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PREFACE
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The observations, supplements and references in this Report support the following hypothesis, which
was developed in thestwo earlier Reports:
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dissolved silicate, oxygen and other nutrients. This has led to a change from a phytoplaak&sh

ecosystem dominated by diatoms tonondiatom ecosystem dominated by flagellates, including

dinoflagellates, which has led to the starvation of the fisheries and depletion of oxygbmarmingof

the waters in the estuarieand coastal waters of the Gulf of St. Lawren@elfof Maineand northwest

Atlantic.

Physicist Hans J. A. Neu offered a similar hypothesis in his 1982 Reports and predicted the depletion of
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Anyone who wants tguestionthis hypothesis has talso questiormore than 40 years of research
which the passagef time has documented the earlier research and predictions as correct

If you stopped burning fossil fuels tomorrow, it will not stop the starving of the fishefTdss. will only
happen if you releasthe chokehold on the rivers and allow the natural flow of the spring freshet and
the transport of dissolved silicate and other essential nutrients. The high outflows of the spring freshet
will also strengthen the density currentdine circulation) andestore the natural balance in the mixing

of Labrador Current and Gulf Stream watarsl help cool the waters

It should also help to reduce ocean aciditylarger and heavier sili@ncased diatoms would sequester
more carbon to the bottom of the ocean.

Climate change is not the only force destroying Gdf of Maine, and it is time to recognize that
hydroelectric reservoir dams may be part of the problem. Mr. Hue wrote the following in his 1982
Report:
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modifications man can impose on nature. If we do not alter our course and give consideration to
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generations will condemn ds® €

My hypotheses can easily be tested by taking core samples in the bottom of the reservoirs and
measuring dissolved silicate concentrations in the discharged waters from these reservoirs.



DEDCATION

This report is dedicated to Hans J.A. Neu.

He was aSenior Research Scientist with the Canadian Department of Fisheries and Oceans at
the Bedford Institute of Oceanography , Dartmouth, Nova Scotia. A specialist for 27 years in
estuarine and castal hydrodynamics, he has studied the physical oceanograptge shajor
waterways across Canada as veslbn the continental shelf and nortvest Atlantic. He died

on January 28, 2009 at the age of 83.

HA & ™Moy H Man$lade Stdranef fivater Resources A Liability to the Ocean
9V BANER Y YSY K werd pubdNshet in Marihe/PRIlutlor Bulletin Vol. 13, No. 1 and No.
2 and printed in Great Britain.

In 1982, Mr. H. Neu predicted the depletion of the fisheries and explained how reducing spring
flows would negatively impact the transpast nutrients tothe estuaries and coastal waters via
the rivers andalso fromdeep ocean waters via haline circulation and/or density currents.

The magnitude of this density current is fueled by fresh water entering the ocean via our rivers.
dn estuaries the density ment varies with seasonal ruwff, being at a minimum during low
discharges in the winter and at its peak in spring and summer. In coastal waters which are
some distance away from the fresh water sources (i.e. the Grand Banks the Scotian Shelf and
Georgs Bank)and Gulf of Maine (added by m#jere can be delays of from several months to
almost a year before the freshwater peak arrives 61 dz§ t F NI M My H O

A February 9, 1977 article in the Sherbke Record in Quebec appearsmage4 and
illustrateswhy | am dedicating this report to Hans J.A . Neu. It is very disquieting that the
politicians, scientists and media failed to support his recommendations for more studying.

He was obviously right as proven by the collapse of so many fisheries by theyare @® | Yy R
warming of the waters of the Gulf of Maine and St. Lawrence as well as the northwest Atlantic,
which has been brought onyla much weaker density current due to the proliferation of
reservoir hydroelectric dams by Hyd@uebecoover the past 7§ears
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hydroelectric dams:
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layer will increase; in winter due to an increase in upwelling of deeper warmer water,

and in summer due to slower surface currents which will allow the surface layer to

absorb more heat during its passage thgbuthe system. It can be assumed therefore

that fresh water regulation modifies the climate of the coastal region to be more
continentatlike in the summer and more maritinieA { S A Yy (Se& Sectigns- Xl S NJb ¢
on pages 224.)

G9 @Sy AT dnBasubethé ¢fedis wihSértainty in our own marine

environment, similar changes must already have happened to the coastal waters of

Atlantic Canada and the effect must increase as regulation of our rivers continues. Of
particular concern is the ineased development of hydrpower¢ under construction or

in the design stage in Labrador, Ugava Bay, James Bay and Hudson Bay, which are
Fo2dzy R (12 GKNBFGISY GKS LINPRddzOGAGAGE 2F GKS
Ilon page 11



DARTMOUTH, NS (P

A physicist at the Bedford
Institute of Oceanography
says hyvdroelectric dams
might be more to blame than
overfishing for the decline of
fish stocks off Atlantic
Canada, and no new dams

should be built until the
effects are known
Dr Hans New told a

seminar at the institute
Tuesday that Canada, more
than any other nation, has
been building water control
projects on s estuaries. and
no one knows what effect
they are having on the ocean
into which the nivers flow

Dr Neu. whose studies
have dealt with the physics
of water circulation, urged
biologists to carry  out
research 1o prove whether
his belief 18 correct that
dams are the chief cause of
dechining fish stocks

He explained that dams
disrupt the natural cycle by
which nutrient-loaded fresh
water flows from the rivers
mto the ocean

In their natural state,
rivers carry smaller flows
during the winter. when
precipiation s frozen as
snow, and sharply increased
flows after the spring thaw
This coincides with the life
cvele of marine orgamsms,
increasing food supplies as
they come out of their winter
hibernation and decreasing
supplies  when  winter

THE SHERBROOKE RECORD — WED .. FER % 1977 — 21

Hydro dams blamed for
decline in fish stocks

returns
LEVEL CYULES

But hydroelectnic dams
tend to level out the cycles,
stonng much of the spring
and summer runoff in their
reservoirs until winter, when
consumer demand for power
Is Rreater

This means that fresh
water nutnients reach the
ocean in the winter, when the
fish don ! need them, and are
lost into the barren depths
bevond the continental shelf
In the vpring and summer
the nutnent supply fails to
increase as rapdly  as s
needed

Interruptions of the fresh
water supply  could have
further effects. he sid, by
interrupting ““haline
currents ocurrents set up
by the meeting of {resh and
salt water |f these currents
were stopped altogether, he
sard. 1t s theoretically
possible  that  the coastal
waters could freeze over

