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802.425.7788 

Fax  802.425.7799 

To: Mount Snow Master Plan File Date: October 28, 2010 
Revised February 18, 2011 

Project No.: 57371.00 

From: Joshua Sky and Jeffrey Nelson Re: Mount Snow Water Quality Remediation 
Plan Framework 

Background 

Vanasse Hangen Brustlin, Inc. (VHB), in coordination with Mount Snow Resort (MSR)  has 
prepared this document to define the framework for a water quality remediation plan (WQRP) 
to address the management of stormwater runoff from lands owned or controlled by MSR 
within the stormwater impaired portion of the North Branch of the Deerfield River (NBDR) 
watershed. This document is intended to address conformance of the MSR master plan with 
Criterion 1(E) of Act 250, and will provide baseline information about the NBDR watershed 
including causes of impairment and provide a summary of planned improvements to address 
said impairments.  Supporting materials include models of sediment loading under existing and 
proposed conditions; site-specific mapping of existing and proposed conditions; and specific 
and general water quality remediation actions. Water quality improvements proposed herein 
would take place in conjunction with planned improvements associated with the 
implementation of the MSR Master Plan. Page 1 of the Attachment provides a Site Location Map 
showing MSR and the NBDR watershed. 

Currently the NBDR is identified as impaired for aquatic life support (ALS) and aesthetics from 
Tannery Brook Road to a point 0.2 miles above Snow Lake pursuant to the 2010 State of Vermont 
Section 303(d) List of Waters Part A – Impaired Surface Waters in Need of a TMDL hereafter “303(d) 
List”. The Vermont Department of Environmental Conservation (VTDEC) also lists sources of 
impairment in the 2008 report titled, Biological and Aquatic Life Use Attainment Assessment of the 
North Branch of the Deerfield River, and Tributaries in the Upper Reaches of the Watershed, hereafter 
referenced as “VTDEC ALS Report”. The VTDEC ALS Report identifies the following potential 
sources of impairment in the watershed: 

 Sediment from stormwater runoff and construction related erosion in the reach 
above Snow Lake; 

 Temperature below Snow Lake; and 
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 High levels of iron from land disturbance in Iron Stream (so-called). 

The Phase 1 and 2 Stream Geomorphic Assessment for the North Branch of the Deerfield River 
Watershed by Blazewicz and others in 2006, hereafter “SGA Report”, states that a “Lack of 
riparian buffers, floodplain encroachment, and channel straightening were identified as 
primary factors influencing the geomorphic condition of the main stem. In addition, 
stormwater runoff and the influence of Snow Lake have both altered the hydrology and 
sediment regime of the watershed.” 

The impairment determinant for the NBDR is based on biological assessments of 
macroinvertebrate populations. There are eight biocriteria parameters calculated from the 
macroinvertebrate composition and each parameter has to pass a threshold level in order for a 
station to meet the VT DEC Class B aquatic life support criteria. Assessments of “Excellent”, 
“Very Good” and “Good” support class B criteria, while “Fair” and “Poor” are non-support 
classifications for class B aquatic life support criteria. Starting in 1986 the macroinvertebrate 
population has been sampled at five sites (8.9, 11.0, 12.0, 12.1 and 12.6) in the North Branch of 
the Deerfield River and in three tributaries: Jacks Brook (0.3), Iron Stream (0.2) and Baselodge 
Tributary (0.1). The numbering of the site corresponds to the river mile that it is located at 
(e.g., monitoring site 12.0 is at river mile (RM) 12.0 on the North Branch of the Deerfield River, 
or 12 miles above the mouth of the river). Sites NBDR RM 11.0, NBDR RM 12.0, and NBDR 
RM 12.1, Jacks Brook 0.3, Iron Stream 0.2 and Baselodge Tributary 0.1 are within the drainage 
area or directly on the impaired reach of the NBDR from Tannery Brook Road to 0.2 miles 
above Snow Lake and are shown on the site location map on page 1 of the Attachment. Station 
NBDR RM 8.9 is located downstream of the impaired reach of the NBDR and is not shown on 
the site location map.  

Recent results for stations located in the impaired portion of the NBDR watershed show that 
biocriteria have been met at four out of seven stations, including three stations (RM 11.0, 12.0 
and 12.6) on the main stem of NBDR.  The results indicate that overall water quality in the 
NBDR is not causing an undue adverse effect on macroinvertebrate populations at most 
locations in the main stem of the NBDR as well as Jack’s Brook.  Results for Iron Stream and 
Baselodge Tributary, where biocriteria are not met, indicate that overall water quality is 
negatively affecting the macroinvertebrate populations. The most recent biocriteria results, 
between 2002 and 2005, are shown for all stations listed above are shown on page 2 of the 
Attachment. 

