
 

 

 

 

AR-1516 

AR-1357 is the report 
AR-1361 is Attachment 4 

From: Stein, Mark 
To: Linda T. Landis (linda.landis@eversource.com) 
Cc: DeLawrence, Tom; Ricci, Donna; Danielle Gaito; Webster, David 
Subject: FW: Public Service Company of New Hampshire, Merrimack Station Draft NPDES Permit No. NH0001465 - CWA 

316(b) Wedgewire Screen Study Plan Submission 
Date: Monday, May 01, 2017 9:46:00 AM 
Attachments: 04-12-17 PSNH Wedgewire Screen Submission Cover Letter.pdf 

Attachment 4 to 04-12-17 PSNH Wedgewire Screen Submission.pdf 

Hi Linda & Tom – 

As you have indicated, you designated Attachment 4 (Confirmatory Study Plan) to the April 12, 2017, 
letter as Confidential Business Information. In order to facilitate our referencing this document in 
our analysis and including as much of it as possible in the public administrative record for the 
Merrimack permit, we are interested in receiving a version of this document from you that redacts 
whatever you consider to be CBI information.  Please let us know if providing such a redacted 
version will be possible. 

Thank you for your consideration of this request. 

- Mark Stein 

From: DeLawrence, Tom [mailto:tdelawrence@balch.com] 
Sent: Wednesday, April 12, 2017 6:22 PM 
To: Webster, David <Webster.David@epa.gov>; Stein, Mark <Stein.Mark@epa.gov>; Houlihan, 
Damien <houlihan.damien@epa.gov> 
Cc: Taylor, Spence <STAYLOR@balch.com>; Barze, Bruce <BBARZE@balch.com> 
Subject: Public Service Company of New Hampshire, Merrimack Station Draft NPDES Permit No. 
NH0001465 - CWA 316(b) Wedgewire Screen Study Plan Submission 

All: 

Attached please find a letter from PSNH’s Ms. Linda Landis, as well as Attachment 4 to that letter – a 
document jointly prepared by Enercon Services, Inc. and Normandeau Associates outlining the scope 
of the wedgewire screen confirmatory study set to begin next month at Merrimack Station.  Please 
note that Attachment 4 has been designated as Confidential Business Information. 

A hard copy of Ms. Landis’ letter, including all of its attachments, will be provided to you via Federal 
Express overnight mail.  Attachments 1-3 have been omitted from this transmittal due to size 
restrictions. 

Please contact Ms. Landis with any questions or concerns you may have. 

Thanks, 
Tom 
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1.0 INTRODUCTION 


Enercon Services, Inc. (ENERCON) is pleased to provide this description of the 


confirmatory study for wedgewire screens at Merrimack Station, owned by Public Service 


Company of New Hampshire (PSNH).  As described in the “Wedgewire Half Screen 


Technical Memo” submitted in December 2016 (Ref. 4.1), wedgewire half screens can 


provide significant entrainment benefits at a greatly reduced cost.  As stated in that 


submittal, further design efforts and testing are planned to occur at Merrimack Station 


through the summer of 2017.  The confirmatory study for the wedgewire screen is 


planned to begin in early May.   


For the confirmatory study, ENERCON will work side-by-side with Normandeau 


Associates, Inc. (Normandeau).  As a team, ENERCON and Normandeau provide 


decades of experience completing CWW screen design and effectiveness assessments.  


Below are several items demonstrating why ENERCON is uniquely qualified to perform 


the in-river testing for Merrimack Station. 


 The team includes industry recognized technical experts on CWIS design 


assessments, and incorporates the expertise of several environmental scientists, 


engineers, and management professionals. 


 The team has interfaced with both state and federal permitting agencies / 


regulators.  The team has a thorough understanding of what is required to 


complete CWW screen testing, having performed a nearly identical scope of work 


previously. 
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 In the past decade of evaluating CWW screens, the team has accumulated 


extensive experience on their design, including their effectiveness at reducing 


entrainment via physical exclusion of organisms larger than the screen slot width, 


as well as via hydraulic bypass and behavioral avoidance due to the shape and 


hydrodynamic qualities of the screens (Reference 4.1, Attachment 1).   


