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HF Radar Gap Analysis for the Mid-Atlantic Bight: Serving regional
and sub-regional themes of Maritme Safety, Ecological Decision
Making, Coastal Inundation and Water Quality.
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l. MARCOOQOS

MACOORA formed theMid-Atlantic Regional Coastal Ocean Observing System
(MARCOOQOS}o generate quality controlled asdstained ocean observation and forecast
products that fulfill user needs. MARCO@8ducts support the two priority regional
themes and provide critical regional-scaiput to MACOORAQsested sub-regional
efforts on costal inundation and water dgfyal The first implementation phase of
MARCOQOS is an end-to-end regional ocelata acquisition, management, modeling and
product-generation system in response to regime user needs in the thematic areas of
Maritime SafetyandEcological Decision-Support MARCOOS will accomplish this by
coordinating an extensive array of exigtiobservational, data management, and
modeling assets to generate and dissemnealetime data, nowcasts and forecasts of the
ocean extending from Cape Cod to Cape Haste This gap filling plan describes the
present status of the HF radar componeMIARCOOQOS and the needs and priorities for
its expansion within the context ggional and sub-regional themes.

Regional Themes:

Maritime SafetyThe Maritime Safety priority for MACOORA is evidenced by
its focus on establishing the region-scalelMilantic HF Radar network. Measured
surface current maps by the Mid-Atlantic IR&dar network are recognized (1) by the
Coast Guard to improve their Searchd®Rescue (SAR) activities and (2) by NOAA
HazMat to improve emergency responsbdaardous spills. Nationally, the Coast Guard
receives an average of 15 SAR calls gy, of which 12 are successful rescues. To
reduce the lives lost, the critical USCG néetb optimize SAR operations to minimize
search time. HF Radar information iretap between the inshore NOAA PORTS and
recommended offshore NDBC buoys will all@&AR operations to be optimized. The
basic infrastructure for CODARBperations is in place tdlfthe gap. The community, in
numerous MACOORA-wide meetings, hamcluded that the &ting observational
infrastructure and residentgertise can be leveraged tm@uce sustainable products to
improve Maritime Safety. Recent statislicomparisons between surface drifter
trajectories, those produced by ST&l the pre-SAROPS methodology using
climatology or nearest NOAA coastal statiotedadicate that th STPS/CODAR fields
lead to more accurate results. In anotieeent study, comparisons between Coast Guard
drifter-inferred currents an@ODAR surface currents indicaaefactor of 2 improvement



in uncertainty as compared to the existing modelshe EDS and available to SAROPS.
Thus, the USCG Office for Search And€Rae has concluded that by using CODAR
currents (with their estimated uncertajnty the existing EB for SAROPS, an

additional 50 lives per year witle saved at the national level.

Ecological Decision MakingCommercial and recreatal fishing represent a
multi-billion dollar industry inthe Middle Atlantic (MA). Management of these resources
is difficult as many of the species aregnaitory and poorly sampled using traditional
strategies. An integrated regional perspecis/required. Timing and migration patterns
of living marine resources are strongtfiluenced by the structure of MA water
properties. Unless regional hydyraphy is mapped on at leasbnthly time scales, it is
difficult to assess the efficacy of fisherimsnagement approaches based on marine
protected areas, no fishing areas, margserves, and rotatjrclosures. Regional
hydrography and circulation from MARCOQ@®Bservations and odels will facilitate
analysis of the movement of water masaed their associated populations. This will
assist interpretation of population breedaympamics and connectivity. For species with
mobile adult stages, retention-through-migna can effectively counteract the dispersing
effect of physics. Species with less mobile juleor adult life stages (e.g. sea scallops)
depend on circulation processesnaintain them within their habitat range. For example,
scallops, the® highest ex-vessel revenue irtNortheast fishery, contribute $431.5
million annually to the MA domain. MARCOO®odeling will provide spatial patterns
of the MA physical ocean to fishery managensuse in their individual-based models of
larval dispersal, settheent and recruitment.

Sub-regional themes:

Several efforts focusing on important s@gional issues ithe MA are supported
and proposed. MARCOOS supports theBerts by providing the outer boundary
forcing and other region-scale information.

Coastal Inundation The NOAA Storm Surge Leadership Team and a
MACOORA Coastal Managers Workshop@enined from castal stakeholder
comments that improvements are requiretheresolution and accuracy of storm-surge
forecasting and improved integration ofge and overland flood models down to the
street level. This is a focus of sevesab-regions within the MARCOOS domain. The
efforts which address those inundation isseéson MARCOOS to provide operational,
region-scale open boundary water level, curremhperature, and salinity fields.

