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July 14, 2015

Mr. Gregg Comstock, P.E.

Supervisor, Water Quality Planning Section

New Hampshire Department of Environmental Services
P.O. Box 95

Concord, NH 03302-0095

Subject: Balsams Resort =-WQC 2014-404P-001 Revised Snowmelt Runoff Analysis
Dear Mr. Comstock:

In response to your comments forwarded to the Balsams team in an email dated July 7™, 2015,
please find the following revised snowmelt runoff analysis for the Balsams Resort project in
Dixville, NH as completed by Horizons Engineering, Inc. (Horizons):

Snowmelt Runoff Analysis Background Information

Horizons has completed an analysis of the contribution of melting artificial snow to flows in
Clear Stream and the Mohawk River during storm events. This analysis was generally modeled
on the methodology of a previous analysis completed for the Loon Mountain Ski Resort
Development and Expansion project as part of the February 2002 Final Environmental Impact
Statement (EIS) for the project. Section 4.2.1.2.5 of the Loon Mountain EIS references an
approximate runoff depth from snowmelt of 0.5 inches of water per day. As land cover type and
terrain within the Balsams project drainage areas are similar to those included in the Loon EIS,
Horizons assumed the 0.5 inches per day of snow melt runoff referenced in the Loon EIS is an
appropriate value for use in assessing snowmelt contribution for the Balsams project.

To complete this analysis Horizons used the New Hampshire StreamStats Internet-based
regression analysis tool maintained by the United States Geological Survey to model 2-year
through 500-year storm events at three locations in the Clear Stream watershed and one location
in the Mohawk River watershed. An Excel spreadsheet was created for the analysis locations
using the modeled storm event output from StreamStats, and the estimated acreage for ski trails
at full build out in each watershed.

The spreadsheet was used to compare flows under three separate scenarios, including:

1. No snowmelt contribution;
2. Contribution from uniform snowmelt from a snowpack covering the entire drainage area; and
3. Contribution from melting of a residual snow pack of man-made snow covering only the ski trails.
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The third scenario assumes that the additional depth of manmade snow on the ski trails will take
longer to melt than the natural snow pack, and therefore will contribute to runoff after the
surrounding natural snowpack has completely melted. For the purposes of this exercise it was
assumed that man-made snow would cover a total of 800 acres of ski terrain in the Clear Stream
watershed, and 400 acres in the Mohawk River watershed. This is likely a conservatively high
estimate of snowmaking coverage.

Snowmelt Analysis
The results of the four analyses are summarized as follows:

Location 1 - Clear Stream at the Dixville / Millsfield Boundary

This location was chosen to represent the highest point within the Clear Stream drainage basin
that would receive runoff from all ski trails within the Clear Stream watershed. The point is also
approximately concurrent with the easterly down-stream limit of the project area.

Results indicate that for a 5 year storm event StreamStats estimates a flow of 710 cubic feet

per second (cfs) at the analysis point. If one were to assume that snowmelt occurred during this 5
year flow event, adding 0.5 inches of runoff resulting from the melting natural snowpack from
the entire drainage basin above the analysis point adds an estimated 146.54 cfs to this flow
(~21% increase). Melting of man-made snowpack on only the ~800 acres of ski trail within this
watershed adds an estimated 16.81 cfs. If this melting of man-made snow were to occur during a
5 year flow event the analysis predicts a 2.37% increase in flow at the analysis point.

Location 2 - Clear Stream/West Branch Junction
This location was chosen to represent a point in the watershed where developed property was in
the vicinity of Clear Stream.

Results indicate that for a 5 year storm event, StreamStats estimates a flow of 1,250 cubic feet
per second at the Clear Stream/West Branch junction. If one were to assume that snowmelt
occurred during this 5 year flow event, adding 0.5 inches of runoff resulting from the melting
natural snowpack from the entire drainage basin above the analysis point adds an estimated
258.13 cfs to this flow (~21% increase). Melting of man-made snowpack on only the ~800 acres
of ski trail within this watershed adds an estimated 16.81 cfs. If this melting of man-made snow
were to occur during a 5 year flow event the analysis predicts a 1.34% increase in flow at the
Clear Stream/West Branch Junction.

Location 3 - Clear Stream/Millsfield Pond Brook Junction
This location was chosen to represent a point farther down in the watershed where Clear Stream
flows are significantly higher than at the project boundary.

