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FOREWORD 

MASSACHUSETTS DIVISION OF WATER POLLUTION CONTROL (MDWPCL 

The Massachusetts Division of Water Pollution Control was established by the 
Massachusetts clean Water Act, chapter 21 of the General Laws as amended by 
Chapter 685 of the Acts of 1966. Included in the duties and responsibilities of 
the Division is the periodic examination of the water quality of various coastal 
waters, rivers, streams and ponds of the commonwealth, as stated in section 27,
paragraph 5 of the Acts. This section further directs the Division to publish 
the results of such examination together with the standards of water quality 
established for the various waters. The Technical Services section of the 
Division of Water Pollution Control has, among its responsibilities, the 
execution of this directive. This report is published under the Authority of the 
Acts and is among a continuing series of reports issued by the Division 
presenting water quality data and analyses, water quality management plans, 
baseline and intensive limnological studies, and various special studies. 

METROPOLITAN DISTRICT COMMISSION (MDCL 

The Metropolitan District Comnission’s Division of Watershed Management (DWM) was 
established by the Massachusetts Legislature in 1984 and officially began 
operations on July 1, 1985. The legislative mission of the organization is to 
“...construct, maintain and operate a system of watersheds, reservoirs, water 
rights and rights in sources of supply in order to provide a sufficient supply 
of pure water to the Massachusetts Water Resources Authority.“ The Division must 
conserve and protect these resources in order to ensure the purity of the 
drinking water supply. 

As provided in the enabling legislation, the Division of Watershed Management is 
responsible for monitoring the streams and reservoirs of the system and for 
conducting sanitary surveys of the watersheds. The DWM’s Environmental Quality 
Section performs these tasks in order to ensure that class A Water Quality 
Standards are met. MDC-DWM has responsibility for monitoring upstream of the 
distribution intakes, considered to be the Cosgrove Aqueduct at Wachusett 
Reservoir, the winsor Dam at Quabbin Reservoir, and shaft 4 at Sudbury Reservoir. 
The Massachusetts Water Resources Authority is responsible for monitoring the 
distribution system. 
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EXECUTIVE SUHM?LRY 

An intensive interagency water quality study of the Quabbin Reservoir 
watershed system was conducted by the Department of Environmental Protection, 
Division of Water Pollution control and the netropolitan District Commission, 
Division of Watershed Management from April of 1989 through April of 1990. 
Two reports have been published which s m a r i z e  the data collected as part of 
the stidy: 9uabbin Reservoir Water Oualitv and Sediment Data ReDOrt 1989 and 
guabbin Tributaries water Qualitv Data ReDort 1989-1990. This report contains 
an analvsis of the tributarv water malitv data. throuah a comoarison with 
state aAd federal drinking water re&lati&s and federk and state ambient 
water quality criteria. The report also details the results of the computer 
based hydrologic and nutrient budgets developed for this project, and a 
discussion of land use by subwatershed area. Some management recommendations 
and a proposed long-term monitoring program are presented. 

This report contains a qualitative analysis of water quality data from twelve 
of the twenty tributaries which discharge to Quabbin Reservoir and from the 
water diverted from the Ware River watershed. The tributaries were sampled 
twice per month over the period of one year. conclusions were drawn about the 
relationship between analytes and general geographic location within the 
watershed. Seasonal trends were also analyzed for some of the parameters, and 
parameters were also analyzed with regard to federal and state water quality 
criteria, and federal and state drinking water regulations. For the chemical, 
nutrient, and bacteria data, a series of graphs which plot concentration 
versus time were prepared. The metals data were organized into tables which 
compare the number of times a particular parameter was detected to the number 
of times the parameter was sampled. Total coliform data were also organized 
by tributary and geographic location, and plotted into tables of concentration 
versus time. The report provides the most comprehensive basin-wide assessment 
of metals and nutrient data to date for all the tributaries, and provides the 
first water quality sampling data for some of the tributaries. 

A series of stations in the Ware River watershed were sampled twice during 
this study. These data were analyzed on a comparative basis with the 
concentration levels found in the twelve Quabbin tributaries. The overall 
effect of the parameter levels at these stations was evaluated through the 
sampling of the diversion water to Quabbin as the water emerged in the eastern 
arm of the reservoir. 

A computer program was developed which calculated an annual hydrologic budget 
for the system. This program is adaptable to accept input from other years. 
A nutrient budget was then developed using the hydraulic budget by inputing 
annual average phosphorus concentrations determined during the water quality 
study. Phosphorus inputs and exports were calculated forthe system using the 
computer program. Phosphorous export coefficients were determined for each 
tributary subwatershed, and compared. 

Land use data was obtained from the Massachusetts Geographic Information 
System (Mass GIs) for the entire Quabbin watershed. The land use was then 
sub-divided for this project into each subwatershed. A comparison of land use 
activities in each subwatershed was presented. 

Preliminary management options and monitoring programs were discussed. 
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INTRODUCTION 


In 1989, the Massachusetts Division of Water Pollution control and the 
Metropolitan District Commission - Division of Watershed Management initiated 
a cooperative and comprehensive study of the Quabbin Reservoir watershed 
system. Quabbin Reservoir, together with wachusett Reservoir, supplies 
drinking water to 2.5 million residents in 46 communities. This water supply 
was identified in the Massachusetts Nonpoint Source Management Plan (DEP, 
1989) as an area of primary concern for protection in the state. The Water 
Resources Protection strategy (DEP, 1990) identified water supplies in general 
as the area of primary concern for protection. The NOnpOint Source Management 
Plan states that, "The DWPC will work with the Environmental Quality Section 
of the MDC-DWM to produce a viable and meaningful watershed protection plan 
(for Quabbin Reservoir). The DWPC will be able to lend water quality 
monitoring and assessment support as part of the plan." 

Review by these agencies of the historical data on Quabbin and of the 
recommendations from earlier studies indicated that although a substantial 
data base exists for  some parameters, several significant data gaps still 
remained. These included: 

1. Reservoir data for most parameters for depths other than the surface. 

2. Tributary information for metals and nutrients. 

3. Tributary flow data. 

The Quabbin project was designed to fill these gaps. The resulting 
information is being evaluated to assess the current trophic status, and to 
provide the technical and scientific water quality foundation required to 
produce a watershed management plan for the Quabbin system. The data and 
analyses will appear in a series of reports designed to provide timely release 
of the extensive information produced as part of this project. This report, 
the third in the series of reports (see: References), is an assessment of the 
water quality data published in the first two reports, together with a 
nutrient and hydrologic budget for Quabbin. Subsequent reports will focus on 
the water quality analyses for the reservoir itself, and recommendations for 
preservation/management of the system. The field and laboratory data is 
available on disk in a series of LOTUS files. 

All major tributaries were sampled over the twelve month period beginning in 
April 1989 and running through April 1990. Nineteen tributary stations 
representing 13 tributaries, plus the two outlets which discharge from the 
reservoir (Winsor Dam and Shaft 12 to Wachusett) were sampled twice per month. 
The tributary stations were all sited as close to the discharge point into the 
reservoir as possible in order that chemical and flow figures would represent 
total loadings from each of the tributary sub-drainage areas. In addition, 
six of the tributaries were also sampled at one upstream station each, for 
comparison with the downstream water quality data. The water diverted from 
the Ware River basin was also sampled, if the diversion was operating on the 
sampling date. 

During the course of the field sampling, preliminary data from the reservoir 
indicated that a closer examination should be given to conditions in the 
eastern arm of the reservoir. Due to the significant volume of water diverted 
from the ware River, and since little historical nutrient, suspended solids 
or metals data existed for this system in the area upstream of the diversion 
intake in Barre, two sampling rounds were conducted in the Ware River 
watershed. The sampling was performed in order that preliminary information 
could be collected to determine if any of the ware River sub-watersheds were 
contributing tothe higher color levels and lower transparency in this portion 
of the Quabbin. sediment samples were also collected from the eastern arm to 
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evaluate this avenue as a possible source. 

Field work for the in-reservoir section of the project began in April 1989 and 
extended until November 1989. Eight reservoir stations representing all major 
basins within the reservoir were sampled from April through November 1989, 
once per month. In November, only two stations, Winsor Dam and the outlet to 
the wachusett Reservoir, were SamDled. The data from the in-reservoir work 
appears in a companion report, “Qiabbin Reservoir Water Quality and Sediment 
Data Report - 1989“ (DEP, 1990). 

METHODS 

In order to characterize the watershed, 19 stations representing 13 
tributaries (including the Ware River diversion), plus the two outlets which 
discharge from the reservoir (winsor am and Shaft 12 to Wachusett) were 
selected for sampling. These stations were chosen based on a review of the 
topographic maps of the area and data collected in previous studies including 
Tighe and Bond (1985 and 1988) and the Metropolitan District Commission’s 
Division of Watershed Management (1988). The stations were categorized 
according to which major area of the reservoir they discharged, and are 
described in Tables 1 and 2 and displayed in Figure 1. A few samples were 
also collected at a storm drain in Petersham, and on Roaring Brook, a 
tributary to the East Branch of the Swift River. Samples were collected twice 
per month from April 1989 through April 1990 as weather permitted. The MDC
included these new stations in their routine weekly monitoring of selected 
chemical parameters. 

The combined data from this DwPC/MDC study and the MDc routine monitoring 
program stations appear in two reports: Quabbin Reservoir Water QUalitv and 
Sediment Data ReDort. 1989 and the Wabbin Tributaries Water QUalitv Data 
ReDort. 1989-1990. 

Flow measurements were taken within 100 feet of the water quality stations as 
stream conditions permitted (Figure 1) and performed according to accepted 
U.S. Geological Survey procedures (Buchanan and Somers, 1976). Due to 
limitations in equipment and personnel, two days with three crews per day were 
required to complete flow measurements at all 12 stations. 
Hydrological/meteorological conditions were similar in most cases for both 
days. Those stations at which flow could not be measured on the same day as 
water quality samples were taken were measured on the next day. Appendix A 
lists the sampling stations and drainage areas. Appendix B lists the 
discharge figures calculated from these metered measurements. 

An attempt was also made to set stream gages in the locations at which flow 
measurements were taken, in order to correlate runoff in the subbasins with 
precipitation. The limited data collected are tabulated in Appendix C. 

Appendices D and E give the monthly average rainfall, reservoir levels, 
reservoir yield and water use for the period of 1988-1990. During the winter 
months, when streams were frozen and access limited, only water quality 
samples were collected. No flow measurements could be performed. However,
data from the USGS continuous recording stations at cadwell creek (QTO1) and 
the East Branch of the swift River (QT14) provided information on flow for the 
entire term of the study (Appendix F). 

The tributary stations were sampled for a variety of chemical, nutrient and 
bacterial parameters. Grab samples were taken at all stations. The 
parameters included: turbidity, color, conductivity, chloride, alkalinity, 
hardness, pH, dissolved oxygen, total and fixed solids, total phosphorus, 
total Kjeldahl-nitrogen, ammonia-nitrogen, and nitrate-nitrogen. separate
bacterial grab samples were taken for total coliform and total heterotrophic 
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TABLE 1 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 

TRIBUTARY SAMPLING STATIONS 
(Listed by reservoir basin to which they discharge) 

MDCE a  -
Location station NO. Station No. 

west Arm of Reservoir 

Upper Cadwell creek, Belchertown QT2 11B 2115 
Lower Cadwell creek, Belchertown QTOl 2115-x
Purgee Brook, pelham QT02 ---
Atherton Brook, Pelham QT03 211A-X
West Branch Swift River, Shutesbury QT04 211
Dickey Brook, New Salem QT05 ---
Quabbin Outlet, Ware QT16 ---
Winsor Dam, Belchertown ~ ~ 1 7 202 

Central Basin of Reservoir 

Prescott Brook, New Salem QT06 ---
Underhill Brook, New Salem QT07 ---
upper Hop Brook, New Salem QT2 12 212
Lower Hop Brook, New Salem QT08 212-x
Middle Branch swift River, New Salem QT213 2 13 
Middle Branch Swift River at QTo9 2 13-X

Regulating Dam, New Salem 

East Arm of Reservoir 

upper West Branch Fever Brook, QT2 15A 215A
Petersham 

Lower West Branch Fever Brook, QTlO 2158
Petersham 

Upper East Branch Fever Brook, QTll 215
Petersham 

Lower East Branch Fever Brook, QTl2 215C
Petersham 

storm Drain, Petersham QT18 ---
Roaring Brook, Petersham QT19 2 166 
Upper East Branch swift River, QT13 216

Petersham 
Lower East Branch Swift River QT14 217-X

at Regulating Dam, Petersham 
Ware River at Shaft 1 1 ~ .  Barre QT15 11A
shaft 12, Hardwick QT206 206 
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TABLE 2 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 

TRIBUTARY SAMPLING STATIONS 
(Listed in numerical order) 

DEP- NDC
Location station NO. station NO. 

Lower cadwell creek, Belchertown Q T O  1 211B-X
Purgee Brook, Pelham QTo2 ---
Atherton Brook, Pelham Q T O ~  2 11A-X 
west Branch Swift River, Shutesbury w 0 4  211
Dickey Brook, New Salem QT05 _ _ _
Prescott Brook, New Salem QT06 _ _ _
Underhill Brook, New Salem QT07 ---
Lower Hop Brook, New Salem QT08 212-x
Middle Branch Swift River at QT09 2 13-X 

Regulating Dam, New Salem 
Lower west Branch Fever Brook, QTlO 215B

Petersham 
Upper East Branch Fever Brook, QTll 215

Petersham 
Lower East Branch Fever Brook, QTlZ 215C

Petersham 
Upper East Branch swift River, ~ ~ 1 3 216

Petersham 
Lower East Branch swift River ~ ~ 1 4 217-X

at Regulating Dam, Petersham 
Ware River at shaft 1 1 ~ ,  Barre QT15 11A
Quabbin Outlet, Ware QT16 ---
Winsor Dam, Belchertown QT17 202
storm Drain, Petersham QT18 ---
Roaring Brook, Petersham QT19 2 16G 
shaft 12, Hardwick QT206 206
upper Cadwell creek, Belchertown QT211B ZllB
Upper Eop Brook, New Salem QT212 212
Middle Branch Swift River, New Salem QT213 213
Upper west Branch Fever Brook, QT2 15A 215A

Petersham 
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FIGURE 1: QUABBIN RESERVOIR 
TRIBUTARY AND FLOW SAMPLING STATIONS 



bacteria. Fecal coliform sampling was added to the program at the beginning 
of January 1990. A separate grab sample was collected at each station and 
analyzed for total metals: aluminum (Al), arsenic (As), cadmium (cd), calcium 
(Ca), chromium (Cr), copper (cu), iron (Fe), lead (Pb), magnesium (Mg), 
manganese (Mn), mercury (Hg), nickel (Ni), vanadium (Vn) and zinc (zn). 
Duplicate metal and nutrient samples were collected at one station for each 
sample date. Distilled water blanks were also set up and used as quality 
control for each sampling date. 

The nutrient and hardness samples were preserved using 2 ml of 1:l sulfuric 
acid. Metal samples were preserved using 2 ml of 1:l nitric acid. All 
samples were stored in iced coolers for transport to the laboratories where 
they would be analyzed. A listing of the laboratories performing each 
analysis and the laboratory methods are presented in Appendices G and E.
sample bottle preparation is described in Appendix I. 

Fifteen stations in the ware River watershed were sampled twice, once on 
January 30, 1990, and once on March 30, 1990, as part of this study. These 
stations, which are located on a map of the watershed in Figure 2 and listed 
in Table 3, were historically sampled once per month by the MDC for selected 
chemical parameters. The DWPC entered into a combined sampling program for 
these two sampling dates in order that the parameters sampled for on a regular 
basis by the NDC could be expanded to include nutrients and metals. Samples
were collected, preserved and analyzed for the same parameters listed for the 
Quabbin tributaries utilizing the same field and laboratory procedures. Data 
for the MDC/DWPC sampling program on the Ware River appear in the Quabbin 
Tributaries Water Oualitv and sediment Data Report, 1989. 

DESCRIPTION OF THE QUABBIN RESERVOIR WATERSHED 

Quabbin Reservoir, located approximately 65 miles west of Boston in the 
Chicopee River Basin, was constructed in order to increase the water supply 
for the metropolitan Boston area. The reservoir was created by impounding the 
waters of the east, middle, and west branches of the swift River, and 
diverting water from 98 square miles of the Ware River basin into the 
reservoir. The two major retaining structures, Winsor Dam and Goodnough Dike, 
were completed in 1939. At capacity (530 foot elevation above Boston City 
Base), the reservoir has a surface area of 23,552 acres (36.8 square miles) 
with a volume of 412 billion gallons and a maximum depth of 150 feet. The 
length is 18 miles and the shoreline length is 118 miles. The reservoir is 
situated in the towns of Belchertown, Hardwick, New Salem, Pelham, Petersham, 
Shutesbury, and Ware. The watershed extends into the towns of Orange, 
Wendell, Phillipston, and Barre. 

Quabbin Reservoir is part of the MDC water supply system, which together with 
the Wachusett Reservoir, provides drinking water for 2.5 million people in 46 
communities; this is approximately 40% of the state's population. 

The drainage area to the reservoir (including the sixty islands and excluding 
the Ware River watershed) is 96,384 acres (150.6 square miles). Total land 
and water encompasses 119,936 acres (187.1 square miles). The Division of 
Watershed Management of the Metropolitan District Commission owns and manages 
56,000 of these acres, providing control over 47 per cent of the Quabbin 
watershed. (If the reservoir acreage is included, MDC ownership and control 
increases to over 60%.) A significant amount of the remaining watershed has 
some protection from development. Except for the two southern towns, 
Belchertown and Ware, the watershed is sparsely populated and has seen little 
growth in the last fifty years. Although much of the watershed is rocky, wet,
and not suitable for development, the potential for growth in the remaining 
areas (primarily New Salem and Petersham) could have significant impacts on 
water quality in the reservoir. 
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FIGURE 2: WARE RIVER WATERSHED 
TRIBUTARY SAMPLING STATIONS 
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TABLE 3 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 

WARE RIVER WATERSHED SAMPLING STATIONS 

LOCATIONS 

shaft 8, Barre 
Queen Lake Outlet, Phillipston 
Burnshirt River at 
Williamsville Rd., Hubbardston 

Burnshirt River at 
Rte. 62, Barre 

Canesto and Natty Pond Brooks at 
confluence (Rte. 62), Barre 

Brigham Pond Outlet, Hubbardston 
West Branch Ware River 

at Rte. 62, Hubbardston 
Ware River at Barre Palls, Barre 
Asnacomet Pond, Hubbardston 
East Branch Ware River 

at New Boston, Rutland 
Longmeadow Brook, 

at Mouth, Rutland 
Mill Brook at Charnock 

Hill Rd., Rutland 
Demond Pond Outlet, Rutland 
Long and Whitehall Ponds 

at Outlet, Rutland 
Parker Brook near Mouth, 
oakham 

DEP MDC
STATION NO. STATION NO. 

WTO 1 

wT02 111

WT03 112 


WT04 103 


WT05 104 


WT06 115

WT07 107 


WT08 105 

WTo9 116A 
WTlO 108 


WTll 109 


WT12 121 


WT13 119

WT14 110 


WT15 102 
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The MDC also has legislative authority for limited diversion from the Ware 
River watershed, located in the towns of Templeton, Hubbardston, Oakham, 
Phillipston, Princeton, Barre, Rutland and Westminster. Diversion is possible
between October 15 and June 15 if river flows exceed 85 million gallons per 
day at the gaging station in Barre. Exemption for increased withdrawals may 
be obtained if the need arises, as during drought conditions. water from the 
Ware River enters the aqueduct in Barre and travels westward to Quabbin to 
discharge into the eastern arm, northeast of Shaft 12 (the outlet for water 
being sent from Quabbin Reservoir to Wachusett Reservoir). A series of baffle 
dams in Quabbin extends the residence time of the Ware River water in the 
reservoir and prevents direct entry into shaft 12. 

The biological community in the Quabbin Reservation is abundant, and supports 
a variety of species, including several rare and endangered animals and 
plants. This unique system is the result of MDC management programs and 
protective legislation which enhance the variety of available habitats. 
According to Spencer and Lyons (1986), the reservation serves as a "wildlife 
reservoir" to surrounding towns by supplementing native populations in these 
areas. The watershed is also widely recognized as a valuable hiking and 
fishing resource as well as a research area. Guidelines were developed by the 
MDC to manage the Quabbin Reservation for forestry, wildlife, and recreational 
values in conjunction with the water quality and water quantity aspects. 
Details of these programs are discussed in two MDC reports, A Ten Year Forest 
and Wildlife Manasement Plan for the Ouabbin watershed (1986), andpuabbin and 
Ware River Watersheds Recreation and Public AcCeSS Policy and Plan (1988). 

TODOQ'raDhV/HVdrolosy 

The USGS topographic maps of Massachusetts shows the Swift River valley to be 
the largest north-south valley between the Connecticut River and the Atlantic 
Ocean. However, the Swift River drains only a portion of this valley with the 
Millers River capturing the northern drainages which are sent westward to 
discharge into the Connecticut River. The swift River Valley may have 
originally been carved by a much larger river (Spencer and Lyons, 1986). 

The three principle tributaries of the Swift River enter Quabbin Reservoir 
from the north and the northeast. The middle branch drains most of New Salem 
and has a small but steady flow due to the deep soils found in the northwest 
part of New Salem. The west branch drains the Wendell and Shutesbury uplands 
and contains three valleys that merge just north of the reservoir. The west 
branch has a larger drainage than the middle branch, but due to the shallow 
soils has smaller summer flows. The east branch drains the largest area and 
originates in the uplands of Petersham and Phillipston. This drainage has a 
mixture of deep and shallow soils which maintains the largest year round flows 
of the three branches. 

The uplands bordering the Quabbin Reservoir rise five hundred feet above the 
reservoir. The Prescott Peninsula and western uplands rise very steeply, 
whereas the eastern uplands rise more gradually. 

In an aerial view, the Quabbin watershed topography appears smooth due to an 
even surface of tree cover. The land has many small variations in the 
topography which the forest hides. Terraces, swamps, outcrops, small hills 
and valleys and other minor variations, some too small to be recorded on 
topographic maps, make the topography very irregular. The combination of this 
irregular topography and soils that vary in depth, drainage and fertility have 
resulted in a diverse forest and landscape. 
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soils 
The soils of the Quabbin watershed are primarily glacial tills and alluvial 
sands and gravels. The till soils cover the uplands in varying depths from 
one to twenty feet or more. They are comprised of varying amounts of Silt, 
sand, organic matter and rock. These components vary tremendously to produce 
both fine sandy loams and extremely rocky fine sandy loams . Some of the soils 
possess a hard mixture of clay and till at two to five feet of depth which 
inhibits both roots and water. Deep alluvial soils are located in terraces 
along the sides of valleys and as deposits in the valley bottoms. Their 
depths vary from a few feet to more than 100 feet. The soils are generally 
stratified (Spencer and Lyons, 1986). The watershed also exhibits substantial 
amounts of exposed bedrock. 

According to the information and soils maps presented in Water & Related Land 
Resources of the Connecticut River Reaion of Massachusetts (1978) the Soils 
in the Quabbin watershed are predominantly of two types (Figure 3). The
Scituate-Essex-Rigebury association defines the western section, and the 
Paxton-Hollis-Canton association defines the eastern section. Both soils are 
glacial till deposits. A small section of the northern central part of the 
Quabbin watershed is composed of the Hinckley-Windsor-Muck association. The 
descriptions provided for these soils are swmnarized below. 

The Scituate-Essex-Rigebury soils are found in the western section of the 
watershed. These soils have slowly permeable substrata and are characterized 
by scattered stones and boulders. The soils are located in the level to 
sloping drumlins, ridges and swales. Forty percent of the soils are the 
Scituate soils which are sandy loam over sandy substrata. Thirty percent of 
the soils are Essex (loamy sand). Twenty percent are Rigebury, with the 
remaining ten percent being composed of minor soils. 

The Paxton-Hollis-Canton groups are found in the eastern section of the 
watershed. These soils are well drained with fine sandy loam surfaces. The 
soils are located in the gently sloping to steep drumlins and ridges in the 
uplands. Fifty percent of the soils are Paxton (slow permeable substrata). 
Fifteen percent of the soils are Hollis (shallow to bedrock). Ten percent are 
Canton (sandy permeable substrata), with the remaining twenty-five percent 
composed of numerous minor soils. 

The Hinckley-Windsor-Muck association are found in the northern central area 
of the watershed. These soils are found in the valleys in level areas on 
rolling hills. The soils were formed as water sorted materials or in pockets 
of organic materials. About forty percent of the soils are Hinckley (sandy 

permeable sandy subsoils). 
The Windsor soils make up thirty percent (with and gravelly substrata). 

Ten percent of the soils are made up of wet 
organic Muck soils. The remaining twenty percent of the soils are composed 
of minor types. 

The type of soils present in the watershed create a situation of low
alkalinity, low pH waters seen throughout all the tributaries in the Quabbin 
and Ware River areas. The soils are shallow and formed from glacial tills low 
in calcareous compounds which are necessary to produce the buffering capacity 
to moderate pH changes from atmospheric precipitation, biological activity of 
from substances introduced into the waterways through runoff. 

Bedrock Geoloay 

The bedrock geology of the Quabbin Reservoir watershed is complex. The 
following geologic description and Figure 4 are reproduced with permission 
from the work of Professor Peter Robinson of the University of Massachusetts, 
and David Ashenden of the Massachusetts Water Resources Authority (MDC files, 
Boston). 

In general, the rocks are complexly folded, medium to high-grade crystalline 
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Figure 3: QUABBIN AREA - GENERAL SOILS MAP 

Map adapted from the USDA August 1978 Report 
'Water and Related Land Resources of the 
Connecticut River Region in Massachusetts" 

LEGEND 

SOIL A S S O C I A T I O N S  

PAXTON -HOLLl  S-CANTON 
HINCKLEY-WINDSOR-MUCK 
H I N C K L E Y  W WETHERSFIELD-WINDSOR 
SCITUATE-ESSEX-RIDGEBURY 
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Figure 4: QUABBIN WATERSHED AREA 
BEDROCK GEOLOGY 

kilometers1 

Pelham Domo 

1, BelcheftownInlrusive Complex 
2. Preaeon Inirurdv. Complex 
9. Hardwlck Granite 

Map adapted from work of Peter Robinson 
71 



metamorphics intruded in places by granitic rocks. The bedrock in the Quabbin 
Reservoir watershed can be divided in to four major groups, the Pelham Dome, 
the Monson Gneiss, the mantle sequence, and intrusive rocks. 

The Pelham Doma consists of a core of layered granitic gneisses with minor 
amounts of interbedded quartzite, schist, and amphibolite. In addition, there 
are gray plagioclase gneisses similar to the Monson Gneiss around the margin 
of the core of the dome. These gray gneisses are not separately designated 
in Figure 5. The Pelham Dome is located west of Quabbin, where MDC land 
holdings encroach on the Pelham Dome in Pelham, Belchertown, and Shutesbury. 
These granite gneisses are on the order of 600 million years old, and are the 
oldest rocks in the area. 

The Nonson Gneiss is a gray, plagioclase-feldspar gneiss. It is variable, 
consisting of layered gneiss without interbedded amphibolite, layered gneiss 
with interbedded amphibolite, massive (non-layered) gray gneiss, and minor 
amounts of other rocks. The layered gneiss may be of volcanic derivation and 
the massive portions may be intrusive. 
Ordovician Age (450-500 million years ago). 

This formation is probably Early 
The MOnSOn Gneiss underlies most 

of the low-lying land in the swift River valley and is highly susceptible to 
erosion. The Swift River valley was chosen as a reservoir site because of the 
broad expanse of the valley formed in this highly erodible bedrock. The rocks 
of the Pelham Dome and the Monson Gneiss are now exposed in large dome-like 
structures with tops truncated by erosion. These "domes" protrude up through 
the overlying rocks of the mantle sequence. 

The mantle sequence is named because it structurally mantled the rocks of the 
Pelham Dome and the Monson Gneiss before it eroded away from the tops of the 
domes. The mantle sequence now occurs only where it has been preserved in the 
troughs between the domes and consists of several formations: 

a) monoosuc Volcanics are primarily layered volcanics of Middle 
Ordovician age ( 4 5 0  million years old). 

b) The Partridge Formation is rusty-weathering sulfitic mica schist 
with interbedded Middle Ordovician amphibolites formed in the Middle 
Ordovician period. 

c) Fitch and clough Formations are Silurian age ( 4 0 0  to 430 million 
years old). The Fitch Formation, a minor formation, consists of 
calcareous granulites, traces of marble, and minor sulfitic schist. 
The Clough Formation consists of quartzite, stretched quartz pebble 
conglomerate, and minor schist. 

d) The Littleton Formation consists of mostly gray graphitic mica 
schist and minor quartzite of Early Devonian Age, less than 430 
million years old. 

e) The Erving Formation is mostly amphibolite and granulites also 
formed in the Early Devonian Age. 

