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Abstract 
This report contains the feasibility study, economic analysis and in- 

formation relevant to reactivation of the dam in Bethelehem, NH. 
It outlines a plan of development which calls for sale of the power 

to a local utility for the first few years of the project and then 
predominately on-site use of the power in an innovative plan for con- 
trolled environment agriculture. 

The economic analyses indicate that reactivation of the dam~would 
be a successful venture,based on the present market value of 4.5cIKWH. 
The success of the second phase in the dam's use rests on the increasing 
financial attractiveness of locally grown produce in a state that currently 
imports over 90% of its food and is experiencing the spiraling costs of 
food - energy - inflation. 

The best suited turbine package for the site i s  an Ossberger 750 K,W 
unit which would provide 4,014,000 KWH per year with a plant factor 
of 61 %. The 'total capital costs of the project are $827,935. 



H O W A R D  M .  T U R N E R  
CONSULTING EI iGlNEER 

12 P E A R L  ST. . 
BOSTON. M A Y S .  

October 1, 1925 
Mr. Samuel Lord, 
Public Service Commission, 
Concord, N.H. 

Dear Sir:- 

I was up at Bethlehem yesterday where I was sorry not to find you. 

Mr. Robb of the Ambursen Construction Co. and I went over the concrete 
situation as the figures of cement consu~nption show that the amount of cement 
used is still running very high. As you know they tried t.o use one third 
purchased stone with the run-of-bank gravel but found'that this gave them too 
stony a mix. They are, therefore, continuing to use straight run-of-bank for the 
heavy mass concrete in the mat. I t  is running very good, with a very fair 
amount of stone in it. 

The mixture which they were using for the concrete in the mat was as 
follows: 2 bags of cement to 4 wheelbarrows of gravel for each batch. Measure- 
ment in the concrete hopper and bucket showed, however, that the wheel- . 
barrows were not being loaded full, as 3 batches made only about 1 cu. yd., ' .. 
making 1 1/2 barrels of cement to the yd., or the equivalent of a 1-2-4 mixture.' 
This, of course, is too rich for the mass concrete, 1-3-6 being w.hat would . 

ordinarily be used, and 1-2 ' / i - 5  more  than strong enough to take into account 
any possible excess of sand in the gravel. 

The wheelbarrow method of measuring aggregate is not very accurate, and 
we have arranged to have the material hopper above the mixer marked so that 
i t  will be possible to put in it exactly 12  cu. ft., the equivalent of four fully 
loaded wheelbarrows. This with two bags of cement uer batch will give us ' 

about 1 1/4 yd.' of concrete for 3 batches, or a cement content of 1.2 bbls. per 
cu. yd. or just about the equivalent of a 1-2 ' / . - 5  mix. ' 

For the abutment walls which are reinforced we are using run-of-bank 
gravel with approximately. 1 '/2 bbls. to a cu. yd. or the equivalent of a 1-2-4 
concrete. ' 

- I-he buttresses are specified as 1-2 YZ-5. Tile wi~y kl;ey ha& been mixing 
thesehas been giving a mixture of about 1-2:4. I instructed Mr.  Batchelder to 
make perfectly'certain that.-the 1-2 Yz-5 mixture was being used as there is no 
need of using 1-2-4 tor. these, no allowance above the specified mix being 
necessary with the materials that are being used. 

Mr. Batchelder is keeping careful track of the gravel and will see that these 
mixtures 'are obtained, but I am writing you because the method of measuring 
is somewhat different than what was used when you were there last. 

If you have h e  results of any compression tests of the concrete samples 
that you took, I should be very glad to have them as all information of this 
sort, particularly of concrete as i t  comes from the mixer under field conditions 
is valuable. 

Yours very truly, /-, 

Howard M. Turner 
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Site History 
: The hidov of dam at Bethlehem i s  tourists were spending their suinmers in the town's hotels 
typical of the development of New England hydropower and boarding houses. Each Year more hotels and summer 
on Nn-of-the-river locations. The property has been asso- residences were being built to accommodate fhe growing 

-ciafed with agricultural and lumber operations for over a number of mnmer visitors- 
century and a half; the site produced mechanical power. To accommodate the swelling need for services, five 
for 9.5, years and hydroelectric power for another 63 years. men formed the Bethlehem Light C$.?r! 1895: - . : -- - ne ~ b ~ ~ ~ k i  ~ ~ d i ~ ~ ~  first followed the "narrow The Bethlehem Light Company was reorganized after 

fishing river1f or A~~~~~~~~ ~i~~~ through the white 1917 into the Bethlehem Electric Company. The major 

~ ~ ~ ~ t ~ i ~  from the saco in ~~i~~ to the connecti- stockholder was John Glessner, a vice president of Inter- 

cut River in Vermont. The high altitude, harsh climate, ' national Harvester company and owner of a large area 
and short growing season of the mountains discouraged farm OThe The new rep1aced the 
early settlement. Then fur traders from coastal towns ex- crib dam with the present dam in 1927. 

plored the North Country in the 1600's. It was not until The Company hired Howard M. Turner of the 
the mid 1700's, however, that the first settlements grew Ambursen Construction Company a 

up along the lower valley. new dam. The crib dam was used as a coffer dam during 

~h~ original grant of 23,000 acres for the town of construction of the new reinforced concrete structure. The 

Bethlehem was made to Lloyd Hills. The first settlers . new impoundment was built to provide slightly more 

' arrived in 1781 and by 1800 one hundred and seventy head and to be stmcturally 

people were homesteading in the township. In order to , 
The steel penstock was left, but the powerhouse was 

facilitate East-West travel a bridge was .constructed across upgraded to match the dam.   he 300 KW Francis Turbine 
the Ammonoosuc at Bethlehem Hollow. plus generator and 1,500 feet of 6doot steel penstock 

~~t~~~~ 1800 and 1895 ~ ~ t h l ~ h ~ ~  ~ ~ l l ~ ~  was the which were part of the original crib dam were incorpor- 

center of agricultural and commercial activity for the . ated jnto the new 

town. On the hydro property (now owned by Bethlehem In 1930, shortly after Mr. Glessner's death, the Beth- 

~ i ~ k  F ~ ~ ~ )  there were five m i h  flour, . lehem Electric Company was purchased by Public Service 

lumber, wool and chairs. According to the Agricultural Company of New Hampshire which operated the dam 

census of 1850, ~ ~ t h l ~ h ~ ~  had 136 farms raised or until 1958. Public Service improved the site as a substation. 

produced: by adding diesel generating capacity to the powerhouse. 
. . -  

"360 milk cows, 226 oxen, 432 cattle. 924 sheep, 172 swine 
and 105 horses; 31.842 Ib. butter, 8,663 lb. cheese. 4.051 Ib. 
wool: 2.835 bu. Indian corn. 35,785 bu. potatoes, 418 bu. 
buckwheat, 6.150 Ib. hops, 217 Ib. flax, 11.160 Ib. maplesugar, 
2.271 tons hay, 518 Ib. honey. Additionally, orchard products. 
amounted to a value of $1.474: market garden products, 
01,108; and home-made manufactured products, $10,076." - - . _ _  1- . -.-t 

In the 1870's the'main commercial activity in Bethle- ' hem shifted from aericulture to tourism. Four thousand 

They built a wooden penstock from a. mill dam and con- 
structed a generator. Houses and hotels were wired and the 
current, which was on from dusk to midnight, was available 
at the annual rate of $3.00. In 1896 the powerhouse was in- 
creased and the town replaced the kerosene lamps with electric 
lights which they kept on all night. In 1908 electric meters 
were installed. -(BttI~lthtrn_, Ncu' H l ~ r t ~ ~ s h i r ~  tditcr? by Grcdoy 
Wilson.) * .  

The site was retired in 1958 along with many other small 
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1 - BEFORE AND AFTER 

~ f ~ t i i  !hey u ~ e i ~ h  330 [bs. Venl is fhe mosf efficienf co~lverter of feed to 
$row& of airy livestock rnised. A veal cnlf req~iires 1.05 portt~ds o f  

h s t ~ t  in fitrid s & p  of u r m m  - f e d  te produce a po~rrtd of ~ r o w t h .  
circa 1926. --- .. - . . -- -. - . 

.. . ;operation which: 
hydro facilities in the state. _ .. _ _  --- - .  -. . - -. ___-- - - - - . _ _ . I -. 

The tiydru prupel ty wds suld, Ins tllr gel~eldlur 411d -Raised 18,000 mink a vear. 

, turbine, to Dr. Amold Polonsky, President of the Bethle- -Purchased 6 million pounds of ingredients a year and manu- 

hem Mink Farm. This included: factured finished feed for 100.000 mink on 35 other ranches 
in the East and Midwest. BMF also sold ingredients to trout 

All right, title. and interest of the grantor in and to the land and hatcheries in Maine, New Hampshire and Rhode Island. 
rights to land situated in Rethlehem, in the county of Grafton. 
and the state of New Hampshire, which were conveyed by the 

-Des~gned. bu~lt and malntalned a physical plant of 70 build- 

following deeds, together with any and all buildings, structures, 
i n s ,  including mink sheds, calf barns, freezer plants, fac- 

machinery, and other personal property now located on tories. and residences. 
- .  - 

said land. -Owned and operated commercial freezer plank in Rutland, 

: - The Bethlehem Mink Firm- a third generation hmi$ Vermont and Littleton, New Hampshire. 

'business, was started in 1937 as a hobby of "Grandpa" . -Operated a fleet of refrigerated tractor traiien. 

,Joseph Polonsky (a retired pharmacist from New York : . -Employed a full-time work force of 25 people who were 
City). His son Arnold, after graduating from veterinary . skilled machinists, mechanics, welders, carpenters. elec- 

;school in 1945, took over management of the farm and tricians, plumbers. truck drivers and herdsmen. Additional 

over the next 26 years built it into the largest mink ranch part-time workers were hired durlng peak seasons. 

on the East Coast. A million-dollar-a-year aggregate busi- In 1971, BMF's herd was decimated by a PCB (poly- 
ness, the Bethlehem Mink-Farm w& a totally self-sufficient chlorinated bypheny1s)-contaminated ingredient. 1 hirty 
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BP~I~SPJS~WI Mftk Ff i rn~  ra id  r &,OOO mink fi-yenr; ntn:rufncf1ued fitid sbld fd to mik fims mtd koslt Fan&l& in !kt mfm U.S. 
&ca 2960,' 

';of work ;ind 1&,000 mink did in 5 days. Smce qua-' In light of its resources and experience and because 
ity mink pelts require relined breeding strains perfed& the Farm is I m h d  at the end af the n a k i d  oiE and food 

I 

over the years, the tam year period projected ko mWld the b i n s ,  the primary thrust of BMFb business development 
herd dissuaded Dr. Wensky and his key men from plan 6 the extension and diveniftcatiian of its agr$culturat 
starting ;mew. With a s u ~ ~ e s s h l  law suit agairmf &g: mmu- pproductim, It is in this vein that we b k a d  for a way in 
aatturers of khe cantaminated feed in process md &e wer- which the power from the dam might be tled In wikh ex&- 

. - head continuhg, Dr. Fdonsky converted Gkts farm Pa ing and expanded food production tho* .(:-~ntrolM en- 
ravig veal d v e s  in 1973. The Bethlehem Mink Farm is vironment aspiculture at the dam site, 
nQw one of the largest veal raising operakiarrs in N m  Northern New Hamphire% climate is. very harsh, 
E ~ l a n d .  with more than 9.000 Heat-ing Degree Days and average 

Despite all d its set-backs, the Bethlehem Mink Farm, s~lar Fdiation of 300 Langleys. The stake Fk a short grow- 
has sunived with all of its resources i n t a .  Today, W k  ing season and like the rest of Hew England .$ ,trs % de 
a holding company with one million dollars of assets and pendent on foad produced in o k k  par& af the ~ountry. 
one-half million dollars of annwl sales. Its operations and then transported 15.00 to 3000 miles-This dependence 
indude farmins, the raising of 1.300 calves a y&; service 'has .--- a d a t e d  - -,.- OUT regional vuhe;rab'llit.y in receni ta: --..- .- 
operations, refrigerated warehousing and trucking m d  

t 
h u k i y  ikikts-which in I973 m e l y  reduck 

- 
heavy equipment maintenance; real estate, rental d cam- - food :upp1is to the Bustog mar$& which-ftgnels 
mxid and fndustn'd properties, and l a d  d~vclapmen-t. --- - them to the. rest af tk re&on, 



ri1itlfcr strotcls-which in 1978 stalled food trucks in 
Chicago and cut east-west rail service at Buffalo, 
threatening the supply of feed grain for dairy 
needs and poultry. 
iicep freezes in Florida or drorrght in California which 
threaten the supply of fruits and vegetables. 
Should this cross-country link be broken, New 

Hampshire has only a seven day supply of food on the 
shelves of its supermarkets. The Commissioner of Agri- 
culture in California has stated that due to increased popu- 
lation and the loss of farmland to commercial and resi- 
dential development, there will be little food to export by 
the year 2000. While imminent food shortages have not 

,yet affected New Englanders, rising food and energy costs 
have impacted the New England household far more 
severely than in any other region of the United States. 
Currently, it costs 83 billion a year to import 95 % of our 
beef and 50 % of our produce. 

Bethlehem Mink Farm is addressing the problems of 
food and energy as valid social needs and a viable business 
strategy. Preliminary assessments of food production in 
controlled environments matched with the power capac- 
ities at the Bethlehem hydro site indicate we  could raise 
600,000 Ibs. of lettuce and 300,000 Ibs. of tomatoes. It is 
the overall goal of BMF to produce, process, and market 
2 million pounds of food a year. 

. - 



Engineering Feasibility Study 
TECHNICAL SUMMARY - CIVIL WORKS 

The Bethlehem dam is a hollow, reinforced concrete 
impoundment 150' long x 21' high. Large abutment and 
wing walls extend along the river banks at both ends of 
the struture. The dam itself has 9 interior caverns which 
are easily accessible for inspection, It is a gravity flow dam 
with Ogee spillway. 

The dam is in sound condition and has recently been 
evaluated by an inspection team for the U.S. Army Corps 
of Engineers. It was rated as a "low-hazard impoundment 
that presents no threat t a  life or property downstream. 
The gatehouse is structurally sound, but needs a new roof. 
Water control mechanisms must be redaced, including: - 
trash racks, gate hoists, and assemblies. 

The replacement of 1500' of 6-foot steel penstock 
which connects the dam to the powerhouse represents the 
largest single expense in this restoration. It will cost 8124 
per running foot installed or $185,989 overall. The power- 
house is a brick structure which has been badly vandalized 
over the years. The building, however, is structurally 
sound and will require little money to enclose. 

Early in the investigation it was decided that since 
BMF owned land adjacent to the original Public Service 
Co. parcel, the feasibility of running penstock further 
downstream to acquire additional head should be eval- 

-uated. Surveys - determined that running pensto& another 
700' would net 20 more feet of head, and cost $86,800 for 
additional penstock and $16,700 for a new powerhouse. 

Restoration of the original facility, including repairs 
to the dam, gatehouse and powerhouse plus penstock re- 

' placement, will cost $216,463. construction costs for the 
downstream site, including repairs to the dam, additional 
penstock and building a new powerhouse, total 8319,963. 

Throughout the investigation, strong emphasis was 

iii 
placed on a restoration program that would involve a min- 
imum of outside contract work from specialty concerns. 

The cost of programming work can be tailored to use of 
equipment - and ~ersonnel - already - on hand and working 
for the mink farm. Equipment and additional manpower 
will be drawn from local sources. In all cases the Bethle- 
hem Mink Farm will act as general contractor. This ap- 
proach is enhanced by the good condition of all civil struc- 
tures and the ease of access to the area. The entire restor- 
ation program, through all phases, is designed to, and can - 
be accomplished, with practically no change to the en- 
vironment surrounding the project site. 

Many of the cost items are estimates; some are bid 
prices. A list of sources contacted and written information 
sent by these parties can be found in the Appendices. , 

CIVIL WORKS RESTORATION 
Repnir of Darn The east wing wall of the dam has several 
visible cracks and needs patching and improvement. Clear- 
ing of large trees with roots that tend to undermine the 
structure and weaken it, as well as the removal of some 
vegetative cover on the river banks, will be required. The 
east abutment of the dam needs to have minor form work 
and pointing up, particularly at the access to the caverns. 

The top of the dam itself needs minor repair and 
pointing up. Sections of steel, bent and twisted from pre- 
vious flashboard installations, should be removed and all 
holes pointed up. This work is relatively superficial and 
can be accomplished by lowering the water slightly. Ex- 
pansion joints which are badly eroded need to'be resealed 
with asphalt or equivalent type of sealant. 

S i t  has seeped into the dam through the vent ports 
and should eventually be removed. One of the steel cables 
used for the catwalk needs to be replaced; the other three 
can be repaired. The catwalk itself, consisting of 4 x 8 
timbers and plank decking, will eventually have to be re- 
paired. Electric lighting for inspection purposes can prob  
ably be replaced within the existing conduit with hanging 
type receptacles. 



THE DAM, lookitlg easf and 14psh-earn an a March monlitg 

 here' are many leaks occurring within the caverns, 
some of which are caused by the holes left from the flash 
board supports. Structural repairs appear to be unneces- 
sary within the caverns. However, some superficial re-- 
pairs, including chipping, sandblasting, and surface restor- 
ation, will be necessary. There are many places where 
minor leaks occur, apparently where reinforcing rods and 
snap ties extended khrough the concrete. These can easily 
be sealed, both from within and outside of the dam. 

The following repairs to the dam itself are required: 
Repair of the east wing wall of the dam at points of 

cracking or other deterioration is to be done with epoxy 
mortar: in one place a small form will have to be con- 
structed. Repair of surface deterioration on the dam itself 
and the caulking of cxpansian joints with asphalt, repair nf 
loose flashboard holders and caulking of any holes; to be 
done while dam is de-watered Remnval of all silt and 
other rotted material by hydraulic means from within the 
dam; remains of old walks will have tp be cut up and . _ _ _ _ _  
pushed out the base holes or up the main hatches. Replace- 
ment of hatch covers with steel plates using inside hold- 
down chain on the east end and securely latched on the . 
west end All of the above is designed to be accomplished 
entirely by BMF. 

MATEWLS, LABOR AND COSTS (Dam 
Repairs) 

Cement and concrete B 300.00 
Asphalt and caulking 110.00 
Steel plate and related 80.00 
Rental of hoses and pumps 280.00 
Form lumber 80.00 
Rental of compressor and 

small chipping hammer 130.00 
Rental of cement mixer 60.00 
Material transportation 135.00 
Boat to transport material . 

to east side 60.00 
Labor at $96/day, 12 days 1,152.00 

$2,387.00 

Repair of ~ d t e h o &  Gatehouse Area, Floodgate, and 
Penstock Start The west end of the dam which contams 
most of the mechanisms for controlling water is in very 
poor condition. The main control gate (approximately 
8 feet wide by 12 feet deep) is badly deteriorated, particu- 
larly the concrete on one side. It will be somewhat difficult 
to repair th i~ '~a te ,  as the placement of stop logs ahead of 
the gate is hindered by erosion of concrete from a spring 



ice I eledse. I luwcver , tflis c 
low flow time of the year. 
mechanisms are completely 

the steel until th; water is 
tween the gate and the stop logs is allowed to drain. 

The steel on both sides of the gate will have to be rr 
pointed and much cosmeti a Gate hoisting machinery, whether mechanical or eledrid. 
wlll have to be installed. The gate l~ f t~ng  mechanism a d  
tlrnhers, wh~ch supported the rack assembly, extend4 
well beyond the roof of the building itself. The control 
structure, which admik water to thc trash raclc and screen 
area, also is in extremely poor condition. It will have to be 

may be podsik to put vtop 

front in order to replace the gate. 
All timbers connected with the control gate will have 

to be repaired or replaced. The lifting timbers and related 

1 
rack gears are in place and it may be possible to find 
pinion gears and gate lifting mechanisms that will be com- 
patible. I he trash rack assembly will have to be complete- 
ly replaced as will the hoist assembly that controls bypass 
water from this gate. This will allow the removal of trash 
by hydraulic means to the spillway. One large, one 
medium and one small sized gate assembly will have to be 
installed, as well as the required trash racks. 

The area where the penstock startswill have to be 
pointed up and sealed. The drain valve in the bottom now 
leaks a considerable amount of water. The extension plat- 
form over the gate opening to the penstock, consisting of 
railroad iron, has been removed and this should be re- 
placed to facilitate the removal of large floating debris 
which will be impossible to remove from inside the gate- 
house. The gatehouse structure, with the exception of the 

is in good repair. 

darn is n hoilo ee in fmd  cmct-de ikwrtprrr wt 
r& by fhe U.S. A n n y  Colps of Engit~eers rls R low hami! 

* impo.trtidwenf. Conlpnrtn~ents berlelzd~ the d a a  crlnble reg#klr i.nsgst~- - 
hon. f 'hr ~ t~hon lk  rtlltsf be repaired tirld s ~ l t  iol~ich hns secpad ink  he 

I 

&in tlirongh vetlt porfs rllrrst be rettloved. 



doors, windows, bars over windows, out;ide catwalks, 
steel plate over bypass gate opening, steel door over the 
hatch behind the trash rack, chimney and stove, the roof, 
main gate, bypass gate, stop logs in flood gate with emer- 
gency lifting hoist, repair of concrete as required; instal- 
lation of protective railings around all hazards, general 
electrical system (including lights under the dam, flood 
lights, building lighting) and all equipment necessary to 

I 
bring the civil structure into useful service. All work will 
be done by the personnel of BMF. Outside contractors 

- 
rill furnish all the lifting hardware for one large and one 

small gate. The flood gate will be fabricated without hoist 
equipment, but will be dimensioned as in the drawing 
found in Appendix. - , 

MATERIALS, LABOR, AND COSTS 
(Gatehouse) 

Materials for trashrack, 9' x 17' 3 w/new "I" beams behind $ 1,200.00 
Material for gatehouse repair to 

roof, windows and doors 1,600.00 
Material for walks, railings and 

support for same 810.00 
Material for gate timbers and 

splines 460.00 
Material for gate hardware for flood 

control gate (no lifter) 90.00 
Gate hoist and hardware, 

main gate ,804.00 
- * 

Gate hoist and hardware 
Replr~a~wer~t of cor~rrete sr~MIes will be necessnry at fhe stlzrt of tire 
pcrrstocL- rr111. bypass gate 

2,348.00 
Chimney and stove 400.00 

The continuous wing walls on the west side of the - Material for electrical 1,400.00 
dam appear to be in relatively good repair except for the Material for bypass gate cover 45.00 
stop board adjacent to the gatehouse. These can easily be Material for concrete repairs 120.00 
replaced. The structure will need to be re-roofed and the Misc. tools for gatehouse operation 
necessary contralling electrical gear installed. Sufficient and trash removal 600.00 
power capacity to operate the gate hnisk and related Carpcntcr and rough masor1 unsite, 
motors must also be made available. The extension of the 24 days at $96 2,304.00 
main release gateat the rear of the gatehouse will need ex- Welding equipment and welder 1,100.00 
tensive renovation. There has been much erosion of the Carpenter at principal's shop 192.00 
old bank-run concrete and a new surface will have to be Compressors, drills and $16,473.00 
applied, backed by the necessary reintorcing. In some sandblasting 300.00 
areas it will have to be chipped with a jackhammer in 
order to get a good bearing Z I I T ~ ~ C P  The rest of the wing 

816,773.00 

wall down to where the pilings are driven appears to be in The following repairs to the gatehouse area, flood- 
sound condition. gate, and penstock start will be necessary: 

In order to install a new penstock, new saddles will Repair of concrete work and lower portion of flood 
have to be cast for approximately 200 feet from the gate- gate; construction of footings and replacement of concrete -- - -- - -- - - 
house to where a firm footing for the former penstock saddles for penstock. Construction of a timbercrib above 
starts. Provision will have to be made for a conduit to run concrete retaining wall to stabilize erosion; fill added as 

,r.,ry-, *ong the   en stock to support control cables and electric required to provide access to gatehouse area; removal of 
a -' ower cab!cs between the gatehouse and the.Jgzyzr~j?nt. trees near win4 -?;?I$; rcmf f wins wall; re 'V., yg+-*.-.J,,q:LL<. 71 <- /,. +. - , 1 i, ." :: k:, - \ ,  4- - ! ' - -+ -.-c , - I ,  

-.>.',- -It , ds .~ . / .  #A . , 2 , % A .  u .a%+: . + - $  3 ,  J - 5 



and dirt (particularly in the area above the gatehouse). 

