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PR 25 MANITORA,
R Y . i
Manitoba Hydr...

" fiello Mr. Brennan, ..

As a preface to the project outiine Zfor the two Hydraulic Reports, I wanted to updale you
on what has transpired in this report preparation since completion of the LTC Report on
Jul 31st. Also, to avoid confusion, I wanted to confirm my understanding that for work not
in "final-report-format"” which comes from the Middle Office, is treated as Confidential -
as Vince has always doné - and is not circulated to the Front Qffice until a completed
final raport is vetted and approved and ready fox distribution. Therefore, the contents of
this email, are sent to you with the understanding that it would be treated as
CONFIDENTIAL as pertains to the Middle Office, and please not to he. circulated in this
format te the Front Office until final issuance of the report. Thank you for your trust on
this matter. )

First, once the LTC Risk Report was handed in on Jul 31st, I procseded to take a few days
off to recover. On August 4th, I returned to work on the Hydraulic Reports, and that week
{Aug 4th - Aug 10th) I infact worked a lighter schedule - approximately 20 hours that week
- and started revisiting and tidying up much of the completed text for the 35 pages of
Hydraulic Reports.. :

On around August 1ith (I had emailed Vince to no avail) - I was verifying what seemed like
‘innocucus points in my reports to do with "data discrepancies™ being used as input to
Eermes. It also pointed to statistical data anomalies and overwrites being used as input
Lo run lermes. It was a fairly benign sentence, that I thought required clarification for
the EPRMC to take action en. I thought the sentence wasn't specific on data anomalies
since it wouldn't peint cut where to look or what to look fox.-

I remember, I decided te clarify my thought by providing one ox two examples, and so I
want back to look at a couple of old files - and for some reason - I referred ko the low~
flow 4041 year run in the Hermes archive, as one example. As I checked the files, the data
looked "odd"™ - and so, to be sure, I ran this copy of the low-flow year independently
threugh my risk system. Of great shock, this data was causing my system to enter Yforced”
blackouts and was not meeting the reliability constraints in the Province even with gas
running on full. '

As you can imagine, my first reaction was to assume that I had done something wrong, or
that 1 had overlooked samething {Or I was using wrong

data) - so, for the next couple of days, (while still waiting for Vince to get back to mne )
Aug 12 - 14th, I started to look in absolute and thorough detail to see what was causing
the problemn.

On around August 15th, I was sure that the parameters in my system had been set adequately
- and there was clearly a problem.

Now more worried and still in disbelief, I decided then to double check the low-flow year
version in Splash. (This 94 year record had been sent to me in its entirety in 2006). 1
was able to extract cut their version of 4041 records from here, including thelr reservoir
cperations. In that process I could see clearly another set of problems, and the impact to
Hydro, now running Splash low-flows {as 1ls) was significantly worse - even worsening the
rule curve reliability to the Province. It was very apparent that the awount of GWH in
storage, as portrayed by PSC given the methods of operating the reservoirs and storage
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amounts - would not be met under the proposed leveis of running reseyvolirs
832.25 and 712.50C feel.

It was now around adugust 1i8th.

Because ¢f the way the storage reservoirs and lake levels are being operated in bo
Office systems, T decided, that for me to De sure that I was looking at the right
I needed to make my system run the cptimization completely "independently"” for
flow year to calculate what exartly would happen. Up to thalt time, the LP optimizaticn had
been using the results of either Hermes and Splash — and for this run - it was appare
the nusnces between both systems were not accurately representing the risks. In fact
also pecame apparent that your notion of & 5 year Droughi may also have b=zen

isrepresented and that "hlackout” conditions had not adeguately been integrat
ses an incredulous 1000% overstatements or discrepancies of inpui flows in ¢
evident between Hermes and Splash.

d. In some
4

e
041 were

For the nex:t 2 weeks, at licghtning speed, 1 hired 2 of my top programmers UG reconstruct
he entire LP optimization roufine to be able to independently operate and optimize Lake
winnipeg and Cedar Lake given all owW-years as 1Li with an independent focus on 4041.

