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Project Overview

Project Summary Project Information

The project lowers the time, cost and risk of small hydropower development. Sites will Principal Investigator(s)
deliver benefit to the economic, environmental and community health by shifting small David Duquette (LPS)
hydropower from the traditional site-specific design framework to the selection and Ryan Cook (LPS)

installation of an engineered product: The standard modular hydropower (SMH) facility
design supports selection and configuration of modules for generation, water passage, Project Partners/Subs
sediment passage, fish passage, and recreation. The project included development of the
modules, configuration tools, environmental analysis and economic analysis. These
analyses are now integrated into a standard process for application at future sites.

Kootznoowoo, Inc.

Electric Power Research Institute
Oak Ridge National Lab

Alden Research Laboratory

Intended Outcomes * Rickly Hydrological
* GZA GeoEnvironmental
* Innovations in technology, product, and process will lower the time, cost and risk of . Avista

small hydropower development. Specific outcomes will include the following:

* |dentify suitable sites for the application of the SMH Technology

* Design of modules and system of plans, specifications, work instructions and
installation modules Complete, pending final report

* Configure site and develop plans and specifications for reference sites

*  Memorialize and streamline the plans, specifications and tools

- Environmental analysis of the project to ensure applicability, sound mitigation of ~ * Project Start Date: Sept. 5, 2019
environmental risks and net community benefit from the station Project End Date: June 30, 2022

Total Costed (FY19-FY21)
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McMillen Jacobs

Project Status

Project Duration

$700,427




Project Objectives: Relevance

Relevance to Program Goals: LPS’s SMH project supports the following WPTO goals

: . * Deployment of new technology with revolutionary
!nnovattlr?rés for low improvements in cost and environmental performance due
Impact nydropower to adoption of standardization and modularity principals

growth - 2021 - 2025 * Upgrades at existing hydropower plants (Walker Mill Dam)

* Revolutionary cost improvement via standardization and
modularity

* Powering currently non-powered dams
* Development of new stream-reaches

Innovations for low-
Impact hydropower
growth - 2026 - 2030
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Project Objectives: Approach

Approach:

The approach is to use prefabricated, standard modules that are configured to fit a variety
of sites.

Modularity is not new to hydropower. The criteria for modularity to bring value is:
— The integration brings real value,

— Costs are truly lowered not eliminated,;

— There is suitable flexibility to allow for some site wise development while maintaining
standard designs and the resulting economies of scale;

— There is a suitable process to ensure site fit, as custom field work goes against the
standard approach.
While most “modular” designs are traditional designs with some amount of factory
manufactured staging, the LPS approach investigated in this project creates a sub-set of

intrinsically integrated engineered products that are selected, configured and installed at a
site.
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Project Objectives: Expected Outputs and Intended Outcomes

Outputs: Outcomes:

* Integrated system of engineered * Hydropower plants get built as the lower
equipment to build hydropower sites LCOE supports more plants with investable
(plans, specs, manufacturing prints, economics
routing, BOM, and cost model) « Greater, environment friendly communities

« Standard design workflow to select, « Concurrently, economic goals of the
configure, document and plan for projects are validated (it costs what we say
installation it will and delivers the promised output)

* Validated work instructions for installation, |/« The community and economic benefit
operation and maintenance create a virtuous cycle

e Standard energy, environmental,
engineering and economic reporting
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Project start 9/5/19

Down selected from 7000
to 168 sites

Reviewed module designs
with potential fabricators;
obtained rough quotes

Finalized site selection:
2 replication sites,

1 active development site
Visited Thayer Creek

|dentified substantial cost
challenges and potential
path to meet

ICC=$3500/kW goal

Project Timeline

Defined site criteria

Redesigned modules for
cost reduction; submitted
drawing set

Developed facility design
calculator for rapid facility
concept designs

Project completed successfully on 6/30/22.
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Granted an extension to

6/30/22




Project Budget

Total Project Budget - Award Information

DOE Cost-share Total
$1,000 K $276 K $1,276 K
FY19 FY20 FY21 Total Actual Costs
FY19-FY21
Costed Costed Costed Total Costed
$21 K $386 K $294 K $701 K