Finally, the ENERCON / Normandeau team is ideally suited to perform the Merrimack 


Station confirmatory testing because it has performed a nearly identical scope of work on 


the Hudson River in 2011.  A 12-inch CWW screen was lowered from a barge to the 


appropriate depth within the water column, and a pump was used to draw water through 


the screen into a sampling tank.  A control port was used that was designed to reduce 


larval avoidance based on the lessons learned from previous field testing, and near field 


tucker trawl samples were collected over a portion of the testing period.  Barge-mounted 


pumps independently drew water from the CWW screen and control port.  Two 


independently placed Acoustic Doppler Current Profilers (ADCPs) were used to measure 


the flow field and turbulence in the vicinity of the CWW screen and control port.  The 


Merrimack Station confirmatory study will not use a barge but will capitalize on the 


experience gained during that successful study. 
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2.0 DESCRIPTION OF CONFIRMATORY STUDY 


In 2011, the United States Environmental Protection Agency (EPA) issued a draft 


national pollutant discharge elimination system (NPDES) permit for Merrimack Station. 


Since the issuance of this draft permit, several engineering and biological assessments 


have been prepared by ENERCON and Normandeau and submitted by PSNH to the EPA. 


In December of 2016, PSNH submitted the “Wedgewire Half Screen Technical Memo” 


(2016 memo), which was prepared by ENERCON with an attachment provided by 


Normandeau (Reference 4.1). This technical memo provides a high-level design 


description for wedgewire half screen implementation at Merrimack Station, 


demonstrating that the technology provides significant entrainment benefits at a greatly 


reduced cost. The 2016 memo identified that a site-specific confirmatory study would be 


undertaken to validate the biological effectiveness of wedgewire half screens at 


Merrimack Station. Available literature supports that Merrimack Station should attain 


significant entrainment reduction benefits from the installation of wedgewire half screens 


(Reference 4.1, Attachment 1). The purpose of the study identified by the 2016 memo is 


to confirm the entrainment reduction that is expected given the high ratio of sweeping 


velocity to through-slot velocity present at Merrimack Station.  


The preparation for the confirmatory study is currently underway. In order to provide the 


most relevant entrainment data, the testing will be conducted during the typical 13-week 


entrainment period, starting in early May of 2017 (Reference 4.1, Attachment 1). Due to 


the rapidly approaching start date for the testing, the preparation for the study is expedited 
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in nature and has already started. As part of this preparation process, a preliminary test 


design has been developed that includes a list of long lead time items required to support 


the testing. These items will be procured in advance to avoid delays to the testing 


schedule.  


This confirmatory study scope description includes: 


 A description of the purpose and methods of the confirmatory study; 


 Details for the major components of the study; 


 An outline of how the study will be performed; and, 


 Details on how the entrainment reduction will be evaluated. 
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2.1 CONFIRMATORY STUDY SCOPE 


The scope of the confirmatory study is to provide empirical data that quantifies the 


entrainment benefit Merrimack Station would receive if the 96-inch diameter wedgewire 


half screen design presented in the 2016 memo was to be implemented. Although the 


confirmatory study is being designed to model 96-inch diameter half screens, it is 


expected that the test will provide results that represent similar large-diameter half 


screens (i.e., screens with comparable cone angles and withdrawal elevations). The study 


will be performed at Merrimack Station beginning in May of 2017, and will continue 


throughout the typical 13-week entrainment period. The study will be conducted near the 


Unit 1 intake structure, and it is expected that the results from the test will be applicable 


to wedgewire half screen installations at both units given their proximity to each other 


and to the test screen. The empirical data will be obtained by collecting biological 


samples drawn through a test wedgewire screen that models the proposed half screens. 


The eggs and larvae collected from these samples will then be identified and counted to 


quantify the entrainment data. The entrainment data gathered for flow through the test 


wedgewire screen will be compared to control entrainment data taken from the Unit 1 


intake to determine an overall entrainment reduction for the test screen.  


The test screen used for the confirmatory study will be a 12-inch diameter CWW screen 


with a slot width of 3 mm. The screen will be made out of Z-Alloy, and is currently being 


fabricated by Johnson Screens. Johnson Screens is also fabricating the screen support 


stand used to maintain the screen in the desired location. Although a CWW screen is 
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being used as a model to represent the half screen solution presented in the 2016 memo, 


half screens remain the intended wedgewire solution for Merrimack Station. The CWW 


test screen is designed to match the parameters of the half screen as closely as possible, 


including the screen slot width, the through-slot velocity, the flow dynamics around the 


screen, and the screen elevation within the water column. A detailed evaluation for 


modeling the half screen with a CWW test screen is provided in Attachment 1. 