rt of this process, and as 1 completed the analysis, an alarming set cf conclusions
and considerations have come to light. These have taker a front row in idenrtifying the
iss

Therefore, for your understanding of the fiydraulic Reports, below is buller summary cf the
highiights :- : -

1. The 404] reliability run in Hermes is not adeguate or complete for ascertaining Hydro's

_true Provincial low-flow year requirements. The znalysis supporting this run has

fundamental cversights — now leaving Qydro in "shortfall” regions. In fact, if Hydro
cperates and drops its reservoirs cleose to 832.25 and 712.50 as proposed by PS&O in the
jake—ending levels for FY0510, Manitoba Hydro would result in forced black-outs for the
following year if that is & low-flow year and rale curve reguiraments are not being
determined adeguately. This is now OFf utmost sericusness Manitoba Hydro and the levels
should pe revised urgently and expeditiocusly.

The entire low-flow year reliability run 1is
sub-issues list will be provided to demonstr

found to be nol -optimized correctly. An sntire
ate the breakdown.

2. The "value of water” in storage in Hermes is fundamentally incorrect and not adequately
analyzed. Vince himself said to me in July thet the EPRMC view was Lo "take the water out
of storage" and "drain ths reserveirs™ - since this was money in the bank and with market
ices the way they were, the decision. .is there is no value to keep the water in storage.
‘his is in fact an incorrect analysis and assertion. It is basad on fundamentally
incorrect and mis-advice from resuits in the Hermes hydraulic system. Tt can now be

roven. The upside and downside of water in storage has nct been correclly or adeguately
ascertained.

Specifically Hydro's Fiscal Year returns whether starting or ending the year at (for :
example) 834.25 versus 838.25 as compared to both median, average and high flows show tThat
in fact Hydro's annual revenue is infact gresater, starting the year at a highexr lake

18

marginal upside to taking water out of storage.

While the results of this are initially surprising, there are clear and verifiable

reasons, in part Lo do with the hydraulics, and LP? cptimization choices, which
substantiate the findings. Therefore, there is an economic value LCSS to Hydro, in
tarting the reservoirs in any Fiscal Year too icw.

is means that by dropping reservolrs below a certain point, Hydro in fact generates
LOWER Fiscal Year revenue than if it had started the reservoirs at a highexr operating
pcint. This anount can be quantified in the tens of miilions. In all cased the optimum

S

“vaiue to Hydro was found at 838.25 feet and 713.72 feet. (Higher tnhan what Hydro has

anticipated before}. PSs&C proposed operations can even be shown to DEPLETE revenue By an

‘excess of $30MM in the method of releasing (due to running on the least efficient parts of

the rating curves), than maintaining reserveirs on full.

Further, dropping the resexvoirs, including Lake Winnipeg - does not generate a fair
' 2
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upside foxr the vaiue of water in storage. Chasing the “bottom-of rhe—-reservoir” value. .
dollars can now be guantified as less than $10MM of increased revenue whereas tha downside-
tc the company exceeds 2500MM. In fact, with majority of risk in the win
trus ice considerations, all value in reservoir operations is optimized
operaticns at full higher levels. This has been inadequately determined 1
leaving Hydro operating sub-terraineously.

=r months and
n maintaihing
n Hermes and 1s

ically on an average flow basis, the BRM analysis picked 7 starting points of Lake
Wwinnipeg. 714.29, 714.01, 713,72, 713.42, 713.21 and 712.90 and 712.30. Ths analysis was
run 7 times over, {(and again another 9 times) for CL at 834.25 and 838.25.

times the ‘optimum reserveir operations to Hydro was determined at
feet and 838.25feet with perilous drop-offs in return once reservoirs fell bealow
(See Chart #1 and Chart #2}

Therefore any PS&0 assertion that Hydro will generate more revenuz in the short-term by
dropping reservoirs is in fact an incorrect assertion. I is based on an incorresct
gquantification of value of water in storage, and is likely to leave Hydre lesing
unprecedented amounts in the next low-flow yzéxr .