At the Clear Stream/Millsfield Pond Brook junction, StreamStats estimates a S year storm event
flow of 2,090 cfs. Basin-wide snow melt would be expected to result in an estimated
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549.88 cfs addition to this flow (~26% increase). Melting of man-made snowpack on only the
~800 acres of ski trail within this watershed adds an estimated 16.81 cfs. If this melting of man-
made snow were to occur during a 5 year flow event the analysis predicts an increase in flow of
0.8% at the analysis point.

Location 4 — Mohawk River/Hodge Brook Intersection

This location was chosen to represent the highest point within the Mohawk River drainage basin
that would receive runoff from all ski trails within the Mohawk River watershed. The point is
also approximately concurrent with the westerly down-stream limit of the project area.

At the Mohawk River/Hodge Brook junction, StreamStats estimates a 5 year storm event

flow of 442 cfs just downstream of the junction. Basin-wide snow melt would be expected to
result in an estimated 549.88 cfs addition to this flow (~25% increase) if the melting occurred
during the 5 year event predicted by Stream Stats. Melting of man-made snowpack on just the
~400 acres of ski trail within this watershed adds an estimated 8.40 cfs, resulting in an increase
in flow of 1.9% at the analysis point.

Flow comparisons for all four locations for 2-year through 500-year storm events are
summarized on the attached table. Output tables and watershed delineations for each
StreamStats analysis point are also attached for reference.

Conclusions

Results of the snowmelt runoff analysis completed by Horizons indicate that the runoff
contribution from melting of man-made snow on the ski trails during storm events is a minor
contribution to overall storm flows, and likely well within the margin of error of flow analysis.
Modeled snowmelt from the ski trails had an increase of 2.37% of the modeled 5-year storm
event in the Clear Stream drainage basin at the project boundary, and a modeled increase of 1.9%
in the Mohawk drainage basin at the project boundary.

These findings are consistent with those of a similar assessment for the Loon Mountain Ski Area
completed in 1998 by Carlson and Fay (Internal US Forest Service Document, Carlson and Fay,
1998). A copy of the Carlson and Fay study was provided to the New Hampshire Department of
Environmental Services by Horizons under a separate cover. It should be noted that this analysis
does not include assessment of flows resulting from changes in land cover type. These flows will
be assessed as part of the Alteration of Terrain permitting process.
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Thank you for your assistance and please do not hesitate to contact me at (603) 444-4111 if you
have any questions or require additional information.

%

Jon L. Warzocha, P.G.
CEO

Horizons Engineering, Inc.

Att.

Cc (via email); B. Mills, E. Brisson, S. LaFrance, file
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BALSAMS SNOW MELT CONTRIBUTION ANALYSIS

Location 1: Clear Stream at
Dixville/Millsfield Line

Location 2: Clear Stream / West
Branch Junction

Location 3: Clear Stream / Millsfield
Pond Brook Junction

Location 4: Mohawk River at Hodge
Brook Junction

* assumes melt contribution to runoff of 0.5" per day as presented in 2002 Loon Mountain EIS