* This project has been a tremendous opportunity to partner with Kootznoowoo, Inc., who has supported this
project with a traditional small hydropower facility design for Thayer Creek through funding provided by the
Alaska Energy Authority, totaling $184,698 in cost share as of 6/15/22.
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End-User Engagement and Dissemination

Market Opportunity

Upgrade of existing sites (0.5 - 10 Megawatt Sites) 7 GW: The fastest opportunity is in the upgrade of existing sites. LPS
products are designed to support development of these projects. We provide the equipment and then support the fleet
with service contracts. The technical capabilities developed on these projects also support additional, higher growth
projects. The operating Hurley Dam and Mill Pond projects are examples of this project type.

Non-powered dams (200 kw to 10 Megawatt)| 12 GW of potential, $31.5 BN investment: Only 3% of the 80,000 dams in the
US are outfitted with equipment to generate power. The US DOE estimates that there are 12 GW of economically realizable
potential. There is an additional 4GW in existing conduits like municipal and industrial water systems. LPS equipment lowers the
time, cost and risk of developing these assets. The ongoing Walker Mill Dam and Flannagan Projects are examples of this sort of
site.

Current Projects McCoy Mill, Franklin WV - 20 kW
Whiskey Bay, Bella Coola BC - 15 kW
J.W. Flannagan Dam, Haysi VA - 1.4 MW
Little River, Troy NC - 350 kW

Mill Pond, Leeds NY - 500 kW

Burt Dam, Olcott NY - 1.1 MW

/i ﬂ Ward Hydro, Salt Lake City UT - 30 kW
e e S S Falling Springs, Covington VA - 500 kW
" o imes Walker Mill Dam, Schuyler VA - 750kW

Scott’s Mill Hydro, Lynchburg VA - 4.5MW
Town of Carbondale CO - 40kW

Greenfield sites

* AK opportunities for islanded
communities and diesel
integration

* Projects at less than
S$2000/kW have suitable
economics

* Avista engagement on
costing and site evaluation
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End-User Engagement and Dissemination (cont.)

* Project results will be disseminated through:
* patent applications and awarded patents that will publish
» product offers for sale with information available on littoralpower.com, at trade shows, conferences, and
* a public version of the final technical report that will be available at osti.gov.

DR LITTORAL
insn
SYSTEMS

WATER POWER DONE RIGHT.
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Performance: Accomplishments and Progress

Nameplate capacity
(flow and hydraulic
head)

Modeled installed
capital cost per
nameplate capacity

Est. construction
timeline

Replication - same
type of modules

Passage - water,
fish, recreation
craft, sediment

Water quality

Co-benefits beyond
generation

<10 MW (e.g. upto
5,000 cfs and up to

30 ft. hydraulic head)

< $3,500/kW
LPS goal <
$2,000/kW

< 2 yr from site prep.
to commissioning

Multiple (2 or more)
U.S. sites

Safe and timely

No degradation

At least one

Spokane River, Spokane WA: 7.44 MW, 19.5" head, 4500 cfs
Balcony Falls, Glasgow VA: 5.95 MW, 19.5’" head, 4000 cfs
Remote AK: 1.1 MW, 42’ head,

Spokane River: $1,928/kW
Balcony Falls: $3,798/kW (<$3500/kW possible*)
Remote AK: 30-35% less than traditional

* with lower cost fixed crest water passage modules

Presently estimating 6 months or less

Three sites use some of the same type of modules
Two sites use the same modules; addition of modular recreation passage at one

Crest gate passes water, downstream fish, debris
Knife gate passes sediment and low water
Recreation passage concept defined

EPRI analysis confirms no degradation
Remote Site - Econ Dev for Native Village

Balcony Falls - Paddler safety, head pond recreation
Spokane River - Head pond recreation, irrigate golf course
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Performance: Accomplishments and Progress (cont.)

