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September 25, 2017 
 
 
Kimberly D. Bose, Secretary 
Nathaniel J. Davis, Sr., Deputy Secretary 
Federal Energy Regulatory Commission 
Dockets Room, Room 1A 
888 First Street, NE 
Washington, D.C.  20426 
 
 
RE:  LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

(FERC PROJECT NO. 2680-113) 
 
RESPONSE TO JULY 27, 2017 STAFF COMMENTS ON FINAL LICENSE 
APPLICATION 

 
Dear Ms. Bose, 
 
On June 28, 2017 Consumers Energy Company (“Consumers Energy”) and DTE Electric 
Company (“DTEE”) (collectively, “Licensees”) co-Licensees of the Ludington Pumped Storage 
Hydroelectric (FERC Project No. P-2680), filed an Application for new license.  By letter dated 
July 27, 2017, FERC Staff (“Staff”) provided a deficiency and Additional Information Request 
(“AIR”): (1) Schedule A - Application deficiencies and (2) Schedule B - request for additional 
information for the Application for new license for the Ludington Pump Storage Project 
(“Project”).  Responses to Staff’s request were to be provided within 60 days of issuance of the 
letter, or by September 25, 2017. 
 
This letter provides the Licensees’ responses to Staff’s requests.    
 
During the preparation of the responses, the Licensees determined that several values discussed 
in Exhibits D and E of the Application were not correctly defined based on the co-ownership of 
the Project.  The values for estimated average cost of the Project, property taxes, Project revenue, 
cost of pumping, and production cost provided in the license Application are estimated values 
that were utilized on a total project basis.  However, since these values are split between the two 
Project owners, the values provided in the exhibits were determined to be applicable only to 
Consumers Energy, and did not include DTEE’s values.  Property taxes are split 51% / 49% 
according to the Ownership Agreement between Consumers Energy and DTEE.  Additionally, 
Consumers Energy and DTEE dispatch their three units according to the needs of each respective 
company.  Revenue from generation and the electrical energy cost for pumping are determined 
separately for each company.  The discrepancy was determined late in the AIR’s 60-day 
response period and the DTEE values were not available in time to be included with this 
response.  The Licensees respectfully request a 30-day extension for Schedule B items 
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numbers 9, 18, and 19 (i.e., by October 25, 2017).  This extension will permit Licensees to 
provide complete and accurate responses to these questions without undue delay. 
 
Attached to this letter are: 
 
Enclosure 1 July 27, 2017 Schedule A - Deficiencies - Responses 
Enclosure 2 July 27, 2017 Schedule B - Additional Information - Responses 
Enclosure 3 Revised Exhibit F drawings – (Sheets 1-6 CEII, Sheet 7 Public) 
Enclosure 4 Revised Exhibit G drawings. 
 
Questions regarding the Licensees’ responses should be directed to David McIntosh of my staff 
at (231) 779-5506. 
 
 
  
/s/ William A. Schoenlein 
William A. Schoenlein 
 
Copy to:  Mailing List (attached) 
 
 
CC:  Shana Wiseman <Shana.Wiseman@FERC.GOV> 
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Enclosure 1 
 

Responses to Schedule A – Deficiencies  
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Schedule A 

DEFICIENCIES 

Following is a list of deficiencies that the Federal Energy Regulatory Commission 
(“FERC” or the Commission”) Staff identified after review of the license application.   
 
Exhibit B 
 

(1) Section 4.51(c)(1) of the Commission’s regulations requires a statement of whether 
the operation of the project is manual or automatic.  Please provide this information 
and specific details on how the project is operated.  

 
Response: 
 

In either the pumping mode or generating mode, the operation of each unit is initiated by a local 
manual action.  The units cannot be operated (started or stopped) remotely and rely upon an 
Operator being in the Plant’s Control Room to initiate the start or stop function in either 
operating mode.  When a generation order or a pumping order is received by the Control Room, 
the Operator selects the proper mode of operation and provides the required input, to generate or 
pump (i.e., the Operator pushes the respective generate start or pump start button).  An automatic 
sequence of actions then takes control of the selected unit(s) to initiate pumping, or generating 
(generation and synchronization to the transmission system, herein called online generating).  
Once a unit is online generating, the unit is then placed in Automatic Generation Control 
(“AGC”) whereby the load setpoint (i.e., the number of megawatts being requested of the unit) is 
controlled by the Owner’s Electric Sourcing and Trading Department in Jackson, MI.  The AGC 
allows the unit’s governor to automatically adjust the wicket gate opening to match the actual 
unit output (MW) to the load setpoint that is being sent.  When a unit is online pumping, the 
wicket gate opening is automatically controlled by the unit’s governor system according to the 
manufacturer’s net head curve.  The net head curve is programmed into the governor’s computer 
system.  The governor’s computer system automatically adjusts the wicket gate opening on the 
unit as the net head changes with the increasing upper reservoir water level in order to maximize 
the efficiency of and minimize vibration on the unit.  Pumping and generation are terminated by 
a manual action (i.e. the Operator pushes the stop button) or by automatic protective trip. 
 
Exhibit D 
 
(2) Section 4.51(e)(4)(iv) of the Commission’s regulations requires information on operation 

and maintenance expenses, including the cost of insurance and administrative and general 
expenses.  Please provide this information. 
 
Response: 

 
Cost of insurance, administrative, and general expenses for the Ludington Pump Storage Project 
(“Project”) are incorporated into costs of the Consumers Energy Company (“Consumers 
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Energy”) and DTE Electric Company (“DTEE”) (collectively, “Licensees”) consolidated 
business and are not separated out for the Project. 
 
Exhibit F 
 

(3) Section 4.39(a) of the Commission’s regulations requires that each drawing must 
have a numerical and graphical scale and the project number in the upper half of the 
lower right hand corner of each sheet.  Please provide this information for each 
Exhibit F sheet. 

 
Response: 
 

The Exhibit F drawings have been revised to include a project number and numerical and 
graphical scales have been added or revised.  The Revised Exhibit F drawings are filed 
separately as they contain CEII. 
 
Exhibit G 
 

(4) Section 4.39(b)(1) of the Commission’s regulations requires each Exhibit G map to 
show the true and magnetic meridians.  Please provide this information. 

 
Response: 

 
Revised Exhibit G maps are attached.  Each sheet now includes the required true and magnetic 
meridians as required. 
 
Exhibit H 
 

(5) Section 5.18(c)(1)(C)(2)(iv) of the Commission’s regulations requires data showing 
the need, cost, and availability of alternative power sources including new capacity at 
existing units, new construction, off-system power purchases, and load management 
measures.  Please provide the total annual cost of each alternative source of power to 
replace project power, the basis for the determination of projected annual cost, a 
discussion of the relative merits of each alternative, including the issues of the period 
of availability and dependability of purchased power, average life of alternatives, 
relative equivalent availability of generating alternatives, and relative impacts on the 
applicant’s power system reliability and other system operating characteristics, and 
the effect on the direct providers (and their immediate customers) of alternate sources 
of power. 

 
Response: 
 

The electricity generated by the LPSP is generally used to meet daily peak electrical demand.  
The electrical output from the plant is sold wholesale into the Midcontinent Independent System 
Operator (“MISO”) administered wholesale market.  During the term of the new license, the 
Project’s authorized capacity following completion of the unit upgrades is 1,785 MW, at the time 
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of filing the license Application the authorized capacity of the Project was 1,700 MW, with three 
of the six unit upgrades completed.  The annual generation from the LPSP over the most recent 
five years of history (2012 through 2016) has averaged 1,724,458 MWh.   
 
Consumers Energy’s share of project generation is 51%, and the average annual share of 
production over this five-year period is 879,474 MWh.  Consumers Energy’s total generation 
requirements are approximately 36,000,000 MWh, which means Ludington provides 
approximately 2% of customer needs.  Additionally, Ludington is expected to provide over 1,100 
Zonal Resource Credits1 (“ZRC”) to serve customer need of 7,800 ZRCs.  That means the 
Project provides approximately 15% of CE’s Planning Reserve Margin Requirement (“PRMR”).   
 
DTEE’s share of the project generation is 49% and the average annual share of production over 
the five year period is 844,984 MWh.  DTEE’s total generation requirements are approximately 
46,000,000 MWh, which means the Ludington provides approximately 2% of customer needs.  
Additionally, Ludington is expected to provide approximately 1,050 ZRCs to serve customer 
need of 11,000 ZRCs.  That means the Project provides approximately 10% of DTEE’s PRMR.   
 

Consumers Energy: 
 

Alternative Sources of Power  
 
To replace the energy and capacity provided by Ludington, construction of a new generating 
facility would be required.  Replacement of Ludington would most likely require a Combined 
Cycle (“CC”) natural gas plant (H class or F class) or four Combustion Turbine (“CT”) natural 
gas plants, both of which would be expected to have a life of 30 years and are sized at 
approximately 1,100 MW and 400 MW, respectively.  A CC or CT plant’s availability is quite 
high, generally expected to exceed 95%.  Regarding economic commitment and dispatch, a CC 
is currently projected to operate at a 67% capacity factor, while each CT is projected to have a 
capacity factor of 7%.  To replace the lost energy and capacity provided by Ludington, one CC 
would be required, while four CTs would be required.  
 
Table 1 compares the costs (in 2017 dollars) of building a CC versus four CT plants to replace 
the energy and capacity currently provided by the Project.   
The capital expenses provided in Table 1 include the installed costs and gas infrastructure values, 
while the operating cost represents the total fuel cost and variable Operation and Maintenance 
(“O&M”).  Table 2 provides the breakdown of the operating costs provided in Table 1. 
  

                                              
1 ZRCs are MW units of Planning Resources that have been converted into a credit that is eligible to be offered by a 
market participant into the Planning Resource Auction, or to be sold bilaterally, or to be submitted through a Fixed 
Resource Adequacy Plan.  (FERC Docket ER14-990-000; also MISO, FERC Electric Tariff Module A, 
Sections 1.L. 1.P. (0.0.0)).  
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Table 1 Breakdown of cost of CC and CT units 

Units  Total Capital 
Expense ($/kW) 

Operating Cost 
($/MWh) 

Total Annual 
Revenue 

Requirement 
($K) 

Combined Cycle  H Class 2x1 $1,066 $29.40  
$208,493 F Class 2x1 $1,086 $30.52 

Combustion Turbine J class 1x0 (4 units) $825 $53.26 $205,113 
 

Table 2  Breakdown of Operating Costs 

Units  Variable 
O&M -

including 
LTSA 

($/MWh) 

Net Fuel Costs 
($/MWh) 

Operating 
Cost 

($/MWh) 

Combined 
Cycle  

H Class 2x1 $2.27 $27.12 $29.40 
F Class 2x1 $2.16 $28.36 $30.52 

Combustion 
Turbine 

J class 1x0  $15.54 $37.71 $53.26 

 LTSA – Long Term Service Agreement 
 
The total annual revenue requirement provided in Table 1 consists of the levelized capital 
investment cost, fixed O&M, fuel costs, and variable O&M that would be required to replace the 
energy otherwise provided by Ludington.  The value of each component for both the units is 
elaborated in Table 3. 
 
Table 3: Breakdown of Total Annual Revenue Requirement 

Units Levelized 
Capital 
Revenue 

Requirement 
($1000) 

Fixed O&M 
– Including 

LTSA 
($1000)  

Fuel 
Cost 

($1000) 

Variable 
O&M – 

Excluding 
LTSA 

($1000) 

Total 
Annual 
Revenue 

Requirement 
($1000) 

Combined Cycle 
 (H class) 

$156,194 $26,240 $25,810 $249 $208,493 

Combustion 
Turbines (4 units) 

$161,506 $35,067 $34,711 $129 $205,113 

 
The Consumers Energy average cost of producing power at Ludington was $22.16/MWh in 
2016, which indicates that either of these units would likely be more expensive to operate than 
the Ludington units.  
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Availability of Alternative Sources of Power 
 
The lead time required to secure replacement energy and capacity for Ludington is significant.  
During the time period between the loss of license at Ludington and an expected commercial 
operating date of a new generating facility, the capacity and energy loss would likely have to be 
replaced with market purchases.  To replace the energy otherwise provided by Ludington, market 
purchases from the MISO would be leveraged.  Current monthly average forward prices for 
power for year 2019 and beyond are approximately $30/MWh, up to nearly $40/MWh.  
However, the impact on Locational Marginal Prices due to the loss of Ludington has not been 
quantified but may be significant.  Impacts on electric reliability are also possible.  An 
assessment of the impact on the electric transmission system would be required and may result in 
significant transmission system cost increases.   
 
Additionally, Consumers would have to rely on the purchase of ZRCs from either the annual 
Planning Resource Auction (“PRA”) or a Request for Proposal to replace the capacity.  It can be 
expected that the price of the ZRCs would reach the Cost of New Entry, which is exceeds 
$90,000/ZRC-year. 
 
Besides replacing the Project with a CC or CT units, other possible sources of energy and 
capacity are described below: 
 

1. Wind Power: Wind power is not a viable option for replacement of Ludington 
because of the relatively small amount of ZRCs received per installed MW.  MISO 
currently awards new wind projects a capacity credit of only 15.6% of installed 
capacity.  Wind could be used to replace the energy produced by Ludington, but wind 
capital cost is expected to be in excess of $1,400/kW, which is significantly higher 
than the CC or CT units discussed above.  The availability of vast amounts of land is 
also a concern with wind units in Michigan.  Furthermore, moratoriums on wind 
development have been instituted in several areas of the state.  

2. Battery: Energy storage is a powerful energy source with continuously declining 
costs, however, it is not a viable replacement for the 1,100 ZRCs provided by the 
Project.  The limited life cycle of one battery unit (average of 10 years), the relatively 
high capital cost, and the expected degradation related to dispatch of storage devices 
result in an uneconomic position for batteries to be utilized as a replacement option.  
For a Lithium-ion battery with a one-hour dispatch time, the cost ranges between 
$700/kW to $1000/kW (2015$).  However, for storage capabilities between four to 
eight hours (similar to Ludington usage), the cost ranges between $1600/kW - 
$4000/kW. 

3. Solar: Much like wind, solar installations require vast area of land to install the panels 
that would be required.  Additionally, MISO currently awards new solar generators a 
capacity credit of only 50% of installed capacity.  This means replacement of 
Ludington with Solar would require approximately 2,200 MWs of new solar 
installations.  The capital cost for solar ranges between $1400/kW-$1800/kW 
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depending on the type of panels used (Single axis/tilted axis) meaning this would be a 
far more significant cost than the CC or CT units discussed above. 

4. Energy Efficiency: Consumers Energy is currently targeting energy efficiency 
savings of 1.5% in its service territory.  However, energy efficiency is not a viable 
option as it cannot replace the entire 1,100 ZRCs and the 880,000 MWh of energy 
that would otherwise be provided by the Project.  Additionally, the energy efficiency 
programs would need significant time to build up sufficient savings to replace 
Ludington. 

5. Demand Response: The uncertainty and limited potential of Demand Response 
programs make it an insufficient option to consider as a replacement for Ludington.  
The uncertainty is due to dependency on customers to commit to the program.  
Additionally, Demand Response programs can only account for the capacity needs 
and not the energy requirements created by loss of Ludington.  This would result in a 
greater reliance on the MISO energy markets.  Finally, like energy efficiency, these 
programs take significant amounts of time to implement. 

 
DTEE 

 
Currently, DTEE has sufficient capacity and energy to meet the need of customer demand which 
includes Ludington as a vital resource.  Below, the 2017 Integrated Resource Plan (“IRP”) is 
shown with Ludington included in the Existing Capacity.  
 
 

2017 DTEE IRP CAPACITY POSITION 
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If Ludington was not relicensed, it would put DTEE in a significant capacity shortage position 
starting in 2019.  The projected capacity shortfall in 2019 without Ludington would be 930 MW.  
With 2019 being close in the horizon, there is not a suitable replacement that could be 
implemented within the timeframe.  (The PRMR, used in the graphs, identifies the total capacity 
needed to meet the MISO reserve requirements for DTEE.)  Below is a depiction of how DTEE’s 
capacity position would change if Ludington was no longer in operation. 
 

2017 DTEE CAPACITY POSITION WITHOUT LUDINGTON 
 

 
 

 
Cost and Availability of Alternative Power Sources 

 
If a license to operate the Project is not received, the Licensees, and its customers, would incur 
short-term and long-term increased costs resulting from the necessary acquisition of replacement 
capacity and energy.  The DTEE average cost of producing electricity at the Project was 
$22.39/MWh in 2016.  Production costs are expected to change annually by the change in 
Consumer Price Index.  This estimate is based on historical routine O&M expense, including 
Commission fees, property taxes, labor costs, and routine/repetitive non-labor costs.  It also 
includes an estimate of annual depreciation expenses non-routine construction and maintenance 
and license initiatives.  The estimate assumes annual generation of approximately 
2,357,066 MWh, which is an average annual generation produced by the Project between 
October 1999 and September 2016.  
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The following chart identifies alternative new construction power sources, including the cost and 
availability associated with each one.  The sources shown below cannot be built and operational 
between now and 2019 to replace Ludington.  
 
 

ALTERNATIVE POWER SOURCES (NEW CONSTRUCTION) 
 

 
Combined 

Cycle 
Combustion 

Turbine 
Wind Solar Biomass Nuclear Pulverized 

Coal w 
CCS 

Capital Cost 
($/kW)1 

$1,055 $917 $2,162 $2,277 $5,328  $7,341 

Levelized cost of 
energy ($/MWh) 

$65 $166 $69 $125 $189 $178 $183 

        Availability (%) < 90% < 90% > 40% > 20% < 90% < 90% < 90% 
 
 
Other alternative power sources such as new capacity at existing units, off-system power 
purchase, and load management measures are explained in further detail below: 
 

• Battery is another new construction alternative power source.  Similar to 
Ludington, battery can store energy produced during periods of low demand 
and prices and sell during periods of higher demand and prices.  Energy 
Storage Systems (“ESSs”) can also increase the value of renewable energy 
systems by storing and shifting renewable energy output to times of greater 
system need or to avoid curtailment.  Despite the benefits of battery, it is not a 
suitable replacement for an approximate 1,000 MW replacement for 
Ludington.  Lithium-ion battery has a large block size of 100 MW, dispatch of 
four hours and only has a projected service life of ten years.  The estimated 
capital cost is $600/kW. 
 

• New capacity at existing units is not feasible due to the aging infrastructure of 
the facilities.  Since the Company is planning to retire its Tier 2 coal units by 
2023, the current spend of those plants are only sufficient to maintain the 
operations, reliability, and safety until the planned retirements and does not 
allot for additional investments.  Any other potential up-rates would not be 
substantial enough to replace Ludington or cost effective to even consider for 
analysis.  
 

• Off system power purchases is not a reliable alternative power source.  Based 
on the recent MISO 2017/2018 PRA results, Zone 7 does not have sufficient 
capacity to meet its PRMR without relying on imported capacity from the rest 
of MISO.  Considering MISO as a whole, there is great uncertainty 
concerning the continued operation of capacity resources owned by 
Independent Power Producers, MISO capacity market construct and declining 
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generator unit performance.  The amount of off system power purchases 
needed to replace Ludington is significant and with the projected tightening of 
the market, there will not be availability or the market cost would be 
extremely high.  
 

• Demand Response is not a viable resource to replace Ludington.  The amount 
of Demand Response needed to support the loss of capacity if Ludington was 
not relicensed is not feasible.  There is uncertainty around the ramp up of the 
programs, including customer commitment rates and customer retention.  
Additionally, Demand Response programs are suitable replacements for 
capacity and not energy.  Any replacement for Ludington would also have to 
support the loss of generation. 
 