Storm Event StreamStats Modeled Snow Pack Melt Trail Melt Snow Pack Melt % of Trail Melt % of Flow with Snow Flow with Trail
Flow Contribution* Contribution* Modeled Flow Modeled Flow Pack Melt Melt Only
(yr interval) (cfs) (cfs) (cfs) (percent) (percent) (cfs) (cfs)
2.00 448.00 146.54 16.81 32.71% 3.75% 594.54 464.81
5.00 710.00 146.54 16.81 20.64% 2.37% 856.54 726.81
10.00 925.00 146.54 16.81 15.84% 1.82% 1071.54 941.81
25.00 1210.00 146.54 16.81 12.11% 1.39% 1356.54 1226.81
50.00 1440.00 146.54 16.81 10.18% 1.17% 1586.54 1456.81
100.00 1710.00 146.54 16.81 8.57% 0.98% 1856.54 1726.81
500.00 2340.00 146.54 16.81 6.26% 0.72% 2486.54 2356.81
Storm Event StreamStats Modeled Snow Pack Melt Trail Melt Snow Pack Melt % of Trail Melt % of Flow with Snow Flow with Trail
Flow Contribution* Contribution* Modeled Flow Modeled Flow Pack Melt Melt Only
(yr interval) (cfs) (cfs) (cfs) {percent) (percent) {cfs) {cfs)
2.00 800.00 258.13 16.81 32.27% 2.10% 1058.13 816.81
5.00 1250.00 258.13 16.81 20.65% 1.34% 1508.13 1266.81
10.00 1620.00 258.13 16.81 15.93% 1.04% 1878.13 1636.81
25.00 2090.00 258.13 16.81 12.35% 0.80% 2348.13 2106.81
50.00 2470.00 258.13 16.81 10.45% 0.68% 2728.13 2486.81
100.00 2920.00 258.13 16.81 8.84% 0.58% 3178.13 2936.81
500.00 3940.00 258.13 16.81 6.55% 0.43% 4198.13 3956.81
Storm Event StreamStats Modeled Snow Pack Melt Trail Melt Snow Pack Melt % of Trail Melt % of Flow with Snow Flow with Trail
Flow Contribution* Contribution* Modeled Flow Modeled Flow Pack Melt Melt Only
(yr interval) {cfs) {cfs) (cfs) {percent) (percent) (cfs) (cfs)
2.00 1370.00 549.88 16.81 40.14% 1.23% 1919.88 1386.81
5.00 2090.00 549.88 16.81 26.31% 0.80% 2639.88 2106.81
10.00 2660.00 549.88 16.81 20.67% 0.63% 3209.88 2676.81
25.00 3390.00 549.88 16.81 16.22% 0.50% 3939.88 3406.81
50.00 3970.00 549.88 16.81 13.85% 0.42% 4519.88 3986.81
100.00 4640.00 549.88 16.81 11.85% 0.36% 5189.88 4656.81
500.00 6160.00 545.88 16.81 8.93% 0.27% 6709.88 6176.81
Storm Event StreamStats Modeled Snow Pack Melt Trail Melt Snow Pack Melt % of Trail Melt % of Flow with Snow Flow with Trail
Flow Contribution* Contribution* Modeled Flow Modeled Flow Pack Melt Melt Only
(yrinterval) (cfs) (cfs) (cfs) (percent) [percent) (cfs) (cfs)
2.00 280.00 108.63 8.40 38.80% 3.00% 388.63 288.40
5.00 442.00 108.63 8.40 24.58% 1.90% 550.63 450.40
10.00 576.00 108.63 8.40 18.86% 1.46% 684.63 584.40
25.00 755.00 108.63 8.40 14.39% 1.11% 863.63 763.40
50.00 900.00 108.63 8.40 12.07% 0.93% 1008.63 908.40
100.00 1070.00 108.63 8.40 10.15% 0.79% 1178.63 1078.40
500.00 1480.00 108.63 8.40 7.34% 0.57% 1588.63 1488.40
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Balsams Snowmelt Runoff Assessment— Location 2: Clear Stream Watershed

Junction Clear Stream and West Branch




Balsams Snowmelt Runoff Assessment — Location 3: Clear Stream Watershed Junction
Clear Stream and Millsfield Pond Brook
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Balsams Snowmelt Runoff Assessment — Location 4: Mohawk River Watershed
Mohawk River at Convergence with Hodge Brook
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Joga Carlsan, Hydroiogist and Stephen Fay, Seil Scieatist
Whire Mountain Nationsl Forest
Lacania, NH

The Cowrt presented the Forest Scrvice witk tveo, 50il and water problems relared w the snowmaking
pipeline st Loon Mourir Ski Area:

1/ Analyzs &2 impasts of greater amoun's of spowmaking on runofT, soil emsi;m, agd water quality.
2’ Arc the impacis likely to be significent?

This repart is the Forest Serviee’s anaiysi: of these two issues. Iz is based on scientific literature, ski area
studies, and ¢l coadition:, miligzt.on measures and monitoring results at Loen Mountain Ski Area,

The principa, disference witk: gresier amounts of snow, or water conleat 1o be discharged, is the duraticr of
the snowmelt peried. O, put another wey, the mere fact you must dispose of more water daes not mean that
the rate &1 which it is disparsed is anv different. The significant factors governing the likelibood of impacss,
2.g. frozen soil, grass cover. soil infiltration and watershed size, remain essentislly the seme during

Qﬁndt regardiess of snow quantizy.

The ameurt of water aveiiable o make snow a1 Loon Mounmin Ski Area is limited by the resirictions in the
May §, 1997 Cours Order acd the minimum flow requirements attached to the State wellards permit for the
new pumphouse. ‘With these vestdctions, the water sources mvailable 1o Loon are the 1op 4 feci of Loon

Pond {withcut refill from the Easi Branch), East Branch Pemigewasser River whea Dows are above 62 cfs,
and Boyle Broot.