Samples will be taken from the Unit 1 intake structure to provide control entrainment 


data. The control samples will be compared to samples taken through the test screen, 


which provide entrainment data representative of the proposed half screens. The test 


screen will be installed in the vicinity of the Unit 1 intake and a pump will be used to 


draw flow through the screen at a flow rate that provides a through-slot velocity of 


approximately 0.4 fps, matching the through-slot velocity of the proposed half screens. 


The control samples and test screen samples will be collected as near simultaneously as 


possible, and will be processed by Normandeau to provide detailed entrainment data. An 


ADCP study will be performed concurrently with the confirmatory study, and the current 


data will also be processed and reported by Normandeau. 
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2.2 TEST COMPONENTS 


The parameters of the confirmatory study will match the parameters of the proposed half 


screen design as closely as possible to provide an accurate model. The major components 


of the test and the associated model parameters are described in the sections below.  


2.2.1 Test Wedgewire Screen and Location 


The proposed wedgewire screen solution presented in the 2016 memo includes the 


installation of 96-inch diameter half screens with a slot width of 3 mm. Due to cost, 


engineering, and schedule restrictions, it is not practical to use a full 96-inch diameter 


half screen for the confirmatory study. Therefore, a smaller and readily available 


wedgewire screen will be used during testing as a model for the proposed half screens. In 


order for the smaller screen to serve as an accurate model for the proposed half screens, it 


must match the primary parameters of the half screen as closely as possible. These 


parameters include the screen’s slot width, the through-slot velocity, the flow dynamics 


around the screen, and the screen elevation within the water column.  


A 12-inch diameter CWW T-shaped screen has been selected as the model screen for 


testing. A detailed evaluation for why a 12-inch cylindrical wedgewire screen will 


provide similar hydraulic bypass characteristics to the proposed half screen design is 


provided in Attachment 1. In addition, Attachment 1 discusses why the use of a 


cylindrical screen is preferred to a half screen for the testing.  It is critical that the flow 


profile over the 12-inch test screen be as similar as reasonably possible to the anticipated 


flow profile over the 96-inch half screen while maintaining the required height within the 
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water column.  The use of a full cylinder and a simple, unobtrusive support system 


provides this. See Attachment 1 for further information.  As described in Attachment 1, 


the analysis provided is applicable for the 12-inch diameter CWW screen and support 


stand that will be placed in the Merrimack River under typical river flow conditions (i.e. 


laminar flow).  


The 3 mm slot width screen will have a design through-slot velocity of approximately 0.4 


feet per second (fps), matching the half screen design presented in the 2016 memo. 


Designing the model screen to match the through-slot velocity of the proposed half 


screens is important because the ratio of sweeping velocity to through-slot velocity has 


been shown to have a large impact on the amount of entrainment reduction observed due 


to hydraulic bypass (Reference 4.1, Attachment 1). Testing a through-slot velocity that 


matches that of the proposed half screen design is important so that the hydraulic bypass 


effects observed during the test are applicable to the full-scale design.  


Although the construction drawings for the test screen are currently being finalized by 


Johnson Screens as part of the on-going procurement process, it is expected that the 


screen will have an overall length of approximately 35 inches. This length includes two 3-


inch long cones attached to each end of the screen, intended to improve the hydraulic 


flow pattern around the screen. These cones will be fabricated with the same angle as the 


cones included in the proposed half-screen design, so that a similar flow pattern will 


occur around the test screen. The screen will have a 6-inch diameter outlet which will be 


connected to the test pump by piping and/or flexible hosing. 
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The test screen is being fabricated out of Z-Alloy, matching the design presented in the 


2016 memo. This allows the amount of biofouling that could occur on the proposed half 


screens to be modeled during the testing. The amount of biofouling that occurs during the 


confirmatory study could help to inform the design of the air burst system (ABS) that is 


currently included in the half screen design to help dislodge debris and prevent 


biofouling. It is important to note, however, that due to the brief duration during which 


the screen will be placed in the river, the test screen used in the confirmatory study will 


not be equipped with an ABS. Therefore, although the test screen is made out of the same 


material as the proposed half screens and is constructed with the same slot width, 


increased biofouling may be observed due to the lack of an ABS.  


