet years.
6.2.1

Updated Nutrient Mass Balance Model

To quantify expected water quality, the water and nutrient mass balance model was updated to reflect
post project conditions (see Figure 9 below). If 2001 through 2014 meteorological conditions were
repeated after the internal loading control project were implemented, early spring spikes in TP
concentration would still occur with high Firesteel Creek flows. However, in-lake concentrations would
fall as watershed inflows decreased. Wet years such as 2010 and 2011 would remain problematic in
terms of phosphorus concentration, indicating the need to implement upstream improvements
(watershed or near-lake controls) to comprehensively control factors contributing to water quality
impairment. It should be noted that algal blooms tend to be exacerbated in hot, dry years with less
inflow, since this condition favors algal growth, while high flow years is not as conducive to algal
growth due to reduced residence time and increased flushing rate.

Figure 9 – Updated Post Project Phosphorous Concentrations
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Project water quality in the figure above assumes that the sediment phosphorus concentration
available for release to the water column is reduced by 85%. The figure below illustrates a range of
potential water quality outcomes assuming a sediment-phosphorus reduction ranging from 75% to
95%. The uncertainty analysis illustrates the sensitivity of water quality to internal loading, and the
importance of controlling internal phosphorus release to the greatest extent possible. The increased
TP concentration in the last half of the simulation is largely due to increased precipitation and resulting
external loads. The increase in TP from 2010-2011 begins to subside in following years, but remains
higher than in the initial years after the project.

Figure 10 – Range of Post Project Phosphorous Concentrations
The mass balance modeling results support the notion that it is important to remember that this
internal load control project alone does not in itself remove enough nutrients from the lake to
eliminate the chance for algal blooms. Watershed runoff events are still capable of conveying enough
P to the lake, as witnessed in the April sampling after the large spring storms. After enough volume
of runoff to turn the lake over five times, in-lake P numbers were at 560-580 ppb, nearly 8-10 times
above goal P levels. With the high lake turnover, the contribution from the internal load was likely
minimal compared to the total load during the runoff event, so nearly all of the P was from the
watershed. Until future measures can be implemented to reduce/neutralize the external load to the
lake, additional measures such as whole lake alum treatments will be necessary as the Total P rises
from external loads to bring P levels down below levels where nuisance algae blooms will occur.
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The metrics of success for the project would consist of lowered internal loading from the lake bed.
This can be physically measured to a high degree of accuracy with sediment coring, or computed
deductively by subtracting out watershed (external) loading from total P in the lake. This would
produce less accurate results and require constant monitoring and testing of the nutrient levels in the
watershed runoff.
Even with the potential for high in-lake P levels from watershed runoff, and until future projects can
be implemented to address the external load, the biggest change in the pre- and post-project
management options is that a water column-stripping lake application can be made to instantly turn
the lake into the usable resource it is capable of. Due to the nature of the current lake sediment, that
is not possible today. The new effectiveness of alum stripping after internal P load is controlled should
be viewed as a temporary management tool available for strategic uses over the next several years
pending meaningful resolution of external loading. If alum stripping were used routinely for more than
several years, it would begin to accumulate P on the lakebed, reinvigorating the internal loading
problem.

NEXT STEPS
The most urgent next steps in the project are listed below;
1. Assemble a funding package made up of local funds and any outside funding that can be
obtained to help fund the internal load control project.
2. Once a dredging project type has been decided, begin the final design and permitting stage
to develop a set of bid documents and permits so that once a funding package is secured, the
project can be bid and constructed.
3. Secure the location of all potential dredge spoil areas so that the project design can be
completed and cost estimates can be firmed up.
4. Consider additional sampling/testing services proposed for Spring of 2019 to refine future
external loading project design information.

25 | P a g e
www.fyraengineering.com

Alternative 1 ‐ Mechanical Dredging
Item

Units

Mobilization
Handling of Water
Spoil Area Preparation
Sediment Control Plan
Dredge and Haul Floodplain Sediment
Dredge, Dry and Haul Channel Sediment
Coffer dam
Post‐Dredging Soil Amendment

LS
LS
LS
LS
CY
CY
LS
Acres

Qty

Unit Rate

Ext

1
1
1
1
600000
400000
1
700

$350,000.00
$350,000.00
$350,000.00
$350,000.00
$350,000.00
$350,000.00
$100,000.00
$100,000.00
$4.75 $2,850,000.00
$6.50 $2,600,000.00
$300,000.00
$300,000.00
$1,700.00 $1,190,000.00
Subtotal $8,090,000.00
Contingencies & Details @ 20% $1,618,000.00
Construction Total $9,708,000.00
Engineering ‐ Design and Permitting (6%)
$582,480.00
Engineering ‐ Construction Observation
$300,000.00
Project Total $10,590,480.00

Alternative 1B ‐ Install Drawdown Conduit
42" Diameter Ductile Iron Pipe
42" Diameter Knife Gate Valve
Valve Housing Tower & Wall Sleeves, etc.
Riser Structural Modifications

LF
EA
LS
LS

100
$300.00
1 $50,000.00
1 $90,000.00
1 $250,000.00
Subtotal
Contingencies & Details @ 20%
Construction Total
Engineering ‐ Design and Permitting (20%)
Engineering ‐ Construction Observation
Project Total

$30,000.00
$50,000.00
$90,000.00
$250,000.00
$420,000.00
$84,000.00
$504,000.00
$100,800.00
$50,000.00
$654,800.00

Alternative 2 ‐ Hydraulic Dredging
Item

Units

Mobilization
Spoil Area Preparation
Sediment Control Plan
Dredge Targeted Sediments
Post‐Dredging Whole Lake Application
Managning pre‐reservoir sediments

LS
LS
LS
CY
Acres
Acres

Qty

Unit Rate

Ext

1 $350,000.00
$350,000.00
1 $500,000.00
$500,000.00
1 $100,000.00
$100,000.00
1000000
$7.00 $7,000,000.00
700
$1,750.00 $1,225,000.00
700
$1,700.00 $1,190,000.00
Subtotal $10,365,000.00
Contingencies & Details @ 20% $2,073,000.00
Construction Total $12,438,000.00
Engineering ‐ Design and Permitting (5%)
$621,900.00
Engineering ‐ Construction Observation
$300,000.00

Project Total $13,359,900.00
Annual Alum Application
Item

Units

Whole Lake Alum Application
(water column stripping if necessary)

LS

Qty

Unit Rate

Ext

1 $385,000.00

$385,000.00

Engineering ‐ Dosing and Permitting
Engineering ‐ Construction Observation

$30,000.00
$10,000.00

Project Total

$425,000.00

Alternative 4.4 ‐ Whole lake amendment
Item

Units

Mobilization/Alumina Spreading
Thick sediment alumina Application
Thick sediment alumina Application

LS
Acres
Acres

Qty

Unit Rate
1
396
299

Ext

$50,000.00
$100,000.00
$17,400.00 $6,890,400.00
$27,000.00 $8,073,000.00
Subtotal $15,063,400.00
Contingencies & Details @ 20% $3,012,680.00
Construction Total $18,076,080.00
Engineering ‐ Design and Permitting
$100,000.00
Engineering ‐ Construction Observation
$50,000.00
Project Total $18,226,080.00