• Energy Efficiency is not a viable replacement for Ludington.  An energy 
efficiency potential study was conducted in 2016 and is the basis for the 2017 
DTEE IRP for energy efficiency implementation.  In the 2017 DTEE IRP, an 
annual energy efficiency savings target of 1.5% will be implemented, 
capturing all the potential energy efficiency in its service territory.  

 
Ludington reduces Power Supply Cost Recovery expense for customers by taking advantage of 
the price arbitrage between on and off peak energy prices.  Ludington can store energy during 
periods of low demand and supply energy during periods of high demand.  
 
ESSs are expected to provide balance to intermittent generation supplied from renewable energy 
resources.  ESSs can increase the value of renewable energy by storing renewable energy or 
avoiding curtailment.  Benefits of Ludington include fast start capability, frequency regulation, 
and providing spinning and supplemental reserve.  Off system power purchases serves as the 
only feasible alternative to replacing Ludington generation by 2019, but is an unreliable 
long-term solution for meeting future energy demand.   
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There is value in the relicense of an existing resource in that there is no need for a large capital 
expenditure that would be required for new technologies. 
 

Table 4: Annual Cost of Alternatives Sources 
 

Combine
d Cycle 

Combustion 
Turbine 

Wind Solar Biomass Nuclear Pulverized 
Coal w 
CCS 

Capital cost ($/kW-yr) $97 $102 $122 $154 $456 $761 $599 
Fuel costs ($/kW-yr) $253 $258 $0 $0 $509 $110 $349 

Fixed O&M ($/kW-yr) $43 $52 $22 $15 $118 $166 $73 
Variable O&M ($/kW-yr) $25 $15 $5 $0 $80 $0 $104 

Insurance ($/kW-yr) $0 $0 $1 $1 $2 $3 $3 
Emissions costs ($/kW-yr) $0 $0 $0 $0 $0 $0 $0 

Taxes ($/kW-yr) $38 $40 $39 $41 $161 $410 $312 
Levelized cost of energy 

($/kW-yr) 
$456 $467 $188 $211 $1,325 $1,451 $1,440 

        
Useful Life (Years) 30 30 27 20 30 40 40 

Availability (%) < 90% < 90% > 40% > 20% < 90% < 90% < 90% 
Concerns T T A, T A, T C, T C, T C, T 

 
Values represented in Table 4 are consolidated assumptions from a third-party engineering study 
and internal subject matter experts.  
 

Concerns Key: 
 
A – Availability: Intermittent resources, may not be available during peak demand.  Does not 

provide significant ancillary service benefit;  

C – Cost: Cost of project is significantly higher than alternative options; and 

T – Timeline: Timing constraints with implementing project by 2019.   
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Schedule B 

ADDITIONAL INFORMATION 

Exhibit A – Project Description 
 

(1) Exhibit A, table A-1-1 of the final license application (FLA), provides the rated 
capacities of the pump/turbines and the motor/generators but does not provide the 
type of the pump/turbines (i.e., Francis, Kaplan, etc.) and the make of the 
motor/generator (i.e., General Electric, etc.) and their corresponding specifications.  
Please provide this information. 

 
Response: 
 

The new pump/turbine runners are Francis type manufactured by Toshiba Corporation of Tokyo, 
Japan having an authorized installed hydraulic capacity of 12,715 cubic feet per second as a 
turbine.  The rebuilt motor/generators consist of new stator components (i.e., the frame, core,  
windings, and air coolers) also manufactured by Toshiba and refurbished rotor field poles having  
an authorized installed capacity of 297.5 MW with a nameplate (maximum) rating of 60 cycle, 
455 mva at 40C and unity (1) power factor. 

 
(2) Exhibit A, page A-2-1 of the FLA gives the Lake Michigan water surface elevation as 

581 feet National Geodetic Vertical Datum (NGVD) 29, but Exhibits F2 and F4 state 
this elevation as 579.5 feet.  The Exhibit Fs do not contain a note specifying which 
datum is used, although we assume it is also NGVD 29.  Please reconcile this 
difference throughout the application as necessary. 

 
Response: 
 

The license exhibits were searched for reference to National Geodetic Vertical Datum 
(“NGVD”) for consistency.  Exhibits A, B and E all refer to NGVD 29, with Section 4.1.3 of 
Exhibit E the only exception where only NGVD is included in the statement.  This Section is 
revised to read as follows: 
 
4.1.3 Topography 

The Project is located on the eastern shoreline of Lake Michigan, near Ludington, 
Michigan.  Topography in the Project area ranges from less than 600 feet NGVD 29 
along the shore of Lake Michigan to over 950 feet along the upper reservoir; natural 
topography in the Project vicinity ranges from less than 600 feet above sea level to 
approximately 850 feet above sea level (USGS 2016).  The Project Area is characterized 
by rolling hills and dunes generated by lake-driven winds (Kost 2007). 

 
The Exhibit F drawings have been revised.  Lake Michigan water level elevation references have 
been revised to elevation 581.0 ft to be consistent with the text included in the other exhibits.  
Exhibit F drawings (F1 through F6) provided with the Final License Application (“FLA”) 
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included a note (located above the title block in the lower right hand corner) indicating that all 
elevations were based on NGVD 29.  The only exception being Exhibit F sheet F7, depicting the 
barrier net details, this drawing does not refer to specific elevations and thus does not require the 
note to be added.  Revised Exhibit F drawings are filed separately as they contain CEII.  

 
(3) Exhibit A, page A-5-1 of the FLA identifies nine step-up transformers as existing 

equipment at the Ludington Pumped Storage Project (Ludington Project) without 
giving their specifications.  Please provide the transformer specifications including 
the power from which it steps-up to the power it steps-up (i.e., step-up from 
13.8-kilovolts (kV) to 345-kV). 

 
Response: 
 

There are nine single phase 60Hz, 65°C rise, Oil Forced Air Forced, 310MVA step-up 
transformers, 19,500V to 199,200V manufactured by Mitsubishi Electric Power Products, Inc. 

 
Exhibit B 

(4) Exhibit B, page B-2-1 of the FLA states that the dependable capacity of the project is 
1,785 megawatts.  Please provide the value of the Ludington Project dependable 
capacity in dollars per kilowatt-year. 

 

Response: 
 
The value of capacity for any resource within the utility’s portfolio can be estimated based on 
current market rates for capacity.  The Midcontinent Independent System Operator (“MISO”) 
Planning Resource Auction (“PRA”) is an annual capacity auction in which load serving entities 
secure sufficient capacity to cover their Planning Reserve Margin Requirement on behalf of their 
customers.  Simultaneously, owners of supply resources sell their capacity into the 
PRA.  Clearing prices are determined accordingly and indicate the value of capacity on the open 
market.  Additionally, parties may conduct bilateral transactions for the purchase of capacity in 
advance of the annual PRA.  Both of these mechanisms provide an indication the value of 
capacity. 
 
Consumers Energy Company’s (“Consumers Energy” or the “Company”) point of view is that 
the value of capacity will fall somewhere between 50% and 75% of the Cost of New Entry 
(“CONE”) as filed by MISO with the Federal Energy Regulatory Commission (“FERC” or 
the “Commission”).  The latest filing made by MISO to the FERC indicated a CONE value for 
planning year 2018 of $90,740/ Zonal Resource Credits (“ZRC”)-year.  That means, Consumers 
Energy expects Ludington to provide a capacity value between $45,370/ZRC-year and 
$68,062/ZRC-year. 
 
While the Ludington Pumped Storage Project’s (“Project”) dependable capacity is 1,785 MW, it 
should be noted that the Project is expected to provide over 2,200 ZRCs. 
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A ZRC represents 1,000 KW of capacity, discounted for the resource’s equivalent forced outage 
rate on demand.  Based on the above values expressed in ZRCs, the dollars per kilowatt-year 
(“kW-yr”) equivalent is $45.37/kW-yr to $68.06/kW-yr. 

(5) Exhibit B, page B-3-1 of the FLA provides information on how the power generated 
at the project would be used.  To assist us in determining the need for power, please 
provide a statement of the system and regional power needs. 

Response: 
Power generated at Ludington is used for a number of applications.  Energy produced at 
Ludington serves customers in both Consumers Energy’s and DTE Electric Company’s 
(“DTEE”) (collectively, “Licensees”) systems and within the regional market.  Specifically, 
Consumers Energy’s annual generation requirements total approximately 36,000 GWh, of that 
need, Ludington serves approximately 1,000 GWh annually.  DTEE’s annual generation 
requirements total about 46,000 GWh, of that need Ludington serves approximately 960 GWH 
annually.  Within the MISO footprint generation requirements in 2016 totaled approximately 
690,000,000 GWh, of which, Ludington generated nearly 2,000 GWh.  
 
Ludington can store energy during periods of low demand and supply energy during periods of 
high demand.  More information regarding capacity is provided in Exhibit H. 

Exhibit D  

(6) Exhibit D, page D-3-1 of the FLA provides a capital cost for additional maintenance 
upgrades of $264,000,000 and an additional capital cost of $76,300,000 unrelated to 
maintenance upgrades.  Please give an itemized breakdown of these costs. 

Response: 

Table AIR 6-1 provides the requested breakdown of the expected non-upgrade capital costs from 
2017 to 2021.  The annual total was included in Exhibit D Table D-3.2-1. 

Table Air 6-2 provides the requested breakdown of the expected remaining capital costs 
attributable for the completion of the unit upgrades.   Note that this table does not include 
Allowance of Funds Used During Construction1 (“AFUDC”), which reflects the capital carrying 
costs of these capital projects.  These were not included as it is difficult to address these for the 
two Licensees, representing two separate companies which have differing accounting treatments 
and reporting. 

  

                                              
1 AFUDC is an accounting practice whereby the cost of debt and equity funds used to finance a construction project 
are credited on the statement of income and charged to a construction in progress on the balance sheet. 
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Table AIR #6 -1  Balance of Plant Planned Capital Projects 
Plant Project Title 2017 2018 2019 2020 2021 

 ($1000) ($1000) ($1000) ($1000) ($1000) 
Ludington Pumped Storage Relicensing $986 $150 $150 $0 $0 
Replace Barrier Net Panels $647 $686 $725 $784 $808 
Small Valves and Instrumentation $98 $98 $98 $98 $98 
LPS Barrier Net Anchors $135 $141 $0 $0 $0 
Small Tools & Equipment $196 $196 $196 $196 $196 
LPS 16-422 Replace Potential 
Transformer Cabinets  $361 $369 $376 $0 $0 

LPS Step Up Transformer 
Replacement/Refurbishment $14,300 $11,718 $10,200 $0 $0 

LPS Fire/Service Water Pressure Surge 
Correction $49 $588 $0 $0 $0 

LPS 17-402 Governor Air Compressor 
Replacement $147 $0 $0 $0 $0 

Small Pumps & Motors $98 $98 $98 $98 $98 
LPS 16-402 Cooling Water Strainer 
Replacement $151 $1,671 $0 $0 $0 

LPS 17-401 House Air Compressor 
Replacement $471 $0 $0 $0 $0 

LPS 16-423 Replace Pony Motor 
Reactors $71 $745 $75 $776 $0 

LPS 17-403 Depressing Air Compressor 
Controls Upgrade $61 $235 $0 $0 $0 

LPS 15-301 Unit #1 Pony Motor Breaker 
Replacement $0 $0 $645 $0 $0 

LPS 15-304 Unit #6 Pony Motor Breaker 
Replacement $39 $671 $0 $0 $0 

LPS 14-305 Emergency Diesel Generator 
Overhaul/Replacement $0 $100 $392 $0 $0 

LPS RTU Replace and Upgrade $0 $0 $0 $0 $0 
LPS 16-424 HVAC Replacement $524 $2,663 $2,718 $2,773 $2,827 
LPS16-401 Sequence of Events Recorder 
Replacement $0 $202 $335 $0 $0 

LPS 19-420 Station Battery Replacement $0 $0 $131 $1,149 $0 
LPS 14-303 Online Thrust Bearing Oil 
Moisture Analyzers $0 $0 $0 $0 $39 

LPS-13-104 480 Volt Motor Control 
Centers for DLC $0 $0 $0 $0 $5,294 

LPS 18-422 DLC Control Cable 
Replacement $0 $0 $0 $0 $3,061 
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LPS 18-401 CO2 Fire Protection System 
Replacement $0 $0 $0 $0 $1,294 

LPS 20-420 Spare Station Power 
Transformer $0 $0 $0 $0 $1,157 

LPS 16-420 Plant Lighting Upgrade $0 $0 $0 $0 $722 
LPS 17-420 Bulk Turbine Oil Delivery 
Pipe $0 $0 $0 $0 $98 

Annual Capital Estimates $18,333 $20,330 $16,140 $5,875 $15,692 
 

Table AIR # 6-2  Overhaul Project Remaining Capital Estimates ($1000) 

 
     
 

2017 2018 2019 2020 

     2017-2021 Long-Term Financial Plan 100,013 73,990 46,545 30,580 

     Engineering 1,843 2,200 818 150 
Contracted Engineering 

    
     Major Contracted Work with Toshiba 65,571 44,153 17,356 250 

Major purchase orders with Toshiba to 
 complete the primary work scope. 

    
     Site Infrastructure Construction 11,336 9,621 6,970 10,405 

Site fabrication shop work, plant 
electrical systems upgrades, 
 miscellaneous contracts, 
overhaul extra work. 

    
     Owner Costs 14,113 12,204 10,763 3,528 

Plant security, project management, 
DTEE Support Services, corporate 
capital loadings. 

    
     Risk Based Contingency 7,150 5,812 10,638 16,247 
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(7) Exhibit D, page D-4-1 of the FLA provides the average cost of the Ludington Project 
as $20,715,617 annually “based on 8-year period of analysis.”  Please provide the 8 
years used for this analysis and explain why the period of analysis is 8 years and not a 
longer or shorter period.   

Response: 

The years used for the analysis were 2009 through 2016.  These years were used because 
Consumers Energy’s corporate accounting system was updated eight years ago and this data is 
readily available.  Data prior to 2009 is not readily available.  Table Air 7-1 provides the annual 
breakdown of the average costs (the values presented are in millions of dollars). 
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Table AIR #7-1  Annual Breakdown of Average Costs 

 2009 2010 2011 2012 2013 2014 2015 2016 Total 8 Year 
Average 

 
(million

s) 
(million

s) 
(million

s) 
(million

s) 
(million

s) 
(million

s) 
(million

s) 
(million

s) (millions) (millions) 

Direct Plant dollars $11.25 $12.23 $10.83 $11.23 $12.79 $12.50 $13.33 $11.53 $95.69 $11.96 

           

Net Maintenance & 
Effectiveness $1.92 $2.16 $2.17 $2.24 $2.43 $2.26 $2.40 $3.04 $18.62 $2.33 

           

Property Taxes 
Consumers Energy $5.87 $5.86 $5.97 $6.10 $6.20 $6.52 $6.93 $7.95 $51.40 $6.43 

DTEE $5.66 $5.69 $5.76 $5.87 $5.97 $6.28 $6.71 $7.68 $49.58 $6.20 

Total $24.70 $25.89 $24.73 $25.45 $27.39 $27.56 $29.38 $30.19 $215.3 $26.92 
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(8) Exhibit D, section 4.0 of the FLA states that the average cost of the Ludington project 
includes operation and maintenance (O&M), the cost related to the seasonal barrier 
net, and local property and real estate taxes.  Section 4.4 gives the O&M cost as 
$18,500,000, table D-4.6-2 gives the cost of the net as $3,285,000, and section 4.2 
gives the property taxes as 7,945,529 in 2016.  These costs add up to $29,730,529, 
excluding the real estate taxes which is not given in the FLA.  Please explain why this 
figure differs from $20,715,614 given in section 4.0, and provide the cost of the real 
estate taxes, income taxes, depreciation, and costs of financing for each of the 8 years 
of analysis. 

 
Response: 
 

The costs that FERC summed cannot be simply added together because some costs are based on 
historical averages and other are anticipated costs for the current year.  We address these issues 
in the comments below: 

• In Exhibit D, Section 4.4, the $18.5 million is the estimated 2017 annual 
direct Operation and Maintenance (“O&M”) cost.  While not explicitly stated, 
this cost:   

o includes the expected 2017 barrier net costs for install/removal/cleaning 
and storage, and 

o does not include costs for taxes, depreciation or corporate support. 

• In table D-4.6-2, the annual cost of the barrier net of $3.285 million is the 
2016 annual cost of the barrier net.  This cost contains an 11-year average 
barrier net panel replacement cost rather than the actual 2016 panel 
replacement cost.   

• Property taxes were provided in Exhibit D, section 4.2 as $7.945 million.  
This value has been determined to represent only the Consumers property 
taxes.  The actual 2016 local property taxes paid should be a sum of both the 
Consumers and DTEE property taxes.  The DTEE property taxes for 2016 
were $7.68 million.  The total property taxes paid was $15.63 million.  Table 
AIR 7-1 shows the Consumers and DTEE property tax payments from 2009 to 
2016. 

 
The above items cannot be directly totaled as they are a mix of estimated 2017 costs and actual 
2016 costs.  Comparing the total of $29.73 million to the $20.71 million is comparing a mix of 
2016 actual and 2017 estimated costs to the eight-year average O&M cost that includes the 
barrier net cost and local taxes (the $20.71 million value has been determined to be a Consumers 
only value it will be revised to include the DTEE tax portion).  Revision to the information 
discussed in Exhibit D will be provided in a separate filing.  See the cover letter for the 
Licensees’ request for an extension of time to properly account for Consumers and DTEE 
specific values. 
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The difficulty of estimating these numbers is related to dealing with two separate companies as 
owners and Licensees, and the fact that the costs are incorporated in the Licensees’ consolidated 
businesses.  Since the cost of taxes, depreciation, and financing for the Project are incorporated 
into costs of the Licensees’ consolidated business and are not separated out for the Project, these 
are therefore not available for the eight year analysis (local property taxes are provided in AIR 
Table 7-1).  A weighted average estimate can be made for capital costs and depreciation for the 
Project based on the percent ownership applied to the cost of capital and depreciation, then 
applied to the Project investment.  Using this analysis we can estimate the cost of following: 
 

Table AIR 8-1 Weighted average cost of capital and depreciation 
 

 Consumers (51%) 
(%) 

DTEE (49%) 
(%) 

Weighted average 
(%) 

Cost of Capital 8.58 7.98 8.29 
Depreciation 3.42 3.22 3.32 
 
Table 8-2 is based on the information in Table AIR 7-1, Table AIR 8-1 and total plant value 
(Exhibit D, Table D-2.2-1). 
 

Table AIR 8-2 Summary of Capital Costs, taxes, depreciation and O&M 
 

 Dollars (millions $) Notes  
Capital costs (8.29%) 51.81 Based on a plant value of 

$624,991,472 (Exhibit D, 
Table D-2.2-1) 

Property taxes 
Consumers – $6.43 million 
DTE electric – $6.2 million 

 
12.63 
 
 

8 year average (per Table 
AIR 7-1, above) 

Average annual Depreciation 
(3.32%) 

20.75 Based on a plant value of 
$624,991,472 (Exhibit D, 
Table D-2.2-1) 

O&M 14.29 8 year average total of all 
direct plant costs and barrier 
net costs (per Table AIR 7-1, 
above) 

Note: See the cover letter for the Licensee’s request for an extension of time to properly account 
for Consumers and DTEE specific values.  
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(9) Exhibit D, page D-4-1 provides the estimated cost for O&M as $18,500,000 in 2017 
and states that the average cost of pumping was $22.01/megawatt per hour (MWh) in 
2016.  Multiplying the average pumping energy of 3,258,698 MWh (provided in table 
B-1.4-1) with the average cost of pumping of $22.01/MWh results in pumping energy 
cost of $71,723,943.  This cost does not appear to be included in the calculation of the 
O&M cost and implicitly the estimated average cost of the total project provided in 
section 4 of Exhibit D.  Please explain why the pumping cost is not included in the 
total project cost.   