Due to the head loss through the wedgewire screens and associated piping, it is likely that 


the water level in the intake bay would decrease if the proposed half screen design were 


to be implemented. This intake bay drawdown could be amplified if significant blockage 


of the screens due to biofouling or debris were to occur. To help inform any potential 


impacts on drawdown within the intake structure due to biofouling and debris blockage, 


the head loss through the screen assembly will be monitored throughout the test. If the 


head loss across the screen becomes too high, it is possible that the screen could be 


damaged by the suction force of the pump. Therefore, if the head loss across the screen 


increases unexpectedly then the screen will be inspected and cleaned as required. 


In addition to drawdown concerns, biofouling and debris blockage could also cause the 


screen to have higher localized through-slot velocities than designed, potentially reducing 
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the effectiveness. If excessive biofouling were to occur due to the lack of an ABS on the 


test screen, the results of the test could under-predict the actual entrainment reduction that 


would occur for the full half screen design. Although the head loss measurement will help 


assess potential drawdown issues caused by the screens, it is not a direct indicator of 


screen blockage, as it is expected that over 50% of the screen would need to be blocked 


before the head loss would be noticeably impacted. Therefore, the possibility of using 


divers to visually monitor the screens periodically for biofouling and blockage will be 


reviewed during the detailed design of the study and included as appropriate. 


In order to serve as a model for the half screens, the test screen will be located as close to 


the proposed location of the half screens as practical. The test screen will be placed in the 


vicinity of the Unit 1 intake structure, which is shown in the figure below. The screen will 


be placed at a distance from the shore that is representative of the expected location of the 


proposed half screens, and will be at an elevation in the water column that matches that of 


the half screens. Section 2.2.2 provides more details on how this elevation is determined 


and achieved.  
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Figure 1: Intakes 1 and 2 at Merrimack Station1 


When the screen location is finalized during the detailed design, the hydraulic zone of 


influence (HZOI) of the Unit 1 intake will be analyzed and considered. To analyze the 


HZOI of the Unit 1 intake, a 90° arc that extends outward from the intake mouth is 


considered. For a given radius of this arc, R, the velocity of water at the perimeter of the 


arc caused by the intake flow can be estimated (see Figure 2). This intake velocity is 


estimated by dividing the intake flow rate by the entire flow area, or the area of the arc. 


                     
1 Image courtesy of Imagery ©2017 Google, Map data ©2017 Google 
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Figure 2: Example HZOI Analysis Figure 
 


To determine how far from the intake the test screen must be placed, the radius of this arc 


will be extended until the estimated velocity due to the intake flow is acceptably small 


compared to the sweeping velocity of the river. In addition to the HZOI analysis, a team 


of divers will also be used to inspect the river bottom and assist in finding a suitable 


location to place the test screen. The screen will be located as close to the proposed half 


screen location as possible, but may need to be moved further upstream based on the 


diver observations or to avoid the hydraulic influence of the Unit 1 intake operation. As 


part of the HZOI analysis, it will also be confirmed that any discharge returned to the 


river will be returned in a location where it does not have an appreciable impact on the 


test or control samples.  
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2.2.2 Test Screen Support Stand 


In order to support the test CWW screen and assure that it is maintained at the proper 


elevation in the water column, a custom support system has been designed and procured 


along with the screen itself. The support is being fabricated by Johnson Screens, and it is 


designed so that the screen will be at an elevation in the water column that is 


representative of the proposed half screen installation. The proposed half screens are 96 


inches in diameter and would be placed flush with the river bottom. The centroid of a 


half-circle with respect to the vertical direction (y-bar) is defined as 4r/3π (Reference 4.2), 


which would be a height of approximately 20-3/8 inches. 


 


Figure 3: Centroid of a Semicircle 
 


Therefore, the centerline of the cylindrical test screen will be elevated approximately 20-


3/8 inches above the river bottom to match the centroid of the half screens that it is 


modeling. In order to adequately support the screen at this elevation, the support stand is 


designed as a tripod system that will be welded onto the outlet pipe of the screen. The use 


of a tripod allows for a more stable, wobble-free configuration. Each leg of the tripod is 


comprised of a 3/4-inch pipe and a 1-¼ inch rod that are joined together by a bushing, and 


welded to the wedgewire screen approximately halfway down the outlet pipe, extending 
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below the screen. The legs are sized and cut at angles such that the centerline of the 


screen is located at a height of approximately 20-3/8 inches above the river bottom.  


The screen will be oriented so that the axis of the screen is parallel to the predominant 


direction of the river current. The orientation of the screen and the centerline height will 


be confirmed by divers when the screen and support stand are installed in the river during 


construction. Although the orientation and centerline height of the screen may vary 


slightly during the test due to the dynamic nature of the river, these variations are 


expected to be small and not impact the validity of the test results. The possibility of 


using divers to visually monitor the screens periodically for significant changes to the 


screen orientation or centerline height will be reviewed during the detailed design of the 


study and included as appropriate.  


