From: Michael Ernst [mailto:Michael. Ernst@ TRANSENERGIEUS.com]
Sent: Friday, November 15, 2002 5:41 PM

To: Stephens, VA; Montagna, Ronald

Cc: Epifani, Lisa

Subject: Cross-Sound Cable Project

Please find attached a description of the Cross-Sound Cable Project. We
would appreciate the assistance of the Task Force in streamlining the final
approval of this project. Thank you very much for your assistance.
<<Request to WHTFEPS Nov 14.doc>> <<Letter to DEP_July 24.pdf>>
Sincerely,

Michael D. Ernst, Esq.

Director of Siting

TransEnergie U.S. Ltd.

110 Turnpike Road, Suite 300
Westborough, MA 01581-2864
(508)-870-9900, ext. 111 - voice
(508)-870-9903 - fax

(508)-245-7767 - mobile

e-mail: michael.ernst@transenergieus.com

This e-mail message and any attachments are intended only for the use of the
addressee named above and may contain information that is privileged and
confidential. If you are not the intended recipient, any dissemination,
distribution or copying is strictly prohibited. If you receive this e-mail

in error, please notify the sender by immediately replying to this e-mail or
by telephone at (508) 870-9900 ext.111. Thank you.



110 Turnpike Road, Suite 300
e Westborough, MA 01581
& Tel: (508) 870-9900
CROSS-SOUND CABLE COMPANY, LLC Fax: (508) 870-9903

November 15, 2002

Ms. Virginia Stephens, Director

White House Task Force on Energy Project Streamlining
WH-1, Room 8E044

1000 Independence Avenue, SW

Washington, DC 20585

Re: Cross-Sound Cable Project

Dear Ms. Stephens:

Per the request of your staff, Cross-Sound Cable Company LLC hereby provides a brief
description of the Cross-Sound Cable Project, its sponsors, and the agencies with jurisdiction
over the project.

Cross-Sound Cable Company LLC is a joint venture of TransEnergie U.S. Ltd., United Capital
Investments and TransEnergie HQ, Inc. TransEnergie U.S. Ltd. is the U.S.-based project
development subsidiary of TransEnergie HQ, Inc., which is the transmission division of Hydro-
Québec, the electric utility owned by the province of Québec. United Capital Investments, Inc.
is an unregulated subsidiary of UIL Holdings Corporation, the parent company of United
[luminating Company, an electric utility in Connecticut.

The Cross-Sound Cable Project is a high voltage direct current (HVDC) submarine electric
transmission and fiber optic cable system buried under the bottom of Long Island Sound to
interconnect the electric transmission grids of New England and New York. More specifically
the cable system will include two 4-inch diameter cables, one fiber optic cable and two AC/DC
converter stations at each end of the cable to interconnect with the high voltage transmission
systems at New Haven, Connecticut and Brookhaven, Long Island. The cable system already
has been constructed and tested and can operate with no harm to the environment, fishing
industry or local shipping.

The Cross-Sound Cable Project received approval for the Open Season auction of transmission rights
from the Federal Energy Regulatory Commission on June 1, 2000; approval from the New York Public
Service Commission under Article VII on June 27, 2001; approval from the Connecticut Siting Council
on January 3, 2002; approval from the Connecticut Department of Public Utility Control on January 4,
2002; a permit from the Connecticut Department of Environmental Protection (CTDEP) on March 17,
2002; and a permit from the U.S. Army Corps of Engineers (ACOE) on March 19, 2002. The Project
also has received all other necessary permits to operate, i.e., the City of New Haven temporary building
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permits, including sidewalk and excavation permits, and New Haven City Plan Commission coastal site
plan approvals, including soil erosion and sediment control approvals.