Water Quality The MARCOOS domain that extends across the EPAOs
designated Virginian Province contains ne&%po of the US population. It is the most
urbanized coastal region in the US, repreggg 24% of the rieonal economy. Buoyant
coastal currents in the MA are fbg many urbanized rivers, which provide
anthropogenic inputs into coastal waterstridat and organic matter loadings fuel
hypoxia/anoxia, a focus of some sub-regiafédrts which will benefit from information
on shelf and within estuary circulation, density structure, waves and sea surface heights.



Il. Present Status of the MARCOOS HF Radar Network

A Mid-Atlantic HF Radar network isow capable of providing surface current
maps across the shelf from Cape Cod, idACape Hatteras, NC during high sea state
conditions associated with coastal storr®sted within this shelf coverage are high
resolution systems in the five sub-regigGhesapeake Bay, Delaware Bay, NY Harbor,
Long Island Sound and Southern New EnglangsBand Sounds). The network is made
up of 26 sites directly gported by MARCOOS includin@3 long range 5 MHz sites
(Figure 1), 12 standard range 25 MHz s{tegures 2-5), and a single medium range 13
MHz site in Sandy Hook, NJ (Figure 3). dddition to these MARCOOS supported sites,
there are two other funded sites to bplaged in 2008, a 13 MHz system near Jones
Beach, NY (Figure 3) and a 25 MHz system rnaamg Neck, DE (Figure 4), as well as a
25 MHz site already inslad and operated by NOAA CO-OPS in Chesapeake Bay
(Figure 5). The entire network is organizatb a northern, centraind southern region,
each with a dedicated technician. Tifferts throughout the region are coordinated
through a single regional coordinagupported part time by MARCOOS.

lll. Gap Filling:
Strategy:

The gap filling strategy for the Mid-AtlantidF radar network is to build a 24/7
network that supports regidrend sub-regional useeeds through all sea state
conditions. The present longuge network provides full coverage across the region only
during those high sea state conditions assediwith coastal storms. Nested high
resolution networks are forming but need&expanded to fully support the local users
within the estuaries. The priorities weset based on end user needs for complete data
coverage across the region and continuous elsliof products and services. The plan
focuses on filling existing gaps in three high priority categories:

1) Operational coastal sites
2) Technicians
3) Full site spares

The strategy requires a balance of long-rastgaf wide coverage and nested higher
resolution coverage near andhin the major estuaries. In addition to coverage gaps,
our users require consistent and continugetsiork coverage. To do this we must
maintain the equipment and the real-tinmkd to each site so that combined data
products can be provided in near real-tinRecent reports from the ROWG community
workshops cite the two major causesedlftime data dropoutss (i) communication
failures and (ii) major hardware damage tlmeatural environmental events. As a
network we are already working to oveno® the impact of communications dropouts
with redundant communications each remote site. the Mid-Atlantic Bight, the

major environmental event that leadptolonged system downtime is lightning and
erosion related to coastal storms. In otdesiccount for these types of dropouts, we must
have a set of full site sparegthin each of the northern, ceatand southern sub-regions.
They must be available so that when pquént is damaged due to lightning, technicians
can immediately replace the damaged partraanhtain the data stream to the larger
network. In addition to these full site spaesgsl new operational sggthere is a clear
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Figure 1. Location of the existing long-range sites in the Mid-Atlantic. Distance between the
sites are shown as colored lines (greater than 90 km: red; greater than 70 km and less than 90 km:
yellow; and less than 70 km: green).

need for us to fill the technician gapimtaining and operating these systems. Our
present network consists of 3 nearly full titeehnicians and a paiime coordinator.
With a ratio of 1 technician for eweB.6 sites, we fall well short of the NOAA
recommended 1 technician for every 3 sites.