_ between now and 2022. Bver on high flows years there is no (if limited; upsidsa.

For High-Flow years, the RM proceedsd accordingly — and the results were even more
wrprising. The analysis sitill shows that more revenue can s$till be obtained with the
eservoirs higher than 713.21, and optimally again at 713.72. Even in fliow years such as
65 and 2005, the greatest revenue Lo the Corporaticn waould have occurred even with
starting and ending the reservoirs higher. There is only less than a 50.37MM diffsrence,

o

in high flow years to dydro in having operated its reservoirs with levels at 712.50, with
once again surprisingly, the greater revenue occurring at 713.72 feet.
(See Charxt #3) '

Therefore P540's indication in taking water out of storage, Can now be factually proven tO
deplete upside revenue Lo Hydro and significantly increase risk.
shows clearly that taking the 1ast. 2 fest of water out of storzg
has no additional value. Maybe Hydro will justify an additiona
downside exceeds S$500MM.

the assessment
e, or dropping reservoirs,
$15MM, but marginal

4. Vintages of Drought: PS&0 analysis has not accurately categorized the financial impact
{and Losses) of different Droughts. Therefore +here are a variety of impacts to Hydre,
depending on where Lhe reservoirs start and whethexr the low-flows cccur in the Northern
Regicn of the Province or upstream or downstrean of the Storage creservoirs. Alsc, the
"tripping-point" : C - '

or Cocst of Drought is directly relational to where Hydro choases to operate its
reserxvoirs. i

Previous Fronk Offic analysis has shown & "single” view cost of Drought for e=ach year.
This was based on a perfeci sequence of Tlows, and known levals, and the cost for instance
of a lcw-ilow year wes represented as a single number - say 5300MM loss in revenuz for
year. :

Artached are a few graphs tc show you that the "Cecst of Drought"” is nct such a single
estimate, but a range of values crucially contingent on the lake levels. The range of cost
To Hydro, depending on Lake Levels on the aggregate can exceed STOOMM in one Fiscal Year.

The upside range is a minimum amount of $20-330MM.

It clearly shows the risks and peril of Hydro cperating the reservoirs at such a low lake-
lavel amount. .

Once again the optimum amount of lake of

P
"syponential drop-off" in levels below 7
» p - . .

of storage is fundamentally incorrect in

fons is at 713.72 feet and a very pronounced
2 and any analysis by PS&0C to take water out
risk versus revenue tc Manitoba Hydro.

o
Neliay

Even on an average flcw basis their are very evident Fiscal Year disadvantages to Hydro in,
operating its reservoirs based around a lower lzke ending level. (See Chart #4)

5. COprimization Routines: Having reconstructed the optimizer to independently operate the
optimum water in storags, it alsc became apparent that the method of "Successive Lineax
. . 3 oo



ie and not -recomnmended for use of managing
iency curves,
f criteria in

Programmeing' - OI SLP - is no longer suitab
HUydro's reserveirs and water in storage. Because of the shaps oif the 2ffi
nature of the problem {(for example with a "step function” of on/of
jability) ths problem is clearly "ron-lineaxr™.

in fact non-linear and aon-smooth optimization rouvtines (NLP - for non-linear pregram
should be bhaing used Lo operate and manzage storage reservoir conditions. Therefore, qu
simply, Hermes is not finding the maximum sojucion to the problem.

in fFact it is not seven coming cliose.

Below is some public text critiquing the meihod ©

“iinear programming is a powex ful technique for opt mization but the reguirement. that all
constraints be lineaxr can make it difficult to write medels that represent the real world
closely encugh Lo produce useful answers. Unfertunately, kecause & linear program always
finds its cptimum on a»constraint, if the optimum for the NLP {non-linsar program) is not
in fact constrained, this method will not find iu! SLP is not rmuch used for process. )
engineering problems”.

To be specific, Hermes is clearly nst finding the optimum solution for operations o
reservoirs.