A water demand zad addendum stedy were completed recently for the snowmaking system (1). This swdy
used industry standards tc determine the desired capacity of the suowmaking system based on the area of tki
terrain (220.1 acres), depth of snow (.16 feet), number of coverages (ihree) end conversion rate (175,000
gallons of water per acre-ft. of snow). This conversion rate is an efficiency of approximately 80 percent (2).
This stusly concludes that the desired design target for the snowmaking system at Loon is to hava the
capacity 1o sump &t leest 250.4 million gallons (MGAL) in 85 percent of the years,

A model was used to determine the quantity of snow likely 16 be on the ski slopes based on different
snowmaking systems.  This model used historic river llow and tempemsture caw, the water source
restrictions listed above and the phyzical snowmaking infrastructure at the ski area. The initisl water
demand study analyzed three snowmaking configurations: "Baselins®, "Pipeline” and "Existing”. Baseline
end Existing scenarios are of interust here since they repregent the low and high ends, respecrively, of
snowmaking capacity. Tee Bascline scenario includes the old pumphaouss and the old piping on the ski

‘::. The Existing scenarig includes the Baseline plus the new pumphouse end North StarfUpper Bear

pipeline,
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atached Pigure shows the resubis of the mode! containzd in the water d2mand study addendum, The
study cancluded that the Bascline system has the capacity o pumnp at least 2504 MGAL by tho end of the
snowmskirg season (March | §) inabaut 74 percent of the years and the Existing system has the capacity
aump at least 250.9 MGAL by March [5 in about 89 percent of the years. Under idesl snowmaking/river
flow conditions, the Basceline sy stem has a inaximum capacity, constrained only by physical parametzrs of
infiastrusture, © pump 369.6 MGAL. Tne Existing system has & maximum capacity of 559.1 MGAL.
Statistically, thix volume could oaly be pumped in 4 percent of the vears. Interms of water depth, 369.6
MGAL and 559 MIGAL over 220.] acres equata 1o 61.8 and 93.5 inches of water respectively.

I addition te water from artificizi snow, the ski arce can expost lo receive natural precipitation in the form
of rain and snow during the snoowmaking season (November - March). In order to datermine whai this -
patential comrburion could be, precipitation records for Lincoln (3) were examined to fied the meximum
2nd average total precipitation for these months. The maximum November through March precipitation on
record for Lincalnis 26.52 inches. This aceurzed November, 1935 1o March, 1936, and was primerily the
result of 2 very wet March (11.27 inches). Sietisticaily, this value would be equelled or exceeded only 3
percen: of the time, The average November through March precipitation at Lincoln s 18.10 inches. The
period of recoxd for Lineoln is 1931 - 1965, Climate data represeatative of conditivns at Lincoln are
currenlly collected st Benton, NH, which is approximately 14 miles west of Lincoln and 490 feet higher in
elevabor. The period of record for Bentos is 1940 - 1996, The maximum November through March
precipintiom on record for Beaton is 20.98 inches in 1957-58, and the averags is 13.53 inches.

When (his 112! of nataral precipiation is 2dded 10 the maximwm espacities, the maximum tots] poteniis.
unt of weler that could occur would bs 88.32 inches (61.8 + 26.52) under the Baseline stenaric and
QD.OZ inches (935 +26.52) under the Existing scanario. Itis these possible soenaria's which were taken
10 account in the following analysis,

ic 3

The "Handoook of Snow" describzs the basic science of snowmelt (4).  Snowmelt originates primiarilv st
the top of the snowpack from direct and diffuse solar radiation. Ui this encrgy exchange &t the snaw-gir
interface which dominates tha mell process. Otker minor sources of energy for snowmelt come from
sensible heat (evaporoiion and sublimation), condensation, conduction from underlying soil end heat
supplizd by inciden reinfall, There is litic snowmeh at the soil/snow interface, though some thawing and
re-fraezing may occur forming a frazen ice layer 2t the soil surface. Some waler content is lost over the
vaurse of the winter through evaporation (and sublimation). Under ideal conditions, as much as 0.2 inches
of water equivalent per day can evapurate from a snow surface (5).