Long-range sites:
The present long-range network includ&ssites from Nauset, MA to Hatteras,
NC (Figure 1). The range of 5 MHz longnge systems depends on both the sea state



(higher waves increase range) and the noisd (bigher noise deceases range). At5
MHz, the noise floor increases, reducing the eaofgthe HF radars, particularly at night.
Our strategy for filling the long-range gaps is a phased approach that reduces spacing
between sites to account feariations in data coverage. CODAR recommends an
optimal long-range site spacing of 90 kithis recommendation assumes a consistent
range of 180 km for each site in the paihe average coverage of the long-range
systems in the Mid-Atlantic in 2007 was 182 kmpresentative df/pical daytime range
and consistent with the TIAR recommendation. Experience in the MAB, however,
indicates the typical nighttime range dese=ato about 140 km. Similar results are
reported in the Gulf of Maine. Fordbke ranges the optimal spacing between sites
decreases from 90 km to 70 km. Gaps endkisting network werprioritized based on
these thresholds. Gaps greater than 90vkkhie filled first (threshold based on typical
daytime coverage), followed by gaps gredltem 70 km (threshold based on typical
nighttime coverage).

The distance between each pair of sggaepresented as a colored line based on
the thresholds described above, over 9(ted), between 90 km and 70 km (yellow),
and less than 70 km (green). At 90 kaparation, the area widttceptable GDOP is
optimized for radial data extding at least 180 km from tiséte. The distances marked
with the red lines in Figure 1 excetiils recommendation and provide complete
coverage only during the strongest coastatms when radialata ranges exceed 200
km. In the first year we will fill these largest gaps with 5 new long-range sites. These
five highest priority gaps atested below starting with thergest. The proposed location
for the new site is indicated in the parentheses.

1) Block Island RI and Nantiket, MA (MarthaOs Vineyard)
2) Sandy Hook, NJ and Moriches, NY (Fire Island, NY)
3) Moriches, NY and Block Island, Rl (Montauk, NY)

4) Back Bay, VA and Cedar Island, VA (Smith Island, VA)
5) Hatteras, NC and Duck, NC (Pea Island, NC)

In the second year we will target thegé yellow lines toward the middle of our

coverage. These gaps (less than 90 km lmattgr than 70 km) meet the criteria for the
average daytime coverage but are too fartaplen the coverage falls below 182 km (as

we see with the MAB sites at night). ender to account for the nighttime reduction in
coverage, these three gaps would be filled in year 2. These are located between (in order
of gap size):

1) Assateague, MD andildwood, NJ (Delaware coast)
2) Loveladies, NJ and Sandy Hook, NJ (Southern Monmouth Co.)
3) Cedar Island, VA and Assateague, MD (Wallops Island, VA).

Once these eight gaps are filled, our long ramgfevork will be configured to provide
consistent total vector coverage with adabfe GDOP throughout the fluctuations in the
day/night radial coverage.



Standard range sites:

The gap filling focus within each sub-regiis prioritized based on the needs of
the local users as communicated throogdmbers of MACOORA, and its observing
system MARCOOS. In each of the first threange a single site will be added to each of
the sub-region nests described below.

Block Island Sound/Rhode Island SouRdesent HF radar coverage of the

southern New England sounds is limited te tegion of Block Islan&ound (BIS). This
area is covered by the 3 standard rang®IBZ sites (Block Island, Misquamicut, and
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Figure 2. Location of the existing 25 MHz sites (green), proposed 25 MHz (large red), and
proposed 42 MHz sites (small red) in Rhode Island Sound and Buzzards Bay.

Montauk Point) operated bydtUniversities of Rhode Islarahd Connecticut (Figure 2).

A large gap exists from eastern BIS te #rmstern end of the adjoining Rhode Island
Sound (RIS). Extending coverage eastwatd RIS will provide surface current
observations at the mouth of Narragah8ay. Narragansett Bay has recently
experienced severe summertime hypoxigsmpper reaches and a NOAA Coastal
Hypoxia Research Program funded projeco@dling Tools to Predict Hypoxia/Anoxia

in Upper Narragansett Bay) is focusioig understanding the biological and physical
processes underlying this phenomenon.ratkar surface current observations at the
mouth of the Bay will provide an important constraint on exchange between the Bay and
Rhode Island Sound (RIS), which is presgrdcking. Expanded HF radar coverage in
BIS and RIS will also benefit the decision-making process for siting of offshore wind
generation installations, which are plannedth® Rhode Island coastal ocean. Three new
HF radar sites are proposed to extend covai@@dS, Point Judith and Sakonnet Point in
Rhode Island, and Gay Head on MarthaOsydnde Point Judith will be instrumented



first, as observations from this site will overlap with those from Misquamicut to extend
coverage to eastern BIS. Subsequentlyylieinstall the siteat Sakonnet Point to

provide coverage of the Narragansett Bay maagion. Installation of the final site at
Gay Head will then provide surface curtdields over the whole of RIS.