* Products resulting from the project: standard specifications; submittal
drawings; and installation, operation and maintenance manuals

e R F— =
PRODUCT TECHNICAL DOCUMENTATION AND SCOPE OF SUPPLY e — EC!FICATIO?;‘""" CTANDARD SPECIFICATIONS STANDARD SPECIFICATIONS STANDARD SPECIFICATIONS
Sediment Stack Modules MODULAR BAR SCREEN ASSEMBLY Pressure Box Module — ‘Switchgear Module
S —— R ettt e e s e e e ————

«  H-MODULOR(TM) SEDIMENT STACK (MODULE 01150) b —— .

I. 8.5.01150.04-PRODUCT SPECIFICATION ) INSTALLATION, OPERATION AND ) .

Il. 85.01150.07-PRODUCT SUBMITTAL DRAWING ) MAINTENANCE MANUAL INSTALLATION, OPERATION AND B :

11l. 8.5.01150.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANGCE MANUAL 8 MAINTENANCE MANUAL B e tvimie - B e

) MODULAR SEDIMENT STACK i — L oo

+  H-MODULOR PRESSURE BOX (MODULE 01130) ond BAR SCREEN © P —

I. 8.5.01130.04-PRODUCT SPECIFICATION n o " e Foer S S Spesin oo

Il. 8.5.01130.07-PRODUCT SUBMITTAL DRAWING ) - s manees S o et s s

1il. 8.5.01130.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANCE MANUAL e o scons - " o
«  H-MODULOR KNIFE GATE (MODULE 01114) + s e

I. 8.5.01114.04-PRODUCT SPECIFICATION - Smmmm—————

Il. 85.01114.07-PRODUCT SUBMITTAL DRAWING cad :

Iil. 8.5.01114.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANCE MANUAL — et ot -

PROECT NAME: Thayer reek CUMENTTAG TS i

«  H-MODULOR BAR SCREEN (MODULE 01160) PROICTLOCATON Angoon A PROIECT PONT OF CONTACT: T80 T I——————

I. 8.5.01160.04-PRODUCT SPECIFICATION . .

Il. 8.5.01160.07-PRODUCT SUBMITTAL DRAWING I o 1 R B —— -

1il. 8.5.01160.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANCE MANUAL STANDARD SPECIFICATIONS b STANDARD SPECIFICATIONS oo st o sy st o o

Knife Gate al MODULAR HYDRAULIC POWER UNIT E———— e

«  H-MODULOR SWITCH GEAR (MODULE 01200} e et e e i o i R et ———— INSTALLATION, OPERATION AND il

. 8.5.01210.04-PRODUCT SPECIFICATION T — MAINTENANCE MANUAL

Il. 85.01210.07-PRODUCT SUBMITTAL DRAWING REAKT™ TURBINE

1l. 8.5.01210.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANCE MANUAL T ST INSTALLATION, OPERATION AND

RGNS MAINTENANCE MANUAL e

« REAKTV TURBINE (MODULE 02100} :

I 85.01210.04-PRODUCT SPECIFICATION L MODULOR HPU

Il. 85.01210.07-PRODUCT SUBMITTAL DRAWING . -

1il. 8.5.01210.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANCE MANUAL o s S
« MODULAR HPU (MODULE 01350) R -

I. 8.5.01350.04-PRODUCT SPECIFICATION -

Il. 8.5.01350.07-PRODUCT SUBMITTAL DRAWING | - R T e

1il. 8.5.01350.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANCE MANUAL e - RO LGN g

o o et o e conact o0

« CONTROL SYSTEM INCLUDING K-IOT(TM) CONTROLLER (MODULE 01220) _ =TI, B Y - s e

I. 8.5.01210.04-PRODUCT SPEGIFICATION ‘ e oo e ¢ R

II. 8.5.01210.07-PRODUCT SUBMITTAL DRAWING oot er e TER e ™

1il. 8.5.01210.09-PRODUCT INSTALLATION, OPERATION AND MAINTENANGE MANUAL
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Performance: Accomplishments and Progress (cont.)