Dr Neu cited a scientifie
study showing that Egvpt's
Aswan High Dam on the
Nile, a hvdroelectric and
irmgation project, caused a
dechine in nutnients 1o the
Mediterranean  off  Egypt,
with the result that fishing
dropped off sharply The
catch of sardinella had been
15,000 tons in 1964 but
dechined to 4,600 tons 1n 1965
and only 554 tons in 1966 The
dam also blocked passage of

other manne life such as

shrimp and eel
MANY  MAJOR DAMS
HERE

Canada has more than 20
projects controlling flows at
least as great as the Aswan
High Dam. Dr Neu sad
There has been much con
cern over the effects these
dams have on the inland
environment, yet nobody has
studied what harm they are
doing to the ocean en
vironment

Neither the provinces who
plan the projects nor the
bankers who finance them
could be blamed for wanting
the dams to run profitably
he sad

“But shouldn't there be
someone who will stand up
and say - ‘No. you can’t do
that

He suggested construction
of water-control projects be
regulated internationally
and that no new projects be
permitted until their effects
on the ocean are known

The fit
never quit.
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SECTION IPHYTOPLANKTON IS ON THE DECLINE IN THE GULF OF MAINE

This Report and my two previous ones are focused on HydilaS 6 &€&:Qdir hydroelectric
dams and how they have negatively impacted phytoplankton, fisheries and water quality in the Gulf of
Maine and its watershed, which includes the Gulf of St. Lawrence, James and Hudson Bays, and Labrador

Sea.

Thefollowing graphijllustrates that phytoplankton biomass in the Gulf of Maine has fallen by
75%.

Phytoplankton on the decline

The amount of phytoplankton in the Gulf of Maine has declined sirce
2006, according to przliminary reseérch. This chart shows the
average annual photosynthesis rate of phytoplankton per liter per
day measured on the ferry route between Portland and Yarmouth,

Nova Scotia
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In the newspaper article, reprinted on the next two pages, Mr. Balch reasoned that above normal
rainfall could be impacting phytoplankton regeneration rates.

Above normatainfall would be beneficial to phytoplankton regeneration rates by transporting more
beneficial dissolved silica and nutrients to the coastal waters.

| believe the driving forcef lower regenerationrated & (G KS St AYAYylF GA2Y 2F GKS a
discharge into Gulf of St. Lawrence, James Bay and Hudson Bay and Labrador Sea.
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This freshet had a peak flow in 1976 of about 3500 cubic meters per setda@®Q0 cubic feet per

second) and the freshet began around Aptikhd lasted into June. These freshets have been

eliminated onhundredsof riversby thereservoir hydroelectric dams listed in Table8 &n pages 14

and 15.
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Maine study finds potentially disastrous threat to single
celled plants that support all life

Diatoms are one of the most common types of phytoplankton.
By Christopher CousingDN StaffAJune 10, 2012 5:02 pm

BOOTHBAY, Mained Phytoplankton. If the mention of thetinyplant gani sms t hat per meat e

oceans isnét enough to pique your interest, considet
take.
Still not interested? This is where it 6sopldmktond not t

in the Gulf of Maine decreased suddenly by a factor ofdivehat used to take a day now takes fiveand
according ta recentlyreleased studly theBigelow Laboratory for Ocean Sciences in Boothbayi t hasndt
bounced back.

So what does it mean? According to Barney Balch, t he
study, such ahange in organisms at the bottom of the planetary food chain and at the top of planetary oxygen
production could have disastrous consequences for virtually every species on Earth, from lobsters and fish that
fuel Maineds mar i neildiemButtsetldecardBgeloww study focused ogly oa thel Gulti

of Maine, which leads to thguestion, will it spread?

il dondt think it takes a rocket scientist to know 't
results wongatBakke positive, 0

Balch said the study, which was published recently in the Marine Ecology Progress Series, provides one of the
strongest |inks to date between increases in rainfal
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ecosystem. Key factorstnrh e st udyds conclusions were driven by 10
discharge, both of which have increased by between 13 and 20 percent over the past century.

In fact, of the eight heaviest rainfall years in the past century, four of #lebefween 2005 and 2010. Balch

said that increased precipitation, along with water melting from the polar ice caps, could be the reason for the
problems discovered in the phytoplankton regenerationratd he f act t hat Gul f of Mai n
has risen about 1.1 degre€slsiusd which is on par with what is being seen around the wibrlcbuld also

be a factor.

AfThe major change that webOre seeing is that we are 1
better contéxtpée saidtBakchg that the increase i s s

Though heavier water flows into the Gulf of Maine might be a major factor, Balch said it may actually be side

effects of that phenomen@n such as decreased salinity and increasing ata@f materials like rotting plant

matter being swept up in the stronger curréntthat are actually causing the problem. In other words, when

the water is brown itds bad for phytopl ankcelledn becau:
plants of sunlight.

During the 12year study, which focused on the area of sea between Portland and Yarmouth, Nova Scotia,
researchers noticed that plumes of material coming from Maine wegesreaching 7200 kilometers into

the oceard farther than had ever been seen before. The outflows also prevent wrighietgepocean water
from circulating into the Gulf of Maine.

AWhen you coll ect the amountt oofdidsactoau ntth atth ew esoivgen icfoilcl
il know there are skeptics out there who stildl di s c«
s king. We need to be thinking very cwmighfand | y ab ol
[

toroi
t6s not going to go away overnight.o

Balch said that the Gulf of Maine is small compared
a marked effect on the overall ecosystem of the Atlantic Ocean. If the problem with thalatisttm persists,
fisher men wil/| notice its effects |l ong before the w

source for several species of larval fish and lobster populations

AfPeople shouldnét fr eak wvenytcaredully@houtthe |bRipren cHanges thathve y s h o
humans are making, 0 he said. AThis study shows the i
the ocean, especially in the coastal ocean. o



THS SPECIADITORIALO THE BANGOR DAILY NEENSANUARY 8, 2019 BY
ROGER WHEELER EXPLAINS THE HOW AND WHY OF THIS DECLINE IN
PHYTOPLANKTON IN THE GULF OF MAINE.