Each of the three legs of the tripod will connect to a footing sized so that the downward 


force on the soil is evenly distributed. This will help to support the screen in the event 


that it is placed on softer soil. Each of the three footings will have a size of 6 inches by 6 


inches. This results in a total affected area of 108 square inches for the entire support 


stand, or less than 1 square foot. 


The proposed half screen solution is anticipated to be placed up to 80 feet into the river 


from the existing face of the screen house. A detailed evaluation of the zone of influence 


(ZOI) of the Unit 1 intake flow has not yet been completed. It is possible that the ZOI 


extends beyond the proposed half screen location, causing the test screen to be placed 
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further upstream along the shoreline. Assuming that the length of hose in contact with the 


river bottom does not exceed 80 feet, and that the hose has a diameter of 6 inches and lays 


flat, approximately 40 square feet of area would be affected. Therefore, the affected area 


for the entire test setup is expected to be 41 square feet or less.  


2.2.3 Test Pump 


Based on testing experience, Normandeau has recommended an electric solids handling 


pump with an open type impeller to be used for the confirmatory study. This type of 


pump has been used in previous in-river testing performed by Normandeau, and has 


successfully provided the required flow with very limited damage to the entrained eggs 


and larvae. Initial investigations into the availability of this type of pump have indicated 


that it is readily available. 


Solids handling pumps, like the one recommended by Normandeau, are often used for 


pumping fluids with concentrations of solid materials, including applications where the 


suspended solids must be handled with a minimum amount of breakage or degradation 


(Reference 4.3, Page 6-6). These pumps have a substantial clearance between the impeller 


and pump casing, allowing solids up to the size of the clearance to be passed through the 


pump without impact. This type of design minimizes the damage that eggs and larvae 


experience when passing through the pump.  


Based on input from Johnson Screens, a flow of approximately 400 gallons per minute 


(gpm) is required to create a through-slot velocity of approximately 0.4 fps (see Section 


2.2.1) for the test screen. Therefore, the pump will be sized to provide a flow of at least 
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400 gpm at the expected system head loss. The system head loss is estimated by 


considering pipe/hose losses, losses associated with valves and orifices, as well as losses 


due to elevation changes between the screen and the sampling nets.  


The test setup will allow flows from both the test screen and control to be throttled to 


match each other, so that both samples can be taken at the same time and collect 


approximately the same volume of water. Any bypass flow that occurs as a result of 


throttling will be returned to the immediate shoreline of the river.  


2.2.4 Acoustic Doppler Current Profiler 


An ADCP will be used during the study to record continuous three-dimension water 


velocity measurements. ADCPs use the Doppler effect to measure water velocity by 


transmitting sound at a fixed frequency and listening to echoes that return from sound 


scatterers in the water. These sound scatterers are solids floating in the water, such as 


small particles, and, on average, move at the same horizontal velocity as the water 


(Reference 4.4, Page 6). The deployed ADCP will measure the current velocity in depth 


cell layers by internally solving the Doppler shift in frequency of the acoustic echo return 


signal from each depth cell. The velocity will be measured at a depth approximately equal 


to the centerline of the test screen. Retrieval of the ADCP for data download will be 


scheduled to occur approximately monthly from May 1st through August 31st to represent 


the typical entrainment period.  
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2.3 TESTING APPROACH AND ANALYSIS 


Both the control and testing samples will be taken in the vicinity of the Unit 1 intake 


structure. The testing samples will be drawn through the test wedgewire screen, which 


will be located at an elevation in the water column representative of the proposed half 


screen design. The type of pump used for these samples is based on Normandeau’s 


operating experience, and will be sized such that the through-slot velocity in the test 


screen matches that of the proposed half screen design. As detailed in the Normandeau 


memo in Attachment 2, the control sample will be taken in accordance with the sampling 


design and methods used to collect data for the May 2006 through June 2007 


Normandeau entrainment abundance and survival study. The samples will be collected as 


simultaneously as possible, ensuring that the control samples are representative for the 


obtained testing samples. 