The individual formations of the mantle sequence are not shown in Figure 4 
because of the small scale. 

Intrusive rocks in the watershed include Hardwick Granite, Belchertown 
Intrusive complex, and Prescott Complex, 

The Hardwick Granite is a mass of granitic rocks of variable compositions 
which range from granite to quartz diorite. Areas of quartz monzonite is also 
included but is not shown separately on the map. The rock contains 
distinctive large and elongate feldspar crystals. 

The Belchertown Intrusive complex consists of massive biotite and/or
hornblende quartz diorite and granodiorite. Only the very southwestern-most 
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portion of the MDC's Quabbin landholdings are on the Belchertown complex. 

The Prescott Complex, occupying much of the Prescott Peninsula, is composed 
of gabbro, quartz diorite, and other related rocks. 

The Belchertown and Prescott Complexes are more mafic than Hardwick Granite. 
They have a greater amount of iron and magnesium bearing minerals, and the 
feldspar is richer in calcium. This may affect the soil chemistry in these 
regions. 

The rocks have been affected by a series of tectonic events. The most recent 
occurred about 380 million years ago during the Adadian orogeny in the Early 
Devonian period. After initial folding of the rocks, the older and underlying 
gneiss now comprising the Pelham Dome and the Nonson Gneiss rose in huge 
bubble-like masses forming the gneiss domes. The overlying mantle sequence 
became draped over the rising gneisses and caught in the troughs between the 
domes. The intrusive rocks probably came in during the orogeny. Foliation 
in the intrusive rocks, however, suggest that the intrusion occurred before 
the end of the orogenic events, first in the Hardwick Granite and then in the 
Belchertown and Prescott Complexes. Erosion from the mountains formed during 
the orogenic events of the Early Devonian Age has removed thousands (perhaps
as much as a few tens of thousands) of feet from the mountains and exposed the 
deep roots. Erosion has beveled the tops of the gneiss domes so that the 
mantle sequence is now preserved only in the downfolds between the domes. The 
map pattern in Figure 4 reflects this relationship where the domes are 
surrounded by the mantle sequence rocks. 

Forest Cover 

The land use in the Quabbin watershed is primarily forest cover. According
to Spencer and Lyons (1986), the forest of this region consists primarily of 
oak, pine, and hemlock interspersed with the northern hardwoods birch and red 
maple. The oak forest dominates all other forest types in the watershed, 
since this species is the most suited for growing in the majority of the 
Quabbin area. The white pine forest, which originally predominated in the 
areas in which old pastures and fields were allowed to regrow, has diminished 
over the past twenty years. The hardwoods have tended to replace the pine in 
these areas. However, in other areas of the watershed in which the well- 
drained till soils predominate, the white pine is increasing. This is 
especially evident on the southern and western exposures, and on the well 
drained sands and gravels of the valleys. The steep valleys and north slopes 
are dominated by hemlock, while the fertile wet sites are composed of northern 
hardwoods, especially birch and red maple. 

The forest in this region is generally even-aged stands 60 to 80 years old 
with relatively little acreage in younger stands. The bulk of the younger 
stands originated after the 1938 hurricane destroyed thousands of acres of 
white pine. Recent farmland abandonment has produced pasture pine stands, 
primarily in Petersham. The harvest of these pine Stands will continue the 
conversion to hardwood stands. 

Extensive red pine stands were planted in many areas of the watershed, similar 
to plantings around numerous water supplies in other areas of the state. 
These plantings were to promote reforestation of open fields and to repair the 
hundred or more acres stripped for the construction of the dams. Red pine was 
selected because of resistance to blister rust and weevils and the ability to 
produce a good forest floor. These plantings were expected to reduce shore- 
line erosion and subsequent sedimentation into the water bodies, and prevent 
the growth of deciduous trees in areas where leaf litter would migrate into 
the water potentially causing quality problems. This northern species is not 
as well adapted to the climate and soils of this area (hardwood sites with 
rich soils and a high water table). The red pine has not produced the 
impressive stands seen in more northern areas. The pine tend to have shallow 
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roots and are severely affected by heavy winds. Many of these stands are 
being removed over time as part of the management program to convert the 
largely forested watershed to more open areas for the betterment of wildlife 
habitat and to increase quantity of water and subsequent safe yield of the 
system. 

DESCRIPTION OF TEE WARE RIVER BASIN 

The mainstem of the Ware River is formed in the Town of Barre at the 
confluence of the East Branch and the West Branch of the Ware River. From 
this confluence, the river flows 34 miles in a southwesterly direction, 
dropping 480 feet in elevation and draining 435 square miles. Less than one 
mile above the village of Three Rivers, the Ware River merges with the swift 
River. A short way downstream, these two rivers combine with the Quaboag 
River to form the chicopee. 

The headwaters of the East Branch of the Ware River are the combined outflows 
from Bickford Pond in Hubbardston and Princeton, and from Mare Meadow 
Reservoir in Westminster and Eubbardston. Extensive marsh areas bordered by 
a chain of forested hills rise to 1000 feet above sea level on both sides of 
the river. This branch flows southwesterly through Rutland where the waters 
from Asnacomet Pond flow easterly to join the east branch at the border of 

Demond Pond 
The waters from Longmeadow Brook, which forms as the outflow from Princeton. 
flows to Long and Whitehall Ponds in Rutland, then flows 

northwesterly to combine with the east branch in New Boston (a section of 
Rutland). Little development is present in the northern stretches of the East 
Branch. Only Demond Pond has significant shoreline development. 

The headwaters of the West Branch of the ware River are formed by combining 
the outflows of a series of ponds. The outlet waters from Lovewell Pond and 
waite Pond in Hubbardston flow southerly into Cunningham Pond and then 
continue in this direction to Bingham Pond after merging with the outlet 
waters from noosehorn Pond. The west branch then continues to flow in a 
southerly direction through extensive marshlands bordered by forested hills 
before joining with the larger east branch at the border of Hubbardston and 
Barre. 

The Barre Falls Dam and Reservoir is located less than one mile below the 
confluence of the two upper branches. The dam was built as a flood control 
structure to regulate the runoff from 55 square miles. Approximately four 
miles downstream from the Barre Falls Dam, the Metropolitan District 
Commission operates a dam and intake works to divert water westerly to Quabbin 
Reservoir. The MDC dam controls drainage from 97 square miles of area. The 
USGS operates two flow gaging stations near the MDC intake, commonly known as 
shaft 8. One gaging station is directly downstream of the Barre Falls Dam; 
one gaging station is directly downstream of the m c  dam. 

Through the intake structure in Barre (constructed in 19311, the water from 
the Ware River is diverted to the Quabbin Reservoir. (The aqueduct allows 
transfer to Quabbin or wachusett, but diversion of Ware River water to 
Wachusett is not normal operating procedure.) Diversion from the river is 

unless the flow in the river exceeds 
limited to the period from october 15 

85
through June 15, and may not take place 

million gallons per day. 

The towns in the Ware River watershed include: Barre, Hubbardston, oakham, 
Phillipston, Rutland, Templeton, Westminster. and Princeton. 
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9UABBIN TRIBUTARY WATER QUALITY ASSESSMENT 


The water quality data in the July 1990 and November 1990 DEP/MDC reports for 
Quabbin Reservoir and watershed, are discussed in the following sections. The
figures describing the data appear in Appendix J. Please refer to these tables 
with the discussion of each parameter. 

Due to the large land area in the watershed, and therefore the large number of 
tributaries sampled, an extensive data set was compiled. In order to effectively 
review these data, the stations were grouped for each parameter as follows: 

1. tributaries discharging into the western arm of the reservoir; 
2. tributaries discharging into the central portion of the reservoir; 
3. tributaries discharging into the eastern portion of the reservoir; and 
4. Ware River discharge plus outlet waters from the Quabbin Reservoir. 

This grouping of six stations per graph and in the tables, allowed for viewing 
the following: 

1. annual and seasonal trends in each watershed area; 
2. outlying stations or individual data points; 
3. comparisons of watershed areas to facilitate the development of a 

management plan and long-term monitoring program; and 
4 .  comparison of regional water quality data with G I s  maps. 

For a selected number of parameters, the number of stations per graph was reduced 
to allow for more detail and resolution. 

Average values presented in the results section were calculated using all 
available data even though a few of the tributaries had both an upstream and a 
downstream station. Average values were also time weighted as some months only 
had one sampling event (due to weather conditions making access difficult) while 
most months had two sampling events. 
point of discharge into the reservoir. 

Other tributaries were only sampled at the 
Maximum and minimum values, and parameter 

ranges were based on all available data from all stations, including the values 
from the upstream stations. Table 4 lists the ranges of parameter values for 
tributaries and outlets. Table 5 lists the average, minimum, and maximum values 
for designated areas of the watershed. 
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TABLE 4 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 

RANGES OF PARAMETER VALUES FOR TRIBUTARIES AND OUTLETS 

RLRAGINITY 
fnw/ 11 

CHLORIDE
lms/1) 

COLOR 
f C . U . )  

CONDUCTIVITY
tumhos/cm) 

-NESS
tm/1) 

D.0.
rms/1) 

PERCENT
SATURATION 

PH 
fS.U.1 

cadwell Creek(a) 

purgee Brook 
Atherton Brook 
W. Br. swift River 
Dickey Brook 

(b) 
0.8-7.7 
0.8-6.5 
0.7-4.9 
1.5-6.4 
1.2-6.9 
4.3-13.2 

1.3-6.0 
2.6-6.0 
8.0-14.9 
6.5-12.0 
3.6-14.9 
2.3-10.0 

5-30 
10-45 
5-25 
8-38 
7-43 
12-50 

28-38 
28-44 
47-72 
37-58 
30-78 
35-52 

5.8-12.0 
6.0-14.0 
7.0-17.0 
5.5-15.0 
6.0-17.0 
9.0-19.0 

8.7-14.4 
8.4-14.0 
8.5-14.3 
8.3-14.0 
8.4-13.8 
8.4-14.3 

91-102 
86-104 
91-102 
90-101 
84-100 
92-101 

5.2-6.9 
5.1-6.9 
4.9-6.9 
5.2-6.1 
5.1-6.8 
6.4-6.9 

Prescott Brook 
Underhill Brook 
HOP Brook(a)

(b)
Middle BIT. swift(a) 

(b) 

4.1-12.8 
5.3-13.2 
4.2-12.2 
2.9-12.6
2.1-9.2 
3.4-11.1 

2.6-5.0 
2.1-5.0 
1.0-13.1 
7.3-14.9 
5.6-11.0 
7.0-14.0 

10-47 
12-40 
10-45 
10-55 
15-70 
17-75 

32-49 
32-47 
47-68 
48-75 
38-72 
43-80 

7.8-18.0 
8.0-19.0 
9.2-20.0 
9.0-20.0 
7.0-16.0 
8.6-20.0 

8.4-14.0 
8.6-14.5 
8.5-14.4 
8.0-13.9 
7.1-13.4 
5.9-12.6 

85-109 
87-100 
89-103 
87-100 
78-102 
65-9 5 

6.3-7.0 
6.5-7.0 
6-4-7.0 
6.3-6.9 
5.9-6.8 
5 .E-6 .8 

w. Br. Fever Brook(a) 3.0-11.0 
(b) 2.7-9.5 

E. Br. Fever erookta, 2.5-10.0
ibj 2.0-7.5 

E. BK. Swift Brookla) 1.6-8.3 
ib) 1.5-9.2 

7.5-12.0 
11.0-17.0 
6.3-12.0 
9.3-21.0 
6.7-11.0 
8.5-14.0 

25-100 
32-180 
25-65 
30-75 
23-60 
25-85 

42-70 
53-81 
42-67 
53-92 
42-58 
48-70 

7.0-21.0 
7.6-18.0 
7.1-17.0 
6.9-20.0 
6.2-6.0 
6.5-19.0 

5.0-13.1 
4.8-13.0 
7.6-14.0 
4.9-12.2 
6.6-13.6 
6.4-14.0 

58-93 
53-92 
85-97 
57-95 
76-101 
74-100 

5.9-6.8 
5 .l-6.7 
6 .O-6.8 
5.4-6.7 
6 .O-6.9 
5.7-6.9 

Ware River 2 .O-3.9 7.8-11.7 30-95 42-57 8.0-17.0 8.2-15.2 84-104 5.3-6.1 

Quabbin Outlets 3.0-7.8 4.2-7.0 5 35-47 6.5-18.0 7.9-13.9 80-112 6.l-7 .O 

(a) Indicates downstream station 
(b) Indicates upstream station 



TABLE 4 (CONTINUED) 


TOTAL
SOLIDS 

FIXED
SOLIDS TURBIDITY PHOSPEORUS TUN M N I A  NITRATE 

(mu/ 1) (mu/ 11 l r n l  rns/ 1) tml1) (nu/11 ImSl l )  

Cadwell Creek(a) 

Purgee Brook 

w. Br. swift River 
Dickey Brook 

(b) 

Atherton Brook 

26-43 
48 
38-57 
34-49 
29-50 
30-51 

19-32 

31-45
21-41 
20-50 
22-36 

- 0.2-0.6 
0.2-0.6 
0.2-0.6 
0.1-0.4 
0.2-0.4 
0.3-1.5 

<0.005-0.045 
<0.005-0.060 
<O. 005-0.029 
<0.005-0.020 
<0.005-0.018 
<0.005-0.041 

0.06-1.30 

0.05-2.00 
0.07-0.89 
0.11-0.75 
0.07-0.75 

- <0.02-0.13 
<0.02-0.07 
<0.02-0.09 
<o. 02-0.10 
<0.02-0.05 
<0.02-0.13 

<0.02-1.90 
0.04-0.52 

XO.02-0.60 
CO.02-0.64 
0.03-0.64 
0.02-1.19 

\D-

Prescott Brook 
Underhill Brook 
HOD Brooktal-
Middle Br. swifttal 

hi 
ibj 

29-50 
29-75 
39-61 
48 

27-52 
36-62 

21-39 
19-46 
30-48 -
25-42 
25-47 

0.3-1.3 
0.3-2.0 
0.3-0.9 
0.3-1.0 
0.4-0.8 
0.3-0.9 

0.007-0.063 
CO.005-0.090 
<0.005-0.066 
CO.005-0.052 
0.006-0.025 

<0.005-0.024 

0.13-1.00 
0.12-1.50 
0.13-0.69 
0.16-0.67 
0.11-1.00 
0.13-0.79 

<0.02-0.07 
<0.02-0.32 
CO.02-0.23 
<0.02-0.04 
<0.02-0.16
<0.02-0.05 

0.03-0.78 
0.02-0.97 
0.04-0.92 
0.03-0.25 

<o .02-0.99 
0.04-0.29 

w. BK. Fever Brook(a) 34-61 
(b) 43-76 

E. Br. Fever Brook(a) 33-62 
(b) 40-82 

E. Br. swift Brook(a) 33-50 
(b) 40-60 

29-42 
34-52 
23-41 
33-59 
27-41 
28-45 

0.3-0.9 
0.3-0.9 
0.3-0.9 
0.4-0.7 
0.4-1.5 
0.4-1.0 

0.009-0.033 
0.010-0.034 
0.007-0.024 
0.009-0.035 
0.007-0.025 
0.011-0.049 

0.19-2.30 
0.30-1.40 
0.14-1.10 
0.20-1.20 
0.16-1.40 
0 .2 1-1.70 

~0.02-0.17 
<0.02-0.09 
<0.02-0.08 
<0.02-0.18 
<0.02-0.10 
<0.03-0.14 

<0.02-0.49 
0.02-0.71 
0.02-0.40 
0.02-0.38 
20.02-0.48 
0.03-0.45 

Ware River 35-50 23-42 0.4-0.9 0.007-0.029 0.20-0.80 CO.02-0.31 0.02-0.37 

Quabbin outlets 22-83 13-61 0.2-0.8 <0.005-0.014 0.10-0.65 <0.02-0.07 <0.02-0.40 

(a) Indicates downstream station 
(b) Indicates upstream station 



TABLE 5 

QUABBIN TRIBUTARIES ASSESSMEWI! REPORT 

AVERAGE, MININUM AND HAXINUM VALUES FOR DESIGNATED ARERS OF WATERSHED 

PARAMETERS WEST CENT- EAST WARE RIVER O m T S  
CHEMICAL 

Mean 
Min 
Max 

3.3 
0.7 
13.2 

6.7 
2.1 
13.2 

4.1 
1.5 
11.0 

3.1 
2.0 
3.9 

3.9 
3.0 
7.8 

Mean 
Min 
Max 

6.9 
1.3 

14.9 

6.4 
1.0 

14.9 

11.3 
6.3 

21.0 

9.0 
7.8 

5.4 
4.2 

co lo r  
(CU)  

Mean 
win 
Max 

15 
5 

50 

25 
10 
75 

53.5 
23 
180 

52 
30 
9 5  

5 
5 
5 

Conductivity
(pmhos/cm) 

Mean 
Min 
Max 

41 
28 
78 

46.6 
32 
80 

57 
42 
92 

50 
42 
57 

39 
35 
47 

Mean 
Min 
Max 

10.4 
5.5 
19 

12.1
7 . O  

20 

12.0 
6.2 

21 

11.5 
8.0 
17 

10.4 
6.5 
18 

D.O. 
(mg/l)  

win 
Max 

8.3 
14.4 

5.9 
14.5 

4.8 
14.0 

8.2 
15.2 

7.9 
14.5 

Percent 
Sa tura t ion  

Mean 
Min 
Max 

95 
84 
104 

93 
65 
109 

85 
53 
101 

93 
84 
104 

97 
80 

112 

PH Min 
H a X  

4.9 
6.9 

5.8 
7.0 

5.4 
6.9 

5.3 
6.1 

6.1 
7.0 

Fixed To ta l  
Sol ids  (mg/l) 

Mean 
Min 
Max 

30 
19 
50 

33 
19 
48 

37 
23 
59 

32 
23 
42 

28 
13 
61 

Mean 
Min 
Max 

41 
26 
57 

43 
27 
75 

51 
33 
82 

44 
35 
50 

39 
22 
83 

Mean 
Min 
Max 

0.3 
0.1 
1.5 

0.5 
0.3 
2.0 

0.6 
0.3 
1.5 

0.6 
0.4 
0.9 

0.3 
0.2 
0.8 
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TABLE 5 (COMTINUED) 


PARAMETERS
NUTRIENTS 

WEST CElsTRAL EAST WARE RIVER OUTLETS 

Mean 
Min 
Max 

0.04 
<o. 02 
0.13 

0 . 0 4  
<o. 02 
0.32 

0 . 3  
<0.02 
0.18 

0.07 
< O f  02
0.31 

0.3 
CO. 02 
0.07 

Mean 
Min 
Max 

0.21 
<o. 02 
1.90 

0.20 
<o. 02 
0.99 

0.13 
<o. 02 
0.71 

0.14 
0.02 
0.37 

0.15 
<o. 02 
1.39 

organic
Nitrogen
(mg/l) 

Mean 
Min 
NaX 

0.35 
0.03 
1.98 

0.43 
0.03 
1.48 

0.52 
0.11 
2.16 

0.33 
0 
0.69 

0.32 
0.08 
0.63 

Total 
Phosphorus
(mg/l) 

Mean 
Min 
Max 

0.015 
<0.005 
0.060 

0.020 
<0.005
0.090 

0.018 
0.007 
0.049 

0.014 
0.007 
0.029 

0.008 
<0.005 
0.014 
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WATER QUALITY ASSESSMENT - CEEMICAL DATA 
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ALKALINITY 

Alkalinity is defined as the quantity and types of compounds present that elevate 
the pH above a value of 4 . 5 ,  This parameter, measured as milligrams per liter 
of calcium carbonate, determines the buffering capacity of the water. The 
alkalinity is usually the result of the action of carbonates, bicarbonates, 
hydroxides, and to a lesser extent, phosphates, silicates and borates. Waters 
with higher alkalinity are usually found in areas draining limestone deposits or 
which accept industrial waste, while waters of low alkalinity are usually found 
draining areas of igneous formations. Alkalinity is important for municipal 
water supplies for determining the quantity of chemicals that should be added to 
control corrosion in the distribution system. Haximum levels up to 400 mg/l as 
CaCO, are not considered a human health problem (NAS, 1974). 

Different types of industry have differing raw water needs for alkalinity levels. 
For example, source waters should not exceed 85 mg/l for bottling and canned soft 
drinks, or exceed 300 mg/l for food canning. 

Alkalinity buffers the naturally occurring pE changes resulting from 
photosynthetic activity, decomposition and respiration. Low alkalinity lakes <20 
mg/l CaC03 will tend to exhibit the effects of acid deposition, whereas high 
alkalinity lakes will provide the buffering capacity to regulate the pH changes. 
Alkalinity is also important to aquatic life as the carbonates and bicarbonates 
will complex toxic metals. A natural alkalinity of at least 20 mg/l is 
considered ideal (NTAC, 1968). Temperate lakes in general range from 30-150 mg/l
cacoj. 

A study conducted by Leonard et. a1.(1984) in the cadwell creek subwatershed 
indicated that in areas of groundwater with rapid velocity and steep hydraulic 
gradient the water had lower pH and low conductivity. This is significant since 
55% of the cadwell Creek discharge is interflow (precipitation that passes 
through the ground prior to discharge to the brook). The study also showed that 
90% of the potential exchange sites were already occupied by hydrogen and 
aluminum ions, creating little potential for acid neutralization of 
precipitation. The neutralization that did occur was related to silicate 
weathering and contact with surficial materials. 

Alkalinity values for all areas are well below the 20 mg/l level. Values range 
as follows: 

0.7 - 7.7 mg/l for most of the western tributaries; 
2.1 - 13.2 mg/l central tributaries; 
1.5 - 11.0 mg/l eastern tributaries; 
2.0 - 3.9 mg/l ware River; 
3.0 - 7.8 mg/l outlets. 

In general, the western tributaries had the lowest buffering capacity, with one 
station (Dickey Brook) showing values higher than the other western tributaries. 
values ranged from 4.3 - 13.2 mg/l. These levels were more typical of the waters 
from the central tributaries which had generally higher levels than the other 
areas. Alkalinity values in Dickey Brook varied substantially over the course 
of the study, with higher value in July, August, September and in December. 

Average alkalinity values were 3.5, 6.9 and 4.1 mg/l for the western, central and 
eastern areas, respectively; 3.1 mg/l for Ware River diversion water; and 3.9 
mg/l for outlet water. Seasonal variations in all three watershed areas showed 
higher alkalinities from July through October, and from December and January. 
The alkalinity of the waters appeared to decrease as the precipitation increased 
and increase during the growing season as carbon dioxide was removed from the 
Water. Lowest values were found from February to June and during November. 

The alkalinity values for all tributaries were exceptionally low, indicating 
little to no buffering capacity with the potential for large variations in pH. 
Only four tributaries had average alkalinity above 5 mg/l. These tributaries 
were: Dickey Brook, Prescott Brook, Underhill Brook, and Hop Brook. 
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Ware River diversion water and outlet waters all averaged below 5 mg/l. The 
Middle Branch of the Swift River had values that averaged around 5 mg/l. 

CHLORIDE 

Chloride is one of the most prevalent inorganic ions in water. Sources include 
atmospheric deposition downwind from sea coast areas, road salt, industrial 
discharges, local geologic formations, and wastewater treatment systems. 

Public water suppliers have set a level of 250 mg/l to prevent taste problems, 
deterioration of domestic plumbing, water heaters and municipal waterworks 
equipment, and public health problems for people on a salt restricted diet (as 
the chloride ions are usually found in combination with the regulated sodium 
ions). This level is consistent with the secondary federal drinking water 
regulations for recommended but not regulated parameters. 

chloride concentrations in natural waters range from 8 - 20 mg/l. Levels above 
this range, or seasonal changes over a year may indicate problem areas. 

Average values for all three sections of the watershed were low, 6.9, 6.4 and 
11.3 mg/l for the western, central and eastern tributaries, respectively. The 
average chloride concentration for water diverted from the ware River was 9.0 
mg/l. Water from the three outlets averaged 5.4 mg/l. 

The range of chloride values were as follows: 

1.3 - 14.9 mg/l western tributaries; 
1.0 - 14.9 mg/l central tributaries; 
6.3 - 21.0 mg/l eastern tributaries; 
7.8 - 11.7 mg/l ware River; 
4.2 - 7.0 mg/l outlets. 

In general, the eastern tributaries had higher chloride levels than were found 
in the other two basins. Only one station, the East Branch of Fever Brook 
(upper) showed values above 20 mg/l, with most data points falling in the 15 -
21 mg/l range. These chloride levels were consistent with the highest 
conductivity values of the study also being found at this station (53 - 92 
pmhos). Data from the lower portion of the East Branch of Fever Brook showed 
that the chloride values (6.3 - 12.0 mg/l) and the conductivity values (42 -
67pmhos) were substantially reduced after passing downstream. The higher values 
upstream may have been a result of the runoff from the area of Camels Hump Road. 

Cadwell Creek (upstream and downstream) on the western arm, and Prescott and 
Underhill Brooks in the central area had the lowest chloride levels ( < 6  mg/l for
most dates). These low values were in line with the low conductivity levels seen 
at these stations on most dates. TWO tributaries on the western arm, West Branch 
Of the Swift River and Dickey Brook, also had very low values (<6 mg/l) for most 
of the year, but were subject to sharp rises in the chlorides value. The
elevated levels were seen in late September at both stations and also in the 
spring at the west Branch of the Swift River. Atherton Brook which had slightly 
higher levels also showed a seasonal rise in chloride levels during August and 
September. The chloride levels in Purgee Brook were also noticeably higher than 
the values measured in the other western tributaries. 

Outlet waters had exceptionally low chloride levels (<7 mg/l). ware River 
diversion waters were about the same as the values obtained- from most of the 
central tributaries (8 - 12 mg/l). 

Color in water typically occurs from the decomposition of naturally occurring 
organic matter (decaying leaves, plants and soil organic matter) which produce 
colloidal humic substances. Colloidal forms of iron, copper and manganese may 
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also contribute color. color can be affected by pH which can determine both the 
particle size of the colloids and the intensity of the color. nigh color is 
noticeable in areas draining extensive wetlands. 

color is important in public water supplies primarily on an aesthetic level. 
Drinking water standards recommend that finished water not exceed 15 units on the 
platinum - cobalt scale. However, color may be objectionable to some people at 
as low as 5 C.U. color may also indicate the potential for the production of 
excess amounts of disinfection by-products such as trihalmthanes. Federal 
water quality criteria for source water (USEPA, 1986a) recommend a level less 
than 75 C.U. on the platinum - cobalt scale. Industry has requirements that 
range from 25-1,200 C.U. depending on the type of industry and the use for the 
water, The health of the aquatic system is affected by color which may reduce 
light penetration thereby affecting phytoplankton and vascular plant growth. 

Color levels in the three areas of the watershed were noticeably different as 
evidenced by the average values of 15, 25 and 53.5 C.U. for the western, central 
and eastern tributaries, respectively. The range of values for these areas are 
as follows: 

5 - 50 C.U. western area; 
10 - 75 C.U. central area; 
23 - 180 C.U. eastern area. 

Color in the Ware River diversion water averaged 52 c.u., and for the three 
outlets averaged 5 C.U. 

Values were as follows: 
30 - 95 C.U. ware River; 

5 C.U. outlets. 

The western and central tributaries had the lowest range of color values, with 
all stations less than or equal to the 75 C.U. figure recommended for source 
waters. only the Middle Branch of the swift River (central area) approached 75 
C.U. These high color levels were seen at both upstream and downstream stations. 

The eastern stations had the widest range of values and the highest color levels. 
Station QT215A (West Branch of Fever Brook - upstream) had values ranging to 180 
C.U. This station was graphed separately due to these high levels from June 
through October. The eastern tributaries drain areas heavily influenced by 
wetlands, as compared with tributaries in the other two basins. In the eastern 
area, color levels of 75 or greater were measured at all three tributaries (West 
Branch Fever Brook, East Branch Fever Brook and East Branch of the swift River) 
at the upstream stations. only the West Branch of Fever Brook still had high 
levels above 75 C.U. at the downstream station. 