Hydroelectric dams are destroying the Gulf of Maine fishery

George Danby | BDN

By Roger Wheeler, Specialtothe BN J anu a 9:98af, 2019

InaJune 10, 2012, BDN artigle A St udy fi nds pot simgledeleddlaygts tiat ssppastt r ous t
al | |l ife on Earth, o the | ate BDN reporter Christophe
disintegration of the marine ecosystem. Yes, Chris, and although over six years late you have my full attention.

Since he wrote this compelling article, we now are aware that the essential nutrient of the most important
singlecelled plants is dissolved silicate and reservoir hydroelectric dams wexkiriguish the annual free
transport of this nutrientia the rivers into the ocean currents feeding the Gulf of Maine.

If we could magically engineer a trdeat produces 10 times the oxygen of any existing equally sized tree on
Earth, we would worship it. If we could engineer a tree that removes 40 percent of the carbon dioxide from the
air and water and permanently buried its absorbed carbon in the defitesoil, we would welcome it. With

this special tree, we might have a fighting chance against accelerating globaigva

Here on Earth, there is a plant that is only 2 per c¢
the oxygen we brelag. This plant removes a significant percentage ofdhigon dioxide from the oceamd
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miraculously permanently sequesters the carbon it contains in the deep ocean sedimaigtisithe
diatom a phytoplankton, and it is a miracle fitree. 0

Tragically, we are destroying the diatom populations. Worldwide, diatom numbers, like other beneficial
phytoplankton, areisappearindpy about 1 percent per year. In the Gulf of Maine, phytoplankton, including
diatoms, havelecreasetly a facto of five in just 17 years. Diatoms require adequate dissolved silicate to

grow their heavy thick shells. Worldwide, the proliferation of tens of thousands of mega dams over the last 70
years ispreventing silica and other important nutrients from reaching the aceans

Ground zero for the impacts of dams is the Gulf of Maine. This area of the earth was the finest fisheey becau
of its huge watershed delivering copious amounts of dissolved silicate annually to the Gulf of Maine. The
rivers of New England, the Canadian Maritime Provinces and Quebec and Ontario all delivered nutrients like
no other place on Earth. The St. Lawremiver, by discharge volume, is thecond largestver in North

America. Nothing is more important to estuaries and coastal water ecosystems than the seasonal timing and
volumes of feshwater flow.

Now, the regulation of river flow in the US and Canada has moved to follow a highly unnatural policy of

diminishing if not eliminating the nutrient delivering spring freshet, and maintaining low flows from spring
through the fall while reseoir storage dams release high flows in the winter when flows were naturally at
their lowest. In Canada, the size and numbers of dams and reservoirs are staggering.

Around the world and in Canadaore hydro dam projects are plannBidt only do these dams change

nutrient delivery in northern seas but they release vast quantities of warm reservoir water in the winter and
eliminate the natal cold spring freshet waters. It is not surprising the Gulf of Maine is warming faster than

any other ocean bodyhe numbers and sizes of the diatoms have been reduced as more and more reservoir
dams have been discharging silica depleted water intoctemn currents that feed the Gulf of Maine.

Unnatural freshwater flow regulation is a climate and marine ecological train wreck for the microscopic diatom
to the noble right whale. Dams have weakened the natural function of diatoms to feed bountiies féstter

reduce carbon dioxide levels.

We wi | | not forget Chris Cousinsd 2012 article and

Roger Wheeler of Standish is the president of Friends of Sebago Lake.
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SECTION Il REDUCING THE FLOW OF FREESHER DURING SPRING AND SUMNHERE
INCREASING IT DURING WINTER CHANGES THE SEASONAL COMPOSITION OF THE RECEIVING WATE
IN ITS SURFACE LAYER AND THE SEASONAL STRENGTH OF THE DENSITY CURRENT.

G2 KIG Aa tSaa ¢Sttt (y26y Adénsity éutreits amddafet With y 3 A &
the excursion of large amounts of fresh water over coastal regions and continental shelves such

as found along the Atlantic coast of Canada. The latter represents a continuous transport of

nutrient laden wateronascalel NJ 2 dzN1J- aaAy3 (GKFd 2F DdzZ F { GNB}

This was written by Mr. Hans Neu in a 1982 Reptam-Made Storage of Water ResoureAd. iability to
the Ocean Environment? P4kt | have reprintedPart Il (see Pgd0-43) and have quoted Mr. H. Neu
extensiely from Part bf his Report

| have eadand reviewedhousands of Reports, and | would describe Mr.H. Neu as an Einstein in
regards to estuarine and coastal hydro dynamics.

In 1982, he predicted the decline and eventual collapse of the fish stocle @&ulf of St. Lawrence.

G[AFS a 6S 1y26 Al Ay 2dzNJ O02Fadlrt 4FGSNBR | yR
of years in response to these seasonal variati@tzanging this pattern by reducing the flow of
fresh water during the biologicalictive season of the year, or even reversingcitatic flow
altogether, represents a fundamental modification of a natural system. Such a modification
must have far reaching consequences on the life and reproduction cycle in the marine
environment othe region affected. Thus, it follows that storage schemes already implemented
in Canada are having an impact on the biological resources of the Atlantic coastal region.
Unfortunately, data to prove this quantii@ely are masked by other possibiliti¢sor example,

a drastic decline in fish catches in the late sixties and early seventies is currently attributed to
over-fishing in the internationally regulated area prior to the establishment of the Canadian 200
mile zone. In recent years, it appearatths a result of the reduced fishing pressure, some
stocks are showing significant recovery. This fact, however, also happens to coincide with a
period ofincreasing natural discharge in our river systems.

As demonstrated by Sutcliffe (1972, 1973) andife et. al. (1976,1977), fish catches,

especially in the Gulf, varied correspondingly, being larger during the fifties but smaller during

the sixties with an increase in the seventies after allowing a delay of a number of years for the

fish to mature. This implies that the low flow period of the sixties imposed stresses on the

productivity of the system. Unfortunately, at the same time as the flow was at its lowest level,
NB3dzZA F A2y 61 & &aiSLILISR - tzbbo® 80ROYN-$withthe S NI IS 2 F
implementation of the Manicouaga®@utardesBersimis hydrgower complex| contend that

this further reduction in the spring flow was probably the final straw in the decline of the fish

stocks. The larger flows of the seventies decreased the gutagmal effect of the regulation and

gave the fish stocks an opportunity to recavé@ihe next big decknprobably will bén the early

or mideighties when another low discharge period is predictable from the long term cycles (11

and 22yr) of water leels in the Great Lakes. This decline however, will be worse, since

NEJdzt F A2y gAff KIGZS Ay QauPartdld®W2)FdzZNIKSNI Ay GKS
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Figure 2: Landings and TAC (t) for the southern Gulf of St. Lawrence cod stock.