 
Response: 
 

The cost of pumping for the Project is incorporated into the costs of the Licensees’ consolidated 
business and is not separated out.  When preparing a response it was discovered that the average 
cost of pumping, used as an overall project cost, was actually only the cost associated with 
Consumers Energy’s pumping.  At the time this response was prepared the cost of pumping 
associated with DTEE was not available, therefore revision to the information supplied in 
Exhibit D will be provided in a separate filing.  See the cover letter for the Licensees request for 
an extension of time to properly account for the Consumers and DTEE specific values. 

 
(10) Exhibit D, page D-5-1 estimates a total annual energy production of 

2,658,200 MWh once all the upgrades are complete.  Please provide an estimate of 
the average annual pumping energy needed once the upgrades are complete.  Also, 
please give an estimate of the number of hours of generation and pumping for a 
typical week after all upgrades are complete. 

 
Response: 
 

There are no changes planned in how the project is currently operated, therefore, the hours of 
genertion and pumping will be similar to the historic average. 
 
Based on the capacity factor of 17% (Exhibit B Section 1) and the increased authorized capacity 
of 297.5 MW the estimated annual production with all six units upgraded was provided in 
Exhibit D Section 5.0 as 2,658,200 MWH.  
 
Exhibit B Table B-1.4- 1 provides the average annual generation and pumping energy based on 
the annual reports from October 1999 thru September 2016 as follows: annual generation of 
2,375,066 MWH and annual pumping energy of 3,258,098 MWH. 
 
The percent increase in generation would be 12% (2,658,200MWH/2,375,066MWH). 
 
The corresponding increase in average pumping energy would be 3,649,742 MWH (or a similar 
12% increase from 3,258,098 MWH). 
 
On a weekly basis the generation would be 51,119 MWH (2,658,200MWH/52 weeks) and 
weekly pumping energy would be 70,187 MWH (3,258,742MWH/52 weeks). 
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It is difficult to estimate the number of hours per week that the units are either generating or 
pumping.  Project unit operation depends on several factors including seasonal electric demand, 
electric transmission and distribution system conditions, and the Licensees differing generating 
and pumping demands for the units.  Generation typically occurs during daytime hours Monday 
to Friday when system demands are high.  Pumping typically occurs in the evenings and 
overnight hours during the week to recover some of the water used during generation during the 
day and on the weekends the reservoir is refilled in preparation for the next week’s generation. 

 
Exhibit E 

Aquatic Resources 

(11) Exhibit E, page E-4-20 of the final license application (FLA) provides data on the 
minisondes that continuously monitored water quality at two locations within Lake 
Michigan and one location within the project reservoir.  Please clarify the depths at 
which each of the minsondes were deployed during data collection efforts in 2013.  

 
Response: 
 

Table 1 of the GLEC 2013 Water Quality Report, included as Appendix E-4 of Exhibit E 
contains the deployment information of the sondes utilized for the study, and is reproduced 
below.  As shown the two sondes deployed in Lake Michigan were at a depth of about 11 meters 
while the sonde in the reservoir was at a depth of about 20 meters.  
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(12) Exhibit E, page E-4-34 of the FLA states that a bathymetric survey was conducted 
for the licensees in April 2010; however, the results of this survey were not included 
in the FLA.  Please provide a copy of this document.  

 
Response: 
  

A copy of the bathymetric survey results of the tailrace area is included as Attachment 1. 
 

(13) Exhibit E, table E-4.3.3-8 of the FLA provides a cost comparison (in 2015 
dollars) of feasible entrainment abatement technologies that were evaluated as part of 
the Ludington Pumped Storage Project Fish and Aquatic Resources Study-Evaluation 
of Entrainment Abatement Technologies (Phase 2).  However, Exhibit E, table 
E-4.3.3-9 of the FLA provides a cost comparison (in 2016 dollars) of evaluated 
engineering alternatives that were analyzed as part of the Evaluation of Engineering 
Alternatives for Entrainment Reduction Study (Phase 3).  To facilitate comparisons of 
these two tables, please provide a copy of table E-4.3.3-8 in 2016 dollars.  
Additionally, please ensure footnote 4 in table E-4.3.3-8 is attributed to a column 
within the table.   

 
Response: 
 

Table E-4.3.3-8 has been revised to show the costs as 2016 dollars.  The Total Annual Costs 
(2016) table heading has been revised to include foot note 4.  Additionally, footnote 5 was added 
providing a reference for updating the original 2015 cost estimates to 2016 values.  The revised 
table is provided as Attachment 2 

 
(14) Exhibit E, tables E-4.3.3.8 and E-4.3.3.9 of the FLA both contain a footnote no. 2 

which states, “includes existing operation and maintenance effort required to maintain 
the barrier nets when applicable.”  Please clarify what is meant by “when applicable” 
and whether this statement applies to each row in both of the respective tables.   

 
Response: 
 

This footnote means that if the existing barrier net is compatible with an alternative and will 
remain in place (i.e. Existing Barrier Net with a Full-Scale Ultrasonic Deterrent System , in 
Phase II and Alternatives 20a and 20b in Phase III) then the costs to maintain the existing barrier 
net were included in the costs for that alternative. 
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(15) Exhibit E, page E-4-61 and table E-4.3.3.9 of the FLA state that the total annual 
cost for the proposed annual deployment/removal, operation, maintenance, and 
monitoring of the barrier net (i.e., barrier net program) is $3,200,000 (in 2016 
dollars).  However, Exhibit D, page D-4-6.2 provides a detailed breakdown of the 
various components of the proposed barrier net program and states that the total 
annual cost of the proposed barrier net program is $3,285,000 (in 2016 dollars).  In 
addition, in table E-4.3.3-9, the sum of the annual operation and maintenance costs 
(including energy, labor, and component replacement) for the proposed barrier net 
program do not yield the total presented in the table (i.e., $3,200,000).  Please clarify 
if the cost information presented in table E-4.3.3.9 is accurate and provide the total 
annual cost of the proposed barrier net program, including any revisions to table 
E-4.3.3-9, as necessary. 

 
Response:   
 

Exhibit D, Table D-4.6-1 was revised to reflect the actual total of the values in the table of 
$6,073,148 (a math error was discovered in the table included in the FLA).  Exhibit E was 
revised to reflect the results from Exhibit D (the FLA values were based on using the actual 2016 
panel replacement cost of $244,000 where-as Exhibit D utilized the 11-year average $300,000 
panel replacement cost).  Table E-4.3.3-9 (all barrier net costs were revised to reflect a total of 
$3,285,000 and the incremental changes were recalculated, on page E-4-61 $3,200,000 was 
revised to $3,285,000, Table E-5.3-1 is revised to show the 2016 annual cost of $6,073,148.  The 
text in Sections 5.2.2 and 5.3 are revised to reflect the total 2016 cost of $6,073,148.  The 
$/MWH in Section 5.3 would be changed to $2.58 $/MWH  
 

Table D-4.6-1: Summary of PME costs 

Proposed 
Environmental 
Measure 

Initial cost Annual costs Notes 

Historic Properties 
Management Plan 

$25,000 $20,000 $10,000 each for 
preparation of National 
Registry of Historic Places 
nomination forms 
estimated at $10,000 and 
an estimated $10,000 to 
provide protection of the 
two potentially eligible 
sites  

Recreation Plan $20,000 $40,000 $30,000 to Mason County 
for maintenance and 
$10,000 to maintain Port 
Sheldon 

Barrier Net Program  $3,285,000 The details are provided 
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Proposed 
Environmental 
Measure 

Initial cost Annual costs Notes 

below. 

Periodic study of fish 
protection technology 

 $6,000 $30,000 every 5 years 

Annual payments to 
GLFT  

 $2,722,148 Based on 2016 payment to 
GLFT; the annual payment 
would be adjusted by a 
scalar that is a composite 
of: (25%) CE increase in 
electric rates from the base 
case year of 1994, (25%) 
DTEE increase in electric 
rates from the base case 
year of 1994, and (50%) 
the cumulative implicit 
GNP deflator from 1994 
through the year preceding 
the adjustment annual 
increases. 

TOTAL $45,000 $6,097,148 
$6,073,148 

 

 

Exhibit E - page 4-61, Section 4.3.3.3 

• Costs for the proposed fish protection measures in 2016 dollars are: 

o Annual deployment/removal, operation, maintenance, and monitoring of 
the barrier net - $3,200,000 $3,285,000.   

Exhibit E page – 5.2, Section 5.2.2  

The cost of all proposed PME measures at the Project is estimated to be $6.142  6.118 million (in 
2016 $) in the first year and $6.097 6.073 million (in 2016 $) annually thereafter during the term 
of the license.   
 

Exhibit E page – 5.2, Section 5.3 
 
The cost of proposed PMEs total $6.097 6.073 million annually with an additional one-time cost 
of $45,000 (occurring in 2019).  (Exhibit D Section 4.6 and Table D-4.6-1 and Table E-5.3-1)  
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Based on expected annual generation of 2,357,000 MWH per year, the annual cost of the PMEs 
is $2.59 2.58/MWH. 
 

Table E-5.3-1: Summary of PME costs 

Proposed 
Environmental 

Measure 

Initial cost 
(To Occur in 2019, 

using 2016 $) 

Initial 
cost per 
MWH 

(2016 $) 

Annual 
costs 

(2016 $) 

Annual PME 
costs per MWH 

(2016 $) 

Historic Properties 
Management Plan 25,000 0.011 20,000 0.009 

Recreation Plan 20,000 0.008 40,000 0.017 

Barrier Net Program -  3,285,000 1.394 

Periodic study of fish 
protection technology 
(every 5 years) 

- 
 

6,000 
0.003 

Annual payments to 
GLFT  -  2,722,148 1.155 

TOTAL 45,000 
0.019 6,097,148 

6,073,148 
2.578 
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(16) Exhibit E, pages E-4-58 and E-4-60 of the FLA state that the licensees propose to 
continue funding the Great Lakes Fisheries Trust (GLFT) via mitigation payments for 
unavoidable fish entrainment losses at the project.2  Under the licensees’ proposal, 
annual funding of the GLFT would vary based on estimated fish entrainment losses 
each year, estimated at approximately $2,722,000 per year.  Under the licensees’ 
proposal, as described on pages E-4-46 through 47 of the FLA, the GLFT would 
continue its current functions, including allocating funds provided by the licensees to 
various entities to protect and restore the Great Lakes fishery.  Specifically, the FLA 
states that the GLFT allocates the funds provided by the licensees to nonprofit 
organizations, educational institutions, and government agencies to enhance, protect, 
and rehabilitate Great Lakes fishery resources with grants giving preference to Lake 
Michigan projects with a focus on:  (1) research directed at increasing the benefits 
associated with Great Lakes fishery resources; (2) rehabilitation of lake trout, lake 
sturgeon, and other native fish populations; (3) protection and enhancement of 
fisheries habitat, including Great Lakes wetlands; (4) public education concerning the 
Great Lakes fisheries; and (5) acquisition of real property for the above purposes, or 
to provide access to the Great Lakes fisheries. 

 
The Commission in its Policy Statement on Hydropower Licensing Settlements3 

(Settlement Policy Statement) notes that it is the Commission’s preference that there 
should be specific protection, mitigation, and enhancement measures that have a clear 
nexus to the project (i.e., a relationship between project effects or purposes and a 
proposed measure must be established) rather than broad funding measures.  The 
Commission also noted that it prefers that measures are physically or geographically as 
close to the project as possible.  The Commission noted that without specific measures 
that meet these criteria, Commission staff cannot evaluate the environmental effects of a 
measure or its nexus to the project.  The Commission also noted in its Settlement Policy 
Statement that the Commission prefers measures that are within the scope of its 
jurisdiction, as the Commission has no jurisdiction over any party (e.g., the GLFT) to a 
hydroelectric licensing proceeding other than the licensee.  Therefore, typically the 
Commission requires the licensee to undertake particular measures that it determines are 
necessary to fulfill a project purpose.   

 
Accordingly, please describe how your proposal to provide annual funding to the 

GLFT is consistent with the Commission’s policy described above.   
Alternatively, please revise your proposal to include specific measures that fulfill a 
project purpose.  Should you decide to revise your proposal, it may require revisions to 
other exhibits in the license application.  Therefore, if your proposal changes, please 
revise the necessary pages of the license application and submit the revised pages with 

                                              
2 A 1995 “State Settlement Agreement” reached by the courts and non-FERC agencies provided for the 
establishment of the Great Lakes Fisheries Trust (“GLFT”) and annual compensation payments from the licensee to 
the GLFT.  
3 See the Commission’s Policy Statement on Hydropower Licensing Settlements.  116 FERC ¶ 61,207 (2006). 
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your response.  Also, please provide the capital and annual costs associated with any 
revised proposed measures.   
 
Response: 
 

In the FLA, the Licensees’ proposed as mitigation continued payments to the Great Lakes 
Fisheries Trust (“GLFT”).  At the time of FLA filing, no settlement agreement had been reached 
and the mitigation proposal assumed that the current payments of $2,722,000 to the GLFT would 
continue under a new license.  Absent a settlement agreement, these payments would no longer 
be tied to the payments for continuing impacts to fish, as directed under the existing state 
Settlement Agreement.  In order to conform to the Commission’s policies, the Licensees would 
stipulate that, with regards to future funding, the GLFT include them in the decision-making for 
fund allocation and the payments would be made with the stipulation that the fund be used 
specifically for fish and aquatic resources habitat improvements and enhancements in the vicinity 
of the Project.  Since the payments would no longer represent payments for fish impacts, the 
GLFT should be able to allow the Licensees to participate in decisions about the fund 
disbursement.  Should a new settlement agreement be reached and filed with FERC, this 
proposed mitigation would be replaced by the conditions of the settlement agreement. 

 
Terrestrial Resources    

(17) Exhibit E, page E-4-129 of the FLA states that tree clearing is conducted as a 
maintenance activity, but only when northern long-eared bats are hibernating.  Please 
specify the months in which tree clearing is suspended. 

 
Response: 
 

Tree cutting (for protection of northern long eared bats) will normally be conducted between 
October 1 and May 1, cuttings outside of this time period, if necessary, may be conducted 
following consultation with the United States Fish and Wildlife Service (“USFWS”). 
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Developmental Analysis 

(18) Exhibit E, page E-5-1 of the FLA states under the current annual costs of 
operation, maintenance, and administration the project revenue is $100,125,360 based 
on the average generation in table B-1.4-1 (2,357,066 MWh) and the “average 
production cost” is $52,231,120, which includes O&M costs, property taxes, and 
annual cost of capital and depreciation.  Also, a pumping cost of $71,730,590 is 
provided in this section but there is no explanation of how it is figured in the 
calculation of project costs and benefits.  Please provide a breakdown of each 
component item (O&M, taxes, capital and depreciation) and explain why this 
“average production cost” figure is different from the “estimated average cost of the 
total Project” of $20,715,617 provided in section 4.0 of Exhibit D.  In addition, please 
provide an explanation of how the pumping cost is figured into the calculation of 
project costs and benefits. 

 
Response:   

 
The cost of pumping for the Project is incorporated into the costs of the Licensees’ consolidated 
business and is not separated out.  When preparing a response, it was discovered that the average 
cost of pumping, revenue and production costs (all in $/MWH) were used as an overall project 
cost, the values provided were determined to be associated with Consumers Energy only.  At the 
time this Response was prepared, the values associated with DTEE were not available, therefore 
revision to the information supplied in Exhibits D and E will be provided in a separate filing. See 
the cover letter for the Licensees’ request for an extension of time to properly account for the 
Consumers and DTEE specific values. 
 

(19) Exhibit E, page E-5-2 of the FLA states “Under the Proposed Action the average 
value of Project power is expected to remain the same as the No-Action Alternative, 
valued at $100.1 million.”  However, after all upgrades are done, based on the 
estimate of total annual generation of 2,658,200 MWh as given in section 5.0 of 
Exhibit D, the value of project power should be $112,920,336 if the 2016 energy 
value of $42.48/MWh is used.  Please explain why the No-Action Alternative 
generation was used in the calculation of the value of power for the Proposed Action 
Alternative. 

 
Response: 
 

Under the No Action Alternative, the assumptions were that the Licensees would “continue 
Project operations under the terms and conditions of the current license, including maintaining 
the current Project boundary, facilities, existing PME measures listed below, and operation and 
maintenance procedures.”  Under the Proposed Action, “the Licensees would continue to operate 
the Project as it currently does under the current license. The unit upgrades will be completed as 
will several other planned capital projects. (Table D-3.2-1) The total capital expenditures 
planned for 2019 to 2021 are $67.1 million in 2019, $36.9 million in 2020 and $15.7 million in 
2021.”  Later in this section Consumers Energy states that:  “Under the Proposed Action the 
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average annual value of Project power is expected to remain the same as the No-Action 
Alternative, valued at $100.1 million.” 
 
The reason the average annual value of generation would remain the same under both scenarios 
is because the unit upgrades were approved under the current license and are not proposed as a 
developmental increase under a new license. 
 
FERC is correct in its statement in AIR 19 that the value of the energy produced would be based 
on a higher estimate of total annual generation and should have been identified as $112,920,336, 
and not $110.1 million.  Exhibit E should be corrected to state that: 
 

Under the Proposed Action the average annual value of Project power is 
expected to remain the same as the No-Action Alternative, valued at 
$112,920,336. 

 
It should be noted here that the average annual generation value was calculated using a 
Consumers Energy-only revenue rather than overall Project revenue (Consumers Energy plus 
DTEE).  Section 5.0 will be revised to include the DTEE values and provided in a separate filing.  
Revision to the information supplied in Exhibits D and E will be provided in a separate filing.  
See the cover letter for the Licensees’ request for an extension of time to properly account for the 
Consumers and DTEE specific values. 

 
Appendices 

(20) Appendix E-4, GLEC Water Resources Report, includes a list and description of 
appendices (A through E) in the table of contents that were cited throughout the 
report.  However, these appendices were not included as part of the FLA.  Please 
provide a copy of these appendices. 

 
Response: 
 

The Appendices to the GLEC -2013 are included as electronic files as Attachment 3.  The files 
consisting of: 
 
 Appendix A; 

Appendix B; 
Appendix C; 
Appendix D; and 
Appendix E.   
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(21) Appendix E-5, Response to Draft License Application Comments (response no. 
22), states that additional information on lake sturgeon stocking efforts in the Lake 
Michigan within 100 miles of the project is provided in Exhibit E, section 4.3.3; 
however, this information is not present in Exhibit E.  Please provide this 
information.  

 
Response:  
 

Table AIR 21-1 displays the Lake Sturgeon stocking history from 2004 to 2016 in the Lake 
Michigan drainage within approximately 100 miles of the Project as provided by the Michigan 
Department of Natural Resources (“Michigan DNR”) database.  Additional information was also 
provided by the Little River Band of Ottawa Indians (“LRBOI”) who conduct streamside rearing 
and stocking efforts on the Manistee River.    
 
While not specifically requested by the Commission at this time, the Licensees are providing 
additional Lake Sturgeon information that was requested during evaluation of the Draft License 
Application and was inadvertently omitted from the FLA.   
 