Seasonal trends showed color levels generally lower from December to May, with 
significant increases during the June to November growing season, for all 
stations. The most noticeable changes were seen in the western basin at cadwell 
Creek (upstream) where levels rose from 10 C.U. to close to 45 c.u., and at 
Dickey Brook where levels rose from about 12 C.U. to close to 50 C.U. In the 
central basin, the Middle Branch of the swift River showed the greatest rise in 
color levels in the summer months with an increase of about 55 c.u.. In the 
eastern area of the watershed, the greatest changes were seen in the West Branch 
of Fever Brook with an increase of about 60 C.U. The East Branch of the Swift 
River (upstream) not only had a large seasonal increase on color levels, but, the 
values at each sampling event were subject to more fluctuations than were noted 
at other stations in the eastern area. The color levels in the East Branch of 
the Swift River (downstream) showed the least seasonality of all the tributaries 
sampled in the eastern section. 

Color levels of outlet water to the wachusett and Chicopee aqueducts were all 
well below the 15 C.U. criteria, and never exceeded 5 C.U. 
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CONDUCTIVITY 

conductivity levels reflect the presence of dissolved ionic matter in solution. 
Values depend upon the total ionic concentration, the mobility, valence and 
relative concentrations of the ions, and on the temperature of the solution. 
Inorganic acids, bases and salts produce higher values, while molecules of 
organic compounds affect conductivity levels very little. In general, 
conductivity levels will provide an indication of the overall quality of a water 
body. conductivity values will also often show similar patterns to the 
concentration of chloride. conductivity for potable waters range from 50-1500 
vmhos/cm (AWWA, 1985). 

Estimates of total dissolved solids can be calculated from conductivity values, 
by multiplying by an empirical factor of 0.55 - 0.9. 

Average values for the western, central and eastern areas were calculated as 41, 
46.6 and 57 pmhos/cm, respectively. Ranges for these tributary areas were as 
follows: 

28 - 78 pmhos/cm western area; 
32 - 80 pmhosjcm central area;
42 - 92 pmhos/cm eastern area. 

The ware River diverted water averaged 50 pmhos/cm. The outlet waters averaged 
39 pmhosjcm. 

Ranges for these two groups were: 

42 - 57 pmhos/cm ware River diversion; 
35 - 47 pmhos/cm outlets. 

The stations showing the lowest conductivity levels with the least amount of 
variability over the term of the study were cadwell creek (both upstream and 
downstream stations) in the western area. The upstream and downstream cadwell 
creek stations had average values of 33 and 32 pnhos/cm, and the lower Dickey
Brook station had values averaging only 40 pmhos/cm. Low values were also seen 
at Prescott and Underhill Brooks (central area) averaging 38 and 37 pmhos/cm, 
respectively, at the downstream stations. The outlet values were also
consistently below 50 pnhos/cm on all dates. 

The highest overall values were seen in the eastern area at the East Branch of 
Fever Brook (upstream). The values ranged from (53 - 92 pmhos/cm) with some 
reduction in conductivity levels prior to discharging into the reservoir at the 
downstream station (42 - 67 jnnhosjcm) . This trend of higher values upstream 
being moderated prior to discharge in the reservoir was also seen at the other 
two eastern tributaries. At the west Branch of Fever Brook the values dropped 
slightly from 53 - 81 pmhos/cm to 42 - 70 pmhosjcm. At the East Branch of the 
swift River the data changed from 48 - 70 pmhosjcm upstream to 42 -58 pmhos/cm 
downstream. 

The highest conductivity levels in the western area were seen at Purgee Brook 
with most levels above 50 phos/cm. Although the west Branch of the swift River 
had values less than 50 phos/cm for most of the study period, spikes reaching 
near 60 and 80 pmhos/cm were evident in the fall and spring. In Massachusetts 
waters, generally a value of less than 100 phos/cm indicates an unimpacted 
situation. 

on an overall watershed review, the stations could be sorted into three 
categories as follows: 

lowest conductivity: (most values between 30 and 50 pmhos/cm) 
Cadwell Creek (upstream and downstream) 
Atherton Brook 
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West Branch swift River 
Dickey Brook 
Prescott Brook 
Underhill Brook 

* mid-range conductivity: (most values between 50 and 65 pmhos/cm) 
Purgee Brook 
HOP Brook (upstream and downstream) 
Middle Branch Swift River (upstream and downstream) 
West Branch Fever Brook (upstream and downstream) 
East Branch Fever Brook (downstream) 
East Branch Swift River (upstream and downstream) 
Ware River diversion 

highest conductivity: (values mostly greater than 65 phos/cm) 
East Branch Fever Brook (upstream). 

HARDNESS 

Hardness is defined as the characteristic of water representing the dissolved 
polyvalent metallic ions, and is an assessment of the quality of the water 
supply. These ions are predominantly calcium and magnesium salts usually 
combined with bicarbonates and carbonates, but may include iron, manganese and 
strontium. Hardness is related to alkalinity. If the hardness is greater than 
the sum of the carbonate and bicarbonate alkalinity, the presence of ions such 
as sulfates, chloride, nitrates, or anions of other mineral acids are indicated. 
If the hardness is equal to or less than the sum of the carbonate and bicarbonate 
alkalinities, the reverse is true. 

In water supplies, high levels of hardness can cause increased soap requirements, 
form scales in water heaters, or cause kidney stones. For aquatic life, an 
increase in hardness may increase tolerance for toxic metals. Most of the waters 
in the northeast are characterized as soft (0 - 75 mg/l Caco,) or moderately hard 
(75-150 mg/l caco,). Sources of hardness include local limestone deposits, 
industrial discharges and abandoned mines. Bardness values of 10-20 mg/l are 
considered low, 50-75 mg/l are considered average, and greater than 150 mg/l are 
considered high for temperate lakes. 

Many water suppliers reduce hardness levels to below 100 mg/l. Although no 
federal drinking water levels are set for hardness, the Massachusetts Division 
of water Supply recommends a range of 50 - 200 mg/l. Levels outside of this 
range may indicate a need for treatment, or the existence of possible sources of 
contamination. The American Water works ASSOCiatiOn (1982) lists an "ideal" 
water as containing less than 80 mg/l. 

Duringthe study, average values for hardness were 10.4, 12.1, and 12.0 mg/l for 
the western, central and eastern tributaries, respectively. Values for the 
outlet waters and the ware River diversion were 10.4 and 11.5 mg/l. Ranges of 
values were as follows: 

5.5 - 19 mg/l Caco, western basin; 
7.0 - 20 mg/l caco, central basin; 
6.2 - 21 mg/l CaC03 eastern basin; 
8.0 - 17 mg/l Caco, ware River; 
6.5 - 18 mg/l CaC0, outlets. 

The hardness values for the Quabbin tributaries were all very low (< 21 mg/l) 
indicating extremely soft water in all regions. No variation existed among the 
different areas. Values for the Ware River diversion and the outlets were also 
very low. 

A comparison of the alkalinity and hardness data showed that the hardness values 
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far exceeded the alkalinity values on all dates for all stations. The presence 
of ions other than carbonate was indicated. In general, the non-carbonate 
hardness was about twice the carbonate hardness for all Quabbin tributaries, the 
Ware River diverted water, and for the outlets. 

DISSOLVED OXYGEN 

The dissolved oxygen concentration is a result of the photosynthetic and
respiratory activity of the biota, in combination with diffusion at the air -
water interface. The ranges of values for the watershed were as follows: 

8.3 - 14.4 mg/l western basin; 
5.9 - 14.5 mg/l central basin; 
4.8 - 14.0 mg/l eastern basin; 
8.2 - 15.2 mg/l ware River; 
7.9 - 14.5 mg/l outlets. 

The dissolved oxygen levels appeared to follow typical seasonal patterns. 
Dissolved oxygen is usually higher in the winter when water temperatures are 
higher and the solubility of oxygen in the water is increased. The reverse is 
true in the summer when oxygen levels may also fluctuate more in response to 
diurnal variations caused by increased respiration at night and increased 
photosynthesis during the daytime. 

In the central area, only one station (Middle Branch of the Swift River -
upstream) had levels noticeably below those of the other stations in the area. 
Values ranged from a low of 5.9 mg/l to a high of 12.6 mg/l. The upper station 
on this tributary had percent saturation levels substantially lower (30-40%) than 
the downstream station. This was due to the fact that the upper station was 
situated just downstream of a large wetland area causing natural lowering of the 
dissolved oxygen levels during the summer months as decomposition increased due 
to the high amounts of organic matter present. 

In the eastern area, the West Branch of Fever Brook (upstream and downstream) had 
low summer values ranging from 4.8 mg/l, with winter time highs to 13.0 mg/l. 
The East Branch of Fever Brook also had low summer values ranging to 4.9 mg/l, 
with winter highs only to 12.2 mg/l. The Fever Brooks drain substantial wetland 
areas which result in the lower dissolved oxygen levels. 

other tributaries with significant wetland areas include, Cadwell creek and 
Dickey Brook in the western section and the East Branch of the Swift River in the 
eastern section. The East Branch of the swift River did not exhibit the same low 
percent saturation level due to the wetland being situated in the upper reaches 
of the watershed away from the sampling point. A large wetland area also existed 
on this tributary downstream of the sampling point as the water entered the 
reservoir. Therefore the data on dissolved oxygen may not be reflective of the 
water which is actually entering the reservoir, but the data is more
representative of the impact of watershed activities on water quality. A more 
representative figure for the amount of wetlands in each subwatershed would be 
available if the land use was recalculated in GIs with forested wetlands coded 
as wetlands rather than as forest. 

For Class A inland surface waters, the Massachusetts Water Quality standards 
(1991) state that dissolved oxygen, "shall not be less than 6.0 mg/l unless 
background conditions are lower." The three Quabbin outlets all discharge water 
with dissolved oxygen levels well above this 6.0 mg/l value. The lowest value 
was 7.9 mg/l during August. Ware River diversion water had consistently high 
levels of dissolved oxygen, ranging from 8.2 mg/l to 15.2 mg/l. 
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PERCENT SATURATION 

Percent saturation levels provide an indication of the mount of oxygen in the 
water relative to the quantity that can be dissolved at that particular 
temperature and pressure. Ranges for the Quabbin watershed were as follows: 

84 - 104% SAT western tributaries; 
65 - 109% SAT central tributaries; 
53 - 101% SAT eastern tributaries; 
84 - 104% SAT ware River. 
80 - 112% SAT outlets. 

Average values for the west, central and eastern areas were 95%, 93% and 85%. 
The Ware River samples averaged 93%, and the outlet stations averaged 97%. In 
general, the percent saturation levels were higher for the five tributaries in 
the western area and lowest in the three tributaries in the eastern area. The 
tributaries with the lowest overall percent saturation values were: 

Central Area: 
Middle Branch of the Swift River (upstream) 65 - 95% 

(downstream) 78 - 102%: 

Eastern Area: 
West Branch of Fever Brook (upstream) 53 - 92% 

(downstream) 58 - 93% 

East Branch of Fever Brook (upstream) 57 - 95% 

East Branch of the Swift River (upstream) 74 - 100% 
(downstream) 76 - 101%. 

The low percent saturation values for these tributaries followed from the low 
dissolved oxygen levels for all tributaries except for the East Branch of the 
Swift River. The dissolved oxygen values appeared to be high at this station, 
but were lower than the water could support at the temperature levels measured. 

pH is a measure of the hydrogen ion activity, or the acid-base equilibrium of 
dissolved compounds, salts and gases (co, H2S, NH3) in the water. Changes in pH 
reflect natural chemical processes, biol?ogical activity and pollution. 

The federal and state recommendations for drinking water range from 6.5 - 8.5. 
The pH for the three Quabbin outlets was close to 6.5, with an average alkalinity 
of only 4 mg/l. 

In water supplies, the pH of the source water determines transmission pipe 
corrosivity or alternatively, scale build-up, and the effectiveness of treatment 
processes such as coagulation and chlorination. corrosion can lead to extensive
pipe replacement, or-cause metal ions (copper, lead, zinc and cadmium) to be 
released into the water. 

A p~ level of 7 - 8.3 causes a c a m 3  lining to form preventing pipe corrosion. 
Source water pH ranging from 5 - 9 can be treated, but as the pH varies, the 
treatment costs increase. Color removal by aluminum or iron salts is optimum in 
the range of pH 5 - 6.5. Chlorine disinfection is best at a pH less than 7. 

Aquatic life criteria range from 6.5 - 9.0. Also, the solubility of metal 
compounds in bottom waters or suspended material are affected by pH changes. As
the pH drops, an increase or decrease is seen in various metal concentrations 
depending on the solubility factor of that compound. 
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During the April 1989 - April 1990 period of this study pH values ranged as 
follows: 

4.9 - 6.9 western area: 
5.8 - 7.0 central area; 
5.4 - 6.9 eastern area; 
5.3 - 6.1 Ware River diversion: 
6.1 - 7.0 outlets. 

The pH values in four of the five western tributaries were exceptionally low 
ranging down to a pH of 4.9. These four tributaries were cadwell Creek (upstream 
and downstream), Purgee Brook, Atherton Brook and the west Branch of the Swift 
River. Dickey Brook had noticeably higher values (pH 6.4 - 6.9) throughout the 
year, as compared with the other four tributaries. The higher pH values in 
Dickey Brook were consistent with the higher alkalinity and therefore better 
buffering capacity in that tributary as compared with the other four western 
tributaries which had very low buffering capacity. 

In the central area only the Middle Branch of the swift River (upstream and 
downstream) had some values below a p~ of 6.0. Although all three tributaries 
in the eastern area had some values below a pH of 6.0, only the East Branch of 
Fever Brook (upstream) and the West Branch of Fever Brook (upstream) had the 
majority of the data points for the year below 6.0. 

All the tributaries in the central area had average values for alkalinity near 
or above 5 mg/l. This produced enough buffering capacity to keep the pH 
moderated above 6.2 for most of the year. The only tributary in the central area 
that fluctuated below a pH of 6.0 (Middle Branch of the Swift River) also had an 
average alkalinity value close to 5 mgfl. The water from the Ware River 
diversion had an alkalinity that averaged less than 5 mg/l. This would account 
for the lower pH values (close to and below 6.0). 

Although all the average alkalinity values for the three tributaries in the 
eastern area were below 5.3 mg/l, all were higher than the alkalinity values for 
the western tributaries (except for Dickey Brook). Alkalinity values ranged 
between 3.0 
alkalinity of 

and 5.0 mg/l for the eastern tributaries as compared with an 
2.0 - 3.0 mg/l for the western. This would account for a slightly 

better buffering capacity in the eastern tributaries, which was expressed in a 
slightly higher overall pH value as compared to the western tributaries. 

pH values showed a seasonal increase in the western tributaries during the summer 
growing months as carbon dioxide was removed fromthe waters. This was expected, 
due to the low alkalinity and low buffering capacity of the waters. A minimal 
increase was seen in the central tributaries during the sumer months, and a 
slight increase in pH was seen in the eastern tributaries during the summer 
months. Also of note is the increase in pH seen in the December 1989 sampling 
at all stations. This was due to a change in the analytical procedure, with the 
samples been held and transported to a different laboratory prior to analyses. 

In many cases, the pH was well below the 6.5-8.3 range for the class A 
designation of surface waters in Massachusetts. 

4 
Total solids refers to the total inorganic and organic material in both 
particulate and dissolved forms found in water. Fixed total solids refers to the 
fraction of total solids remaining after ignition. A comparison of the total and 
fixed solids offers a rough approximation of the amount of organic matter present 
in the solid fraction of the source water. The proportion of organic matter in 
the sample is important as ammonia is produced as a by-product of the 
decomposition of the organic matter. 
an important source of phosphorus entering the system. 

Also, the amount of organic matter can be 
Appendix M lists the 

organic matter as a percentage of the total solids. 
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Total solids, when analyzed in conjunction with chlorophyll a, or Secchi disc 
transparency, can give an indication of the factors responsible for reduced water 
clarity. Solids data are also useful in analyzing trends in suspended material 
as related to storm events or increased primary production. 

For public water supplies, high dissolved solids can cause unfavorable tastes in 
the water,
applications.

physiological reactions, and create problems for industrial 
For aquatic life, the effects can be divided into those which 

occur in the water column and those which occur following sedimentation. 

Total solids and Orqanic Matter: 

Average total solids for the western, central and eastern tributaries were 41, 
43 and 51 mg/l, respectively. The ware River diversion water had values 
averaging 44 mg/l. Outlet waters averaged 39 mg/l. The range of values for 
these areas are as follows: 

26 - 57 mg/l western area; 
27 - 75 mg/l central area; 
33 - 82 mg/l eastern area; 
35 - 50 mg/l Ware River; 
22 - 83 mg/l outlets. 

Of note for future monitoring considerations is that in general, most of the 
values for total solids fall in the range of 30 - 50 mg/l for the western basin, 
while in the eastern tributaries about one-half of the values are greater than 
this range. One station in the eastern area, the East Branch of Fever Brook 
(upstream) had the most data points above 55 mg/l and were as high as 82 mg/l at 
times. 

The lowest total solids values were recorded for the following tributaries: 

western area: 
cadwell Creek (downstream); 

central area: 
Prescott Brook 
Underhill Brook; 

all three outlets (for part of the year). 

Values above 50 mg/l from March through August 1989. 
spikes in the data set were seen reaching above 80 mg/l for the outlets, with 

Underhill Brook had one 
high reading in July 1989, of 75 mg/l. 

The stations with values near or above 50 mg/l were: 

central area: 
Hop Brook (downstream); 
Middle Branch Swift River (upstream); 

eastern area: 

West Branch 
East Branch Fever Brook (upstream); 

Fever Brook (upstream and downstream); 
East Branch swift River (upstream). 

Fixed Solids: 

For fixed total solids, the average values for the three watershed areas were 30, 
33 and 37 mg/l, respectively. ware River diversion water averaged 32 mg/l. 
Outlet waters from Shaft 12, Winsor Dam and Quabbin outlet were 28 mg/l. 
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The ranges of values for each basin were as follows: 

19 - 48 mg/l western basin: 
19 - 47 mg/l central basin: 
23 - 59 mg/l eastern basin; 
23 - 42 mg/l Ware River; 
13 - 61 mg/l outlets. 

TURBIDITY 

Turbidity in water supplies may be caused by either organic or inorganic
constituents. Suspended matter including clays or silts, soluble organic 
compounds, and plankton, all contribute to turbidity. Turbidity is a function 
of light being scattered and absorbed ratherthantransmittedthroughthe sample.
The color produced through turbidity is referred to as apparent color. Turbidity 
caused by suspended matter is differentiated from true color caused by colloidal 
humic materials. 

Drinking water requirements for source water are presently set at <5 NTU. A
level of 1 NTU is listed in the state drinking water regulations as the limit for 
finished water. 

An analysis of the clarity of the source water is a key not only to the quality 
of the water but to the productivity of the water body depending on the source 
of the turbidity. Turbidity levels in combination with total and suspended 
solids may give an indication of possible non-point source runoff, erosion 
problems, or storm drain issues. 

Average turbidity values for the western, central and eastern areas were 0.3, 0.5 
and 0.6 NTU. Values for the Ware River diversion water were 0.6 NTU ; while the 
three outlets from Quabbin averaged 0.3 NTU. 

Ranges for these areas were as follows: 

0.1 - 1.5 NTu western area: 
0.3 - 2.0 NTU central area; 
0.3 - 1.5 NTU eastern area; 
0.4 - 0.9 NTU Ware River; 
0 . 2  - 0.8 NTU outlets. 

The tributaries in the western area had the lowest values ranging between 0.1 and 
0.6 NTU for all stations except Dickey Brook which ranged from 0.3 - 1.5 NTU.
The central tributaries appeared to have the greatest range, with a high of 2 NTU 
at Underhill Brook. The eastern basin ranged mostly between 0.3 and 1.0, with 
one Station, East Branch of the Swift River (downstream), ranging to 1.5 NTU. 

In general, turbidity varied only slightly for most stations throughout the study 
period. For Dickey Brook and the East Branch of the Swift River (downstream) 
increases in turbidity were seen during the months of July and August, and from 
August to October, respectively. Underhill Brook in the central basin showed 
mostly values less than one, with a high value of 2 NTU during July, 1989. 

Five tributaries had values greater than or equal to 1.0 NTU: Dickey Brook, 
PresCOtt Brook, underhill Brook, Hop Brook (upstream) and the East Branch of the 
swift River (upstream and downstream). 

Turbidity levels from the Ware River diversion water were quite variable, but
never exceeded 0.9 NTU during the study period. outlet waters at the three 
Quabbin discharges were consistently low, near 0.3 NTU. On only one sampling 
date (1/8/90) the shaft 12 water reached 0.8 NTU. 
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WATER QUALITY ASSESSMENT - NUTRIENT DATA 


4 3  




AMMONIA 

Ammonia is toxic to most life forms at levels which are dependent upon 
temperature, pH and dissolved solids concentrations. Ammonia is produced by 
heterotrophic bacteria in the decomposition of organic matter. According to 
wetzel (1985), concentration in unpolluted surface waters can range from 0 to 5
mg/l although usually the concentrations are low, with inorganic nitrogen in 
oligotrophic waters usually less than 0.3 mg/l.
ammonia is rapidly converted to nitrite and nitrate. 

In the presence of oxygen, 
concentrations tend to be 

higher in areas of continuous input, as from failing septic systems, feed lot 
discharges and municipal and industrial discharges, or in wetlands where oxygen 
levels tend to be lower. 

state and federal drinking water regulations list a value of C10 mg/l for 
finished water. A Massachusetts guideline for aquatic life for Class A waters 
list a value of 0.5 mg/l for amnmnia. Wetzel (1985) lists this value as the 
determining level for eutrophic waters if all forms of inorganic nitrogen are 
totaled. 

Ranges for the watershed areas were as follows: 

<0.02 - 0.13 mg/l N H ~ - N  western tributaries; 
<0.02 - 0.32 mg/l N H ~ - N  central tributaries: 
<0.02 - 0.18 mg/l N H ~ - N  eastern tributaries; 
<0.02 - 0.31 mg/l NH3-N ware River: 
<0.02 - 0.07 mg/l NH3-N outlets. 

Average ammonia values for the western, central and eastern areas were 0.04, 0.04
and 0.03 mg/l N H - N  for the western, central and eastern areas. The Ware River 
diversion water Lad an average value of 0.07 mg/l. Outlet water from Shaft 12 
Windsor Dam and the Quabbin outlet average 0.03 mg/l. 

In the western basin, values were below detection level for all stations from the 
end of July through the beginning of November 1989. The same pattern was evident 
in the central tributaries except for Underhill Brook and Hop Brook (downstream). 
These two tributaries had the highest values, with elevated levels in July,
August and September. some elevated levels were also seen at some tributaries 
in December and January. 

N o  tributaries showed values higher than the 0.5 mg/l class A guideline. For 
comparative purposes, the tributaries which showed values above 0.1 mg/l were: 

western area: 
Cadwell creek (downstream) 
Dickey Brook; 

central area: 
Underhill Brook
Hop Brook (downstream) 
Middle Branch Swift River (downstream); 

eastern area: 
west Branch 
East Branch 

Fever Brook (downstream) 
Fever Brook (upstream) 

East Branch Swift River (upstream and downstream); 

Ware River diversion; 

Quabbin outlet. 

Of note for future monitoring consideration is that underhill Brook and the ware 
River diversion water also had values above 0.3 mg/l of ammonia-nitrogen. 
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NITRATES 

Nitrate can enter surface waters through septic leachate, farm and lawn
fertilizers, animal wastes, waste disposal in landfills and through municipal and 
industrial discharges. According to Knepp and Arkin (1973), levels of nitrate 
at or below 90 mg/l would have no effect on warmwater fish. Water supplies 
should contain concentrations less than 10 mg/l, as set by federal and state 
drinking water regulations. 

Concentrations of 0.3 mg/l are usually seen in areas of low algal density. 

Ranges of values for the Quabbin watershed were as follows: 

g0.02 - 1.90 mg/l NO3-N weatern tributaries; 
g0.02 - 0.99 mg/l N03-N central tributaries; 
<0.02 - 0.71 mg/l NO~-N eastern tributaries; 
0.02 - 0.37 mg/l NO~-N Ware River; 

<0.02 - 1.39 mg/l NO3-N Outlets. 

Average nitrate values for the western, central and eastern areas were, 0.21, 
0.20 and 0.13 mg/l, respectively. The average value for the water diverted from 
the Ware River was 0.14 mg/l. Outlet waters from Quabbin averaged 0.15 mg/l. 

Cadwell Creek (downstream) and Dickey Brook, both on the western arm of the 
reservoir, were the only two tributaries which exhibited values greater than 1 
mg/l. Bowever, for most of the year, values at these stations were very low, 
usually below 0.5 mg/l. 

In the central area, HOP Brook (downstream) showed three sampling dates with 
values between 0.5 and 1.0 mg/l. Prescott Brook and underhill Brook had only one 
spike in this range. Middle Branch of the Swift River had two. The eastern 
tributaries showed no data points in this range. 

Values for the Quabbin outlet were very low for most of the year. Only one 
sampling data showed a spike of 1.4 mg/l. The nitrate values in the Ware River 
diversion water were always low, and at no time exceeded 0.4 mg/l. 

ORGANIC NITROGEN 

Organic nitrogen includes compounds such as protein, peptides, nucleic acids and 
urea, together with synthetic organic materials. Aminonia nitrogen is produced 
through the decomposition of organic nitrogen. Organic nitrogen is measured 
indirectly using total Kjeldahl nitrogen and annnonia data. Appendix N lists the 
calculated values for each station. Organic nitrogen levels may range from 
micrograms per liter in clean water to more than 20 mg/l in wastewater. 

Organic nitrogen ranges for the watershed were: 

0.03 - 1.98 mg/l western tributaries 
0.03 - 1.48 mg/l central tributaries 
0.11 - 2.16 mg/l eastern tributaries 

0 - 0.69 mg/l ware River 
0.08 - 0.63 mg/l outlets 

Average values for the three areas were 0.35, 0.43 and 0.52 mg/l for the western, 
central and eastern areas. Average organic nitrogen values for the Ware River 
diversion water were 0.33 mg/l. Outlet waters averaged 0.32 mg/l. 
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PHOSPHORUS 

Phosphorus is present in waters in both the soluble and particulate forms. 
Sources include leaching from phosphate bearing rocks, organic matter
decomposition, fertilizers, sewage and detergents. Phosphorus is considered the 
key element in determining productivity of aquatic systems since the sources of 
this nutrient can be regulated much m r e  easily than nitrogen, for example. An 
increase in phosphorus allows the use by aquatic organisms of the other nutrients 
that are present in the system. 

Excess algal growths may impart undesirable taste and odors or interfere with 
coagulation in water treatment plants. Although the Federal water quality 
criteria have no established total phosphorus criterion the following preliminary 
guidelines are set. 
at the point in which the tributary enters any reservoir, nor 

Total phosphorus should not exceed 0.050 mg/l in any stream 
0.025 mg/l within 

the reservoir, in order to prevent the development of biological nuisances. No
federal or state limits exist for drinking water for total phosphorus. 

The range of phosphorus data from the Quabbin watershed was as follows: 

<0.005 - 0.060 mg/l western area; 
<0.005 - 0.090 mg/l central area; 
0.007 - 0.049 mg/l eastern area; 
0.007 - 0.029 mg/l Ware River; 

<0.005 - 0.014 mg/l outlets. 

Average total phosphorus values for the western, central and eastern areas were 
0.015, 0.020 and 0.018 mg/l. Ware River diversion water averaged 0.014 mgll and 
Quabbin outlet waters averaged 0.008 mg/l. 

Stations which had data values above 0.05 mg/l were: 

western area: 
cadwell creek (upstream); 

central area: 
underhill Brook 
Prescott Brook 
Eop Brook (upstream and downstream); 

eastern area, Ware River outlet water, Quabbin outlets: 
none. 

In general, slightly higher phosphorus levels were recorded for the summer 
months. However, the values were so low due to the high precipitation and the 
subsequent dilution, actual trends across tributaries were difficult to 
determine. 
in the period 

However, most tributaries showed the lowest total uhosuhorus levels 
of September through January, with sharp increaseduri-ng the months 

of February and March. 
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METALS 

Water quality samples collected from puabbin tributary stations were 
analyzed for thirteen metals: aluminum, arsenic, cadmium, chromium, 
copper, iron, lead, manganese, magnesium, mercury, nickel, vanadium, and 
zinc. 