Site Description and Existing Conditions Summary 

Originating at an elevation of approximately 2,700 feet near a forested ridge, NBDR runs down 
through the base area of MSR and other residential/commercial development areas, and 
through Snow Lake, which is an on-stream reservoir.  The impaired segment of NBDR – and 
the limit of this investigation – ends at the crossing of Tannery Road.  The impaired portion of 
the NBDR watershed is approximately 2,555 acres in size consists of several different land use 
types that include: the Mount Snow ski area with associated lodges, hotels, ski trails, parking 

https://57371.00
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lots, lifts and the Snow Lake reservoir; other developments not owned or controlled by Mount 
Snow consisting of seasonal and permanent housing and associated parking; Vermont Route 
100, a major transportation corridor with some associated commercial development; and large 
tracts of undeveloped forested land.  Based on analysis of aerial photographs and site plans, 
conducted by VHB, Mount Snow owns or controls approximately 68 acres out 193 acres of 
existing impervious surface within the watershed. Significant portions of MSR, and privately 
held developments within the NBDR watershed were developed prior to the implementation 
of current VTDEC stormwater rules and requirements and, as a result, a significant areas of 
impervious surfaces within the NBDR watershed currently have inadequate or non-existent 
stormwater treatment facilities.  In fact, only 50 out of 193 acres (26 percent) of existing 
impervious surface within the WQRP study area receives some degree of stormwater 
treatment. As a result, untreated or insufficiently treated stormwater runoff is carrying excess 
sediment into and altering the hydrology of NBDR.   

Snow Lake, a 15.2 million gallon reservoir was constructed in the 1960s, is currently used as a 
snowmaking water source for MSR and is located on the NBDR channel at the Mount Snow 
base area (see Page 1 of Attachment 1).  Based on VTDEC studies, Snow Lake has been found 
to cause increases to the water temperature of the NBDR of 3 to 4 oC (VTDEC 2008) and also to 
impact the hydrologic and sediment transport regime, as flows are artificially slowed and fine 
and coarse sediments settle out within the lake.  The sediment deposition in Snow Lake is 
exacerbated by stormwater runoff from untreated impervious surfaces in its drainage area 
within the NBDR watershed. Due to this chronic deposition, Mount Snow must periodically 
dredge the sediment to maintain the lake.  The river section downstream of the Snow Lake 
Dam is likely to be “starved” of in-stream sediment resulting in streambed degradation and 
eroding streambanks.   

Based on the 303(d) list, VTDEC ALS report, the SGA report, and our evaluation of these data, 
VHB believes that the primary cause of impairment in the NBDR is excess sediment washoff 
carried by stormwater runoff into the receiving waters.   In order to quantify the amount of 
sediment emanating from the particular watersheds VHB conducted a pollutant loading 
model. Sediment loads from various land uses within the project area have been determined 
using the “Simple Method” of Schueler (Schueler, 1987).  This method is cited as the 
appropriate pollutant loading method consistent with the procedure dated May 5, 2004 titled, 
VTDEC Procedure for Evaluation of Stormwater Discharges and Offsets in Stormwater Impaired 
Watersheds The analysis takes into consideration the existing land use, impervious surfaces, 
precipitation amounts and treatment practices to estimate sediment loads. The Existing 
Conditions Simple Method model is shown on pages 3 to 14 of the Attachment.  The results of 
the Simple Method analysis are used to determine existing sediment loads and are displayed 
visually in the Existing Conditions Sediment Chart and Map (pages 13 and 14 of the 
Attachment).  Existing conditions sediment loading for the entire NBDR watershed is 
approximately 16 pounds per acre per year with all Mount Snow areas contributing an average 
of 321 pounds per acre per year.  The relationship between developed areas with little or no 
stormwater treatment is evident by noting the areas of significantly high sediment loading 
(red) on the Existing Conditions Sediment map. 

https://57371.00
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Water Quality Improvement Measures 