The remainder of the Snowpack is primed 1o melt when it is 8L n temperature throughout of 0 degrees
Centigrada, and the individual crystels are coated with o thin film of water. Liquid water in the upper
portions of the snowpack generaily percoittes very slowly to ths ground surfoce under the influence of
gravity end other pressure gradients. Movement of water through the snowpack is similar to the movemeat
of water through the soil. The permesbility of the snowpack, which effects water flow, is 2 function of
many physiczl propetties of the snowcaver, including density and grain size; distribation, continwivy, size,
shapes snd number of pores; and the develapment of ice layers withir: the snowpack. A enowpack resulting
m 2 sznes of individual suowfalls (both natura! and artificial) is usuaily heavily straiified into leyers.
‘u layers are frequently separated by buried crusts or ice layers which originete &5 an old snow surface
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ch hes experienced freezing min, wind packing, refreczing of Ciurnal snowmelt, 2ud, 8t ski areas,
paction from snow groomers. Dye studies sugpest ice layers in (he snowpack are not impermeable, buc
rather are charactenzed oy veriable o pemieability which forces the melt water to take aumerous sideways

teps on s rouiz 10 the ground. The maximom flow rawe d»creascs with depth below the snow st face.
Lateral flow within the suowpack has becen observed.,

Once the liguid water moviag through the snowpack reaches the ground surface, onz of two things happens:
1) ifthe ground is unfrozen, snowanelt water will infilirate into the ground similar 10 water generared by
rainfall ar ponded on the soil surface, or 2) if the infiltration capacity is exceeded or if the soil is frozen
preventing infilzation, snowmelt will flow overlend in 8 saturated slugh layer in the lower portion of the
snowpack near the sanow-ground ioterface (4).

Under naturel condizions, the soil is usually frozen during the snowmelt period (4). Various forms of frost
Lave been identifizd in saiis. including concrete frost, honeycomb frost, grantlar frost, and smisctite frost
{6). Soil frostin grassy openings has been characterized as conereie frost (7). Itis an <xtremely dense
structure of many thinice lenses und ice crystals in the top 0.20-0.83 foot of surface soil (7). Swmdies in
open, grassy pasture confirm low permeability of soil when conerete frost is present (7). While this may
jnerease tae likelibood of runofT, soil detachment contributing to erosion and sedimentation is probably less
likely. It is reported tha: even cne inch of snow is capable of shiclding the ground safficiently to keep the
soil frozen (7). which indicates this candition will persist unti) nearly the end of the molt seeson. Exposed
soil remzins frozen for aboul one day after snowmelt is complete, and the soil is exposed Lo sclar rudiation
(7). Expeneace indicates the 5oi} under snow at ski area's is usually frozen; however, suostantis], carly
snowinll, or substantial ertificis! snowmeking on a few selected (rzils, may in some ysars preveny, or

jnimize, Sreezing on sore slopes becavse of its insulating properties.
153

The principal difierznce with greater amounts of snow, or water content to be discharged, is the durztion of
the melt perind. For example, a study of snewmelt and scil eresion potential done at Sugerbush Sk Area in
Vermom detconined that the melt rate, or day 1o day reduction inthe snowpack water content was 0.83
inches per day (B). This study also found no difference in melt rate between artificial snow and netural
snow on the 5xi trails. Or, put another way, the mere fact that you must dispose of more water does nel
mean that the rate st which il is dispensed is any different, it only means more time vill elapse.  The fact
that Loon Mouatain Ski Area ie & north facing slope may algo cortribute 10 2 longer snow melt period Itis
well known hat snow meles slower on north facing slopes because erientation affects the amount of direct
beam solar radiation received per unit area (4).

Erosion ’

Soil erosion means the movement of soil particles. 1t may be either surface or rainfall erosion, or mass
movement of soil particles. Surface ezosion is initiated by raindrop splash, then the seil is transparted
downslope by further mindrop splash or carried in suspension by flowing water. Of the four main factors
governing surface soil crosion, plant end litter cover is the greatest deterrent (9). In the presence of
adequate vegetahon cover. both the detaching and transporting power of rainfall is minkmized (9). Other
factors affecting soil eresion may include rainfall intensity, topography, rnd soil infiltrazion or percolation
rates. Mass movemsant involves simultancous movement of Jarge quantities of soil under the influence of
‘vity, und is oflen lubricated by large amounts of wzter.
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tl.cobbles, and boulders (19). Soils vary from shallow 1o greater than 10 fee: duep over boulders, wih
vast majorily o7 soil greatzr than 10 feet deep baced on site inspection (19). ELT Maps and tabular