Source:Canadian Science Advisory Secretariat Science Advisory 2006/014
Assessment of Cod in the SouthernlfGad St. LawrenceApril 2006

He also predicted the decline of the fishing stock of the Grand Banks of Newfoundland:

G9@Sy AT 6S Olyy2G &Si YSIadnNBE (KS SFFSO0ha oAl
similar changes must already have happened todbastal waters of Atlantic Canada and the
effect must increase as regulation of our rivers continues. Of particular concern is the increased
development of hydrpower¢ under construction or in the design stagin Labrador, Ungava

Bay, James Bay amtldson Bay, which are abound to threaten the productivity of the Grand
Banks of NewfoundlangSee Tables-lllI.)

''YOAE y26 A0 61 & aaddzySR GKFd KERNR LIR266SNI A
particularly that of the ocean. That thisight not be the case is difficult to understand.

Obviously, designing storage schemes and forecasting output of power is easier to grasp than to
guantify the changes imposed on the population dynamics of the biota in the coastal region.

There is the pssibility that damages imposed by marade lakes on the ecosystem may

outweigh the benefits they provide. This is the crux of the probldra.prime task therefore is

to establish a codbenefit ratio in which all factors, also those which affect theaace

environment, as included. This should be &selj dzA & A 0 S F2NJ | y& FdzNJ KSNJ
(NeuPart 1 1982).
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The following appears in my OctobEs, 2018 Reporth ¢ KS t NPof SY La ¢KS [0l 27

STARVATION OF ATLANTIC NORTHWEST GERYIS

There have been two collapses of the Atlantic northwest cod fishery in the past fifty years, and they are
illustrated in the graph below. Both collapses have been analyzed as one and the cause blamed on
overfishing and global warming.
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However, the second and more lasting decline occurred in the-1989 period. The major factor of

this decline has been tHack of sicacaused by the capture of the spring freshet in the reservoirs of

hydroelectric facilities owned by Quebec Hydropower. These facilities have significantly reduced the

transport of dissolved silica and other nutrients needed for healthy spring and sudiatem

phytoplankton blooms in the northwest Atlantic and Gulf of Ma@meNJP | ® b S dg@eére LINBRA Ol A 2
O2NNBOGZT IyR (KI Yy e dlkhowanNdh moretas to elr@wi ananghy JBeklivassa

lack of silica
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Table |

Reservoir HydroelectriGenerating Stations

Discharging into Estuary and Gulf of St. Lawrence River

Capacity in

Owner Name Megawatts (MWHead(FT) Commissioned Watershed
Hydro-Quebec Rapids Blanc 204 33 193435 St. Maurice
Hydro-Quebec Bersimisl 1,178 267 1956 Betsiamites
Hydro-Quebec Bersimis2 869 116 1959 Betsiamites
HydroQuebec JeanLesage (Mani2) 1,145 70 196567 Manicouagan
Hydro-Quebec Outardes4 785 121 1969 Outardes
Hydro-Quebec Outardes3 1,023 144 1969 Outardes
Hydro-Quebec Outardes2 523 82 1978 Outardes
Hydro-Quebec Manic5 1,596 142 1970 Manicouagan
Hydro-Quebec RenelLevesque

(Manic3) 1,244 94 197576 Manicouagan
Hydro-Quebec Manic5-PA 1,064 145 1989 Manicouagan
Hydro-Quebec SainteMarguerite 882 330 2003 SaintMarguerite
Hydro-Quebec Touinstouc 526 152 2005 Touinstouc
Hydro-Quebec Peribonka 405 68 200708 Peribonka
Hydro-Quebec Romaine2 640 156 2014 Romaine
HydroQuebec Romainel 270 63 201516 Romaine
HydroQuebec Romaine3 395 119 2017 Romaine

12,749
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Table Il

Reservoir Hydroelectric Generating Stations Discharging
Into James Bay artdudson Bay

Capacity in
Owner Name Megawatts MW Commissioned Watershed
Manitoba hydro Kelsey 287 1957 Nelson
Manitoba Hydro Kettle 1,220 1970 Nelson
ManitobaHydro LangSpruce 980 1977 Nelson
Manitobac¢Hydro Jenpeg 122 1979 Nelson
Hydro Quebec RobertBourassa 5,616 197981 LaGrande
Hydro Quebec LaGrande3 2,417 1982-84 LaGrande
Hydro Quebec LaGrandet 2,779 198486 LaGrande
ManitobaHydro Limestone 1,350 1990 Nelson
Hydro-Quebec Brisay 469 1993 Caniapiscau
Hydro Quebec LaGrande?-A 2,106 1991-92 LaGrande
Hydro Quebec Laforgel 878 199394 Laforge
Hydro Quebec LaGrandel 1,463 199495 LaGrande
Hydro Quebec Laforge2 319 1996 Laforge
Hydro Quebec Eastmainl 507 2006 Eastmain
Hydro Quebec Eastmainl-A 829 201112 Eastmain
21342
Table Il

Summary of Tables 1 & 2
Annual Capacity in Mega Watts (MW) of Reservoir Hydroelectric
Geneating Stations Discharging Into

James Bay and St. Lawrence Labrador

Hudson Bay River Current Total
193039
194049 204 204
195059 2,334 2,047 2,334
196069 2,953 2,953
197079 2,200 3,363 5,428 10,991
198089 10,812 1,064 11,876
199099 6,116 469 6,585
20002009 507 1,813 2,320
20102018 829 1,305 2,134

21,220 12,749 5,428 39,397
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SECTIONI HYDRGUEBEC MANAGES ITS DAMS TO TRANSFER {0{H-HBROM THE
BIOLOGICALLY ACTIVE SEASON TO THE BIOLOGICALLY INACTIVE PERIOD OF THE YEAR

din higher latitudes during the winter, river rafff is at a minimum whilpower demand is at its
maximum. This is shown in Fig. 7, where an average hydrograph and the seasonal power
demand of a city in northern regions are plotted. As can be seen, water supply and power
demand are out of phase by nearly half a year.