Buzzards BayWe propose a trio of 42 MHz (~20km range) CODAR sites in
Buzzards Bay at Smith Neck, West Island, ahWoods Hole to provide high resolution
(~500m) in Buzzards Bay (Figure 2). This crage will nest withirthe 25 MHz network
expanded into Rhode Island Sound which in tamested withirthe lower resolution
long-range network. The high resolution maghin Buzzards Bay will directly support
response to oil spills, storm induced seallsuege, red tide blooms and hypoxic events.
In addition the network will compliment exisgjrobservational elements within the bay
including stations maintained by NOAA NDBSMAST, and the Massachusetts Long-
Term Annual Embayment Water Property Sampling.

Long Island SoundThe existing coverage in the gtern part of the sound will be
expanded east through coordinatiotinvthe NERACOOS gap filling plan.
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Figure 3. Location of the existing 25 MHz sites (green), new 13 MHz site to be deployed in
2008 (yellow), and proposed 25 MHz sites (large red) in the New York Harbor/Hudson
River estuary.

New York Harbor High Resolution Expansionhe present higher-resolution
network in the New York Harbor area consisf three 25 MHz sites operated by Rutgers
University and Stevens Institute and fieology, a single 13 MHz site (HOMR) located
in Sandy Hook, and a new 13 MHz site to bpldged on Fire Island i2008 (Figure 3).
Existing partnerships with NJ DepartmeftEnvironmentaProtection (NJDEP),
Monmouth County Health Department (MO), Stevens Institute of Technology and



Rutgers University have utilized these dataharacterize the relationships between the
physical environment and nearshore wateltityuaeasurementsThese interactions

have identified a critical neegd extend the MARCOOS corage (1) from the harbor
mouth into Raritan Bay and (2) from tb#shore low resolution coverage (~ 7 mi.
offshore) into the coast in order to bettepgort local water quality activities. The first
proposed HF Radar location to be filled in@®is a site along the southern coast of the
Raritan Bay near Bayshore that has beetupied by a mobile NOAA site for the past
year (Figure 3). This gap filling support could establish a permanent HF Radar system at
this site, immediately fillinghis vacancy. The second site is targeted for the Monmouth
County coast near the Wreck Pond outflow. e Pond is the most significant recurring
water quality problem area identified by b&@dDEP and MCHD. Siting at Wreck Pond
will extend the high resolution coverage down the northern New Jersey coast and provide
a local measure of nearshore currents and waves at the outfall. This will give water
resource decision makers at NJDEP andH@Geal-time observations of the fate of
bacteria ridden water exity the outfall during significant raevents. Since the Hudson
River plume is highly variable and windivkn. Depending on th&ind directions and
duration, it can be forced along either theMNkersey or Long Island coasts, so it is
important to provide high resolution coveragmith and east of thi¢arbor mouth. To do
this, the final site schedulddr FY11 of this effort will be located to the east of the
Breezy Point site along the south coast oy Island near Jones Beach. This system
expansion will (1) support water qualityanagers by providing surface transport
estimates of the bacteria responsible fadh closures during the summer high season,;
(2) be incorporated into ¢hinundation prediction system;) (e incorporated directly

into the national data stream through cooation with the MARCOOS HF Radar team.



Delaware BayThe current two-site configuiah gives consistent coverage
outside the Delaware Bay mouth, offshore tuidgl ranges of about 30 km (Figure 4). A
third 25 MHz site for this network has belemded and is due to be installed summer
2008 near Long Neck, Delaware. This new giikextend the coverage to the south and
provide new information about the bay outflplume. This extended coverage will also
improve our ability to track potential oil spilés they exit the bay. As part of this gap
filling plan we propose the addition of thre&esi The first two will be deployed inside
the bay and will fill in the current baseli@mo dataO region between the two existing sites
on either side of the bay mouth. The nonth&te will be located near Stipson Island
along the New Jersey coast and the southern site near Slaughter Beach along the
Delaware coast (Figure 4). These sites support products related to surface transport
out of the bay and tracking potential oil $piear the Slaughter Beach lightering area
along the south coast of theybaTlhe third site north of the bay mouth will extend the
high resolution coverage north along the Nevgdg Coast. The new coverage area will
directly support existig modeling efforts and understangliof the nearshore currents for
NJDEP applications related to beach cleswand shellfish monitoring. This 6 site
network will provide a full kinematic desgption of the Delawa Bay estuary and
adjacent shelf circulation, including the nearshore coastal current.