Personal communication with Mr. Robert F. Elliot (USFWS, Green Bay Fish and Wildlife) has 
confirmed that there is no lake sturgeon stocking planned for Mason County, Michigan (Personal 
Communication via email.)  According to Mr. Elliot: “There is no lake sturgeon stocking going 
on in Mason County, Michigan, and most if not all lake sturgeon stocking going on in Michigan 
involves fall fingerling (6-8”) size fish reared in streamside rearing facilities, no stocking of 
“fry.”  In general, the only place that “fry” are periodically stocked is into the Black River, 
tributary to Black Lake (a large inland lake), not a L. Michigan tributary.  Restoration or 
reintroduction stocking into Michigan’s Great Lakes waters is or has only occurred in 6 rivers in 
Michigan (4 in L. Michigan, 2 in L. Superior, and potential plans for 1 in L. Huron), but none is 
occurring in Mason County.  The closest is in the Manistee River, north of Mason County that 
the Little River Band of Ottawa Indians (LRBOI) has been leading for over 10 years.”  
 
Scott Heintzelman (Unit Manager Central Lake Michigan Management Unit) and James Dexter 
(Division Chief) of the Michigan DNR have also indicated that there are no current plans for lake 
sturgeon stocking in Mason County (Personal Communication via emails on 4/21/2017). 
 
It is also noteworthy that additional efforts are made to protect Young of Year (“YOY”) lake 
sturgeon in tributaries where spawning and rearing occurs.  The YOY lake sturgeon are 
susceptible to mortality from sea lamprey control efforts where lampricide is used.  Late summer 
and early fall is the time of year that the YOY lake sturgeon are gradually moving down stream 
and out of the rivers.  Therefore, to minimize risk to these fish, lampricide applications in rivers 
that have lake sturgeon are generally conducted as late in the season as possible (e.g. applications 
made in September) to give the YOY lake sturgeon more time to leave the river before the 
treatment (Personal Communication via email from Mr. Robert Elliot, 9/11/17).  To further 
protect these fish, the LRBOI, with support from the USFWS and others, has implemented 
efforts to collect YOY lake sturgeon prior to lampricide treatments.  These fish are then placed in 
on-shore holding facilities until the potential effects of the treatment have expired and are then 
released back into the river from which they were collected.  These efforts occurred on the 



Schedule B 
Project No. 2680-113 B-21 
 
Manistee River in 2016 and the Muskegon River (approximately 60 miles south of LPSP) in 
2017. 
 
Entrainment of lake sturgeon at the LPSP is likely low.  Fingerling and larger sturgeon are 
physically excluded by the barrier net (mesh size of ½ in near shore and ¾ in in deeper 
areas).  While Sturgeon fry would not be excluded by the net, they would be expected to be 
located near spawning areas.  Spawning area habitat primarily includes tributary streams, which 
are not located in the immediate vicinity of the LPSP.  While spawning habitat can occur within 
the lake environment, it has not been documented near the LPSP.  Therefore, the potential for 
entrainment of lake sturgeon fry is low.  During the cold weather season, the barrier net is not 
deployed and therefore does not protect lake sturgeon from entrainment.  Lake sturgeon 
movement during this time of year however is expected to be limited4.  This behavior combined 
with the fact that relatively few sturgeon are present results in a low likelihood of entrainment 
during the cold weather season. 
 

                                              
4 Carlander, K Handbook of Freshwater Fishery Biology. Vol 1, 1969, Iowa State University Press 
 http://www.nrcresearchpress.com/doi/abs/10.1139/z97-048#.WcEd_LKGOvE 
https://www.fws.gov/midwest/sturgeon/documents/mcleod-debruyne-namakan-river-2009.pdf 

http://www.nrcresearchpress.com/doi/abs/10.1139/z97-048#.WcEd_LKGOvE
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Table AIR 21-1: Lake Sturgeon Stocking Data for the Lake Michigan drainage within approximately 100 miles of the 
LPSP (2004 – 2016) 

Stocking Location Distance 
from LPSP 

County Operation Date 
Stocked 

Number 
Stocked 

Average Length of 
Fish (in) 

Kalamazoo River ~100 miles 
south Allegan 

State Plant 9/6/2011 30 8.26 
State Plant 9/24/2011 76 9.36 
State Plant 6/26/2013 2 3.07 
State Plant 9/6/2014 34 9.45 

Tribal/DNR 
Coop 

7/28/2015 12 5.83 

Manistee River 
Rainbow Bend or 
Highbridge Sites 

~45 Miles 
North Manistee 

LRBOI* 8/19/2004 3 6.06 
LRBOI 8/26/2005 11 5.00 
LRBOI 9/28/2005 40 6.50 
LRBOI 9/18/2006 51 8.07 
LRBOI 9/26/2006 35 8.58 
LRBOI 10/2/2006 3 9.53 
LRBOI 10/2/2006 3 9.72 
LRBOI 9/21/2007 29 8.86 
LRBOI 9/20/2008 41 7.20 
LRBOI 9/20/2008 6 7.40 
LRBOI 9/19/2009 34 6.77 
LRBOI 9/25/2010 74 6.34 
LRBOI 9/17/2011 23 7.52 
LRBOI 9/22/2012 28 9.17 
LRBOI 9/14/2013 363 5.9 
LRBOI 9/23/2013 8 4.57 
LRBOI 9/13/2014 91 6.57 
LRBOI 9/12/2015 241 7.24 

 *LRBOI is an acronym for the Little River Band of Ottawa Indians 
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Exhibit F – General Design Drawings 

 
(22) The Exhibit F drawings provided in the FLA do not reference the vertical datum.  

Please show a vertical datum on each sheet that depicts a section or profile drawing.  
The datum should match the one referenced throughout the FLA. 

 
Response: 
 

The Exhibit F drawings have been revised.  Lake Michigan water level elevation references have 
been revised to elevation 581.0 ft to be consistent with the text included in the other exhibits.  
Exhibit F drawings (F1 through F6) provided with the FLA included a note (located above the 
title block in the lower right hand corner) indicating that all elevations were based on NGVD 29.  
The only exception being Exhibit F sheet F7, depicting the barrier net details, this drawing does 
not refer to specific elevations and thus does not require the note to be added.  Revised Exhibit F 
drawings are filed separately as they contain CEII.  
(Refer to Schedule B Item Number 2.) 
 
Exhibit G – Project maps 
 

(23) Exhibit G-1 shows the project boundary for the Upper Reservoir and powerhouse.  
However, in the area depicted on Exhibit G-1, land near the removed right-of-way for 
the Ludington Project’s switchyard and the 345 kV transmission lines, the project 
boundary is unclear.  Please clearly identify the project boundary in this area on your 
Exhibit G-1 and provide the rationale for the boundary line.  

 
Response:  

The area excluded from the project boundary for the transmission corridor has been more clearly 
defined on the revised Exhibit G-1 drawing.  The transmission line corridor is a strip of land 350 feet 
wide centered along the transmission line pathway as depicted on the revised Exhibit G-1 drawing.  
Ordering paragraph F(b) of the February 1,2001 FERC Order ( 94 FERC ¶  62, 122) approving the 
removal of the transmission line from the project boundary states:  
 The revised exhibit drawings shall show labels of “Non-Project Transmission Lines” and 

an indication added, describing that the switchyard and transmission strip are excluded 
from the project license by this Order. 
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Schedule B Item 12 – Tailrace Bathymetric Survey Results 
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Schedule B Item 13 – Revised Exhibit E Table E-4.3.3-8 

  



Table E-4.3.3-8:  Cost comparison of feasible entrainment abatement technologies (Alden 2015b)

Alternative

Initial Capital Costs5 Annual Costs5

Total Project 
Construction 

Costs 
(2016 $)

Replacement 
Power During 
Construction 

(2016 $) 1

Total Capital 
Costs

(2016$)

Energy 
(2016 $)1,2 Labor (2016 $)2

Component 
Replacement 

(2016 $)2,3

Total 
Annual 
Costs

(2016 $)2,4

Incremental 
Annual Costs

(2016 $)

Existing Barrier 
Net NA NA NA $442,200 $2,063,265 $325,620 $2,831,085 $0

Modified Barrier 
Net $3,785,835 $2,211,000 $5,996,835 $663,300 $2,269,290 $358,785 $3,291,375 $460,290

Modified Barrier 
Net with 

Ultrasonic Anti-
biofouling

$6,231,000 $442,000 $10,653,000 $1,332,630 $2,285,370 $402,000 $4,020,000 $1,188,915

Longer Barrier 
Net with ½-inch 

Bar Mesh
$10,630,890 $4,569,735 $15,200,625 $0 $4,4221,000 $444,210 $4,665,210 $1,834,125

Existing Barrier 
Net with a Full-
Scale Ultrasonic 
Deterrent System

$16,000,605 $2,947,665 $18,948,270 $889,425 $2,153,715 $665,310 $3,708,450 $877,365

1. Assumes 1,000 Mwh per day per Unit and a cost of $55 per MWh.
2. Includes existing O&M effort required to maintain the barrier net for the Existing Barrier Net with a Full-Scale Ultrasonic Deterrent System technology.
3. For the existing barrier net, net replacement is considered a capital cost by the owners. 
4. Does not include annual fisheries compensation costs.  
5. Original costs provided in Alden 2015b were provided in 2015 $.  Cost presented here have been converted to 2016 $ based on conversion provided in:  

RSMeans Company Inc. (RSMeans).  2016.  2016 Heavy Construction Cost Data 30th Annual Edition.  Copyright 2015.  ISSN 0893-5602.
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Schedule B - Attachment 3 

Schedule B Item 20 – Water Quality Report Appendices 

(Appendices A through D are provided in Excel) 



Water Quality Report Appendix E
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. . 

Temp· 

("C} 
xx.x 

Turbidity · 

Sample 

Taken? 



~ 
LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

station: Ltt\:..t KI - Sh<.+101-1 '-\ 
Date/Time: lo/~1/3 llolr 
GPS Coordinates: 

Crew: MLv , JS , .DJ 1 I!& 

Depth 

(m) 

xx.x 
Surface 

\10 
~.o 
11.0 
4,() 
iJ.ri 
{.,() 

1,0 
'b. 0 
q, I I 

101) 

'" 0 ' 
\~.(} 

',~.,.() 

1410 
.. !'),() 

n .. o 
11.0 
111"1 

n,il 4.0 
. . 

o, 
(mg/L) 

xx.x 
11.1,,y 

11. Lo'-! 
ll1il" 
l11l>7-
I\. 'b<? 
11.lbO 
/I ,lhl 
11.qb· 
11. ~<; 
n.IR.1 
I' ,1, 1 
I', . In 

.. 1':1.?IP 
l'J,(plj 
l~i1l 
ltl. () 
r:u .• 
l'J.. ~ A 

ld.,1 ' 

11.10 

Temp T11tbidity 

{°C) Sample 

xx.x Taken? 

l?;O\/ 
1'J.1b..., )(.. 

1;i.00 
11.1.c;. 
\ \ '-;;;i 
I I. 'J~l 
I 1.61. 

· ' 16.'1lo 
•:. . '' ' ' 

lb.LID 
~.ll I 
\1. I '1 
1.01 · 
I. 1'1 

.,:;· 'l'? 
q,~D 

"3.1<? . . ,' 

'7.11 'f 
i::;,-, I ' 
t::;,1~ 

.. 

l\,'l,\ . 

2244-00 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

. 

o, 
(mg/L) 
xx.x 

•'',. ;i .. , 

'''·' .. 

turbidity samples are taken 1 met.er below surface and 1 meterabove bottom 

Temp Turbidity 

(°C} Sample 

ICX.X Taken? 

.. 



LUDiNGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: Ul.~ M,1- S-Jc,.,"1ovi5 
Date/Time: lil.?0/1~ lll?i?' 
GPS.Coordinates: . 

Crew:JS, M1.cv, M?. rDJ 

Depth 

(m) 
xx.x 

Surface 

'.o 
2.0 
".J,o 
Lj. D 
'5·0 
(o-0 

1.0 
~.o 
q,o 
11>.0 
\D .• i:'..·· . 

. · . 

. . · 

n11a: it..D 

o, 
(mg/L) 

xx.x 
11.10 
JI ,1'0 
11.~1> 
II ,9/-
I 1.11 
11.q!J 
lf,<f'? 
l\.~d- ; 
\'J.D'd-
II , '1 '-1 
l'J .01 
l'J.IY 

·.· 

11.910 

' 

Temp 

("C) 
XXcX 

11. titr> 
I b.q "I 
I b .1.i'i 
In. :l'? 
Io. ;n 
ID.1(1:1 
In. Ii../ 

''f ){)/)), ... (J,• ' •. · 

lb. ()1 
l(l,01 
CIA.'? 
Cl ,1.q 

" 

I D.1.~ 
.. ' 

Turbidity. 
5ample 

Taken? 

)( 

I . ' :; ' ~ ~ ; 

',.": •' ', 

.. ".< .. 

00 and Temp measurements are taken every 1 meter 

.. 

Depth 

(m) 
xx.x 

o, 
(mg/L) 

xx.x 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

("C) 

xx.x 

.. 

Turbidity 
Sample 

T;iken? 



'LUDINGTON PUMPED S1'0RAGE HYDROELECTRIC PROJECT 
2244-0U 

Station: LIA):'.{ rt I - 5-Jrd10 ~ [, 
Date/Time: (p bo 113 · I Lo41.o 
GPS Coordinates:· , 

Depth 

(m) 

xx.x 
Surface 

1.0 
;;l. 0 
'?. 0 
I.\ • t> 
q,() 
'j, d 

'" 

. : '· ., ' 

" 

t'liif.<i,.(f· 

I 

0 2 Temp Turbidity 

(mg/L) ('C) Sample 
xx.x · xx.x Taken? 

lb.? D l'-1. !'51.o 
11,'?S /1.0,(n 

fl,t.\\1 11.11.P 
11.'41 11. u~ 
11.-i'li 10.41.D 

11.ro1 lb.Lj? 
11.9.J jD,•-r:i 

. I.· ,';,. /;,: .. :·:-. ·, . 

' •' 

lt.:0'1 1-;,4 "I . :- " ·-· 
', . ,; ' 

'' 

" 

DO and Te111p measurements are ta'ken every 1 meter 

' 

Depth 

(m) 
xx.x 

o, 
{mg/L}. 

xx.x 

,. i.; . :.·.' ~ . 

' 

' !'. , .... 

' . :.:·' 

turbidity sa111ples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 
("C) Sample 
xx.x Taken? 

' 

• :"'i 

·, 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

2244-00 

Station: ~ I 
Date/Time: 7 r ii 2J.> I?> . I 8: 00 

GPSCoordlnates: N 43'077/&, WOBP82333 

Depth 

(m) 

xx.x 
Surfoce 

/.0 
2.0 
3.o 
£.4, 0 
5.o 
b,o 
7.o 
s.o 
,,0 

">/O,n 
• lt;h.:.· 
.•···12,0 •' 

'13.0 
l'f.0 
1s.0 
/l.,o 

. j 1,0 
I B • .P 

J't,o 
20.0 

o, 
(mg/L) 

xx.x 
'1 f'I 
<. .'-i 

. 'b 
l .t:O 
'1 'i'<, 

9.'b 
'1!b 
o.o: 
0 ."2. 
O,J.. 
0.2 
o. I 

1.·,·.4·.n I 
o. \ 
0. \ 

10.0 
o.o 
O,o 
0,0 

Temp 

('C) 

xx.x 
f {.,,4 
<...3 
lri. 2 
...,, . 

1'5 •· 
.<. c.. 
s.( 

' d~ ; 
'' .,. .(I,~ : 

~.o 
~-~ 
3,"-. 

13.5 
'\."!> 
13;-Z.. 
I ~,Z. 
;>. \ 

13.D 
1$ .. ~ 
rz.i 

o, u' \Z. ~ 
·q,G\ 12., 

Turbidity 

Sample 

Taken? 

x 

·:' ' . : 

. 

. 

....... 
. 

•'· 

x 

DO and lemp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 
21. 0 

0"P f ,O 

.::-·.1,''' .. ... 

. 

'' 
: 

.. . 

.. - '" .. 

. 

o, 
(mg/L) 

xx.x 
'l.'1 

'i .(,, 

' 
':. ... 

' 

.. 

'. 

turbidity samples are taken 1 meter below surface and !meter above bottom 

' 

Temp 

("C) 

xx.x 
\2.. ·'b 

llD.3 

... 

Turbidity 

Sample 

Taken? 

:'·, ' 

. . 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: fl.. Z 
Date/Time: 7 /, /l-017' 17: 3o 
GPS Coordinates: N lf3,f:<ObO Cf . W 08b,lf2S0f.:. 
Crew: J. '$"r£.1c..ic:.o A , /2E-1 TZ.. ' 

Depth 

(m) 

xxx . 
Surf ate 

l.o 
z.o 
3.o 
4.o 
f;,O 
(,,, 0 

7,o 
9.0 
<t,o 
10." 
11.D 
12.0 
111.0 
I'(. 0 
16.0 
lb.o 
IJ,o 
18.0 
f"I. 0 
UJ.o 

o, 
(mg/L) 

xxx 
' ( . 
( c 

• 
.j I;.,; 

"I.~ 
IO.o 
10,n 
<.\ , "'I 
10.6 
10.0 
o,o 

\o.o 
10.0 
\o.n 
o.o 
O·O 
\0,0 
0,0 

10.0 
ID .o 
9. ,9. 
to.a 

Temp Turbidity 

("C) Sample 
xx x Taken? 

~.o 

•-.0 j,, 

/"1.o 
1'5. 

l ,'?-, 

fl. .7 
l .5' 
l .~ 
IL .~ 
'ti 
(ij .o 
3.< 
3. J, 

I 3. .lo 
\~ ,"f 1..,,,, 

-.--.... ~ 
3.2. 

(°?>0 
ri.. o 
13.0 y 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 
z1.o 

bl)f .... 0 

o, 
(mg/L) 

xx.x 
C\ ,'e> 

'1.'b 

turbidity samples are taken 1 meter below surlace and 1 meter above bottom 

Temp 

(°C) 

xx.x 
\3.o 

/5.'0 

. 

Turbidity 
Sample 
Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

station: go 
D;ite/Time: 7Z,/z.o13 1Ce=4S 

Depth 

(m) 

xx.x 
Sumce 
I. 0 
7,0 

,3. 0 
l.f . 0 
:s.o 
to.o 
7.0 
~.o 
-'\.o 
(0,0 
11.0 
12.0 

13.0 
/t/,Q 
15.b 
, ..... o 
7J ,..., 
18.n 

1'1 r. 
.io.o 

• 
o, 

(mg/L} 

xx.x 
/0.~ 
/0.3 
(O, I 
o.z 

IO.l 
1\,0 

o.o 
0.0 
o.o 

10.0 
10,l'l 
0,0 

. 0, I 
0,(Y 

10,0 
10.0 
~ .G\ 
! I°' 
10.0 

ci ' 
'Cl\.• 

Temp Turbidity · 

{°C) S..mple 
xx.x Taken? 

lf>J,.. 
15.S 1-
I . '( 
J " I 
/'-1.3· 
11/,1 
l'I. I 
r3,9. '. '·I 

I'?>.& , ,,. ~ 
12'. .. 
t'b.5' 
• 3.tl 
l~.l 
13.1 

!. 
13.c..f 
r~. 
13.o 
13.0 
13.0 

00 and Temp measurements are taken every 1 meter 

' 

Depth 

(m) 
xxx . 

21.0 
?2.o 
LJ,0 
z_I{ .o 
z.s.o 
2c...o 
27,-0 

.· ·, 

)<l p <I .0 

' 

' 

o, 
(mg/L) 
xx.x 
c 
''Cl\ 

' ,"'I 
I .'e 
G ,<\ 
q,~ 

., ''b 
'1,1 

', .. 