Developer®f electrical energy view this as an inconvenience of nature; thus they reverse the
natural runoff cycle by storing the spring and summer flow in artificial lakes to be released
during the winter. An example is shown in Fig. 8 for the ManicouagangRMeamic 5 power
station (NeuPart 1,1982)¢

at x10° /s
NATURAL ad
t’ RUN-OFF T 3 =
— 4 E:::.
~ POWER 7 X
DEMAND™, 7 ot
of 0\7 x
nE // LéJ
f
oL /, 8
] JEMAW A SOND
JFMAMJJASOND 1976

Fig. 7 Typical hydrograph and seasonal power demand. Fig. 8 Natural and regulated discharge of the Manicouagan River at
Manic 5 power station.

SECTION IV THIS IS ANALAGOUS TO STOPPING THE RAIN DURING THE GROWING SEASON AND
IRRIGATING DURING THE WINTER, WHEN NO GROWTH OCCURS (Neu Part 1, 1982).

Such an alteration in seasonal precipitation rateésdef R 6 S OF GF Aa0GNRPLIKAO FT2N GKS
trees in our forests would die off and carbon sequestration through photosynthesis would suffer a
devastating blow.

¢CKS FINXY¥SNRa ONRBLA FyR FTAStRA g2dzZ R ondfligebtdtNSy f St
FYR 62NI RQA LR2LJzZ I GAZ2Y D

Man-made storage of our rivers has destroyed our oceans in the same waynfautunatelythe

destructiongoes unnoticec@nd depletion of the fisheries has been buried ungearkling blue water on
a sunny day
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SETIONV THE HYDROGRAPH IN FIGURE 1 SHOWS THE MANICOUAGAN RIVER DISCHARGE
WITH A MAXIMUM IN MAY WHICH IS 30 TO 40 TIMES LARGER THAN DURING WINTER
MONTHS OF JANUARMRCH.

dln northern latitudes, winter precipitation in the form of snow remains stargi the following
spring. During this period, biological activities slow down and become dormant with little or no
need for nutrients. With the onset of spring, the snow melts, creating large river flows
particularly during the early part of the seasoAt the same time the annual growth cycle begins
and the nutrients required to support the renewed activities are provided on the land by the
fresh water directly, and in the ocean indirectly by increasing the entrainment of nerigant

deep ocean wateinto the surface layer.

4t X10° /s
3

2]

1

TEWAMIIASOND
1976

Fig. 1 Natural run-off to the Manicouagan River at Manic 5 power
station.

Source: Neu Part | (1982)

A typical monthly ruroff hydrograph of a snoved river is given in Fig. 1. It shows the
Manicouagan River discharge with a maximum in May which-#03imes larger than during
the winter months

The seaward progress of the fresh water totals of the St. Lawrence and its tributaries, including
the Manicouagan, is shown in Fig. 2a. These totals contain fresh water from melting surface ice
which has formed in the system during the winter months. eéBtienated contribution at Cabot

Strait is on the average about 4000 rBand at its peak probably 600@3st. The bulk of the

spring freshet passes quickly through the estuary in May, then slows over the Magdalen Shoal in
the southwestern Gulf in sumer, and arrives at Cabot Strait by the beginning of August. From
here it can be traced to Halifax and even to Georges Bank at the entrance to the Gulf of Maine in
the autumn. (ManAMade Storage of Water Resoure&d.iability to the Ocean Environmefit?

(Pat 1, by Hans J. A. Neu 1982
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Fig. 2 Mean monthly (a) fresh water and (b) surface salinity variation
for stations along the St. Lawrence system and Scotian Shelf.

Source: Neu Part | (1982)

SECTIONVlaw® b9, tw95L/¢95 Lb I L{ mMdyH wOOt hwe¢X al
AND SUMMER RUQIFF TO GENERATE POWER THE FOLLONMINER MUST HAVE A

SIGNIFICANT IMPAON THE OCEAN ENVIRONMENT AND ON THE CLIMATE OF THE
alwL¢La9 w9DLhbO®E

G! LINARYIFNEB NBIFaz2y F2N) Salddzad NASax SyoleavySyda Fy
fertile and productive regions on earth is the supply of fresh water from landffuvhich, m

entering the ocean, ingtes nixing and the entrainment of nutriemich deep water into the

surface layer. For temperate regions such as Canada, the natural fresh water supply varie
sharply with seasonbeing low during the winter when precipitationérunoff is stored as

snow and ice, and very large during spring and early summer when the winter storage melts.
Nearshore biological processes and adjacent ocean activities are attuned to this massive influx of
fresh water- this is the time when repduction and early growth occuil.o modify this natural
seasonal ruroff for human convenience is to interfere with the hydrological cycle and with the
physical and biological balance of the coastal region. Artificially storing the spring and summer
run-off to generate power the following winter must have a significant inhjpgicthe ocean
environment and on the climate of the maritime regén.
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SECTIONIl aw® b®82QWw95L/ ¢Lhb hC ada!{¢ I!+9 ! {LDbL
BORNE OUT IN JUST A FEBARS, AS REVEALED BY THE FOIGOBBERVATIONS:

1. a{ SNA2dza tS@Sta 2F KeLREALF oF t+01 2F 2E@&3Sy
the mid-m by ArCRA0B, this area covered approximately 1,300 km2 (500 sqg. miles) of the
sea floor, and has coimued to grow over the last few years. In 70 years, the concentration
of oxygen has decreased by half & dJi K& 3INB I { S NJ(QuébkcyOcearpFact Y'S (i S NA& ¢
Sheet 2; January 2011See pageg8 & 29)
2. A tenfold increase in the accumulation rate of dinlafgellate cysts over the last four
decades in the sediment of Lower St. Lawrence Estuary. Thibodeau, et.al. ZDOS is
equivalent to an average annual increase of 25% per yeaunty years from 2005 is 1965,
and two large reservoir hydroelectric fities were commissined in 1956 and 1959. (See
Talde 1 on pagd4.)
3. Dissolved oxygen concentrations of 45 micromoles were recorded in June of 2017 in deep
waters off Rimouski and Mantane, while concentrations are usually in 200
micromoles. (Whales dime-Riche 7/24/17 Eutrophication is most likely the driving force
in the oxygendepletion in the St. Lawrence Estuary

SECTION VIII CLEARLIFFERENTIASBETWEEN 2 TYPES OF MODIFICATION OF THE SILICA
BIOGEOCHEMICAL CYCLE THAT OCCUR WITH EUTROPHICATION AND BOTH ARE
CONRBUTING TO THIS OXYGEN DEPLENTOHE ST. LAWRENCE ESTUARY

The first occurs behind the reservoir dams, where there is:

Gl NB R dz©wakeoglunin gilicairéservoir through a modification of the biogeochemical
cycling of silicalncreased diatom production results in increased deposition and preservation of
diatom silica in sediments, which in turn leads to reductions in water cdhsnn

02y OSy (i bniey, &.\4l21093) 0

G2 KSy GKS Y2@0Ay3a 61 GSNI 2F GKS NROSNI KAila | NBa
were in suspension sink out, the water becomes a lot more clear. This means light can penetrate

into the water moe than the couple of feet or inches it could before and that means

photosynthetic plankton living in the water can suddenly make a good living. Phytoplankton can

finally fix carbon into organic matter faster they respire it away. Theyegin to grow.