@ Replace penstock 8" dump valve if required. 
This work will be performed primarily by BMF per- 

sonnel. Outside local contractors will be used for crane 
operation and trucking of fill. The crane will be used for 
the dredging and log removal operation as well as for re- 
placement of saddles for the penstock, concrete pouring, 
repairs to gatehouse roof and installation of the first 
sections of the penstock. 

MATERIALS, LABOR, AND COSTS 
(datehouse area. Floodgate, Penstock Start) 

Compressor, chipping and sandblasting 
equipment 9 300.00 

Concrete for footings for 
old saddles 400.00 

Timber for crib work 300.00 
Lumber for footings-and saddies_-_. 240.00 
Misc. fill taken near site. Figure includes 

loading and transportation and 
spreading to provide gatehouse 
access for the crane 850.00 

Cleaning of the inlet structure and 
area in hont by crane, above, 
10 hours 650.00 

Material handling of concrete and place- 
ment of first 120 feet of pipe 650.00 

Transportation of &ane and use of 
accessory crane equipment 520.00 

Rough carpentry, masons and 
common labor 960.00 

Penstock Replacement If a penstock of ether than steel con- 
struction is contemplated for the project, the wing wall ex- 
tending downstream from the dam should be enlarged and 
extended by another 50 feet, as indications by, abrasions 
on rocks show that ice has traveled at least this far. The 
area directly in front of the dam will require removal of 
boulders and a concrete slab that appears to have broken 
off from the previous structure. Approximately 200 feet 
downstream from the dam it appears that the penstock can 
be bedded into native terrain with no problem from ice 
damage beyond that point. 

Depending on the type of penstock selected, some fill 
will be needed to grade the penstock run. There are sever- 
al points where the bank has eroded and rocks have 
tumbled down. Most of the penstock area is well graded 
and can be easily worked with small machines. It light 
material penstock is chosen, there are at least two spots 
along the penstock run where clay seems to be predomi- 
nant in the soil. If light material is chosen, good drainage 
under the penstock will bq necessary to prevent excessive 
weight build-up on the upslope side which could displace 
the strurh~re, especially if emptied of water. 

The following penstock repairs are required: 
Replacement of penstock, expansion joints, welding; 

removing silt from the bed; placement of new sand bed- 
ding and timber culverts where required: asphalt coating 
of penstock; installation of 13 hangers and support pipes 
for power and control cables; ventilation of penstock dur- 
ing welding. The lowest price obtained for penstock was 
for steel delivered by truck to the site. (See Appendix C for 
full discussion of penstock options). It is proposed that the 
first sections be installed by the crane already on site and 
welded in place. The steel that is already cast into the gate- 
house appears to be in good enough shape to be welded 
directly to the new pipe inside and outside, with a "bump" 
or equal joint. Flat ban can be used to bridge the weld as 
required. One expansion joint on the straight section is to 
be used. 

The next sections to be installed can be set on a trailer 
which acts as a dolly and is then moved into place by a 
bulldozer. This will save the expense of using a crane. The 
forward end of the pipe will be attached to the blade of 
the bulldozer and steered up the right of way until it is in 
position. The trailer will be unloaded by using the hy- 
draulic system of the bulldozer to lower the forward end, 
allowing blocks to be placed on the raised upper end. By 
raising the bulldozer blade the dolly can be pushed down 
to the forward end of the pipe. Then some blocks will be 
placed just behind the dolly, the pipe lowered onto the 
blocks, and the dolly will be pulled out and will return for 
another length of pipe. The pipe will be loaded back onto 
the dolly in the pipe staging area in exactly the same 
manner. 

At the lower end of the penstock a slight tapered sec- 
tion will be used to enter the powerhouse and will be 
anchored to the existing pipe at two locations. If, at a later 
date, it is decided to use a surge tank, this same config- 
uration can be used for this purpose. The penstock will 
end at the butterfly valve inlet flange. 

MATERIALS, LABOR, AND COSTS 
(Penstock) 

250 yards of bedding 
includes trucking $ 375.00 

Loader to carry material up 
the line 320.00 

Welding top section of old pipe and 
reinforcement of old section 360.00 

Dresser coupling for expansion I, 100.00 
38 sections of 6' pipe in 

40' lengths 159,752.00 
Welding 39 joints, 10 hrs. per joint, 

welderthelper (5 passes) will allow for 
field work while welder is working, 
390 hours at 918 welding, 
$12 labor 11,700.00 

Asphalt raating to be ;ipplEed 
by labor above 700.00 



Wood blocks to elevate pipe for 
handling and coating, 80 pieces, 
6 x 8 rough timber 320.00 

Crane for upper end work 520.00 
Handling of pipe at site and use of 

equipment to position lower 
sections as required 8,OOb.OO 

4llowance for special cuts to 
make lower bend 1,000.00 

Lower end welding 360.00 
Placement of 13 12' x 4!' posts 780.00 

f/control and power cables - - r - .  3 ,  ', 
welded to penstock I 1.d , 

Material for posts and hardware 702.00 
- Per foot price-8124.00 

installed 

8185,989.00 

fhis  would consist of approximately 20 feet of cement 
block built to the ceiling and isolating the turbine section. 
The balance of the building could be left open with the 
windows barred so that the remaining internal space 
would provide ample cooling for the transformers. This 
would greatly shorten the distance that heavy electrical 
cables would have to be run. It would also allow for less 
expensive internal switch gear. Transmission of the energy 
to a transmission line, about 50 yards away, would be an 
easy step. 

Retrofitting of the powerhouse will include: 
Installation of the butterfly valve, cutting out the 

floor to lower the turbine six feet, pouring a new concrete 
floor, casting all settings for the turbine, speed increaser 
and generator. Area to be lowered is 12' x 20' minimum 
and will be engineered to take the load of the turbine. 

500 square feet within the present structure will 
house the equipment required for electrical controls and - - 

POWERHOUSE REPAIRS 
mechanical operationincluding electric lighting and power 
outlets, power for the gatehouse and control cables. A 

The powerhouse has been badly vandalized over the cement block wall will enclose this area to the upper deck 
years that the s i f ~  haz heen idle- It is a brick building which with a removable cover placed over the old generator open- 
is still structurally sound, but will require complete instal- ing. Heating of the shcture under normal conditiom would 
lation of doors and windows. Only 500 sq. feet of the be through heat dissipation from the generator. Propane 
present building will be needed to house the turbine, ser- gas would be used for emergency heating. Security bars 
vice area and equipment (including: elec would be placed over the east windows and main doors. 
power outlets and control cables). Summer ventilation would be by means of gravity units. 

Almost all conduit within the building 
could be utilized again, as well as the overhead structural MATERIALS, LABOR, AND COSTS 
girders which were originally used for the lifting device (Powerhouse Repair) 
for the service ~f the turbine and related diesel equipment. Welding flanges on end of penstock 

Two approaches might be followed in building reno- including flange $ 450.00 
vation. Onc would be to replace the windows on the river Compressor for chopping out 
side of the structure with standard type glass windows and old concrete 600.00 
brick in all the rest of the openings, except for the entry - - .  Helper to remove old material 360.00 
doors. Alternatively, since it appears that the original Loader to haul out old material 134.00 
building was built in two sections, it might be more econ- 400.00 
omicai to construct an internal wall within the building. orcing and 8" zlah flonr 440.00 



Cement blocks and misc. masonry 
materials 600.00 

Convenience electrical service 
flgenerator room and related space 
w/provision for service to 
gatehouse 1,100.00 

Cables for service to gatehouse 450.00 
Control cable for water regulator 

or other controls 240.00 
Hardware and insulators 260.00 
Doors, windows to be repaired 

and required security 800.00 
Cover flgenerator opening, 114" plate, 

braces, lifting eye 260.00 
Emergency heajing, propane 150.00 
Summer ventilation units 200.00 

56.444.00 

Dolorrsh-enrn Powerllorrse The above focuses on reactivating 
the original dam and replacing the original components. 
However, power output would be increased 50 percent 
by building a new powerhouse further downstream. 

The structure would be concrete to a 4 foot level on 
the main floor and then framed above to reduce cost. The 
penstock would be ground level for an Ossberger turbine 
and halfway below grade for a tube turbine. 

Additional costs include preparation for a road exten- 
sion, bed clearing and grading for the penstock, extension 
of the transmission lines and extension of power control 
cables to the gatehouse. 

MATERIALS, LABOR, AND COSTS 
(Downstream Option) 

Penstock, -+ 700' at 81241ft $ 86,800.00 
Access road, 500 feet 2,000.00 
Clearing and ground preparation 

for penstock . - . . .. . - . . . -. - -.. ._ 
1,500.00 

' 

~ont-rol and power cables for 
additional penstock 375.00 

Civil structure 12,825.00 

Total $103,500.00 

MISCELLANEOUS COSTS 
The following contingency equipment and asso- 
ciated costs would be involved in any option: 

Cable for construction lighting 
duringwelding operation and 
portable grinding tools 5 600.00 

Blower for ventilation of penstock 
clurir~p weldir~g (dttic far1 rl~ounked 
in plywood) 150.00 

Temporary power service or 
construction generator 650.00 

Chain hoist for powerhouse with 
mounting to f i t  existing beams 600.00 

$2,000.00 

TECHNICAL SUMMARY - STREAMFLOW AND 
TURBINE SETS 

In our analysis of the power potential for on-site agri- 
cultural use, we were particularly concerned with the 
power available during winter months when the need for 
supplemental lighting in vegetable production is greatest. 
For this site, excellent stream flow data were obtained 
from the nearby U.S. Geological Survey gauging station 
which covers 91.6% of the total drainage area of 95.6 
square miles. 

To gain a feel for the stream flow, histograms of 5 
cubic feet per second (cfs) intervals were drawn for each 
month. 

The manufacturer's data for each of the candidate tur- 
bine sets (turbine, generator, exciter, speed increaser, and 
controls) were reviewed and recomputed to provide the . 
expected power output for each 5 cfs stream flow interval. 
A comparison among the several turbine candidates under 

-'expected conditions for each month of the year was made 
at two possible sites. , 

By combining the frequency data used for the stream 
flow histograms with the expected power output at each 
interval. the cumulative power potential for each month 
was derived. 

Four candidate turbine sets were evaluated for the 
old powerhouse site (42 feet of head, 1500 foot penstock 
run) and three sets for the lower site (62 feet of head, 2200 
foot penstock run). 

Our analysis showed that the multi-compartment, 
cross-flow Ossberger turbine operates efficiently over the 
entire range of stream flows. The Brown Boveri Francis 
type units provide highest peak efficiency, but are inef- 
fective below 45 cfs. The Allis Chalmers tube-type units 
offer high peak efficiency but cannot operate continu- 
ously below 70 cfs. Replacement of the original Allis 
Chalmers 47-inch vertical turbine is too exp-ensive. 

The costs of the site restoration, new penstock, tur- 
bine set, interconnection equipment, powerhouse and 
installation were estimated for each combination. 

The Ossberger turbine set at the downstream site has 
the lowest cost per installed kilowatt, the greatest output 
during low streamflow months, and the greatest annual 
power production. 

After adjusting for assumed down time of 5 % and 
increased drainage area, the monthly average generating 

' rate is given below. 

MONTH. KWH 'MONTH KWH 
. . 

Oct 403 "P' 661 
Nov 505 May 706 
Dec 484 fun 60 7 
Jan 340 Jul 402 
Feb 340 A U ~  297 
Mar 441 S ~ P  309 



The nameplate capacity is 750 KW and requires an 
investment of 8825,076. This provides an annual produc- 

, tion of 4,014,000 KWH with a plant factor of 61'70. 
In,the technical analysis, some of the data are pro- 

vided in the exhibits and are not repeated in the text. O u r  
effort was directed toward keeping investment and oper- 
ating costs to a minimum without sacrificing safety or per- 
formance features. 

,This feasibility stud) is based on the need for an ac- 
curate prediction of daily power potential each month of 
the year for an agricultural end use of this run-of-the-river 
hydro site. While the concerns of the farm are often the 
same a; those of a utility, our priorities are different.- 
O u r  primary goal is to produce some power at all times, 
with particular emphasis on the winter months. O u r  
second priority is t'o produce the maximum number of 
kilowatts annually. Demand is of less concern since short 
term limitations of power availability can be accommo- 
dated. However, we have every incentive to use the 
power efficiently to provide the maximum production of 
food at the lowest possible cost. 

. STREAM FLOW ANALYSIS 

The Bethlehem Dam is served by a drainage area of 
05.6 square miles and has an average stream flow of 216 
cfs. The major portion of the drainage area takes in the 
slopes of the White Mountains, including the western 
slopes of Mt. Washington (elevation 6288 feet). The 
weather on Mt. Washington is severe; runoff is usually 
greater and occurs later than at other sites in New England. 
The stiearn flow is monitored by a U.S. Geologic ~ e r :  
vice gauging station with digital recording equipment.This 
gauging station covers 57.6 square miles or 91.6% of the . . 
drainage area of the dam. 

Exhibit A shows a map of the drainage area delin- 
eating that section which is served by the gauging station 
(A) as well as the dam site (A + B). The comparative analy- 
sis that follows is based on gauging station data only. 

Exhibit B provides the Duration Table of Daily Dis- 
charge for the years 1941-1973. It also provides the Flow 
Magnitude Intervals including the 100 and 200 year mag- 
nitudes. - 

It should be noted that the . river . flows at 21  d s  or 
more 100% of the time. ,The average flow of 200 cfs 
or mpre occurs 26% of the time. 

Exhibit C provides a plot bf the above stream flow 
data for intervals up to 200 cfs. 

As discussed earlier, we are concerned not only with : 
the duration of reduced flows, but also with when they 
occur. The monthly average daily flow is plotted in 
Exhibit D for the period 1967 through 1977. This seasonal 
pattern shows the expected monthly power production. , 

More detail was necessary in order to analyze the daily 
power potentials for agricultural production. 

Accordingly, the streamflow data (1967 through 
1977) were tabulated by strea~nflow intervals for each 
month of the year. These data, taken from 11 years of 
USGS daily readings from the Bethlehem Junction station, 
were converted to the number of hours at each 5 cfs inter- 
val and are represented in Exhibit E. The above model was 
developed by hand on graph paper (over 4,000 data .  -' 

points). For example, 3 days in June were found to flow 
between 97.5 and 102.5 cfs during the 11 years. The 
overall error rate is less than 4/10 of 1 %. The actual site 
has 9.1 70 more,drainage area than the above model. This 
model provides data points for turbine and generator out- 
put comparisons on a monthly~seasonal basis. 

With some embarrassment, we report that the USGS 
is able to provide the streamflow curves we plotted by 
hand. This is not a usual request, but the Service believes i t  
can provide the data from its computer banks. There was, 
nonetheless, a good reason for doing Exhibit E by hand. 
W e  were not familiar with streamflow patterns and our 
efforts allowed us the opportunity to see the actual effect 
of summer storms and winter thaws and other variations. 

The information in Exhibit E is essential for projecting 
agricultural production and growing cycles in controlled 
environments at the site. The reason that this type of data 
is not generally available is that there has not been 
demand for it. The implications of our methodology will 
become clear in the consideration of the various turbine 
options. 

Histograms for each moi th  were drawn based upon 
the data supplied by USGS. A histogram is a plot of the 
frequency magnitude at each interval. It provides a visual 
picture of the distribution by month, useful in forming 
concepts and public presentations. Exhibit F provides these 
histograms. 

. For operation of the plant these histograms and our 
new USGS data, combined with observatory data of tem- 

. perature and precipitation, will enable us to develop 
models to anticipate stream flow for better planning of the 
day to day operation. 

Observations of bi-hourly readings of stream flow 
data noted that there was no significant variation of 
flow duri- a 24-hour period. 

The amount of stored water behind the dam is too 
small to provide any useful peaking capability. Our  agri- 
cultural uses d o  not require peaking capability. Additional 
analysis found in this report does indicate that the site can 
replace oil-based capacity on a year-round basis. 

TURBINE SET INFORMATION 
A turbine set for this discussion includes the turbine, 

butterfly valve, alternator, exciter, governor, controls, and 
speed increaser. 

Three site locations were considered for location of 
the turbine: 
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AVERAGE DAILY FLOW BY MONTH I N  CFS 



EXIIIBIT E 

HOURLY STREAM FLOW DURATIONS BY ElONTH 

F o r  P e r i o d  1 9 6 7  - 1 9 7 7  

CFS OCT NOV DEC J.4N FEE MAR. APR MAY JIJN JUL AIJG SEP 

I T o t a l  7 4 7 . 2  7 2 6 . 8  7 4 3 . 5  7 4 , 5 . 2  680.1, 7 3 8 . 1  ? 7 0 , 0  744.0 
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I .  At the dam, prdvidins a head of 21 feet, H is the dynamic head in feet 
2. At the old powerhouse site, providing a head Q is the strcamflow in cubic fcet 

of 42 feet and requiring a penstock run of per second (CFS) 
1,500 feet (Option I), ET is the turbine efficiency 

3. At a downstream site, providing a head of EA' is the alternator efficiency 
62 feet and requiring.a penstock run of Note that H. ET and EA are affected by the stream- 
2,200 feet (Option 2). flow as follows: 

. H (head) is decreased due to frictidn in the pen- 
The location at the dam itself could not provide 

stock and hydraulic components. , 
enough power potential for the scale of on-site operation ET is characteristic of the particular turbine. 
projected and therefore was-not . - . considered - - . . - . - . - - further. - EA is a function of the design of the alternator. 

lnq~liries were made to many potential suppliers of 
and the load on the alternator. 

turbine sets. However, three corporations were selected as 
the best qualified. Their quotations and specifications ' 

were received as noted below: 

A. F.W.E. Stapenhorst of Pointe Claire, 
Quebec: representing the Ossberger Cross- 
Flow Turbine which is manufactured in 
Germany. (Appendix D-1) 

B. Brown Boveri Corp. of No. Brunswick, N.J.: 
which quoted a horizontal Francis turbine 
for Option 1 and a vertical Francis turbine 
for Option 2. These turbines are manu- 
factured in Norway. (Appendix D-2) 

C. Allis-Chalmers of York, Pa.: Allis-Chalmers 
is the successor of S. Morgan Smith which 
made the original 47 inch vertical Francis 
turbine..They quoted a replacement turbine 
for the original site (Appendix D-3) as well 
as a modern tube turbine for both sites 
(Appendix D-4) 

. All three quotations were fully responsive to the 
reactivation of the Bethlehem Dam, and included quota- 
tions for turbine, butterfly valve, governor, alternator, 
exciter, speed increaser, and controls. All three suppliers 
are very well qualified and are recognized world wide for 
excellence in the hydroelectric field. 

The Farm sent a team to Allis-Chalmers to inspect 
their tube turbines and to exchangc information. Another 
team visited FWE Stapenhorst at Pointe Claire. Quebec 
and also visited the Gouin Reservoir of Quebec Hydro 
that had an installation of two Ossberger Turbines of 
approximately the same size of our proposed installation. 

Appendix E indicates our specifications for alternator, 
controls, and for the utility intertie. Cost estimates for the 
intertie at the old site are 518,090; and $24,090 for the 
intertie at the proposed new site. 

The following relationship was used in developirig 
p'owcr calculations: 

-- p . = 62.4 x .746 x H x Q x E T X  EA 

550 . -1 - ._. . . .. - - . . - . _ _ 
P is the Power Output in KW 

OLD POWERHOUSE SITE - Option 1 

Exhibit G provides the chart comparing turbine effi- 
ciencies and power output for the three'candidate sets at 
the old powerhouse site (42 ft. static head) by streamflow 
interval. For convenience the best values are underlined. 
The first column in Exhibit. G gives the ;treamflow inter- 
vals in cfs. The second column provides the effective head 
as-derived for each interval. The effective head was deter- 
mined by taking the static head and subtracting the loss of 
head due to flow in the six (6) foot diameter penstock. 
Friction values were taken from published charts. 

The third column provides the manufacturer's data 
for efficiency of the Ossberger turbine. This turbine is 
operable over the entire range and is more efficient than 
the Brown Boveri unit below ~ d o c f s ,  or the Allis-Chalmers 
unit below 85 cfs. The Ossberger unit has the lowest peak 
efficiency (84.5%). 

The fourth column represents the efficiency of the 
Brown,Boveri turbine, which has the highest peak effi- 
ciency of 96%. However, the efficiency of this unit falls 
off rapidly below 100 cfs to an almost negligible output 
below 45 cfs. 

The next column provides the efficiency for the Allis- 
Chalmers tube-type turbine with adjustable pitch. This 
unit cannot safely be operated below 70 cfs and requires 
mounting such that the draft tube is no more than one 
meter above tail water. 

The power output for each of the candidates is pro- 
vided by the last three columns. Exhibit H provides a 
graph of the above power output data. 

, The original S. Morgan Smith 47" vertical unit is too 
expensive to replace and was not evaluated in detail. 

By integrating power output at each streamflow in- 
terval with the average duration of each interval (Ex- 
hibit E) for each month of the year, w e  obtain monthly 
output in KWH. 

Table 1 derives average monthly output and poten- 
tial annual output in M W H ,  and presents this output as a 
percent of capacity. 







MONTH 

O C T  
N O V  
DEC 
IAN 
FEB 
MAR 
A PR 
MAY 

TABLE 1' TABLE 2' 
AVERAGE MONTHLY AVERAGE MONTHLY 
POWER POTENTIALS POWER POTENTIALS 

(old powerhouse) AT DOWNSTREAM SITE 

Ossberger 
285 
339 
320 
245 
259 
292 
465 
,496 

MONTH 

O C T  
N O V  
DEC 
JAN 
FEB 
MAR 
APR 
MAY 

Ossberger 

406 
509 
490 
339 
342 
451 
694 
743 

AUG 203 158 139 
SEP 210 168 152 

AUG 299 230 205 
SEP 308 248 216 

Monthly Monthly' 
Average 317 299 286 . Average 467 442 426 
yearly Yearly 
Megawatts 2785 1' '-2629 . 2515 ' - .  . Megawatts 4097 3889 3738 
Operating Opera ting 
%/year 100 94 70 70Iyear 100 94 70 
8 capacity 63 5 9 57 % capacity 62 59' 5 7 

'Best values - .  are in boldface. . .  . .  'Best values are in boldface. - - - - -  The Ossberger unit ~ r o v i d e d  the maximum output - the Ossberger unit provides maximum 
for evePr month except May and J u n e  I t  pro: output for 9 months of the year as ivell as the greatest 
vided the maximum annual output despite its loweTpeak annual output,  and plant factor. 

8 efficiency. For on-site use the ability to operate continu- - . - - . . . - - 

ously is very important; the Ossberger unit is therefore . 

the most desirable technical choice. . 

DOWNSTREAM POWERHOUSE SITE - Opt ion  2 

The Bethlehem Mink Farm acquired additional land . - -  ...__ ___T_._____ 

continuirig downstream from the old p o w a o u s e  site. . - 
This lower site provides a 62 ft.'head and requiies only 

' . 