Drinkins water Standards 

The U.S. Environmental Protection Agency (USEPA), as authorized by the 
Safe Drinking Water Act (SDWA), establishes standards for drinking water 
supplies. The EPA has developed primary Maximum Contaminant Levels (MCLs) 
and Secondary MCLS. Primary MCLS are established for contaminants which 
have the potential, in high enough amounts and at long enough exposures, 
to harm human health. Primary MCLs are enforceable by EPA. Of the metals 
analyzed during this study, EPA has established primary MCLs for arsenic, 
cadmium, chromium, lead, and mercury. 

secondary MCLs are established for compounds which are not injurious to 
human health, but can cause aesthetic problems in a water supply. comon 
effects of elevated levels of contaminants with secondary MCLs are taste 
and odor, and staining of clothing or fixtures. secondary MCLs are 
considered guidelines and are not enforceable by EPA; however, individual 
states may enforce secondary MCLS. Compounds included in this group are 
important to water suppliers, as their effect on the drinking water often 
causes consumers to choose to use bottled water rather than their own tap 
water. Of the metals analyzed during this study, there are secondary 
drinking water guidelines from EPA for copper, iron, and manganese. 

The Massachusetts Department of Environmental Protection, Division of 
Water Supply, is responsible for implementation of the Safe Drinking Water 
Act in Massachusetts. 310 CMR 22:OO sets enforceable standards and water 
quality monitoring requirements in accordance with the National Interim 
Primary Drinking Water Regulations. Most monitoring for water supplies is 
done after treatment, in the distribution system. However, monitoring the 
source water is desirable because many of the regulated contaminants may 
be found in the source water, and can travel through the system in 
undiminished concentrations. control for such compounds may be required 
at the source. 

Water oualitv criteria 

Section 304(a) (1) of the Federal clean water Act requires the EPA to 
publish and periodically update ambient water quality criteria for all 
surface waters in the united States. The commonwealth of Massachusetts 
has adopted the 1990 Massachusetts Surface Water Quality standards (314
CMR 4.0) to implement the Federal Act. For metals, the Massachusetts 
Division of Water Pollution control uses the recomnded limit published 
by the EPA in 1985 as the allowable receiving water concentration, unless 
a site specific limit is established (314 c m  4.05(5)(e)). 

Drinking water standards are developed to protect human health and to 
prevent objectionable aesthetic problems in drinking water. Water quality 
criteria are developed to protect aquatic life and human health. often,
criteria for aquatic organisms are more stringent than those developed for 
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human health. EPA has developed ambient water quality criteria for eight 
of the thirteen metals analyzed during this study. They are: arsenic,
aluminum, cadmium, chromium, copper, lead, nickel, and zinc. 

For many metals, toxicity is related to hardness in the water. The 
ambient water quality criteria for cadmium, chromium(III), copper, lead, 
nickel, and zinc are expressed as a function of hardness. In general, the 
toxicity of metals decreases as the hardness of the water increases, 
although the actual mechanism has not been described. FormUhS have been 
developed by EPA to calculate the concentrations needed to reach toxic 
levels of various metals at different levels of hardness (USEPA,1985). A 
hardness value of 10 mg/l as cacol was used in calculating the criteria for 
these metals in Quabbin waters. This hardness level is quite low and will 
result in lower levels of metals needed in the water column to reach toxic 
levels. The average hardness in the tributaries during the period of this 
sampling program ranged from 8.6 mg/l as CaCO, to 13.7 mg/l as CaCO,. 

The drinking water standards and water quality criteria for the metals 
analyzed during this study are summarized in Table 6. EPA has developed 
criteria for two sets of conditions: four-day average exposure to aquatic 
organisms, and one-hour exposure to aquatic organisms. In Table 6, the 
four-day average exposure is referred to as chronic, and the one-hour 
average exposure is referred to as acute. 

Tables 7 through 19 summarize the metals data collected from the Quabbin 
tributary sampling stations. 

Results of Water Qualitv Analvses for Metals 

ALUMINUM 

There are no drinking water standards established for aluminum. The EPA 
has established water quality criteria for aluminum: 

At pH ranges between 6.5 and 9.0 standard units, freshwater aquatic 
organisms and their uses should not be affected unacceptably if the 
four-day average concentration of aluminum does not exceed 87 ucr/l
more than once every three years on the average and if the one hour 
average does not exceed 750 ua/l more than once every three years on 
the average (USEPA, 1988). 

Table 7 summarizes the results of testing for aluminum. Aluminum was 
present in detectable levels at many of the stations on several sampling 
events. concentrations ranged from below the limit of detection ( 5 0  pg/l)
to 720 pg/l. The chronic water quality criteria of 87 p g / l  was exceeded 
on at least one sampling event at all tributary stations (except for the 
Middle Branch of the swift River-downstream) and at one outlet (QT16). 
Aluminum concentrations at the reservoir stations (winsor Dam, and shaft 
12) never exceeded 50 pg/l. All stations were below the acute criteria on 
all occasions, although levels at underhill Brook reached 720 p g / l ,  very
near the acute criteria level of 750 pg/l. 

The in-stream aluminum concentrations may be affected by the pH. The data 
suggest that there may be some toxicity to some species of aquatic
organisms caused by the elevated aluminum levels. 
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(310 CMR 22.06) .!DXNmRY MCL WAm WALrTr a u T m I A  

Aluminum Chronic = 87 ug/l
Acute = 750 uq/ l  

Arsenic 

Cadmium 

0.05 mg/l (= 50 ug/l) 

0.010 mg/l (=  I O  ug/l) _-

As (+3) chronic = 190 ug/l
Acute = 360 ug/l 

Chronic = 0. I 9 ug/l  : 
Acute = 0.29 ug/l -

Chrmium = 0.05 q/l (=  50 uq/l) cr+6 chronic = 11 ug/l
Acute = 16 ug/l 

C r  +3 chronic = 31 ug/l : 
Acute = 263 ug/ l  

g Copper 1.3 q/l *-* 1.0 W / l  ( =  1,000 ug/l) Chronic = I .7 ug/l
Acute = 2.0 ug/l -

Iron 0.30 mg/l 

Lead 0.015 ** q/l (=  15 uq/l) Chronic = 
Acute = 

0.17 
1.5 

ug/l : 
uq/l  -

Manganese -_ 0.05 mg/l 

Mercury 0.002 q/l (=  2 ug/l) 

Nickel Chronic = 23 ug/l : 
Acute = 202 ug/l -

Zinc 5.0 mg/l (= 5,000ug/l) 
Acute = 
chronic = 

16 ug/l -
15 ug/l 

* at hardness = 10 n q / l  as -033 +*. Leadandc%pp=rRule 



station 

14/18 (78%)
13/13 (100%) 

(50
(50 

- 300 
- 260 

14/19 (74%) (50 - 310 

15/19 (79%) (50 - 300 

12/19 (63%) (50 - 320 

5/19 (26%) <50 - 110 

9/19 (47%) (50 - 180 

8/19 (42%) (50 - 720 

13/19 (68%)
5/12 (42%) 

(50
(10 

- 160 
- 150 

11/19 (58%)
11/16 (69%) 

(50
(50 

- 80 
- 150 

14/19 (74%) 
16/18 (89%) 

(50 
(50 

- 160 
- 340 

13/19 (68%)
7/19 (37%) 

<!XI - 250 
(50 - 120 

16/19 (84%)
10/19 (53%) 

(50 - 150 
(50 - 200 

7/7 (100%) 6 0  - 130 

3/19 (16%) 10 - 200 

(10 - <50 

2/7 (29%) 10 - <50 

Ambient Water Qual i ty  Criteria for A l u n i m m  (pH between 6.5 a d  7.0)
far f m t e r  kgntic l i f e :  

4IByA-w = 8 7 w / l
HM Average = 750 pg/l 
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ARSENIC 

Arsenic is a naturally occurring element which is found in all living 
organisms. This substance is used in the manufacture of glass, cloth, 
electrical semi-conductors, as a fungicide, and wood preservative and also 
for pigmentation in paints. The principal emission source for arsenic in 
the United States is coal fired power plants (USEPA, 1985). Arsenic
compounds were also heavily used in Massachusetts to control vegetation in 
numerous ponds and lakes throughout the state, and as a pesticide, 
especially in orchards. 

The drinking water MCL for arsenic is 0.05 mg/l (50 pg/l). The EPA has 
established water quality criteria for arsenic: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of arsenic (111)
does not exceed 190 us/l more than once every three years on the 
average and if the one hour average does not exceed 360 uq/l more 
than once every three years on the average (USEPA, 1985). 

Table 8 summarizes the results of testing for arsenic. The laboratory 
methods used by the Lawrence Experiment Station measured total arsenic. 
The total arsenic levels in the Quabbin tributary streams were around or 
below the limit of detection (1 to 2 pg/l) . The values reflect normal 
background conditions throughout the watershed and are well below the 
drinking water standard. NO arsenic was detected in the seven samples 
collected at the Shaft 12 outlet to wachusett Reservoir. Of note is the 
fact that, like mercury, arsenic(II1) reacts with sulfhydryl groups of 
proteins and that enzyme inhibition by this mechanism may be the primary 
mode of toxicity. The data collected, however, suggest that arsenic 
levels are well below concentrations which could cause toxicity in aquatic 
life. The highest level reached was 4 vg/l at Hop Brook (upstream). This 
value was well below drinking water standards and water quality criteria. 

CADMIUM 

Cadmium is used in electroplating, paint and pigment manufacture, and as 
a stabilizer in the manufacture of plastics. The solubility of cadmium 
compounds in water depends on the nature of the compounds and on other 
water quality parameters. compared to other heavy metals, cadmium is 
relatively mobile in the aquatic environment and may be transported in 
solution as either hydrated cations or as organic or inorganic complexes 
(USEPA, 1988). 

The Drinking Water MCL for cadmium is 10 u a / l .  

The EPA water quality criteria for cadmium (at a hardness of 10 mg/l as 
caco,) is as follows: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of cadmium does 
not exceed 0.19 ua/l  more than once every three years on the average 
and if the one hour average concentration does not exceed 0.29 ua/l
more than once every three years on the average (USEPA, 1988). 

Table 9 summarizes the results of cadmium analyses on Quabbin tributary 
water quality samples. At m s t  stations, cadmium concentrations were 
below detection limits (<1 pg/l and <2 pg/l depending upon laboratory 
testing methods) for most of the sampling events. with one exception (one 
date on the Middle Branch of the Swift River-upstream), the results were 
below the drinking water MCL. At cadwell Creek (upstream), on one date 
the cadmium level recorded was equal to the drinking water MCL. The 
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TABLE 8 


(IF WAm auALITy ANAI;ysEs 

ARSENIC 

Mmber of 
statim Tines Detected 

&diel1 meek 0/16 
UppTCZIdWEllmeek 2/12 (17%) 

Rnsee- 1/17 (06%) 

AthertCslBrook 0/17 

west Branch swift River 0/17 

Dickey Brook 1/17 (06%) 

prescott Break 2/17 (12%) 

uderh i l l  Brodc 2/17 (12%) 

Hcp- 3/17 (18%) 
UpperHOp- 2/12 (17%) 

Middle Branch Swift 2/17 (12%) 
Middle Branch Swift 1/14 (07%) 

westBrancfiFeverElrwk 3/17 (18%) 
WStBranchF-Elrwk 2/16 (13%) 

E3stBrranchFeverBrook 4/17 (24%) 
Lawer E.B. Fever Brook 3/17 (18%) 

mst Branch Swift River 4/17 (24%) 
Iaer E.B. swift Rives 3/17 (18%) 

Ware River @ Shaft 11A 2/7 (29%) 

Quabbin Reservoir Outlet 1/16 (06%) 

QU3bbil-I Reservair 
at Winsor Ilam 1/5 (20%) 

QU3bbil-I ResmmiI 
at Shaft 12 

<2 
<1 - 2 

<1 - 2 

(2 

<2 

C l  - 2 

(1 - 2 

<1 - 2 

<1 - 2 
(1 - 4 

<1 - 2 
t1 

(1
(1 

(1
(1 

- 2 

- (2 
- 2 

- 2 
- 2 

<1 - 2 
(1 - 2 

(1 - 2 

(1 - c2 

(1 - c2 

t l  

Mient  water Quality criteria for Arsenic (+3) (at -s = 10 4 1  as -1 
for Freshwater Aquatic Life: 

4 m y  Average = 190 
360 

pg/1
pq/l24 Ekxu Average = 
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Location 

cadvell creek 
upperCddW3llcreek 

pursee-
A t h e r t o n e  

Hest Exandl Swift River 

Dickey l3rcok 

presoott e 
Z l l  Elm& 

Hop-
-Hop-

Middle Emnch Swift 
Middle Branch Swift 

HestBranChFeverEtuok 
WestBranchFeverBrOak 

FastBKallChF-Bmok 
Lawer E.B. Ekver Brook 

East Branch Swift R ive r  
Iower E.B. SHift R ive r  

Ware River @ Shaft 11A 

(kabbin F&?smml‘rChtlet 

Win Reservoir 
at Winsor Dam 

mabbin Reservoir 
at Shaft 12 

Mmher of 
Times Detected 

2/12 (17%) 
3/10 (30%) 

1/12 (08%) 

5/12 (42%) 

3/12 (25%) 

1/12 (08%) 

1/12 (08%) 

2/12 (17%) 

1/12 (08%)
3/10 (30%) 

2/12 (17%) 
2/11 (18%) 

5/12 (42%) 
2/12 (17%) 

4/12 (33%) 
3/12 (25%) 

4/12 (33%) 
6/12 (50%) 

1/6 (17%) 

1/12 (08%) 

2/5 (40%) 

3/7 (43%) 

(1 - 3 
<1 - 10 

<1 - 7 

<1 - 4 

(1 - 6 

(1 - 4 

(1 - 3 

(1 - 6 

(1 - 6 
(1 - 4 

<1 - 5 
<1 - 13 

(1 - 6 
(1 - 4 

<1 - 3 
<l - 7 

<1 - 8 
(1 - 8 

(1 - 3 

<l - 1 

(1 - 3 

<1 - 7 



ambient water quality criteria are more stringent than the drinking water 
MCL. The water quality criteria are lower than the limit of detection for 
these analyses. Thus, if cadmium was detected the criteria were exceeded. 
The percentage of samples collected from each station with cadmium values 
above the limit of detection ranged from E% to 50%. The data showed that 
there was no threat to human health from cadmium levels. However, there 
may be solne instream toxicity caused by cadmium levels. stations at which 
levels exceeded the water quality criteria 25% of the time or greater 
were: cadwell creek (upstream), Atherton Brook, West Branch swift River, 
Hop Brook (upstream), west Branch Fever Brook (downstream), East Branch 
Fever Brook (upstream and downstream stations), East Branch swift River 
(upstream and downstream stations), and the outlets at winsor Dam and 
Shaft 12. All station exceeded the water quality criteria at least once. 

CALCIUM 

There are no federal drinking water standards or ambient water quality 
criteria for calcium. However, Massachusetts has a recommended range of 
50-150 mg/l. Calcium may become a problem as part of the total hardness in 
a water supply. However, the levels of hardness seen in the Quabbin 
watershed tributary streams are well below those requiring treatment to 
remove hardness. 

Table 10 summarizes the results of testing for calcium. Calcium 
concentrations were determined at all sampling stations. Data ranged from 
0.7 mg/l to 16.0 mg/l. The average calcium concentrations for all the 
stations tested were quite similar, ranging from 1.8 to 3.6 mg/l. No 
significant correlations were observed between any sampling locations or 
subwatersheds and calcium concentrations. Although some values above 10 
mg/l were seen in the west Branch of the swift River, Prescott Brook, 
Underhill Brook, and the East Branch of the Swift River (downstream), in 
no case did the values exceed 16 mg/l. 

CHROMIUM 

chromium exists in several valence states. In the aquatic environment 
chromium is usually found in valence states +3 or +6, and can be converted 
from one form to the other under appropriate natural conditions. The EPA 
has developed ambient water quality criteria for chromium(II1) and for 
chromium(V1). The criteria are as follows: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of $hromiumIIIIL 
(at hardness of 10 mg/l as caco,) does not exceed 31 u a / l  more than 
once every three years on the average and if the one hour average 
concentration does not exceed 263 ua/L more than once every three 
years on the average (USEPA, 1985). 

Freshwater aquatic life should not be affected unacceptably if the 
four day average concentration of chromiumtVIL does not exceed 11. 

more than once every three years on the average and the one 
hour average concentration does not exceed 16 uq/l more than once 
every three years on the average. 

The drinking water MCL for total chromium is 0.05 mg/l (50 pg/l). 

Table 11 summarizes the results of testing for chromium. During the 
Quabbin surveys, tributary samples were analyzed for total chromium, which 
would include chromium(II1) and chromium(V1). The observed levels were 
very low. Many of the samples had total chromium levels which were 
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station Location 

GxlwSll Qeek
upperCdW3llCYeE?k 

1.0 
0.7 

- 2.7 
- 7.4 

1.8 
2.3 

1.2 - 4.0 2.2 

AthertonBrook 1.0 - 5.1 1.8 

west Branch swift R i v e r  1.3 - 15.0 2.8 

Dickey Brook 1.7 - 7.3 3.4 

prescott Break 1.8 - 13.0 3.3 

Uderhill Brook 1.4 - 16.0 3.6 

Acp-
uP€=Acp-

1.6 
1.5 

- 4.0 
- 4.4 

2.8 
2.9 

W e Eranch swift 
Middle Branch Swift 

1.8 
2.2 

- 3.8 
- 5.9 

2.7 
3.1 

West Branch Fever Brook 
WestBranchFeverBrook 

1.8 
1.8 

- 4.6 
- 3.3 

2.6 
2.6 

East Branch Fever 
kxer E.B. Fever Brook 

1.7 
1.6 

- 5.4 
- 3.7 

2.5 
2.3 

E3S.t Branch swift River 
kxer E.B. swift fiver 

0.8 
0.9 

- 4.3 
- 10.8 

2.6 
2.8 

RI~X?River @ Shaft 11A 2.0 - 3.0 2.4 

Qllabhin Reservoir ktlet 2.0 - 3.0 2.4 

Quahbin Reservoir 
at Winsor IBm 2.1 - 2.5 2.4 

W i n  Reservoir 
at shaft 12 2.1 - 4.2 2.5 
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Nunbet of 
TimesDetectad 

Ranse of 
VdLWs (Wl11 

2/11 (18%) 
2/10 (20%) 

tl - 5 
tl - 5 

2/12 (17%) 

2/12 (17%) 

(1 - 26 

<1 - 7 

2/12 (17%) tl - 5 

3/12 (25%) tl - 5 

2/12 (17%) tl - 4 

3/12 (25%) tl - 7 

2/12 (17%) 
1/11 (09%) 

<1 - 4 
tl  - 4 

2/12 (17%) 
3/12 (25%) 

2/12 (17%) 
2/10 (20%) 

tl - 7 
<l - 5 

tl - 7 
tl - 4 

3/12 (25%) 
2/12 (17%) 

tl - 5 
tl - 5 

2/12 (17%) 
3/11 (27%) 

t1 - 4 
tl - 3 

015 tl - <2 

1/11 (09%) tl  - 4 

tl - 1 

117 (14%) tl - 18 

Drinking Water MCL = 0.05 W/l = 50 ug/l 

Ambient Wab Wity Criteria for Freshwaixr -tic 

t6)  - 4 day Average = 
16 
11 

ug/l
ug/l

OX! Hour Average = 

t3) ( A t  Hardness = 10 n q / l  as Qo33) 

4TByAverage = 31 LKJ/~ 
Qle Hour Average = 263 ug/l 
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below the limit of detection of 1.0 pg/l. At each station, the number of 
samples with detectable levels of chromium ranged from 0 to 40%. with most 
stations below 20%. 

The total chromium concentrations ranged from <l.O pg/l to 26 pg/l. The 
total chromium concentrations were all lower than toxicity criteria for 
chromium(II1). Only two data points from the entire data set for total 
chromium exceeded the chromium(V1) criteria: one observed value at Purgee 
Brook. (26 vg/l), and one observed value at shaft 12 (18 vg/l). In
addition, all observed values were well below the drinking water MCL of 50 
vgll. 

COPPER 

Copper is a minor nutrient for both animals and plants at very low 
concentrations, but is toxic to aquatic life at slightly higher levels. 
Copper is not considered harmful in drinking water supplies. At levels 
much higher than those of concern for aquatic life, copper can impart 
objectionable taste to drinking water and can also cause staining. EPA 
reports average concentrations of 1 to 10 vg/l copper in natural waters, 
with much higher levels seen in waters near developed areas. 

The drinking water secondary MCL for copper is 1.0 mg/l. EPA has recently 
announced a Lead and copper Rule which will require mandatory corrosion 
control in large systems when the copper concentrations at the tap exceed 
the action level of 1.3 mg/l. 

The EPA water quality criteria for copper (at a hardness of 10 mg/l as 
caco,) are: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of copper does 
not exceed 1.7 ua/l more than once every three years on the average 

more than once every three years on the average (USEPA, 1985). 
and if the one hour average concentration does not exceed 2.0 us/l 

Table 12 summarizes the results of testing for copper. The results of 
copper analyses on tributary samples showed low levels of copper which 
were well below the secondary MCL and the new standard set by the Lead and 
Copper Rule. At most of the sampling stations, copper concentrations were 
below the detection limit (1 or 2 pg/l depending upon laboratory equipment 
constraints) for 60 to 70% of the samples analyzed. 

The water quality criteria are so stringent for copper that any time 
copper was present in measurable concentrations the criteria were 
exceeded. The percentages for numbers of times detected in Table 12 is 
also equal to the percentage of times the criteria were exceeded. The 
water quality criteria were exceeded from 30% to 40% of the time. The 
water quality criteria indicate that some toxicity to aquatic organisms 
from copper levels in the tributary streams may be present. All but four 
stations (Purgee Brook, Prescott Brook, Hop Brook (downstream) and the 
diversion water from the ware River) exceeded the water quality criteria 
greater than or equal to 25% of the time. 
between upstream and downstream stations were seen at cadwell creek, Hop 

The greatest differences 

Brook, the Middle Branch of the swift River and the East Branch of the 
Swift River. All stations exceeded the water quality criteria at least 
once. 

Of note is the fact that relatively high copper concentrations were 
observed at station QT16, Quabbin Reservoir outlet. Copper concentrations 
at this station averaged at least one order of magnitude greater than all 
other stations. This sample was collected from a tap located within the 



Lomtion 

6/17 (35%) 
3/12 (25%) 

(2 - 24 
(2 - 3 

4/18 (22%) <2 - 5 

5/18 (28%) <2 - 7 

5/18 (28%) <2 - 9 

7/18 (39%) (2 - 20 

4/18 (22%) (1 - 14 

5/18 (28%) <1 - 5 

2/18 (11%) 
5/11 (45%) 

<1 - 6 
<2 - 25 

6/18 (33%) 
6/15 (40%) 

(2 - 16 
(1 - 27 

7/18 (39%) 
8/17 (47%) 

(2 - 14 
<2 - 9 

5/18 (28%) 
7/18 (39%) 

(2 - 14 
(2 - 11 

6/18 (33%) 
8/18 (44%) 

<2 - 4 
(2 - 17 

1/7 (14%) (2 - 6 

15/17 (88%) <2 - 290 

3/5 (60%) <2 - 5 

2/7 (28%) <2 - 19 

Ambient Water Wity C r i t e r i a  for (At  Haxdnes = 10 mg/ l  as C a q )  

4 Day A=- = 1.7 w/l
24 IIour Average = 2.0 pg/l 

minking water (seoondarystandard) = 1.0 W / l  = 1,000 w/1 
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outlet Building. The elevated copper levels may be attributable to 
dissolution from copper pipes. 

Iron occurs naturally in the environment, and is one of the more abundant 
elements. Virtually all of the samples analyzed had iron concentrations 
greater than the limits of detection (1 or 2 pg/l depending laboratory 
equipment constraints). Table 13 summarizes the ranges of concentrations 
as well as the average concentration at each sampling station. At the two 
stations where a single value below the limit of detection was observed, 
averages were calculated assuming the value below detection limit was 
equal to the detection limit. 

A very large range exists in the iron concentrations. Observed values 
ranged from gO.001 mg/l to 1.4 mg/l. The average values at each station 
ranged from 0.028 mg/l to 0.391 mg/l. The highest average values were 
recorded on West Branch Fever Brook and East Branch Fever Brook, and on 
Prescott Brook. 

Iron in drinking water does not cause adverse human health effects. High
levels can cause objectionable taste and staining, High levels of iron 
may also be a nutrient source for iron bacteria, which can be a problem in 
the distribution system. The drinking water problems associated with iron 
can occur when concentrations exceed 0.3 mg/l (the secondary MCL for 
iron). Although this level was exceeded at many tributary stations, iron 
concentrations at points where the water enters the MWRA water supply 
distribution system (shaft 12, Hinsor Dam) were well below this value. 

There are no water quality criteria for iron. 

Lead is a naturally occurring metal which can be found in small amounts in 
the earth’s crust. This metal can be found everywhere in the environment. 
Lead is used to manufacture batteries, in the production of metals and 
ammunition, and at one time was used as an additive in paint and gasoline. 
Exposure to elevated concentrations of lead can be very harmful to humans. 
Young children and unborn children are especially vulnerable to elevated 
levels of lead. 

Elevated levels of lead in water are a problem throughout most of the 
united States. The source of this lead is often the distribution system. 
The EPA has recently (May 1991) revised the MCL for lead. The new Lead 
and Copper Rule sets an action level of 15 ua/1 (0,015 mdl). when this 
threshold is exceeded in 10 percent or more of the households sampled, 
systems must institute corrosion control to reduce lead concentrations at 
the tap. 

The EPA water quality criteria for lead (at a hardness of 10 mg/l as caco,) 
are: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of lead does not 
exceed 0.17 ua/l more than once every three years on the average and 
if the one hour average concentration does not exceed 1.5 us/l more 
than once every three years on the average (USEPA, 1985). 

Table 14 summarizes the data for lead. The lead concentrations in the 
stations sampled were, in general, below the detection limit of 2 pg/l 
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statim 

GLdwell creek <0.001 - 0.210 0.070 
UPperCddWellOBk 0.020 - 0.520 0.127 

plnvee- 0.016 - 0.200 0.086 

AthertanBrook (0.002 - 0.190 0.062 

west Bcanch swift River 0.017 - 0.220 0.075 

Dickey Brook 0.027 - 1.100 0.238 

prescott Break 0.050 - 1.100 0.311 

underfiill B?xx?k 0-040 - 1.400 0.228 

HOP- 0.040 - 0.830 0.199 
upperm- 0.060 - 1.100 0.187 

Mime Branch s w i f t  
Middle Branch Swift 

0.050 
0.050 

- 0.430 
- 0.560 

0.168 
0.177 

W e s t B r a n C h F e v e r ~  0.050 - 1.000 0.311 
WestBranchFeverBrOok 0.090 - 0.920 0.391 

MBranchFeverBrook 0.110 - 1.000 0.380 
Inder E.B. Fever Brook 0.050 - 1.000 0.334 

past Branch swift River 
Lorrer E.B. Swift River 

0.040 
0.090 

- 1.000 
- 0.720 

0.260 
0.241 

Wan2 fiver @ Shaft 11A 0.012 - 0.250 0.150 

Quakbin R e s e r v o i r  Cutlet (0.001 - 0.160 0.041 

Quahbin Reservnir 
at W i n s o r  IBm 0.012 - 0.060 0.028 

QuakbinReservoir 
at Shaft 12 0.050 - 0.060 0.032 



Nmbr of 
Times Detected 

cMw?ll meek 3/18 (17%) (2 - 7 
W c M w ? l l m e e k  0/13 <2 

pursee- 2/19 (11%) (2 - 2 

A t h e r t o n B r o a k  0/19 <2 

west Branch swift River 1/19 (05%) (2 - 6 

Dickey Brmk 1/19 (05%) (2 - 2 

Prescott Break 0/19 <2 

UIlderhill Brodc 0/19 (2 

IICP- 0/19 (2 
-IJCp- 0/12 (2 

Middle Branch Swift 0/19 <2 
Middle Branch Swift 2/16 (13%) <2 - 8 

hkstBranchFeverBrodr 1/19 (05%) <2 - 17 
UestBranchFeverBroak 1/18 (06%)  <2 - 5 

E3StRt-dnChF-Brodc 1/19 
1/19 

(05%)
(05%) 

(2 - 4 
E.B. Fever Bmok <2 - 3 

past Branch swift River 1/19 (05%) (2 - 3 
Iuer E.B. swift River 0/19 (2 

Ware River @ Shaft 11A 0/7 <2 

-in Reservoir mtlet 0/18 (2 

Quab in  Reservoir 
at W i n s o r  Dam 0/5 

Quahbin Reservoir 
at Shaft 12 1/7 (14%) (2 - 3 

Ambient  Water m l i t y  Criteria for lead ( A t  Ikrdness = 10 q/l as Cacg) 

4 day average = 0.17 m/l
1 hrxlr average = 1.5 ~ / 1  

Drinking Water 

F?C- Standanl = 0.015 mg/l = 15 w/l 
h? 