9.t> 

turbidity samples are taken 1 meter below surfa~e and 1 meter above bottom 

· Temp Turbidity 

("C} S;imple 

xx.x T;iken? 

I :Z. .CT 
12..Ci' 
11 P1 
lz.q 
It A 
11. .'1 " 12. .ti 

14 ,., 

' 

' ' 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT . , 

Station: l.M I 
Date/Time: 7 / 1 /to/ 3 

Crew: j , ~C !Co , ·A , fl'l=d TZ-
' 

Depth 

(m) 

xxx 
Surface 
I. ·;::> 

z.o 
3.o 
4.o 
5,o 
(,, .D 

7.o 
8.0 
'i'.u 
l'Q," 
11.a 
12.n 

l3 0 
,.., 0 

t..vP 2.0 

~ 

o, 
(mg/L) 

xxx 
11 .7.1 
I ,4 
's-
,5 

l,5 
1.5 
I, <c 
1.5 

11.5 
/(;Li 
(il 

1/.3 
JI.~ 
11,3 
ff I 3 

fl, 3 

Temp Turbidity 

("C) Sample 
xx x Taken? 

9.st, 
' -~ 'I 
I 2. 

G 0.. 

8.b 
8.S:-
7,'0 
7,f; 

-:: ,z_. 
-.z 
- ,() 

b, 0 
7:. ,.... 

IO.,..... '/ 
(, . ,..., 

''- 1. 

2244-00 

DO and Temp measurements are taken ever{ 1 meter 

Depth 0, 

(m) (mg/L) 
xx.x xx.x 

.· 

. 

turbidity samples are taken 1 meter below surface and 1. meterabove bottom 

Temp Turbidity 

("C) Sample 
XX.X Taken? 



LUDINGTON PUMPED STORAGE HYDRCiELEcTRIC PROJECT 
2244-()!) 

Station: LM 3 

Depth 

(m) 
xx.x 

Surface 

1.0 
2.0 
.3 '0 
4.0 
b,O 
(.,,'{) 

7.o 
~.o 

1.-0 
/O.o 
11.0 

··: 

'tllJf 3.0 

o, 
(mg/LI 
xx.x 
II.~ 
11 ,r ... 
,, .s 
J/.S' 
11.s 
11 . .-s 
II, S" 
!/ .. -<:; 

l/.l. 
//,/_ 
fl.I-

: 

-Grall.I. 

l 1."2... 

Temp 

("C) 

xx.x 
.., ·I 
8.'i 
8.7 
e.::. 
7.B 
7,7 
7,1_ 

··C:;:l: . . ' 

6.t...:.· 
5.9 
.j,8 
$,Q.. 

S.3 

Turbidity 
sample 

Taken? 

x 

.. ' 

,x 

DO and Temp measurements are taken every 1 meter 

LMZ 

Depth 

(m) 

xx.x 
:sveF"~ 

1.0 
"Z-•0 

3.0 
lj,0 

5,0 

'-.0 
' ;, ·. 

b"" '5oJUlt; 

o, 
(mg/L) 

xx.x 
I I. 7'1 
Jl,o 
11. 

//,Z.. 
//, ( 

11. 
JI. l 

'' . ' 

II. D 

.. 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

(°C) 

xx.x 
7.'1 
7.°t 
7.'i 
I , l( 
~. 3 
,, 2 
•. 3 

7·'C 

~ 

I 

Turbidity 
Sample 

Taken? 

)( 

x 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LM L/ 
Date/Time: 7/1/Z-Dla l\:oo 
GPSCoordinates: '-l3" S3,SCO' w~· .IXX>" 

Depth 

(m) 
xx.x 

Surface 

1.0 

'2-o 
3;0 

l\.o 
IC, t> 

(.. ,1) 

1.0 
f,,ll 
"I. 'D 
10.0 

11.o 
12 0 

13.o 
/"l.o 
16.0 

/In ."i) 

1),0 
12>. () 
/'fD 
-·~ 

o, 
(mg/LI 
xx.x 

\I. I 
I. I 
I. I 
I. I 
f, 2.. 

II. 2 
fl· 2 
//, z_ .. 
11.2 
11. 3 
It .3 
If,~ 

/I , -:z 

//.I./ 
II·~ 
//, s 
If.ti . 
f(,J 
11 . ..3 
II. 3 

.J('j 

Temp 

("C) 
xx.x 

\2. I 
1z.1 
rz.o 
11. :S 
11.3 
fl, z 
If, I 
10.s. 
10.1 
to.S 
Io,</ 
lo 3 
9,7 
9 'i) 

"' 0 s,."' 
s" 3 
5.3 
s.2 
:;J, 2 

Turbidity 
Sample 

Taken? 

x 

JC 

00 arid Ternp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

l>v f' 5•0 

,·,, 

0, 

(mg/L) 

xx.x 

\1.0 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

('C) 

xx.x 

/0.'1 

Turbidity 
Sample 
Taken? 

.. 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L 
Date/Time: 
GPS Coordinates: 

Crew: ::5 · (')') 

Depth 

(m) 
xx.x 

Surface 

l.o 
z.o 
3.o 
L/.o 
S.o 
t:, .o 
7~ 

€.o 
~.,., 

10'1 
71.o · 
fl.-"' .· 

DUPl.O 

o, 
(mg/L) 
xx.x 
I/.< 
J /. I 
I /. I 

11. I 
I I, Z 
I/, ' 
11,3 
11. 1t 
11.~ 
fl,(/ 
11.' 
11~ 
Ji,· " 

11. 0 

10:00 

Temp Turbidity Depth o, 
(°C) Sample (m} (mg/L) 
XX.X Taken? xx.x xx.x 
10 7 'S I.) U#t:.E <J 

• 
10. 7 )( f.o -' 
IO·b 2-·0 I.~ l 

1 o. c: ?, 0 JI. 
"f, 3 'f,O I I< 

S.b S·O ,, '~ ' 
g, I (,.0 11.e 

· -if".O l~..Jl'S" 

7 .3' -... ,rs 
7,7 
7,-r;; 1><11' 3.o I.~ 
7:-q )( 

1. ?:> 

10,/ 

. 

DO and Temp measurements are taken every 1 meter 
turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C} Sample 
xx.x Taken? 

8.~ 
a.1, ~-

"7."• r-. >· '• .~· ·~ 

/,O 
-..e 

.• '1'l t 
-.8 

i,o 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: R I 

Depth 

(m) 
xx.x 
$41~ 

/. 0 
z..o 
3.D 
Li, 0 

S• n 
t. 0 
7,0 
a.o 
•1.n 
j D .i> 

I 0 
2.0 

'3.71 
'f,O 
s.u 
(o,IJ 

17.0 
/8.o 
/'I ,n 

2LJ '"' 

o~ 

(mc/L) 
xx.x 

I 0.13 
O.IY 
0.11 
D .If> 
o.''-

10.zs-o . .,., 
o.-J 
0.1 ~ 
a.z~ 

10.22 
10. 13 
{0,/'< 
0.10 
'(),0'1 

.o.o 
'0,1 ~ 

J0.12 
/(l,/"J 
10.11~ 
10,17 

Temp Turbidity 

("C) Sample 
xx x Taken? 

9.1/ 5" 
I. (/1 )(. 

I 2. I 

·1~ .C\ 
I Q LI 
I ..... 
I .. <f& 
7.<ft 
1.J"I 

j].~ 

/7,3Z 
IJ,30 
17.2."l 
I 1,Zf 

r. 213 
I .27 
11.2" 

17.25"' 
/7,ZS 
17. 2C/ x 
11.Z'f 

Total Depth: 20, 5 ~ 

00 11nd Temp measurements are taken every 1 meter 

Depth 

{m) 
xx.x 

DUP~JltF 

02 
(mg/L) 
xx.x 

10 ,o(o 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

1•1.5S 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244·00 

O.pth 

(m) 

lCXJC 
Surt.ce 

l.o 
z..o 
3.0 
4,o 
€,n 
I,'. 0 

' '"' 
~ 0 

t,o 
•o o 
1/.0 

12.0 
rz.o 
If.I .o 

r<,17 

~.o 
,7 .... 

• 

o, 
(ml/LI 
xxx 
O.\~ 

'nl% 
n,~ '-~ 
o,: ~ .i;-
/0, '3 S' 
~ 1< 
II'\ ~, 

o;i I 

o~ 
o~ 
f0,27 
10 >? 

70, IQ. 

/O. '" (). ?, 
•o, Zl.. 
10.11 

lo•? 

Total O.pth: 11. S° 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

'"' .s<o 
1ci.cn x 
S.31 
7.ql 
1.%2 
17.55 .,.4 
r1,j • 
11.1 • 
l/,I 0 
17.3, 
17.37 
r1. 3.3 
/7.~o 

7.2.'b 
11. l.7 

17,"><' 
17.2'1 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xxx 

OUP Sut.f!-

o, 
(mg/L) 
xxx 

Cf~7 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 
xx x Taken? . 

/'t.9 <( 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Date/Time: 7 ft(; {t-013 18 •'-15 

Depth 

(m) 
IOC.X 

SurfKe 
1-0 
z.o 
3,0 
'f.O 
j,{) 

(o,O 
7.0 

8-" 
'LD 
10.0 
11. n 
\Z.o 
13,0 
1q, 0 
,., .a 
fb.O 
11:0 
IS.O 
/''I. 0 
zo.o 

o, 
(mc/L) 
xx.x 

O,IJP. 
0.' s 
'l'I" If~ 
0 ,c ,.., 
O.t 7 
O, 3 
0.3'1 
f0,3'b 
tu,lt-. 
o.z,7 

f0,30 
0.16 
0,2,f 
O,/o 
o.z.H 
(0,Z(/ 
/0.t5 
IQL3 

10.0•. 
.'.J.0,.19.: 
10.te:> 

Temp Turbidity 

(°C) Sample 

XX.X Taken? 

18.30 
IR,?L. 
\B.IS 
17•W 
'7,C./ 
'/,3£... 
l"l. 2,"" 

/I. 3 1 

1.21 
7.2.J:, 

17,2~ 
II .2."Z. 
7.ZJ 
7,22. 

17.l-I 
17.UJ 
11.1q 
17.N 
17.17 
1i:Ji;;· 
7,/t; v 

Total Depth: Zt ,S' 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

2./,0 

DUPS<>U 

o, 
(mg}L) 

xx.x 
10.11 

IO:z.Z.. 

turbidity s.mples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

(°C) Sample 

XX.X Taken? 

17. l<l 

18.~ 

" 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L M ( 
Dat.f:'jme: 7 Z, s/ ZDt 1 /11 'tt' 

Depth o. Temp Turbidity 

(m) (mg/L) (°C) Sample 

)()(.)( xx.x xx.x Taken? 

surface '1. 'I.~ 'ZI. '1{.. 

/. 0 <. • 'l=I.. Zl.t...,IJ J(' 

7-.D •t.YS "'LI .In 
1. b '.I.( I zo.73 
'1·0 '.IH Z0,30 
'5.0 ',03 1'1,12 

1-.. 0 IO. S'I 17, Sb 
7.o /1.73 /</.80 
B.o /2,Z3 13.ol 
'1,0 12.22 IZ.3o 
m.o I z.s-1 11.:J'I 
t I. n 12.5S fl, o I 
IZ.D / 'L,(o 0 q_'fO ,I( 

13,.,..,, IZ.'/h '1.70 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP(.o 

o. 
(mg/L) 
xx.x 

1.t.:o 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

(°C) Sample 

xx.x Taken? 

21.90 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Statkln: L }/( z. 
Date/Tim!= "7/15/2013 ~/40o 

Depth 

(ml 
xx.x 

Surface 
7. 0 
2.0 
3,0 
f./. ,.., 

s-.-r--
'~.n 

2. <::' • 

o, 
(ml/L) 
xxx . 

'1.7-Z. 
q.so 
' ',f;,7 
~ ,BS 
9.' tf_ 

q<- 2.. 
lo.oc. 
1°.bb 

Temp Turbidity 
("Cl Sample 
xx.x Taken? 

21.2.J 
2.122.. " 20.2.0 
/Cf ,1;; _ 

/•fl::' 
19.t-o 
/'1.<11 

78.'i2 

Total Depth: I '1 ff l).1j 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xxx 

DUPSvil"F 

o, 
(ml/L) 
xxx 

'1.52 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 
("CJ Sample 
xx x Taken? 

2.1, ,~ 



Depth 

(m) 

xx.x 
Sumc. 
/,0 
2.o 
~ .o 
' .0 

'" 0 
fa,f) 

7.0 
o.v 
'-1. t> 
o.o 
. 
. , . 

,, fl 

LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

o, 
(mg/L) 

xx.x 
c ~ M 
' (; ~ ' 
/O,ol 
/'O,IZ. 
ID./(,,, 
/0,30 
/0,Z! " 10, I.( 
o. "f<1 

/.SI 

''· " -.. . 
fl.' i 

Temp Turbidity 

{"C) Sample 

xx.x Taken? 

zo.7re, 
10.1-7 x 
1'1.t-.1.. 
Fl.// 
/B.t.. ..., 
18.3 
18.31 
/h, l"t 
f t/.3 
l~.2 c, 

/2.fi3 x 
*? I I 

//.00 

Depth 

{m) 
xx.x 

DUP 3,o 

o, 
(mg/L) 
xx.x 

'1.1 I 

Temp 

(°C) 
xx.x 

I/. 2.0 

DO and Temp measurements are taken every 1 meter 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Turbidity 
Sample 

Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth o, Temp Turbidity 

(m) (mg/LJ ("CJ Sample 

xx.x xx.x xx.x Taken? 

Su~ ' ,n 22.Z.Z 
l•D _{,,Q 21 . ~<S '\(. 

. () <. .7?:, 20.b 
•• <:> I .b'1 20.s• 

-0 '" ,{....-I z..o .l.f S" 
'.'0 ' ' { ') 20,i.tz. 

'·'° < ~ .. '1.SS 
0 10.l'O 9..34 
.u IO.'A9. (p,q I 

(, :o I . 13 I (j '1../9 
10.ri :2,..51· 10.el/ 

1.D Z,77 .., ."'IS--
z....o 2.G:,<4 < .4" 
~.o 12. .'f7 '.3 .., 

.., ,1) Z..3Z. .... 1<.. 
s:o 1'2 ,'f)'l) 8.2>7 
lo.O 12.,Z.\ . t.f 14 
I ,o ,9.0 ,.Z.3. 

,0 .11.o ).19 
,0 I .'i'>O o. IZ-
,5 ll-73 ~. 10 

TN! Depth: &I -ff! 
00 11nd Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

-· 

OUP 5".o 

o, 
(mg/LJ 
xx.x 

t.\,too 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("CJ Sample 
xx X Taken? 

z.o.ro 

. 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L fJ\ S 
Date/Time: 7 f 15 / U> 13 
Crew: J. S TI2.1 c.tto l>. Jof:!J:) S 

Depth 

(m) 
xx.x 

Surf;ig, 
/, 1) 

? ,0 

... 0 
1..1 0 

..;;,o 
L,{) 

1 D 
•lO 
~ ,i) 

10.0 
l I _Q 

. 

o, 
(mg/L) 

xx.x 
'1'. L 'Z._ 
")_"'15 
/D.Z.o 
/O, IP. 
10.21.. 
//) ~€' 
to.so 
to.<.:.? 
/l.'-17 
12 .3 5' 
12. 'i I 
IZ.4'b 

Temp Turbidity 
("C) Sample 

xx.x Taken? 

l 2. .09-. 
t<'t.50 )< 

fB~ ~ 
/6,1 ~"'l 
IS.07 
I 7,1,.1~ 
/I~ .It::: 
IS, f' 
10 .s '3 
10.1-, 
'1.%1 
'1.e.Q ;<. 

Totill Depth: OS f + (1t.v 
DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

,______ 

DUP,<'l?F 

o, 
{mg/L) 

xx.x 

'1.l..1 

Temp 

("C) 
xx.x 

Zl.'1Z 

Turbidity 
Sample 
Taken? 

turbidity samples are taken 1 meter below surface and 1 meter above bottom, _,, 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Date/Time: 7/!sfi.013 1z,15 
crew: J. STJ12.1u...c D . ...)oM µ.s, 

Depth 

(m) 
Xl(J( 

SurfKe 
I. 0 
70 
3.0 
4,0 
."> ,o 
l, 0 

' 
L • 

' 

o, 
(mg{L) 

xx.x 
. ~ 
• • -

/0,ff'l 
I0.1'{ 
10,/ 0 

/I)' 18 
/0,,s;,z 
IO.b7 

J~.S 

Temp Turbidity 

("CJ Sample 

xx.x Taken? 

21.37 
Z0.7'7 )( 

11.'/'t 
t• i_ 3.Z. 
,. '03 
18.St./ 
I /.2~ 
lb. 'f/ 

ToUIO.pth: ,., r+ 
DO 11nd Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUPl.O 

o, 
(mg{L) 

xx.x 

'i .(..., ~ 

turbidity $amples are taken 1 meter below surface and 1 meter above bottOQ1 

Temp Turbidity 

("CJ Sample 

xx.x Taken? 

z.1.21 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: I f< 
Date/Time: 7/3l>fzoc3 f(o·.}o 
Crew; J, S""fllt-1~, b, JDl#lS 

' 
Depth 

(m) 

xx.x 
SurfilC8 
I. 0 
Z·o 
3·o 
t.f .o 
5"10 
/,,, 0 
- ,0 

' .. o 
"0 

/0,0 
fl,O 
1i..o 
13.0 
l'I. 0 
&10 

:0 
.v 
~.v 

1.v 
u.>;D 

o, 
(mg/L) 

xx.x 
I ,,70 
~ .71 

' 2. . 
.~ >CJ 

e.77 
H,)2._ 
f'j,~ 

B,'O\ 
S.70 
fhl"J.~ 

.7( 
.7 
• "10 
:10 

,,7 0 
, fn< 

.<~.' 
~.c.1 

a."'° 
't) I t.(n 

B.C., 7 

Temp Turbidity 

1•q Sample 
xx.x Taken? 

t.. .t.fl 
',., ;~(.,, )( 

s.~'b - IS.Sb ' ., 
5.lf-O 
(5,3-, 
S.30 
s;i.1 
15.1'8 
s,13 
s.01 
t 1'1~ , . qz 

Ii .' I 
'( ,• 0 
'I ,e-, 
<4 .is-' .~•.t 
t .7'D 
1L77 

/I{. 70 y 

Total Depth: 21. 'O.-Jer5> 

00 11nd Temp measurements are taken every 1 meter 

Depth 

{m) 

xx.x 
2.1.0 

DUP'SW.f' 

o, 
(mg/L) 

xx.x 
e .t.'9 

'6 .5'1 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

{"C) Sample 

XX.X Taken?· 

ILi 1-0 

11 .... (/1.f 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: 2 fl 

Depth 
(m) 
xx.x 

Surface 
/, 0 

2.0 
3,o 
lf.o 
.'S. 0 
(,,. 0 
J,0 
e.o 
"'· 0 10.0 
JI. 0 

rz...o 
l~.o 

IY.o 
I 'i>t 0 

11. .. 0 

11. 0 
I t.o 
iq.o 
"2.0' 0 

o, 
(mg/LI 
xx.x 

8,(,,0 

~.I,., '2. 
'e.l..Y 
B,1..\0 
B.'59 
"I ,IDS ,, nlo 
~ . .. , 
~.I.£-

1::1,bc; 

'"" ;i e:1s 
11.c.. 3 
~:11 

.. 1z. 
), (,.,"] 

,f.o 1 
1,51) 

)~ 
:j, ~2 
~ ,.,o 

Temp Turbidity 

("C) Sample 

XX.X Taken? 

f{,,, "70 
l...,qg 
(,., .o-: 
~ • 'Z:>l 
s, 1,;: 
::.,GI 
51¥0 
i.....~ 

S,'?t.f 
5.3\ 
5.Z'Z 
5.\~ 

15.0\ 
I 4 .'15" 

'''·'C1 
I ,ee 
I• .t10 
l/.~7 
'l(,'D I 
t/,06 

, v.es 

Total Depth: z I .Gt ~ 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

2-1. 0 

DUP SVf<!#' 

o, 
(mg/L) 
xx.x 

'6,S1 

s.sz 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp . Turbidity 

("C) Sample 

xx.x Taken? 