MSR intends to implement significant water quality improvement measures, summarized in 
the WQRP, in concert with the implementation of its resort/base area master plan.  Since much 
of the base area will be redeveloped through the proposed master plan, stormwater related 
improvements are integral to the planning and design for these areas. Under the WQRP and 
master plan, MSR will incorporate VTDEC compliant operational stormwater treatment 
practices for existing, redeveloped and new impervious surface under its control, thus 
significantly reducing the sediment loading from these areas (see Post-Development map on 
page 26 of the Attachment).  Treatment practices will be designed using the most recent 
VTDEC standard, currently the Stormwater Management Manual (VT, 2002).  Treatment will 
increase between existing conditions and proposed conditions on MSR controlled impervious 
surface from 21 out 68 acres (existing) to 50 out of 69 acres (proposed). The effective level of 
treatment will also be increased as prior permitted MSR systems are upgraded to current 
VTDEC standards.  

Additional WQRP actions proposed by Mount Snow will have a beneficial effect on NBDR 
water quality but cannot be simulated within the framework of the Simple Method model.  
These include the: 

 Removal of Snow Lake and restoration of the NBDR stream channel, thus reducing 
thermal loading and restoring the natural hydrologic and sediment transport regime 

 Implementation of the iron seep prevention and control plans (see pages 27 to 28 of the 
attachment) 

 Remediation of undersized, improperly sited, or degraded culverts to restore the 
hydrologic regime 

 Implementation of on-mountain BMPs for waterbars, work roads, storage areas, and etc. 
to help control runoff 

 Expand upon prior watershed assessments  to identify point sources of sediment loading 
and confirm existing water quality stressors identified in the 2006  SGA for the purpose 
of identifying remediation projects 

 Transfer of the existing salt and sand storage area adjacent to existing parking lots to a 
covered facility at the proposed maintenance building to minimize potential runoff 

 Adherence to VTDEC construction stormwater permit requirements and the US Forest 
Service (USFS) Special Use Permit (on USFS lands) soil stabilization and revegetation 
requirements to minimize the effects of excessive sediment washoff associated with 
areas of earth disturbance 

Mount Snow Master Plan development phases will be designed according to the “net zero” 
provisions of Act 140 ensuring that, as a result of a single phase of development, sediment 
loads would not increase beyond current levels. As a result of adherence to Act 140 
requirements during Master Plan implementation, the actual instream effect of “net zero” will 
be a reduction in stormwater runoff and associated sediment loading. The water quality 

https://57371.00
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improvements actions proposed herein represent the implementation of the Act 140 provisions 
for reducing runoff from Mount Snow lands.  As each phase of development of the MSR 
master plan occurs, conformance with the WQRP and applicable VTDEC stormwater 
permitting criteria will be necessary.   Initially, this will take the form of designing each phase 
so that the total sediment loading will not exceed the natural baseline condition (aka “net zero” 
standard). 

In order to achieve net zero, it is anticipated that for the early phases, that offset projects 
located on or off of Mount Snow controlled lands.  Offset projects could include such measures 
as land use conversion such as the replanting of unused work road segments, and construction 
of stormwater treatment systems for areas which are not currently permitted.  Offset projects 
would be tied to individual phases of Master Plan development and would be identified 
specifically with the context of individual stormwater permit requirements associated with that 
particular project phase. 

In order to quantify the effect on NBDR sediment loading associated with MSR Master Plan 
implementation, a Simple Method model of proposed development conditions was built.  The 
model is based on the full build-out of the Mount Snow master plan.  The plan incorporates 
changes to the existing development on Mount Snow lands and also models planned STPs 
associated with the development.  Proposed STPs would meet or exceed current VTDEC 
design criteria allowing them to remove approximately 80% of the washoff sediment load.  The 
proposed conditions model results does not incorporate significant water quality improvement 
measures listed above nor does it include potential offset projects.  The proposed development 
scenario used also assumes no water quality improvement activities would take place  at 
developed areas within the watershed that are not under the ownership or control of MSR.  
The proposed conditions Simple Method model results are shown on pages 15 to 25 of the 
Attachment. Overall watershed sediment loading for the proposed condition is 123 pounds per 
acre per year, a reduction of 26.7 percent from current conditions.  A graph of loads by 
subwatershed for proposed conditions is located on page 24 the Attachment. 