700 feet of additional penstock. 
Exhibit, I compares power outputs using the same 

methodology for the old site. The same performance char- 
acteristics apply, but the output is approximately 50% 
greater. 

Exhibit J is a graphic presentation of the electrical ' - .  .- - 
output for each streamflow interval. 

Table 2 provides average monthly outputs, annual 
output - and output as a percentage . of capacity.. -- 

As previously mentioned, the streamflow was taken 
as measured at  the gauging station. The entire drainage 
area for the site is 9.16 greater (Exhihit A). The stream- 
flow is also greater by that amount. Table 3 presents a re- 
vised calculation of power output. This adjustment is sig- 
nificant, but it does not alter the previous conclusion that 
the Ossberger. unit is the bptimal choice. Finally, the last. 
column allows for 5% down time and is the prvjecttid per.- 
formance. 

O C T  
N O V  
DEC 
JAN 
FEB 
M A R .  
APR 
MAY 
JUN 
Ju t  
AUG 

. SEP 

TABLE 3 
ADJUSTMENT FOR 

TOTAL DRAINAGE AREA 
AND DOWN TIME 

Original Adjusted x .95 

406 424 403 
509 532 505 
490 510 484 
339 358 340 
342 358 340 
45 1 464 - 441 - 
694 

-. .-.74-3 696 - 661 
743 706 

625 639 607 
402 423 402 
299 313 297 
308 325 307 

Average 46 7 482 ' 458 
M W H  4097 4226 4014 
70 62 64 6 1 





CONCLUSION 

The total investment costs of reactivation, including 
turbine and site options, are outlined in Exhibit K. This 
exhibit compares reactivation costs, costs per KW, and 
plant utilization factor. I t  is clear that the most economic 
choice ($1 000 per KW) with the most output (4014 MWH) 
is the Ossberger Turbine Set at the downstream site (62 ft. 
head). 

Reviewing the earlier discussion, the Ossberger Tur- 

bine ~ e t " h a d  the greatest output for 9 months (which in- 
cluded,the low flow months when on-site use is critical to 
an agricultural application) and was the only option which 
provided continuous output during the winter months. 
Therefore, from the standpoint of both economic and 

'operations considerations, we conclude that the Ossberger 
Cross Flow Turbine at the downstream site is the best 
choice for reactivation of the Bethlehem Dam. 



EXHIBIT K '7 
COST ANALYSIS OF DEVELOPEIEMT OPTIONS & EQUIPMENT 

Manufacturer  Ossberger  Brown A l l i s -  . A l l i s -  Ossberger  
Dover i Chalmers Chalmers 

Turbine  Type Cross F l o  Moriz. Tube Ver t  . . Cross  F l o  
F r a n c i s  F r a n c i s  

Head ( f e e t )  4 2 42 4 2 4 2 6 2 

Res to re  Dam Area 24,030 24,030 24,030 24,0.30 24,030 

A l l i s -  .Brown ' 

Dover i Chalmers 
Bover i 

Vert  . Tube 
F r a n c i s  

Powerhouse A c t i v i t y 2 , 3 8 4  2,384 15,209 450 14,825 14,825 14,825 

4,060 ' 4,060 . . . Cables ,  e t c .  3 ,060 4.060 4 ,435 b.b75 b 1 ~ 7 5  

Sub Tota l  30,474 30,474 42; 229 28,540 43,290 43.290 43.290 

Penstoclc 185,989 185,989 182,889 185,989 274,289 274,289 271.179 

Turbine  S e t  246,000 364,000 304,000 626,000 345,000 378,000 420,000 

U t i l i t y  I n t e r t i e  18,090 18,090 18,090 18,030 24,090 24,090 24,090 

63,000 63,000 63,000 . . I n s t a l l a t i o n / A d m  63,000 ' 63.000 63,000 67 nnn 

Cost 543,553 661,553 610,278 911,619 752,669 785', 669 824,569 

$ /KIJ . 1,087 1,323 1,221 2,604 1 ,003 1 ,048 1,099 

bP?dIl/yr 2,785 2,629 2,515 1,932 4,097 3,889 3 ,738 
. . 

. . 
% Capac i ty  63 5 9 5 7 63 6 2 5 9 5 7 

Q 
n: 

P l e a s e  n o t e . t h a t  ad jus tments  have been made i n  t h e  above f i g u r e s  t o  accoun t  fo r  
v a r i a t i o n s  i n  i n s t a l l a t i o n  requ i rements  f o r  v a r i o u s  t u r b i n e s . '  

! . - p y q - * w * ' . '  76*'~*~"'"""i '-.' "' ' ' : I  . -.; ~ L ? S > . ~ ~ . C O I I : ~ T . : ~ ~ ~ ? . Z : ~ . ~ ~ W  . . . . . -... .: ,. '. ". . . .. ~ . . . - .-m 



Economic and Financial Review 
CAPITAL COSTS FOR REACTIVATION justified. ~ o n t h i ~  maintenance costs for brush clearing, 

AND RETURN ON INVESTMENT painting, penstock repair etc., are estimated to be about 
82,000 per year. "Operator costs" will include an average 

Total capital costs for reactivation of the Bethlehem - 
of- two hours per day to maintain equipment, clean racks,' 

Dam are estimated at  8827'935 Or 81'106 per KW in- 
answer shutdown calls, and keep an eye on things over the 

stalled capacity. This 750 KW installation will produce , 

year. If a full time station attendant was necessary, these 
4,014,000 KWH at a plant factor of 61% and a cost per - . .. 

costs would increase drastically. Eight to twelve hours a 
KWH of 4 .015~ .  Financing is calculated on 110% of capi- 

month are allocated for administration, site tours and 
tal.costs in order to allow for contingencies of cost over- 

' necessary paperwork. 
runs and/or inflation. A cost summary appears below in W e  could only estimate the operating expenses for 
Table 4. taxes, insurance and equipment reserves. 

TABLE 4 . 
CAPITAL COSTS AND 

RETURN ON INVESTMENT 

Cost Estimate 5 750.069 
10% Contingency 75,007 

Investment 825,076 
. . .. 

15% Return on Investment i23.761 
Annual E'xpenses 37.000 

Annual Cost 160,761 

Annual Production 
CostIKWH 

4,014,000 KWH 
4.015~ 

, - - -  . .  . - .. . - 
OPERATING COSTS 

Annual operating costs include: administration, con- 
sultant fees, regular maintenance repairs, supplies, un- 
scheduled maintenance, taxes, insurance andlor an equip- 
ment reserve allowance. I t  is important to note that the 
Farm will be able to integrate dam operations with on- 
going projects and personnel. , 

Three to five days of special engineering consultant 
time will be provided for during the year. While,we d o  
not anticipate this to be an ongoing expenditure for the 
lije of the prnj~ct .  we helieve s1.1ch an expense is initially . - 

The Town of ~ e t h l e h e m ,  because of its lack of famili- 
arity with hydroelectric installations, was not willing to 
estimate a valuation for tax estimating purposes. The 
selectmen referred us to the Office of the State Tax As- 
sessor. Since we are not a utility. the State assessor dis- 
claimed responsibility for assessing a potential installation 
at  our site. Both State and Town officials conceded that 
they had no experience in evaluating hydroelectric instal- 
lations owned by non-utilities. T o  arrive at a tax rate we 
used the current formula for the Town of Bethlehem of 
$5.06 per hundred on 5390 of a "fair market;' value of 
8690,000. 

Since the dam and powerhouse are,located in a flood 
plain there is no private or public insurance coverage avail- 
able. A bill now pending before the New Hampshire 
Legislature would limit liability for small dams to 850,000. 
As indicated earlier in the technical summary of the civil 
works, the Army Corps of Engineers has classified the 
dam as a "low hazard" impoundment presenting little or 
no danger .to life or property downstream. T o  protect 
itself. BMF will establish an equipment reserve of $8,900. 
General liability insurance is currently being paid on the 
hydro property as part of the Farm's overall coverage. 



TABLE 5 

OPERATING COST ESTIMATES 

Consultants @ 5100iday x 5 8 1,000 
Rcpair and Supplies 2.000 
Operator maintenance @ 85.751730 hn. 4. Loo 
Administration $~OO/month 2.400 
Taxes 18.500 
Equipment Reservellnsurance 8.900 - 

TOTAL 37.000 

The above total appears to be reasonable based upon 
research of R. Taylor of the Applied Physics Laboratory at 
johns Hopkins University. At small scale hydroelectric 
sites in Pennsylvania operated by Potomac Edison Co. and 
Rural Electrical Co-op the following formula seems to 
apply: RATE = ,2015 x Capacity..472. Thus a 750 KW site 
should have .8860/KWH in operating costs. The above 

. . total is .9llC/KWH for our site. 

At the onset of this project it was difficult to calculate 
the value of the power w e  would generate. In, February of 
1978, we discussed sale of power to the local franchiser, 
Public Service Company of New Hampshire. Representa- 
tives from thecompany informed us that if Public Service 
agreed to buy power from us, they could pay only 
lo/KWH for dump power and 2.2c/KWH for all the 
power we could produce. While it was never our intent to 
sell power, our assumption was that we must be able to 
reactivate the dam at a cost per KWH that we could be 
paid for the power in the open market. Evidence of this 
would be essential to any negotiations with a bank or 
other financial institution relative to our proposal for 
raising vegetables in a controlled environment. 

Developing a financing plan for a small scale hydro- 
electric installation has been like trying to figure out 
whether the chicken,or the egg comes first. It is i m p a s . & -  
to project revenues to a bank without a power contract. A 
power contract cannot be negotiated without a feasibility 
study and/or a license to p r o d l i r ~  power at  a cpccific sikc. 
In New Hampshire, power contracts were heretofore 
negotiated between the utility and small producer, and 
then approved by the Public Utilities Commission. 

In the spring of 1978, the New Hampshire Legislature 
passed the "Limited Energy Producers Act." This requires 
that utilities ~urchase  power from small (under 5 MW) 
producers and authorizes the PIIC to set the rate structure. 
As this report was being compiled the PUC announced 
that the public utilities must pay small producers of power 

' 4 ~  (nowfirm) to 4 . 5 ~  (firm capacity) per K'WH. 

FINANCING 

Our  financial plan envisions two .stages of develop- 
ment: (1) reactivation of the dam and sale of power to a 
utility; (2) conversion to on-site use in an agricultural 
oper~tion.  

  he Limited Energy. Producers Act of 1978 stipu- 
lates that rill of a small producer's power must be sold to a 
utility in order to qualify for the rate established by the 
PUC. Since each year that the project is delayed adds 1 0 ~ 0  
to the cost of reactivation, BMF is committed to bring the 
dam on line as soon as possible. The scope of this study 
did not permit an in-depth analysis of a controlledenviron- 
ment with a run of the river power source. 

O u r  initial discussions with local commercial banks 
were informative but not very enthusiastic. Loan officers 
indicated that money was tight, loan guarantees would be 
necessary and that interest rates would be high. They sug- 
gested that the larger banks "downstate" or in Boston had 
more money available. In late March 1979, interest rates 
were running around 13% for a 20 year payback period. 

The Farm approached its principle lender, Farmer's 
Production Credit Association. The FPCA local loan offi- 
cers had never considered giving a farm loan to a hydro- 
electric project. However, they conceded that if the 

was part of the Farm's overall development plan 
and as long as non-farm related revenues did not exceed 
one-half of its total income i n a  given year, then perhaps 
the Board of Directors might consider giving a loan for the 
project. Such a loan would have a payback of 7 years, a 
variable interest rate of 1 %  above prime, and would 
require the purchase of stock equal to 10% of the balance 
outstanding on the principle. 

Each bank required a power contract and preferred to 
have a loan guarantee. W e  conferred with the Small Busi- 
ness Administration, which indicated that in the case of 
energy related projects that created jobs, the agency could 
guarantee up to 8500,000. The exposure of the partici- 
pating bank would be 10%. SBA suggested that larger 
amounts could be guaranteed by Farmer's Home Adminis- 
tration (FmHA). FmHA in Montpelier. VT, stated that it 
was interested (by legislation) in developing or financing 
business or industry that increased employment or con- 
trolled and abated pollution in rural areas. FmHA in Mont- 
pelier was initially skeptical about the creation of jobs at a 
hydroelectric site. If that site were tied to an industrythat 
employed more people, FmHA would be more enthusi- 
astic. However it has been pointed out that loan guaran- 
tees go  into effect only upon co~rlpletion of construction. 
- 
CASH FLOW PROJECTIONS 

W e  used a relatively straightforward methodology 
for our financial analysis. attempting to estimatc the flow 
of income, annual costs and deb[ service, and the profit 
before taxes. The cash flow projections in the table below 
are based upon a 10% increase in revenues and operating 
expenses for 10 years. The principal of 8825,00@ is amor- 
tized over 20 years at 13% interest. The following table 
assumes production of 4 million KWH a year starting with 
a power value of 4 . 5 ~ .  



TABLE 6 

CASH FLOW PROJECTIONS 
4,000,000 KWH 

. . 
6 :. 7.25 '. - 280.891 1 1  7,442 . 59.588 . - 

7 7.97 318,880 ' 117,442 . 65.546 
8 8.77 350,769 117,442 72,101 
9 9.65 385.845 117,442 79.311 
10 10.61 424.430 117,442 87.242 --- 

Totals~ 10 Years 2,868.733 - 1.1 74.420 589,676 

W e  are encouraged by a projected rate of return on 
investnwnt of ??TO in the f irst jear of operation. This pro- 
jection does not, however, anticipate the effects of re- 
duced stream flow in a low water year or the as yet un- 
resolved environmental issues of minimum stream flow 
and fish passage. W e  believe that the current rate of en- 
ergy costs will continue to rise and that an on-site agricul- 
tural application will make efficient use of the dam's 
capacity. 

EXllIBIT L 

PROJECT MTLCSTONES 

~enstdck Preparation 

Prnstock Installation 

P o w r ~  liouse Preparation 

Pownrlio~~nc Construction 

Turhine Inspection 

switchgear Installation 

Turhine Installation 



- .  

EXIIIBIT L 

P R O J E C T  M I L E S T O N E S  

Licensing Process 

Order Equipments 

Gatehouse [Jorlc 

Pi:ns tock Installation 

Powerhouse Preparation 

Powerhouse Construction 

Turbine Inspection 

Switchgear Installation 

Turbine Installation 





Use 04 Power 
PRESENT BMF POWER DEMAND 

Although much small hydro interest nationwide has 
focused on sale of power to utilities, BMF decided tofocus 
on end-use of the power at the site. Such an approach is 
appealing for often-discussed reasons such as: minimiza- 
tion of transmission line losses, optimal management of 
load to meet power capacity and use of interruptible 
power, and maintenance of incentive to be as efficient as 
possible in all enerk-related operations. Given the Farm's 
experience in the agricultural field and market trends 
toward ever-increasing food costs in Northern New 
England, we explored the manner in which power utiliza- 
tion could be optimized in .the production of food. 

BMF already has two operations which can use elec- 
tricity from the dam: its wholly-owned Saranac Refrig- 
erated Warehouse in Littleton, New Hampshire and veal 
barns at the Farm itself. Internal use at Saranac would 
involve wheeling the power to the warehouse over 22 
miles of transmission lines (although the site is only 7 miles 
away). The Warehouse is New Hampshire's only public, 
refrigerated warehouse of significance and can store 3 rnil- 
lion pounds of' product. Monthly power consumption is 
generally a function of the mass stored inside the freezer; 
the less product, the higher the use. The highest recorded 
demand was about 72 KW; the freezer operation uses an 
average of about 438 MWHe per year. 

The greatest demand for electricity at the Farm itself 
presently comes from the veal operation. BMF is one of 
the largest producers of veal in New England; raising 
about 1300 head per year. Electricity is used70 mix feed, 
pump water, .and move air in the barns. Records indicate 
that the highest demand, 28 KW, occurs during the sum-. 
mer, when the fans, feed mixers, and pumps are all 
operating simultaneously. Average annual power use for 

t raising veal is 67 MWHe. 
Since neither of the existing operations above can use 

a significant amount of the power from the site, much of 
our attention has been directed toward controlled environ- 
ment agriculture sized to match the power output from 
the dam. Our  preliminary thinking about such a facility is 
presented below: 

CONTROLLED ENVIRONMENT 
AGRICULTURE (CEA) 

There are three existing masonry structures currently 
at the site which are not in use. Of these, the former Public 
Service Co. Transformer Service building located about 
30 feet from the dam is favorably suited to re-use as a 
Prototype Aquaculture/Agriculture Production Facility. 
This could sefve as an experimental model for a larger 
facility to be constructed at the site for maximum 
utilization of the power produced at a later date. 

. Electricity generated would be used to produce both 
light and space heating through lighting of the structure to 
extend the growing season and to supplement natural 
daylight. An integrated biological system of aquatic and 
vegetable production (probably talapia or other warm 
water fish and lettuce and tomatoes, along with final stage 
maple syrup production and some food drying and/or can- 
ning operations combined) would provide for balanced 
load management on a seasonal and daily basis which 
would be compatible with the electricity generating pat- 
tern of the plant. 

Schematic diagrams of what such a facility might look 
like are found in Exhibits MI&2, 

Any sort of reasonable determination about the 
quantity and quality of crops and fish species which could 
be grown under such CEA arrangements would require a 
full feasibility study unto'itself. Relevant research which is 
being conducted at a variety of test facilities around the 

.country is currently being suiveyed by the BMF, as are : 
local market conditions for the produce. However, some 



n*5ie former transfon~~er stornge blrildi;rg coiild -. be refitrbished and 
. -1 

very preliminary data on vegetables have been developed 
to further illustrate the CEA concept. 

Lettuce and tomatoes appear to be two viable crops 
which would complement one another in a CEA facility. 
Lettuce can tolerate varying amounts of light in a con- 
trolled environment. Lights give off low grade waste heat 
which could be used to supplement tomato production. In 
our calculations we have assumed that 400 KW of the 
dam's power would- be used initially, to insure sufficient 
surplus for other operations and a significant margin of 
error. 

The University of Connecticut has worked with 
Grand Rapids leaf lettuce for several years in various 
CEA's. Lee Fr*l (South Dennis, Mass.), General Electric 
(Syracuse, N.Y,), General Milk, and others in the South- 
west are starting up production models. Lettuce is 
particularly applicable to a run-of-the-hver power site be- 
cause it can go without light for days and can be "held'' 
with just a few hours of light. 

There are several ways to grow lettuce. Our model 
uses a 4 by 32 foot shallow tank and special electric 
lighting facilities. (I) Young lettuce is started at one end of 
the tank and moved down every day so that production 

used RS n fllcilify for cottkoolled errvir~nnlent ngricrllbrre.' 

could occur continuously. The bed area needed for a 
400 KW unit would be about 26,000 square feet. (2) Har- 
vesting takes place at the end of thirty days. State-of-the- 
Art technology indicates that 80 pounds of lettuce per 
square foot can be obtained utilizing a hydroponic, 
nutrient solution which is constantly pumped across the 
tank. Beds can be stacked 3 or 4 high to optimally use the 
space available. However, production would be scheduled 
so as not to compete with local summer lettuce and to 
adjust to various load demands placed upon our run-of- 
the-river system. 

Lighting requirements for lettuce production are 
about 46 watts for 16 hours per day per square foot during 
the thirty day growing period. Such production amounts 
to 3.38 KWH per pound. 

As mentioned, tomatoes are a good complement to 
lettuce because they can use the waste heat resulting from 
lettuceproduction. Some 80%of the energy input into the 
lettuce CEA is converted into low grade waste heat and 
such energy would be most important during the colder, 
low-flow months. The air flow needed to move heat to the 
tomatoes will also help with normal circulation of air 
which is necessary for such a crop. In our thinking at the 
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. 
present. time, tomato production would not take place 
during the months of December, January, and February 
when little natural light is available and large energy 
inputs would be necessary. 

In our calculations, we have sized the amount of 
tomato production according to the degree days and waste 
heat supplied during December. Production was figured 
for two crops of IS and 8 pounds per plant, with 1.5 square 
feet' per plant in the. bed and 4 square feet per plant 
overall. Tomatoes grown under these conditions would 
use a maximum of 18,500 square feet of bed area. There is 
nothing to prevent hydroponically grown tomatoes from 
being "stacked;' on top of our lettuce production units, cre- 
ating a stratified growing situation. 

O n  the following page are pictures of an actual CEA: 
The New Alchemy Institute in Woods Hole, Massachu- 
setts. The Institute has been a pioneer in the development 
and maintenante of self-contained biosystems. 

Preliminary assessments of food production in con- 
trolled environments matched'to the power capacities of 
the dam, in addition to use at the warehouse and veal 
barns, indicate that we could raise approximately 590,000 Ibs. 
of  lettuce and 282,000 Ibs. of tomatoes a year. . . . . 

LOAD MANAGEMENT FORECAST 

The following load. management chart p;ojeck 
monthly and annual power output, food production, and 

the number of labor hours necessary to sustain each 
operation. Vegetable pl.ocluiIicjn in a controllcd cnviron. 
ment at the dam will create 11 new jobs, with another 3 to 
4 positions anticipated for the processing and distribution 
of 872,000 pounds of lettuce and tomatoes. Time did not 
permit us to gather enough data pertinent to aquaculture. 

The chart indicates external sale of power and 
wheeling to other operations. Currently, there is no  
provision or precedent for-retail sale or wheeling of power 
in New Hampshire. The political climate in the state is 
changing quickly, however, and proposals for retail sale 
and wheeling of power are being reviewed by the state 
legislature and Public Utilities Commission. 

Only  three years ago, the Governor's Commission on 
Hydroelectric Power concluded that generation from 
small dams would not be commercially viable before 
1983. In 1978 the state legislature enacted the "Limited 
Electrical Energy Producers Act," mandating public 
utilities to buy power from small, independent producers. 
In recent weeks, the Public Utilities Commission set the 

. rate public utilities must pay at 4 tc4~21i per KWH. There 
is now before the legislature a bill which wbuld'authorize 
retail sale of power by small producers. 

It is expected that by the time BMF is ready to 
implement on-site use of the power our load management 
plan will be. applicable. 
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EXHIBIT 0 , . . 

, . . .  

LOAD F,IANAGEPIENT FORECAST 

Ave 1:!111 produced 403 505 484 340 340 441 661 706 607 402 237 309 
( 6 2 '  head,  Ossberger  

t u r b i n e )  

Ave Load Pro jec  tions/KWs 

F r e e z e r  51 43  47 '  57 61  50 50 50 48 52 50 50 435 P5414 
L e t t u c e  300 400 400 250 250 350 400 400 . 200 100 ' 2196 I\fWtl 
Veal 6 7 7 8 7 8 7 7 8 . 11 9 '  9 67 PFJF~ 
Tomato 10 5 5 0 .  5 5 5 10 . 10 10 46 I4IJN 
S a l e s / e x t e r n a l  36 5 0 '  25 25 17 28 199 239 351 339 228 140 1267t4WIl 

4014 MJll 

A g r i c u l t u r a l  Production/blonth 

T.ettuce/pounds 58200 77400 77'400 48600 48600 67800 77400 77400 38400 
Vea l /d ressed  pounds 120000 118500 

Toma to/pounds 50000 48000 100200 84000 

Ton~a t o 
Veal 
L e t t u c e  

* 1 1 . 3  new.  jobs  w i l l  be c r e a t e d  a s  a r e s u l t  of  o n - s i t e ,  CEA 



Environmental 
The Mink Farm has maintained a very open and 

direct posture with .regard to environmental quality. 
Indeed, the whole co"cept of using renewable energy for 
local needs ... and in particular for food production is an 
outgrowth of contemporary concern over environmental 
impact and the' sustainable use of resources. 

The Farm believes that its hydro reactivation can be 
successfully integrated into current use of the project area, 
as well as into prografns to improve the existing environ- 
ment. This philosophy is indicative of the incorporation of 
environmental values into business decisions and is also 
reflective of the flexibility which can occur if concerns are 
addressed before the final planning and design phases of 
the proiect. 