=Y

w advances’ in computing power and programming, new techniques can and are now neing
used. In times of low-flow it is so far ofi-the-mark, the difference in losses to Lhe
orporaiion can exceed hundreds of millions (see Chaxts attached). That's why 5LP is nol
used or recommended. Essentially Hermes can’'t vgee® a wide enough area Eo even find what
is close to a maximum SO it converges to the nearest local area. Even on & median—flow
Lasis, it is not able tc discern the ogptimum amount Lo release from storage without
incurring lower revenue versus i€ it had maintained a balance.

Q

Even Sglash, is finding a more opt imun solution, since 1L uses 2 different "local” region
a - .

S 3
{starts at.a different hill "due to better prograsming

choices) and therefore creates more revenue. However neither of the- support. systams &are
finding a global‘optimum which is now not -suitable for accurate financial projections and
reservoir operations. .

This is now placing substantial risk in assuming the "safety” of reliability concerns.
s median flow oxr average flow basis, the P5&C system is vexy visibly misgsing the
optimal ressrvciy operations.

6. FY0O304 Drought: The RM analysis shows rhat the cost of Drought for this year should nct
nave exceeded approximately $376MM declines in Fiscal Year Annual Report Revenue. If the
jnitial.forecastéd ¥Y Annual Report Forecast for that year was positive $475MM, then under
all reasonable circumstances the Lrue cost of Drought would have reduced annual Report
revenue Lo approximately 5148MM.

The unprecedented posted Financial declines in FYD304
{over $5600MM lower than the declines in rainfall - of S
are directly attributable to inefficient storage and reservoir operations. This as well
uncalibrated "value of storage"” and reservoir operations in PS&C.

There is no viable reason, upon detailed and careful analysis of this low-flow year that
this Drought should have returned & negative Fiscal Year Return, and corroborating the

charts attached, inefficient resexrvoir operations have an annecessary financial loss to
the Company exceeding half a billion dollars in one single year. This was alsc combined

with ineffective and out-of-the-money gas hedging which depleted revenues by an

Unnecassary amcunt .

The Cerporation should have survived this year, with a positive revenus, if accurate
cptimization analysis was performed.

The aitt

charts cleariy show how eservoir operztions contributed to the losses and
ineffi 5 i

n Hydraulic Operations.

7. While financial losses in & Drought are One criteria, Lhe second moxe important one
rne consideration of 4041 inflows and relisbility constraincs, which are alsc proven To De
. ; .
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fundamentally flawed in the Hermes assessments. Looxing forward for the next 2 Finan ia
Forecast Years - the amount regaired in Storage for the financial proiections in FYG910-
FY1911 is also incorrect and . vislating rule carve and Provingcial Reliability reguirements.

T+ is with grave seriousness that this emall is written O the implicatlicon to your
financial forecasts - and to clarify that the notion of taking the water out of storage
has been inadeguately guantified. Further, given the proposed PS&G cperations for the
rfiscal Year {910, ilydro will vioclate rale curve criteria, and leave jtself wide open for
farced and regional blackouts

_ due to an oversight in calibration in Hermes.

4

8. 5 Year Drought: nlong the samne lines of 4041 reliiability, the RM assessment now has a
real concern in Hydro's guote of & 5-Year Droughi number and 5-Year Drought references in
e Annual Reports. Upcn moxs careful analysis of the flows, Hydro has a strong 1ikelihood
of not even surviving 2 2-Yeatr Drought. Since the Company has based its reliance on

Y

“perfect foresight” - xnowing that the £ollowing vear after a Drought would be & Aigh Flow
vear - snd because the Flows viewed have been set to be in a fixed crder, without any
séntingency for flow seguence changing - and lake levels have been adjusted to make the
constraints fit - this does not adeguately represent Hydro's risk in & 2 iow-flow years
cens ively. ’ :

Jnder any Common-sense risk management SCENAaridy Hydro can not assume "good luck” that any
Drought will be followad by heavy rzins —~ and therefore drain the reservoizrs LO the
maximum. Pendiag rule curve requirements would then start to be in conflict with

operations planning.