Water Quality Targets 

Attainment of Vermont Water Quality Standards (VWQS) in NBDR will ultimately be judged 
by compliance with Class B biocriteria for small high gradient (SHG) streams, for a period of 
two consecutive years, based on current VTDEC protocol.  In order to meet the biocriteria 
results this WQRP has proposed a framework for managing stormwater runoff from 
impervious surfaces and providing treatment to reduce pollutant loading, particularly 
sediment inputs. To quantify this objective, a sediment target has been established, through use 
of a nearby stream known to meet the SHG biocriteria (“attainment stream”).  The Simple 
Method model has been used to establish a sediment target based on sediment loading to the 
attainment stream, Cold Brook, which is located directly south of MSR.  This sediment target, 
of 100 pounds per acre per year, is based on the known attainment of SHG biocriteria in Cold 
Brook, thus documenting that this level of sediment loading is not adversely affecting the 
macroinvertebrate populations. Therefore, reducing sediment loads in the NBDR watershed to 
similar levels would result in the same outcome.  

https://57371.00
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As stated above the proposed conditions scenario for the MSR master plan buildout would 
reduce sediment loads to 123 pounds per acre per year.  This sediment reduction, along with 
the other measures listed above, will improve water quality conditions significantly in the 
NBDR. However, sediment loads will not be reduced to the accepted target level unless 
stormwater runoff from lands outside of the control of MSR is captured and treated. Therefore, 
it is anticipated that in addition to the efforts described herein to be accomplished by MSR, that 
stormwater treatment upgrades by other developments within the NBDR watershed will be 
necessary, as determined appropriate by VTDEC. 

Summary 

As a component of planning associated with the MSR base area Master Plan, Mount Snow has 
developed this framework for the completion of water quality remediation activities within the 
Section 303(d) listed North Branch of the Deerfield River.  Under existing conditions 
approximately 21 acres, out of 68 total acres of impervious surface, owned or controlled by 
Mount Snow receives some degree of stormwater treatment.  The Master Plan calls for 
implementing stormwater treatment practices (STPs) on Mount Snow lands so that 50 out of 69 
acres (72 percent) of impervious surface would receive current VTDEC standard treatment. 
Most of the remaining MSR impervious surface is associated with disconnected impervious 
such as mountain work roads, lift terminals and on-mountain facilities. This represents an 
increase of 42 percent of impervious surface treated from existing conditions (where most STPs 
do not meet the 2002 standard).  Simple Method modeling of the plan indicates that sediment 
loads in the impaired portion of NBDR would be reduced by 45 pounds per acre per year, from 
168 to 123 pounds per acre per year.  In addition to the reduction in sediment loads other 
important water quality remediation actions (summarized above) would be implemented in 
order to address current stressors to water quality.  The implementation of water quality 
improvements outlined herein would significantly reduce Mount Snow’s contribution to water 
quality impairment in NBDR.  However, based on the establishment of a target sediment load 
of 100 pounds per acre per year, it is anticipated that stormwater treatment upgrades will be 
necessary on properties beyond MSR ownership or control.   This responsibility will fall to 
VTDEC. 

A water quality monitoring plan (WQMP) to track water quality in NBDR would be developed 
in association with the as the Master Plan WQRP is implemented  The WQMP would be tied to 
Master Plan development phases and would consist of biological monitoring to track overall 
stream health.  In addition, chemical and sediment modeling may be instituted to refine the 
monitoring results and to identify particular areas of concern.  Any WQMP developed would 
incorporate input from VTDEC staff.  Monitoring results, including progress assessments and 
additional water quality remediation project recommendations would be summarized in a 
report reviewed by Mount Snow and the VTDEC. 

\\VTDATA\Projects\57371.00\docs\Permits\ACT_250\MASTER_PLAN_APPLICATION_OCTOBER_29_2010\Criterion_1B-3_Stormwater_Management\final WQRP 
Memo.doc 

https://57371.00
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Mt Snow WQRP
Simple Method for Pollutant Loading
VHB
Date: 2/17/2011 

Annual Load = P * Pj * C * A * Rv * 0.226 

Where: P = Yearly rainfall depth
Pj = Fraction of rainfall events producing runoff (0.90)
C = Flow weighted mean concentration of pollutant
A = Area of contributing watershed

Rv = 0.05 + 0.009 * (site imperviousness) or accepted value
0.226 = Simple Method Coefficient 