I 'I. ~2.. 

1i...71 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth o, Temp Turbidity Depth 0 2 Temp Turbidity 

(m) (ms/LI ("C) Sample (m) (mg/LI ("C) Sample 

xx.x xx.x xx.x Taken? xx.x xx.x xx.x Taken? 

SU.UC. '- .ci. \S.15 -:z-1. 0 B.'10 10 :=t 0 
I. o " ,l>lf 15.73 )( zz.v 0,l::f1 ,.., .~s 
z.o •. 07 IS.st,,, 7_3.v ~.ePI /'I. 73 
.,s.O < ,03 /5,'t7 Z.<f,O ~.!>7 l'I .lo I 
l.f,O < .08 Is ,'3°> zf;,O 1';1,80 11./.t.5' 
G.o ,DI./ 15.'fD z.c..o s.et.. l"l .&,5 )( 

(p. '{) , .o.) /5.3C::> z1.o f ao It/ .S'i 
'),D . . oo 15,..._l.J ~- ~ -·· flJ -~_,z 

'Ill. . 
c~.o e.91 /S·30 '1t • K.f' n _,., " ~ 

- I 

' 0 " ":> I J5,z.<l "' 
·n,,..., , I ,, -, 

I l,0 :~ 15.2" -· '21 ~ - ,... 

fl,O 8.'b'b 15,z..1 .. ~ ...... ·- • 
12.0 , '11n 

'"' 12;> "" 
7 "' 

j , I I .D 

13.0 ',!.f z.. /5.t 0 *' 
~.< • - ' 

1'f ,U ·'1°1i /5,lFJ :& " I * 
.... - , 

·~ 
5.0 S."'1 I /5100 jf' '21 ,.., ~ .... 

·~D ... 
11...-0 : :; II /S.03 t' 

.. 
ou•O - '• -i I 

.o . ~ I 15.05 2- 1 • . bi) ~ 
.. __ . 

. o ,c I J5,0Z .. ... 
.0 8." 0 16.00 DU P S'<> ti" l'"Jr:fi 11o.01 

'2.-o,,--., ,;~1 /l.f ,'17 

T .. Depth: 27.B....., 

00 ilnd Temp measurements are taken every 1 meter 
turbidity samples are taken 1 meter below surface and 1 meter above bottom 

:I' r:N..f.E f2.MDI~ / SO/,J!;,f l.AY1t-X.. o,.:> BoTIOM 7 /3# /zoG -lPS 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L M \ 

Depth 

(m) 
xx.x 

surface 
1.0 
z..o 
3.0 
"t • 0 

5,0 

'"'· 0 ..,, 0 
<;;>, .o 
'\J'\ 
ro.o 
1\, '{) 
17,o 

13.0 

Oz 

(mg/L) 

xx.x 
L ,f7 
( .l"f 

' I 'D 
< , I IC 

'"~'O'" 
< . 
< • ~ 

• . 2.( 
< • "!i-1 
< 

·'-' 7 
• .53 .. ~ .-

-

' 
. ,-
• 

10-'-' 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

I c,, II 
/,, I '5" k 
1,,,00 
5 .u, . ""'-

. /.C:-~ ,,o-
j ~o 

11,,5;:, , . • 0'1'> 
l~.90 
13.52 ~~ ., 

12,fol • ;rz. ll 

~.lCf 

Total Depth: I~.\ ~ 
DO ;ind Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP 'S\JdJ: 

o, 
(mg/L) 

xx.x 

'1. o I 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

("C) 
xx.x 

( ""'" z 

Turbidity 
Sample 
Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244·00 

Depth 
(m) 
xx.x 

Surface 
/,o 
:i. .o 
3,0 
't.O 
5.1) 
~.n 

o, 
(mg/L) 

xx.x 
1.27 
L i.: .'i 
< .2-2-
• ,2.7 

."b :'i 
I .·6 
• ,5t 

Temp Turbidity 

(°C) Sample 

XX.X Taken? 

/S,"'!-k 
/5 ·2.., )( 

Lf :- <. 
tf. i 

II ,tf'; 

I' .1\2. x 
IL .'2.I 

Total Depth: ". I ~ 
DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP S~ll.f 

Oz 

(mg/L) 
xx.x 

q,10 

turllidlty samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

(°C) Sample 

xx.x Taken? 

/5.C/7 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth 

(ml 
lCXJ( 

Surface 
I. <::> 

7 .o 
3.o 
4.0 
t:::.r. 
I . . 0 
7.f> 
0.0 
'?.0 
/o.v 
(1.0 

o, 
(mg/L) 

xx.x 
'1 ·05 
"l,IZ.. 
'1 .OC\ .. '\V 
' '' 1..3 
ci .1ro 
'1.'ZI 
t .z..s 

I .?>I 
( 3"l .. .'Bo 
I t>.'bO 

Temp Turbidity 

('C) Sample 

xx.x Taken? 

/5,<t~ 
,~.,, '>I" 

5,(.,2 

l'l.C\11 
"',ft, 
Cf. q• 
<.f.40 
'L(,05 
~43 

1$,'7 / 
12..~~ x 
0 . .>J,, 

Total Depth: 11 ' I ~ 

DO .nd Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

DUP~,... 

o, 
(mg/L) 

xx.x 

9'B'1 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

('C) Sample 

xx.x Taken? 

l(,..Cft 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

er.w: J. ST'L•<.<Lo . 1>. J.,fft.l.S 
) 

Depth o, Temp Turbidity 

(m) (mg/L) ("C) Sample 

xx.x xx.x XX.X Taken? 

SurfKe • .~ ,5,56 
I. -0 . .2.z. 6 .SI./ )( 
2..o .. .l'-1 s ·'Z>'-
~.O '.~ ff; ,t..,9 
'/, 0 . . .~ t=i .11.z; 
s-.o •• 23 ~.CY) 

'-.o ·.is l.f .~'Z. 
7°0 ' ·"" 38S 
~ . ,... ~ .o 13."~0 
(; .o ~ ,.<:; ·~.10 
ID 0 - .7~ IL. oe, 
fl .o ID.32. G, ~\ 
12.11 0 .Cl.l- ".C\o 
/3.D I.Of .Gf> 
l'f, 0 0.9b ~,'13 
IS10 o.ee >, ~7 
/l .n ro.9.7 -.3f.... 
I ,0 o.!>lo r,.~S" 

ft .o rn.r>Z. .,,z.B ,. .() 10,Sj ..,,30 ..... 
:z,.o .o 10.~ 2- ~.~~ 

Total Depth: 2.0. I ~ 

DO ilnd Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUPSVa=' 

o, 
(mg/L) 
xx.x 

'1':0 :2, 

turbidity Silmples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 
XX.X Taken? 

/5,/!5 t 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LM5 
Dlte/Tlme: ?/ao/201-a. lf:3o 

Depth 

(m) 
xx.x 

Su"-
f,D 
2.0 
3,0 
4.0 
,<;.O 

-i::,o 
1.o 
3.o 
'Lo 
10.0 
/1,0 
1:z,o 

o, 
(mg/L) 

xxx 
' .-'l.4 
' ,,3f 
( . ~T 

('. ·' ~ 
q~o 

o:m 
Tl,O 1 

In" • 
/'Q_( ~' I 
I ,03 
v qt/ 

Temp Turbidity 

(°C) Sample 

xx x Taken? 

/5 ,o~ .. .01 .,.. 
fl .'Cl -,l ,03 
t:Z .::Z.I 
10. ry 
8,~{3 

1.5B 
7,~ 
l.Z!O 

/.21 
1 7n )( 

Depth 

(m) 
xx.x 

oups.,,_~ 

Total Depth; 17 1 •• >!I cS JI, 5 M£7fLs 

00 Ind Temp measurements are taken every 1 meter 

02 
(mg/L) 
xx.x 

'!.17 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

(°C) S;1mple 

XX.X Taken? 

ll/ ,QI',.., 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

0.W; J.Sr-p..iC.Co .l> . ._kt.,) S 
' 

Depth 

(m) 

xx.x 
SurlK8 
/.u 
7.0 
~.o 

" l'I ...- () 

l. ,-., 

o, 
(mg/L) 

xx.x 
• 2 

c • 'A 
Cj ,O'Q 
~ .14 
ro;z. "' to. , -
10 .c l 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

/5,/ / 
j t), I( 
'6,o-
( 4 . I.•, 

.52 
' I (,,( 

< .4 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP J.O 

o, 
(mg/L) 

xx.x 

'1 I ..-, 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("CJ Sample 

xx.x Taken? 

15.10 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: RI 

Crew: j, 5~1 c."'-o • b. Jo @5 
) 

Depth 

(m) 

xx.x 
surtaee 
... 0 

'Z.." 
'l. '1) 

.., .o 
t::,. 0 

I . 0 
() 

,0 . .,..., 
• 

lo.o 
Tl.o 
•t.o 
3,0 

'" ,o /<;. 0 
lc,.-p 
c1.o 
I ~.o 
I ,0 
?..-1).0 

o, 
(mg/L} 

xxx 
'f.05 
9.1'-I 
c Jo 

L . oc.:. 
G .ol 
! .'1~ 
> .'"11 

' oc:: 
( Ol 
c OI 
( ,02 
' . o I 
' .o I 
' .03 

(].C 

• 
< 
• 
1 I-
B~~ 

' ---,;--; 

f5i1ij 
,°10 

Temp Turbidity 

("C} Sample 

xx x Taken? 

f7.7S 
n.1~ J< 
1- .s 

_I ~(") 

ll, "'I 
1~ < 0 . ,..,, 

,1'1 
I . :'7'0 
7,77 
1'1,,8' ,.., ,.:;:-,, ..,.,_ 

11.12 

1112 
n, 71 ,., .,,..., 
nlL 

11-"5 
n.h'l 
\7,~ I 

Total Depth: L7, 5 !h1 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xxx 

21·1' 
?? ,D 

L..3.o 
? <CO 

"'>C',0 

?f-,0 

?i,O .. 
,u 

OUP 'SJIF 

o, 
{mg/L} 

xxx 
°i.o"3 
~.~2. 
8.C ,,_ 
9. ( ...., 

8.9!> 
8.q1 
Gllf\/ 

_H'"i 

'-1.00 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

(°C} Sample 

xx x Taken? 

17.S'-I 
,, SI 
1-•.(19, 

l" l,IJ8 
17 "¥ 

17.3 }, 

11.~~ 

11.78 

j 



• 

LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: f. 2-
Date/Time=.,.. g~'}_ Z 'Zo / 3 [ 0: Q 0 
Crew: , l. r tc.¥-o "t>,1ot-t )0.5 

I 

-Depth o, Temp Turbidity Depth o, Temp 

(m) (mg/L) ("C) Sample (m) (mg/L) ("C) 
xx.x xx.x xx.x Taken? xx.x xx.x xx.x 

surface '\.os 17.7., "7,\,0 
.., .oe::. "'~ 1 

I• 0 q,10 { /~'C )< '2,.') :o < ,0'1 ~ ~ 

z,.o L ,0\ f/ :J I u.o ' ·0'1 C..~2. 
~.o ... .D I 17. '2,..1.{.D ' .(YO c..~' 
l.f.o 1·01..1 l 71 ·~ 2s.o "' ,Olf b,"\ l 
<::" .n 0 ...,.., \7,/S z.G,; .o "f .n "'7 !Co.'09 
I~ 0 ' .dt. I 7,/~ 
I . .:> £ . f\2.- (/.71 
s.o ,c)'l, \/,IJ1 
q,u < .Z>Z.. l '7. b'tt 
10.0 • ,00 l'l.(,,S 
\\.D ' DI 17,(,.'5 

"L .0 ,;-i ,.. 17.bf 
I 1 "1) ' ."' '1 \j t,., 'L. 

" ,iJ ~., IJ.C..( 
s.o ),'1'2.. 17. 5'2.. 

\i...O >.'1S \7,S' 
11.0 .. 11 'f: • 
Ii .D '· '() 17.'-(5 
fl :o ',on 17.~ DUP"t.ltF' Y ,0 I I I c...co 
2..0.0 ~·ft" 17, o'1 

Tvtal Depth: 2'1. l ~ 
DO and Temp measurements are taken every 1 meter 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Turbidity 

Sample 

Taken? 

\( 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

2244·00 

Station: · ( 3 
Date/Time: $1_13 /z..o I ~ 1030 
Crww: j . 'S IC..~ . ]), :So1HJ5 

; 

Depth 0 2 Temp Turbidity Depth 0 2 Temp Turbidity 

(m) (mg/L) ("CJ Sample (m) (mg/L) ("Cl Sample 

xx.x xx.x xx.x Taken? xx.x xx.x xx.x Taken? 

Surface .. .06" 17' "'"Z- 7\ .1l '6,'· 1 
I ":-

1 
1.0 c. ,0/ 17.<0~ -./.... '2.2,...0 e~ IA "':- 7 
z.o ct,O<b !"7 t.. ~ z..~.o s.t:tb 11.00 
3,0 - IQ") 17.G,t 7U,o .'1'0 {,, f\'b 
tf.O L OD 7./AJ z.s,o .'17 t..."fl 
5,0 ,'1 '1". . 7.t.<c ?I •. o .. 5" ~.'"rl • 
c...o .. .oo 17,.3 ~ z: >.o B,'- w L.~7 
7.o .o /7, 39 29...0 S.< Li t>.'15' 
8,0 ' .o• t.3b -::>q.o ~ ,• ,fo lb."tt{ 

'""' 0 
- .o 2.. I 1. ~I '30.0 ' .o~ 1..:1~ 

10.0 .. . on 7, I</ '"J,\, 0 ' ,Oo ,C..,'13 /( 

\1.0 .. .01..1 1.01 '32-.0 e,q7 b~Z 
1'2..o .. 1.11.1 
3.0 ' .D - .10 

1'f .O I ,CJI' ,03 
S,n < .OS' I '.IS' 

. 

IC...o • • oq 11..fli 
\7,0 - .o\.t l.OQ 

l~.o ',OS ,-,,~ 

' 
I "I. 0 ' ,01 i.-.f 11 DUPS>JU' 8,'-'/."> \/;S2. 
zo.o c. ,o"2.. b .... lo 

Total Depth: 

DO and Temp measurements are taken every 1 meter 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

j 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244·00 

Station: Lf.-1 L 

Depth 

(ml 
xxx . 

Surface 
1.0 
Z·O 
:3. 0 

"'. 0 s.o 
,_ ,0 

7.0 
!>_O 
~.v 
It>_() 
II rt. 

l2..0 
14 ·" 

o, 
(mg/L) 

xxx 
8.42. 
~.41 

I :Z:, 3."i 
&.t.fn 

•• 11-

" ... 
'-S 
io 

.OC, 
,2P 
• ~· • . ""' 

' 0 ... '-.L 

• 
Temp Turbidity 

('C) Sample 

xx x Taken? 

20.IS 
2LJI~ x 
IQ~ 5 
q, . :::-

[P,_. II 
/B.o· I:' 
7.32, 
.,qe, 
.,,, l./Z 
IS.I~ 
/<t,Z7 
''">.'-II 

',~o ~ 

,.S-i'l 

Total Depth: 13.Q~ 
DO 11nd Temp measurements are taken every 1 meter 

Depth 

(m) 

xxx 

DUPS<>U 

o, 
(mg/L) 
xxx 

QI ., 7 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

{"C) Sample 

xx x Taken? 

W,7U 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LJI\ Z 

er.w: J. S IC..t'.O , b . .lo~S 
' 

Depth 

(m) 
)()(.)( 

S\lrface 
J ,O 
2 .{) 

3.D 
'f. C> 
5'.o 

6,;:::i. 

' 

' 

o, 
(mg/L) 
)()( x 

?.,zc:-
t5.o3 

'"lo 
., '3. .... 
,'f'O 

~.'-\I 
'1.2.S 

Temp 

("C) 

xxx 
l'1. o~ 

_]'1,1 ~i.. 
1~ .s;;: 
• ,'.".5 
I l • ~~ 

~-f'O.J 
I r,!a'1 

Turbidity 
Sample 
Taken? 

x 

" , 

TotalDepth: 5,.9 ~ 

00 and Temp measurements are taken every 1 meter 

Depth 

(m) 
xxx 

oupsu .. 

o, 
(mg/LI 
xxx 

B.ZS 

b I f e and 1 meter above bottom turbidity S<lmples are taken 1 meter e ow sur ac 

Temp 

("C) 

xx.x 

n.5'7 

Turbidity 
Sample 
Taken? 

ClXJ...~ 2- t'oi.l.<\-t(. Si4Mftf S Fort ,...Ac.tloj,J>JfUtE/J~S • :>~A:E-5 
cD~s '5-T° OF l=1P£. Sffl...l'JI ,4tJO z.£6ttl µ tiS.sE-L SH€£LS 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: Lf..\ 3 

crew: J. s , li.Jo~S 

Depth 

(m) 
xx.x 

surface 

'· <> 2-. 0 

3.0 
ll. 0 
~.o 

l<>.O 

(. 0 
f' ~.o 

' () 

10.0 
b 

~ .... 

o, 
(mg/L) 

xx.x 
<>, 

• B."° 
:~ 

1L.S' 
~.t..S 

~- .,. 
... 

• 1: 
8.77 
f .'15" 
. . ss 
q,nu 

I 

Temp Turbidity 

("CJ Sample 

xx.x Taken? 

I l\,l '1 
I .,< ~ .,.. 
18,t.1'· 
IS ,JG. 
I .14 
I •.03' 

,3'-
?.b6 
'b,&s 
• • ~t=:: 
l,02. )f 

' 3.b7 

Total Depth: //./~ 
00 and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

oupSO(F 

o, 
(mg/L) 

xx.x 

R,C/O 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("CJ Sample 

XX.X Taken? 

/7,0/ 

Ct;u.e_c:n;t:> z.. (OrJAIL ~ A"-'f<-£-5 Fbll.. ,....Ac.k1iUvf;:'.t£f£./B/ltJ.~S 

~~fl-E:s CoJ.-.J'S ':5~ ~ F1~ :S"""-"b AtJ1> ZUJ2.J.) M USSCL 
s 14£-u..s. 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L.Mt../ 

Depth 

(ml 
)()( x . 

Surface 
/. 0 
z.o 
~.o 
'f.,...., 
s.o 
l. .o . .. o 
:•.o 
'1.o 
fO.O 

11.0 
,·., .o 
t3.o 
l'l.o 
510 
(,.o 

o, 
(mg/L) 

xxx 
R,.2.3 
e:z1... 

191. 2-B 
8.Z"I 
el. Z..'1 

1ts,Z"'1 
l~.!>l 
1~. '( 

11'1 .. . ~ 
,/<:. 

t$ 
·' • 

~ I .. 
' ... sa 

< I !> • 
... c i 

"). 0 ' ~ 
• 

IS.o ' .::: • 
I "L <> • ,LfC 
- :.1f'..:. • 

Temp Turbidity 

("CJ Sample 

XX.X Taken? 

zc.37 
Z0.3<.f IC 
f ,(.,,~ 

I' .c..o ,. . ..:::3 
I , l.f J 
j' ~I -:. ~ ~l"J.04 

,1;2 

1,0-::i 

• <o"I 
1. N 
c..sb 

15.07 
3,7z 
.~z 

0.'12. 
"'I. I-;., 

,:l t~ x 
• ~,3 

-~ 

Total Depth: 19.I~ 
00 and Temp measurements are taken every 1 meter 

. 