(0.002 mg/l). At 11 of the 22 stations sampled, there were no values 
above the detection limit. At the remaining 11 stations, the observed 
values ranged from below the detection limit to 17 pg/l, and the percent 
of samples at each station which were greater than the limit of detection 
ranged from 5% to 17%. Only one station, the west Branch of Fever Brook- 
downstream, had one value above 15 pg/ l ,  all other values measured in the 
tributary were below the level of detection. 

As with the criteria for copper, when lead was present in a detectable 
amount, the ambient water quality criteria were exceeded. Since the 
criteria were exceeded at some (11) of the stations on some sampling
events, there may be some toxicity to aquatic life due to lead. The
stations with the most number of times detected for lead were: Cadwell 
Creek-downstream (17%), Purgee Brook (ll%), and the Middle Branch of the 
Swift River (13%). All other stations were below 6% for the number of 
times detected. 

There was only one value (17 pg/l at the west Branch of Fever Brook- 
downstream) which exceeded the action limit set forth in the new Lead and 
Copper Rule. All other values at this station were less than the 
detection limit. The highestvalue measured in the reservoir (3 p g / l )  was
from the station near the withdrawal point. This value however was well 
below the action level. 

There are no drinking water standards or water quality criteria for 
magnesium. Magnesium concentrations were determined on three sampling 
occasions. The results were fairly uniform for all stations, ranging from 
0.30 mg/l to 1.2 mg/l. Average values at each station ranged from 0.50 
mg/l to 0.95 mg/l. The lowest concentrations were seen on the stations 
located on the west side of the basin: cadwell Creek, Purgee Brook, 
Atherton Brook, and the West Branch of the Swift River. Table 15 
summarizes the data for magnesium. 

There is a secondary drinking water MCL for manganese of 0.05 mg/l (50 
pg/l). Waters with manganese concentrations which exceed this value can 
cause staining of laundry and objectionable tastes in water. The average 
values in the tributaries ranged from 14 pg/l to 64 pg/l, while the range 
Of values seen in the tributaries was 3 to 360 .ug/l. The highest values 
were measured in the East Branch of the swift River (downstream) and the 
East Branch of Fever Brook (upstream). The average values in the 
reservoir stations ranged from 6 pg/l to 16 p g / l .  

Table 16 summarizes the data for manganese. 

Mercury can cause very serious human health effects, including damage to 
kidneys and the neurological system. sources of mercury include
industrial and chemical manufacturing and fungicides. The drinking water 
MCL for mercury is 0.002 mq/l ( 2  ua/1L. 

Elevated mercury levels in fish collected from Quabbin Reservoir were 
documented by the Division of Fisheries and Wildlife in 1987. The MDC has
begun intensive study which will look at the source and fate of mercury in 
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statim Location 

cadwell cnxk 
upper cadwell creek 

0.40 
0.50 

- 0.60 
- 0.80 

0.50 
0.65 

plnsee- 0.50 - 0.80 0.63 

AthertanBrook 0.30 - 0.70 0.50 

west Branch Swift River 0.40 - 0.80 0.57 

Dickey Brook 0.60 - 0.90 0.77 

Prescott Brook 0.60 - 1.00 0.77 

uderh i l l  Brook 0.70 - 0.90 0.77 

Hq,-
UPPerHOp-

0.80 
0.70 

- 1.00 
- 1.20 

0.87 
0.95 

Mime Branch Swift 0.70 0.70 
Middle Branch Swift 0.60 - 0.80 0.70 

NestIhanchFeverBrodE 0.50 - 0.70 0.60 
WestBranchFeverBrwk 0.70 - 0.80 0.77 

FastBranchFever~ 
Iaer E.B. Fever Brook 

0.90 
0.70 

- 1.00 
- 0.90 

0.97 
0.77 

East Ihanch Swift R i v e r  0.80 - 0.90 0.83 
Lavver E.B. Swift River 0.70 - 0.80 0.77 

lyare R i m  @ Shaft 1 l A  _-
-in Reservoir outlet 0.60 - 0.70 0.65 

Quahbin Reservoir 
at Winsor Uam 

Quabbin Reservoir 
at Shaft 12 
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Range of 
statim Location values (ug/l) 

cadwell creek 24 - 60 35 
uppercadwellcreek 30 - 70 45 

w- 30 - 90 52 

AthlXkClBmok 9 - 36 22 

west Branch swift River 15 - 60 35 

Dickey Brook 8 - 50 20 

PreSmttBmok 13 - 40 30 

underhill- 3 - 60 14 

IIOP Brook 7 - 50 18 
upperm- 16 - 30 25 

Middle Branch Swift 12 - 30 21 
Middle Branch Swift 6 - 30 17 

WestBranchFeverBrOok 20 - 50 32 
WestBranchpeVerBroak 30 - 50 40 

EastBranchFeverBrook 30 - 120 61 
kwer E.B. Fever Brook 13 - 33 23 

East Branch M€tRiver 3 - 32 20 
I*rwer E.B. Swift River 12 - 360 64 

Ware River @ Shaft 11A 13 - 60 33 

QmkbinResenoir outlet 2 - 9 6 

@labbinReservoir 
at W i n s o r  Bm 8 - 33 16 

Qlakbin Reservoir 
at Shaft 12 (2 - 12 6 



the reservoir. At the time the fish tissue data were released there was 
speculation that the possible sources of mercury were the remains of small 
factories in the flooded valley towns. HOWeVer, there have been several 
documented cases of increased mercury concentrations in biota from other 
pristine lakes in the northeast which have no known development induced 
sources of mercury in their watersheds. The MDC mercury study, scheduled 
to begin the spring of 1992, will try to determine if the mercury is from 
natural or anthropogenic sources. 

There are no ambient surface water quality criteria for mercury. 

Table 17 summarizes the data for mercury. The mercury concentrations 
documented during this study were largely below the limit of detection (2
pg/l). The other observed values, which only slightly exceeded the limit 
of detection were 3 pg/l and 4 pg/l, with one exception: a value of 24 
pg/l was observed at the station located on Prescott Brook on June 19, 
1989. 

NICKEL 

Nickel is a naturally occurring compound in the geology of the watershed. 
This element is one of the most common metals in surface waters. Sources
of nickel include mined ores, recycled scrap metal, and emissions from 
fuel Oil combustion. Nickel is used in steels and alloys, and in 
electroplating (USEPA, 1986). 

There are no drinking water MCLs for nickel. 

The EPA water quality criteria for nickel (at a hardness of 10 mg/l as 
CaCO,) are: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of nickel does 
not exceed 23 ua/ l  more than once every three years on the average 
and if the one hour average concentration does not exceed 202 ua/ l
more than once every three years on the average. 

Table 18 summarizes the data for nickel. Nickel concentrations in the 
Quabbin samples were fairly low. The majority of samples collected at 
each station had nickel concentrations which were below 1 pg/l, the limit 
of detection. All observed values were well below the acute (one hour) 
Surface water criteria for nickel. The chronic (four-day) criterion was 
exceeded on only one single sampling date. on this date at three of the 
Stations (Purgee Brook, the West Branch of the Swift River, and Dickey 
Brook) nickel exhibited values above the chronic criterion. 

Vanadium was analyzed on one sampling run, on November 20. 1989. vanadium 
concentrations in all the stations sampled were below the detection limit 
of 0.02 mg/l (20 pg/l). 

zinc is an essential micronutrient for all living organisms. This element 
is widely used throughout the world in a variety of industries including 
the manufacture of steel, alloys, rubber and paints. EPA reports typical 
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statim Location 
Number of 

T h  Detected 

3/18 (17%) 
1/13 (08%) 

(0.2 
(0.2 

- 0.4 
- 0.3 

2/19 (11%) (0.2 - 0.4 

2/19 (11%) (0.2 - 0.3 

2/19 (11%) (0.2 - 0.5 

2/19 (11%) (0.2 - 0.4 

4/19 (21%) (0.2 - 2.4 

3/18 (17%) (0.2 - 0.4 

2/18 (11%) 
1/12 (08%) 

(0.2 
(0.2 

- 0.4 
- 0.3 

2/19 (11%) 
0/15 

(0.2 
(0.2 

- 0.4 

0/19 
3/18 (17%) 

(0.2 
(0.2 - 0.3 

1/19 (05%) 
2/19 (11%) 

(0.2 
(0.2 

- 0.2 
- 0.2 

3/19 (16%)
1/19 (05%) 

(0.2 
(0.2 

- 0.2 
- 0.2 

O D  (0.2 

1/18 (06%) (0.2 - 0.3 

(0.2 

41206 
O/? (0.2 

Primrystandard = 2 W / l  
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Nunher of 
statim Iocatim TjllEs Detected 

cadwell (Leek 
m C d W d 1 -

2/15 (13%) 
1/11 (09%) 

(1 - 6 
(2 - 5 

Rrrsee- 3/16 (19%) (1 - 31 

AthtXtOnBLOCk 2/16 (13%) (1 - 18 

west J3xanch swift Rivf?r  3/16 (19%) <1 - 42 

Dickey Break 2/16 (13%) (1 - 56 

prescott EwcJok 3/16 (19%) (1 - 14 

underfiill acook 3/16 (19%) (1 - 12 

UpperBOp-
1/16 (06%) 
1/11 (09%) 

<1 - 5 
(2 - 4 

M i a l e  J3ranch Swift 
Middle grarach Swift 

3/16 (19%) 
3/13 (23%) 

(1 - 7 
(2 - 6 

WestgrarachFeverBrOok 
WeStgranchFeVeracook 

2/16 (13%) 
2/15 (13%) 

(1 - 10 
<1 - 11 

E3stBranchPeverBrodE 
Iawer E.B. Fever Ekmk 

2/16 (13%) 
2/16 (13%) 

(1 - 20 
(1 - 9 

East Branch swift River 
IanRlr E.B. Swift River 

3/16 
4/16 

19%) 
25%) 

(1 
(1 

- 7 
- 8 

ylhre River @ Shaft 11A 017 (1 - (5 

Quahbin Reservoir (xltlet 2/15 13%) <1 - 10 

QuahbinReservoir 
at Winsar Dam 1/5 (20%) (2 - 5 

auabbinReservoir 
at Shaft 12 1/7 (14%) (2 - 15 

?unbient Water auality Criteria for Nickel (at Hardness = 10 mg/l as -9) 

P o U r D a y A v e r a g e  = 2 3 w / l  
One hour Average  = 202 pq/l 
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zinc concentrations in uncontaminated waters to range from 0.5 to 10 jq/l 
(USEPA, 1987). 

The secondary drinking water MCL for zinc is 5 mg/l. 

Although aquatic organisms require zinc in small amounts, this metal can 
become toxic at higher concentrations. The EPA water quality criteria for 
zinc (at a hardness of 10 mg/l as caco,) are: 

Freshwater aquatic organisms and their uses should not be affected 
unacceptably if the four-day average concentration of zinc does not 
exceed 15 us/l more than once every three years on the average and 
if the one hour average concentration does not exceed 16 us11 more 
than once every three years on the average. 

Table 19 summarizes the data for zinc. 

Zinc was present in concentrations above the detection level (2 pg/l) in 
58% to 100% of the samples collected at each station. There were many 
observed values which exceeded both the chronic and the acute criteria at 
each station. zinc had the most sample results exceeding water quality 
criteria of any of the metals analyzed, The possibility exists that there 
may be some toxicity to aquatic life due to ambient concentrations of 
zinc. All values were well below the secondary drinking water MCL for 
zinc. 
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Nunber of 
statim Location Times Detected 

Qdwell (sseek
upeerQdwell(sseek 

16/18 (89%) 
11/13 (85%) 

(5 - 29 
(5 - 130 

pursee- 17/19 (89%) (2 - 80 

AthertonBrook 17/19 (89%) (5 - 127 

west Branch swift River 16/19 (84%) <5 - 297 

Dickey azaok 12/19 (63%) ( 5  - 346 

Prescott azaok 11/19 (58%) <5- 204 

-11 Brook 12/19 (63%) (5 - 178 

-Brook 
UFperHOp-

12/19 (63%) 
9/12 175%) 

(5 - 80 
(5 - 29 

Mime Branch Swift 
Middle Branch Swift 

16/19 (84%) 
12/16 (75%) 

(5 - 130 
<5 - 146 

WestmandlFeverBrOok 
WeStmandlFeverazaok 

17/19 (89%) 
13/18 (72%) 

<5 - 156 
<5- 460 

EastBranchFeVerBrook 
Lower E.B. Fever Brook 

17/19 (89%) 
13/19 (68%) 

(5 - 84 
<5 - 89 

Elst Branch swift River 
Lower E.B. swift River 

16/19 (84%)
17/19 (89%) 

(5 - 79 
(5 - 116 

River @ Shaft 11A 617 (86%) (5 - 48 

Quabhin Reservoir a t l e t  14/18 (78%) (5 - 80 

Quabhin Reservoir 
a t  Winsor Qam 4/5 (80%) (5 - 106 

QuabbinReservair 
a t  Shaft 12 7/7 (100%) 6 - 50 



WATER QUALITY ASSESSMENT - BACTERIA DATA 
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BACTERIA 


Stream samples were analyzed for heterotrophic bacteria and total coliform 
bacteria. In addition, beginning in January, 1990, fecal coliform was added to 
the parameters analyzed by the laboratory at Quabbin. This parameter was added 
due to changes in federal and state in water quality standards for bacteria, and 
since fecal coliform data are an additional method for investigating potential 
sources of pollution. 

In 1989, the US Environmental Protection Agency promulgated new rules for 
drinking water (Federal Register, Vol. 54, No. 124, June 29, 1989). The surface 
water Treatment Rule (SWTR)established bacteria criteria for raw water supplies 
which are not filtered. These criteria have been established for the source 
water immediately prior to disinfection: 

Fecal coliform <20/100 ml in at least 90% 
(prior to disinfection) of the samples 

Total coliform <100/100 ml in at least 90% 
(prior to disinfection) of the samples). 

The system may exceed the total coliform limit if the fecal coliform limit is 
met. 

In 1990, the Connuonwealth's Surface Water Quality standards (314 CMR 4 . 0 0 ) ,
promulgated by the Department of Environmental Protection, Division of Water 
Pollution Control, were also revised. The bacteria standard for Class A waters 
was changed from: 

"Total coliform bacteria shall not exceed a log mean for a set of samples of 
50 per 100 ml during any monthly sampling period 'I to 

"Fecal coliform bacteria shall not exceed an arithmetic mean of 20 organisms 
per 100 ml in any representative set of samples, nor shall 10 percent of the 
samples exceed 100 organisms per 100 ml". 

The Surface Water Treatment Rule (SWTR) criteria are applied to the water supply 
at the point of entry to the distribution system. Sampling points for these 
criteria are located in the Reservoir. QT16 and QT17 represent the water which 
enters the Chicopee Valley Aqueduct, and QT206 represents water which enters the 
wachusett Aqueduct. The SWTR criteria for both total coliform and fecal coliform 
bacteria were met on all sampling events at these three stations. Total coliform 
bacteria concentrations for the entire sampling program at these stations are 
shown in Figure 5. 

At sampling stations located on streams in the watershed, DEP's water quality 
standards for Class A water apply. The Class A standard for total coliform 
bacteria was more stringent than the current SWTR standard for total coliform. 
The current class A water quality standard for fecal coliform is the same as the 
SWTR criterion for fecal coliform. This sampling program produced a complete 
year's record of total coliform bacteria data, and a smaller set of fecal 
coliform bacteria data. 
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Bacteria levels for stream stations were generally very low throughout the entire 
study period. This was due to the high level of protection in the Quabbin 
watershed.
development. 

Only a small percentage of the watershed has been affected by 

The former Massachusetts water quality standard of 50 total coliform/100 mlwas 
met for most of the study period. Some of the stations would have failed the old 
class A standard during July and August. The yearly averages, however, were less 
than 50 organisms/100 ml at all stations. The averages presented in this series 
of data reports were determined as an arithmetic average to be consistent with 
the present Class A Massachusetts water quality standards, whereas the former 
water quality standard for total coliform bacteria was a log mean. Log means 
were calculated for the stations which had arithmetic yearly averages that were 
close to the standard of 50 organisms/100 ml. In all cases, the log mean was 
lower than the arithmetic average. 

The total coliform data were also reviewed by grouping stations geographically
and plotting the bacteria concentrations to show the range of values observed 
throughout the study. The results are presented in Figures 6 through 13: 

Tributaries which drain to the west arm of the Reservoir: 

cadwell creek, Purgee Brook Figure 6 
Atherton Brook, west Branch Swift Figure 7 

River, Dickey Brook 

Tributaries which drain to the central basin of the Reservoir: 

Prescott Brook, underhill Brook Figure 8 
Hop Brook Figure 9 
Middle Branch Swift River Figure 10 

Tributaries which drain to the east arm of the Reservoir: 

West Branch Fever Brook Figure 11 
East Branch Fever Brook Figure 12 
East Branch Swift River, Ware River Figure 13 

at shaft 1 1 ~ .  

There was a general pattern which was observed in virtually all these sample 
sets. The bacteria levels were very low at the beginning of the study (in 
April). Levels begin to rise around week 10 of the study (June) and continued 
to rise, reaching a maximum around week 15 to week 28 (mid-July to mid-October) . 
Bacteria levels declined in the fall, and were very low in the winter. The
increase in bacteria in the summer and early fall was likely due to the increase 
in stream temperature and increased biological activity in the warmer months as 
well as the increase in precipitation over the course of the study. There did 
not seem to be any clear differences in bacteria levels which could be attributed 
to certain geographic regions of the watershed. 

The bacteria data collected in this study have shown that the level of pollution 
from bacteria in the watershed was low. one known trouble spot in Petersham was 
monitored throughout this study. station QT18 was located in a storm drain near 
a suspected failing septic system. QT19 was located on Roaring Brook in 
Petersham. The storm drain empties into Roaring Brook. High bacteria levels 
were documented at station ~ ~ 1 8 .  The levels in Roaring Brook were much lower 
than in the storm drain. The total coliform concentrations at this station were 
higher than in some streams located in the more protected portions of the Quabbin 
watershed, but the levels were still acceptable. The log mean of all the total 
coliformtests was 77 organisms/100 ml. The average for fecal coliform data was 
10 
100

organisms/100 ml, and none of the individual fecal coliform values exceeded 
organisms/100 ml. 
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QUABBIN TRIBUTARIES TOTAL COLIFORM 
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FIGURE 10 

QUABBIN TRIBUTARIES TOTAL COLIFORM 
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The importance of bacteria data collection in a water supply system is to screen 
for sources of gross pollution which may degrade water quality. when a high 
reading is encountered, efforts are made to determine the source of the bacteria. 
If the source poses a threat to the water supply, corrective actions are taken 
to eliminate the source of pollution. 

Examination of the bacteria data collected during this study, as well as other 
data collected by both the MDC and the DWPC, showed that fecal coliform bacteria 
and total coliform bacteria were the most useful bacterial analyses for this 
purpose. The test for heterotrophic bacteria was an analysis which has been 
conducted by the MDC laboratory historically. The Quabbin laboratory has an 
extensive data base of heterotrophic data for the streams in the watershed. 
Heterotrophic bacteria was also analyzed on all stream samples throughout this 
study. However, at the conclusion of the study these data were reviewed, and 
heterotrophic testing was discontinued. The test may be used in the future for 
special studies. 
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QUABBIN RESERVOIR HYDROLOGIC BUDGET 


A hydrologic budget for the Quabbin Reservoir was developed for the March 1989 
to April 1990 period of study. Due to the complexity of this system, three 
different methods were selected and evaluated in an attempt to choose one which 
most closely described this watershed. The major differences in the methods were 
the ways in which tributary flows, precipitation and runoff values for each 
subwatershed were determined. 

Method 1 (Drainage Area Ratio Method) and Method 2 (Matrix Method) used USGS 
continuous flow data monitored at two tributaries in the watershed, one from a 
small watershed on the western shore of the reservoir (Cadwell creek) and one 
from a larger watershed on the eastern shore of the reservoir (the East Branch 
of the swift River). In Method 1, the usGS flow data was extrapolated to ungaged 
Quabbin tributaries using comparative ratios of drainage areas. For this method, 
rainfall data from the six local weather stations was averaged to produce monthly 
precipitation values for the entire watershed considered as one climate region. 
Method 2 also used the usGs flow data for Cadwell creek and the East Branch of 
the swift River, but the localized rainfall data from the watershed weather 
stations were used independently, to establish site-specific runoff factors for 
the two tributaries. These runoff factors were then applied to the other 
subwatersheds. Application of the two runoff factors was based upon similar 
watershed characteristics including: watershed size, localized rainfall, land 
use, and soil types. The Method 3 used bimonthly on-site flow data field 
measured at 11 of the 12 tributaries sampled during the study period. 

A detailed description of the methods for the hydrologic budget determinations 
follow. The descriptions contain the formulas for calculating all inputs and 
outputs for the equations including: evaporation, groundwater, direct runoff 
from the islands and areas adjacent to the reservoir, all outflows to the 
Wachusett Reservoir, outputs through the turbine/bypass/spillway, and outputs to 
the Chicopee Valley Aqueduct. 

The drainage area ratio method (Method 1) and the matrix method (Method 2)
produce results with less than a one percent difference between total annual 
inflows. The basic difference in the results obtained from these two methods is 
in the relative distribution of the flows attributed to each of the tributaries. 
The flows differ substantially in some cases due to large differences in 
localized rainfall data measured at the weather stations. A decision was made 
to use the second or matrix method as this method incorporates not only more 
recorded on-site data but also land use and soils information. As a result the 
monthly flows more accurately incorporate localized weather patterns and runoff 
characteristics. The data from the field flow method (Method 3) closely matched 
USGS daily flow figures obtained at cadwell creek and the East Branch of the 
swift River. However, due to a decision to produce a computerized hydrologic 
budget which could be easily adapted to input from other years, the decision was 
made to incorporate the USGS continuous recording flow data from cadwell Creek 
and the East Branch of the Swift River into the program. 

METHOD 1 - (Drainaae Area Ratio MethodL: 

This method used ratios of watershed areas for ungaged tributaries to the 
watershed areas of USGS gaged stations to develop runoff or yield factors for 
each Quabbin sub-watershed. The steps in this method were as follows: 

1. The HYDROLOGIC BUDGET EQUATION selected was: 

I - O = S C  

where: I=Inflows,
0=0utf10ws,
SC=Storage change 
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FIGURE 14 

QUABBIN HYDROLOGIC BUDGET 
FLOW MODEL 

IN FLOWS: 

PRECIPITATION TRIBUTARIES & 
DIRECT RUNOFF 

\
I QUABBIN RESERVOIR I
I I 

OUTFLOWS: 

I 1 I 
TURBl N E, WACHUSElT CHICOPEE 

BYPASS & RESERVOIR VALLEY 

SPILLWAY AQUEDUCT 



This can be further developed as follows: 

PPT + TRIBS + DR + WR - EVAP - W - T/B/S - CVA -(+) GW = SC 

where: PPT=Precipitation,
TRIBS=Tributary Yields, 
DR=Direct Runoff, 
wR=ware River, 
EVAP=Evaporation,
W=Wachusett Reservoir, 
T/B/S=Turbine,Bypass,Spillway,
CVA=Chicopee valley Aqueduct, 
GW-Groundwater, and 
sC=storage change 

2 .  SUB-WATERSHED AREAS and boundaries in the Quabbin watershed, and the 
surface area of the reservoir were determined using GIs data (Table 20). 

3. GAGED TRIBUTARY FLOW DATA was compiled for the two tributaries, Cadwell 
creek and East Branch of the Swift River from data collected at the USGS 
gaging stations situated at the mouths of these tributaries (Appendix F). 

4 .  RUNOFF OR YIELD FACTORS were determined for each of the other ungaged 
tributaries. This was accomplished by separating the tributaries into two 
groups based upon their proximity to either cadwell Creek or the East 
Branch of the Swift River. The assumption was made that watersheds located 
near each other at Quabbin would share similar characteristics including, 
weather, topography, soils, etc. A ratio of the drainage area of the 
tributary to the drainage area of either Cadwell creek or the East Branch 
of the Swift River was calculated. The drainage area ratios appear in 
Table 21. 

5. MONTHLY TRIBUTARY FLOW FIGURES for ungaged streams were developed by 
multiplying the yield factor by the monthly USGS flow of either cadwell 
creek or the East Branch of the Swift River (Table 21). 

6 .  MONTHLY WATERSHED PRECIPITATION figures were calculated with the Quabbin 
watershed being considered as one unit, Precipitation values were 
developed from the MDC monthly data yield sheets which provided rainfall 
information from six stations around the reservoir. The monthly data from 
each of the six stations were averaged to produce one precipitation figure 
for each month. (Appendix D) These precipitation values were then used in 
Step 7 in the calculation of direct runoff from the islands and areas 
adjacent to the reservoir and to determine precipitation onto the reservoir 
surface (Table 2 2 ) .  The precipitation data is also graphically presented 
in Figure 15. 

7. MONTHLY DIRECT RUNOFF VALUES for the shore zones and islands which 
discharge directly to the reservoir were calculated using the following 
formula (See also Table 2 2 ) .  