Considerations 
mi'd seventies (FO) in the stretch from Twin Mountain to 
Bethlehem. These high summer readings are usually of 
short duration. There are many miles of tribuiary streams 
entering the upper reaches of the river, descending from 
the White Mountain Range. Many would be classed as 
intermittent to ephemeral, either drying up to small pools 

' o r  ;ompletely disappearing in the summer. 
There is very little open land as most of the upper 

watershed is within the White Mountain National Forest. 
'The watershed cover is over 90% forestland which is 
either coniferous or northern hardwoods. 

FISHERIES RESOURCES 
. . 
As is stressed in the section on Licensing, a significant .The ,lower section of the river below Bethlehem 

effort has been' made to communicate with and enlist the flows through farmland. The river then becomes a 'series 
aid of environmental officials and public interest people in of long pools separated by long flats a.nd riffles. Water 
addressing ail concerns. temperatures are considerably warmer than the upper 

section due to the slower flow and a series of four dams 
DESCFtIPTION OF E * I R ~ N M E ~ T A L ' S ~ ~ ~ ~ ~ G  which create pondlike conditions. These dams are located 

The Ammonoosuc River originates at the Lake of the 
Clouds on. Mount Washington. It flows in a westerly 
direction for approximately 55 miles before entering the. 
Connecticut River at Woodsville, N.H. In this distance 
there is a drop of approximately 4,520 feet. After a pre- 
cipitous drop off the mountain slopes, the fall from 
Bretton Woods to the confluence is about 1,000 feet. The 
average gradient is about 8.2 feevmile. 

Above the Bethlehem Dam the river is a typical fast 
flowing, rocky stream. The stream banks are mostly unde- 
veloped with shrub alder or forest type cover. There are 
rapid changes in water level, with heavy run-off causing 
scouring and bank erosion. The stream make-up is a series 

'of pools and riffles with a boulder-rubL;le bottom.  he‘ 
water runs clear and cold with summer temperatures in 
the mid sixties (FO) in the'-upper reaches but rising . .. . . to the 

at Woodsville, Bath, Lisbon and the Apthorp Dam above 
Littleton. The river below Littleton often reaches tempera- 
tures lethal to trout.' 

The upper section of the river flows through one of 
the top recreational areas of the state. Salmonoid fishing 
plays an important role in this recreation. The 1961 
Fisheries Report states that at that time this section 
"received light to moderate fishing pressure (87.0 man/ 
hoursfacre), had a good success rate (0.97 fishlhour), and 
an adequate return of stocked trout (51.5 percent of the 
brook trout and 41.7 percent of the rainbow trout)." 

, 
Brook trout reproduce in most of the watershed 

except for the lower reaches of the mainstream. T h e .  
, 

heavy demand for recreational angling necessitates the 
release of hatchery fish. The total Ammonoosuc river 
system receives 10,000 to 17,000 catchable trout annually. . 



Brown trout reproduce sltcressfully and there is possibly 
some rainbow trout reproduction. 

Several other fish species are found in the watershed. 
The 1939 Survey Report No. 4 reports a .total of 21 -. 
species in the Ammonoosuc. Non-native species such as 
the Monlar-la grayling were stocked, but never became 
establislred.' "According to a survey conducted in 2973, 
the dominant fishes in the river were Longnose and Black- 
nose Dace (D34). Very few salmonoids were found in the 
mdinstream below Bethlehem'Dam. The following species 
list indicates the.diversity observed:"' - - 
Longnose Dace Blacknose Dace Longnose Sucker 
Slimy Sculpin Fallfish Tesselated Darter 
Common Shiner Creek Shub Yellow Perch 
Brown Bullhead Smallmo,uth Bass Brook Trout 
Banded Killifish Brown Trout Rainbow Trout 

-..- .- . . 

Historically, Atlantic salmon and American shad 
migrated up the Connecticut River to spawn.  bad were 
unable to pass the Bellows Falls but with fish ladders will 
hopefully ente.r the upper river system. Salmon were able 
to reach the upper Connecticut and "ascended the 
Ammonoosuc as far as the Fabyan place in the White 
Mountains." 

At the present time the Ammonoosuc is propbsed as 
part of the Connecticut River Atlantic Salmon Restoration 
Program. A report is being prepared on the 'proposed 
management of salmon in the Ammonoosuc watershed. 
At  present, the management plan has not been finalized. 

, The following information can only be estimated. . 

The Atlantic salmon smolt potential shows that 
approximately 60% of the .. -. nursery .- habiiat occurs'in the 

---.- 
mainstem of the river. A total of i1;423 units (100 square 
yards per unit) has been suggested for the total watershed. 
In the area of concern for this report, the following units 

. are suggested: 

RIVER TRIBUTARY NURSERY UNITS 
Ammonoosuc River (mainstem) 15.019 
Little River 422 
Zealand River 281. - .  

. ' Total 15.722 

The remaining 5,701 units are located in other tributaries. 
A figure of 40% (6,289 units) of the potential smolt 
habitat will be located above the Bethlehem dam. Present 
planning estimates a production of 50,000 plus smolk 
being produced in the.  Ammonoosuc with 30-40% 
(I~,OOO-~O,OOO) smolts being produced above the dam 
site. Present thinking is that adult spawning salmon will be 
transported to these spawning areas after being trapped in 
the downstream Connecticut River . - - (personal . . - - . - - . communica- - 
tion, ~ a r G  ~ t o l t e  ~JSF & WS; Peter Brezosky - N:H. ~ i s h  
and Game Dept:). 

I f  this system of handling spawning adults or stocking 
hatchery fry is used, there would appear to be little need 
for a fishway. The main concern would be the down- 
stream passage of smolts. This will have to be addressed 
whether a fishway is required or not and will rcquire 
further study. Smolts can safely pass over the dam in 
normal flows, but will? the installation of a turbine, 
measures will have to be taken to discourage entrance to 
the proposed penstock. 

Regarding the need for a fish ladder, consideration 
should be given for future needs. Under present planning 
for Atlantic salmon a fishway will be completed at the 
Vernon Dam on the Connecticut River (1983) and the 
Wilder Dam (1985). The Bellows Falls Dam will also have 
to be passed. There are presently four d a r ~ ~ s  on the 
Ammoncrosuc below the Bcthlehcm darn that will require 
either breeching or a fishladder. The Lisbon dam at 14  feet 
high may not hamper natural salmon passage. In light of 
the time schedule for downstream fish passage (which 
wouldn't bring spawning adults to the Bethlehem site until 
the mid to late 1980's) and with the question of transport- 
ing fish still i n  the planning stage, it would seem that a 
fishladder at Bethlehem dam is not needed at this time. 
I f  future findings require a fishladder, then the, best suited ' 

, type of structure can be designed to fit the site. 
A t  the present time the Bethlehem dam has no ad-- 

'verse effect on the downstream movement of fish. Trout 
are the only migratory fish in the system and there is suf- 
ficient habitat above and below the dam to maintairi the 
species. 

WATER QUALIIY ' 

The .upper reaches of the Ammonoosuc have 
changed from a Class "C" stream to a Class " B  rating 
(personal communication, D. W .  Zeaman, N.H. Water 
Supply & Pollution Control). The following table gives 

' some of the water quality readings taken at stations just 
above the Bethlehem dam (Sta. 22) and at other locations 
near Twin Mountain and Bretton Woods (Stas. 27, 28 
and 30). 

In general the elements of water quality that affect 
aquatic life are typical of cold, well oxygenated mountain 
streams that are ideal for salmonoid fishes. The upper 
reaches of such streams are low in food organism product- 
ivity. The coliform and fecal bacteria readings are low. 
These were taken' in October and would probably be 
higher at the height of the recreational season with more 

. . 
activity in the watershed. BOD readings are low and 
oxygen readings high, as expected with the ,cold water 
readings of October. In comparing readings between 1978 
and 1938, the summer readings at comparable stations 
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show that these streams ran warm considerably during thc 
warmest days of summer. . 

The nutrient analysis is low and so were trace metals 
(not 'included in Table) such as copper, lead, zinc, etc. 
Under physicallmineral analysis the specific conductivity 
is low, ~lkalirlity denotes soft water and the pH is in a good 
range to support aquatic life. ~urbidityOAt the time of read- 
ing (Oct.) was extremely low, but could become quite high 
during spring freshets when sediments enter the stream 
from scouring and. bank erosion. 

The present dam at Bethlehem has a limited effect on 
the downstream water quality. The flow through the small 
,pool behind the dam is rapid enough to cause little tem- 
perature warm-up. The pool .depth is not sufficient to 
create stagnation of bottom water. The wooded shoreline 
below the dam tends to return any raised water tempera- 
tures created by the pool . back . .. to . . . normal stream tem- : 
peratures. Studies carried out on small 'watershed dams 
(PL-566) in New ,Hampshire on similar streams 
substantiate this fact. . .  - .  

The penstock which is planned to carry wate; from 
the dam site to the generator would have little effect on 
water quality, except for the possibility of a very small rise 
in temperature. During construction every effort should 
be made to leave exisking vegetative cover between the 
penstock and the parallel stream bank to provide shade. 
Discharge haters should be directed back into a shaded 
reach of stream if possible. As the penstock will be 
constructed above the stream bed there should be no 
adverse effect on the stream. Efforts will have to be made 
to control any sedimentation during construction of the 
penstock. 

PLANT AND ANIMAL RESOURCES 

The watershed area above the Bethlehem Dam is 
better than 90% forested. Few farms are to be found and 
the remaining open land is either in recreational use (golf , 

courses, camping, etc.) or is reverting to woodla,nd. Much 
of the watershed is within the White Mountain National 
Forest. 

The forest is classified as three dominant types: 
Northern hardwoods, conifer and mixed conifer-hard- . 
woods. The hardwoods make up a large percentage of the 
forest cover. Tree species are sugar or hard maple, red 
maple, white and yellow birch and beech. The lesser tree 
species are mountain maple; striped maple, basswood, ash- - -  

and elm. The maplcs and birchrs'a~.e favored browse for 
deer, moose and snowshoe hare. Grouse bud the birches 
and aspen. In the deciduous forest there are at least 12 
species of birds that use this as primary nesting habitat. 
These are screen owls, warblers (3), scarlet tanager and 
rosebreasted - .grosbeak. 

Racoons, gray squirrels, rhiprnunks, flying squirrels; 
doktice,  shrews, bats, bobcats and black bear are found. 
~ l b n ~  the streams are:.beaver, mink. muskrat, ntter, ;rnA 
weasels. Occasional species are lynx, coyote and martin. 

Pure stands of softwoods or conifers make up a 
smaller percent of the forest. Most of these are tree species 
found on the mountain summits: white, red and black 
spruce, fir, white pine, hemlock and white cedar. Larch or 

' tamarack are found in the swamps. There are 44 bird 
species listed for this cover such as owls (h),  wnnripprk~rs 
(4), flycatchers (3), gray or Canada jay, raven, nuthatches, 
thrushes (3). warblers (14). finches, crossbills and pine 
siskins. Spruce grouse may be foLnd at the higher eleva- 
tions (3,000 feet or over). 

Game species are not common in pure evergreen 
stands except for winter shelter or deer yarding. White 
cedar is a prime winter food. There are several important 
deer yards within the watershed. Non-game species found 
in this habitat are red squirrels, mice, hare and porcupine. 

The rest of the .forest cover is mixed hardwoods and 
conifers, with birds and mammals as found in the other 
two forest types. 

RARE AND ENDANGERED PLANT AND 
ANIMAL SPECIES 

Endangered mammals for New Hampshire are the 
Eastern cougar and Indiana bat. N o  cougar has been taken , 

in New Hampshire since 1853. The Indiana bat lives in or 
near limestone caves and no such caves are in the region. 
The Bald Eagle may pass through the area. The Peregrine 
Falcon once nested on rocky ledges in the White 
Mountains and occasional sightings are made in New , 

Hampshire each year. Rare animals within the watershed 
are the Pallid Red-backed Mouse and the Yellow-nosed 
Vole. Both are found on Mt.  Washington which also sup- 
ports a few of the rare species of plants. None of the rare 
and endangered species listed above are located in. or 
around the Bethlehem Dam. No  migratory routes of birds 
or  mammals will be affected by  the dam or any con- 
struction. 



Social Impacts 
The 500-acre Bethlehem Mink Farm has been an 

integral part of New Hampshire's North Countjr since 
1937, serving as a source of jobs and revenue in the area. 
Those who have developed plans for BMF's dam reactiva- 
tion and use are longtime area residents' and therefore 
especially sensitive to the community's needs. 

BMF has evolved since 1971 from producing a non- 
food export crop (mink) to producing food for regional 
and local consumption. The planned agricultural use of the 
power at the dam is a natural step in BMF's evolution. 
Mink Farm employees are prime organizers of a local 
farmers' market in Littleton and are active participants in 
the LIFE (Locally Integrated Food Economy) Project, .an 
effort by six North Country,communities to become more 
agriculturally self-reliant by encouraging production, 
processing, storage and sale of locally-grown food. 

- . _ . _  , -  

WORKING MODEL 

Controlled Environment :Agriculture is an innovative 
idea that could serve as a model for others in New Hamp- 

' 

shire and New England concerned with promoting food 
and energy independence in an area which now imports 
90 percent of its food. Successful year-round production 
of lettuce, tomatoes and fish in the rugged climate of the 
White Mountdins could be a catalyst for similar produc- 
tion in the less extreme climate of Southern New England. 

BMF projections show enough lettuce could be 
produced at the farm annually to feed 20,000 people. One  . 

indication of BMF's concern for local impact are plans to 
cut production in summer months because of low stream- 
flow and to avoid competition with area farmers' field- 
grown produce. 

EDUCATION 

The Society for the Protection of New Hampshire 
Forests is developing a Farm and Forestry Museum on an 
old estate abutting BMF. The dam site will serve as a 

natural extension of this museum which is expected to 
draw thousands of visitors annually. The original owner of 
the museum site, John Clessner, built the Bethlehem Dam 
in 1927 to produce.electric power for the town. 

Besides the educational experience of visiting a 
working hydro facility, tourists will be able to compare 
farming methods of the future (controlled environment 
agriculture) with the museum's exhibits of farming 
methods and implements of the past. 

BMF already is well known in the area. by school 
children who have toured its facilities and by University 
of New Hampshire students and faculty who have worked 
with BMF on various agriculture projects. Those projects 
have included a study aimed at improving heating 
efficiency in calf barns, improving feed conversion in 
calves, marketing analysis of BMF's 3-million-pound 
freezer and a computer model for streamflow analysis at 
low-head, run-of-the-river dams. 

RECREATION 

The Ammonoosuc River and the surrounding area 
draw thousands of canoeing, fishing and hiking enthusiasts 
from throughout New England annually. BMF has dis- 
cussed plans for the dam with the Appalachian Mountain 
Club, the U.S: Department of Interior and others con- 
cerned with preserving the natural integrity of the area. 
These discussions and the dsearch of consulting engineers 
and biologists indicate reactivation of the dam will have 
little-if any-negative impact on recreational resources 
in the area. 

In fact, considering the continuing littering and 
vandalism of the area around the dam and old power- 
house over the years, the reactivation may help clean up 
the environment, making it a more attractive site for 
naturalists and others to visit. BMF plans to create 
picnicking and camping areas as part of its renovation.of 
the site in hope of inhibiting abuse. 



White witter cnnoeists put info water below the dam d~n'ng spring ru,~.off. 

BMF will also jmprove the portage for canoeists 
between the dam and the powerhouse as part of its re- 
tooling the entire faality. 

White water canoeing downstream from the dam 
currently is limited to a short period during spring run-off.' 
Reactivation of the dam inevitably will decrease the speed 
of 'water during that time, but since the plant is not 
designed to ever take advantage af maximum flow, it is 
expected that there will still be good canoeing in the 
downstream area after the plant is on-line. 

BMF has been in touch with the U.S. Department of 
Interior and state Fish and Game officials to discuss the 
possible impact of the reactivated dam on fishing, espe- 
cialiy the salmon restoration program currently underway 
in the Connecticut River into which the ~mrnono&uc 
feeds. The farm is willing to help in the restocking effort, 
including providing areas for smolt runout ponds and egg 
processing facilities and making provisions for a fish ' 
ladder at the dam. Water released at the powerhouse will 

be aerated by the turbine and therefore provide a 
healthier habitat for fish in the area downstream. 

JOBS AND TAXES 
When the Bethlehem Dam goes on-line, it is antici- 

pated a property tax re-evaluation would add $18,500 to 
'~ethtehem's tax revenue. The development of controlled 
environment agriculture would further increase the value 
of - the property - and therefore boost the town's tax revenue. 

Reactivation of the dam is not expected to directly 
create any new jobs in the area since most of its retooling 
and all of its maintenance and operation will be done by 
BMF employees. However, the agricultural development 
would create 11 new jobs directly and another 3 to 4 jobs 
related to sale and distribution of the crop. Since Bethle- 
hem's population is only 1600 and employmenf is pre- 
dominantly in tourist related industries which are seasonal, 
the creation of 14 full-time jobs will have a significant 
impact on area employment. 



Government Relations 
and RegullatoEy Considerations 

THE BETHLEHEM ATTITUDE 

Since the entire process of Federal regulation and 
licensing of small hydro re-development has been 
generally indicted as one of the most serious barriers to 
getting sites back on line, it is of particular importance to 
examine Bethlehem's experience to date with government 
agencies. 

Rather than simply taking the word of analysts that 
licensing was a "problem" and then seeking to avoid the 
problem for as long as possible, Bethlehem Mink Farm 
mapped out a drategy'of action based on directness and 
openness. It was felt that state and Federal agencies should 
be contacted from the very start of work on the feasibility 
study. A comprehensive list of relevant regulators, as well 
as interested a'gencies, was prepared, and a general letter 
indicating an "intent to develop" the site along with a Fact 
Sheet describing the site (see Appendix ). ; 

The Fact Sheet proved to be a very valuable tool in so 
far as it answered basic questions such as site location, 
operation, potential capacity and use of power etc., thus 
giving readers a more tangible sense of the project. The 
Fact Sheet has also proved useful as a general public re- 
lations tool when it was desirable to leave some informa- 
tion in a person's hand. 

The letters of intent, 'apart from expressing a desire 
for information, made it quite clear that BMF sought to 
involve agencies from the very start of the project and 
would work in a coope;ative spirit to meet various 
criteria. We felt that this tone was not only good business 
policy but good "person" policy, since it is obvious, 
although often forgotten, that bureaucracy is made up of 
people who work hard, become frustrated, etc. 

The response from the agencies has, for the most 
part, been straightforward and useful. There has been a 
general sense of appreciation that Bethlehem is trying to 
create a healthy atmosphere for involvement. 

Contact with "regulators" is outlined below: 

STATE AGENCIES 

Water Resources Board, Special Board, and Water 
+ Supply and Pollution Control Commission:These agencies 

are grouped together because of their interrelated nature 
in the context of state government. Response from the 
Water Resources Board made it clear that maintenance 
functions were to be distinguished from re-construction as 
far as permitting is concerned ... and it appears that the 
work needed to restore that dam will not need a permit 
from the Board: 

The Special Board, which contains representatives 
from a number of agencies, is primarily concerned with 
dredge and f i l l  and again, "construction." It appears that a 
permit from this Board will not be necessary. 

The Water Supply and Pollution Control Commis- 
sion basically operates via the Special Board, although it is 
technically separate, so it also appears that no permit is 
.necessary here. 

These three agencies will be kept informed of activity 
from time to time to insure that there is no question about 
the necessity of a permit from any of them. 

Fish and Game Department: As might be expected, 
the Fish and Game Department responded to the inquiry 
in a very cautious, non-commital fashion. A range of 
problems generally associated with small hydro develop- 
ment was pointed out, including some which were 
obviously not of concern, based on information included 
in the Fact Sheet (such as artificial fluctuation of water 
level). 

The agency'sgeneral response was followed up by a 
phone call to straighten out certain facts, re-express the 
desire to work together, and set a date for informal site 
inspection. 

A site inspection was conducted in conjunction with a 
representative from the U.S. Fish and Wildlife Service. At 
this time it was learned that the letter had not actually 
come from the Division Chief of Inland and Marine Fish- 



eries, but from one of his staff biologists and i t  was clear 
that it was this person who would be making basic deci- 
sions for the state. 

The site inspection covered a wide range of matters. 
0ve;all. there seemed to be agreement that there were 
few, if any,  wildlife considerations other than overt'habi- 
tat disturbance during construction. It was pointed out 
rather strongly that the Ammonoosuc h e r  was con- 
sidered a very important water body in the scheme for 
salmon restoration, although no timetable was laid out for 
just when a fish ladder might become necessary. Down- 
stream fish migration and minimum instantaneous stream- 
flows were also key areas of concern. 

As it stands, the Fish.and Game Department has not 
sent anything since the initial correspondence and appears 
to be letting the U.S. Fish and Wildlife Service take the 
ball for now. To some extent, this may reflect the use of 
the Federal licensing procedure by a state agency to 
achieve its goals. While this situation is not problematic, it 
is incumbent upon Bethlehem to continue following up 
with the agency and force a more direct and specific 
response. 

Public Utilities Commission: The Commission was 
informed of our activity because of the likely possibility 
that power would not be used on-site in the first few years 
of the project. This is relevant because of New 
Hampshire's "Limited Electrical Energy Producers Act" 
which, as already mentioned, requires a Franchised utihty 
to buy power'from independent producers at a price set 
by the Commission if the installed capacity of the site is 
less than 5000 KW (see Appendix D). The upcoming 
regulations of the Public Utilities Regulatory Policies Act 
and the possibility of more state legislation bearing on the 
wheeling and utility interface must be dealt with. 

FEDERAL AGENCIES 

U.S. Army Corps of Engineers: Since the Army 
Corps' regulatory interest is primarily in matters con- 
cerning dredge and fill, a permit will not be necessary. 

Environmental Protection Agency: EPA's focus is on 
water quality and the necessary minimum streamflow 
needed to assure acceptable quality levels. The agency 
responded to inquiry with a statement calling for a mini- 
mum instantaneous flow of 26 cfs. This quantity was 
determined by an analysis of minimum flows for 5 consec- 
utive days in ten year periods. It will be necessary to 
compare this flow requirement with that set by the U.S. 
Fish and Wildlife Service and enter into negotiations as to 
its appropriateness at all times' of the year (in particular, 
during the winter months). 

U.S. Fish and Wildlife Service: The Fish and Wildlife 
Service was approached separately from the N.H. Fish and 
Came Department, but as mentioned, the two agencies 

are in communication about the Bethlehem Dam. The 
rcsponse resulting from the site visit basically reiterated 
the issues which were raised in discussion: fish passage and 
strearnflow. Matters concerning water quality and public 
access were also raised. 

. Some frustration with the Service is felt because of 
its .lack of specificity in identifying . areas . of concern. 
Bethlehem was aware of ttie general environmental issues 
before atty agency contact was made and it was hoped 
that we might get down to "nuts and bolts" during the pre- ' 

lirninary discussions. However, it seems that in order to 
get concrete responses, queries will have to be phrased in a 
detailed manner. It is not clear whether a final answer on 
various matters will be issued until the FERC licensing 
procedure forces such determinqtions. 

Federal Energy Regulatory Commission: Since- the 
Bethlehem Dam is under 1,500 KW of installed capacity, it 
is eligible for consideration under FERC's new short-form 
license. Judging from the forms, the licensing procedure 
does not seem insurmountable. The only area which may 
cause some nuisance is that all state permits must be had 
before the application is submitted., The minor license 
procedure is untested but the agency- sounds optimistic 
about a shorter time frame. W e  feel that extensive 
personal contact with those officials responsible for the 
site will be a key to avoiding unnecessary paperwork, 
time delay, and expenditure of funds. 