The initial phase of the Cross-Sound cable installation process was conducted in May of 2002
using a remotely-operated water jetting installation tool. The cable was buried 6 feet below the
seabed across Long Island Sound. However, the ACOE and CTDEP permits required deeper
burial under the bottom of the federal navigation channel in New Haven Harbor in anticipation
of possible deepening of the channel in the future. Thus, the permits require the cable to rest at a
depth of 48 feet below the water surface (mean lower low water or MLLW), which is about 13
feet below the current bottom of the channel. Absent the — 48 ft. requirement relative to the
water surface, the cable's burial 6 feet below the seabed throughout the channel would have
sufficed under the ACOE and CTDEP permits

Following the cable laying and burial, Cross-Sound’s contractor determined that several short
sections of the cable under the New Haven Harbor federal navigation channel (comprising less
than 10% of the cable length under the channel) were not installed to the burial depth set forth in
the permits. Cross-Sound immediately notified the ACOE and CTDEP and began investigations
to characterize the conditions that prevented the cable from reaching that depth. The results of
the studies indicated that all but one of these cable sections were resting in areas of relatively soft
sediments, i.e., sands and clays. Cross-Sound is in the process of notifying the ACOE and
CTDEP that work crews are mobilizing another jetting tool to achieve the permitted cable burial
depth in these sections.

In one other area the cable is resting on hard rock. Additional characterization studies performed
show that the subbottom is hard granite. Cross-Sound is currently seeking proposals from
qualified contractors to determine whether and how the cable can be lowered to achieve a depth
of 48 feet below MLLW .

As detailed in Cross-Sound’s letter dated July 24, 2002 to CTDEP and copied to ACOE [copy
attached], the cable in its current position poses no adverse environmental impacts with respect
to: electromagnetic field effects on finfish and crustaceans; electromagnetic field effect on
compass deflection; temperature effects on shellfish and finfish; and impacts to navigation,
including through anchor strikes.

The cable has been tested successfully and is now capable of transmitting power in both
directions upon Cross-Sound receiving permission to do so. During the August heat waves,
Long Island Power Authority sought and received an Emergency Order from the U.S.
Department of Energy to require operation of the cable in an electric emergency until the Order
expired October 1, 2002. Although the cable is ready to operate, the ongoing permitting delays
are costing Cross-Sound a substantial amount of money each day.

At a meeting on September 27, 2002, the staff of the ACOE-New England Office acknowledged
to Cross-Sound representatives that even if Cross-Sound blasted the rock now to lower the cable
to — 48 feet, that the ACOE would still have to blast the entire granite dome later if the channel is
ever expanded. Therefore, depending on the final proposals from the contractors on November
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18" Cross-Sound proposes to operate the cable on the granite dome 6 or more feet below the
current channel bottom until the channel is expanded, thereby creating at most just one additional
environmental event in the channel. Cross-Sound commits to finance further burial of the cable
at that time.

Therefore, we respectfully request the assistance of the White House Task Force on Energy
Project Streamlining to help resolve this issue expeditiously. We suggest that representatives of
the ACOE, National Marine Fisheries Service and DOE would be interested in the outcome and
thus likely will participate in the resolution of this matter. Given the heavy economic losses
from not operating this approved cable and the lack of environmental impact from operating the
cable in its current location, Cross-Sound respectfully requests that this issue be resolved by the
end of the month so that a final approval can then be obtained from the CTDEP before the winter
holidays when the lowering of the cable in the softer areas should be completed.

We are ready and willing to participate in meetings in Washington, D.C. or New England if
either or both would be helpful. If you have any questions or require further information about
the Cross-Sound Cable Project, please do not hesitate to contact me at (508) 870-9900 ext. 111
or (508) 245-7767.

Thank you very much for your assistance and attention to this matter.

Sincerely,

Michael D. Ernst
Director of Siting
TransEnergie U.S. Ltd

cc: Ron Montagna



- L e 110 Turnpike Road, Suite 300
CROSS-SCLUINTD CABLE COMMANY LLET Weslborough, Ma DLSE|
Tel: (508§ A70-9900
Fox: (508] 70-9903

July 24, 2002
Jane K. Stahl

Deputy Commisgicner

Connecticut Depariment of Environmental Protection
79 Elm Street

Hariford, CT 06106-5127

Re:  Cross-Svanad Cuble frojecr: Response Io CT DEF Letter Dafed fuly 22, 2002

Dcar Deputy Commissioner Stah:

T write in response to your letter of July 22, 2002 concerning the Cross Sound Cable proiecet,
Lrass-sound Cable Company, LLC (“Cross-Sound™) appreciates the Commecticut Department of

Environmental Protection’s (“DEP™) on-going efforts concerning the Cross Sound Cable praject,

Your letter asks that Cross-Sound demonstrare that installation and operation of the cable at

butial depths other than —6" would be environmentally acceptable with respeet to (1) no adverse
elertramagnetic field effeet on finfich and oruntaceans; (i) na clectivmayistic Oeld imerference

with compass deflection and navigation; (ifi) no adverse temperature effeets on shellish and
finfish; and (iv) no adverse impacts to navigation through anchor strikes, The Connceticnt Siting
Council and the DEP considered those issues as part of the permit process, and the existing
record establishes the lack of adverse cnvironmental impacts of cable aperativn at the curent
depth, as more fully described below.