10
-
[

and - if any low-flow yeaxy event occurred following a 4041 year - Hydrec again would be
unabie Lo meet rule—curve reguirements snd/or would be forced intc a regional blackouls.
Therefore any notion in mnnual Repeorts that suggest the implicaticns of a 3Year Drought
are merely financial losses are in fact a misrepresentation. Unless suitable reservelir
operations are maintained in P3&0, there is an inadeguate rule -curve model}l for ZYear
blackouts and even under current assumptions, Hydro will end up in a threatened
reliability conditiorn

+ needs to be clear therefcre, that under current model-assumptions, in quantifiable
ikelihood , Rydro would not survive & 2Year Drought - and reliance on.thils "perfech
oresight” has misstated the Company’s real vulnerability in system religbiiity. This

again stresses the need to keep the raservcirs on MEXIMUM and as high as possible until
Conowapa comes into service. )

To revert briefly to my ¢imeline and your reguest for status, on arcund Sep Bth, given the
seriousness of findings and vince's unavailability, 1 had contactad you directly. As for
wours, 1 proposs Lo Stop billing hourly betweéen August 13th - Sep i5th since nad to work
solidiy on the software and models for & month Lo to generate the accuracy of the resulis
for this Hydraulic Report and investigate the analysis. A5 & fair comprcmise, T suggest’
charging a one-guarter-only ona-off license for the use of the Middls ffice Timetrics
models for this report {approx 58, 0C0 a month) and in exchange 1 will not bili at all for
ray hours during that month. 1 will resunme houriy consulting after Sep 15th.

r, given the utmcst seriocusness of the issves Lhat arose, and implications to
s not concexrned with adir strative matters - and only that the correct
portrayal of the issues was sent to the EPRMC.

Tactually had to be sure these rid issues identlified and resulis were accurate pbefore
sending them to you. Hence, 1 proceeded as any risk professional woulid, to get te the
pottom of such a serious matter and make sure all supporting risk analysis was accurate.
There would be unprecedented impact teo Hydro if this wasn't identified and represented
completely.

To be hones
gydro, 1 wa
o
I

. As a wvery definitive conclusien, the proposed reservoir operaticns by ps&0 for Fiscal
year 0910 are perilous and far below sub-optimum. The financial forecasts for this year
therafore need tc be revised. If you continue with your Fiscal Year operations as
suggested by PS&C to drop leavels to 332 and 712.50, ydro WILL face the real risk of

forced black-outs shoulid the fellowing year pe a iow-flow year. Quite definitively, and
ander all circumstances, any analysis that taking water out storage will benefit or create
short term gains te the Company is in fact mis-analysis. The wrong LP. pragramming 1is peing

5



used in. the Hermes nodel to ascertsin storage value. . ) . ’ 1f71‘)5

er, Hydro has a very real “"reliability” mergin issus between n
service dare in 2022, Therefore for the next 14 years, it is a very sericus RM <

that Hydro's reservo irs should BLWAYS be maintained at the highest 1
only INCREASE your revenue annually, mitigate any wore of your ¥
reservoirs to 712.5C and §32.25 feet as suggested DY PS&C and approy
out”, in the following year. Trne Coxporation would not survive one ¥

owapa in-
snicl iz
evel. This will not

sk. If you drap your
4, you will "bla )
ar of Drought.

T ~an not strass the sericusness of this findings. The Hydra: “will additionally
spell oul, in complete Je iis , what is additionally wWrong th tnc Generation Estimats
Low-Flow 4041 assumptions in Hermes, and why this can not adeguat ely SUPPCLL Yeservoir
oparations. ) .

T am hopafu1 that ycu have rime now (prior te FY0910) to rectify and make
daepcisions before you precceed to take the water out of storage. )

cerrect

All due regaxds -

Sincerely,

This message contains informaticn which may be confidential and privileged.

Unless you are the addressee (or authorized to receive for the addressee), you may nox
use, copy or disclose Lo anyoene the message oY anj information ccntained in the message.
“1f you have received the message in error, pleass advise the sender by reply and delete
the message. Thank you very much. -
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