The full list of all regulatory.agencies contacted can 
be found in Appendix A. 

OTHER PARTIES 
In addition to "regulators," other government 

agencies and officials were contacted. This was done so as 
to create commu~ication channels and prep various 
people as to the nature of the project, should help be 
needed in lubricating the licensing process. Included in this 
category weFe:; 

New England Regional Commission 
N e w  ~ h ~ l a n d  River Basins Commission 
Department of Energy - Regional Office 
Senator John Durkin 
Senator Gordon Humphrey ?. 

Congressman James Cleveland 
' Congressman Norman D'Amours 

Furthermore, a number of private organizations were 
c0ntacted.u~-front,. in order to assure their awareness of 
the project and head off any possible moves toward 
formal intervention: .. 

New Hampshire ~nvironmental  coalition 
Audubon Society of New Hampshire 
Society for the Protection of New Hampshire Forests 
Appalachian Mountain Club - . - - - -.. 
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PARTIAL MAILING LIST 

NH Water Resources Board. ; . 

37 Pleasant Street 
Concord, NH 0331 

NH Governors Commission on 
Hydroelectric 

(same as above) 

Special Board 
' . (same as above) 

NM Public Utilities Commission 
Concord, NH 0331 

Fish and Game Department 
34 Bridge Street' 
Concord, NH 03301 

Dept. of Resources and E. Development 
P.O. Box 856 
Concord, NH 0331 

Water Supply & Pollution Control 
Commission 

105 Loudon Road 
Concord, NH 03301 

Governor's Council on Energy 
26 Pleasant St 
Concord, NH 0331 

North Country Council 
P.O. Box 40 
Franconia, NH 03580 

Section of Applications 
FERC 
825 No. Capitol St 
Washington DC 

Head of Licensed Projects 
FERC 
26 Federal Plaza 
New York, NY 

The Audobon Society of NH 
Silk Farm Rd 
Concord, NH 03301 

Permits,Branch -Operations Div. 
US Army Corps of Engineers 
424 Trapelo Rd 
Waltham, EIA 02154.  

Northeast Power Plant Activities 
US Fish and Wildlife Service 
One Gateway Center 
Newton Corner, 02158 

Energy Resource Development 
DOE 
Analex Building 
150 Causeway St 
Boston, HA 02114 

Permits Branch 
EP A 
Room 2203 JFK Bldg 
Boston, !W 02203 

US GS 
Water Resources Division 
NH Sub Distict 
55 Pleasant St 
Concord, NH 03301 

New England Regional Commission 
53 State St, Room 400 
Boston, I.lA 02180 

New England River Basins Commission 
55 Court Street 
Boston, PfA 02108 

MI Environmental Coalition 
Old Hancock Rd 
Hancock, NH 03449 

Director of Conservation 
Appalachian Mt . Club 
Five Jog Street 
Boston, E f A  02108 

Society for the Protection of 
Forests 

5 South State St. 
Concord, NH 03301 



Senator ,John Durkin 
3230 Dirkson 
Washington, DC 20510 

Senator Gordon Humphrey 
Senate Office Building 
Washington, DC 205 10 

Congressman James Clcvcland 
2269 Rayburn House Office Rldg 
Washington DC 20515 

Congressman Norman D'Amours 
House Office Building 
Washington, DC 20515 

Governor Hugh Gallen 
State House 
Concord, NH 03301 

Selectmen 
Town of Bethlehem, 
Bethlehem, NH 

Vermont Structural Steel 
Eurlington, VT 

Owings-Corning Fiberglass 
Toledo, OH 

Central Vermont Power Co. 
Rutland, VT 

F.W.E. Stapenhorst 
,Pointe . . Claire, Que 

Ossberger Turbinenfabrik 
Ideissenburg i Bay, Germany 

Rodney Hunt Co . 
Orange, MA 

T. W. Dick Co. 
Gardiner, ME 

Isaacson Structural Steel, Inc. 
Berlin, NH 

Hydro Quebec 
Montreal, Que 

New England Electric Cb. 
Boston, PIA 

Woodward Governor Co . 
Rockford, IL 

Barnet Brothers Manufactureing 
Columbus, WI 

Johns-Plansville, Inc. 
Denver, CO 

Forest Technology Sales 
North Billerica, S I A  

Public Service Company of NH 
Manchester 6 Lancaster NH 

General Electric Co 
Schenectady, NY 

A1 1 is Chalmers , 
York PA 

Cambro Corp 
Littleton, NH 

University of New Hampshire 
Durham, NH 

IJni.versity of Conn 
Storrs, CT 

Dartmouth College 
Hanover, NH 

Franklin Pierce Law Center 
Concord, NH 

University of Elass 
Amherst, PlA 

Advance Cooling 
Clifton Park, NY 

Green Mountain Power Co. 
Montpelier, VT 





SUBJXCT: I n v e s t i g a t i o n s  o f . t h e  Penstock - 

The penstock, be ing  One of t h e  s i r g l c  l a r g e s t  i t e u s  i n  lhe restoration of t h e  

h y d r o e l e c t r i c  p r o j e c t ,  rece ived the  most a t t e n t i o n ,  Many people were contac ted  a d  

much discus'sion ' took p lace  cbncerning types  of m a t e r i a l ,  a v a i l a b i l i t y ,  d e l i v e r y ,  e tc .  

I n  t h e  f i n a l  a n a l y s i s ,  t h r e e  k inds  of m a t e r i a l  seemed t o  be  s u i t e d  t o  t h e  job; The 

o r i g i n a l  o ld  standby, woodstave pensfock, 6 '  i n  diameter ,  of t r e a t e d  western f i r ,  w i t 3  

t h e  r equ i red  hoops f o r  necessary  p ressu re  s t r e n g t h ;  molded f i b e r g l a s s  p ipe ,  wi th  0 r i n g  

type  j o i n t s ;  and convent ional  s t e e l  penstock wi th  the  increased  streng. th i n  s t e e l  it 

appeared t h a t  a  3/8 wal l  th i ckness  was more than adequate, In f a c t ,  t h i s  i s  over- 

engineered under some circumstances a t  t h e  upper end of t h e  yenstock, But f o r  s t r u c -  

t u r a l  p r o p e r t i e s  where t h e  penstock i s  empty t h e  3/8 th ickness  w a s  s e l ec ted .  

I n  c c m ~ a r i n g  t h e  types  of m a t e r i a l ,  t he  woodstave penstock proved t o  be f r i g h t -  

f u l l y  expensive. Not only  was i ts c o s t  p e r  f o o t  expensive but t h e  i n s t a l l a t i o n  c o s t  

r equr ing  an  on-s i te  foreman and a r a t h e r  l a r g e  crew, cons iderable  m a t e r i a l  handling,  

and s o  f o r t h ,  was indeed a cons ide ra t ion  ranking i t  as t h e  most c o s t l y  of a l l  m a t e r i a l s  

t o  use  f o r  t h e  p r o j e c t ,  

Next i n  l i n e  was t h e  f i b e r g l a s s  penstock with a  wa l l  th ickness  of approx ina te ly  

1 8 Due t o  sh ipping and handling, and t h e  long t r a . n s ~ o r t 5 t i o n  involved from a 

f a c t o r y  i n  Texas, an  extreme c o s t  was encountered, considerably more p e r  f o o t  than 

s t e e l ,  even though s t e e l  had more on- s i t e  c o s t s .  Af, ter  a i l  facto.rs  were consid c-red, 

s t e e l  was s t i l l  a cons ide rab le  amount of morey ucder  t h e  f ibe rg las s .  However, s e v e r a l  

Bn te res t ing  p o i n t s  took p lace  i n  va r ious  d i scuss ions  concerning penstock and t h e  

handling.  

The o r i g i n a l  concept of penstock g e n e r a l l y  was r i v e t e d  s t e e l  p ipe  o r  wood s t a v e  

p ipe ,  both of which were shipped t o  t h e  job s i t e  knock down, u s u a l l y  by f r e i g h t  ca r .  

A cons ide rab le  q u a n t i t y  of m a t e r i a l  could be placed on a s i n g l e  car .  Under p resen t  

concepts ,  most of  t h e  m a t e r i a l  with t h e  exception of wood stawe is  shipped ready t o  

assemble, i n  l e n g t h s  40 t o  55 f e e t  long. With 6-foot penstock this p roh ib i t ed  t h e  use  

o f  two l e n g t h s  of p ipe  o r  t h r e e  l a n g t h s  o f .  p ipe  pe r  t r u c k  a s  they were over  t h e  road 

limits, 

A s  .a l e t t e r  .a t tached h e r e t o  i n d i c a t e s ,  I suggested t o  tfre mw-ufacturer t h a t  we 

.compar,e,.the c c s t .  of a s l i g h t l y  l a r g e r  penstock f o r  h a l f  of t h e  d i s t ance ,  p l u s  t h e  
. .  . 

c o s t  of a t r a n s i t i o n  s e c t i o n  and t h e  .s tandard dimension f o r  the lower p a r t  of t h e  pen- 

s tock.  By doing t h i s  i t  was poss ib le  t o  pu t  one p iece  of  penstock i n s i d e  a second 

; ~ i e c e w h i c h i n t u r n c u t t h e f r i g h t f u l s h i p p i n g c h a r g e s i n h a l f .  I n s p i t e o f t h e i n -  
C 

creased  c o s t  p e r  f o o t  of t h e  l a r g e r  diameter  p ipe  t h e r e  was an  e f f e c t e d  sav ings  i n  

t h e  f i b e r g l a s s  p ipe  a lone  of some $26,00O...impressive indeed:' Although t h e , s u p p l i e r  

o f  s t e e l  p i p e  i s  f a i r l y  c l o s e  by, and sh ipping charges a r e  no t  a  l a r g e  item, still  a 
\ ' 

. . 



c o s t  r e d u c t i o n  w i l l - b e  p o s s i b l e  when t h e  p r o j e c t  e n t e r s  t h e  e w i n e e r i n g  phase. Again, 

by p rope r ly  d i n e n s i o r i n g  t h e  p i p e  wi th  v a r y i n g  d i ame te r s  o f  a p ~ r o x i m a t e l y  19 i nches ,  

h r e e  l e n g t h s  of  p i p e  w i l l  b e  placed upon a  s i n g l e  t r u c k ,  one 5ns ide  another .  Thus, 

eech t r u c k  w i l l  b e  loaded w i t h  19 tons  of payload r a t h e r  t han  6 tons  o f  payload. These 

p i p e s  w i l l  be  a r ranged  i n  descending o r d e r  w i th  one t h i r d  of therpens tock  be ing  s l i g h t l y  

l a r g e r  and one t h i r d .  be ing  s l i g h t l y  smal le r .  The d i ame te r  d i f f e r e n c e  i s  very  m i c i a a l  

w i t h  s t e e l ' p i p e .  Add i t iona l  s av ings  can a l s o  be  i n c u r r e d  by us ing  s l i g h t l y  l i g h t e r  

gauge p ipe  i n  t h e  upper  end of  t h e  peostock,  p a r t i c u l a r l y  where i t  is  going t o  be  

suppor ted  i n  saddles .  Savings  can  a l s o  be  i n c u r r e d  by lengthening  t h e  s e c t i o n s  as 
. . .  

each 40-foot s e c t i o n  i s  composed of f i v e  8-foot  s e c t i o n s .  

F i e l d  welding is cons iderably .more  expens ive  than  shop welding. The re fo re ,  an  

a d d i t i o n a l  c o s t  savings w i l l  be obta ined  by specifying the  pige i n  48  o r  56 f o o t  

l e c g t h s ,  bo th  of which w i l l  b e  e a s i l y  sh ippable .  

A s t e e l  penstock c e r t a i n l y  h a s  oce  of  t h e  poorer  c o - e f f i c i e n t s  of  f r i c t i o n .  HOW- 

eve r ,  t h e  c o s t  o f  e n l a r g i n g  t h e  d iameter  s l i g h t l y  would be  o fz se t  a g a i n s t  t h e  more 

expensive c o s t  o f  t h e  o t h e r  m a t e r i a l s . .  Wood, which would have t h e  l e a s t  c o - e f f i c i e n t  

of f r i c t i o n ,  i s  s o  f r i g h t f u l l y  expensive t h a t  i t  must be  abando~ed  a t  a l l  c o s t s .  

, . . . I  . An a d d i t i o n a l  no te  i s  t h a t  t h e  s t e e l  can be l a i d  d i r e c t l g  on normal bedding m a t e r i a l .  
' The wood penstock can  a l s o  b e  l a i d  on normal bedding m a t e r i a l ,  however, i t  i s  r e c o m e ~ d e d  

by t h e  manufacturer  t h a t  i t  b e  placed o r  s a d d l e s  which adds  an a d d i t i o n a l  c o a t  of many 

~ G o u s a n d s  of  d o l l a r s .  The f i b e r g l a s s  penstock a l s o  poses  a problem i n  t h a t  it is  no t  

recommended f o r  above-ground i n s t a l l a t i o n  and should b e  reasonably well. b u r i e d  i n  

bedding m a t e r i a l  o f  some type. T h i s  no t  on ly  would r e q u i r e  a g r e a t  a m ~ u n t  of  f f ia ter ia l  

t o  cover  t h e  penstock b u t  a l s o  poses g r e a t  d i f f i c c l t y  i n  g e t t i n g  the  m a t e r i a l  t o  t h e  

penstock a f t e r  i t  i s  i n s t a l l e d .  It i s  s t r o n g l y  recommended by t h i s , i n v e s t i g a t o r  t h a t  

any p l a n t s  i n v o l v i n g  l o c g  pens tocks  thoroughly i n v e s t i g a t e  t h e  c o ~ c e p t  of  p re fab r i ca -  

t i o n  and modular shipment. 
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Befh/ehem Sfee/ Corporation 
BETHLEHEM. P A  18016 

TUSULLP P ~ S X ~ C T S  
a x 0  T ) h f ?  S L L ~ S  

-- 
i. 0. KEL;::CDY. P.E. 

. M.U.CL3 OF SaLEF 

L. J. LUC;(CI:Ji.Zi!. Jn 
h l l i .  W.\.CLO 0' S.LCL 

February 9 ,  1979 

M r .  Bruce T. S l o a t  
Consul tan t  
Box 424 
Lancas t e r ,  NH 03584 

Dear M r .  S  l o a t  : Sub jec t :  Penstock f o r  Bethlehem Municipal  Hydro 
W h i t e f i e l d ,  New Hampshire 
Our FTP293 

Th i s  w i l l  confirm our te lephone  conve r sa t i on  of February 6 ,  1979 r ega rd ing  
t h e  s u b j e c t  p r o j e c t .  

Assuming : 

1,500 f t .  - 72" OD x  ,375" S t e e l  P ipe  w i t h  b e l l  and s p i g o t  l a p -  
welded f i e l d  j o i n t s  
Workmanship - AWA C200 
M a t e r i a l  - ASTM A283 Grade C 
Coating - E x t e r i o r  - Koppers 300M Coal Tar Epoxy, 
16 m i l s .  d ry  
I n t e r i o r  - Bare 

Our P r e s e n t  Day P r i c e  f o r  budget purposes ,  f .0 .b .  c a r s ,  W h i t e f i e l d ,  
New Hampshire, i n  40 i t .  l e n g t h s  i s  $128.00 pe r  f t .  and i n  80 f t .  
l e n g t h s  i s  $145.00 pe r  f t . ,  p rov id ing  w e  a r e  a b l e  t o  g e t  ra i l  
c l ea rance .  

I n  a d d i t i o n ,  you r eques t ed  t h e  fo l lowing  p r i c e s :  

2  - Dresser  Couplings,  72", S t y l e  38, wi th  112" x 10" middle  r i n g  

PRICE: $1,100.00 each  

2  - 125 l b .  L ightweight ,  S l i p  On F langes ,  f l a t  face ,  72" d iameter  

PRICE: $960.0'0 each 

We recogn ize  t h a t  you a r e  i n v e s t i g a t i n g  o t h e r  products  f o r  t h i s  p r o j e c t  
and assume t h a t  you w i l l  cons ide r  t h e  long s e r v i c e  records  of s tee l  p i p e  
a s  compared t o  f i b e r g l a s s  a s  w e l l  a s  t h e  s u p e r i o r i t y  of s tee l  cons ide r ing  
s t r e n g t h  and toughness ,  d u r a b i l i t y  and long s e r v i c e  l i f e ,  economy of i n -  
s t a l l a t i o n  and maintenance, permanent h igh  c a r r y i n g  capac i ty ,  d u c t i l i t y  
and a d a p t a b i l i t y ,  r e l i a b i l i t y  and r e s i l i e n c y  and w a t e r t i g h t  j o i n t s .  



. . 
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APPENDIX B 2  

Befh/ehem Sfee/ Corporation 

M r .  E ruce  T. S l o a t  - 2 -  February  9 ,  1979 

P l e a s e  keep u s  informed as t o  t h e  p r o g r e s s  of t h i s  p r o j e c t  and  i f  we can  
be  of a n y  f u r t h e r  a s s i s t a n c e  t o  you,  do n o t  h e s i . t a t e  t o  ca l l .  

Very truly y o u r s ,  

BETHLEHEM STEEL CORPORATION 
F. D. Kennedy, Manager of S a l e s  
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OWENS-CORNING FIBERGLAS CORPORATION FIBERGLAS TOWER. TOLEDO. OHIO 43659. (419) 248-8000 

F e b . r u a r y  2 8 ,  1 9 7 9  

1 .  B r u c e  P .  S l o a t  
P . O .  Box 4 2 4  
L a n c a s t e r ,  N e w  H a m p s h i r e  03584 

R e :  B e t h l e h e m  Mink  Fa rm 

D e a r  Mr. S l o a t ,  

My a p o l o g i e s  f o r  n o t  hav in ,+g  r e s p o n d ' e d  s o o n e r  t o  y o u r  r e c e n t  
t 

r e q u e s t  r e g a r d i n g  t h e  i n s t a l l a t i o n  o f  F i b e r g l a s  F l o w t i t e  P i p e  
o n  t h e  B e t h l e h e m  Mink  Fa rm p e n s t o c k  p i p e .  My d e s i g n  e n g i n e e r s  
h a v e  r e v i e w e d  y o u r  s u g g e s t i o n  o f  s u p p o r t i n g  t h e  p i p e ,  a  o n  6" 
s a n d  b e r m  w i t h  n o  s i d e  s u p p o r t .  T h e i r  f e e l i n g  i s  t h a t  i t  w o u l d  
b e  m o r e  d e s i r e a b l e  t o  i n s t a l l  t h e  p i p e  a s  i l l u s t r a t e d  b e l o w .  

I n  f a c t ,  t h i s  may. b e  t h e  m o s t  e c o n o m i c a l  s y s t e m  when  y o u  c o n s i d e r  
t h e  d e s i g n  a n d  r e s u l t i n g  c o s t  o f  t h e  p i p e  f o r  t h e  s y s t e m  y o u  r e f e r -  " 

' e n c e d  i n  o u r  t e l e p h o n e  c o n v e r s a t i o n  o n  F e b r u a r y  1 2 ,  1 9 7 9 .  T h e  
a b o v e  i n s t a l l a t i o n  w o u l d  a l l o w  f o r  a  m o r e  e c o n o m i c a l  p i p e  d e s i g n  
w h i c h  w o u l d  a f f e c t  t h e  a d d i t i o n a l  b a c k f i l l  c o s t .  

We h a v e  a l s o  l o o k e d  a t  t h e  f e a s i b i l i t y  o f  n e s t i n g  F i b e r g l a s  P i p e  
w i t h  b e l l  & s p i g o t  " 0 " - r i n g  j o i n t s .  T h e  minimum d i f f e r e n c e  i n  
p i p e  s i z e  w i t h  t h i s  t y p e  o f  j o i n t  w h i c h  w o u l d  a l l o w  f u l l  n e s t i n g  
i s  6" .  B a s e d  o n  t h i s ,  w e  h a v e  d e v e l o p e d  some  b u d g e t  p r i c e s  f o r  
72" a n d  7 8 "  d i a m e t e r  p i p e .  



APPENDIX . B 4 

F e b r u a r y  2 8 ,  1 9 7 9  

Mr. B r u c e .  P .  S l o a t  
P a g e  Two 

A s s u m i n g  4 0 . . f t .  l e n g t h s  w i t h  b e l l  ' &  s p i g o t  " O f ' - r i n g  j o i n t s ,  t h e  
a p p r o x i m a t e - . p r i c e  f o r  1 5 0 0  f t .  o f  7 2 "  d i a m e t e r  p i p e . w o u l d  b e  
$190 p e r  l i n e a r  f o o t ,  Y.U.B.  . j o b s i t e .  S u r p r i s i n g l y ,  t h e  p r i c e  
f o r  d e l i v e r y  b y  r a i l c a r  t o  t h e  n e a r e s t  r a i l  s i d i n g  w o u l d ' b e  a b o u t  
t h e  s a m e .  I n  t h i s  c a s e ,  d e l i v e r y  b y  t r u c k  t o  t h e  j o b s i t e  w o u l d  
b e  p r e f e r a b l ' e  f o r  a l l  c o n c e r n e d .  

Now, i f  we ' b r e a k  t h e  j o b  d o w n  s o  t h a t  h a l f  o f  t h e  p i p e  i s  7 2 "  
a n d  h a l f  7 8 " ,  t h e  p r i c e  f o r  t h e  7 2 "  p i p e  w o u l d  b e  $ 1 6 5 / L F  a n d  t h e  
7 8 "  p i p e  S 1 8 0 / L F .  

X e s t i n g  t h e  p i p e ,  t h e r e f o r e ,  r e s u l t s  i n  a n  a p p r o x i m a t e  s a v i n g s  o f  
$ 2 6 , 2 5 0 .  We t h i n k  t h e  s a v i n g s  i n v o l v e d  j u s t i f i e s  c o n s i d e r a t i o n  o f  
t h i s  a p p r o a c h .  

T h e r e  a r e  t w o  l a s t  c o n s i d e r a t i o n s  w h i c h  s h o u l d  b e  a d d r e s s e d .  F i r s t ,  
a n y  e l b o w s  l o c a t e d  a l o n g  t h e  p r o p o s e d  l i n e  w o u l d  h a v e  t o  b e  t h r u s t  
b l o c k e d .  T h e  u s e  o f  a n  a b o v e - g r o u n d  i n s t a l l a t i o n  p r e c l u d e s  t h e  
u s e  o f  a s o i l  r e s t r a i n e d  s y s t e m ' t o  r e s i s t  t h r u s t  t h u s  n e c e s s i t a t i n g  
t h e  c o n c r e t e  t h r u s t  b l o c k s .  S e c o n d l y ,  i f  t h i s  a r e a  i s  s u b j e c t  t o  

. f l o o d i n g  a n d  s i m u l t a n e o u s l y  e v a c u a t i o n  o f  t ' he  w a t e r  f r o m  t h e  p i p e , -  
l i n e ,  t h e n  f l o t a t i o n  o f  t h e  p i p e  c o u l d  o c c u r .  I d o u b t  i.f t h i s .  
w o u l d  b e  t h e  c a s e  o n  y o u r  j o b  b u t  d i d  w a n t  t o  m a k e . m e n t i o n  o f  i t  
i n  c a s e  y o u  h a v e  o v e r l o o k e d  t h i s  p o t e n t i a l .  

O n c e  a g a i n ,  s o r r y  f o r  t h e  d e l a y .  I d o  h o p e  I h a v e  a d d r e s s e d  a l l  
y o u r  q u e s t i o n s  a d e q u a t e l y .  I f  y o u  h a v e  a n y  f u r t h e r  q u e s t i o n s ,  
p l e a s e  f e e l  f r e e  t o  c o n t a c t  o u r  l o c a l  r e p r e s e n t a t i o n ,  M r .  Don C u r r y  
o f  P o r t l a n d  S a l e s  a t  ( 2 0 7 )  7 9 9 - 4 8 1 1 ,  o r  m y s e l f  i n  T o l e d o ,  O h i o  a t  
( 4 1 9 )  2 4 8 - 6 0 6 6 .  