1. Cable installation and epcration will not produce an clectromagnetic ficld that will
adverscly affect the movement of finfish and crustaceans within New Haven Harbor and
the Sound.

Operation of the cable dees not Lave waguliv w eleciric eld impacis, regardless of bural
depth. As the Siting Council found, the cable design effectively eliminales magnelic impacts,
gince cach of the two bundled cables produces magnetic fields that effectively cancel each other
out. Siting Council Findings of Fact §82. The cable creates o very weak magnetic field smmrce,
lar weaker thun houschold appliances and about cqual 0 an ardinary iron-containing ohject.
Siting Councii Findings of Fact *T80-81 (and sourees cited thereind Since gail and zedimont of
the seabed were nol considercd or ulilized to shield maguetic ficlds, (he fact that in a fow places
the cable has not yet achieved the final expected burial depth makes no difference.
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As sl forth in the attached July 23, 2002 letter froms Dr. William T Bailey, operation of the
cable at the current depth does nol change the analysis. Fxpanding upoen the initial conclusions
in Appendix 4, Section D.2.a of Cross-Sound’s application 1o OLISP reparding the lack of
magnelic field impacts, I)r. Bailey cxamines a ranpe ol burial depihis from —17 to 12" and
comelndea that fram s Ymagnerie field perspective, there iz nothing eritical aboul the hurial
depth.” No matter at what depth the cable system is buried. the magnetic feld that would be
produced by the cable “will not exceed naturally occurring levels produced by the sarth at
distances greater than three feet from the cable system.” The DC magnetic flelds associated wilh
the cable once it is in operation will have no adverse environmental impact on finfish, sheilfish,
marine mammals or other marine species in the New Haven ilarbor or elsewhere in Long Island
Sound. Cross-Sound Application to the Office of Long Island Sound Programs, Appendix 4, at

8. We would be happy to make Dr, Bailey available to you should you wish Lo inguire more on
this lopic.

2. Cahle installstion and operation at a depth or depths other than the permitted

dopths will not ereate o magneiic compuas deflection that will interfere with navigatiouw.

The cable will bave even less deflection impact on magnetic compasscs beeause the cable system
is situated deeper, relative to MLLW, than the initially evaluated depth in the Siting Council
decision. Based on an assumed depth of —35° MLLW, the Siling Council determined that the

“maximum projected increase in DC magnetic Leld levels produced by the proposed cable
system would diminish with distance, and would be too weak to pose any tisk to public health,

marine species, or magnetic navigation equipment.” Opinion at 4.

As stated in Cross-Sound’s application to the Office of Long Island Sound Programs (OLISP),
the intensity of the magnetic field produccd by the cable at the surface of the water varies with

wratcr doplh, rolative placcmont of the cablca and proximity to t vable.  Sec Appoudin 4,
Sectiom [3.2.b. See also Cross-Sound’s Application to the Connecticut Siting Council at 8-13.
The design of the cable effeetively eliminates magnelic impacts on navigation. Calculations
indicate that the maximum magnelic compass deflection caused by the cable system would be
less than 0.05 degree in water depths of 35 feet in the lederal Navigation Channel. Siting

Council Finding of I'act #82. As sct forth in Table 5.3 of our “Post-Installation Cable &
Obstruction Survey™ report dated July 19, 2002, the cable system elevation at the investipated

areas is all at lcast 41 feet beneath the water’s surface. Therefore, the anticipated impact of the
cables on & magnetic compass will be levs than the de munimis impact previously considered by
DEP.

3. Cable lastaliallon ywnd operailon will aot Incredse the temperainre of the sealloor
directly over the cable system such that shellfish and/or finfish are adversely impacted.