But a dam means not only light, but also the time to put it to good use. Water that would have

shot through that stretch of river in hours to days wilvspend weeks to months to years in the
extrareservoirvolumet¢ KI G Qa | YLX S 2 Li:dRtonlikezgligtoingto FudNp LIK & G 2 LIt
biomass into thick blooms and to remove almost all the dissolved silica in the water. And

because these stretches of quiet water with an enormously tall concrete wall at the downstream

end are great places to build up seeints, the biogenic silica that has been produced stands a

very good chance of sinking down and getting buri€de buck stops here, as they say, and as a

NEBadzg G 2F R26y a0 NBI Y (SHidaBtbridsCanidy®t. L AN SR 2 F & A€ A
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G ¢ KS d®us2ay NRand P are added to aquatic systems through anthropogenic activities.
Because DSi is not added to any significant extent with nutrient enrici@#&ite and Ryther
1980 additions of N and P will change the Si:N and Si:P ratios of receatexg wThese

changes aloacan havea substantial impaicon ecosystem dynamics.

While nitrogen and phosphorus are the 2 most important nutrients governing overall algal
growth (Ryther and Dunstan 1971, Schindler 1977, Hecky and Kilham t8883tios of

nutrients presen{Tilman et al. 19823nd availability of dissolved silicaigilham 1971, Egge &
Aksnes 1992)an regulate the species composition of phytoplankton assembl&gesl).

Growth of diatoms depends on the presence of dissbsilicatdDSi) Whereas growth of non
diatom phytoplankton does not. When concentrations of DSi become low, other types of algae
that do not require DSi can dominate algal community composition and decrease the relative
importance of diatoms in phytdgnkton communities.

Schelske & Stoermer (1971, 1972) also hypothesized that the limitation of diatom flora by
reduced DSi supplies would lead to drastic and undesirable changes in the ecosystem where the
phytoplankton community was dominated by green &hge-green algae during summer when

DSi was limiting for diatoms,. The hypothesis that modification of the phytoplankton flora would
occur with eutrophication was formalized and its implications wereusissa for the coaat

ocean and marine systems bffi€er & Ryther (1980) and Ryther & Officer (198)ese 2

studies identified essentially 2 distinctly different phytoplanktased ecosystems; one

dominated by diatoms and the other a ndimtom ecosystem usually dominated by flagellates,
including diflagellates chrysophytes, chlorophytes and coccolithophores, which may also
contain large proportions of nemobile green and blugreen algae. They suggested that the
diatom food web contributed dioly to large fishable populationhat other algatbased food

webs were undesirable either because species remain ungrazed or fuelled food webs that are
economically undesirable, and that changes in species composition would lead to oxygen
depletion in bottom water¢Conley et. al. 19).

SECTION IXRECED DISSOLVED SILICATE HAS LED TO EXCESS NITROGEN IN OCEAN
WATERS, WHICH IS AS HARMRJTHBVMARINEENVIRONMENT AS EXCESS CARBON IS IN
THE ATMOSPHERE.

Lesdlissolvedkilicae in the upper water®f the Estuary and Gulifas allowed the increased nitrogen
input from sewer treatment plants and storm water runoff to fuel an explosion in the growth of non
siliceous algal growth. This increase in algal growth (eutrophication) has lead to oxygen depletion
throughout the water column and a limitation some ofthe bottom waters.

Many politicians and scientists have turned their backs on how and why silicate retention behind dams
affects marine biochemistry and the ecosystem structure in coastal waters and estuaries. These are
probably some of the same peoplho have accused the fossil fuel industry of covering up how burning
fossil fuels is causing climate change!
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THE ST. LAWRENCE IS LOW ON AIR

The zone most affected by the reduction of oxygen in the St, Lawrence Estuary extendaffonsssac
at the confluence of the Saguenay River and the St. Lawrence to the northwest of the Gulf of St.
Lawrence.

(Quebec Ocean Fact Sheet 2 January 2011)
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SECTIOX HOW RIVER WATER INTERPLAYS WITH SALT WATER AND ITS SEASONAL VARIATION

a¢l 9 ah{¢ h}¢{¢!b5LbD C9! ¢} w9 Lb ¢19 9b/h|b¢ow
WATER IS THE FORMATION OF A CURRHSIH CEANOGRAPHERS REFER TO AS HALINE
CIRCULATION AND ENGINEERS AS DENSITY CURRENTFgy system which generates this

motion is in principle the same as that which generates the winds in the atmosphere. While the

winds are the result of inequalitiés barometric pressure caused by aamiform heating of the

atmosphere under solar radiation, the density current in coastal waters and estuaries is primarily

the result of the difference in denshigtween fresh water of the ruaff and the salt water of

the ocean.

There are basically two force components which generate this mdtiost, fresh water

entering the ocean raises the height of the water surfacevaltbe height of the ocean and
establishes horizontal pressure gradient. Water flows aldhg gradient resulting in a

seaward flow of the surface water. The pressure gradient and thus the surface flows are
maintained by the continuous input of river water. Second, sea water is more dense than river
water and since pressure at depth dependdite water density times the water column height,
there is a certain depth where the pressure from the-d®nsity river water will be equal to the
pressure from the denser sea water.