V e r y  t r u l y  y o u r s ,  

OWENS-CORNING F.IBERGLAS CORPORATION 

R o b e r t  S .  M o r r i s o n  
M a r k e t  M a n a g e r  
P o w e r  a n d  I n d u s t r i a l  P i p e  
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February 28,'1979 

Bruce P. S l o a t  
Box 424 
Lancas ter ,  Xew Ha-psh i re ,  03584 

Re: 3/8 F l a t e .  Penn Stock 

S i r  : 

Confirning our  te lephone conversa t ion  t h i s  d a t e  on f a b r i c a t i n g  
1 5 G O  f t .  of Fenn Stock 3/8 P l a t e  6 f t .  .outs ide  diameter.  

Th i s  quo ta t ion  i s  only  a  proposed f e a s i b l e  - s tudy p r i c e ,  and i s  no t  
f i r n ,  but it k r i l l  be a  f a i r l y  c l o s e  es t imate .  

8 ~ a s e d  on r o l l i n g  snd welding 5 - 8 f t .  l i n g  c y l i n d e r s  t o  make a 
40 f t .  cy l inder  6 f t .  d i m e t e r ,  t h e  p r i c e  would be 53,904.00 f o r  
a 40 f t .  s ec t ion .  

Added t o  t h i s  p r i c e ,  would be a  p r i c e  of 3300.00 p e r  40 f t .  s e c t i o n  
f o r  d e l i v e r y ,  g iv ing  you a  t o t a l  of 54,2G4.00 per  40 f t .  s e c t i o n  
d e l i v e r e d  t o  L a c a s t e r ,  This  f i g u r e s  about $106.00 p e r  f t .  

Also, c a l c u l a t i n g  1 s e c t i o n  6 f t .  d i m e t e r  x 12 f t .  of p i p e ,  c u t  t o  
a bevel  o r  a  degree t o  make a  bevel  which i s  unlcnown a t  t h e  p r e s e n t  
t i n e ,  t h e  p r i c e  f o r  one of t h e s e  would be approximately 82000.00 
de l ivered .  

The f l anges ,  r equ i red  f o r  t h i s  job from 1" p l a t e ,  we f i g u r e  about 
$350.00 - 400.00 each. 

Again, I say t h i s  i s  no t  a f i r m  quote due t o  t h e  var%bles t h a t  e x i s t .  
. . 

If t h i s  job is a  go, a  f i rm p r i c e  woulil be given, according t o  sub- 
m i t t e d  pr in ts . .  

We thank you f o r  t h i s  oppor tuni ty  of g iv ing  you a f i g u r e  on t h i s  
p r o j e c t .  

Yours t r u l y ,  
4 

T. W. DICK CO.,  INC.  
I;.. .,t-.. M,. i .. --, :, 

,, 
Ey .ti:-. 4-x ,..f>? ,,/ . .yz:< , ,/;:. /-7-, 

.c Gordon Watson - Vice Pres .  

GCJ ; cse  
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. . .  ORANGE, MASS. 01364 TEL. 617-544-2511 . , :, . . 

.-; . yi: ' , C , k ? 2 3 1  EC>i! l i ' .G~'trtT L i ! V l j l O Y  

March 5, 1979 

r 
Bruce P .  Sloat 
P .  0. Box 424 
Lost Nation Road 
Lancaster , N. H .  03584 

1 
Subject: The Bethlehem Dam Project 

Ammonoosuc River 
Bethlehem. New Hampshire 
Timber Gate Components 
Rodney Hunt Quotation #94284 

Dear Bruc.e: 

We are  pleased to offer the following proposal covering timber gate components 
for replacement gates at the Bethlehem, New Hampshire Gate House as  follows: 

Item #1 

Components for two (2) - 84" x 96" head gates. 
The components will consist of stainless steel operating stems, 
2 3/4" diameter by approximately 15'-5" long. 
Stem connector of fabricated steel painted with black asphalt paint. 
Bronze clevis with pin.  
Stainless steel gate rods,  threaded each end,  for hex. nuts and 
cast iron washers. 
S-5012, two speed, crank operated floorstand quipped. with 
RPC-P plastic pipe cover indicator. 
Note: It will be necessary to fabricate some sort of hoist support 
to mount the floorstand to and we have not included this in our 
proposal. 

. . . . . . . . . . . . . . . . . . . . . . . . .  Price, each $3,804.00 
. . . . . . . . . . . . . . . . . . .  Price for two (2).  $1,608.00 

Item #2 

Components par ts  for timber gate with 30" openimg by  36" high. 
Stainless steel gate stem, 14 ' '  diameter by approximately 10 ft . long. 
Stainless steel gate rods.  
Fabricated steel stem connector with bronze clewis and pin.  
Cast iron washers for gate rods.  . 

S-5002, crank operated floor stand equipped wi&l RPC-P plastic 
pipe cover indicator. 
Note: Fabricated steel hoist support is not incladed. 

Price. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,348.00 

d;Ib*.P"----,.* 
E 3. TAXES: State Sales and/or Use Taxes are not included in this quotation. 
2 .2OD:\!EY '9 < T W S :  This quotation is subject to terms and conditions on reverse side. +! :-i PJ 
\L d Terms are 30 days net unless other* indicated. 
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Total Lump Sum Price, . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $9,956.00 

Above price is  f .o .b. , Orange, Massachusetts, with freight prepaid and allowed 
to Bethlehem, New Hampshire. 

Shipment, after notice to proceed, 6 to 8 weeks. 

It is our understanding that the existing guide channels a re  to be  utilized and that 
the gate disc will be  manufactured of timbers procured in the area.  

I am enclosing two copies of the following drawings which indicate the type of stem 
connector and type of construction that we have based our gate rod design on. 

A s  you proceed with the project, we would appreciate receiving a drawing or sketch 
advising of the correct length of gate rods required for each of the two items. 

The drawings a re  E-10099 - Detail: Stem Clevis & Swivel Connector for Wood Gate. 
D-13110 - Detail: Disc for 96" x 96" Timber Gate. 

We wish to apologize for the delay' in getting this proposal to you. However, should 
you require any additional information, please feel free to contact'us. 

We are sending, under separate cover, the plan sheets that you left at our office. 

Very truly yours , 

RODNEYHUNTCOMPANY 

R . E . Spooner , Sr . Application Engineer 
Water Control Equipment Division 

RES/bj 

Encl . 
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ISAACSON STRUCTURAL STEEL, HNC. 
Jcricho l10i1tl 

Berlin; New tlanlpsllirc 03570 

'b 
' Telephone 757-2034 

4 

To . -- ' L;rucc P,.. 91oa.k Structul .~ 

Street F;2 ;: ',;.z.<- 
- -  . L o s t  , ' - . ~ - t l o n  i?i. 

City 
z-, ; ,cus,tey, >:.I:. .3>3C2:!. 

Location . . 

Engineer 

\hrE PROPOSE TO FL'RSISH THE .\!ATERIALS RI<QL'IRED FOR THE ABO\'E STRUCTURE WHICH IS DESCRIBED BELOW IN 
ACCORD:\SCE hlTt1 TI111 RLLES OF STANDI\RD PRIICTICE 01- TIIE , \$:EKICAN.ISSTIT~~TE OF STEEL CL)NSTKULTION. 
THE FOLLO\+'ISG TERMS AXD PKO\'ISIOSS IXCL.UI)ING TtIOSL: PKISTI-1) OS THE REVERSE SIDE 01:'TfllS S I i i E T  ARE 
AGREED TO A S D  ACCEIlED B Y  YOU UPON ACCEPTANCE OF THIS I'IZOPOSI~L. . . 

.- 
" L' .I.:. {. St'? -. ...'.. .&,.. 0: -;l.?loco 
22.- ] , i n e l  f t., 
&. 

Prices are f. o. b. ........................................................................................................................................................... 
Terms: Net cash 30 days, payable in New York exchange or its equivalent o r  ....................................... % discount for 

cash if paid in 10 days from date of each invoice. 

Cash discount will be allowed only on  the discount base as stated on the invoice, being the prices of the materials less 
the transportation charges taken into account in arriq~ing a t  such prices. 

Date of invoice shall be date of shipment. 
Prompt acceptance o f  this quotation by you and our  written approval shall constitute a binding contract.  

THE ABOVE PROPOSAL IS ACCEPTED 
ISAACSON STRUCTURAL STEEL, INC. 

............................................................................ Date 

Thla quotltlon 18 sent to yon in dopllcate. If accepted, sign and return irlglnal, and zetain the dopllcate:for Your files. 
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FOREST TECHNOLOGY SALES 
" . . C _ . . _ _ l _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --._ ---. --.- --_-.. -- ,----... i-. .. 
Area 617-667-6011 Telex-094.596 IRON W R 5 E  PARK. NORTH RILLERICA. M A S S .  01802 

. . 

Btr, Bruce P. Sloa t  
P.O. Box 424 

Lost Nation Eoad 

Lancaster, N.H. 03584 

Dear Bruce, 

Conf inning our phone conversations, am est.imatcs 

on the 1600' Pcnstoclc a r e  a s  follows: 

200 m a n  hours pcr hundred l i n e a l  f e e t  
10 man crcw which i s  supervisor anci 9 men 

A s  I s a i d  thc  Supervisor would be S2SO,OO/day p l u s  
expcnsc s , 

Attached a r e  t l ~ e  t\m pr ice  shec ts  I had givcn you, I 

t a l l i c s  the t a b l e s  and gave them the infomat ion t h a t  I 

promiscd. * 

For untreated deduct 8.00/lfe . 

Thank you for the  opportunity, \ie'lE be ir. close  touch, 

. . -. . very %ruly yours 



C 

t r  
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I BOX 348 LIT~LETON, NEW HAMPSHIRE 03561 

Telephone 603 - 444-2453 

Bethlehem H y d r o e l e c t r i c  Dam R e a c t i v a t i o n  - Fact S h e e t  

Name : Bethlehem D a m  

Owner: D r .  Arnold Polonsky ,  P r e s i d e n t  o f  t h e  Eethlehem Mink Farm, 
I n c .  The Bethlehem Mink Farm i s  a t h i r d  g e n e r a t i o n  f a m i l y  
b u s i n e s s .  C u r r e n t l y  t h e  Farm produces  about  400,000 pounds 
o f  Prime Fancy Veal a y e a r  from 4 0 0  s t a l l s .  It i s  s e e k i n g  
ways t o  d i v e r s i f y  i t s  food  p r o d u c t i o n  ia a nanner  which i s  

- a p p r o p r i a t e  t o  t h e  r e g i o n .  The P o l o n s l q t s  a l s o  own Sz ranac  
R e f r i g e r a t e d  Warehouse, New H a n p s h i r e l s  o n l y  p u b l i c  r e f r i g -  
e r a t e d  warehouse,  l o c a t e d  i r l  L i t t l e t o n ,  NH. 

Loca t ion :  Arnmonoosuc R i v e r ,  i n  Bethlehem N H ,  near  R i v e r  Road, one 
m i l e  downstream from P i e r c e  Br idge  ( R t .  302). The wa te r shed  
o f  90 s q u a r e  f i l e s ,  s t a r t s  from t h e  western  s l o p e s  o f  M t .  
Washington and  i n c l u d e s  s e v e r a l  mountain communities b o ~ d -  
e r i n g  t h e  White Mountain N a t i o n a l  Fo res t .  

S i t e  D e s c r i p t i o n :  The p r e s e n t  r e i n f o r c e d  c o n c r e t e  s l a b  dam w a s  
b u i l t  i n  1925 and r e p l a c e d  a c r i b  dam w&ich w a s  b u i l t  a round  
1900 t o  s u p p l y  t h e  town o f  Bethlehem with e l e c t r i c i t y .  The 
p r e s e n t  dam has  no equipment t o  generaze  power. I t  i s  c a l l e d  
a " run-of - the- r iver f1  f a c i l i t y  because  of i t s  s m a l l  pond. 

The s i t e  i n c l u d e s  50 a c r e s  o f  l a n d ,  g e n e r a l l y  d e f i n e d  b 
a 4300 f o o t  ho r se shoe  bend i n  t h e  r i v e r  and a s t r a i g h t  
There  a r e  s e v e r a l  b u i l d i n g s  a t  t h e  s i t e ,  i n c l u d i n g  a do 
stream powerhouse. All a r e  i n  poor  r e p a i r ,  b u t  a p p e a r  
be s t r u c t u r a l l y  sound.  

Y 
r o a d .  
wn- 
t o  

I n  t h e  p a s t ,  t h e  18 - foo t  h i g h  dam c o l l e c t e d  w a t e r  which 
w a s  s e n t  v i a  a 6 - foo t  s t e e l  pens tock  sm,e 1,500 f e e t  t o  t h e  
downstream powerhouse. The t o t a l  working head  w a s  4 2  f e e t ,  
e x c l u d i n g  t h e  4 - f 0 0 t  f l a s h b o a r d s  used in t h e  summer. 

Stream Flow D e s c r i p t i o n :  The r i v e r  h a s  an  avemge  f l o w  o f  . . .  approx- 
i m a t e l y  2 0 0  CFS. A USGS gag ing  s t a t i o n  j u s t  above P i e r c e  
Bridge h a s  produced d a i l y / b i - h o u ~ l y  s t r e a m  f l o w  r e c o r d s  
s i n c e  1939. Flows r a n g e  f rom t h e  r e c o ~ d e d  h i g h  o f  1 0 , 8 0 0  
CFS t o  t h e  r e c o r d e d  low o f  16 CFS. Typical  low s t r e a m  
f lows  (70 - 100 CFS) o c c u r  i n  J a n u a r y ,  Feb rua ry ,  Augus t ,  
and September.  May and  June  f lows  t y p i c a l l y  exceed  250 CFS. 

S i t e  D u p l i c a t i o n :  The Bethlehem Dam i s  c o n s i d e ~ e d  t h e  f i r s t  dam . . 

on t h e  Ammonoosuc R i v e r .  T h e r e  a r e  a t  Ee'ast t h r e e  o t h e r  

a 
i n a c t i v e  dams a l o n g  t h e  app rox ima te ly  4@ m i l e  p o r t i o n  o f  
t h e  r i v e r  (Aptos  , Lisbon ,  Ba th)  .. 'There. .are., no  a c t i v e  s i t e s '  

. . .  
i n  t h i s  p o r t i o n .  



Telephone 603 - 444-2453 

Bethlehem D a m  .., .. 

Power P o t e n t i a l :  Three  power g e n e r a t i n g  l o c a t i o n s  are b e i n g  con- 
s i d e r e d .  One o p t i o n  i s  t o  p u t  a gcnc ra f ing  f a c i l i t y  sore 
200 f e e t  downstream from t h e  dam. The p rev ious  g e n e r a t i n g  
s i t e  is  t h e  prime c a n d i d a t e  f o r  r e - a c t i v a t i o n .  A t h i r d  
s i t e ,  f u r t h e r  downstream from t h e  powerhouse, might  p rov ide  
60 f e e t  o f  working head .  

The powerhouse s i t e ,  as t h e  l i k e l y  c a n d i d a t s  f o r  t h e  l o c -  
atiol-1 or the t u r b i n e  and g e n e r a t o r ,  might r e a s o n a b l y  be 
expec t ed  t o  g e n e r a t e  an  ave rage  o f  2 . 5  m i l l i o n  k i l o w a t t s  
p e r  y e a r ,  g i v e n  a n  i n s t a l l e d  c a p a c i t y  of 500 KW. 

Use of  Power: There  a r e  t h r e e  b a s i c  o p t i o n s  f o r  u t i l i z a t i o n  o f  
power. The most obvious  i s  t o  s e l l  t h e  power t o . P u b l i c  
Ser.vice of  N H ,  v i a  t h e i r  power l i n e s  which c r o s s  t h e  s i t e .  
Another  p o s s i b i l i t y  i s  t o  "wheel" ( r e n t  l i n e s )  t o  o u r  
o p e r a t i o n s  a t  o t h e r  l o c a t i o n s .  The t h i r d  o p t i o n  i s  t o  use  
t h e  power o n s i t e .  Each o p t i o n  o r  combina t ion .o f  o p t i o n s  
h a s  i t s  advantages  and d i s ~ d v a n t a g e s  and t h e s e  a r e  c u r r e n t l y  
be ing  ex ,p lored .  

The key t o  a r u n - o f - t h e - r i v e r  dam i s  t o  match end use  o f  
energy  w i t h  t h e  f low o f  t h e  r i v e r .  The g o a l  o f  t h e  Farm 
i s  t o  u se  t h e  energy  o n s i t e  t o  a i d  i n  t be  p r o d u c t i o n  of  
food  f o r  a l o c a l / r e g i o n a l  marke t .  I t  is a n t i c i p a t e d  t h a t  
c o n t r o l l e d  environments  w i l l  o f f e r  f l e x i b i l i t y  t o  d e a l  
w i t h  s e a s o n a l  f l ows  wi thou t  c a u s i n g  t h e  n e c e s s i t y  f o r  
l a r g e  amounts o f  backup power. 

Conse rva t ion  o f  Energy Impact :  The recommissioning o f  a 500 KW 
p l a n t  would e l i m i n a t e  t h e  need f o r  198,800 b a r r e l s  o f  o i l  
p e r  y e a r .  O n s i t e  use  o f  power would tend t o  add t h e  l o c a l  
energy  poo l  by economic m u l t i p l i e r s  a s s o c i a t e d  w i t h  reduced  
energy  imput i n t o  food p roduc t ion  and d i s t r i b u t i o n .  

F e a s i b i l i t y  Study Funding: Suppor t  f o r  t h e  p r e p a r a t i o n  o f  t h e  
f e a s i b i l i t y  s t u d y  i s  be ing  p rov ided  by t h e  U.S. .Department 
of  Energy as p a r t  o f  t h e  Depar tment ' s  o v e r a l l  program t o  
s t i m u l a t e  small hydro  de.velopment throughout  t h e  c o u n t r y .  
Some o f  t h e  m a t e r i a l s  g e n e r a t e d  from t h i s  s t u d y  w i l l  be  
used i n  t h e  t e c h n i c a l  a n a l y s i s  and in fo rma t ion  d i s s e m i n a t i o n  
programs p lanned  by t h e  .government.  . . . .  

. . 

P l e a s e  a d d r e s s  a l l  'comments and q u e s t i o n s  t o :  Richard Polonsky ,  
P r i n c i p l e  I n v e s t i g a t o r  
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BOX 348 LITTLETON, NEW HAMPSHIRE 03561 

Telephone 603 - 444-2453 

14 .December 1978 

SPECIFICATION NnlBER: BEIF 101 

Alternator 500 'and 750 KW 

Power Output (optional) 
. Power Output (optional) 

FL equer lcy  
Speed (operation) 
Runaway Speed (one hour) 
Voltage 
.4mbien t Temperature 

I Protection 
Exciter/Regulator 
Nounting Arrangement 

500 KW @ .85 PF 
750 KlJ Cj .85 PF 
60 Hz 
1,200 RPN 
2,400 RPM 
2,400/4,160 4 wire 
40 C 
Drip proof, Fan cooled 
Solid State 
Single shaft extension for drive 

Information Requested 

Outline dimensions and mounting 
Installed weight 
Insulation class 
Insulation resistance 
Temperature rise on windings 
Lubrication requirements and schedules 
Operating efficiency (including exciter) at: 

110%,100, 90, 80, 70, 60, 50, 40, 30, 20, 10% of rated output at 
90% power factor and ambient temperature of 25 C. 

Contact 
i- 

Roger French 
Box 158 
Jackson, NH 03846 

RFF : rcc 



BOX 348 LITTLETON. NEW HAMPSHIRE 03561 

Telephone 603 - 444-2453 

18 January 1979 

SPECIFICATION NUPIBER: BEIF 102 

Generator Control Packaze . '  

SCOPE: The generator control package shall include the electrical 
circuits for the 'starting,_synchronization, operation, protection 
and monitoring of the hydroelectric generator. 

SPEClk'LCA'SLUN : 
Power 750 KW 60 Hertz 
Voltage 24000/4160, 4 wire 30 system, gnd neutral 
Enclosure Metal enclosure for safe indoor use 
Ambient temperature 20 to 100 F 
Line breakers Vacuum type, magnetically controlled 
Required Protective Functions 

Phase over-current 
Ground over-current 
Reverse power 
Loss of excitation 
Over-voltage 
Under-voltage 
Over-speed 
Under-speed 
Over-temperature 

Instruments (4%" rectangular 2250' scales, 1% class) 
Volts with phase switch 
Amperes ( 3  instruments) 
Kilowatts 
Kilowatt hours 
Kilovars 
Synchroscope 
Temperature 
Frequency 
Strip chart recorder on KWs 

NOTE: automatic starting or restarting not required. 



APPENDIX C 

BOX 348 LITTLETON, NEW HAMPSHIRE 03561 

Telephone 603 - 444-2453 

18 January 1979 

SPECIFICATION NMBER: BMF 103 

Utility .. . - Intertie Package 

. SCOPE: The utility intertie package shall include the electrical 
equipment (but not the poles and structural supports.) for' . .  . 

connecting the generator control package (Specification 81021,; 
to the utility transmission line. Option I provides only for 
the sale of energy to the utility. Option 11 also provides for 
onsite use of power and purchnoc of powcr from the utility. 

SPECIFICATIONS: 
Primary Service 

Generator 

Outdoor Equipment 

Indoor Equipment 

19.9134.5 KV 
3-phase with grounded neutral 
750 KW, 2400/4160 V 
3-Phase with grounded neutral 
3-19.9 KV ganged disconnect switches 

& fuses 
3-250 KV power transformers 
3-lighting arrestors (primary side) 
Instrument transformers, including 

3 current transformers, and 
3 potential transformers 
preferably in a single package 
with only 3 pot heads 

Indicating instruments 
(4%" rectangular, 250° scale, 

1% class) 
. Kilowatt 

KVAR 
Integrating instruments (Option I) 

KWHIKW with demand interval 15 min 
KWAFI/KVA " I1 I I I1 11 

Integrating instruments (Option 11) 
KWHIKW (sending) strip recording* 
KWHIKW (~eceiving) " 11 

KVAHIKVA (Sending) " I I 

KVAHIKVA (~eceiving) " 11 

Sensors and transfer relays to 
switch between sending 
and receiving instrs. 

Enclosure 
metal enclosure for safe indoor 

uipment Ambient ~em~eraE8re 
20 to 100 F 

* strip recording type with demand 
interval of 15 minutes 



APPENDIX C 

M r .  Roger .F.  French 
Consul tan t  
P.O. Box 158 
Jackson,  N . H .  03846 
U. S .A. 

Subjec t :  Bethlehem Mink Farm 
Our P r o j e c t  S-1916 

Dear ifr . French: 

March 1 3 ,  1979 

A s  reques ted  by M r .  Bruce S l o a t ,  we a r e  'p leased t o  submit  f o r  your 
c o n s i d e r a t i o n ,  ou r  p r i c e s  f o r  h y d r o e l e c t r i c  power gene ra t i ng  equipment 
f o r  t h e  Bethlehem Mink Farm P r o j e c t :  

1 )  One (1)  - Complete 510 KW synchronous g e n e r a t i n g  s e t ,  c o n s i s t i n g  
of t h e  fo l lowing:  

1 - 6,' 0" I . D .  B u t t e r f l y  Valve, (manually ope ra t ed )  

1 - I n t a k e  T r a n s i t i o n  S e c t i o n  wi th  a  l o o s e  f l a n g e  f o r  
welding t o  t h e  customer 's  penstock,  

1 - Ossberger  Cross-flow Turb ine ,  designed and b u i l t  f o r  
39.4' n e t  head and 200 c f s  ope ra t i on .  Output of t h e  . 

t u r b i n e  w i l l  be 743 HP a t  135 RPM. 