As described by Normandeau in Attachment 2, the samples will be taken during various 


parts of the day during a 13-week sampling period, and each collected sample will be 


approximately 100 cubic meters. Each sample will be filtered through a 0.300 mm mesh 


net and into a collection tank. The collection tanks will be filled with river water to help 


buffer the flow and ensure that the eggs and larvae remain in good condition. The nets 


will be changed out frequently and washed with filtered water to collect the sampled 


material into labeled jars. The captured eggs and larvae will then be collected, preserved, 


and transported to a laboratory for analysis. More detail on the procedure and schedule for 


collecting samples is provided in Attachment 2.  
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Once the samples have been filtered, the water is pumped to the Unit 1 fish handling and 


return system, which discharges to Outfall 004. Any excess flow that is not filtered is re-


routed and also discharged to Outfall 004. The flow rate required for the test screen to 


achieve a through-slot velocity of 0.4 fps is approximately 400 gpm (Section 2.2.3). The 


control sample flow will be throttled to 240 gpm, meaning that a total of 640 gpm of flow 


could be discharged when samples are being taken. Therefore, it is estimated that 


approximately 921,600 gallons per day of discharge to Outfall 004 could be required 


when samples are actively being collected.  


The analysis of the samples will consist of identifying and counting the collected eggs 


and larvae, for both the control and test samples. According to Normandeau’s Attachment 


2, only ichthyoplankton that were alive at the time of collection will be identified and 


counted. The analysis will be subject to quality controls that dictate which samples are to 


be subsampled, how measurement equipment will be calibrated, and the percentage of 


allowable counts in the final data that exceed tolerance. Attachment 2 provides detailed 


information on the analysis processes and the quality controls that will be implemented. 


The processed data for the sample sets will then be compared, and an entrainment 


reduction due to the wedgewire screen will be calculated. The analysis will also 


incorporate the current flow data acquired through the ADCP, and will investigate the 


relationship between the velocity of the sweeping flow and the observed reduction in 


entrainment.  
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Once the analysis is complete, the processed data and calculated entrainment reduction 


results will be presented in a test report document prepared by Normandeau. These results 


will then be available for use to help fully inform the best technology available (BTA) 


evaluation at Merrimack Station and the potential implementation of the half screen 


design presented in the 2016 memo.  
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3.0 SCHEDULE 


The table below presents a preliminary schedule for the confirmatory study preparation 


and sample collection. Note that the test design and preparation have already begun, and 


the long lead time items are being constructed so that the testing schedule is not delayed. 


The testing is scheduled to begin in early May, and will last approximately three months 


to fully encompass the typical 13-week entrainment season.  


Table 1: Preliminary Confirmatory Study Schedule 


Milestones  Target Start Duration 


Procurement and Construction 1/23/17 ~3 months 


Sample Collections Early May ~3 months 
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Attachment 1: Wedgewire Screen Hydraulic Evaluation 


As discussed in the 2016 memo (Ref. 4.1), two 96-inch half screens are proposed for installation 


at Unit 1, and five such screens are proposed for Unit 2.  Due to cost, engineering, and schedule 


restrictions, it is not practical to use a full 96-inch diameter half screen for the confirmatory 


study. A 96-inch screen is very large – for reference, a smaller 84-inch half screen is shown 


below in Figure 4.   


 


Figure 4: Johnson Screens Half T-84HCE screen 


To preclude the need to purchase a 96-inch half screen for the confirmatory test, a smaller screen 


will be used.  A 12-inch screen manufactured by Johnson Screens is analyzed for acceptability 


within this attachment. A small screen is necessary for the in-river testing due to the limitations 


on the size of the confirmatory study equipment that can be readily procured and installed and the 


requirement that this equipment produce a through-slot velocity of approximately 0.4 fps.   
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Based on input from Normandeau and previous entrainment studies, the entrainment density can 


vary substantially with location in the water column, and with location from shore.  In order to 


appropriately replicate the conditions that the proposed 96-inch half screen would experience, the 


test screen should be located and supported in a way that matches as many of these parameters as 


possible.  In order for the test 12-inch screen to be located at a representative height within the 


water column, a support system is required to elevate the 12-inch test screen above the river 


bottom.  This tripod support system is described in Section 2.2.2. 


Half screens can be manufactured that are 12 inches in diameter, but a 12-inch half screen would 


still need to be supported above the river bottom to achieve the correct height within the water 


column.  In addition to matching the location within the water column, the 12-inch test screen 


should be installed in such a way that the flow profile is similar to that of the proposed 96-inch 


half screen.  The anticipated flow profile over a 96-inch half screen, with cone deflectors on each 


end of the screen, is smooth and includes no abrupt changes in direction of the flow near the 


screen.  This is shown in Figure 5 below. 