The DEP and Siting Council speeilically fiund that at an average of six feet under the seabed,
the cable would have a de minimig thermal impact at the seabed surtace.  Siting Counci)
Findinga af Iact 427 {and sonrces cited thereny, Ooiober 27, 200 etter from Commizsinner
Rocque to Mortimer Gelston. The installed cable will have a de minimis thermal impact that is

W=7 33195 L -v5-Letter_ta_Stakl_-_CSC Version DOC
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essentially identical.' Tn any event, the Siting Council found that any heai at the scabed surface
would rapidly be dissipated by hydrodynamic processes. Siting Council Findings of Fact §27
{and sources cited therein). There is no change to the conclusion of no thermal impact,

I he attached jenter Trom I, Roger Mann, Professor ol Maiine Scicnces, addrcsses the izaue of
cable operation at seabed burial depths less than the six feet, In evaluating the potential impacts
associated wilh ten mare shallow burial depth locations, Dr. Mann reiterates the information
provided in our application to OLISP. The thermal signature of the cable will be negligible
relative to background variability and the cable system will operate at a temperature that will not
adwerzely impact benthic resanrees, shellfish, finfish or waler quality. At a burial depth less than
six feet, water at the sediment interface directly above the cable and the hydrodynamic processes
within New Haven Harbor will rapidly dissipate the de minimis thermal impacts of the cable
system at the scabed surface. We would be happy to make Dr. Mann available to you should vou
wish to inguire more on this topic.

4, Cable installation aml operation at 3 depth er depths other than the permitted
depths will not impact navigation by creating a situation where anchor strikes are likzely
and the ability of large ships to stop is compromised.

(peration of the cable does not increase the likelihood of an anchor strike. In the rerhote event
one yrere to ouour, the effects would be no diffeeent if the rable was in aperation. The voltage on
the surface of the cable, cven before burial, is zero. Siting Council Findings of Fact 238 (and
sources cited therein). The voltage remains zero no matter how deep the cable is buried. The
zero voltage results from the cable design, which insulates the conductor with several layers of
material. Id. The outermost laver s palvanized sieel armoring that protects the cable from
jmpacts. Id. Even if something somehow pierces the armering, the cable contains an internal
grounding system and a redundant protective relaying system that would furn the cable OIF 11 1885
than a tenth of a second. 1d. Damage to the cable from an anchor drop would thus resull in
displacement of energy to the ground, not to the anchor line or ship. Id. at 429 (and sources cited
therein). Moreover, the cable as installed will not impede an anchor’s ability to stop a vessel.
ACOE has explicitly determined thal “there will be no . . . interference with navigation with the
vable in its prosout location until full budal depth can be achieved.” ACOE Wews Relenes Wa

CT 2002-82 (June 7, 2002). Qperation of the zero-surface-voltage cable is unrelated to whether
the cable would impede an anchor’s ability to stop a vesscl.

Undet the terms of the Praject’s DEP and USACE permits, there also will be no Hability to any
person. fimu. or carporation that strikes the cable since they will not be held lable for damage to
the cable system (unless the damage is caused by gross negligence or willful or intentional

actions}.

] - '
Thermial tmpact of the as-installed cable can be caloulated by using equations approved by the Siting Council. See

siting Council Findings of Fact 127 (and sources cited thergin), Caloulati i
). Ci ons af th ac
than 6° below the seabed are attached. el ipactat depths of less

MITL A5 1) oS Latlar b SMohl_ 50 %omien IHIE



Ms. 1. Stah!
Tuly 24, 20402
Page 4

We believe that the facts establish that current operabion wilt have no adverse environmental
impacts. We look forward to the opportunity to discuss these matters further with vou,

Hincorelsy,

-

Jathes P. Nash
jeot Drircotor

ce: Christine Godfrey, Diane Ray: ACOE
Charles Evans, Betsey Winglicld, Robin Bray, Micheal . Grzywinski: OLISP
Michae! Ludwig: NMFS
Liz Gowell: G55
Bruce McDermolt; Linda Randell: Wiggin & Dana
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July 23, 2002

James Nash
Cross-Sound Cable Cunpany, LEC

110 Turnpike Road
Suite 300
Westborough, MA 015381

Subject: Magnetic Field Levels and Cable System Burial Depth
Project No. NY10053.000

Deer M. Mosh:

In order to provide additional information to the Comnecticut Department of Bnvironmental
Protection, Cross-Sound Cable Company has asked me to comment on the effect of the burial
depth of the cablo system on the magnetic field. To our earlier report, we had provided
calculated magnetic figld profiles for the cable system for a burial depth of six feet.