descriplions are availabie containing exiensive ir.formation about soils (11,26). Most soils in the pemi: arca
have modene (0 high surface soil erosian hazard, estimated on en unmitgated, bure soil surface condition
(21). Reconnzissance of the existing ski area indicated few, if' any, erosion or revegetation problems (19).
Mere recent recomnzissance or thase places where trail widening was done makes » similar obscrvation
(20). This is not o swrpris given the grass cover, berms and waterbass on the slopes whoss effectivencss
was analyzed previously (19}, but also bused on the moderate to high soil permeability {21) and absence of
stream rurkidity (See Water Quality Section). Evidence of the good grass cover, and iz effectiveness, is
shown in pbotn's wken aster intense ramfall the week of June 19, 1998 at numerous localions from the base
1o the summit where ski trails arc intersected by the service road (27); no surfbce water was evident this day
supporting the moderats to high soil permeability findings. Further, as reported by & Ferest Seryice Permit
Administrator, meltwater was evident everywlizre on this sunny day with tempenaturss over 50 degrees; the
waler bass, berms and other erusion control measures thet [ saw were handling water runoff well (22). This
should rat be construed (o mean there is oo soil erosion, as isolated, on-site soil erosicn has boen observed
aver the years and routinely dealt with on 3 case by case basis. An example is the need for re-seeding of
some of the lower portions of the pipeline installed late last fall (28).

?{b the permitarea is gencrally sandy lonms with a high coarse fragment contens consisting of
3

Soil particle detachment {rom raindrap impact does a0t occur during snowmelt because the snowpack acts
ss & buffer preventing it.  This buifer exists regardless of the duration of the snowmelt period.  Therefure,
the inination of spil erosion does not accur. Any possibility of such fnitiation towar the completion of
snowmell is mitigated by Lhe grass cover on the ski slapes, the imporiance of which is already described, or
en soils or soil infiltration.  This helps explains why snowmaking, even in the last few years, has not
q‘:lcd in any widespread evidence of surface soil erosion on the ski trails or roads at Loon Mouatain Ski
(10).

Melownzer from the bottom of the suowpack leaves the ski slope 25 runofT or infiltrates into the soil. To the
extent it is runoff, the frozen seil surface and grss cover mitigates against soil particle delachment. To the
extent some areat sre not frozen because of substantial esdy snowfall, soils st Loon Mountain are
mod‘cmuly to well drained indizating infilration into the soil will occur. Recent monitoring at Leon thas
spring indicares isolated evidence of on-site soil exosion as the snow melts (10).  Previcus monitoring in (ke
summer snd 2l showed that while there are some swzll arcas of limited, on-site soi, ercsion, the ski slopes

are gencrally well covsred with grass. This reflecs routine maintenance, and the banefits of well distributed
rainfall in New England.

The service road 10 the summit of the ski area is an exception to the ebove descniption ta the exient it dozs
ot have ¢ grass cover. lnstead, it is & gravel 1oad with numerous broed-based dips, culverts, and o road
prism with a bigh crown in the center, This road is about 2 mile and one-half long. While this surface is not
gragsed, it is designed and maintained 1o shed walter into the nearby grass cover, or forest, The fact there is
& road prism means any surface flow rzmains on the road for only short distances thereby leading 1w linle
chance of aceelerated soil erosion. In eddition, it is well known that the most érosion from a rosd oceurs in
toe first yeer afier construction, which in this case was probably 10-15 years ugo, or more (18).

Taking all the factors which might affect surface soil crasion during snowmelt into consideration, it is

expected ot both "baseline" und “existing" snowmuking regimes, soil crosion will be small, on-site and
ated amounts of soil movement including some erosion behind waterbars. The difference in snownelt
‘\h makes no vifference between “baseline” and “existing”. Greater amounts of waler dispensed al the

Page 4



Sap-17-98 12:07¢F P.0S

significant soil erasion, eapecielly when the same surface soil erosion control devices inctuding

alerhars, culvans end prasy cover are in place. The indirect effect of limitzd soil erasion is the potentiol
for stream sedimentarion (turbidity); however, as deseribed in detail in the water quality section of this
report, turbidity is barely oresent ot the sampling stations monliored, Cumulasive soil erosion impacts are
not anticipated to be significant. Loon Mountain Ski Area is surrounded by complete forest cover, no past
zctions within the original permit area are contributing substantial soi} erosion dusing the snowmelt period,
and while future actions may inelude further slope development, the same soil erosion cortrol meastrus will
be applied 10 minimize or eliminat= soil erosion.