DR = AREA X PPT X RF 

where: DR=Direct Runoff 
AREAXArea of shore zones and islands* 
PPT=Precipitation in inches 
RF=Runoff Factor 

area of shore zones were defined as those areas which did not drain into 
any of the stated tributaries 
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TABLE 20 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 

QUABBIN SUBWATERSHED AREAS (square miles) 

TOTAL WATERSHED 187.41 

TOTAL RESERVOIR SURFACE 37.73 

TOTAL LAND AREA 149.68 

TOTAL MASS GIs DELINEATED AREA TOTAL NON-DELINEATED AREA 
(109.86) (39.82) 

East Branch Swift River 43.66 Islands 6.05 
west Branch swift River 12.42 
Middle Branch swift River 10.66 

Reservoir Fringe 33.77 

East Branch Fever Erook 8.68 
Hop Brook 5.43 
West Branch Fever Brook 4.47 
Dickey Brook 4.26 
Purgee Brook 2.65
Prescott Brook 2.64 
Atherton Brook 2.59 
cadwell Creek 2.59 
underhill Brook 2.13 
Woosehorn Brook 1.98 
Gulf Brook 1.51 
Briggs Brook 1.13 
Egypt brook 0.93 
cobb Brook 0.84 
Gibbs Brook 0.55 
Thurston Brook 0.44 
chaffee Brook 0.30 
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TABLE 21 

QUABBIN HYDROLOGIC BUDGET 
QUABEIN WATERSHED MONTHLY I N F L O W  - METHW 1 

A p r i l  1989 - March 1990 
( m i l l i o n s  of  gal lons) 

TRIB. YIELD 1989 MONTH 1990 
TRIBUTARY NAME NUnEER FACTOR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR TOTAL 

CADWELL CREEK' 0101 1.00 189.9 306.4 197.7 38.0 66.1 71.7 300.4 149.2 42.1 108.1 226.1 212.3 1908.0 
PURGEE BROOK 0102 1.02 193.7 312.5 201.6 38.8 67.4 73.1 306.4 152.2 42.9 110.3 230.6 216.5 1946.2 
AHTERTON BROOK 0103 1.00 189.9 306.4 197.7 38.0 66.1 71.7 300.4 149.2 42.1 108.1 226.1 212.3 1908.0 
VEST BR. SWIFT RIVER 0104 4.80 910.8 1469.3 947.9 182.5 316.9 343.9 1440.5 715.6 201.7 518.6 1084.2 1017.9 9149.7 
DICKEY BROOK 0 1 0 5  1.64 311.5 502.5 324.2 62.4 108.4 117.6 492.6 244.7 69.0 177.4 370.8 348.1 3129.2 
PRESCOTT BRMK 0106 1.02 193.7 312.5 201.6 38.8 67.4 73.1 306.4 152.2 42.9 110.3 230.6 216.5 1946.2 
UNDERHILL B R M K  0107 0.82 155.7 251.2 162.1 31.2 54.2 58.8 246.3 122.4 34.5 88.7 185.4 174.1 1564.6 
HOP E R M K  0108 2.10 398.8 643.4 415.1 79.9 138.8 150.6 630.8 313.4 88.3 227.1 474.8 445.8 4006.9 
MID. BR. SWIFT RIVER 0109 4.12 781.7 1261.1 813.6 156.6 272.0 295. 1 1236.4 614.2 173.1 445.1 930.6 873.7 7853.1 
VEST BR. FEVER B R M K #  0110 0.10 265.9 381.4 224.2 65.6 130.4 93.3 299.3 232.1 81.0 124.9 237.0 219.4 2354.5 
EAST BR. FEVER B R M K #  0112 0.20 519.4 745.0 438.0 128.2 254.7 182.2 584.8 453.5 158.2 243.9 463.1 428.6 4599.4 
EAST BR. SWIFT RIVER* 0114 1.00 2596.9 3724.8 2189.9 640.8 1273.7 910.9 2923.8 2267.5 791.0 1219.6 2315.3 2142.8 22997.0 
8 SMALL TRIBUTARIES 2.97 564.1 910.0 587.1 113.0 196.3 212.9 892.2 443.2 124.9 321.2 671.5 630.5 5666.8 

m DIRECT RUNOFF 1221.8 2881.9 1896.2 1443.0 2042.6 2015.6 2412.7 1224.0 474.4 1339.2 1464.8 865.3 19281.5 
m PRECIPITATION ON RES. 2572.8 6068.1 3992.6 3038.4 4300.8 4243.9 5080.0 2577.2 999.0 2819.8 3084.3 1822.0 40598.9 

WARE RIVER 0115 3811.5 6111.2 1593.0 0.0 1024.2 0.0 3226.6 2323.3 107.9 486.6 3668.2 3883.4 26235.9 

TOTALS 14878.7 26187.7 14362.5 6095.3 10379.8 8914.4 20679.5 12133.9 UR.8 8448 .O  15863.5 13709.0 155145.7 

CUABBIN WATERSHED MONTHLY INFLOUS SUMMARY - HETHW 1 
APRIL 1989 - MARCH 1990 

(mil l ions of gallons) 

1989 MONTH 19w 
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR TOTAL 

PPT. ON RESERVOIR 2572.8 6068.1 3992.6 3038.4 4300.8 4243.9 5080.0 2577.2 999.0 2819.8 3084.3 1822.0 40598.9 
TRIBUTARIES 7272.1 11126.6 6900.8 1613.9 3012.7 2654.8 9960.2 6009.4 1891.5 3603.2 7646.2 7136.4 69029.5 
DIRECT RUNOFF 1221.9 2881.9 1896.2 1443.0 2042.6 2015.6 2412.7 1224.0 474.4 1339.2 1464.8 865.3 19281.5 
WARE RIVER INTAKE 3811.5 6111.2 1593.0 0.0 1024.2 0.0 3226.6 2323.3 107.9 486.6 3668.2 3883.4 26235.9 

TOTAL 14878.3 26187.7 14382.5 M95.3 10379.8 8914.4 20679.5 12133.9 3472.8 8448.8 15863.5 13709.0 155145.7 



TABLE 22 

QUABBIN UATERSHED DIRECT RUNOFF, EVAPORATION AN0 PRECIPITATION 
APRIL 1989 - MARCH 1990
(millions of  gallons) 

OIRECT RUNOFF (millions o f  gallons)
1989 1990 

HMlTH APR MAY JUN JUL AUG SEP OCT NOV OEC JAN FEB MAR TOTAL 

PRECIPITATION (INCHES 3.92 9.25 6.09 4.63 6.56 6.47 7.75 3.93 1.52 4.30 4.70 2.78 61.91 
RUNOFF (HG) 1221.90 2881.90 1896.18 1443.02 2042.55 2015.56 2412.65 1223.98 474.43 1339.21 1464.83 865.30 19281.50 

FORMULA:
(39.82 Sa MILES * 2590000 M2lSQ MILES (0.45*PREClPITATlMI I N  INCHES * 0.0254 M/INCH)*264.2 gallons/~)/l000000 

EVAPORATIMI (millions of gallons) 

1989 1990 
MMlTH APR MAY JUN JUL AUG SEP OCT NOV OEC JAN FEB MAR TOTAL 

00
W EVAP. FACTOR 3.34 4.40 4.74 7.25 5.01 3.78 2.24 3.60 1.51 0.96 1.05 1.70 39.58 

EVAPORTATIMI (MG) 2190.28 2885.40 3108.36 4754.35 3285.42 2478.82 1468.93 2360.78 990.22 629.54 688.56 1114.81 25955.47 

FORWLA: 
(RESREWIR WRFACE AREA It4 S4 MILES* 25W0W M2/SQ M I L E  (EVAP FACTOR I N  INCHES * 0.0254 M/lNCH)’264.2 gsllons/m3> /1000000 

RESERVOIR SURFACE AREA I N  SQUARE MILES 
37.73 

PRECIPITATION (millions of gallons) 

1989 1990 
MONTH APR MAY JUN JUL AUG SEP OCT NOV OEC JAN FEB MAR TOTAL 

PRECIP. (INCHES) 3.92 9.25 6.09 4.63 6.56 6.47 7.75 3.93 1.52 4.30 4.70 2.78 61.91 
P R E C l P l T A T l M I  (MG) 2572.81 6068.08 3992.56 3038.41 4300.77 4243.94 5080.05 2577.19 W8.W 2819.82 3084.32 1821.95 40598.87 
EVAPORATION 2190.28 2885.40 3108.36 4754.35 3285.42 2478.82 1468.93 2350.78 wO.22 629.54 688.56 1114.81 25955.47 

FORWLA: 
(RES. SURFACE AREA I N  SQ. MILES X 2590000 M2/SQ MILES) X (PPT I N  INCHES X 0.0254 W I N C H )  264.2 GALLONSIIO) /1000000 



FIGURE 15 
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DR = (area of direct runoff sq. miles x 2590000 mZ/sq. miles) 
X (0.45 x precipitation in inches X 0.0254 m/inch) 
X 
/ 

(264.2 gallons/m3) 
(1000000 gallons/mg) 

A runoff factor of 0.45 was used in the calculations. The 0.45 runoff factor 
was obtained from data provided in the HigginS and Colonell (1971) report 
entitled, Evdroloaic Factors in the Determination of Watershed Yields, WRRC, 
University of Massachusetts. The formula used for this determination was: 

runoff factor = average annual runoff divided by the average rainfall 

0.45 = 20 inches / 44 inches 

8. EVAPORRTION from the reservoir surface was calculated using a combination of 
two data sources. The first source summarized actual evaporation values 
determined for the Quabbin Reservoir during the four year period (1967-1970) 
by Higgins and Colonell as discussed in their 1971 report. Since this 
Quabbin evaporation study only covered the months from April to November, the 
Fitzgerald factors also discussed in the Higgins and Colonell report were 
used for the additional four months (December through March). The Fitzgerald 
factors were developed for Massachusetts waters during a sixteen year study 
performed at the chestnut Hill Reservoir in Brookline. Higgins and colonell 
(1971) demonstrated that these figures were appropriate for Quabbin by 
comparing the annual evaporation (39.20 inches) calculated with only the 
Fitzgerald factors, to the annual evaporation (39.58 inches) using the 
combined Quabbin Reservoir factors for April to November and the Fitzgerald 
factors for December to March. on an annual basis this produced only a 
difference of 0.38 inches between the results of the two methods. 

The evaporation formula using the combined factors were as follows: 
(see also Table 22) 

EVAP = SA X EF 

where: EVAP=Evaporation 
SA=Surface area of the reservoir 
EF=Evaporation factor 

EV- = (reservoir surface area in sq.mi. X 2590000 m2/sq. mi.) 
X (Fitzgerald factor in inches X 0.0254 m2/inch) 
X 
/ (1000000 gallons/mg) 

(264.2 gallons/m2) 

9. OUTPUTS through the turbine/bypass/spillway, the chicopee Valley Aqueduct, and 
the wachusett Reservoir were obtained from the MDC monthly yield and water 
transfer records (Table 23). 

10. The actual STORAGE CHANGE for the reservoir was determined using elevation 
levels recorded from the Winsor w am at the beginning and end of the study 
period. These elevation levels were translated into volume (Table 24) with 
a stage-volume curve developed for the reservoir by the Metropolitan District 
Commission (MDC files - Boston). 

11. GROUNDWATER (Table 24) was determined by subtracting the actual storage 
change (Step 10) from the projected storage change (i.e., INPUTS - OUTPUTS). 

12. The ANNUAL HYDROLOGIC BUDGET was completed by substituting the values 
obtained as described above, into the formula in step 1 (See also Table 24): 

Inflows - outflows = Storage change +(-) Groundwater 
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TABLE 23 

QUAEEIN UATERSHEO DUTFLOUS - METHWS 1 AND 2 
( m i  I I ions of gaIIons) 

1989 1990 
APR MAY JUN JUL AUG SEP OCT NOV OEC JAN FEE MAR TOTAL 

T l E l S  363.0 331.6 301.4 341.0 340.9 380.2 312.4 231.9 298.9 326.3 256.1 270.3 3754.0 

UACHUSETT 
C.V.A. 

0.0
363.6 

0.0 
399.0 

1106.0 
418.9 

7736.0
458.8 

4543.0 
472.2 

6700.0 
439.9 

2094.0 
380.4 

0.0 
344.0 

5733.0 
355.2 

1654.0 
366.4 

0.0 
298.5 

1394.6 
340.5 

30960.6 
4637.4 

EVAPORATION 2190.3 2885.4 3108.4 4754.3 3285.4 24m.8 1468.9 236o.a 990.2 629.5 688.6 1114.8 25955.5 

TOTALS 2916.9 3616.0 4934.7 13290.1 8641.5 9998.9 4255.7 2936.7 7377.3 2976.2 1243.2 3120.2 65307.5 



1 

TABLE 24 

QUABBIN HYDROLOGIC BUDGET - METHQl 

QLIABBIN UATERSHED M N T H L Y  I N F L W S  
A p r i l  1989 - March 1990 

X OF TOTAL % OF TOTAL 
INFLOW VOLUME QUABBINWARE PUABBIU ONLY 

CADUELL CREEK" 1908.0 1.2 1.4 
PURGEE BROOK 1946.2 1.2 1.5 
AHTERTON BROOK 1908.0 1.2 1.4 
WEST BR. SWIFT RIVER 9149.7 5.8 6.9 
DICKEY B R W K  3129.2 2.0 2.4 
PRESCOTT B R W K  1946.2 1.2 1.5 
UNDERHILL BROOK 1564.6 1.0 1.2 

4006.8 2.5 3.0 
7853.1 4.9 5.9 
2354.5 1.5 1.8 
4599.4 2.9 3.5 

22997.0 14.5 17.4 
5666.8 3.6 4.3 

.. . 19281.5 12.2 14.6 
PRECIPITATIOU 40598.9 25.6 30.7 
GRWNDWATER 3525.7 2.2 2.7 
UARE RIVER INTAKE 26235.9 16.5 

QUABBIN + WARE 158671.47 100.0 
QUABBIN ONLY 132435.57 100.0 

W T F L M I  (HG) 

-
TOTAL 65307.5 

RESERVOIR VOLUME: 
INFLOWS-OUTFLOWS 89838.3 
STORAGE CHANGE 93364.0 APRIL 1 ,  1989 STORAGE = 282086- MARCH 31, 1990 STORAGE = 375450 
GRWNDWATER 3525.7 

STORAGE CHANGE 93364 
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step 1 (hydrologic budget equation), step 2 (determination of watershed boundaries 
and areas), Step 3 (compilation of uSGS flow data for gaged tributaries) were the 
same as in Method 1. 

4. MONTHLY AND ANNUAL PRECIPITATION data for each of the six weather stations 
was available from MDC yield sheets (MDC files at Quabbinl. A determination 
was made as to which weather station or combination-of stations would be used 
for each subwatershed. The weather stations and the annual precipitation for 
each sub-watershed is presented in Table 25. 

MONTHLY SITE SPECIFIC RUNOFF FACTORS were determined for Cadwell creek and 
East Branch of the Swift River. USGS monthly gaged flows for Cadwell Creek 
and the East Branch of the swift River were divided by the local monthly 
precipitation data to produce the monthly runoff factors. 

For example, rain data from the weather station closest to Cadwell Creek 
(Wsl) was used for each month together with the USGS monthly flow data for 
Cadwell Creek to establish monthly runoff values for this sub-watershed. The 
same procedure was used for the East Branch of the Swift River. However, an 
average of the weather data from ws4 and WS5, the two stations closest to the 
East Branch of the swift River, was used. 

VERIFY SITE SPECIFIC RUNOFF FACTORS. The annual Site Specific runoff Values 
calculated were: (1) 0.69 for cadwell creek and those tributaries determined 
to be similar to cadwell Creek, (2) 0 .54  for the East Branch of the swift 
River and those tributaries determined to be similar to this subwatershed, 
and (3) 0.62 as an average used for the remaining tributaries. Initially,
these site specific values were considered higher than expected. Therefore, 
a test using the Thornthwaite method was instituted to determine if these 
values were reasonable. Table 26 displays the results from this test. The 
Thornthwaite method predicted a runoff value of approximately 43 inches ( 5 6 %
of 76 inches) for the south New Salem area. In an "average" year 
approximately 20 inches of runoff are expected in the Quabbin area. In a 
"dry" year the runoff can be considerably lower, while in a "wet" year the 
runoff can be considerably higher as the soil becomes saturated producing a 
greater amount of runoff. The site specific runoff values calculated under 
this study predicted a runoff value for the So. New Salem area of 47 inches. 
This value is much higher than in an average year but close to the value 
predicted using the Thornthwaite method. The runoff values predicted under 
this study were therefore not considered out of range in light of the extreme 
weather conditions. 

One important point worth noting while reviewing these figures is that the 
weather condition for this period was extremely different from most years. 
The extraordinarily wet conditions of this study period created a situation 
in which the rainfall was significantly greater during the study period 
(61.91 inches) compared with an average rainfall year (44 inches). This 
translates into an increase of 41% percent over the normal precipitation, 
with a corresponding increase in the water storage at Quabbin. The reservoir 
level rose from a low of 512.21 feet on April 1, 1989 to a high of 525.13 
feet on March 31, 1990 (an increase in elevation of 13 feet). The saturated 
conditions of the ground resulted in a higher percentage of runoff than would 
be seen during an average year. 

7 .  MONTHLY DIRECT RUNOFF VALUES for the shore zones and islands which discharge 
directly to the reservoir were calculated using the following formula: 
(Table 22) 

DR = AREA X PPT X RF 
where: DR=DireCt Runoff 

-=Area of shore zones and islands 
PPT=Precipitation in inches 
RF=Runoff Factor 
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DR = (area of direct runoff sq. miles x 2590000 m2/sq. miles) 
x (0.45 X precipitation in inches X 0.0254 m/inch) 
X 
/ 

(264.2 gallons/m3) 
(1000000 gallons/mg) 

A runoff factor of 0.45 was used in the calculations. The 0.45 runoff factor 
was obtained from data provided in the Higgins and colonell (1971) report 
entitled, Iivdroloaic Factors in the Determination of watershed Yields, WRRC 
University of Massachusetts. The formula used for this determination was: 

runoff factor = average annual runoff divided by the average rainfall 

0.45 = 20 inches / 44 inches 

8. APPLY SITE SPECIFIC RUNOFF FIGURES TO EACH QUABBIN SUBWATERSHED. In order to 
do this a matrix of characteristics (Table 25) describing each of the 
subwatersheds by watershed size, localized precipitation, soils, land use, 
and general topographic features was developed. A determination was then 
made of which subwatersheds more closely resemble cadwell Creek (i.e. Purgee 
Brook, Atherton Brook, Prescott Brook) and which subwatersheds more closely 
resemble the East Branch of the swift River (East Branch of Fever Brook and 
west Branch of Fever Brook). The monthly runoff values developed for these 
two subwatersheds were then attributed to those subwatersheds which were 
considered to be most similar to them. The remaining subwatersheds were 
determined to have runoff values that were an average of the values 
determined for Cadwell Creek and the East Branch of the swift River since 
these smaller subwatersheds shared some characteristics of each. 

9. TRIBUTARY FLOWS. The next step in the budget calculation was to determine 
the tributary flows for the ungaged streams. Flow figures were determined 
for each subwatershed for each month by multiplying the runoff value 
attributed to that subwatershed by the monthly rainfall calculated for that 
subwatershed and by the area of the subwatershed (Table 27). 

10. The OUTPUTS through the turbine/bypaas/spillway, the chicopee Valley Aqueduct 
and Wachusett Reservoir, and the STORAGE CHANGE for the reservoir were 
determined as in Method 1 (Table 23). 

11. GROUNDWATER was determined as in Method 1 (Table 28). 

12. The ANNUAL HYDROLOGIC BUDGET was completed by substituting into the formula 
in Step 1 the values obtained as described above (Table 28). These flow 
figures and local precipitation figures were then substituted into the 
original hydrologic budget equation, producing an annual budget which is 
within one percent of the annual budget produced under the first method. The 
noticeable difference is in the redistribution of flows amongst the 
tributaries based predominantly upon the localized weather patterns. 

The field measurement of flow was performed at twelve stations in the watershed. 
The measurements were taken twice per month as weather conditions and access 
allowed. Data from these surveys are presented in APPENDIX B. 
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TABLE 25 

QUABBIN TRIBUTARY ASSESSMENT REPORT 

SI28 PRECIPITATION WEATHER 
TRIBUTARY imi L inches) STATION SOILS LAND USE 

Cadwell Creek 2 -59 ( S )  61.9 (H) ws1 S F 

Purgee Brook* 2.65(5) 61.9(M) ws1 S F 

Atherton Brook* 2.59 (S) 61.9 (M) ws1 S F (i,c,a) 

west Branch Swift River 12.42 (M) 70.0 ( 8 )  ws2, ws7 S F,I (era) 

Dickey Brook 4.26(S) 76.7(H) ws7 S F 

Prescott Brook* 2.64(S) 64.9 (M) WS1, WS6A, WS7 S F 

Underhill Brook 2 . 1 3 ( 5 )  76.7 ( H )  ws7 S F ( i ,c)  

Hop Brook 5.43(M) 70.O(H) ws2. ws7 S F,I,C,A
a m 

Middle Branch Swift River 10.66 (M) 63.3 (M) ws2 S F,I,C,A 

West Branch Fever Brook** 4.47(S) 56.8(L) ws4, ws5 P F (a) 

East Branch Fever Brook** 8.68 (M) 56.8(L) ws4, ws5 P F,A, ( C )  

East Branch Swift River 43.66(L) 56.8(L) ws4, ws5 P F,I,C,A 

size Preciuitation soils Land use Weather Station 

s < 5 mi2 L c 57 P = Paxton/€iollis/Canton F = forest ws1 = MDC Admin Bldg. 
M 5 - 15 pi2 M 57 - 69 S = scituate/Essex/Ridgebury I = industrial ws2 = NO. New Salem 
L > 15 mi H 2 70 c = commercial WS4 = No. Petersham 

A E agricultural ws5 = Petersham 
(Size, i.e., F, f indicates WS6a = Shaft 12 

* 
**
watersheds compared to Cadwell creek 
watersheds compared to East Branch of the Swift River 

relative importance) ws7 = so. NBW Salem 



TABLE 26 

QUABBIN TRIBUTARIES ASSESSMENT REPORT 

THORNTHWAITE METHOD 

SOUTH NEW SALEM 

A M J J A S 0 N D J F M TOTAL 

PET 10.08 113.4 152.4 172.8 160.65 140.4 57.00 17.22 0 4.92 2.46 15.45 846.78 

P ( m )
P( in) 

133
5.23 

2 82 
11.11 

220
8.68 

132
5.19 

203
8.00 

170
6.71 

236 
9.29 

148 
5.83 

56 
2.21 

133 
5.22 

150
5.91 

83
3.27 

1946
76.65 

P-PET 123 169 68 -41 42 30 179 131 56 128 148 68 

ST
AST 

150 
0 

150 
0 

150 
0 

113
-37 

150
37 

150 
0 

150 
0 

150 
0 

150
0 

150 
0 

150
0 

150 
0 

AET 10 113 152 169 161 140 57 17 0 5 3 16 843 

D 
S 

0 
123 

0 
169 

0 
68 

4 
0 

0 
5 

0 
30 

0 
179 

0 
131 

0 
56 

0 
128 

0 
148 

0 
68 

4
1105 

9 
-4 RO 110 140 104 52 28 29 104 117 87 107 128 98 1104 

DT 260 290 254 165 178 179 254 248 227 252 274 246 

T°C 
T°F 

6
42.8 

21 
69.8 

25
77 

28
82.4 

27
80.6 

33 
91.4 

17
62.6 

9
48.2 

-6 
21.2 

5 
41 

3
37.4 

8 
46.4 

I 1.32 8.78 11.44 13.58 12.85 17.41 6.38 2.44 1.32 1.00 .46 2.04 79.02 

UNPET 0.3 3 4.0 4.5 4.5 4.5 2.0 0.7 0 0.2 0.1 0.5 

33.6 37.8 38.1 38.4 35.7 31.2 28.5 24.6 23.7 24.6 24.6 30.9 

Runoff/precipitation = 56% 

PET = potential evapotranspiration RO = runoff Annual P = RET + S + ST 
P = precipitation DT = total mositure detention 1946 = 843 + 1105 
ST = soil storage of water T = temperature (mean monthly) 
AST = change in soil moisture storage I = annual heat index Annual PET = Annual AET + Annual D 
AET = actual evapotranspiration UNPET = unadjusted potential 847 = 843 + 4 
D = deficit of water in soil evapotranspiration
s = surplus 



TABLE 27 

PUABBIN WATERSHED ANNUAL HYDROLOGIC BUDGET - METHOD 2 
APRIL  1989 . MARCH 1990 
(millions o f  gallons) 

TRIB.  DRAINAGE 1989 MONTH 1990 
TRIBUTARY NUMBER AREA APR MAY JUN JUL AUG SEP OCT N W  DEC JAN FEB MAR TOTAL 

CADWELL C QTOl  2.59 189.9 306.4 197.7 38.0 66.1 71.7 300.4 149.2 42.1 108.1 226.1 212.3 1908.0 
PURGEE BR QT02 2.65 194.3 313.5 202.3 38.9 67.6 73.4 307.4 152.7 43.0 110.6 231.3 217.2 1952.2 
AHTERTON QT03 2.59 189.9 306.4 197.7 38.0 66.1 71.7 300.4 149.2 42.1 108.1 226.1 212.3 1908.0 
E S T  8R. PT04 12.42 1085.5 1428.3 1028.4 200.4 432.3 269.2 1382.7 879.5 288.3 498.0 1108.4 934.7 9535.7 
DICKEY BR 0105 4.26 415.6 526.6 400.0 70.4 152.1 103.0 495.3 378.2 118.8 191.5 419.6 344.9 3616.0 
PRESCOTT QTO6 2.64 221.1 309.0 202.1 37.8 67.8 70.7 326.4 I81 .2 53.8 123.5 273.1 232.7 2099.1 
UNDERHILL 0707 2.13 207.8 263.3 200.0 35.2 76.0 51.5 247.7 189.1 59.4 95.8 209.8 172.4 1808.0 
HOP BROOK QTO8 5.43 474.6 624.4 449.6 87.6 189.0 117.7 604.5 384.5 126.0 217.7 484.6 408.7 4169.0 
M I D .  BR. QTO9 10.66 823.3 1133.9 764.5 167.9 361.5 204.3 1134.0 563.3 197.7 375.6 852.8 741.6 7320.5 
W.FEVER Q T l O  4.47 265.9 381.4 224,2 65.6 130.4 93.3 299.3 232.1 81 .o 124.9 237.0 219.4 2354.5 
E.FEVER a112 8.68 516.3 740.5 435.4 127.4 253.2 181.1 581.3 450.8 157.3 242.5 Mo.3 426.0 4572.0 
E.SUIFT PT14 43.66 2596.9 3724.8 2189.9 640.8 1273.7 910.9 2923.8 2267.5 791 .o 1219.6 2315.3 2142.8 22997.0 
8 SMALL TRlBUTARlE 7.68 562.1 790.7 505.8 113.2 224.7 179.1 744.6 459.6 147.6 284.5 602.0 528.2 5142.3 
DIRECT RUNOFF 39.82 1221.9 2881.9 1896.2 1443.0 2042.6 2015.6 2412.7 1224.0 474.4 1339.2 1161.8 865.3 19281.5 
PRECIP ITATION 2572.8 6068.1 3W2,6 3038.4 4300.8 4243.9 5080.0 2577.2 999.0 2819.8 3081.3 1822.0 40598.9 

W WARE RIVER PR15 3811.5 6111.2 1593.0 0.0 1024.2 0.0 3226.6 2323.3 107.9 486.6 3648.2 3883.4 26235.9 
m 

TOTALS 15349.6 25910.5 14479.3 6142.8 10728.0 8657.0 20366.9 12561.6 3729.3 8346.1 15863.8 13363.7 155498.5 

QUABBIN WATERSHED MONTHLY INFLOUS - METHOD 2 
A P R I L  1989 - MARCH 1990 
(millions of gallons) 

1989 MONTH 1wO 
APR MAY JUW JUL AUG SEP OCT NOV DEC JAW FEB MAR TOTAL 

PPT. ON RESERVOIR 2572.8 6068.1 3992.6 3038.4 4300.8 4243.9 50m.o 2577.2 999.0 2819.8 3084.3 1822.0 405~8.9  
T R I W T A R I E S  7743.4 10849.3 6997.8 1661.3 3360.5 2397.5 9647.6 6436.8 2148.1 3700.0 7646.4 6793.1 69382.3 
DIRECT RUNOFF 1221.9 2881.9 1896.2 1443.0 2042.6 2015.6 2412.7 1224.0 476.4 1339.2 1464.8 865.3 19281.5 
WARE RIVER INTAKE 3811.5 6111.2 1593.0 0.0 1024.2 0.0 3226.6 2323.3 107.9 486.6 3663.2 3883.4 26235.9 

>534 .6 25910.5 144 .3 6142. . 8346.1 86 .8 13363. 498.5 



TABLE 28 

W A B B I N  UATERSHED ANNUAL HYDROLOGIC BUOMT - YETHOD 2 
APRIL  1989 - M R C H  lW0 

( m i l l i o n s  of gallons) 

% OF TOTAL % OF TOTAL 
INFLOU VOLUME QUABBIN+UARE PUABBIW ONLY 

CADWELL CREEK' 1908.0 1 .2 1.1 
PURGEE B R K K  1952.2 1.2 1.5 
AHTERTW BRWK 
WEST BR. SUlFT R I V  

1908.0 
9535.7 

1.2 
6.0 

1.4 
7.2 

DICKEY BROOK 3616.0 2.3 2.7 
PRESCOTl BRWK 
UNDERHILL BROOK 

20w. 1
1808.0 

1.3 
1.1 

1.6 
1.4 

Hop BRDOK
HID. BR. SWIFT R I V  

4169.0 
7320.4 

2.6 
L.6 

3.1 
5.5 

UEST BR. FEVER BRO 235L.5 1.5 1.8 
EAST BR. FEVER 8110 4572.0 2.9 3.5 
EAST BR. SUlFT R I V  
8 SMALL TPIBUTARIE 
OIRECT RUNOFF 

22997.0 
5142.3 
19281.5 

14.5 
3.2 
12.2 

17.1 
3.9 
14.6 

PRECIPITATION 40598.9 25.6 30.7 
GRWNDUATER 3172.9 2.0 2.4 
UARE RIVER INTAKE 26235.9 16.5 

QUABBIN + WARE
PLUBBlH ONLY 

158671.5 
132435.6 

100.0 
100.0 

OUTFLOW (MG)
EVAPOARATION 25955.5 
UATER SUPPLY (IO UACHUSETT) 30960.6 
TURBINEI8YPASS/SPILLUAY 3754.0 
C.V.A. 4637.4 -
TOTAL 65307.5 

RESERVOIR VOLUME: (MG) 
INFLOUS-OUTFLOWS 90190.9 
STORAGE CHANGE 93364.0 APRIL  1 ,  1989 STORAGE = 282086- NARCH 31, 1990 STORAGE = 375450 
GROUNDWATER 3172.9 

STORAGE CHANGE 93364 
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GET SU Y 

The hydrologic budget indicates that for the April 1989 - March 1990 period of 
study 158 billion gallons of water entered the reservoir (Table 28). The
tributaries accounted for 70 billion gallons or 43.6% of the input, the ware 
River contributed 26 billion gallons or 16.5%, direct runoff contributed 19 
billion gallons or 12.2%, and precipitation to the reservoir surface accounted 
for 41 billion gallons or 25.6% of the input. A net groundwater input of 3.2 
billion gallons or 2% of the inflow was calculated. (Although groundwater was 
calculated to be a net inflow for this year, hydrologic conditions may cause a 
net outflow in other years.) 

Outflow from the reservoir was 65 billion gallons and included water supplied to 
Wachusett Reservoir (31 billion gallons), to the Chicopee Valley Aqueduct (4.6 
billion gallons), water sent through the turbine/bypass and spillway (3.8 billion 
gallons) and evaporation from the reservoir surface (26 billion gallons). 