P = 57.4 (PRISM climatological data, downloaded from VCGI) 
Pj = 0.9

oefficient = 0.226 

Table 1: Sediment Concentration Values
TSSLand Use (mg/L) Sources 

Commercial
Commercial Lodging

Forest
Meadow/Open

Residential
Ski Trail

Transportation Gravel
Transportation Paved

Water 

77
97
51
51
70

100
374
142

0 

NYS DEC Draft Manual (2001)
NYS DEC Draft Manual (2001)
NYS DEC Draft Manual (2001)
NYS DEC Draft Manual (2001)
NYS DEC Draft Manual (2001)

Pioneer Judgement (2006)
Clinton & Vose - WQ Report (2003)

NYS SMDM (2001)
Pioneer Judgement (2006) 

F:\57022 Mt Snow WQRP\SIMPLE\February 2011\SIMPLE_Existing 
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         Simple Method Results for Sediment Loading             in the North Branch            of the Deerfield River 
Existing Conditions 
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Orangege sisignifiesgnifies subwatersheds including lands ownedowned/controlled/controlled   bbyy Mt. Snow 
Dark Orange signifies subwatersheds proposed      to be routed  to stormwater basin   at Snow Lake                   
Yellow signifies subwatersheds with pervious permitted impervious areas owned/controlled  by Mt. Snow           
Light Blue signifies subwwatersheds with lands not owned/controlled   by Mt. Snow 
Dark Blue signifies subwatersheds with previously permitted impervious area not owned/controlled  by Mt. Snow     

13Mt. Snow WQRP
Sediment Loading Simple Method Results for Existing Conditions
VHB
Date: 2/17/2011 
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Post WQRP Implementation 

Orange signifies subwatersheds including lands owned/controlled by Mt. Snow 
Dark Orange signifies subwatersheds proposed to be routed to stormwater basin at Snow Lake 
Yellow signifies subwatersheds with pervious permitted impervious areas owned/controlled by Mt. Snow 
Light Blue signifies subwwatersheds with lands not owned/controlled by Mt. Snow 
Dark Blue signifies subwatersheds with previously permitted impervious area not owned/controlled by Mt. Snow 
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Median = 161 
Sediment Loading Grand Total = 315,048 lbs/year 
Total Watershed Area ‐ 2,555 acres 
% Reduction = 27% 
Impervious Area Treated = 82 acres 
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S  e  r  v  i  c  e  s 

Memorandum 

48 Green Street, Suite 2 

Post Office Box 354 

Vergennes, Vermont 05491 

802.877.1380 

FAX 802.877.1385 

To: Mount Snow Act 250 Permitting  
Project File 

Date: March 28, 2008 

Project No.: 57138 

From: Jeffrey A. Nelson Re: Iron Seep Prevention and 
Control Plan 

On behalf of Mount Snow Resort (Mount Snow) VHB Pioneer Environmental Associates (VHB 
Pioneer) has prepared the following sequence as a guideline to minimize the risk of iron seeps 
occurring during project construction activities. To avoid the occurrence of iron seeps, resulting 
from disturbance, reworking, or fill placement in areas of saturated soils, the following 
measures should be implemented as an integral part of construction operations for the West 
Lake project. The most important premise is that low‐pH, iron‐rich glacial till soils must not be 
used as fill materials that are placed in direct contact with soils where saturated ground 
conditions are to be regularly expected. 

The proposed implementation of the Iron Seep Prevention and Control Plan is as follows: 

1. At risk areas will be identified in the field prior to construction and as construction 
proceeds within each specific development area. Generally, these areas will include 
locations of wet soils, seeps and springs, and areas of water ponding where the 
placement of fill or significant reworking/disturbance of soils is proposed. 

2. Following identification of these areas, confirmation of the necessity and extent of 
special fill treatment will be made with project engineer/erosion control specialist. 

3. Within each of these areas, native topsoil materials will be removed to a depth of at 
least 2 feet below native ground surface. 

4. These zones will then be backfilled with unwashed crushed limestone of 3/4 inch or 
smaller size to original ground surface elevation. 

5. As needed, provisions will be made for the drainage of groundwater within the soil 
replacement area. This will be determined on a case‐by‐case basis and may include a 
gravel pad, additional crushed limestone, or drainage pipe downslope of the 
treatment area. 
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6. A continuous layer of geotextile fabric will then be placed over the limestone 
materials throughout each treatment area. 

7. Common fill material will then be placed to achieve grades as specified by proposed 
site plans. 

The implementation of this plan will ensure the avoidance of the key element which leads to the 
occurrence of iron seeps, namely the placement of low‐pH, iron‐rich fill materials below the 
water table where iron transformations and release can occur. 
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