1 - S e t  of  High Speed and Low speed F l e x i b l e  Couplings,  

1 - 750 HP Speed I n c r e a s e r ,  w i t h  AGMA s e r v i c e  f a c t o r  of  
min. 1 . 5 ,  

1 - 550 KW, 1200 RPM Three phase Brush less  Generator  of 
d e s i r e d  v o l t a g e  up t o  4.16 KV. E l e c t r i c a l  o u t p u t  
of gene ra to r  a t  r a t e d  t u r b i n e  ou tpu t  of 743 HP w i l l  
be  approx.  510 KW. 

1 - Foundation Frame f o r  t h e  t u r b i n e ,  

1 - P l a t e  S t e e l  S t r a i g h t  D r a f t  Tube, up t o  12  f e e t  l ong ,  

1 - Speed Governor, complete w i t h  o i l  pump, servomotors ,  
l i n k a g e s  e t c .  

1 - Flywheel t o  i n c r e a s e  t h e  moment o f  i n e r t i a  of g e n e r a t o r ,  

1 - Generator  Con t ro l  Pane l ,  w i t h  b a s i c  moni tor ing  and 
p r o t e c t i o n  dev ices ,  

Page 2... .. 



M r .  Roger .F. French March 13 ,  1979 
Consul tan t  

Page 2 

- Necessary founda t ion  b o l t s ,  p ip ing ,  w i r i n g  d e v i c e s  
e t c .  t o  complete t h e  i n s t a l l a t i o n .  

PRICE:....... ........................ U.S. $246,000. 

2) One (1) - Complete 740 KW synchronous gene ra t i ng  set ,  c o n s i s t i n g  
of t h e  fo l l owing :  

. .  1 - 6 '  0" I . D .  B u t t e r f l y  Valve (manually o p e r a t e d ) ,  

1 - I n t a k e  T r a n s i t i o n  Sec t ion  w i t h  a  l o o s e  . f l a n g e  f o r  . .  . 

welding t o  t h e  customer ' s penstock,  
. . 

. .  . . . ... 
1 - Ossberger  Cross-flow Turbine,  designed and b u i l t '  . .  , . . . . . . 

f o r  57 '  n e t  head and 200 c f s  ope ra t i on .  o u t p u t  . . .  

of . t h e  t u r b i n e  w i l l  be  1075 HP a t  1 6 1  RPM. 

1 - S e t  of  High Speed and Low Speed F l e x i b l e  Couplings,  

1 - 1100 HP Speed I n c r e a s e r  w i th  AGMA s e r v i c e  f a c t o r  of 
min. 1 . 5 ,  

1 - 750 KW - 1200 RPM - t h r e e  phase b r u s h l e s s  g e n e r a t o r  
of  d e s i r e d  v o l t a g e  up t o  4.16 KV. E l e c t r i c a l  ou tpu t  
of g e n e r a t o r  a t  r a t e d  t u r b i n e  ou tpu t  of 1075 HP w i l l  
be  approx. 740 KW. 

1 - Foundation frame f o r  t h e  t u r b i n e ,  

1 - I n t a k e  t r a n s i t i o n  s e c t i o n  w i t h  a  l o o s e  f l a n g e  f o r  
welding t o  t h e  cus tomer ' s  pens tock ,  

1 - P l a t e  s tee l  s t r a i g h t  d r a f t  tube ,  up t o  1 2 ' , l o n g ,  

1 - Speed Governor,  complete w i t h  o i l  pump, s e rvomoto r s ,  
l i n k a g e s  e t c . ,  

1 - Flywheel t o  i n c r e a s e . t h e  moment of i n e r t i a  o f  g e n e r a t o r ,  

1 - Genera tor  Con t ro l  Pane l  w i t h  b a s i c  mon i to r ing ' and  
p r o t e c t i v e  d e v i c e s ,  

Page 3. . . . .  



Mr. Roger E'. krench 
Consult ant-. . . 

March -13, 1979 

Page 3 

- Necessary foundation bolts, piping, wiring devices etc. 
to complete the installation. 

PRICE: ................................... US. $346,800. 
-- 

Both prices are F.O.B. site, all import duties paid, but no local and 
state taxes, if any, included. 

Prices are firm for 30 days. 

We hope that you will find the prices quoted and information given 
satisfactory, but should you have any further questions', please do 
not hesitate to contact me. 

Yours very truly, 

F.W.E. STAPENHORST INC. 

.F. Kanger, P. - ~ n ~ .  

CC: Mr. Bruce Sloat 

FK/hr 
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M E C H A N I C A L  A N D  E L E C T R I C A L  P O W E R  E O U l P M E N T  S I N C E  1 8 9 1  

NORTH ERUNSWICK, N. J. 08902 

IN REPLY PLCASC 

REFER TO F i l e  0304 E L  
AREA CODE 201 - 932 - 6000 

. .  . MY DIRECT DIAL NUMBER IS 932- 6  11 7 

J anua ry  31, 1979 

b l r .  Roger French 
Pos t  O f f i c e  Box 158 
Jackson ,  NH 03846 

Reference:  Bethlehem blink Farm 

Dear F I r  . French:  

We acknowledge w i t h  thanks  r e c e i p t  of bo th  your l e t t e r s  d a t e d  
December 2 6 ,  1978. 

A s  exp l a ined  t o  you d u r i n g  our  t e l ephone  conve r sa t i on  l a s t  week, 
we a r e  quo t ing  you he reunde r  our  complete package, i n c l u s i v e  o f  
t u r b i n e s ,  g e n e r a t o r s , ' s p e e d  i n c r e a s e r ,  c o n t r o l  p a n e l s ,  e t c . ,  
r a t h e r  t han  g i v i n g  you s e p a r a t e  p r i c e s  f o r  gene ra to r s  and t u r -  
b i n e s .  

We have i n d i c a t e d  he reunde r  t h e  s a l i e n t  t e c h n i c a l  d a t a  f o r  t h e  
g e n e r a t o r s  and t u r b i n e s .  A l t e r n a t i v e  1 i s  thte s o l u t i o n  f o r  t h e  
500 K11 package and a l t e r n a t e  2 i s  t h e  package f o r  t h e  750 Kl\! o u t -  
p u t .  

TURBINE TECHNICAL. DETAILS. 

A l t .  1 A l t .  2 

Type F r a n c i s  Franc i s  

Power ( K I V )  

Speed ('~~1.1) 

. . 

V e r t i c a l  . ' . 
. . . . Hor izo 'n ta l  

CABLE ADDRESS: BROWNBOVE, NBRU . WESTERN UNION TELEX NUMBERS: 844464 AND 844465 
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4 Page Two 
J a n u a r y  31 ,  1979 . 

F u r t h e r  t e c h n i c a l  d e t a i l s , .  s u c h  as e f f i c i e n c i e s ' ,  e t c . ,  w i l l  
f o l l o w , '  . 

GENERAL D E S C R I P T I O N  - T U R B I N E S  (BOTH ALTERNATIVES) .- 

T u r b i n e  
. . 

H o r i z o n t a l  s h a f t  w i t h  r u n n e r  f i t t e d  d i r e c t l y  t o  t h e  overhung 
g e n e r a t o r  s h a f t  t h r o u g h  a speed i n c r e a s e r .  

The s p i r a l  c a s i n g  ( s t a y  r i n g  f o r  a l t e r n a t i v e  2) c o v e r s  and  
r u n n e r s  a r e  a l l  welded  from . u n a l l o y e d  p1a t . e  s t e e l .  

The w i c k e t  g a t e  b e a r i n g s  a r e  o f  s e l f - l u b r i c a t e d  t y p e .  

The s e a l i n g  r i n g s  a r e  r e n e l i a b l e .  
The s h a f t  s e a l  i s  o f  n o n t o u c h a b l e ,  t w o - s t e p  c o n s t r u c t i o n .  
The t u r b i n e  f o r  a l t e r n a t i v e  2 h a s  a  t h r u s t  b e a r i n g .  

TURBINE CONTROL UNIT 

The t u r b i n e -  c o n t r o l  u n i t  i s  d e s i g n e d  f o r  a u t o m a t i c  and manual 
s t a r t i n g  up and p a r a l l e l l i n g ,  r emote  and l o c a l  o u t p u t  r e g u l a -  
t i o n  and a u t o m ' a t i c ,  remote  o r  manual-  c l o s i n g  down o f  t u r b i n e . .  
The u n i t  i s  n o t  d e s i g n e d  f o r  f r e q u e n c y  g o v e r n i n g  when o p e r a t i n g  
on a n  i s o l a t e d  n e t w o r k .  

A common o i l  p r e s s u r e  u n i t  f o r  o p e r a t i o n  o f  t h e  t u r b i n e  c o n t r o l  
u n i t  w i l l  be  p r o v i d e d .  

. GENERATOR 

I t e m  2 
Type 

A l t  .; 1 . ,  A l t :  2 

WAB 500 B 6 WAB 500 E6 

Ra ted  Outpu t  (KVA) .. , 6 0 0  . . 900 

C o n s t r u c t i o n  . . H o r i z o n t a l  V e r t i c a l  

V o l t a g e .  ' ' 440 440 . . . . 

Speed (RPI.1). : ' . 1200 . . . . . 1 2 0.0 . . 

Runaway Speed 2400 2400 

Frequency 
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;;.-.: .. :.;..:.+ E!r . Roger French 
. i. Page Three  

J a n u a r y  31,  1979 

E f f i c i e n c y  o f  G e n e r a t o r :  

A l t .  1 A l t .  2 

1/1 Load . (0/0)  

3 / 4 .  Load 94.0 

1 / 2  Load . 9 3 . 3  

PRICES AND DELIVERIES 

Our f i r m  p r i c e  f o r  a  c o m p l e t e  package  d e l i v e r e d  t o  job  s i t e ,  
i n c l u s i v e  o f  t r a n s p o r t ,  f r e i g h t ,  customs d u t y ,  e t c . ,  b u t  w i t h -  
o u t  e r e c t i o n  s u p e r v i s i o n ,  e r e c t i o n ,  commiss ioning ,  e t c . ,  a r e  
a s  f o l l o w s :  

A .  For a l t e r n a t e  1, 500 K l i  u n i t  w i t h  h o r i z o n t a l  F r a n c i s  
T u r b i n e ,  - g e n e r a t o r s ,  s w i t c h g e a r ,  e t c .  

. . . . . . . . U.S. D o l l a r s  $ 364,000.  

B.  For  a l t e r n a t e  2 ,  750 KW u n i t  w i t h  v e r t i c a l  F r a n c i s  
T u r b i n e ,  g e n e r a t o r s ,  s w i t c h g e a r ,  e t c .  

. . .  . . . . . . ., .. U.S. D o l l a r s  $ 378,000.  
0 .  

The above p r i c e s  a r e  b u d g e t a r y  and a r e  s u b j e c t  t o  n e g o t i a t i o n  
b a s e d  on ~ c t u a l  d imens ions  o f  e x i s t i n g  powerhouse and a d a p t -  
i b i l i t y  0 5  t h e  t u r b i n e s .  t o  t h e  . e x i s t i n g  l o c a t i o n .  

D e l i v e r y  i s  b a s e d  on t h e  p r e s e n t  f a c t o r y  l o a d ,  which i s  a b o u t  
1 2  months ex-works from t h e  d a t e  o f  a  c l e a r - c u t  o r d e r .  

We f e l t  t h a t  t h e  s o l u t i o n  w i t h  a  F r a n c i s  T u r b i n e  w o u l d . b e  more 
economical  and compact r a t h e r  t h a n  u s i n g  t u b u l a r  t u r b i n e s .  

Our d e s i g n e r s  a r e  working  o n  t h e  technica l1  i n f o r m a t i o n  which we 
s t i l l  o\Je you,  b u t  we presume t h e  above p r i c e  i n f o r m a t i o n  w i l l  
be  o f  a s s i s t a n c e  t o  you.  To g i v e  you b e t t e r  e s t i m a t e s ,  we need 
d r a w i n g s . o f . t h e  e x i s t i n g - p o w e r h o u s e .  
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Page Four 
J a r ~ u a r y  31,  1979 

Should  you have f u r t h e r  q e u s t i o n s  an-!. r e q u i r e  a d d i t i o n a l  c l a r -  
i f i c a t i o n ,  we a r e  always a t  your  s e r v i c e .  

Very. t r u l y  y o u r s ,  

BROWN BOVERI  CORPORATION 

S .  biookerjee 
. . 

S a l e s  Manager 
E l e c t r i c a l  D i v i s i o n  
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Brown Boveri Corporation 

M E C H A N I C A L  A N D  E L E C T R I C A L  P O W E R  E Q U I P M E N T  S I N C E  1 8 9 1  

NORTH BRUNSWICK, N. J. 08902 ' ' ' .  

IN REPLY PLEASE 

REFERTO F i l e  0 3 0 4  . E L  
AREA CODE 201 . 932 - 6000 

, 

MY DIRECT DIAL NUMBER IS 932- 6  1 1  7  

F e b r u a r y .  9 ,  1 9 7 9  

iir; zoyer L-i-c--- A 1  L "I 

P o s t  O f f i c e  B o x  1 5 8  
J a c k s o n ,  N H  0 3 8 4 6  

R e f e r e n c e : .  B e t h l e h e m  M i n k  F a r m  

D e a r  M r .  F r e n c h :  

F u r t h e r  t o  o u r  l e t t e r  o f  J a n u a r y  3 1 ,  1 9 7 9  a n d  p e r s u a n t  t o  
o u r  t e l e p h o n e  c o n v e r s a t i o n  t h i s  m o r n i n g ,  w e  h a v e  t h e  p l e a s u r e  
i n  c o n f i r m i n g  h e r e w i t h  t h e  v a r i o u s  e f f i c i e n c i e s :  

A l t e r n a t e  1 :  F l o w  a t  r a t e d  o u t p u t  o f  5 0 0  KW = 1 7 0  c f s  

F l o w  r a t i o :  Q / Q  m a x :  

E f f i c i e n c y  i n  %: 
. . 

2 8  5 0  6 8  8 1  8 7  9 0  9 0 . 5  8 7 . 5  

A l t e r n a t e  ' 2 :  F l o w  a t  r a t e d  o u t p u t o f  7 5 0  KW - 1 7 3  c f s .  

F l o w  r a t i o  Q / Q  m a x :  

E f f i c i e n c y  i n  %: 
/'--, 

2 8  5 0  6 8  ' 8 7  ' .  8 7 . 5  9 0 . 5  9 1  8 8  

8.1 

CABLE ADDRESS: BROWNBOVE. NBRU . WESTERN UNION TELEX NUMBERS: 844464 AND 844465 



M r .  R o g e r  French  
.Per~e T w o  
F e b r u a r y  9 ,  1 9 7 9  

T h e  e f f i c i e n c i e s  f o r  f l o w  r a t i o s  o f  0 . 7  t o  1 .0  a r e  g u a r a n t e e d ,  
b a s e d  o n  m o d e l  t e s t s  i n  l a b o r a t o r y .  T h e  o t h e r  e f f i c i e r l c i e s  a r e  
e x p e c t e d  v a l u e s .  

W e  h o p e  t h e  a b o v e  i n f o r m a t i o n  i s  o f  u s e  t o  y o u .  

V e r y  t r u l y  y o u r s ,  

S a l e s  M a n a g e r  
E l e c t r i c a l  D i v i s i o n  



HYDRO-TURBINE DIVISION 

February 9, 1979 

Mr. 'Roger F. French 
consultant 
P. 0. Box 158 
Jackson, NH 03846 

SUBJECT: Bethlehem Mink Farm 
A-C Inquiry 6-33050 

Dear Mr. French: 

This letter is in reply to your letter dated December 26, 1978 requesting infor- 
mation relative to hydro-turbines for your Alternate /I1 and Alternate #2. 

ALTERXATE ?1 

For a net head of 39.4' (12m) and a rated flow of 185 cfs we would propose one 
(1) lOOOnm 5XA (adjustable) standard TUBE unit. At these rated conditions, 
the turbine output would be rated 545 KN. For your maximum conditions of 39' 
and 200 cfs flow the turbine output would be about 580 KGJ. At this maximum 
output the unit centerline could be set up to about lm above tailwater. 

In order to set the machine as high as your existingfloorelevation of 14' above 
tailwater, the turbine output must be limited to about 375 KW. 

'Our present day price for one (1) lOOOmm 5XA standard TUBE unit F.O.B. York, PA 
i s . . .  

THREE HUNDRED FOURTHOUSAND DOLLARS . . . . .. . . $304,000 

This estimate includes butterfly inlet valve, turbine, speed increaser, 900 RPM 
synchronous generator, blade positioner, hydraulic power unit and electrical 
controls. 

ALTERNATE 82 

For the rated net head of 57' (17.4m) and 200 cfs flow, we would propose one 
(1) l O O h  5XA TUBE unit. This unit would be arranged similar to our standard 
unit, however, would not be considered a standard because it exceeds our . 
standard head limit of 15m. 

At these rated conditions, the turbine output would be about 850 KW. At this 
output the centerline of the unit could be set up to about.0.85m above tailwater. 
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BOX 712 VORK; PENNSYLVANIA 1'7405 /'71.7 792-351 1 

YORK PLANT 
HYDROTURBINE DIVISION 

September 13,  1978 

aETA Corpora t ion  
117 S i l v e r  S t r e e t  
Dover, New Hampshire 03820 

ATTENTION: Mr. Roger French 

SUBJECT : L i t t l e t o n  H y d r o e l e c t r i c  P r o j e c t  
A-C I n q u i r y  No. 6-33050 

Dear Mr. French: 

We r e f e r  t o  your te lephone  c o v e r s a t i o n  of  August 22 w i th  ou r  
Mr. Howard Mayo, J r .  

. . .  
A s  I understand i t ,  you r e q u e s t & d ' . a . p r i c e  f o r  o replacement u n i t  
s i m i l a r  t o  t h e  p rev ious  47" v e r t i c a l ' . F r a n c i s  t u r b i n e .  i nc lud ing  
governor  and g e n e r a t o r .  

Our presen t -day  p r i c e  t o  des ign  and manufacture one (1) 47" v e r t i c a l  
F r a n c i s  t u r b i n e  i nc lud ing  p r e s s u r e  c a s e  and governor,  r a t e d  460 horse-  
power under 46 '  n e t  head and o p e r a t i n g  a t  200 RPM, FOB f a c t o r y  i s  - 

FOUR HUNDRED FIFTY 
THOUSAND DOLLARS .................$ 450,000.00 

We w i l l  send you p r i c e s  f o r  t r a n s f o r m e r ,  b r e a k e r ,  and g e n e r a t o r  a s  
soon a s  t hey  a r e  a v a i l a b l e .  

I t  i s  a l s o  my unders tanding  t h a t  you reques ted  a  p r i c e  f o r  one (1)  
1250 mm s t anda rd  TUBE t u r b i n e  u n i t  f o r  a  p o t e n t i a l  s i t e  downstream 

: wi th  15 meter  head. Assuming 300 c f s  would be a v a i l a b l e  approximately 
25% of  t h e  t ime ,  t h e  t u r b i n e  would be r a t e d  a t  1100 kw. The u n i t  
c e n t e r l i n e  could be s e t  up t o  approximately 1 meter above t a i l w a t e r .  

Our presen t -day  p r i c e  t o  d e s i g n  and manufacture one (1) 1250 mm, 
a d j u s t a b l e  f i v e - b l a d e ,  f i x e d  vane,  s t anda rd  TUBE t u r b i n e  u n i t ,  FOB 
f a c t o r y  i s  - 

THREE HUNDRED FORTY-TWO 
. . . .  . THOUSAND DOLLARS ...................$ 342,000.00. 

4 L L : S . C H A L M E R S  C O R P O R A T I O N  



M r .  Roger French  

T h i s  e s t i m a t e  i n c l u d e s  t h e  t u r b i n e ,  i n t a k e  b u t t e r f l y  v a l v e ,  speed  
i n c r e a s e r ,  a i r  c l u t c h ,  900 WM synchronous g e n e r a t o r ,  b l a d e  p o s i t i o n e r ,  
h y d r a u l i c  power u n i t ,  and e l e c t r i c a l  c o n t r o l s  a s  d e s c r i b e d  i n  o u r  
e n c l o s e d  B u l l e t i n  54B10241-02. 

F o r  ou r  f i l e s  and f o r  o u r  u s e  i n  responding  t o  any f u r t h e r  r e q u e s t s  o r  
q u e s t i o n s  you may h a v e ,  p l e a s e  send u s  a  copy o f  t h e  f low d u r a t i o n  
c u r v e s  f o r  t h e s e  s i t e s .  

Very t r u l y  y o u r s ,  

S a l e s  Engineer  

RPM/ ew 
E n c l o s u r e  

cc :  C.  R .  Swaney Company, I n c . ,  Hingham 
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STATE OF NEW HAMPSHIRE 

. .  fn file Vear o/'Otrr Lord nne thousand 
. . . . .  . . 

. . 

. . /tine Itiurdred and seventy. e i g h t  . . . .  . . . .  . . 

3 
AN ACT 

r e l a t i v e  to  p r o v i d i n k  excmpt:fons f rom p t ~ b l i c  u t i l i t y  s t a t u s  
for c e r t a i n  e l e c t r i c a l  e ~ ~ e r g y  p r o d u c e r s  and s e t t i n g  rates 
for sale o f  power g e ~ ~ e r a t e d  By t h o s e  exempted p r o d u c e r s .  

Be it Etracred by the Setrote a~id  ~ o a r e  of .Pepresen- . . 

tatives in Cenerd Cc~urf convened: 

32: 1 New C h a p t e r .  Amend RSA by i n s e r t i n g  a f t e r  c h a p t e r  362  t h e  f o l l o w i n g  

new c h a p t e r :  
i 
k 

CIMPTER 362-A I 

L i m i t e d  E l e c t r i c a l  E n e r g y  P r o d u c e r s  Act .  

3 6 2 - ~ : 1  D e c l a r a t i o n  o f  Ptlrposc.  It is  fo t~r ld  t o  b e  i n  t h e  p u b l i c  i n t e r e s t  

t o  p r o v i d c  f o r  s m a l l  s c a l e  and d l v e r s l l - l e d  s o u r c e s  o f  s u p p l e m e n t a l  e l e c t r i c a l  

power t o  l e s s e n  the '  s t a t e ' s  depcndcnce upon o t h e r  s o u r c e s  which may, f rom t i m e  

to  time, b e  u n c e r t a i n ,  
3 6 2 4 :  2 Excmpcion o f  Limi tecl El .ecCric1 Energy P r o d t ~ c e r s .  P r o d u c e r s  o f  

e l e c c r i a a l  e n e r g y ,  n o t  i ~ ~ v o l v v i n g  the u s e  oi' n u c l e a r  o r  f o s s i l  f u e l s .  w i t h  a 

deve loped  o u t p u t  c a p a c i t y  o f  n o t  more t h a n  5 megawat t s  s h a l l  n o t '  b e  con- 

s i d e r e d  p u b l i c  u t i l i t i e s  and s h a l l  b e  esenlpt f rom e l l  r u l e s ,  regulations 

and s t a t u t e s  a p p l y i n g  t o  p u b l i c  r t t i l i t I ( ? s .  . 
362-A:3  P u r c h a s e  of O u t p u t  of L imi ted  E l e c t r i c a l  Energy P r o d u c e r s  Dy 

P u b l i c  Util i t ies.  The e n t i r e  o u t p u t  oC e l e c t r i c  e n e r g y  o f  s u c h  l imi t 'ed  

e l e c t r i c a l  e n e r g y  p r o d u c e r s ,  i f  o f f e r e d  f o r  s a l e ,  shil l .1 b e  purchased  by t h e  

' ~ t r i c  p u b l i c  u t i l i t y  which s e r v e s  t h e  f r a n c h i s e  a r e a  i n  which t h e  



ills t n l  l o t , i o n s  of s u ~ ~ r ~ - ~ r o d u c c r r ~  a r c  locilcrd. 
\ 

362-A:4 P a p e n t  by P u b l l e  ! I t i t i t l e a  f o r  Purctlnsc of Outpu t  of L l n i t c d  

i 
i 
i' E l e c t r i c a l  Energy P r o d u c e r s .  P u b l l c  u t l i : r l c s  p u r c l ~ n s i n g  e l e c t r i c a l  c n c r g y  

1 i n  ~ c c o r d a n c e  with t h e  p r o v i s i o n s  O F  tllis c t l a p t c r  s t ~ n i :  pay a p r i c e  p e r  I .  