Depth 

(m) 

xx.x 

OUPSGICI' 

o, 
(mg/L) 
xx.x 

s.1'3 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

('C) Sample 

xx.x Taken? 

2.0.Z.'O 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244·00 

Station: LJ1 6 

Depth 

(m) 
xx.x 

Surface 
I. o 

2,. 0 

!.O 
'1.0 
'5,o 
~.o 
7.o 
e.o .,.o 
10.0 
fl. 0 

o, 
(mg/L) 
xx.x 

e.2s-
.2.b 
.25 

r,t; 
tt.30 
.3~ 
~.?.(!. 
,/,... J 
. oB . ,.., , 

.. 2. <, 

, 
Temp Turbidity 

("C) Sample 

xx.x Taken? 

zo.0$" 

1 ·.ss }<. 

/' 1,51 
" • <f, ~ 
IC ''/ 

~ .3z 
. 20 

I' ,Of> 
/! . 5 
18 . 
I. ~ . ' x 
/. 'LJ . .., 

·-

Total Depth: j J , ] / / • S 1-f E:'/5.2.!> 

00 and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP'3<>U 

o, 
(mg/L) 
xx.x 

8.17 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

2 for->Af2 G~ Foll M4ck> /,JVEl-TE.BIUPTEs 

.• 

Temp Turbidity 

("Cl Sample 
XX.X Taken? 

zo.o<o 

5fb'tft1i. C.CtJS1sr5 4f: V6/2.-'f FlklE SA+-)l> Z56~ff MtJ<;';Jc(_ 
I 

514£u,5 
1 C11..1 &::1c1+4-;:E$ , p-,_J!J Cit' UJ f'Jt:>M i'l>S , 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

2244·00 

Station: LJll Co 

Depth 

(ml 
xx.x 

SurlKe 
/, v 
? l"l 
1.7> 

Lt. i) 

.<:. ~ 
"'. 0 

o, 
(mg/LI 
xx.x 
.-o\ 
. .sz. 

• ~;;i , 
• 
. l./t/ 
),t( ... 
•.5 .~ 

Temp Turbidity 

{"C) Sample 

XX.X Taken? 

1°1 .l:'t.. 
q .!>4 " '1 .. ~ "l 
'1.31 
.ZH 
.2~ K . 

t .Z'' 

Total Depth: l, . I ~ 
DO and Temp measurements are taken every 1 meter 

Depth 

(ml 
xx.x 

OUP '5tJ~I' 

o, 
(mg/LI 
xx.x 

8.Zb 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

{"Cl 

xx.x 

11.77 

.. 

Turbidity 

Sample 

Taken? 

Coli..£'.c .. :r-£D 2 p orJA t 'S ffl'.1 fLE :S r--o ft.. Mtq c:..1-0 1 tJv F-t.://E{j /Jl:37€'5 

\J fit,'( F'tt-3E Sl"Jt.,SD 
/ 

SMllLL ,Y I OGE5 I t...J 4t>TH 'S';g..c.c f'£..£5 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth o, Temp Turbidity Depth 0 2 

(m) (mg/LJ 1•q Sample (m) (mg/L) 
xx.x xx.x xx.X Taken? xx.x xx.x 

Surface q,;\q ;i \ .'-\ "\ ;JfJ,!l; ~.t;/'J 
I 0 '1, ',"I -;)/ I, ., -i., x 

',' () .~ , 'I. '2,. 

11.0 ,L{"i ' \. ~ ) 

4' () 'i: ~.I, I 
1. 0 0.1.'l:i I.\. I 
Do() 0..1.10 a. I, I 

'1. fl 9, L() :JI,(') 

fl 9.,(DI./ ::1.1.0 ' 
I .Q q,,c,1 s.1. o~ 
o.o '?>.Yr 011. o;i 

11. o '0.3~ oll.O~ 
\:J.O 0.,1.{1 O!l,Da 
3, ) 1/,,4~ a1.ei~ 
IY a. ;, Oll,O 
1s.o ~.L\~ ~1.00 
llD.tl 1¢,'"I :ilt,00 
1.0 ~.4 OlC A'l 

\ 9,,h 'O .\.!Lf QI()'~ 
q,() 51.f -:lo.'l DUPl,D '6.10 
~o.o .(pl r:to.97 x. 

Tobi Depth: J b . fO tv"'I 

00 and Temp measurements are taken every 1 meter 
turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("CJ Sample 
XX.X Taken? 

;;/!).,") 

~\.'ii 

\ 
\ 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth 0 2 Temp Turbidity 

(m) (mg/LI (°C) S;imple 

xx.x xx.x xx.x Taken? 

Surface ~.'l"'\ a 1.'51\ 
1,0 , If, I <ill .S e, ')(:_ 

a.o i.f\O ;.JI.SS 
~.o s.1i:. ;)l."!1 
1.\.0 If .ilb a 1.oii.t 
c;.o I D,fli; JI. 11.o 
\p,0 ,1i:::. a I.I'S> 
1.0 '11,11 a1.10 
9,.0 io.~o GI 1. or,11 

9,0 Q.,;'I 8.1,()L.\ 
10.0 9J . 1,,'-l ~LOd-
II. 0 Q,, ~'l ci 1. o I 
I~.() (t,.(,1 010.q9 
1"?..o ~EO iilo.9 
1 '"1.0 1;t5(, ~o.'I 

1'5°0 ~.'ill OI0."11 
I IJ, 0 q,' S'-l oio.'11 
,.,, 0 10.'i 'I ~o.q; 

\'6,0 ~."I'? ~Plv ~ 
\"1,0 e.,49 ~'),"' (; 
l~IC °' 4~ 010.'\(p 

Total Depth: I "l. I (VI 

DO and Temp measurements are taken every 1 meter 

. 

Depth 

(m) 

xx.x 

-· 

DUP loO 

o, 
(mg/L) 
xx.x 

iti.lo IQ 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

~I. 5.:_, 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Crew: \-11...v i CJ" 

Depth 0 2 Temp Turbidity 

(m) (mg/LI ("C) Sample 

xx.x xx.x xx.x Taken? 

Sllrface .'TS Cll ,(.,? 

1.0 t>.B I 2L?a '-L 

.0 If,, (Iii ~\.~°! 
. '0 C0°1JB .;1' ·30 
L ,o q,. ~"\ a1.1~ 
;,o tp,1..oq ~I· 10 
ln.O co.10 d, 1.11 

1.0 co.10 011.11 
IO.O -i. us 071·0'1 
q,o , \QI• 011 .04 
10.0 .s~ 011.0B 
It. 0 ·"" a1.o; 
~ () . t,,.0 ;lJ.01 
1~.o ,6'A iill.01 
J~.D • i.SQi a1.ocr 
1s-.o ,51.J a1.o" 
i,.o .'5'5 011.oe 

11.0 1.1.j'C ;i1 .o~ 

,o..o ,S'"I 'i!t.o 
1~.o Q,1.\9 iil\,O 
'20.0 ~,S'j .11.6., 

Total Depth: ;;l ;;l ,tj M 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 
~I' ri 
~.fl 

::13.4 

OUP [,11 

a, 
(mg/L} 
xx.x 
~.c;o 
9. ..... o 
~ .ac..i 

0. ~, 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("Cl Sample 

XX.X Taken? 

.J1.01 
011.01 "' :;11.04 

a1.tiCJ 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L4~ f.11 / 

Depth 

(m) 
o, 

(mg/LI 

Temp Turbidity 

("C) S<1mple 

T<1ken? 

Total Depth: 13 ,'/ IV1 

DO and Temp measurements are taken every 1 meter 

Depth 

(ml 
xx.x 

DUP f.O 

o, 
(mg/LI 
xx.x 

S.11.J 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("Cl Sample 

XX.X Taken? 

.;nc'IS 



- .... _ .. - -j ... _ 

LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

5tat1on: ~ ke t-41 ~ 

Depth 

(m) 

xx.x 
Surf-
I fl 
~.o 
.,, n 
1.t, () 
t:;, fJ 
lo, O 

o, 
(mg/L) 

xx.x 
QI, I' 
{), q 
.~ 

I ' ~ 

'· " -I " 
0.<5' 

Temp Turbidity 

("Cl Sample 

XX.X Taken? 

!}'.] 9> 0 
.:l~,'1 q x 
~ 1,::lA 
::i1.;;H 
&11.l'I 
11. l't "' ;2).~0 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

DUP J, 0 

o, 
(mg/L) 
xx.x 

g, %'-I 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("Cl Sample 

xx.x Taken? 

';) ::J.0 I 



·--

LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth 

(m) 
xx.x 

5"rfaee 
1.0 
:J.,.... 
3,0 
U.l'l 

<,o 

'"· ' 1,1) 
0. 0 
a,n 
10.0 
11.0 
11. 

I 

o, 
(mg/L) 

xx.x 
, _,,I 
,qt. 

ll., °'' 
-i~ 
/;;./. 

.1-; 
I ,;i:; 
~.$~ 

I ,10 ... ,-; 
I IJ 
~"f 

I .~I 

Temp Turbidity 

1•q Sample 

xx.x Taken? 

aJ.1~ 
. :-J,o; ')( 

l.~7 
~1.;; 
.:.>1,11 
!>I. Iii 
.:i • I~ 
::n, 6 9i 
. ). 00 
~'0-" It.I 

1(),1 .d ')( 

«101'10 
::in,;~ 

Total Depth: ) I. I IV\ 

DO and Temp measurements are taken every 1 meter 

Depth 

(m} 
xx.x 

DUP /10 

o, 
(mg/L) 

xx.x 

R. '7'1 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

XX.X Taken? 

~:J. "ID 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: Lp.t-t Ml 4 

Depth 

(m) 
xx.x 

SurfKe 
• j 

. ..., 
' .. : 

"'I ' ,,-c.. ' 
T. 0 
"'I,/ 

~ .. ii 
q, 

lfl ' ,., 

I 1 . J 

I~ ' , . 
i,, ' 

1U. 

;. D 
I • ,., 

1· ,n 
,fl 

I ~.::. 

o, 
(mg/L) 
xx.x 

' qi;; 
'9''-f 
1.1. 

-,,_, ;q 
-6, ll I 

0:: LJ>-5 
11,l.o.. 
O.,(J(.p 
Ii., ?IP 
a, 10 
I} 1.45 
GI . q"' 

a.23 
oi,10 
10.at/ 
l/'1 ,,,,o: 
/fl .'ff A 

I I, Id--
1n.C/ll 
; .. ~., 

Total Depth: 

Temp Turbidity 

('C) Sample 

XX.X Taken? 

:J1.~1 
a1.11- ~ 
tJ ,..,,~ 

;n, :Jc; 
"J 1.1'). 
:'1 t. ;;i I 
~I' ;i)I'\ 

"'' · '" :Jf,/ I. 

,:) ·'. 
~,. ,-; 
'.20, 5 
I 0..~ ..... 
11, 1 :i. 

\(J.;;l'S 
l'-/, q/ 
I' .~"I 
I ,,, , , ../. 
l~,is'-1 
1'2..C:% 

DO and Temp measurements are taken every 1 meter 

. 

Depth 

(m) 

xx.x 

DUP f.0 

o, 
(mg/L) 
xx.x 

a;::i 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

~/.QI./ 



·•·•,;·::'.• .:""'\ 
i...,_ 

·--..-. 

LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: lA\te.. \..\ \ c; 

Crew: OJ Mt..v 

Depth 

(m) 
xx.x. 

5'1rface 
l1U 
'().0 
;,o 
t..l.o 
5.0 
1 •• 0 
-, 'fl 
~.D 

tt.D 
10.0 

111 0 
tl,ln .. 

o, 
(mg/L) 
xx.x 
:'l(J 
.15 

I . 2>"1 

"'· ~"' 'O.S!Q 
' ll> I 

•. i;(p 

.51 
,1.&.1 
,,71./ 
.1'0 

Q,Sf 
' D. 31 

Temp 

(°C) 

xx.x 
8t1.1v 
.;i'l,40 
dl.01? 
~l.'3-~ 
d1,;o 
a1.1~ 
;11. Ii 
;ii I, I'? 
di 1.11.f 
:l\.C>l 
~0.1? 
~(1. ';LJ 

~0,';;.I• 

Total Depth: j i. lp M 

Turbidity 

Sample 

Taken? 

• 
ll 

ll 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP I, 0 

o, 
(mg/L) 

xx.x 

'fl.th 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

("C) 

xx.x 

'DI Vol 

Turbidity 

Sample 

Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

station: LA~e HI lo 

Depth 

(m) 
xx.x 

Surface 
I.I\ 
~ ,71 

1, 0 
I ',, ... 

I•' ') ,, .. '• 

o, 
(mg/L) 
xx.x 
12 qd-

j I-&. 

'-' .. o,~ 
1.0.-~ 

0:,7-:Z: 
o;: 111'7 

~.1, 

l'l,fll 

Temp 

("C) 

xx.x 
a~ u..J 

:r.i ~' 
'."JI' °SI 
,:ii. a c:. 

JI.~~ 
91. M. I 
01.11.1 
~1.11i; 

Total Depth: la• (p I\"'\ 

Turbidity 

Sample 

T~en? 
. ~~ 

:Ill.' 

1L" 

' 
~ .. 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

DUP I.() 

o, 
(mg/L) 
xx.x 

a, S"' 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

("C) 

xxx 

,;1 .c.s 

Turbidity 

Sample 

Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: R \ 
Date/Time: q / 11 (2.013 1SV2.. 
Crew: j. <; 7'R-r c...~ O D, Jo ft1-l S 

Depth 

(ml 
xxx . 

$Urface 
I . .:> 
-z .o 
3,-0 
"f ,D 
!>,O 

'-.o 
7.o 
e,.o 
'j,O 

10.0 
/{.o 

o, 
(ma/L) 
xxx 

', 27 
;i.C/ 

' ,QI-

' .'le, 
< ,2(o 
I .1& 
• ,z..q 
• .30 

"·'" ' ,2.'I 
' . z.1 
q,zq 

Temp Turbidity 

{"C) Sample 

xx x Taken? 

11.11 
17.07 ..,. 
17 .oG:. 
i.,,a.2 

"" "0 '-.32 ,,7, 
b.19 
"·rA It. ,.of). 

/fo,01.. ..... 
/">,8"'7 

• 

Total Depth: I I. I Mr£~S 

DO and Temp measurements are taken every 1 meter 

Depth 

{m) 

xx.x 

DUP:Jdq 

o, 
{mg/L) 
xx.x 

'f,07 

turbidity s.mples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

{"C) Sample 

xx.x Taken? 

\1, I\ 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: 1( 2.. 
Date/Time: "I/ 11 ( 7-D I 3 15"' 50 
Crew: J. S'ril1<.. ~ . l:>. Jof.-1.t.) S 

Depth 

(m) 
xx.x 

5urface 
l.O 
2---<> 
3,0 
L{.o 
5.o 
(,,. 0 
7,0 
6-0 
"-'f,D 
10.0 

o, 
(ml/L) 
xxx 

• ,i>C/ 

,,77 
>,!:>.., 

?:i.<\L-

e'~ 
~.'ff 

~:17 
1< .o-z. 
1.3~ 
~ . "(,.., 
... ,~2.. 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

17.38 
17. 37 ::>(.. 

17.3$" 
11 ,2.(,,. 

17.21 

'"' ft7 u .... sp. 
Un, '{'f>' 

~.I/ 
It.., 0 3 -.£.. 

15.'JPi 

. 

-

Total Depth: /O. 'f /1E.TE~'$ 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

DUP-'"u~F' 

o, 
(ml/L) 
xx.x 

q,,9...,, 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

-

"' 
17.l/0 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: ~3 
Date/Time: 9/11 f l.O I 3 (b ; Cf t) 
Crew: J, S~c.rcD 

Depth 

(ml 
)()(.)( 

Surface 
/. 0 

z.<:> 
3.o 
l{.o 
5"·0 
b.o 
7.o 
8.D 
'1.0 
/0.0 

11.0 
12.0 
J'Z.,O 

I l/.n 

o, 
(ma/LI 
xx.x 

< .32 

" .IS 
- 10 
~ .ot.' 

.o 
i:i.9 
.~).. 

•. io 
. ~."to 

er. o'Z... 
B,"1/ 
"'t,rx') 
'1.cq 
7,02 
1.17 

Total Depth: I l{ .'b 

Temp Turbidity 

('C) Sample 

XX.X Taken? 

17.04 
I 7.t'·"' 
7.05 

)7.05 
(7.61 
17.0l 

17°0 !/ 
17. t:>'f 

17,<)3 
fo,f,.5 

"'·"-;-
. 

/1-SD 
/{,, 3<1 
JfD.23 
rr ... 15' 

DO 11nd Temp measurements are taken every 1 meter 

Depth 

(ml 
xx.x 

DUP.:l~I'" 

o, 
(mg/L} 
xx.x 

9,oe> 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 
xx.x Taken? 

17.~ 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: l-M 1 

Depth 

(m) 
xx.x 

surface 
1.0 
z.o 
3 .o 
'1.o 
.'\, 0 
i..o 
1.0 
.g .D 
11.o 
10.0 
I I .o 
1z.o 
13.0 
N.i> 
15.o 

. 

o, 
(me/LI 
xxx . 

8R3 
9.,'b""'I 
~.,, 

s.~ 

<\-03 
q,0'1 
't.oz.. 
'4.6 ..... 
'1,0 \ 
~~e 
't.o::!> 
9, oz_ 
• .o\ 

I< ,0 '!:. 
• • 03 
Cl.01 

I 

Temp Turbidity 

("Cl Sample 
xx x Taken? 

18.57 
1e.s7 " l~.67 
/8.30 
fS, 11 
re.oo 
11.ctl 
ll.PL-
11.e.3 
17.ez 
11.e I 
11.82 
11.ti? 
\7,82 
11.81 .. 
17. 2> 7 • 

. 

DO and Temp measurements are taken every 1 meter 

Depth 

(ml 
xxx 

. 

DUP"'"""f 

o, 
(mg/LI 
xx.x 

... 
~""° I 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("Cl Sample 
xx x Taken? 

/6.SS 
-



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LM.2. 

Depth 

(m) 

xx.x 
SurfKe 
J. 0 

z. ;;> 
3_0 
</. 0 
6·<.> 
". 0 

o, 
(ml/L} 
xx.x 

&A 
1::1.~ .. 

~. !>?. 
~.'b7 
e..1., 
8.""73 
e.~ 

Temp Turbidity 

("C} Sample 

xx.x Taken? 

18.z.o 
/8.l.3 )C. 

/8.21 
1s.1e 
1e.10 
IB.oLJ 
18.oO )C 

Total Depth: fu . (o ~e.,s 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP.s<J/IF 

o, 
(mlfl) 
xx.x 

t!> ."\O 

turbidity $1R1ples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

IB-~ 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LM 3> 

Depth 

(m) 
xx.x 

Slll'face 
/.0 
i_.o 

3.0 
c..1, 0 

S·O 
t..,o 
7.0 
e.o 
''l.'O 
10. 0 
1/,0 
12.0 

o, 
(mg/L) 

xx.x 
B.o / 
SH.' 
s.qo 
,.~"b 

5.01 
~.CO I 
,,'2,$'"" 

'·8'0 
).~(o 

•.B:?. 
.'b'3. 