A pie chart of the inflows and outflows for the hydrologic budget was developed 
and appears as Figure 16A. Of note is the significantly large contribution of 
precipitation to the reservoir surface for this year with a corresponding large 
increase in the overall volume of water stored in the reservoir (93 billion 
gallons). 

The tributaries accounted for slightly less than half of the input if the Ware 
River was not included, and close to 60% if the ware River was included. The 
hydrologic budget should be reviewed with and without the input of the Ware 
River, as no diversions from the Ware River are allowed by state law between June 
15 and October 15 of each calendar year, unless an exemption is granted. During 
this period, the quantity and quality of the runoff from the tributaries, and 
direct precipitation becomes much more important. Also, the input from the Ware 
River varies from year to year depending on water availability in the Ware River 
watershed and available storage capacity at Quabbin. 

Of the twelve major and eight minor tributaries in the Quabbin watershed, the 
East Branch of the Swift River was the major contributor with 14.5% of the flow 
to the reservoir. This was followed by the West Branch of the Swift River and 
the Middle Branch of the swift River with 6 % and 4.6%. respectively. The 
combined flows of the east and west branches of Fever Brook produced 4.4% of the 
inflow with the East Branch of Fever Brook contributing about twice the flow of 

contributed only a total of 3.2%. 
As a comparison, the eight smaller tributaries the West Branch of Fever Brook. 

chart which appears as Figure 16B. 
The inputs are further detailed in the pie 
This second pie chart shows the relative 

contributions of each of the tributaries. 

The relative amount of each input listed above will change from year to year 
based upon weather conditions and soil saturation factors. one important point 
worth noting while reviewing these figures is that the weather conditions for 
this period were very different than most years. The extreme wet weather 
conditions during this study period created a situation in which the rainfall was 
significantly greater (62 inches) compared with an average rainfall year (44 
inches). This translates into an increase of 41% percent over the normal 
precipitation, with a corresponding increase in runoff and in the volume of water 
stored at Quabbin. 

The reservoir level rose from a low of 512.21 feet on April 1, 1989 to a high of 
525.13 feet on March 31, 1990 (an increase in elevation of 13 feet). A second 
hydrologic budget should be produced using data recorded during a "dry" year when 
flows are lower. During a "dry" year the outputs will also change significantly 
as transfers of water through the various aqueducts will change and use of local 
water supply sources by the user communities will change. The relative 
contribution of the Ware River during these times should be investigated. 
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FIGURE 16A 

QUABBIN RESERVOIR HYDROLOGIC BUDGET 


INPUTS, OUTPUTS AND STORAGE 


TRIBUTARIES STORAGE 

GROUNDWATER T/BB 
C.V.A. 

PREClPlTATlO IRECT RUNOFF 
ON RESERVOIR WARE RIVER VAPORATION 

INPUTS OUTPUTS PLUS 
STORAGE 

T/B/S = Turblne/Bypass/Spillway 
C.V.A. = ChicopeeValley Aqueduct 
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FIGURE 16B 

QUABBIN RESERVOIR HYDROLOGIC BUDGET 
INPUTS 
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QUABBIN RESERVOIR PHOSPHORUS BUDGET 


In the establishment of a nutrient budget for a lake or reservoir system, three 
different approaches are available. The first approach utilizes export
coefficients for phosphorus as related to various land use activities to estimate 
the load fromthe watershed as an entire unit or from the smaller subwatersheds. 
A second method for quantifying inputs involves the empirical equations which 
estimate loads from in-lake concentrations and provide a loading based upon the 
total watershed. The third method involves the use of direct field measurements 
for the parameters of interest and is the most reliable if adequate field data 
are available. 

A phosphorus budget was developed for the Quabbin Reservoir watershed using a 
combination of direct measurement and export coefficients since some inputs were 
not suitable for direct measurements. The expansion of the nutrient budget 
through the use of empirical equations and land use models should be performed 
in order to complete the water quality assessment of the Quabbin Reservoir. The 
empirical equations will provide a further confirmation of the nutrient loading 
levels, and the models will enable the analysis of impacts to the reservoir 
system from changes in loadings resulting from a comparison of various build-out 
scenarios and land use restrictions. This information would be useful in 
prioritizing land purchases and in concentrating watershed protection efforts. 

The quantity of phosphorus entering, leaving or stored in a system is important 
to the overall health and productivity of a waterbody. In freshwater, phosphorus 
is usually the nutrient responsible for an overabundance of algal and plant 
growth with subsequent problems including color, turbidity, taste, odor, and low 
dissolved oxygen. Unlike nitrogen which has an atmospheric phase, phosphorus 
inputs are more easily controlled through management practices and this nutrient 
is therefore the one usually targeted for study and control. Loading models have 
been developed which provide an indication of the amount of phosphorus entering 
a system, and the various levels of water quality associated with those amounts. 
These phosphorus levels, usually termed loading factors, or land use export 
coefficients, are associated with different types of land uses and the amount of 
land in each of the categories. In general, the levels of phosphorus increase 
as the development increases. 

The long-term management of any system includes a definition of the percent of 
water being contributed by each tributary and land area as compared to the 
relative percent of phosphorus being contributed by each category. Any tributary 
which inputs a greater percentage of nutrients compared to the water flow 
contributed is then targeted for further site-specific analyses. These studies 
should also be conducted under wet weather conditions as the total volume of 
water as well as the proportion of surface water runoff will increase. 

Table 29 itemizes the nutrient budget for the watershed. The inputs include 
phosphorus entering the system from the twenty tributaries, the Ware River, 
direct runoff, precipitation, wildlife and groundwater. 

Tributary inputs, including those from the Ware River, were calculated by 
translating the individual bi-weekly data to an average annual input value 
expressed as kilograms of total phosphorus per year. This was accomplished by 
multiplying the annual average concentration of phosphorus entering from each 
tributary, by the amount of water that tributary contributed to the reservoir. 
The bi-weekly phosphorus data was time-weighted to adjust for different numbers 
of samples per month. The eight smaller tributaries, which were not directly 
measured, utilized the same basic approach. However, the phosphorus value 
applied to all eight tributaries was obtained as an average of the other twelve 
tributary phosphorus values obtained through sampling. The data collected for 
the Ware River were collected less frequently than bi-weekly as samples were only 
taken from the outlet if water was actually being transferred from the Ware River 
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TABLE 29 

QUABBIN WATERSHED TOT€& PHOSPEORUS BUDGET 

INPUTS 

STATION 
TOTAL
PHOSPEORUS 

MILLIONS OF 
GALLOUS KG P/YR 

COWTRIBUTION
%TP %FLOW 

KG-PP
MI /YR 

KG-TP 
B R / Y R  

b-
0 c 

CADWELL CREEK 
PURGE6 BROOK
ATEERTON BROOK 
W.BR.SWIFT RIVER 
DICKEY BROOK 
PilESC- BROOK 
UNDERBIU BROOK 
HOP BROOK
M.BR.SWIFT RIVER 
W.BR.FEVER BROOK 
E.BR.PEVER BROOK 
E.BR.SWIFT RIVER 
WARE RIVER 
8 S M W  TRIBUTARIES
DIRECT RUNOFF 
PRECIPITATION 
WILDLIFE INPUTS 
SEDIMENTS
GROUNDWATER 

0.010 mg/l
0.008 mg/l 
0.008 mgll
0.009 mg/l
0.013 mull 
0.016 G/l
0.017 mg/l 

0.011 as/l
0.014 m g / l  

0.018 G / l  
0.015 mg/l
0.015 mg/l 
0.014 mg/l
0.013 mg/l 
0.090 kg sa/Yr
0.181 kg aa/Yr
0.135 K g  Duck/Yr

0 
0.010 mg/l 

2.59 
2.65 
2.59 

12.42 
4.26 
2.64 
2.13 

10.66 
5.43 

4.47 
8.68 

43.66 
97.OO 
7.68 

39.82 
37.73 
37.73 

1908 .O 
1952.2 
1908 .O 
9535.7 
3616.0 
2099.1 
1808.0 
4169.0 
7320.4 
2354.5 
4572.0 

22997 .O 
26235.9 
5142.3 
19281.5 
40598.9 

3173.1 

72.2 
59.1 
57.8 
324. 8 
177.9 
127.1 
116.3 
220.9 
304.8 
160.4 
259.6 
1305.7 
1390.2 
249.8 
929.6 
1771.5 

13.2 

120.1 

0.9 
0.8 
0.8 
4.2 
2.3 
1.7 
1.5 
2.9 
4.0 
2.1 
3.4 
17.0 
18.1 
3.3 

12.1 
23.1 
0.2 

1.6 

1.2 
1.2 
1.2 
6.0 
2.3 
1.3 
1.1 
2.6 
4.6 
1.5 
2.9 
14.5 
16.5 
3.2 

12.2 
25.6 

2.0 

27.9 
22.3 
22.3 
26.2 
41.8 
48.2 
54.6 
40.7 
28.6 
35.9 
29.9 
29.9 
14.3 
32.5 
23.3 
47.0 

0.10 
0.08 
0.08 
0.09 
0.15 
0.17 
0.19 
0.14 
0.10 
0.13 
0.11 
0.11 
0.05 
0.12 
0.08 
0.17 

7661.1 100.0 100.0 

OUTPUTS 

3GALLONS KG YR 
TOTAL MILLIONS OF TP 

WACBUSETT 
C.V.A 
T/B/S 

0.006 mg/l
0.008 mg/l 
0.008 m g / l  

30960.6 
4637.4 
3754.0 

703.1 
140.4 
113.7 

TOTAL 39352.0 957.2 

TP INPUTS LESS TP OUTPUTS 
TP IN RESERVOIR WATER DUE TO STORAGE CEANGE 
TP s m m  IN SEDIMENTS FOR TEE YEAR 

6703.9 KG TP 
3533.8 KG TP 
3170.1 KG TP 

C.V.A = Cbicopee valley Aqueduct
T/B/S = Turbine/Bypaas/Spillway 



to Quabbin on the date of sampling. ~n average value was also obtained from 
these sampling dates. 

Contributions through direct runoff to the reservoir from the islands and areas 
adjacent to the shore-line were determined using a value of 0.09 kg/Ba/Yr
multiplied by the amount of land in that category (37.73 square miles) after 
conversion to hectares. The export coefficient was selected from Reckhow (1980). 
Reckhow (1980) summarized the literature values for areal phosphorus export 
coefficients. Table 6 of the Reckhow report provides a number of values for 
similar watersheds (i.e., nutrients exported from forested watersheds). This 
value is an average of two presnted for forested watersheds, one completely 
forested watershed in New Hampshire, and one for a watershed with 1% development. 

Aprecipitation loading coefficient of 0.181kg P/Ha/Yrwas selected fromReckhow 
(1980). The value was taken from Table 13a of the report, and listed as nutrient 
exported from forested watersheds for the Finger Lakes area of New York. This 
figure was applied to the precipitation as given in the hydrologic budget. This
value also appeared to be consistent with the on-site data collected by the USGS 
as part of an atmospheric wet deposition study conducted on two streams in the 
Quabbin watershed (Rittmaster, 1990). 

Groundwater contributions were determined by multiplying the volume of 
groundwater by a concentration value of 0.010 rng/l. This value was obtained 
through an examination of field data collected by the USGS in the Dickey Brook 
watershed (Rittmaster, 1990). Most values for shallow wells were listed as 
<0.010 mg/l in this report. In the absence of shoreline septic systems, and the 
fact that a removal rate of phosphorus per foot of soil travel can be close to 
99% in unsaturated systems, the use of this value appears to be reasonable. 

Wildlife contributions were based upon the fact that the likely surface inputs 
were from waterfowl. A density of 1 duck per one hundred hectares over the year 
was assumed. A mean value of 0.135 kg P/duck/Yr was used. This value is an 
average value of those presented in Brezonik (1973). 

No sediment regeneration was assumed as dissolved oxygen values were maintained 
for the most part throughout the year of study. 

Values of phosphorus leaving the systemwere determined by multiplyingthe amount 
of water output to wachusett Reservoir, through the Chicopee Valley Aqueduct and 
through the turbine/bypaas/spillway by the values of phosphorus obtained through 
the field measurements. As with the tributary data, the phosphorus values were 
time-weighted to adjust for different numbers of sampling dates per month. 

The phosphorus contributed from the various sources account for a loading of 
approximately 7661 kg P for the year of study. The tributaries accounted for 
close to fifty percent of the loading if the Ware River was not included and 
close to seventy percent if the Ware River was included. The major contributors 
of phosphorus to the system were the ware River diversion which contributed 1390 
kg/Yr (la%), the East Branch of the swift River which contributed 1305 kg/Yr 
(17%) and precipitation which accounted for 1772 kg/Yr (23.1%). In all, these 
three sources accounted for 58% of the input. 

The contribution of phosphorus from the eight small tributaries and through 
groundwater inputs were low, contributing 250 kg/Yr (3.3%) and 120 kg/Yr (1.6%), 
respectively. wildlife inputs were very small with only 13 kg/yr (0.2%). FOr 
the other tributaries, the West Branch of the swift River contributed 325 kg/Yr
(4.4%) and Hop Brook contributed 221 kg/Yr (3%). A comparison of the relative 
contributions of all of the tributaries appears in a pie chart as Figure 17. The 
major tributaries for the swift River are highlighted for ease of comparison. 
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FIGURE 17 

QUABBIN RESERVOIR PHOSPHORUS BUDGET 


(PERCENT TOTAL PHOSPHORUS) 


Direct Runoff 

PHOSPHORUS INPUT TO RESERVOIR 



The total input value of 7661 kg/Yr may be compared to the m u n t  of phosphorus 
leaving the system through the Wachusett Aqueduct (703 kg/Yr), the Chicopee 
Valley Aqueduct (140 kg/Yr), and the turbine/bypass/spillway (114 kg/Yr). The 
comparison shows a net loading to the system for this year of 6704 kg P/Yr. Most 
of this loading is the result of the large change in volume of water stored in 
the reservoir with 3534 kg P stored in the additional water (based upon a 
concentration of 0.010 mg/l). This results in a net input of phosphorus stored 
in the sediments of 3170 kg. 

The kilograms of phosphorus being exported per square mile of each subwatershed 
area per year is listed in the last column of Table 29. Export values for the 
subwatersheds range from a low of 14.3 kg P/square mile/Yr (Ware River) to a high 
of 54.6 kg P/square mile/Yr (Underhill Brook). Three other subwatersheds, Dickey 
Brook (QT05). Prescott Brook (Qt06) and Hop Brook (QT08), have export values in 
the range of 40-50 kg P/square mile/Yr. Seven subwatersheds, cadwell Creek 
(QTOl), west Branch of Fever Brook (QTlO), East Branch of Fever Brook (QT12), the 
West Branch of the swift River (QT04), the Middle Branch of the Swift River 
(QT09), and the East Branch of the swift River (~T14), and the 8 small 
tributaries taken together, all have export values that range from 25-40 kg 
P/square mile/Yr. Purgee Brook (QTOZ), and Atherton Brook (QT03) have values in 
the range of 20-24 kg P/square mile/Yr. 

These loading figures are actually a much better indicator of conditions than the 
concentration levels due to the unusually high precipitation for this year. The 
large volume of water entering the system from the high level of precipitation 
tends to dilute the concentration of nutrients. once these levels are adjusted 
for the amount of land in a particular subwatershed to produce the phosphorus 
loadings by hectare (or square mile), or the kilograms of phosphorus contributed 
per year, the better the comparison for determining relative subwatershed 
importance. 

Taken together the tributaries contribute 43.6% of the flow to the reservoir and 
44.9% of the nutrient loading. If the Ware River is added, the flow becomes 
60.8% and the nutrient loading reaches 60%. This translates into 3436 kg P/Yr 
coming from the puabbin tributaries, 1390 kg P/Yr from the ware River, and 4826 
kg P/Yr entering the system from the Quabbin and Ware tributaries together. 

Individually, the contribution of each Quabbin tributary is not great; taken 
together the cumulative contribution is significant. The type of development, 
and the closeness of this development to the buffer zones of the streams will 
determine the magnitude of the contribution. 
coefficients for wetlands could range from 0.02-0.20 

For example, general export 
kgP/Ha/Yr (5-50 kg P/square 

mile/Yr) depending on season of the year, and ranges for forests may be 0.20-0.24 
kg P/Ha/Yr (50-60 kg P/square mile/Yr) (Reckhow, 1980). Once this land becomes 
developed, the export coefficients increase for residential areas and may be 
between 2-6 kg P/Ha/Yr (500-1500 kg P/square mile/Yr), for agricultural areas may 
be between 1-4 kg P/Ha/Yr (250-1000 kg P/square mile/Yr) and for animal feedlots 
may be as high as 20-540 kg P/Ha/Yr (5,000-135,000 kg P/square mile/Yr). These 

of factors including type of activity and soils. 
are general figures for the eastern U.S. and will change depending upon a number 

Therefore, although an initial review of the data shows that Underhill Brook was 
fairly small and only contributed 1.5% of the phosphorus and 1.1% of the flow, 
the sampling program has shown that the amount of phosphorus being exported from 
each square mile of watershed was higher than the amount exported from other 
subwatersheds. A closer look needs to be taken of the land use activities for 
this subwatershed and in the subwatersheds with values in the 30-50 kg P/square 
mile/Yr range (e.g., Hop Brook, the branches of the swift River, and the two 
Fever Brooks). Some of the basis for higher values may be the result of more 
runoff in these subwatersheds due to the higher rainfall for this year, 
especially in the subwatersheds near underhill Brook. 
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LAND USE 


Land use data for the Quabbin watershed was obtained from the Massachusetts 
Geographic Information System (Mass G I s )  as interpreted from aerial photographs 
taken in 1985 and coded into the GIs system. The land use was determined for the 
entire Quabbin watershed, and then sub-divided into the major tributary subbasins 
using 21 categories as summarized below: 

Cateaory Definition 

cropland intensive agriculture 
Pasture extensive agriculture 
Forest forest
wetland nonforested freshwater wetland 
Mining sand, gravel, and rock 
Open Land abandoned agriculture, power lines, 

areas of no vegetation 
Participation golf, tennis, playgrounds, skiing 

Recreation
Spectator stadiums, racetracks, fairgrounds, 

Recreation drive-ins 
water Based Recreation swiming pools 
Residential (RO) multi-family
Residential (Rl) smaller than 1/4 acre lots 
Residential (R2) 1/4-112 acre lots 
Residential (R3) larger than 1/2 acre lots 
Salt Wetland salt marsh 
commercial general urban, shopping center 
Industrial light h heavy industry 
urban open parks, cemeteries, public &

institutional greenspace, also 
vacant undeveloped land 

Transportation airports, docks, divided highway 
freight storage, railroads 

Waste Disposal landfills, sewage lagoons 
Water fresh water, coastal embayment 
woody Perennial orchard, nursery, cranberry bog. 

This discussion of land use by subwatershed in the Quabbin watershed is a first 
cut analysis. In reading the following discussion it should be remembered that 
the maps and tables were based upon data from 1985. Land use may have changed 
since that time. The land use was interpreted from aerial photographs and has 
not been field verified. A l s o ,  a number of the categories on the map were 
developed by the DEP's Division of Water Supply and do not always conform to GIs 
land use categories. The following discussion attempts to look at the entire 
Quabbin Reservoir drainage area on a subwatershed basis, and to identify site 
specific areas that should be investigated further through field survey
techniques to determine if a present or potential problem exists. The field 
survey component is a necessary next step prior to a statement of whether or not 
the land use is acutually present as stated in the tables and maps and if a 
potential problem exists. Due to the inherent problems as stated above, the GIs 
mapping has been used as a screeing tool and should not be used to substitue for
actual on-site evaluations. 

The total area of the Quabbin reservoir watershed is 120,128 acres (187.4 square 
miles). The watershed can be divided into the area of the reservoir and the area 
of the watershed lands. The surface area of the reservoir changes with reservoir 
stage; as the stage increases, the reservoir surface area increases and the land 
area decreases. In 1985, when the land use data were collected, the land area 
was 96,731 acres (150.9 square miles) and the reservoir surface area was 23,397 
acres (36.5 square miles). some minor differences exist between these figures 
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TABLE 30 
Puabbin Reservoir Uatershed L a h e  S-ry 

(acres) 

Oralnage Crop Wet- open uecre- Residentla1 canner- Induo- Urban Yaste w rota1 
Basin Land Pasture Forest land Mining Land ation (c.25 w) (.25-.5 acW.5 ac) cia1 t r i a l  open Disposal Uater Peremial Acres 

Caduell - 0.4 1566.3 50.3 - 37.5 - - 1.1 - 1655.6 
Purgee - 2.0 1617.6 16.1 - 20.2 - 37.8 - 3.0 - 1696.7 
Atherton - 9.8 1574.2 3.0 - 35.0 1.1 6.5 - 22.5 4.0 1656.1 
Y B r  S w i f t  8.4 64.1 8634.7 79.0 2.8 43.5 - 162.0 0.1 12.3 0.5 9027.4 
Dickey - 4.4 2617.1 112.3 1.5 50.8 - 6.9 - 2793.0 

Preacott - 1608.0 26.7 - 41.8 - - 2.8 - 11.2 - 1690.5 
Underhill 4.1 17.3 1244.2 38.2 - 59.3 - 4.6 - 1.5 - 1369.2 

r HOP 28.1 105.2 2992.4 16.0 - 55.8 - 228.7 0.4 - 1.4 1.0 48.8 3477.8 w 
0 II B r  S w i f t  65.9 195.6 5353.8 189.7 10.6 70.6 - 62.0 649.9 1.4 2.5 5.8 - 204.9 8.2 6820.9 

U Br Fever - 32.1 2663.6 W . l  - 43.7 - 7.6 - 13.9 - 2860.0 
E B r  Fever 56.4 82.6 488.3.9 228.4 - 70.1 - 65.2 - 12.2 1.4 147.2 - 5552.4 
E Br S w i f t  891.0 717.5 23754.8 851.0 4.4 440.1 40.8 23.8 0.9 426.6 5.2 18.7 34.4 11.8 715.6 4.1 27940.7 

Small Tribs 3.5 83.1 29171.5 297.8 - 481.7 30.8 46.8 0.6 4.8 65.6 4.6 30190.8 
SRes. Fringe 

Total for 1334.1 2007.6 1415.1 23.8 1664.2 27.1 13.3 70.2 
ueterrhed 1057 87687.1 19.3 71.6 62.9 7.6 134.3. 1135.5 96731.07 



TABLE 31 

Quabin Reservoir Watershed Landuse Sunwry 

(percent) 

Dralnage Crop Vet- open Recre- Residential Conner- Indus- Urban Uaste Uc&y Total 
Basin Land Pasture Forest land Mining Land at ion (<.25 ac) (.25-.5 ac)(>.5 ac) cia1 t r i a l  open Disposal Uater Peremial Percent _____._____________________________.____----.-.--------------------------------.------------------------------.---------------.. _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ - - - - - -

Cadwell - 0.1 94.5 3.0 - 2.3 - - - 0.1 100 

Puroee - 0.1 95.3 1.0 - 1.2 - 2.2 - 0.2 - 100 

Atherton - 0.6 95.1 0.2 - 2.1 0.1 0.3 1.4 0.2 100 

U B r  swi f t  0.1 0.9 95.6 0.9 0.0 0.5 - 1.8 0.0 0.1 0.0 100 

Dickey - 0.2 93.7 4.0 0.1 1.8 - 0.2 100 


Prescott 95.1 1.6 - 2.5 - - 0.1 0.7 100 

Underhill 0.3 1.3 90.9 2.8 - 4.3 - 0.3 - 0.1 100 


0.8 3.0 86.0 0.5 - 1.6 - 6.6 0.0 - 0.0 0.0 1.5 100
c H@+ 
M E r  S w i f t  1.0 2.9 78.5 2.8 0.2 1.0 - 0.9 9.5 0.0 0.0 0.1 3.0 0.1 100
c. 

U Br Fever - 1.1 93.1 3.5 - 1.5 - - 0.3 - - 0.5 100 

E B r  Fever 1.0 1.5 88.1 4.1 - 1.3 - 1.2 - 0.2 0.0 2.7 100 

E B r  Suift 3.2 2.6 85.0 3.1 0.0 1.6 0.1 0.1 0.0 1.5 0.0 0.1 0.1 0.0 2.6 0.0 100 


Rnall Tribe 0.0 0.3 96.6 1.0 - 1.6 0.1 0.2 0.0 0.0 0.2 0.0 100 

8Res. F r inoe 

Total for 
watershed 1.1 1.4 90.7 2.1 0.0 1.5 0.1 0.0 0.1 1.7 0.0 0.0 0.1 ' 0.0 1.2 0.1 100 




East Branch of the swift River had 85% forest and the West Branch of the Swift 
River had 95.68, the acreage of forest in each basin was 23,755 and 8,635 acres,
respectively. Therefore for purposes of this study the acreage in each category 
will also be considered. 

The second largest category overall was wetland which accounted for 2.1% of the 
watershed or 2,008 acres. Wetland in the individual subwatersheds ranged from 
less than 3 acres in the Atherton Brook subwatershed to 851 acres in the East 
Branch of the Swift River area. (Note that the actual amount of wetlands in the 
Quabbin watershed was underestimated by this interpretation of the land use data 
since forested wetlands were coded as forest, not as wetland.) Both branches of 
Fever Brook also had large acreage in the wetland category (99 acres for the west 
branch and 228 acres for the east branch). 

The wetland areas are important to the reservoir for a number of reasons. The 
wetlands serve as storage areas for water, releasing the water over a period of 
time and continue to provide the reservoir with water during dry periods. The 
wetlands also serve to filter out nutrients and sediment washed in from developed 
areas, salts from roadways as well as other compounds. However, as discussed 
previously in the water quality section, these wetland areas also had a large 
effect on the percent saturation levels for dissolved oxygen due to the fact they 
bordered the tributaries for a substantial distance. 

The third most prevalent land use in the watershed was residential which 
accounted for 1,751 acres or 1.8% of the entire watershed. Ten of the thirteen 
subwatersheds studied had some amount of land use in the residential category. 
The amount of land in the residential category in individual subwatersheds ranged 
from none in Cadwell, Dickey, and Prescottwatersheds to 712 acres in the Middle 
Branch of the Swift River. significant residential acreage was also present in 
the East Branch of the Swift River (451 acres or 10% of the subwatershed land), 
Hop Brook (229 acres or 6.6%), West Branch of the swift River (162 acres or 1.8%)
and the East Branch of Fever Brook (65 acres or 1.2%). The Middle Branch of the 
Swift River not only had the most amount of land use of all the subwatersheds in 
the residential category, but had the largest amount of residential development, 
of all the subwatersheds, in the buffer zone of the river. 

pasture land accounted for 1.4% of the total Quabbin land use or 1,334 acres. 
The East Branch of the Swift River had 718 acres, the Middle Branch of the Swift 
River had 196 acres and Hop Brook had 105 acres. The amount of pasture land that 
occurred in the proposed buffer zone was as follows: about 10% of the pasture 
land in the East Branch of the Swift River occurred in the buffer zone, about 10% 
of the pasture land in the Middle Branch of the swift River occurred in the 
buffer zone and about 30% of the pasture land in Hop Brook occurred in the buffer 
zone. Although Underhill Brook had only 17 acres in pasture land, about 90% of 
this occurred in the buffer zone, However, this land was above a wetland area 
which would tend to modify the impacts of the pasture usage. 

CroDland accounts for 1.1% or 1,057 acres. The East Branch of the Swift River 
had the highest percentage (3.2%) with 891 acres, followed by the Middle Branch 
Of the Swift River with 66 acres, the East Branch of Fever Brook with 56 acres 
and Hop Brook with 28 acres. In the East Branch of the Swift River subwatershed 
most of the cropland was situated in the upper reaches of the tributary, and 
outside of the buffer zone. About 60% of the cropland in the Middle Branch of 
the Swift River subwatershed was in the buffer zone. About 10% of the cropland 
in the East Branch of Fever Brook was in the proposed buffer zone. Hop Brook had 
about 10% of the cropland in the buffer zone but this land was in the uppermost 
areas of the tributary away from the reservoir. 

Commercial land accounts for only 7.6 acres with the East Branch of the Swift 
River having 5.2 acres, the Middle Branch of the swift River having 1.4 acres,
and about 0.5 acres in each of Hop Brook and the small tributaries/reservoir 
fringe areas. About one-quarter of the cormnercial land in the East Branch of the 
Swift River basin was in the buffer zone, all the cormnercial land in the Middle 
Branch of the Swift River was within the buffer zone, while the Hop Brook 
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commercial land was out of the buffer zone. 