Stipson Island

.,/
/ Wildwood

CMPTg= *
Slaughter Beach

L Long Neck

Figure 4. Location of the existing 25 MHz sites (green), funded 25 MHz site to be
installed in 2008 (yellow) and proposedi@biz sites (red), in the Delaware Bay
estuary.

Chesapeake Bayhe lower Bay and Bay mouth inside the Capes is currently
adequately covered with three 25 MHiesi(Figure 5). Oceanview (VIEW) and
Chesapeake Bay Bridge Tunnel (CBBT) anerently supported through MARCOOS and
the third site on Cape Henry (CPHN)wned and operated by NOAA CO-OPS. The
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Figure 5. Location of the existing 25 MHz sites (green) and proposed 25 MHz sites
(red) in the Chesapeake Bay estuary.

first gap to be filled in this sub-region wilk a single standard rangi¢e outside the Bay
mouth, south of Cape Henry in VirginiaeBch. This extended coverage outside the
Capes will overlap with an importantear for SAR, commercial and recreational
activities, and research regarding the Bay pluifiee addition of this site will start the
needed expansion south. The remaining twe gitechased in years 2 and 3 of this plan
will be deployed inside the estuary where the Potomac River meets the bay (Figure 5).
These sites will begin to provide surface curidata over an area that is heavily used
commercially and recreationally and the scenfooher disasters. The data gap filled
here will support ongoing search aedcue responses within the Bay.



Technicians:
The technicians will serve as a firstpeader to issues at the sites that disrupt
data flow. Specifically they would.

1) Perform regular site hardware and software maintenance.

2) Maintain communication lines between radial and central sites.
3) Respond to site outages.

4) Diagnose and repair hardwe#software failures.

The level of system reliabilitwill be related to the levef support for the operation and
maintenance. We also recognize the needdarerthat these teclomns are well versed

in the quality control and qualityssurance of the data atlbtthe radial and total vector
level. The present support includes 3 teclamsifor 26 sites, a ratio of 1 technician for
every 8.67 sites. Our goal through this gamfil proposal will be to get this ratio down

to the national plan recommendation of 1 technician for every 3 sites. To do this we will
build our technician team by three in eathhe first four years and one additional
technician in the final year. Even withetadditional sites desbed in the previous

section, the 13 additional technicians along \thth present team of 3 will bring our ratio

to 1 technician for every 3.2 sites the end of the fifth year.

Full Site Spares:

Disruptions in the real-time data streafrany HF radar rievork are largely due
to communication dropouts and environmemtgdacts. For our region these impacts are
largely due to coastal storms and lightning.ttBlead to potentidghtardware failures that
require significant offsite repair. These typé®utages cause large gaps in the real-time
data stream. To overcome this gap in prodetivery, we propose phased plan to build
up the spares for the network. By havingtidbuted spare parts for each frequency
operating in the three HF Radar operatisab-regions, we decrease our downtime
resulting from significant hardware failur&he vendor recommendse to two full site
spares for every ten sites operating in thigvoek. For the Mid-Alantic we propose the
acquisition of both long and standard range epakVe will purchase full long-range site
spares in years 1, 4, and 5 and full standande spares in years 2, 3, and 4. This will
allow us to place full site spares for long-rarand standard-range frequencies in each of
the HF operation regions (riby central, and south).

Collaboration across the RAs:

Collaborations between MACOORANERACOOS, SECOORA and CaRA HF
Radar Networks continue to expand. Caf&l MACOORA will continue to collaborate
on HF Radar through the DHS Center of Excaliefor Port Security based at Stevens
Institute of Technology. The Mid-Atlanticnd South Atlantic Bight networks are linked
at Cape Hatteras. MACOORA will handle gdjifg and site support for sites starting at
the existing Cape Hatteras site and extendmghward. SECOORA wWicoordinate site
priorities and operation®ath of Cape Hatteras.