‘e average daily rate with: the same physical and biological governing factors in place will not translate
1

Mass movemeat of soil ocrurs in 1wo situations oo the White Mountain National Forest {21). First, there
are dry debris slicdes on extremely steep, very thin gravelly soils on loog slopes related to cirqus headwalls st
high elevations which are those arcas described as Ecological Land Type (ELT) 8. This ELT dees not
peeur where thers are ski trails or 1ift ines or other facilities 21 Loon Mauntain Ski Arca bascd on e
comparison of the ELT photo's end the more recent air phote's showing the location of the sid erea facilifies
(23,24). Dry detris slides may also ocour where conditions for ELT 2 melude similerly exuemely siesp,
long slopes with very thin till sofls, While ELT 2 exists where there are ski trails at Loon Mountain, this
combinaticn of cenditions does nol ocour based on on-site inspection. The lack of 2 dry debris slide hazard
Is bolstered by the following: on-the-ground evidence of dry debris slides has not been chserved by the
Forest Servive or olhers (19); there is no aerial photo evidence of historic dry debris slides as occur
elsewhere an the WNINF (23,24); and finally, even if there were evidence, & 1abulution of 127 dr) debris
slides shows they oceur exclusively in the months of June-Novembes, sssociated with ha\') rains, so they
are not even affiliated with snowmelt (25).

';:d' sametimes there are deep soil slumps on overstetpened slopes along major rivers and streams.

are called breakland 15's in the ELT descriptions. This condition, 100, does nol oceur st Looa
Mourtain (1), Tt was neither mazpped (11), nor ts it observable on acrial photo's (23}, Breaklands appear as
very steep, clifi-like features which sometime show svidence of previous stumps. This is bolstered by
unpublished soil survey reports which indicate soil conditions along the river is generally flat with sandy
outwash soils or ablatian 1ills. Mass movement, taerefore, is not a hazard at Loor Mouriain regardless of
the amount of snow mede.

Runoff

Peak runofl'and sueamflow during snowrelt events sre primanly controlled by climatic conditions
sffecting the rzte of melting. More srow doss not usualiy mean faster melting or inereased runofT mtes.
The net effect of an increased snowpack caused by srowmaking generally is one of o Janger snownel
season 2nd a yreater duration of scasonal high stream Rlow period rather than an increase in peak runoff -~
quantities. Tn addition, not all of the wates put on the slopes (i.c. is availeble) comes off es runofl. A study
of snowmclt end soi: erosion poteatisl done at Sagerbush Ski Area in Vermont found that only 300 million
gellons of the total 534 million zellons of waler availeble for runof (adificial snow and ratural
precipiwticn) came ofT as runoff measured in the stream (8). The remaining 234 million gallons was lost 10
evaporation, replenished soil moisture stommge capacily, percolated to deep groundiwatzr, or was used by
vegetation (evapotranspiration) 2s it begins o emerge from the dormant winter state.

Ax part of the snowmmaking expansion project 2t Mount Snow/Haystack Ski Arca near Wilmington, VT, &

owmelt ranofl anelysis was completed by Pioncer Environmental Associates, Ine. (12). A model was
Gmlopcd for the North Branch Decrfield River to evaluate the potentinl for flonding from increased
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camaking at the ski aree. Ski trails with no antificisl snow were compared to ski 'rails with 100 %
wmaking coverage. Results of tie anulysis indicated extremely minor impects of snowmaking on peak
noiT quantities in all recziving walers, even those closes! to trails covered with artificial snow.

Streamnflow was predicted 1 increase by 0.23 % 1o 0.38 % for a 10-vear storm and anly 0.12 %510 02! %
for o 10C-year storm. These quantities are well below the limits of quannfication or measurement and are
therefore insignificant. The aree of the North Branch Desrfiald River watershed at the junclion with
Harriman Reservoir near Wiimingion, VT is 57.94 square miles (personal communication, Jeff Nelson,
Pioneer Environmental Associntes, Inc). The area of ski mails at Moo Snow/Haystack in the North Branch
Dazerfield River watershed is 577.7 azres or 1.6 percent of the watershed area.

Loon is similar 1c Mount Snovw/Haystuck in that the area of watershed in ski trails is only a small proportion
of the entire watershed area, In fact, Mount Snow/Haystack represents s more exireme case than Loon, a2
Loon is less than half the size of Mount Snow/Haystack end the East Branch Pemigewaséet River wetershed
is nearly twice ns large as (he North Branch Deerficld River. The srea of (he East Branch Pemigewasset
River watershed above the USGS stream gage in Lincoln is | 15 square miles (13). The permit arca at Loon
Mountain Ski Arez, of which the sk trails comprise one-taird, is 785 acres or 1.1 percent of the waltershed
area. !n addition, Loon is jocated low in the watershed, near the junction of the Bast Branch with the main
stem Pemigewnsset Rivar, so the majority of the watershed area, i.e. runofT source ares, is upstream of
Loon. The conmibution: of mnofi from Loon 1o the East Branch Pemigewasset River is small in proportisn
1o the whole. And, like at Mount Snow/Haystack, the "additional” runoff from incrensed snowmaking
would cause an immeasurable increase in streamflow and is, therefore, insignificant.