 


Figure 5: Anticipated flow profile over the 96-inch half screen, mounted flush to the river 


bottom 


 A variety of configurations using a 12-inch half screen were investigated to determine which, if 


any, can provide a similar flow profile over the screen.  The goal was to support the screen in a 
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way that achieved the proper water column height and provided a smooth flow profile without 


any abrupt changes in direction.  See Figure 6 for several configurations that were investigated. 


 


Figure 6: Flow profiles for various wedgewire screen configurations 


Arrangement A: If a 12-inch half screen were to be supported above the river bottom, the flat 


surface on the bottom of the screen has the potential to create a wake zone beneath the screen, 


depending upon the exact flow direction and approach angle.  The wake zone beneath the screen 


could potentially disrupt the flow dynamics around the screen, and alter the hydraulic bypass 


behavior of the screen.  This could lead to a condition in which the flow behavior is non-


representative of the proposed 96-inch half screen.   


Arrangement B: Installation of a solid body beneath a half-screen would resolve the wake zone 


beneath and/or near the screen.  However, the blunt body beneath the screen could create a 
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significant flow disturbance upstream of the screen.  It is unknown how this would affect the 


flow dynamics near the screen.  A gradual ramping-up, instead of a step, was also considered.  


However, this design may have the potential to create a region of accelerated flow in the area of 


the screen (similar to a venturi).  This may create a non-representative condition.   


Arrangement C: Installation of a cylindrical screen would allow the screen to be elevated above 


the river bottom, and would allow for a smooth flow profile to be maintained on all sides of the 


screen, similar to the proposed 96-inch half screen.  The method for supporting the 12-inch full 


cylindrical screen would need to be configured such that a large disturbance is not created 


upstream of the screen.  For this reason, a small, unobtrusive support system would be 


recommended.  The test screen support system is discussed further in Section 2.2.2. 


As discussed above, a 12-inch cylindrical screen is best-suited to represent the expected flow 


profile over the proposed 96-inch half screens in a way that avoids having to install a full-scale 


screen in the river.  Qualitatively, supporting the 12-inch cylindrical test screen with an 


unobtrusive support system allows a smooth flow profile to be achieved while elevating the 


screen centerline to the appropriate location within the water column.  However, having a smooth 


flow profile does not in itself guarantee that the bypass characteristics of the two screens will be 


similar.   


A study was conducted to examine the similarities between the anticipated flow profiles between 


the 12-inch and 96-inch screens with cone end deflectors.  The purpose of the cone ends is to 


deflect flow around the screen in a more hydrodynamic manner to reduce drag and improve 
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entrainment performance characteristics.  The deflection of the flow is a key contributor to the 


hydraulic bypass effect of wedgewire screens.  The size difference between the screens (12 


inches versus 96 inches) and cone angle were investigated to determine if any adjustments should 


be made to ensure that the bypass flow characteristics would be similar between the two. 


 


Figure 7: Bypass flow characteristics around wedgewire screen: boundary layer separation 


angle (Ref. 4.5) 


For the study, the angle at which the flow is deflected from the screens by the cone deflector was 


studied in detail.  This was investigated by calculating the boundary layer thickness using 


axisymmetric flow theory.  When a free-flowing liquid interacts with a solid surface, a boundary 


layer forms near the interface in which there is less velocity and momentum than in the free 


stream.  The angle at which this boundary layer forms relative to the screening surface is 


considered in this evaluation as an indicator of how entrainable organisms would bypass the 


screening surface.  The momentum thickness is a measure of the boundary layer thickness, and is 
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theoretically defined as the distance by which the solid body would have to be displaced into the 


flow to account for the loss of momentum due to the boundary layer formation.   


The momentum thickness (δ2) is mathematically defined as follows (Ref. 4.5): 


dy
U


u


U


u










 





1
0


2  


Where: 


δ2 = Momentum thickness 


u = Local flow velocity parallel to the surface 


U = Free stream velocity parallel to the surface 


y = Distance perpendicular from the surface into the flow 


The momentum thickness for flow over a cone was investigated (see left side of Figure 7).  A 


solution to the boundary layer under this configuration is possible using a Mangler 


Transformation, which enables axisymmetric flow to be interpreted from an equivalent two-


dimensional flow.  The cone angle for the screens is custom for each installation and can be 


determined during detailed design.  For the purposes of this investigation, a constant angle of 90° 


is assumed based on photographs and drawings of wedgewire screens.  Based on this assumed 


input, a half-angle (Ɵ0) of 45° is utilized (see left side of Figure 7). 