The Mid Atlantic and Gulf of Maineohg range HF Radar networks are linked at
Cape Cod. Using the same criteria as theBed gaps are > 90 km, yellow gaps are
90 km to 70 km, and green gaps are < 70 kingxe are presently three large red gaps in



Figure 6. Location of the existing long-range sites in the Mid-Atlantic and Northeast.
Distance between the sites are shown as ablores (greater than 90 km: red; greater
than 70 km and less than 90 km: yellow; and less than 70km: green).

the Gulf of Maine as shown in Figure Based on discussions with NERACOOS and
consistent with the MAB plan, we understahdt NERACOOS proposes to fill the three
red gaps in year 1 with thréeng range radar systems. Oiite svill fill the small red gap
between WODI and GRNI, transforming tisisction of coast into 2 acceptable green
(<70 km) gaps. The middle size gap betw&&NI and SWHD, with the addition of 1
new site, will be transformed into 1 greamd 1 yellow gap. By pting a long range site
at Cape Anne, the largest gap between NAUS and WODI will be transformed into two
yellow gaps. The result after year 1 is tbmoval off all red gaps (> 90 km), leaving 3
marginal yellow gaps and 3 acceptable green gajts place. Again, consistent with the
MAB plan, the three yellow gaps will be filled year 2. The proposed build out is three
new long range systems in year 1, and 3 new long range systems in year 2. Exact
locations for the 6 new long range radai be determined by NERACOOS.



IV. Budget:

FY10 FY11 FY12 FY13 FY14 TOTAL

Operational Sites

Long-range $725K $435K $0 $0 $0 | $1,160K

Standard-range $650K $650K $650K $0 $0| $1,950K

Site Support $20K $120K $200K| $250K $250K $840K
Full Site Spares $125K $110K $110K $235K $125K| $705K
Technicians $375K $750K $1,125K|] $1,500K $1,625K $5,375K
Total $1,895K $2,065K| $2,85K | $1,985K | $2,000K| $10,030K

Budget Justification:

Long-range SitesThe cost estimate for a long-ramgjte (5 MHz) is $145K. This

includes the cost of theggipment ($125K) and deployment (estimated at $20K/site, see
below). The budget reflects the purchase sités in year one tfill the gaps between

the sites more than 93 km apart and an aafthti3 sites in year twto fill those gaps
exceeding 70 km. At the end of the 5 yplan the number of long-range sites in the
network will increase from 13 to 21.

Standard-range SitesThe cost estimate for the standaadge site (251Hz) is $130K.
This includes the cost of the equiprhaiith the GPS timmg option ($110K) and
deployment costs (estimated at $20K/sie below). The budget reflects the purchase
of 5 standard-range sites in each of the firnge&rs. At the end of the 5 year plan the
number of standard-rangdes in the network will in@ase from 12 to 28 and the number
of medium-range sites will increase frontol2. This includes the 15 sites acquired
through this plan and the two new sites alsefunded but still to be deployed. At the
end of the five year plan the numbermhadher resolution (13, 25, and 42 MHz) sites in
the network will increse from 13 to 30.

Deployment CostsCosts associated with the purchasé deployment of the new sites
includes, power and phone installation, enclespyguidelines, anchors, etc. In addition,
these funds will support parigpation of vendor technicianfor each installation.

Site SupportFunds are requested in support & siperation and minor maintenance.
Costs are described below on a per site basis. These costs are estimated at
$10K/site/year. Site costsdlude communications, powerat¢kup media, and supplies.
The communication costs are estimatefizt8/month ($2,500/year). The vendor and
method vary from cellular modems to skt links depending on site location and
available infrastructure. This estimate in@adwo lines of communications to each site
as available. Power costs are estithatie$100/month ($1,200/year). These include
utility bills to run the HF Radar equipmertmputer, and airanditioner. Back up
media include portable external hard ésW2 @ $300 eachihd appropriate media



($400) for permanent back up of raw leveladacluding range series and spectra.
Supplies for each site include those neddedegular site maintenance excluding HF
Radar system hardware (transmitters, recej\antennas, etc.). Supplies will be site
specific and include guide lines, stakes, teie&l tape, back-up generators, etc.

Full Site SparesBased on vendor recommendationshage dedicated our spare part
acquisition to full site spares. The costdill spare is $125K for the long-range and
$110K for the standard range. In this budgetmlkfill our spares requirements with a
long-range in years 1, 4 and 5 and a standargleran years 2, 3, and 4. At the end of the
5 year plan there will be a full standardd long range spare in each of the three
operations regions of the netwdriorth, central, and south).

Technicians: The cost of a full-time technician éstimated at $125K/year. These costs
include salary, fringe anappropriate overhead. Thbeave budget supports additional
technicians throughout the project and buildsworkforce from the present number of 3
to 16 by the end of the fifth year