Water Quality

Q\c: quality impuets from soil erosion occur when soil particles reach water bodies. such as streams and

es, i sufficient gpantities lo cause impaired turbidity or sediment sccunmlation 1o streambeds. Best
Marnegement Practices (BMP's) are used 10 control soil erosion and protect water quality. These practices
include providing bulfes/filter strips along water courses, vegelating disturbed areas, proper placement of
water bars and diversion ditches to control surfoce water flow, and pse of silt fences or sediment deteution
basins 1o remiove sediment particles before they reach the water body.

Loon Mountsin has a petwerk of waterbacs, culverts and diversion ditches which serve o divern surface
flow from ski 1rails o safe outlets in the forest. These featres, plus the grassed slopes, are constructed in
accord with the standarde and guid=lines in White Mountain National Forest Land and Resource
Manzgement Pian which generally reflect, or exceed, the Best Management Practices (BME’s) in the State
of New Hempshire. An examination of these dranage festures during this spring indicate they were
successfully diverting surface runoff (10).

Daily wirbidity measurements were taken at Loon during the snowmelt season (mid-Apri! through mid-May)
in 1996 and sgain in 1998 (14). Sampling points included the Esst Branch Pemigewasset River above and
below Loon, Loon Pond Brook (at the road erossing), and three smaller drainages: "WWB" which drains
the lower stopes and maintznance shed area, and "GG1" and “GG2" which drain the South Mountain ares,
The attached charts sunamarizes the results of this monitaring. In general, mrbidiry readings in the East
Branci: Pemigewasset River and Loon Pond Brook were less then | NTU a mejority of the time. There
were no turbidity readings in these sireams greater than 10 NTU, the Class B water quality standard for
turbidity. On those occesions when turbidity in the East Branch Pemigewasset River was greates thea 1, the

siream sution (EBA ) had equal or greater tusbidity than the downstream station (EBB), which indicates
‘l Loon was not the source of the wrbidity.

. e 2 i e e b 4t 25 44+ s Syt
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Q majority of the tusbidity reacings in "WWB" were less than 10 NTU. "WWB" had several readimps

ve |0 NTU, primanilv in 1999, This stream has known turbidity preblems, due to the disturbeé area on
private land nezr the Governor Adams Lodge (10, 15). Loon has been working on controlling this situarion,
through construction of settling basins sud erosion control measures.. This turbidity is more 2 funciion of
the disturbed namrs of the arca and not tne volume of waler passing through it

‘The following tatle shows the amount of water (snowmaking and natural precipilation) experienced by the
ski trails at Loon over past winzers (Kovernber through March) 1994 through 1997 (16, 17). The wrbidity
monitoring and on-gile moniweing visis indicates that this volume of weter do¢s not cause an erosion or

" water quelity concern.

Winter Weater Pumped Water Pumped Natural Total depth of
(MGAL) (inches) Precipitation water on ski
(inches) slopes (inches)
1994 . 1995 201 2784 1.11 3895
1595 - 1996 204 27.70 14.44 <2.14
1996 - 1997 2215 30.68 15.00 45.68

These results €1 Loor are consistent with a similar study at Sugarbush Resort in Vermont (). Turbidity
monytaring al Sugarbush in the spring snowmelt period of 1993 found turbidity readings which were well
below the 10 WTU Vermont weter qualivy stendard. This study concluded that this sbsence of turbidity
indicates thay little or no streambank of sk trail erosion was ocourring during the spring snowmelt event.

An incrzase in snowmeking capacity a1 Loon Mountain Ski Area will lengthen the duration of the snowmelt
period, bur sot the average doily melt. The factors which govern the likelikood of soil erosion, peak flow
znd water quality impacis remain unchenged when greater quantities of artificial snow and natural
precapitatipn oecus. Ne new risks were identified by this analysis which indicate new or greater hazacds
from greater wnounts of snowmzking., Based on this analysis we conclode for both "baseline” and
"existing” scenzrios: soil srosion during snowmelt consists of isoleted small amowats of oa-site soil
mavement; no m2asurzble impact to peak sireamflows; and no increase in turbidity above water quality

standards. No significant direcs, indirect or cumulative effects on soil erosion, peak streamflow or water
quality are expected.
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Fercent (%) of samples

Turbidity during 1996 snowmelt season
Loon Mountaln Ski Area
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Turbidity during 1998 snowmelt season

Loon Mountain Ski Area
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