Based on the information provided in Table 10-6 of Reference 4.5, the following relationship 


was developed between the half-angle and the value n used in the Mangler Transformation.   
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Figure 8: Relationship between cone half-angle and the “n” coefficient used in the Mangler 


Transformation 


From the literature, a curve fit was created so that the two parameters could be quickly related.  


From the coefficient n, the equivalent two-dimensional flow parameter β can be defined by the 


equation below (Ref. 4.5).  


 
2


12









n


n
  


Where: 


β = Two-dimensional flow coefficient 


n = Dimensionless coefficient 


The value of β can be used as an input for the similarity solution for a two-dimensional boundary 


layer.  Specifically, the similarity solution for a dimensionless momentum boundary layer profile 
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(δ*
2) was utilized.  Similar to the previous relationship, a curve fit was created from the values in 


Table 10-5 of Reference 4.5 to allow for a quick relationship to be defined. 


 


Figure 9: Similarity solution for two-dimensional boundary layers 


Based on this relationship, a dimensionless momentum boundary layer thickness (δ*
2) can be 


determined from any two-dimensional flow parameter β.  The final step is to apply the boundary 


conditions (i.e., geometry and velocity) to the solution.  The solution for the momentum 


thickness (δ2) is determined using the following equation (Ref. 4.5). 


  *


2


2/1


2/1


2 2 



 












xU
x  


Where: 


δ2 = Momentum boundary layer thickness (ft) 
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β = Dimensionless two-dimensional flow coefficient 


x = Distance from edge of cone along inclined surface (ft) 


v = Kinematic viscosity (ft2/sec) 


U = Free stream velocity (ft/s) 


δ*
2 = Dimensionless momentum boundary layer thickness 


 


 


Figure 10: Momentum boundary layer thickness visualization 


Based on the methodology described above, conditions for both the 12-inch cylindrical screen 


and the 96-inch half screen were used to determine the momentum boundary layer thickness at 


the location where the inclined surface (i.e., the cone) meets the flat surface (i.e., where the 


screening material begins).  The inputs and results are presented below in Table 2. 
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Table 2: Momentum boundary layer thickness analysis inputs and results 


Parameter 
Test 


Screen 


Proposed 


Half Screen 
Notes 


Diameter (in.) 12 96  


Cone Angle (deg) 90 90 Estimated based on photographs 


Kinematic Viscosity (ft2/s) 1.22E-5 1.22E-5 
Based on 60°F water (Ref. 4.6, P. A-


122) 


River Velocity (ft/s) 2.9 2.9 


Based on average velocity reported in 


December 2016 Wedgewire Half Screen 


Technical Memo (Ref. 4.1) 


Maximum “x” (ft) 0.71 5.66 
Location at which boundary layer 


thickness is solved 


Momentum Boundary Layer 


Thickness at Maximum “x” 


(in.) 


0.012 0.033  


Angle of separation with 


respect to cone surface (deg) 
0.945 0.336  


Angle of deflection with 


respect to horizontal (Ɵ) 


(deg) 


45.945 45.336  


In summary, while the boundary layer thickness is greater for the 96-inch screen due to the 


greater length over which the boundary layer is able to develop, the angle of separation is not 


significantly different.  Further, the angle of deflection Ɵ is dominated by the cone angle (90/2 = 


45).  Therefore, as long as the cone angles are equal, the angle of separation will be very similar 


between the two screens.  It is critical that the cone angles of the test screen and proposed half 


screen match exactly.  This will also help ensure that the flow disturbances between the conical 


and cylindrical surfaces are similar between the two screen types.  Discussions with Johnson 


Screen have indicated that this angle can be custom for any installation.  Therefore, this critical 


parameter can be matched between the two screens. 
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In conclusion, because the angle of deflection is similar between the 12-inch cylindrical and 96-


inch half screen, the difference in size does not significantly affect the bypass flow characteristics 


of the screen.  Therefore, the use of a 12-inch cylindrical screen supported by an unobtrusive 


support system is hydraulically acceptable to mimic the flow characteristics of the proposed 96-


inch half screen system.  Note that the above analysis does not apply to conditions where the 


incoming river flow is initially turbulent (i.e., non-laminar).   
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