* Products resulting from the project: sold, fabricated and installing hardware

turbines turbines
2100 REAKT i‘:’:@ 2100 REAKT %3:?
Flow: 10-500 cfs | Head: 10-50 feet

Flow: 10-500 cfs | Head: 10-50 feet
Reg]d' B technical features
SYSTEMS

Scalable Generator

The submersible Permanent Magnet Generator (PMG)
design includes module stacks to allow the easy expansion
of the generator to match the site operating conditions.

Reat
B
Bl S STENS

Reakt is a flexible, efficient,

easy to install turbine for new

sites or environmentally friendly
upgrades.

Direct Drive
Direct turbine drive eliminates the efficiency loss and cost
of a gear box

Intelligent Operation

Onboard sensors monitor performance for system health and
ongoing optimization. \When the variable speed generator is at full
load the unit can shift to synchronous operation improving
efficiency and adding spinning reserve capability.

Wicket Gate and bearing assembly

The simple design maximizes reliability while lowering
maintenance and precise flow regulation. The integrated
bearing holder accommodates standard bearings of various
types to afford the user flexibility.

Reakt Runner

The fixed blade runner and flexHybrid blade technology
bring site-optimized blades at a fraction of the traditional
cost for machined blades.

REAKT 18 15-175 15-50 10-50 18
REAKT 32 50-400 51-100 10-50 32
REAKT 40 75-650 101-200 10-50 40
REAKT 52 150-1,000 201-500 10-50 52

Reakt™ Turbine Characteristic Curve
Reakt Turbine Selection Chart
AXT: dual regulation (RPM/flow)

> 08 g
§ 06 ~ — Reakt AXT . .
3 04 b — Reakt FIT FIT: single regulation (RPM only) = — Reakt18
b e —— Reakt FST £ 10 H1 | — Reakt 32
0.2 ‘g L — Reakt 40
o= S FST: unregulated: low cost 9 — Reakt 52
0% 20% 40% 60% 80%. 100% B
performance at design flow
%% Design Flow
as/Qo 14

1 10 100
Discharge (cfs)

littoralpower.com
doc. #2100.01 © Littoral Power Systems 2022

littoralpower.com
doc. #2100.01 @ Littoral Power Systems 2022
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Performance: Accomplishments and Progress (cont.)

* Products resulting from the project: sold, fabricated and installin_g hardware

systems

1100 h-Modulor (4
Flow: 100-25,000 cfs | Head: 10-50 feet

h-M::dulor”

g LITTORAL
== PONER
SYSTEMS

h-Modulor stacks are a better way to build or

systems

1100 h-Modulor
Flow: 100-25.000 cfs | Head: 10-50 feet

1.Select a Configuration:

Pressure Box

Pressure Woker o
boxes drop
into existing Fendormer bod

upgrade hydropower. h-Modulor lets sites or —_—
developers build safe, low cost hydropower CEEEE
from 0.5-256 MW. penstocks for
: fast e
installation.
p— {
g A i & = Walker Mill Dam Pressure Box Configuration
ity - S 5
Module Stack - . Siphon Module Stack
1110 Siphons drop into Module Stacks are
existing dams to selected and arranged to
add power add power generation,
generation and fish passage, and other
improve water functions for 0.5-20 MW
quality. sites.
Each module configuration can be . .
Siphon selected, configured, and arranged to 2. Size and peCIfy the Modules: 4
1190 achieve the power generation, ModuleType || 0-125 | 126-250 | 251-500 | 5011000 1001-5000 [

passage, fish passage, or r
needs of the site.

Stack height
varies by
project head

Mutiple

24 40 60 0

Hm Hm Multiple Hmn

small Small

3. Install the equipment at the site.

_ _ Start here:
littoralpower.com littoralpower.com

doc. # 1100.01 © 2022 Littoral Power Systems doc. # 1100.01 © 2022 Littoral Power Systems

DEPARTMENT OF ENERGY = OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | WATER POWER TECHNOLOGIES OFFICE



Q&A
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