As shown schematically in Fig 3, below this depth the pressure difeielandward directed

and above this point it is seaward directed. This arrangement imposeslayerflow system

in which, as far as an estuary is concerned, the surface layer flows outward and the deeper layer
flows inward. The major manifestatiaf this principle and the mixing involved is demonstrated

by the large variation in salinity and temperature throughout an estuary.
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Fig. 3 Schematic diagram of pressure distributions for density currents.
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SECTION XI OBVIOUSLY, THWO-LAYER CURRENT SYSTEM ACTSUAREE NATURAL
PUMP WHICH CGYANTLY TRANSPORARBGE QUANTITIES OF DEEP OCEAN WATER ONTO
THE CONTINENTAL SHELF AND THEN INTO THE EMBAYMENTS AND ESTUARIES.

Just as for the winds in the atmosphere, the, magnitude of the current is proportional to the
pressure differenceHence in times where more freslater enters the ocean, the longitudinal
gradient seaward increases and with it the strength of the current systénom this it follows

that in estuaries the density current varies with the seasonabffjrbeing at a minimum during

the low dischargesiwinter and at its peak during the large discharges in spring and summer. In
coastal waters which are some distance away from the fresh water source (i.e. the Grand Banks,
the Scotian Shelf and Georges Bdahkye can be delays of from several monthaltnost a year
before the freshwater peak arrives.

100

200tm

Fig. 6 Vertical temperature profile at Pointe des Monts in winter and
summer.

SECTION XICONCERNING THE TEMPERATURE OF THE WATER, SIMILAR VARIATIONS OCCUFR
BUT IN THIS CASE NOT EXCLUSIVELY DUE TO FRESH WATER BUT TO SEASONAL WARMING
AND COOLING ALSO.

As shown in Fig. 6, the ugplayer warms during the summer and cools during the winter. This

trend is reversed in the deeper layer where during the suramartermediate colder layer

forms as a residue of preceding winter cooling, and is sandwiched between two warmer layers.

Thda WO2fR gl GSND tF28SNJI A& OKIFNIOGSNRAGAO 2F Y23
Atlantic. Although temperature, particularly during warming in spring, plays an important role

in the biological activities of the upper layer, it has less influendée density of the water, and

hence on the motion and mixing, than the fresh water of the river.
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SECTION XIIICONCERNING THE TEMPERATUARE OF THE WATER, THERE WILL ALSO BE
CHANGES BUT SINCE THIS PROPERTYGONSESBERVATIVE, IT IS DIFFICULTER®RTHE
FULL EFFECT.

There is a definite possibility that both winter and summer temperatures of the surface layer will
increase; in winter due to an increase in upwelling of deeper warmer water, and in summer due
to slowersurface currents which will allow the surface layer to absorb more heat during its
passage through the systenit. can be assumed therefore that fresh water regulation modifies

the climate of the coastal region to be more contineditad in the summer ahmore maritime

like in the winter.

SECTIONXI THE GREATEST CONSEQUENCES WILL ARISE, PROBABLY, FROM CHANGES
IMPOSED ON THE DENSITY CURRENT.

This current determines the transport of deeper water from the ocean onto the shelf and from
there into theembayments and estuaries. Reducing the flow of fresh water during the spring

and summer decreases the strength of the density current to the point where, if taken far
enough, it could be stopped altogether, while increasing the fresh water during ther wint
increases the current. Except where nutrients are produced locally, their rate of supply is directly
related to the volume of salt water which carries them. A reduction in the transport of this water
therefore decreases the influx of nutrieqtthe ratural food supply, during the biologically

active season of the yeaAn increase of supply during the winter does not compensate for these
losses since primary and secondary production does not occur during this period, and the
nutrients will return tahe ocean body without being utilized.
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Fig. 11 Regulated and unregulated flow of the St. Lawrence at Pointe
des Monts for 1976.
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SECTION XVTAKING THE SIAWRENCE AS AN EXAMPLE, WHERE TODAY MORE THAN 8000

m3 s (APPROXIMATELY ORBARTER TO ONHIRD OF THE PEAK DISCHARGE) IS HELD

BACK IN SPRING (FIG. 11), THE SEASONAL INFLOW OF OCEAN WATER INTO THE GULF MUST
ALREADY BE SIGNIFICANTLY MODIFIED.

The reduction of the amount of water and with it the quantity ofriauits entering the system
during the biologically active season must be in the order X0 of its initial supply.

According to EGabh (1975), the inflow into the Gulf through Cabot Strait is, at its peak in
August, between 600 000 and 700 000 w3 8efore regulation was implemented it probably
was closer to a million cubic metres per second with all the extra nutrients that volume implies.

Beyond any doubt, similar reductions in the shoreward transport of sea water and nutrients have
occurred at ther places during the summer, such as in Hamilton Inlet below the Churchill Falls
power development in Labrador, and will now occur in James Bay after the first power scheme
G§KSNBE A& MHIANeISIOB2JiA2Yy D¢

SECTIONWA THERE ARE MANY IN B4HEENTIFIC COMMUNITY WHO HAVE WARDIED
YEARS ABOUT THE NEGATIVE IMPACTS OF RESERVOIR HYDROLOGICAL DAMS.

Scientists Venugopalan Ittekkot, Christoph Humborg and Peter Schafer wrote a 2000 Report
oHydrological Alterations and Marine Biogeochemistry: ida®d Issue? Silicate retention in reservoirs
behinddamg FTFSOGa S02383GSY aiNHz2OGdz2NE Ay O2Faidlf aStkad

In this Report, they documented how reservoir dams will resultutrophication and lower oxygen
levels in downstream coastal waters:

G CNXB & K g bediSedginpuys Rom rivers playnaajor rok in sustaining estuarine and

coastal ecosystems. Nutrients from rivers promote biological productivity in estuaries and
coastal waters, and the sedimis supplied byhe rivers stablize deltas and coastal zones and
help to maintain ecosystems along the periphery of landmadses$e last few decades human
activities have caused enormous changes both in the nature and quantity of these irpxes F
to the oceans of mineral nutr¢s, such as phosphate and nitrate, have increased worldwide by
more than a factor of twga I @ 6 SO] Mdpdy 0 &

vdzS6S0Qa LRLJzZ FdA2y KIFIa R2dzomt SR AAyO0S moppm FNRY |
much higher annual fluxes of phosphate and nitraterfreewerage treatment plants and storm water
runoff into the Gulf.