1o the tabls balow, T have provided additional ealculations of the maximum magnetic feld at

wvuriowus assumed horial ﬂﬂpﬂls‘, in[‘.]llf!‘]]‘lg that ]]'IDVidI".‘od in our report.
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Distance from Seabed Surface Magnetic 'IFie]ti
(feet) (Gauss)
-12 U.Udl
-1 0.05
.10 0.06
o 0.07.
-8 0.09
=T 12
A% 0.165
-5 0.24
-4 237,
3 0.65
-2 1.43
«1 5.10

*Depth indicaied in report & Application

To put these numbers in context, the cocupational Threshold Limit Valae for DC magnetic

fields is 600 G.

Trom & magnetic field percpective, there ic nothing critical ahoit the bmrinl denth. The seabed

and sea water have similar magnetic permeabilities so the magnetic field is not influenced by the
medium surrounding the cable system. The magnetic field at the seabed and water column

above the cable is not a factor that impacts the selection of the planned bugial depth below the
ses bed, A conclusion in our report, Eleetric and Magnefic Field dAssessment: Cross Sound

Cable Project, was

The levels of the DT magnetic fizld calculated dirsety over the cable during

maximwm power wansfer are too weak to pose any risk to public heaith on land,

MY 10053500 EOT 0702 WBH17T
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adverse enviranmental impacts on marine species in the Sound, or interfetence to

cotnpass-baged navigation.

Tn reaching that conclusion we evalvated conditions where the cable system would be located in
walcr a8 deep as 135 f1 or as shallow us 10 A 4L shiould Le Mauther nated that, e marier o kol

depih the coble system is buried, the mugnetic Jield ﬁr;rm the cable will not exceed naturaily
oceurring levels produced By the earth at distances greater than three feet from the cable
system. At the water depths along the route of ihe cable, variations in the burial depth would
have no significant offect on the magnetic field at the surface with regard to the wse of

compasses for navigation.

In summary, [ hope the above information will be useful in understanding that variations in the
burial depth of the cable do not change the conclusions set forth in my earller repurt.

As noted in my eatlier report, the felds from DC electric fransmission lines are not the same as
those from AC trapsmission lines. That, of course, has pothing to da with burial depth.

Sincerely yours,

William H. Bailey, Ph.D.
Principal Scientist

WY LGD553.000 BOTC Q762 WRIT Ex )




Roger Mamm
P.0. Box 1303
Gloucester Point, VA 23062

July 12, 2002

To: Bruce L. McDesrmott

Wiggin & Dana LLP

One Century Tower

New Haven, CT 06508-1832

Tal: 203.498.4340

Fax: 203.782.2889

E-mail: bmedemott @ wiggin.com

Desr Bruce,

Please find the below the requested comunentary  on biological impacts of the Cross-
Sound Cable in operational mode.

Cross-Sound Cable Company, LLC recently installed a hipolar HVDC cable in the

navieation channel of New Haven Harbor, CT as part of a larger installation ¢rossing
Lang Island Sound. In typical operation the cable s a soures of heat. The question is

posed: what is the biclogical impact on the biota of the channel and the overlaying water
of the thermal signature asscciated with operation of the cable at depths less thaa 6’
balow the seabed?

Two foatures define the thermal signature »f tha rahlie — the quantity of heat emanating
from the cable and its dissipation into the overlaying water coluinn, and the absolute
increase in temperature in the vicinity of the cable in equilibrium operation? Heat
production from the cable in operation is 21.4 Watts per meter length of cable for each
conductor. Two conductors are present for a total output of 42,8 Watts per meter of cable
or 13 watts per foot (approximating the heat output of a rypical car ail light.) Heat
dissipates upwards from the cable ond through the sediment int 4 pau&rn il can be
described as an inverted cone, grading 1o a cylinder with increasing bural depth. With
increasing depth of burial the width of the inverted cone at the sediment water interface,
at right rngles to the orientation of the cable, also increases, Thus the thermal signature
is more diffuse with increasing burisl depth — a constant source of heat literally spread
over 5 greater distance. Calenalatiems provided by the cable rmanufacturers {ABH.
Sweden) estimate an equilibriom increase in temperature at the sediment water mterface
directly above the cable of 0.27 degrees F ar a burial depth, for example, of 2 feet,
decreasing te a temperature increase of (.14 degress F at 6 feet burial depth, With further
increase in burial depth little further change in the thermal signatire js expected, Now

consider these two characteristic features of the thermal signature in the context of the
posed question.