) • 'i!> S"' 
~.!le 

{D:5b 

Temp Turbidity 

(°C) Sample 

xx x Taken? 

lt>.2."'I 
fl?>.~ '/< 
IS,Z: 
15,1>0 

'8.27 
l'B.'2.b 
1s:z.v 
ft:S.23 
IS. f'i 
I !.lb 
l'b.O'b 
10.05 J( 

f P..D"' 

4-1 1 · f GT=t;«5 Total Depth: • I ~ 

DO and Temp measurements are taken every 1 meter 

. 

Depth 

(m) 
xx.x 

DUP""4 

o, 
(mg/L) 
xx.x 

8.~c.. 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

{"C) Sample 

xx.x Taken? 

I <a, 3 "Z... 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LM i 
Crew: J, 'Sr.i!c';:o , b, J """'..:>'5 

Depth 

(m) 

xx.x 
Surface 
t.O 
~·O 
3.0 
l-l, 0 

ii;, n 
{p_n 

7,0 
C·v 

'1. 0 
Io. 0 
11, o 
r 2.-.u 

3.,0 
'f .-0 
't> 1\7 
(s.•v 
(7,v 
'O,D 

'1.0 
"'i - -

~ 

o, 
(me/LI 
xx.x 
.oz. 

' .n2... 
' .. I'!:) 

:s" ,..., 
i', ., ;e:;-

c ,o l 
•• 0 '2... 
.o~ 

',nz 
' .04 
- .o 7 

. /0 
...., .o ( 
-,.D• 
. . 05 
, .o<i 
, .to 
' ./4 .. ,, 
• ,07 
~~ 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

/8,50 
r~.s1 '>G 

'B . .:.3 
8·' }"l 
8,c '2. 
'l!I .2.f 
e.. 1 

I ~, {)(.., 
,,D";I] 
8,0:? 
8-00 
I ""1 ,' ... 
17.' .7> 
17,91 
17.<\o 
l7.7i 
r1.441 
11.2.' 
17, I'. 
17.t'I 

Total Depth: / q , 5" f"I E'.~125 

DO and Temp measurements are taken every 1 meter 

Depth 

(ml 
xx.x 

DUP 5'cJl.F 

o, 
(mg/L) 

xx.x 

e,,2£:> 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

(°C) Sample 

xx.x Taken? 

1e. -,.., 



LUDINGTON PUMPED STORAGE HYDROELEORIC PROJEO 

2244-00 

Station: LM.5 

Depth 

(ml 
xx.x 

surtace 
I. 0 

. i 2. .o 
J l-o 

Lf,o 
'S'"·O 
, __ 0 

..,, -0 
~.n 

c:1,o 

ID·O 
11.c 

o, 
(n!UL) 
xx.x 
.s 
~"i' 

,2 l.o 

,..,:""> 

:os 
S!02 
H}o/ 
~ . ., ) 

> ' • 
' . "') 
' .0 ~ 
'1 AS 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

18.7b 
ll!..75 )( 

IS.hi 
lf..Sb 
IS.39 
18.12 
r /i7 
l .e2 
17. 7Z. 
17.:S-b 
11.'-IS • 
r1,'f2 r 

Total Depth: 11. 7 ,_, f£TEt..s 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP:S<.>eF 

o, 
(mg/LI 
xx.x 

e.ez. 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

12>.7"1 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244·00 

Station: L M fo 

Depth 

(m) 
)()(JC 

Surface 
I. 0 

2.0 
?.. -v 
I./. 0 
S.o 

"· 0 ~Qt-

o, 
(mg/L) 

xx.x 
!O'O 
.e'i 

e.9n 
R 2 
8. , 
8. 
'i.03 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

/8.S9 
1&.L/S"' )( 

8.1.."t 
i6.oe 

/B.o7 
n.1e, ~ 

11.se 
,.. 

Total Depth: b, '5° ~ 

DO ilnd Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

. 

DUP~~F 

o, 
(mg/L) 

xx.x 

'l5,'tl-( 

turbidity $a!Y1ples are taken 1 meter below surface and 1 meter above bottom 

Temp 

("C) 
xx.x 

18.S7 

Turbidity 

Sample 

Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

2244-00 

Station: KI 
Date03me: j/zs/zo13 15'/S 

Depth 

(ml 
xx.x 

Surface 
r.o 
Z·O 
3,o 
l.j . 0 

~.v 

~.o 

1.o 
B.o 
9,D 
/O.o 
I l. 0 
12.D 
I 3,o 

/"/ .o 
1s.o 
11.. .D 
17.0 

Oz 

(ma/LI 
xx.x 

"'I . I.( ( 
I z..· 
•. 2· > 
• ,20 

- >2-' 

' '· 0 
9. (CJ 
' ,l'f 

. 1 
'I~ 
,/~ 

,/L 
,l'l "J 

• .I "2., 

C}, " 
9. / 2> 
'1. 10 

'1.Ja 

Temp 

l"C) 
xx.x 

I~. 3 "\ 
/S" .3<./ 
/5.2..P 
/'I.AZ 
'"f.1) 
4.75" 
'-(, 72. 

/f(, 7o 
14.(/& 
/((, t.. 8 
/'1.t...P 
14. (o .., 

'!.h7 
l'f,l,-, 

'(,I .. 7 
/'f. l. I 
l'f. Le 
/'f, I~ 7 

TotalPepth: 1/.1.{ ~ 

Turbidity 

Sample 

Taken? 

)< 

)( 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUPSul'-F-

o, 
. (mg/LI 

xx.x 

"i' 2-0 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp 

("C) 

xx.x 

15. 2..'1 

Turbidity 

Sample 

Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244·00 

Station: . K 2 
Date/Time: Zf. /ts/ z o I 3 fro : o S-

Depth 

(ml 
)()(.)( 

Surface 
/,O 
2.0 
3.0 

'1.0 
~·O 

t...o 
I. 1"\ 

"-·O 
"t. 0 
/0,0 

/l.O 
/}.."() 

H.O 
I 'l.o 
/S.o 
{ /,, . 

o, 
(me/LI 
xx.x 

'i.l'I 
< ?9-.. .~ 
' '2"1... 
' . 2,;, 
' .lZ. 
< .z.o 
' . -, 

.Z<f ",, 
' 'It 
',OS 

II 

' ' r,, 

' r 
• 

.., 
<,'fl 

.e 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

/S, /7 
• S'.fb 
s, ro 
S.cA 
q,qz. 
"l .1z. 
".l 1 

I 1.4 (,,' 
.... • c'..S 
~. 1_-

y' (,. 
t/ f.-{_ 

4,1,(o 
('( J,.l., 
/t./.f,io 
/q,t~J, 

I I.(, IA I.. 

' 

Total Depth: / l,., t> ~ 

DO ;;ind Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

DUP5'oU 

o, 
(mc/L) 
xx.x 

9./7 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("CJ Sample 

xx.x Taken? 

/G,/8 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECTt 
2244·00 

Station: R 3 

Crew: J.S~. 'D.Jo 1 

Depth 0 2 Temp Turbidity Depth 0 2 Temp Turbidity 

(m) (ml/LI ("Cl Sample (ml (mg/LI ("C) Sample 

xxx xxx . xx x Taken? xxx xxx xx x Taken? 

SUrface '.zo /b.IO 2'-,...,. '1.o !./ / l.{.t;> s 
/,o ( .z.<i 75.09 
2.0 q, If> IS.CA 
., 0 <.; .os ~.os 

tl,o £ .1-1 '\,71<> 
s.o c •'b I tl '73 
(o.IJ ( •'2..- \t.11<.{ 
7.o '· oS l't .12..-
8.o ',10 l<l.72 
'i.o , . o"t 4,71 
lo.o · .oe 117 10 
11.o .01 11/ .b'O 
11-.() • ,09 I/.(,,'?:, 
/3,o ( /I l/,b'O 
/'/•O , I 2 I ', l..8 
/5".C> ' "I-, lop; 
1lo.o ' ,6'1 ,T.l 
11·0 .01 I ,(..1 
IS. "il ( .o• , .(ol 
l't .0 ' .o• l'l.foG DUP'SUl.F Cj .OS' 16.l'l 
~.o I . 'z. /l/.h6 

Total Depth: 2 /, 3 ~ 

DO and Temp measurements are taken every 1 meter 
turbidity samples are taken 1 meter below surface and 1 meter above bottom 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
' ' 

'" 2244-00 

Station: L~ I 
Date/Time: 4 / Z5' I zo 13 t?.:> •3S 

Depth 

(ml 
xx.x 

Surface 
t.o 

2 ·" 
3,o 
4.o 
6,0 
1;,,,o 

7. 0 
8.o 
'9.o 
10.0 
11.0 
12.o 
13 .l"'"> 

' 

Oi 

(mg/L) 
xx.x 

( .20 
..., . 2, 

\ ' , . ' 
\ ,'2..4 
'l.17 
' '2(.,, 
< .ZB 
' .4 
( .'2..7 
9.~2 
( .60 

' ,3'( 
( .34 
10.01 

Temp Turbidity 

("CJ Sample 

XX.X Taken? 

~ Xl 
, ,., '(5 )< 

l59'l, 
Is 5b 
/5,2.o 
1500 
l'l.13 
4 ,(,} 

''I lo' 
IY,lo"I 
14.l.Z 
''I. 31o 
13,'07 /( 

12.loS 

Total Depth: 13, 6 ~ 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DU P 'S' .,.pf' 

o, 
(mg/L) 
xx.x 

'1.04 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 
xx.x Taken? 

/lo,12. 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: LM "2-

Ctew: J, Srt'4c.-fi-O l>, j Pf-».) S 
I 

Depth 

(m) 
xx.x 

surface 
f, 0 

z.o 
3-o 
'-1.0 
<.o 
f,,. 0 

o, 
(mg/L) 

xx.x 
'1.'fS 
'f.ss 
' r• 
l ,t L. 

.. .S2. 
l ,,., 
' . , .. 

Temp 

1·q 
xx.x 

l'f.83 
I lf. c.,,e, 
/t./,l/O 
l"!.Fl.C 
/3.'0$' 
13 .(A( 

I 3.(c• 

Total Depth: ~. I m4w 

Turbidity 

Sample 

Taken? 

lr 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

OUP-"'2F 

o, 
(mg/L) 

xx.x 

'1.34 

turbidity HJnples are taken 1 meter below surface and 1 meter above bottom 

Temp 

1·q 
xx.x 

14,,7 

Turbidity 

Sample 

Taken? 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: l~f3 

crew:J.Sjj!.!cit-0. 1::>. lo~s 

Depth 

(m) 

xx.x 
Surface 

I. 0 
?.- .0 

:>..o 
<{.'O 
s.o 
f,,,O 
1 0 

1).0 
9.o 
lo.n 
11.n 

o, 
(me/LI 
xx.x 

'1.'fo 
'-f ..3'1 
",l 10 
' I Co • 
' . l f-

'.SD ,, 
t e 

' .< 'l 
I ,< 
l .I.I' 
• . b~ 
10.0~ 

Temp Turbidity 

(°C) Sample 

xx.x Taken? 

15 ."I</ 
15.Sf,,. )e 

15.17 
fl/ .8'1 
l.f' ,,n 
t/. H 
rq,~ 

I/. 2• 
'110 

13. 7(,,, 
/3.50 )( 

1239 

Total D•pth: 11 · 0 ,A....,, 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 

xx.x 

DUPS<.1.4'° 

o, 
(mg/LI 
xx.x 

'-}, /6 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

/574 



Dtpth 

(m) 
)()(.)( 

Surface 
f. 0 

2..c 
~·0 

'1,o 
c;.o 
f.,, 0 
l.n 
s.o 
'1.0 
/0,0 

fl. 0 

12. 0 
13. 0 
f"( ,D 

15.o 
ICo. o 
11. C'.) 

IB.o 
19,r_; 

LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 

2244·00 

' 

o, 
(mg/L) 
xx.x 
.</2 

•• 2.S 

' '°' '.01 
r. I '2. 

... "2. 
- ,oz 
~ . o~ 
~ .'11 
9,0r> 
8 .C\'2 
q,oo 
·r. 17 
'l,23 
'1.33 
, s~ 

' ... 7P, 

10.Uo 
I ();l..'5 
0, 29-. 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

11.o"I 
•. foo " ~/O:. "I 

' ~.I/a. 

I"'-' 'I./ 
I ". 0 
j •• 38 
"-=l(" 

/(,., 3Z. 
(., .Z.'I 
lo.2.f.:. 
s ."t ~ 
16.J~ 
/'/.39 
/4.l./~ 
3. f.\C.. 
1.1 
~ .1 
c .41 X' 
... .34 

Depth 

(m) 
xx.x 

DUP:;u'-1" 

o, 
(mg/LI 
xx.x 

., .cc 

Temp Turbidity 

("C) Sample 

xx.x Taken? 

Uo.Yl 

DO and Temp measurements are taken every 1 meter 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Depth 

(m) 
xx.x 

Surface 
l.o 
1.0 

3 .-o 
u.o 
"·0 
Lo 
/.n 

.. ~-0 
"t .o 
/0.0 
11. 0 

o, 
(mg/L) 
xx.x 

'1.2'1 
q .Z,i{ 
q ,\Z. 
'1.0S" 
Cj,o7 
'rl.t> I 
S.8'7 ...,,,,,, 
""I. ti 
"/_,/_(°) 

"\.W 
'1-7 I 

Temp Turbidity 

("Cl Sample 
xx.x Taken? 

IS./5 
·~"11- ( 

/S,<.. 3 
IS.(o2 
15.5'4 
jS,S5 
15,so 
16,'is 
15·"' ~ 
/5. 3 f 
/5.33 
/~.lt3' 

Total Depth: I \ . 5 fA, ~ 

DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP so o£.I' 

o, 
(mg/L) 

xx.x 

1.02> 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("C) Sample 

XX.X Taken? 

- 15,89 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: L..M & 
Date/Time: j/z.;;/Z£Jr3 II: sj 

Depth 

(m) 

xx.x 
Surf Kii 

/. 0 

2.0 
3.0 

l..f.o 
5.o 
fn,Q 

o, 
(mc/L) 
xx.x 

9.la 
't \e, 
( .23 
•. 21 
, .'lS 
' .21 
q,5'1 

I 

Temp Turbidity 

1·q Sample 

xx.x Taken? 

If> 5Z 
/S.51 ,, 
15 .'-17 
/S ,)~ 
15.1'-1 
IS.o~ 
15.02.. 

Total Depth: fo. I ,,.,.~ 
DO and Temp measurements are taken every 1 meter 

Depth 

(m) 
xx.x 

DUP ~._,iu: 

o, 
(mg/L) 
xx.x 

"I.oz 

turbidity samples are taken 1 meter below surface and 1 meter above bottom 

Temp Turbidity 

("Cl Sample 

xx.X Taken? 

. 

J(p,Z3 



LUDINGTON PUMPED STORAGE HYDROELECTRIC PROJECT 
2244-00 

Station: R \ 
Date/Time: l 0 II ' I '\ 

Depth 

(ml 
xx.x 

Surface 

\.0 
:i.o 
'1.0 
4.0 
s.o 
h.o 
"1.0 
'l.0 
q_o 
10.0 
11.0 
1#-0 
\1.t> 
\14.o 
l~.o 
I~,() 

r).0 
18' .o 
,q .0 

o, 
(mg/LI 

xx.x 
'i.lt\ 
q,n~ 

f,i:tLI 
y,. 'l1 

v. .1n 
i.~~ 
i ,,, 
f .1r 

7u 
.'c)ti 

v. ,g 

"· .S" 
i' !>K 
I C:: "l 

I 'r.,, 
,c; b 
• c;i; 
. SI .. ., 
• ~'l 
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CONSUMERS  ENERGY COMPANY & DTE  ELECTRIC COMPANY
RE: FERC ORDER 156 FERC ¶ 62,097

LUDINGTON PUMPED STORAGE PLANT

FERC PROJECT NO.  2680 EXHIBIT G-1
PROJECT BOUNDARY

Michigan State Plane Coordinates,
Central Zone, NAD 83, International Feet

February 10, 2017
1 inch = 1000 feet

Legend

  -- Section Corner/Reference Point

-- CE Owned Property Boundary

-- Project Boundary

  -- Road

  -- 345kV Overhead Electric Line

  -- Section or Aliquot Part Line

  -- Denotes land owned by a Private Party

  -- Water

  -- Project Exception (83.71 Acres)

1. Property Bearing System is shown per Consumers Energy Dwg. No.
G-16571. Project file is Michigan State Plane Coordinate System.

2. All lands within the Project Boundary are owned by the applicant with
the exception of the bottomlands of Lake Michigan which are owned
by the State.

3. The reservoir is shown per the Consumers Energy drawing
Groundwater Related Measurement Features - Instrumentation
Drawing 100, Sheet 1 of 1, Rev. 4

4. The Ludington Switchyard and the 345kV Transmission lines
extending East and South from the Switchyard are not part of the
project.

5. The project includes the Pigeon Lake North Pier Recreation Facility
located approximately 75 miles south of the other project facilities.
This area is shown on Exhibit G-2.

6. The magnetic declination value was obtained from NOAA.

Notes:
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Detail Sheet 1 of 4
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CONSUMERS  ENERGY COMPANY & DTE  ELECTRIC COMPANY
RE: FERC ORDER 156 FERC ¶ 62,097

PIGEON LAKE NORTH PIER

to the N-S 1/4 Line of Section 16

February 10, 2017

FERC DRAWING NO. 2680
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1. All lands within the Project Boundary are owned by the applicant
with the exception of the bottomlands of Lake Michigan which are
owned by the State.

2. The project includes the Ludington Pumped Storage Plant located
approximately 75 miles north of the other project facilities. This
area is shown on Exhibit G-1.

3. The magnetic declination value was obtained from NOAA.

Notes:

5° 10' W
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CONSUMERS  ENERGY COMPANY & DTE  ELECTRIC COMPANY
RE: FERC ORDER 156 FERC ¶ 62,097

PIGEON LAKE NORTH PIER

February 10, 2017

FERC DRAWING NO. 2680
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1. All lands within the Project Boundary are owned by the applicant
with the exception of the bottomlands of Lake Michigan which are
owned by the State.

2. The project includes the Ludington Pumped Storage Plant located
approximately 75 miles north of the other project facilities. This
area is shown on Exhibit G-1.

3. The magnetic declination value was obtained from NOAA.

Notes:
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1. All lands within the Project Boundary are owned by the applicant
with the exception of the bottomlands of Lake Michigan which are
owned by the State.

2. The project includes the Ludington Pumped Storage Plant located
approximately 75 miles north of the other project facilities. This
area is shown on Exhibit G-1.

3. The magnetic declination value was obtained from NOAA.

Notes:
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CONSUMERS  ENERGY COMPANY & DTE  ELECTRIC COMPANY
RE: FERC ORDER 156 FERC ¶ 62,097

PIGEON LAKE NORTH PIER

February 10, 2017

FERC DRAWING NO. 2680
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1. All lands within the Project Boundary are owned by the applicant
with the exception of the bottomlands of Lake Michigan which are
owned by the State.

2. The project includes the Ludington Pumped Storage Plant located
approximately 75 miles north of the other project facilities. This
area is shown on Exhibit G-1.

3. The magnetic declination value was obtained from NOAA.

Notes:
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1. All lands within the Project Boundary are owned by the applicant
with the exception of the bottomlands of Lake Michigan which are
owned by the State.

2. The project includes the Ludington Pumped Storage Plant located
approximately 75 miles north of the other project facilities. This
area is shown on Exhibit G-1.

3. The magnetic declination value was obtained from NOAA.

Notes:
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