G¢KAA AYONBIFIaS KIFLa SR G2 | OOStSNYr 4GSR Ft3lrt 3N
to deterioration in water quality because of oxygen depletion. Toxic algal blooms occurring in

coastal waters, which have devastating effects on fisheries and on biodiversity in general, are

also attributable to euthrophication. Oxygeeficient conditions, in turn, promote the

production of greenhouse gases such as nitrous oxide and methaneeandrttission from

O2ladlt 41 GSNAR (2 GKS FdY2aLIKSNB®E
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in silicate concentrations in rivers clearly indicate that nonsiliceous phytoplankton species will be

more polific in the receiving waters of many dammed rivers of the world. The occurrence of

potential toxic flagellate blooms may become more frequent. Many important regulatory and
socioeconomitunctionsof water bodies will be affectedlhe ability of thes water balies to

sustain economically important fisheries resources will be reduced; severe perturbations can be
expected in the biogeochemiaajcling of elements, with adverse consequences for the role of

coastal seas as sinks for anthropogenic gaseb as CQP ¢

SECTION XVIIN A 2005 STUDYRECENT EUTROPHICATION AND CONSEQUENT HYPOXIA IN
THE BOTTOM WATERS OF THE LOWER ST. LAWRENCE ESTUARY: MICRO PALEONTOLOGIC,
AND GEOCHEMICALEVIDBENCE . ;| ¢1 L. h59! %X 59+9wb! [ X !' b5 a}|
ANALYZEDWO SEDIMENT BOX CORES RECOVERED FROM THE LOWER ST. LAWRENCE
ESTUARY AND OBSERVED THE FOLLOWING:

G ! -ol@igcrease in the accumulation rate of dinoflagellate cysts and benthic foraminifera in
GKS aSRAYSYy(G 2@SNAKSdzNIFNRKia def2 daNJ RBLOfF &R SEkEd | &
marineLINE RdzOG A @A (e Ay (GKS [26SNI{Gd [ gNByOS 9adid

¢IL{ L{ al!/l ahw9 ¢I!b &! {LDbLCL/!b¢ Lb/w9! {09

A TEN FOLD INE¥SE IS THE SAME AS A 1,000 PERCEERNSIRICAVER A TIME MEAOHO0 YEARS
THIS WOULD BE AN AVERAGEANSEFOF ABOU3 RERCENT PER YEAR OF DINOFLAGELLATE CYST
IN THE SEDIMENT

The driving force for this epic increase of dinoflagellatebasgigantic reservoirs behind these
hydroelectricdams whichhave change the silica cyclend natural hydraulic cycle the St. Lawrence
and Gulf of Maine Changes in the hydraulic cycle have also significantly reduced the annual input of
dissolvedoxygen and warmed the waters of these rivers.

oMost studies addressing thawses of eutrophication have concentrated on the elements
nitrogen and phosphorus, mainly because both nutrients are dischardgaghign activities.
Silicate, however, also plays a crucial role in algal growth and species compdsitiaxample,

the growth rates of diatoms (silieahelled phytoplankton) are determined by the supply of
silicate. Researchers have noted a decrease in the level of dissolved silicate in many coastal
marine regions of the world in the last few years (Conley et al; 1998)increased growth of
silicateutilizing diatomsthe result of nitrateand phosphateénduced eutrophicatiorand the
subsequent removal of fixed biogenic silica via sedimentation out of the water column (Billen et
al. 1991.1996) are thought to explain thecrease in dissolved silicate. The resulting changes in
the ratios of nutrient elements (e.gilicon nitrogen:phosphorysor Si:N:P) have caused shifts in
phytoplankton populations in water bodies (Admiral et. al. 1990, Turner and Rabalais 1994).
Shfts from diatoms to nonsiliceous phytoplankton have been observed much earlier in the
season in several estuarine and coastal regions (in the receiving marine waters of the Rhine

River for example).
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dThe source transport, and sink characteristicsilafate, as they relate to changes in the

hydrology of rivers, are distinct from those of nitrogen and phosphorus. -keadg hydrological
alterations on land, such as river damming and river diversion, could cause reductions of silicate
inputs to the sa (Humborg et al. 1997). By contrast, although all nutrients (nitrogen,

phosphorus and silicon) get trapped in reservoirs behind dams, nitrate and phosphate discharged
from human activities downstream of the dams more than make up for what is trapped in
reservoirs; for silicate, there is no such compensation.réudting alteration in the mtrient mix
reaching the sea could also exacerbate the effeetigbphicationsthat is, silicate limitation in
perturbed water bodies can be set in much more Hggithn under pristine conditions, leading

to changes in the composition of phytoplankton in coastal waters.

And
GhyS 2F GKS A aswbedhér thé rddudiidh in Nillgateirt c@eStdl wakers is caused
by its increased removal through enhancéatam production or by a decrease in direct inputs
from rivers. Although both processes are likelyaffect silicate decrease, enough evidence is
available to suggest that hydrological alterations such as river damming and river diversions
could be the rcial factors (Milliman 1997)Given the large numbers of dams in operation
today (Rosenberg et al. 200@hd the extent of river flow that is dammed or diverted
(Voorosmarty and Sahagian 200@ductionof silicate coulde of global significance.
(Ittekkot, Humboarg and Schafer 2000).

SECTION XVIII | HAVE REPRINTED, ON PAGES 7 AND 8, A JANUARY 2011 FACT SKEET ¢ ¢
LAWRENCE IS LOW ONABECAUSEHE READER HAS TO READ IT FOR THEMSELVES IN ORDER TO
BELIEVE THAT THERE IS NO MENTION @ROHEERATION OF RESERVOIR HYDROELECTRIC DAMS
DURING THE PAST SEVENTY YEARS AS A POSSIBLE CAUSE IN LOW OXYGEN IN THE ST. LAWRENCE

Ly (KS calsddbyihgnyad activibutonly inparkE ¢ G KS | dzGK2NJ FFAfa (2 YSy
discharged waters from théams into the rivers have mudessdissolved silicate to offset the increased

input of nitrates and phosphates from municipal wastewater, as well as fertilizer and manure in nearby
agriculture fields. As a result, the diatom populations have declinedisnudlagellate populations have

exploded.

Ly ( KS A#ng 0 dithdeythadgehe authorexplains that the causef less oxygeis because

a e proportion of water coming from the Labrador Current Water has decreased, and thus
more of the water erdgring the gulf comes from the less oxygenated Gulf Stream. This situation
has contributed not only to a reduction in oxygen levels in the deep waters of the St. Lawrence
Estuary, but also to an increase in water temperature of 1.65°C.

As discussed in Semts Xl and XllI, the storagéwater resources may be the driving force in this
increase in water temperature.
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