Quantitative heat dissipation into the averlaying water will depend on the volume of
water and its thermal characteristics. The dimensions of the New Haven Harbor Channel
are approxirnately 21,000 feet long, 400 feet wida, and conservatively 40 fest jn average

depth. The calculated volume is thos approximately 336 million cubic feet. Bach linear
foot of the channel conialns a volume o 15,000 cuble feer of water, Into thus volutne of

water, which is approximately that of a typical two floor, four bedroom house filled with
water to the ceiling of the second floor, the operating cable will dissipate the heat output
of a car tail light bulb - effectively a minisculs heat input to aa infinits volume of water.
Heat is rapidly dispersed into the water body by conduction. Further, this apalogy is
conservative in that it ignores lateral heat dissipation associates with tidal exchongs in o
neeth-south direction along the channel axis, end both tidal and wind driven circulatian in
the shallow depths that flank the channel. Additionally, gravitational cirenistion, thar
associated with the rotation of the Earth, serves to mix the water in the shallow regions of
the harbor in a swirling fashion and contribute to heat dissipation. Finally, the
temperatire differential of the colder water deep in the channal, and that of the warmer
sliafluw (lanking regions of grearest blological diversity, nchiness and productivity,
insures that effectively no discernable thermal signal from the cable will be present in the
shallow reglons of the harbor. Given the vast disparity in the quantity of heat input
versus the size of the dissipative Leat sink formed by the water columm, the expectation of
no biological impact is well founded. Note that this conelusion is independent of cable
burial depth becanse the guantity of heat prodnetion per unit lmngth of cperating ia
constant no matter what burial depth is being considered.

The therrnal sighature of the operating cable can be descrdbed as a narrow strip of
sediment water interface, directly above the cable, with a coustant, elevated tamperature

relative to that of the adjacent sediments. Consider the previously gnoted temperatre
mncrcases directly uver ihe vable — 0,14 w0 Q.27 degrees F, Ale these of bieiogical

significance as absclute values? The answer to this Is no, The vast majority of marine
organisms do not regulate their body terperature {a few, such a5 some large sharks
maintain their brains above ambient water temperature, but no such organisms are present
in the year around residents of New Haven Harbor). A general rule of physiology for
animals whose body temperature conforms to that of the surrounding watar ic thae
physiclogical rate doubles for gach 10 degree Centigrade in temperature, that ja a
doubling for each 18 degrees F. A temperatuee lncrease of 0.27 degrees F corresponds to
a 1.5% increase in physiological rate. Current methods of physiological testing cannot
discriminate such an increase from naturs] variebility both over time at the individua]
level (multiple sequential measurements of one individual) or within a population
(multiple simultaucuus measurements of indlvldvala of the same size within a
population), or measurement error. Again the conclusion of no biological impact is wel)
founded. Again, this analogy is conservative in that the temperature increments
estimated by ABE for a esble in operation assume no water movemeant and hear
dissipation. by convection only, Given the arguments articulated in the previous
paragraph the expectation of a sediment water interface thermal signatura wall belovs that
estimated by ABB is realistic.



To reiterate the question as posed: what is the bjolegical impact of the thermal sighature
associated with operation of the cable on the biota of the channel and the overlaying
water?

To summarize the answer: there is 0o biological impact associated with cabla gperation at
depths less than &7 below the eeabed.
Should you have any further questions please do not hesitate to contact me.

. Sincerely

-

Roger Mann

Profecrnr of Maerina Seofapes
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Yemperature Ase of battom surface abova the cable Cross Sound

1. Mathod of calculation

This document calculatas the temparature impact from a bipolar HYDS cable on the suface
of thi saa batiem. The cable losses are 21.4 Wim=core at rating curend,

The temperature ja catculated assuming no water streams above the swiface of the bottom.
Cooling 3 assumed through natural convection anly. This | a pessimistic approach that
probably doas not exdet.