! .  
k i l o w a t t  h o u r  t o  b e  set  from t h e  t o  time, by t h e  p u b l i c  u t t l l t i c s  t o m f s s l o n .  

362-A:5 S e t t l e m e n t  o f  D i s p u t e s .  Any d i s p u t e  a r i s i n g  u n d e r  t h e  p r o v i s i o n s  

o f  t h i s  c h a p t e r  rnny bc  r c l c r r c d  hy ally p a r t y  t o  t h e  p u b l i c  u t i l i t i e s  commission 

f o r  a d j u d i c a t i o n .  

'JJ: 2 I ( f fac : t ive  Ua tc .  T h i s  : ~ c c  s l l a l l  ti lkc cffr..rt 60 clilys n t t c r  i t s  p a s s a g e .  

c.e< .t 
\ 

i.: i! 



APPENDIX D 

r n p s h i r e N o r t h  Mann St P 0 Box 191. Lancaster N H 03584 

Telephone (603) 788-2567 

April 6, 1978 

? I : - .  Chris Coil=..-3 
i;i:chlehem Mini.. ?%?vrn 

i;<>s 348 
1,; ttleton, New :ail~ll::it~ire 03561 

Pear Mr. Coll~z:. 

i\.: per your tel;-;:l~il~~e request for information about power lines from the hydro 
lL>iation in Bet?. l t - l ~ ~ : ~ n  to the Bethlehem Mink Farm and to the Saranac Refrigerated 
I -  n::rehouse in Li==lccon, this information is as follows: 

Eechlehem Hydro :<? Iiethlehem >link Farm: 

Bethlehem 'r:::,i~.,i - Bethlehem S/S 2.44 miles, 19.9134.5 KV Line. 

at Bethle-2:. :;!S - 300 kVA, 19.9134.5 to 7.2112.47 KV stepdown transformer bank. 
Bethlehem 5;' LO Bethlehem Mink Farm 3.37 miles, 7.2112.47 KV Line. 

Bsthlehem Hydro ::-$sranac Refrigerated Warehouse, Littleton: 

Bethlehem Eylr . , )  - Bethlehem S/S 2.44 miles, 19.9134.5 KV Line. 

Bethlehem 5: 's  - [Jhitef ield 10.90 miles, 19.9134.5 KV' Line. 

at Whitefie:; '/S transformation 19.9134.5 KV to 110 KV. 

Whitefield 5 5 - Moore S/S (New England Power) 16.4 miles, 110 KV Line. 

at Moore S E E " ' . ) ~  (N.E.P.) transformation 110 KV - 13.8 KV - 34.5 KV. 

Moore Statik;; ('Y.E.P. )-SUUL~I SL. ,313 , 6.44 miles - 34.5 ICV. 
(Littleton Water & Light) 

at. South st.' s!S (L.W.L. ) transiormation 34.5 KV. to- 2'.4/4.16 KV. 

South St. S / S  (L.W.L.1 - Saranac Refrig. Warehouse 0.30 miles, 2.414.16 KV Line. 

I f  there are any f:::.ther questions, please contact me. 

Very truly yours, 
. . .  

. : '. 8 . . .  
: - . *<'+ ..<'... , . : - -, '.% . -.,-.' ,/?. ,- -- /.*:-..- 

C. ~ < d l e ~  Johnson 
No.,Div. Electrical Engineer 

i;i) J 1 ad 

cc - Robert F. Brecknock 





A L A N  CRFNSTON. CL.LIS7.. C H A I C H A N  APPENDIX E 1 
M i P W L B  E. T I L W l  j G C ,  G A ,  A L ' N  E. 5:MPSON. WYO. 
IF':.. .:<:S 'i..:CL??+, (H. ~ 4 ,  STUOfA 7t(ilPh!CN3. 2 C .  
c  or:: I: :>.; i ~ t i h ,  F-, WCELWT 7'. 5 ' : A F r O R D .  .JT. 
JG',,:< , . YkO, :>:. N.%. 

GOR30N J. k U U P h R E I .  N.H.  

COMMITTEE CN ' J E T E i l A P I S '  b.FFAIRS 

. WASHINGTON. D.C. 20510 

w c h  28, 1979 

Mr. David B. Master 
Bethlehem Mink Farm . .. .. . 

Box 348 
Littleton, New Hampshire 03561 

Dear J!lr. Master : 

Thank you for contacting IE and for sending 
information on your proposed small-scale hydroelectric f ac i l i t y  
on the ~ n o o s u c  River. 

Under the Research and Developnent Program, funds are . . . 

available for those who have already completed feas ibi l i ty  . ' 
" . . 

. . 
studies. In July o r  August, funds w i l l  be= available' . .  for . 
feas ibi l i ty  studies, however, mney has not yet been .. 

appropriated for construction loans. You can be sure that  I w i l l  be 
fighting hard on the Appropriations Cormittee t o  restore the funds . , - .  . . 

for small-scale hydroelectric d e v e l o p n t  that have been. eliminated . . . 

by the Mmhistration in the 1980 budget. 

i I have had your nam placed on the Department of Energy's 
i m i l i n g  list for l o w  head hydro grants. You should begin 

receiving information from the DOE shortly. 

I appreciate hearing frcan you and I hope you w i l l  not 
hesitate to l e t  re know i f  I may be of any further assistance. 



APPENDIX E 2 

JAMES C. CLEVELAND 
'3 DlSRlCT. NEW HAMPSHIRE 

COuurrrr~s: 
PUBLIC WORKS AND 
TRANSPORTATION 

HOUSE ADMINISTRATION 

SELECT COM M I n E E  O N  

CONGRESSIONAL OPERATIONS 

WASHINGTON OFFICE: 
RAYBURN HOUSE OFFICE BUILDING 

WASI~~NGTON. D.C. 20515 
TEL.: 225-5206 

A p r i l  5 ,  1979  

M r .  Dav id  '8. Master 
Ene rgy  DevelopmenT C o n s u l t a n t  
B e t h l e h e m  Mink Farrn 
Box 348.  
L i t t i e t o n ,  t iH 0 3 5 6 1  

D e a ~  M r .  Master: 

E n c l o s e d  p l e a s e  f i n d  a c o p y  o f  a l e t t e r  I r e c e n t l y  
r e c e i v e d  f r o m  t h e  9 e p a r t n e n t  o f  Ene rgy  c o n c e r n i n g  t h e  
l i c e n s i n g  ? r o c e d u r e s  f o r  small-scale h y d r o e l e c t r i c  f a c i l i t i e s .  
A p p a r e n t l y ,  t h e  i l e p a r t n e n t  i s  p r e s e n t l y  e x a m i n i n g  means by 
wh ich  t h e s e  p r o c e s s e s  c o u l d  b e  s i n p l i f i e d  a n d  s h o r t e n e d .  

I h o p e  t h a t  t h e  e n c l o s e d  information w i l l  p r o v e  u s e f u l  
t o  you .  P l e a s e  c o n t i n u e  t o  k e e p  'me i n f o r m e d  o f  any d e v e l o p -  
m e n t s .  

s C .  C l e v e l a n d  

JCC: h s h  
E n c l o s u r e  



APPENDIX E 3 

R E S O U R C E ,  C O N S E R V A T I O N  f 

and D E V E L O P M E N T  P R O J E C T .  Inc. 
HUMISTON BUILDING. MEREDITH. NEW HAMPSHIRE 03253 Wane 603-279-6546 

NORTH COUNTRY RC&D 
EXECUTIVE BOARD 

ROGER F R E S C H  
C h a r m a n  

BELKUAP COUNTY: 

ROBERT BODWELL 
Sanbornton.  N.H. 03269 

ROBERT M. HARRINGTON. Treas.. 
Laconid. N.H. 03216 

RUSSELL BROW% 
Vicr Chairman 

Meredith. S . H .  03253 

WHII:.IAX D. IDE 
Belmont. S . l i .  03220 

J A K O B  SICTZBAUER 
Alton. S . I i .  03809 

CARROLL COUNTY: 

RAYSIOSD BLISS 
Chocoma.  S.f-I. 0381 7 

RICH.%RD HOCKISG 
Madison. S.H.  03849 

ROGER PERSON 
Moultonboro.  S .U .  03254 

ROGER FRESCH.  Chrm. 
Jackson. S .H .  03846 

ALLEY BROOKS 
Freedom. N.H. 03836 

COOS COUNTY: 

hlICHAEL SAVCHICK 
Berlin. N.H. 03570 

WAYSE SHEPARD 
Randolph. N.H. 03593 

THOSTAS PRYOR 
Dalton. 3 .H .  03598 

CLYDE SWlTSER 
Dalton. X.H. 03598 

HAROLD BURNS 
Whitefield. N.H. 03598 

GRAFTON COUNTY: 
VINCENT TOMES 
O~foi-LL, 14.11. 03777 

LAWRENCE CUSIIMAN 
Rumney .  N.H. 03266 

WILLIAM KROGSTAD 
Woodsville. N.H. 03785 

RICHARD BOULANGER 
Littleton. N.H. 03561 

S T A F F  

CLEhIENT A.  LYON 
Coordinator  

. A. GIBB DODGE 
Forester 

CHAIRMEN EMERITI 

JAhlES P. PAGE 
Benton. N.H. 03780 

JAhIES T. BREWER 
Piermont. N.H. 03779 

M r .  Richard Polonsky, V.P. 
Bethlehem Mink Farm 
Box 3$8 
L i t t l e t o n ,  N.H.  03561 

Dear Richard: 

I have been honored t o  ss .:I/- in-I-! st*tsal'_;r as a c o n s u l t a n t  
on your  p r o j e c t ,  b u t  t h e  fo l lowing  is a po l i cy  s t a t emen t  
of t h e  Execut ive Board of t h e  North Country Resource Con- 
s e r v a t i o n  and Development P r o j e c t  . 
The North Country Resource Consemratfon and Development 
P r o j e c t  h e a r t i l y  endorses  t h e  a c t i v i t i e s  of t h e  Bethlehem 
Mink Farm i n  i t s  p r o j e c t  t o  r e a c t i v a t e  t h e  Bethlehem Dam. 
Th i s  i s  a  s i g n i f i c a n t  and c o s t  efZec%ive s t e p  t o  provide  
i n f l a t i o n  proof and environmental ly  sound power. 

However, of even g r e a t e r  s i g n i f i c a n c e  i s  the planned use  
of the  power combined wi th  e f f e c t i v e  pas s ive  s o l a r  energy 
t~ provide f r e s h  produce throughout  the yea r .  

The North Country i s  a t  t h e  end of the  energy and food 
cha ins  and i s  f u r t h e r  confronted  with. s i g n i f i c a n t l y  more 
severe  weather  and a  s h o r t e r  growing season.  

We a r e  a l l  severe ly  impacted by t h e  t r i a n g u l a r  r e l a t i o n s h i p  
of i n f l a t i o n ,  food, and energy.  This  l o c a l  p r o j e c t  should 
provide t h e  i n s p i r a t i o n  and t h e  s y n e r g i s t i c  combinat ion  ~f 
technology and r e sources  t o  a t t a c k  Lhe problem and t o  pro-  
v ide  g r e a t  econonue b e n e f i t  t o  t h e  mca. 

We a r e  proud t o  add o u r  support  t o  this g r e a t  s t a r t  t o  
s o l v e  t h e s e  g r e a t  problems of our  area and our  n a t i o n .  

S ince re ly ,  

~ o i e r  French, Chairman 
North Coun$.ry RC&D Executive Board 

SPONSORS - ~ e i k n a ~ ,  Carroll, Coos. Grafton County Conservati~ Distridts 



A p r i l  1 ,  1979 

hk. R i c h a r d  P o l o n s k y  
P r i n c i p a l  I n v e s t i g a t o r  
Ee th lehem Mink Farm 
Eox 3b8 
L i t t l e t o n ,  New Hampshire 03561 

Dear M r .  P o l o n s k y :  

Thank you v e r y  much f o r  r e c e n t l y  s e n d i n g  me y o u r  f a c t  
s h e e t  on t h e  p r o p o s e d  Beth lehem Mink Farm small h y d r o  r e -  
a c t i v a t i o n .  The N.H. S o l a r  Energy  A s s o c i a t i o n  is  v e r y  
s u p p o r t i v e  of r e n e w a b l e  e n e r g y  deve lopment s  t h a t  a r e  en- 
v i r o n m e n t a l l y  sound and we were happy t o  l e a r n  more d e t a i l s  
of t h e  p r o j e c t .  

I t  may i n t e r e s t  you t o  know t h a t  t h e  Beth lehem D a m  p r o j e c t  
h a s  been  under  c o n s i d e r a t i o n  by  t h e  A s s o c i a t i o n  f o r  i n c l u s i o n  
i n  ou r  c u r r e n t  " S o l a r  Models P r o j e c t . "  T h i s  a c t i v i t y ,  s u p p o r t e d  
by  a g r a n t  f rom t h e  C e n t e r  f o r  Renewable R e s o u r c e s  i n  Wash ing ton ,  
D . C . ,  is aimed a t  i d e n t i f y i n g  model t e c h n o l o g y  a p p l i c a t i o n s  a n d  
e n e r g y  p rograms  t h r o u g h o u t  t h e  s t a t e .  I n  your  c a s e ,  we a r e  
i n t e r e s t e d  n o t  o n l y  b e c a u s e  o f  t h e  h y d r o  s i t e  i t s e l f ,  bu-t a l s o  
b e c a u s e  of  t h e  emphas i s  on l o c a l i z e d  f o o d  p r o d u c t i o n .  

The S o l a r  Energy  A s s o c i a t i o n  h a s  m a i n t a i n e d  a 1 -ong-s t and ing  
i n t e r e s t .  i n  s o l a r  g r e e n h o u s e s  and  it  seems t h a t  t h e r e  may be 
some f o o d - r e l a t e d  a r e a s  of  m u t u a l  i n t e r e s t  which c a n  be  e x p l o r e d .  
I n  p a r t i c u l a r ,  it would seem t h a t  a n y  p h y s i c a l  s t r u c t u r e  used 
f o r  v e g e t a b l e  p r o d u c t i o n  s h o u l d  i n c o r p o r a t e  p a s s i v e  s o l a r  
e l e m e n t s  i n  i t s  d e s i g n .  

We w i l l  be most  i n t e r e s t e d  t o  f o l l o w  your  p r o g r e s s  a n d  
d i s c u s s  p o s s i b l e  c o l l a b o r a t i o n  on g r e e n h o u s e  s t r u c t u r e s  f o r  
c o n t r o l l e d  env i ronment  v e g e t a b l e  p r o d u c t i o n .  The b e s t  of 
l u c k  w i t h  your  e f f o r t s .  

~epjh&l.~p+ 
C h r i s  B&Z P r e s  d e n t  

NEW HAMPSHIRE 501AR ENERZY A%S~CIATION 
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A p r i l  5 ,  1979  - - -- 

Mr. C h r i s  Collman 
Bethlehem blink .Farm 
L i t t l e t o n ,  N . H . '  03561 

Dear C h r i s :  

I was f a s c i n a t e d  by y o u r  p l a n  t o  u s e  t h e  i n t e r r u p t i b l e  power pro-  
duced  by r u n - o f - t h e - r i v e r  s m a l l - s c a l e  h y d r o  (SSH) i n  c o n t o l l e d -  
e n v i r o n m e n t  f a rming  and t h i n k  t h e  Resource  P o l i c y  C e n t e r  (RPC) c o u l d  
c o n t r i b u t e  t o  your  p r o j e c t  by d e v e l o p i n g  and imp lemen t ing  s e v e r a l  o r  
a l l  o f  t h e  m a t h e m a t i c a l  models  d e s c r i b e d  below.  The models  c a n  be 
a s  s o p h i s t i c a t e d  a s  needed  and a r e  d e s i g n e d  t o  a i d  i n  b o t h  t h e  
d e s i g n  and o p e r a t i o n  o f  t h e  s y s t e m .  

1. S t a t i s t i c a l  Hydro logy  Model T h i s  model u s e s  e x i s t i n g  h y d r o l o g i c  
d a t a  t o  g e n e r a t e  mon th ly  low f l o w  d u r a t i o n  c u r v e s  o r  l ong - t e rm 

, s y n t h e t i c  s t r e a m f l o w  t r a c e s  a t  t h e  s i t e .  

2.  SSH Outpu t  Model T h i s  model t a k e s  t h e  h y d r o l o g i c  o u t p u t ,  and f o r  
a  g i v e n  t u r b i n e  t y p e ,  e f f i c i e n c y  and  dam c o n f i g u r a t i o n ,  d e t e r m i n e s  
t h e  month ly  SSH power o u t p u t  w i t h  c o n f i d e n c e  i n t e r v a l s .  

3.  Product ion /Load  Management Model T h i s  i s  an o p t i m i z a t i o n  model 
a n d ,  i n  i t s  most  s o p h i s t i c a t e d  form,  would d e t e r m i n e  t h e  b e s t  m i x  of  
mon th ly  a g r i c u l t u r a l  p r o d u c t i o n  ( e  .g. l e t t u c e  g rowing ,  v e a l  r a i s i n g ,  
f i s h e r i e s ,  e t c . )  and e n e r g y  s o u r c e s  ( e . g .  SSH, n a t u r a l  s u n l i g h t ,  
backup power,  e t c . )  g i v e n  t h e  e n e r g y  n e e d s  and  c o s t s  o f  t h e  a g r i c u l -  
t u r a l  a c t i v i t i e s ,  t h e  c o s t s  and o u t p u t s  o f  t h e  e n e r g y  s o u r c e s ,  and 
t h e  m a r k e t  v a l u e  o f  t h e  a g r i c u l t u r a l  p r o d u c t i o n .  

4 .  S i m u l a t i o n  Model The s i m u l a t i o n  model t e s t s  and r e f i n e s  t h e  
p r o d u c t i o n / l o a d  management s y s t e m  d e s i g n e d  above. .  

5. O p e r a t i o n a l  Model T h i s  model is implemented a f t e r  t h e  s y s t e m  is 
d e s i n g e d  and is used i n .  c o m b i n a t i o n  w i t h  w e a t h e r  f o r e c a s t s  t o  a i d  i n  
. t h e  day-to-day o p e r a t i o n  o f  t h e  s y s t e m .  

A f t e r  t h e  models  have  been  d e v e l o p e d  and implemented f o r  t h e  Mink 
Farm, w e  would be  a n x i o u s  t o  work w i t h  you i n  g e n e r a l i z i n g  t h e  
methodology  and r e s u l t s  f o r  o t h e r  r u r a l  a r e a s .  

P l e a s e  kccp  ys i n fo rmed  o f  your  p r o j e c t  and w e  hope t o  have  t h e  
o p p o r t u n i t y  t o  work w i t h  you. 

S i n c e r e l y  y o u r s ,  
- 

P 6 h a ~ .  1L-L- 
Paul  A. K i r s h e n  
SSH P r o j e c t  D i r e c t o r  
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Northern Community Investment Corporation 
BOX 396 ST. J O H N S B U K Y ,  V E R M O N T  05889 '(802) 748-5101 

March 1, 1978 

M r .  R ichard  PoTanski 
Bethlehem Mink Farm 
Box 348 
L i t t l e t o n ,  NH 03561 

Dear M r .  Po lansk i :  

I have rev iewed y o u r  p lans  f o r  the '  redevelopment o f  t h e  R,ydroe lec t r i c  p w e r  
p l a n t  on t h e  Ammonusic R i v e r  i n  Bethlehem, New Hampshire. It i s  zy under- 
s tacd ing  t h a t  you  propose t o  produce power f o r  s a l e  as we l l  as f o r  o n - s i t e  
u t i  1  i z a t i o n  f o r  f u t u r e  a g r i c u l t u r a l  and n a t u r a l  resource vei l tures.  

I am g l a d  t o  see t h a t  you have been a b l e  t o  develop a  g rea t  deal  o f  t he  
background necessary t o  t h e  r e v i t a l i z a t i o n  .of t he  dam and power . p l a n t .  I t  
was my recommendation o f  perhaps 8 months a g o , t h a t  you concentrate you r  
e f f o r t s  on t h i s  p ro jec ' t  a f t e r  rev iew ing '  t h e  c u r r e n t  s ta tus  o f  y o u r  p h y s i c a l  
assets and business p o t e n t i a l .  You' ncvi seem t o  have a  good b a s i s  f o r  con- 
d u c t i n g  an i n - d e p t h  f e a s i b i l i t y  s tudy  and business p lan,  f o r  t h e  e n t i r e  
p r o j e c t .  

NCIC i s  i n t e r e s t e d  i n  t h e  c r e a t i o n  o f  employment and p r o f i t a b l e  investment  
o p p o r t u n i t i e s ,  u t i  1  i z i n g  l o c a l  resources t o  t h e  maximum e x t e n t  p o s s i b l e .  
As such, t h i s  p r o j e c t  would be  o f  i n t e r e s t  t o  us f o r  f u r t h e r  e v a l u a t i o n  
for i t s  economic development p o t e n t i a l ' .  . . 

As a  member o f  t h e  Board o f  D i r e c t o r s  o f  t h e  Na t iona l  Center f o r  Appropr ia te  
Technology, I f e e l  t h a t  t h i s  t y p e  o f  energy development t i e d  t o  l o c a l  
economic development and food p r o d u c t i o n  i s  ex t remely  app rop r ia te  f o r  
n o r t h e r n  New England. 

. . 

THE COMMUNITY  I)EVEI.OPLII:NT ( :oRtT)KATlON S IKV IN ( ; .  TtlE 121iOl'l.E. I\IJSINESSES A N D  COhfMlJNITIES OF CAKH0 I .L .  
COOS. AND C K A E T O N  CTKINTIES I N  Nt jW HAMI 'S I I IKE  AN11 (:AI.EIK)NIA. ESSEX. AN!) OKI.EANS <:OUNTIES I N  VEKMCINT. 



Nor1 h t r n  Cornniui~ity l nisstnient Corporation 
... .. ." 

b Hr. R ichard  Po lansk i  
March 1, 1978 
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I f  I may be o f  f u r t h e r  a s s i s t a n c e  i n  y o u r  e f f o r t s  t o  under take t h i s  p r o j e c t ,  
do n o t  h e s i t a t e  t o  c o n t a c t  me. 



FARM CP~EDIT SERVICE. 
F E D E R A L  L A N D  BANK ASSOCIATION 

PRODUCT I O N  CREDIT ASSOCIATION 

34 SUMMER STREET. ST. JOHNSBURY. VERMONT 05819. 

718-4000 h 7 4 8 - 8 S 7 S  

March 1 ; 1978 

TO WHOM IT MAY CONCERN: . 

The Farmers Production Credit Association has ass i s ted .  w i  t h  
the financing of agricul tural  enterprises  fo r  Bethlehem Mink 
Farm, Inc., f o r  over twenty-five ( 2 5 )  years. 

We would be wil l ing,  as in the past,  t o  discuss any new o r  
continuing agricul tural  endea.vor. 

Very t r u l y  yours, 

gc+ 
Franklin E. Temple 
General. Manager 