The temperature is calculated vertically above the cable. Tha temperature decreases side
wards from the vertical Tne [niersecting the surfaca of the botiom.

The temperature rise is definad as the temperature rse of the water transition layer in contact
wilh the botlom surface.

Calculation of the temperature fse of the transition layer through raturat convection is found
in:

Intreduction to Heat Transfer
Second Editicn

Frank P. Incropera
David P. De Witl

The catculation Iz done Intwo steps:

1. {alcuiate the heat Aow in Wim® vertically above the cabls.
2. Calculate the temperature fse of the ansition layer.

2. Heat flow q vartically above the cahle
Tho vorical hoat flewr q af the sufase of the botom vertically aboue ths cahble, ecse Fgurs 4

Sea bottorm g Wim?
L R i A

Figure 1
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The heat fiow qis calculated of 1 m® surface above the cabls:

g - .:l 22H sadv= 2. a:r‘m{%} Wmt
o X + 5 H
whare;
Hm cable burial depth
W Wim total cable losses at raing cumenl

Crigin ol the co-grdinate system is in tandre of the cable.

3. Temperatura rise of the transition layst
The heat iransfer to the water is throbgh natural convection. The aguation for heat transfier is:

q = ﬁ - a'!LT
wherer
h Wimtal{ the comvoation heat tranofer aeofficiont
AT K temperatura diference sea boltem and surrounding watar

The sea battom will reach a temperature Lhat gives such vakwes of AT and h that the equation
is fulAllzd.

The size of convection coofficlent his in the range 50 - 20000. The size of the heat coefficient

B Cepanding of tha Size of We hesat Aow G P e bovks e beenpreraion e iz ul a
horirontal heat-dissipating surface can be calculated accordingly:

[g=h-AT
%-—=0.54-R:‘ 10! s R, <10

- L

={.15-8 107 <A, =10"

g L& AATI
T v

where:

g = 3.8 Wi’ verlicat heat flow from sea hottomn
b WKxm? convection coefflciant

k = (508 WHKxm conductivity waler

B = 227550 17K expansion coefficient water

@ = 11440107 m¥¥s  themmal diffusivity water

v = §59x10° mis kinamat|c Wecosily water
L=1m characteristic length
R, = Raylaigh nurmber

The equations give the temperaturs s of tha sea bollom for 10* <Ry = 107

e e
I gt Loy

Vatoset g g

AT =

and for 107 < R, = 1M
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AT =,||I g oviE
fe? 015t g8
Caleulated temperalure rise of bottom surfaca:
W= 2x21.4 Wim, two cabies touching
Calculsted surface temperatures at laying depths 0.5 — § foet:
Burial depth iR q h Temperature fise
oot i Wim® V¥ K F
0.5 0.1524 3.0«10¢ 174 143 0.24 0.44
10 0.3048 | 33107 138 T35 0.21 a3
1.5 0.4572 2.8x«10° 1.3 128 {8 0.32
21 C.BOSE 2.5¢1¢° 2.4 123 015 6.27
2.5 0.7620 2.25x10° 74 178 0.13 0.24
4.0 O M4 | ey’ LX) 113 L2 022
a5 1.0668 1.8xt0° 6.0 110 0.11 0.1%9
4.0 1.2152 1.6x1a" 5.3 106 010 .18
1._5 1.3716 1.8=10" 4.8 104 .08 a17
50 1.5240 1.dx]10° 4.3 101 0.0o B.15
55 16764 | 1.3x10° 35 99 0.08 0.14
G.0 1.6Z68 1.2%10° 3.0 a7 .08 14
Seabed Temperature
Directly Above Cables
v5 Burjal Lepth
0.5
045
a4
W .35
. 13
E 0.3
E- 925
£ 0.2 4
= 015

25 3 35 4 a5
Burlal Dagth (#}

I =
".--.J.'-.:.-i wapd Br R

§ &85

3]
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1 K = {empesaiure diferance in the Uaisius temperatune scale

When the cable Is laid direct on the sea bottom, there i5 only a temperature riza of the
transition layer cloges to the cable surface.
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