Waste disDosal was concentrated in the East Branch of the swift River (11.8 
acres), the East Branch of Fever Brook (1.4 acres) and the west Branch of the 
swift River (0.1 acres). Although the waste disposal area in the East Branch of 
Fever Brook subwatershed was partially located in the buffer zone, this portion 
of the tributary drains into a large water body in the upper reaches of the 
watershed which would tend to settle out most nutrients and suspended solids 
entering from the waste disposal area. Although the majority of the waste 
disposal acreage in the East Branch of the swift River was outside of the buffer 
zone about 20% was in the buffer zone. This portion was in the middle reaches 
of the tributary several miles upstream from the point at which the tributary 
discharged to the reservoir. Due to the small amount of land as waste disposal 
in the West Branch of the swift River subwatershed, this land use category did 
not appear on the GIs map. Therefore, this area should be investigated and field 
verified to determine if there is any potential for impact to the reservoir. 

The minins and industrial cateaories need to be considered together as the land 
use was coded separately for the tables but combined into one industrial category 
to produce the watershed land use map. only four subwatersheds had any land use 
designated as mininq: the Middle Branch of the Swift River (10.6 acres), the East 
Branch of the Swift River (4.4 acres), the West Branch of the swift River (2.8
acres) and Dickey Brook (1.5 acres). The land use map shows a small amount of 
land in the Dickey Brook subwatershed as industrial use (this was coded as mining 
in the table). This land was a l l  in the buffer zone and within a few hundred 
feet of the discharge point to the watershed and has been determined to be an 
open gravel pit. 

Industrial use exists in four subbasins: the East Branch of the Swift River (18.7 
acres), small tributaries and reservoir fringe (4.8 acres), the Middle Branch of 
the Swift River (2.5 acres) and in the Atherton Brook subwatershed (1.1 acres).
For the East Branch of the Swift River about one-quarter of the industrial 
acreage was located in the buffer zone. In the Middle Branch of the Swift River 
half of the industrial acreage was located a distance away from the tributary and 
half was located within the buffer zone. In Atherton, the industrial acreage 
although small and located in the upper section of the basin, was all within the 
buffer zone for the tributary. 

The two categories which did not separate out well in the GIs data process were 
the $ransoortation land use and the utility land use. However, the GIs land use 
map showed these two to be important categories for the management plan, due to 
the proximity to the reservoir. Three main roads (Routes 202, 122 and 32A) are 
located in a number of the subwatersheds and very close to the reservoir. Route 
202 crosses at least six tributaries at least once, some within one-half mile of 
the reservoir. Hop Brook was crossed four separate times by Route 202 as well 
as being bordered by Route 202 (i.e. Route 202 was within the buffer zone of the
tributary) for about one-quarter of a mile. Four tributaries are crossed by 
Route 32. The Middle Branch of the swift River was crossed by Route 32 within 
about 100 feet of the discharge location to the reservoir. Route 32 follows 
this tributary in the buffer zone, and then parallels the reservoir within about 
100 feet, over the distance of about a mile and three quarters. Route 32A 
follows along In the buffer zone of the East Branch of the swift River in several 
sections as well as crossing this tributary twice, the second time within about 
one-half mile of the discharge location to the reservoir. Route 32A also crosses 
two other tributaries in the eastern section of the reservoir. 

The transportation land use acreage was listed by GIs as occurring in only one 
sub-watershed (small tributaries and reservoir fringe). The GIs system may have 
underestimated this category as land use maps for the Quabbin area show major 
roadways (Routes 202, 122 and 32A) passing through a number of the smaller 
tributaries and close to the reservoir. Although the number of acres in the 
transportation category was very small, less than 0.1 percent of the drainage 
area, the importance of this category to the protection of water quality should 
not be underestimated. These areas not only cross many tributaries at locations 
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near the discharge point to the reservoir but a number of roads also border the 
shoreline of the reservoir and therefore any alterations to them would affect the 
reservoir directly. Also,  the potential for a spill by a vehicle containing 
potentially toxic chemicals should be addressed. salts and chemicals used for 
deicing should also be addressed. The stomwater runoff from these roadways 
(which carry oils, gasoline, greases, and metals from the paved surfaces) is an 
issue which has not been addressed to date. 

In general, although this land use information shows that most of the land in the 
watershed was undeveloped, there are some land uses and certain sections of the 
watershed which should be targeted for further control and study. FOr example, 
the subwatershed with the highest amount of developed land was the Middle Branch 
Swift with approximately 10.4 percent of the land in residential use. Certain 
land uses, although small, have the potential for direct or cumulative impacts 
on the reservoir in the future. There is also the potential for increased 
development on 40% of the watershed with little or no regulation at present. 

hIDC owns approximately 61% of the land in the Quabbin watershed. This has 
provided a good level of protection of water quality in the past. However,
development pressures have increased. Additional land acquisitions, or the 
purchase of development rights, as well as controls over certain types of 
development in the most sensitive areas would provide the necessary tools to 
protect the watershed. This protection would prevent future costly remediation 
projects. The most significant impacts on water quality in the future will 
depend on development of land 
activities on the land the MDC does 

m c  does not own and on management practices and 
own. MDC should consider conducting build- 

out studies of land not owned by the MDC. 
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W 

The water quality in the Ware River was sampled in two parts of this program: (1) 
biweekly as part of the Quabbin tributaries sampling program as the diverted 
water entered Quabbin and (2) on January 30, 1990 and March 20, 1990 at selected 
tributary stations upstream of the m c  shaft 8 diversion structure on the Ware 
River. 

The water quality of the diversion water from the Ware River to Quabbin was 
discussed, parameter by parameter, in previous sections ofthis report as station 
QT15. This station representedthe final water quality as the divertedwater was 
discharged to the Quabbin Reservoir in the eastern arm of the basin at shaft 11A. 
QT15 was only sampled if an actual transfer was taking place on the date and time 
of sampling. The data for this station was graphed and compared to the water 
quality of all other sampled puabbin tributaries. 

During the 1989-1990 study, additional field work was conducted in the Ware River 
drainage basin upstream of the intake point in Barre in order to characterize 
water quality at various points in the watershed. Samples were collected on the 
Ware River mainstem and on several tributaries to the Ware River, and at outlets 
of selected lakes and ponds discharging to these tributaries. Samples were 
collected from fifteen stations in the watershed (Table 3) on two dates 
representing winter and spring conditions. 

In general, water quality conditions documented by sampling in the Ware River 
were within the range set for water supply source waters and were within the 
range of values documented on the Quabbin tributary surveys. Several ponds are 
present in this drainage system. The turbidity values ranged from 0.2 NTU to 1.0 
NTU. Turbidity values at stations located on the outlets of these ponds were 
generally lower than turbidity values in the stream stations. This suggests that 
the ponds are collecting and removing some turbidity and sediment from the 
streams during this time of year. NO conclusions can be drawn for times of 
higher productivity and plant growth (summer) and in times of decay of this 
growth (fall). 

color and solids were analyzed only on March 20, 1990 except for station WTO1-
shaft 8, at which solids were also run on the sample collected on January 30,
1990. Color values ranged from 13 color units to 48 color units. The Quabbin 
laboratory conducted total solids analysis on the ware River sampling dates, but 
encountered problems with the analyses. Fixed solids ranged from 23 mg/l to 67 
mg/l. The range of color and fixed solids seen on the March 20 sampling run was 
not much higher than the range of values documented over the entire study in the 
Quabbin tributaries. However, color levels in the Ware River tributaries on 
March 20 were much higher than in the reservoir. 

Historically, color and solids levels in the Ware River were considered to be 
higher than in the Quabbin tributaries. This was one of the reasons that the 
baffle dams were built in Quabbin Reservoir. The dams were to direct water 
northward into the reservoir, around Mount Zion. This increased the residence 
time of water transferred from the Ware River and allowed for settling and 
dilution of solids and other chemical constituents. 

conductivity values on the Ware River stations ranged from 32 pmhos/cm to 130 
pmhos/cm. Conductivity readings in the higher end of this range were seen at 
Longmeadow Brook, Mill Brook, and the outlet of Long Pond. Chloride
concentrations in the Ware River sampling stations ranged from 3.5 mg/l to 29.5 
mg/l. The stations with higher conductivity values generally had higher chloride 
values. The highest conductivity and chloride values seen in the Quabbin data 
set were 92 pmhos/cm and 14.9 mg/l, respectively. 

Like the Quabbintributaries, the Ware River tributaries showedlow pH, hardness, 
and alkalinity. pH ranged from 5.3 standard units to 6.6 standard units. 
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Alkalinity values were low; ranging from 1.8 mg/l as CaCO, to 7.8 mg/l as CaCO,. 
Hardness concentrations ranged from 6 mg/l as caCo3 to 15 mg/l as caC03. These 
values were within the ranges documented at Quabbin. The low alkalinity levels 
indicate that streams in this drainage are also vulnerable to adverse impacts 
from acid precipitation. 

Dissolved oxygen levels were uniformly above 
quality standard for Class A surface waters. The dissolved oxygen levels ranged 

6.0 mg/l, the Massachusetts water 

from 10.0 mg/l to 14.1 mg/l and the corresponding percent saturation values 
ranged from 77 percent to 98 percent. The dissolved oxygen data were collected 
in the winter, when oxygen concentrations were higher due to colder stream 
temperatures. If there were any areas in this watershed where low oxygen 
concentrations were problematic, these problems would most likely be observed in 
the summer months. However, MDC historical laboratory data records have not 
shown any areas in the Ware River watershed with consistently low dissolved 
oxygen levels. 

TotalKJeldahl-nitrogen, ammonia-nitrogen, nitrate-nitrogen, andtotal phosphorus 
analyses were also run on samples collected fromthe Ware River. Total Kjeldahl- 
nitrogen concentrations ranged from 0.28 mg/l to 1.30 mg/l. Ammonia-nitrogen
levels ranged from <0.02 mg/l to 0.19 mg/l. Nitrate-nitrogen concentrations 
ranged from 0.09 mg/l to 0.96 mg/l. These values were within the ranges seen in 
the Quabbin tributary stations. The highest values for all of the nitrogen 
series compounds in the Ware drainage were somewhat lower than the highest values 
seen in the Quabbin tributaries. 

All ammonia-nitrogen two stations (WT09-Asnacomet Pond and WT13-Demon Pond). 
Values of TKN above 1 mg/l were seen at only 

values were below the 0.5 mg/l value for Class A waters. A number of stations 
had values above 0.3 mg/l nitrate-nitrogen (WT03 and QT04 both on the Burnshirt 
River, WT05-~anesto and Natty brooks, WT10-East Branch Ware River and QTlZ-Mi11 
Brook which drains to the East Branch of the Ware River). Although none of these 
levels are significant in themselves, the data do provide locations at which 
future sampling should be conducted to assess trends and evaluate sources if the 
levels increase. 

Total phosphorus concentrations in the Ware River stations ranged from 0.006 mg/l 
to 0.020 mg/l. The range of values for phosphorus from ware River tributaries 
was also lower than for the Quabbin tributary stations. As a group, the nitrogen 
and phosphorus concentrations in the Ware River drainage basin were lower than 
most of those in the Quabbin. 

Total coliform bacteria and fecal coliform bacteria samples were collected during 
the two sampling events. The highest total coliform value observed was 30 
colonies/100 ml. The highest fecal coliform observed was 20 colonies/100 ml. 
The class A water quality standard for fecal coliform of 20 organisms/100 ml was 
met on both sampling runs at all stations. 

Metals samples were collected on both sampling runs, and analyzed for aluminum, 
arsenic, cadmium, calcium, copper, iron, lead, mercury, nickel, zinc, chromium, 
and manganese. In general, the levels were similar to the levels seen in the 

levels for most metals. 
The levels were actually lower than typical background Quabbin tributaries. 

Wsenic, cadmium, copper, lead, mercury, nickel, and 
chromium were usually below detection limits. Aluminum, calcium, iron, and zinc 
and manganese were present in detectable amounts at most stations. The metals 
data did not show any high concentrations which would indicate a source of 
pollution. However, two Sampling events are too few to characterized the 
watershed. Of note was the fact that three stations (WT07-West Branch Ware River 
at Rte. 62, WTO8-Ware River at Barre Falls and WTO9-Asnacomet Pond) had levels 
of copper significantly elevated above the water quality criteria on the March 
20 sampling. These three stations are located in the central portion of the 
watershed in southern Hubbardston and in the eastern part of Barre. only
additional sampling would show if this was a field or laboratory error or 
reflected actual conditions. 
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SUMMARY AND RECOMMENDATIONS 

WATER OUALITY DATA 

The water quality data collected in this study provides an extensive data base 
for 12 of the 2 0  tributary streams to Quabbin Reservoir and for diverted water 
from the Ware River watershed. Many of the parameters included in this program 
had not previously been collected and analyzed on a regular basis. 

The historical database for metals and nutrients was incomplete. The nutrients 
and metals data collected as part of this study represent the most comprehensive 
basin-wide assessment of nutrients and metals concentrations conducted to date 
in the Quabbin watershed. There was a large historical data base for some of the 
chemical parameters analyzed during this study on some of the tributaries. These 
parameters included: alkalinity, chloride, hardness, color, conductivity, 
dissolved oxygen, and solids. The data collected for this study was consistent 
with the existing data base. 

One important point worth noting is that the weather conditions for this period 
were very different than most years. The extreme wet weather conditions during 
this study period created a situation in which the rainfall was significantly 
greater (62 inches) compared with an average rainfall year ( 4 4  inches). This 
translated into an increase of 41% percent over the normal precipitation, with 
a corresponding increase in runoff and in the volume of water stored at Quabbin. 
The study began when Quabbin was at the lowest level since the drought of the 
1960s and ended with the water level near capacity. The large volume of water 
affected the concentration of parameters through dilution. 

Alkalinity, hardness, and pH values were low throughout the system. Alkalinity 
values were the lower in four tributaries which are in the western portion of the 
drainage (cadwell Creek, Purgee Brook, Atherton Brook, and west Branch Swift 
River) and in the Ware River diversion water than in the streams in the central 
and eastern sections. These low values (averaging 3 mg/l in the western 
tributaries and Ware River diversion water) were due to differences in geology 
between different tributary sub-watersheds, This low alkalinity was expressed 
in very low pH values in these four tributaries (reaching below 5 . 0  pB);  lower 
than measured in the other streams. 

Alkalinity throughout the tributaries varied seasonally. Alkalinity values were 
lower in late winter, the spring, and fall; and higher in the summer and early 
to mid winter. The lower values occurred during periods with higher
precipitation, during snow melt and during times of decreased biological 
activity. Hardness values were also very low but were reasonably similar for all 
the streams in the Quabbin watershed and in the ware River diversion water. The 
low hardness values produce a situation in which any toxic elements entering the 
system (for example, metals being solubilized into the water column from the 
sediments at these low pH levels) could produce a greater impact on the biota. 
At higher hardness levels the biota can withstand higher levels of metals. 

One significant risk to water quality currently facing the MDC may be the low pH 
values and limited buffering capacity which have been documented throughout both 
the Quabbin and Ware watersheds. Unlike many other potential threats to water 
supply integrity, such as failing septic systems or stormwater runoff, this is 
a threat that the Division of Watershed Management has little ability to control. 
However, two studies recently conducted by the USGS (1989, 1990) studied the 
impacts of clear cutting, and deicing salt applications on the ability of the 
watershed to reduce the impacts of acidic precipitation in specific subbasins in 
the Quabbin watershed. The 1990 study indicated that high sodium concentrations 
in runoff from deicing salts, created a soil ion exchange that resulted in an 
increase of the impacts of acid deposition on the water quality in the West 
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Branch of the Swift River and in the Fever Brook basins. Preliminary results 
published in 1989 of the on-going USGS study in the Dickey Brook subbasins showed 
that the acid neutralization capacity of the watershed must be concentrated in 
the land surface and in surface water biological activity since little carbonate 
materials are present. The study concluded that watershed management practices 
that are biologically based (i.e., forestry cuttings, etc.) may have major 
consequences for tributary stream and reservoir acidification. 

Chloride values were in the range of values generally documented for clean 
waters. A higher range of chloride values was seen in the tributaries on the 
eastern side of the watershed (with an average value of 11 mg/l as compared with 
6 mg/l in the western and central areas). conductivity values followed similar 
patterns as the chloride. This correlation was expected as chloride and 
conductivity usually follow the same trends, and more development was evident in 
the eastern tributary areas. 

A wide range of color values were documented during the study. Higher values 
appeared to be related to wetlands in the watershed especially in the Fever 
Brooks. Very high color levels were measured in the eastern tributaries reaching 
to 180 color units. color values at reservoir stations were always very low, 
usually 5 color units. Levels in the western tributaries were also very low, 
averaging 5 color units. The color levels appeared to be due to dissolved humic 
acids as the turbidity levels were all exceptionally low, never exceeding 2 NTU. 

solids levels were generally low. Solids levels at reservoir stations were lower 
than stream stations, showing settling in the reservoir. Tributary solids levels 
should be more fully investigated during storm conditions. 

Nutrient levels allow for assessment ofthe trophic status of the reservoir. The 
requirements for a drinking water supply are much more stringent than for 
recreational use of a water body. Lower levels of certain species of algae can 
have deleterious effects on a water supply, by causing serious taste and odor 
problems, while these same levels may produce no noticeable effect on 
recreational uses. Nutrient levels documented in this study were low. Ammonia 
concentrations were especially low, with much of the data below detection level. 
Nitrate concentrations were more variable than ammonia, and were generally above 
detection level. Phosphorus, however, is the element which usually controls 
algae growth. Phosphorus levels in most tributaries were generally below the 
recommended EPA limit of 50  pg/l for streams. A few values exceededthis level. 
The tributaries at which these levels were exceeded should receive further study. 

METALS DATA 

The Quabbin watershed metals data constitute the most comprehensive basin-wide 
assessment of metals concentrations in the water column conducted to date in the 
tributary streams of the watershed, and a limited data set for the Ware River 
watershed. The metals tested included aluminum, arsenic, cadmium, chromium, 
copper, iron, lead, manganese, mercury, nickel and zinc. 

Comparison of the results of metals testing with available drinking water 
standards showed that no problems exist at present in the source water with 
respect to primary MCLs for arsenic, cadmium, chromium, lead, and mercury, nor 
with respect to secondary MCLS for copper, iron, manganese and zinc. Comparison 
of the results of metals analyses with ambient water quality criteria showed some 
results which exceeded these criteria for aluminum (rarely), cadmium 
(moderately), chromium (rarely), copper (moderately), lead (rarely), and zinc 
(frequently). 

Aluminum concentrations above the chronic water quality criteria were exceeded 
on at least one sampling event in all tributaries (except the Middle Branch of 
the Swift River), and at one outlet (QT16). Cadmium concentrations exceeded the 
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acute and chronic water quality criteria 25% of the time or greater at the 
following stations: Cadwell, Atherton, west and east branches of the swift River, 
Hop Brook, west and east branches of Fever Brook, winsor Dam and Shaft 12. 
Chromium concentrations exceeded the acute and chronic chromium water quality 
criteria at Purgee Brook and Shaft 12 on one occasion each. Copper
concentrations exceeded the acute and chronic water quality criteria (greater 
than 25% of the time) at all stations except Purgee, Prescott, Hop Brook and in 
the Ware River diversion water. Lead concentrations above the acute and chronic 
criteria were detected at 11 stations with the greatest number of times at 
Cadwell, Purgee, and the Middle Branch of the swift River. Zinc concentrations 
above the acute and chronic criteria were measured at Purgee, Atherton, Dickey, 
West Branch Swift River, and the East Branch Fever Brook. 

Based on current knowledge and inventory of pollution sources in the Quabbin 
drainage, the data suggest that there are no significant sources of any of these 
metals in the watershed. Rather, the concentrations documented seem to reflect 
natural background levels of metals in surface waters. The higher concentrations 
recorded for some metals may be influenced by the low alkalinity and subsequent 
pH of the waters in the Quabbin system causing metals in the substrate to become 
more soluble and dissolve into the water column. The possibility also exists 
that metals may be transported into the watershed via air pollution or from 
runoff in developed areas during storm conditions. 

BACTERIA DATA 

A complete year of total coliform and heterotrophic bacteria data, and a smaller 
set of fecal coliform bacteria data were produced. This was the most 
comprehensive set of basin-wide bacteria data produced to date on the Quabbin 
watershed tributaries. 

The bacteria levels were low in a l l  the streams tested. At no time did the 
levels exceed the drinking water standards for source waters of 20 colonies per 
100 ml, or the total coliform levels of 100 colonies per 100 ml. Fecal coliform 
levels were also well below the Massachusetts Water Quality Criteria for Class 
A surface waters (20 organisms per 100 ml as an arithmetic mean, with 90% of the 
samples being less than 100 organisms per 100 ml). The average for all fecal 
coliform data was 10 organisms/lOO ml, and none of the individual fecal coliform 
values exceeded 100 organisms/100 ml. Bacterial levels followed the trend of 
declining in the fall and winter with low temperatures, and increasing in the
months of mid-June through mid-October. 

The bacterial data show that the level of pollution from bacteria in the 
watershed is low. One station at a storm drain in Petersham (QTlfI) was located 
near a failing septic system, and drained into Roaring Brook (QT19). The levels 
in the brook were much lower than fromthe storm drain. This area will continue 
to be monitored while remediation processes are underway. 

The MDC has also done some biomonitoring at selected stations in the Quabbin 
watershed through a separate study. Macroinvertebrate samples have been 
collected on Hop Brook, Dickey Brook, Atherton Brook, cadwell Creek, the east, 
middle and west branches of the Swift River, and the west branch of Fever Brook, 
in the Quabbin watershed. Samples have also been collected in the ware River 
watershed at canesto Brook, Burnshirt River, Natty Pond, and the east and west 
branches of the Ware River. Once these samples are analyzed, they may be 
compared to the water quality data collected under this study to further evaluate 
any water quality related impacts instream. 
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HYDROLOGIC BUDGET 

A computer based hydrologic budget was developed for this project for the Quabbin 
Reservoir system. The computer program is adaptable to input from other years 
for evaluating trends. The program calculates the amount of water input from 
each of the tributaries, precipitation, groundwater and direct runoff. The 
program also calculates the change in reservoir water storage and water lost to 
evaporation from the reservoir surface. The water budget developed can be used 
in conjunction with the land use information and chemical sampling data to 
determine loading of nutrients through the various subwatersheds or with any of 
the other parameters (e.g., solids) to determine loadings. 

The program inputs monthly precipitation data from the six local weather 
stations, flows from the two continuous uSGS gaging stations, and data from water 
transfers to the Wachusett Reservoir, the chicopee Valley Aqueduct, the 
turbine/bypass/spillway and the ware River diversion. The program then 
calculates monthly runoff factors for each subwatershed as well as areas of 
direct runoff, and translates these into monthly flow figures. Information on 
soils and land use were used in the development of the model. The pie charts in 
Figures 16A and 168 provide a comparative look at the inputs and outputs. 

The hydrologic budget indicated that for the April 1989 - March 1990 period of 
study 158 billion gallons of water entered the reservoir. The tributaries 
accounted for 70 billion gallons or 43.6% of the flow, the Ware River contributed 
26 billion gallons or 16.5%. direct runoff contributed 19 billion gallons or 
12.2%, and precipitation to the reservoir surface accounted for 41 billion 
gallons or 25.6% of the input. A net groundwater input of 3.2 billion gallons 
or 2% was calculated. (Although groundwater was calculated to be a net inflow 
for this year, hydrologic conditions may cause a net outflow in other years.) 

Outflow from the reservoir was 65 billion gallons and included water supplied to 
wachusett Reservoir (31 billion gallons), to the Chicopee Valley Aqueduct (4.6
billion gallons), water sent through the turbine/bypass and spillway (3.8 billion 
gallons) and evaporation from the reservoir surface (26 billion gallons). Of 
note is the significantly large contribution of precipitation to the reservoir 
surface for this year with a corresponding large increase in the overall volume 
of water stored in the reservoir (93 billion gallons). 

The tributaries accounted for slightly less than half of the input if the Ware 
River was not included, and close to 60% if the Ware River was included. The 
hydrologic budget should be reviewed with and without the input of the Ware 
River, as no diversions from the Ware River are allowed by state law between June 
15 and October 15 of each calendar year, unless an exemption is granted. During 
this period, the quantity and quality of the runoff from the tributaries, and 
direct precipitation becomes much more important. 

Of the twelve major and eight minor tributaries in the Quabbin watershed, the 
East Branch of the swift River was the major contributor with 14.7% of the flow 
to the reservoir. This was followed by the West Branch of the Swift River and 
the Middle Branch of the swift River with 6% and 4.6%, respectively. The 
combined flows of the east and west branches of Fever Brook produced 4.4% of the 
inflow with the East Branch of Fever Brook contributing about twice the flow of 

contributed only a total of 3.2%. 
A8 a comparison, the eight smaller tributaries the West Branch of Fever Brook. 

The relative amount of each input listed above will change from year to year 
based upon weather conditions and soil saturation factors. The flows will also 
change over time as land use changes. This will affect the runoff values and the 
loadings. 

The reservoir level rose from a low of 512.21 feet on April 1, 1989 to a high of 
525.13 feet on March 31, 1990 (an increase in elevation of 13 feet). A second 
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hydrologic budget should be produced using data recorded during a "dry" year when 
flows are lower. During a "dry" year both the inputs and the outputs may change 
significantly as transfers of water through the various aqueducts will change, 
and use of local water supply sources by m C  user communities will also change. 
Relative contributions from the Ware River during both these periods should be 
evaluated. 

A computer based phosphorus budget was also developed for the reservoir through 
adapting the hydrologic budget to accept input of annual phosphorus data from 
eachtributary and each outlet and then to calculate comparative loadings to the 
reservoir from each source. Phosphorus is the nutrient most responsible for 
changes in the trophic state of a waterbody with subsequent water quality 
deterioration as the algal levels increase with increased phosphorus loadings. 
Phosphorus is also the most easily controlled of the nutrients and has therefore 
been the target of the management programs. 

The phosphorus contributed from the various sources account for a loading of 
approximately 7661 kg P for the year of study. The tributaries accounted for 
close to fifty percent of the loading if the ware River was not included and 
close to seventy percent if the Ware River was included. The major contributors 
of phosphorus to the system were the Ware River diversion which contributed 1390 
kg/Yr (le%), the East Branch of the swift River which contributed 1305 kg/Yr
(17%) and precipitation which accounted for 1772 kg/Yr (23.1%). In all, these 
three sources accounted for 58% of the input. 

The contribution of phosphorus from the eight small tributaries and through 
groundwater inputs were low, contributing 250 kg/Yr (3.3%) and 120 kg/Yr (1.6%),
respectively. wildlife inputs were very small with only 13 kg/yr (0.2%). POT 
the other tributaries, the West Branch of the Swift River contributed 325 kg/Yr
(4.4%) and Hop Brook contributed 221 kg/Yr (3%). A comparison of the relative 
contributions of all of the tributaries appears in a pie chart as Figure 17. 

The total input value of 7661 kg/Yr may be compared to the amount of phosphorus
leaving the system through the Wachusett Aqueduct (703 kg/Yr), the Chicopee 
Valley Aqueduct (140 kg/Yr), and the turbine/bypass/spillway (114 kg/Yr). The 
comparison shows a net loading to the system for this year of 6704 kg P/Yr. MOSt 
of 
the reservoir with 

this loading is the result of the large change in volume of water stored in 
3534 kg/P stored in the additional water (based upon a 

concentration of 0.010 mg/l). This resulted in a net input of phosphorus stored 
in the sediments of 3181 kg. 

The kilograms of phosphorus being exported per square mile of each subwatershed 
area per year is listed in the last column of Table 29. Export values for the 
subwatersheds ranged from a low of 14.3 (Ware River) to a high of 54.6 kg/square
mile/Yr. Underhill Brook (QT07) had the largest value, and the eight small 
tributaries had the smallest. Three other subwatersheds, Dickey Brook, Prescott 
Brook, and Hop Brook, had export values in the range of 40-50 kg P/square 
mile/Yr. A number of subwatersheds, including the west and east branches of 
Fever Brook, the west, middle and east branches of the Swift River, Cadwell 
creek and the 8 small tributaries all had values that range from 25-40 kq
P/square mile/Yr. Purgee Brook and Atherton Brook all had vaiues in the range 
of 20-24 kg P/square mile/Yr. 

Taken together the tributaries contribute 43.6% of the flow to the reservoir and 
4 4 . 9 %  of the nutrient loading. If the Ware River is added, the flow becomes 
60.8% and the nutrient loading reaches 60%. This translates into 3436 kg P/Yr 
coming from the Quabbin tributaries alone, 1390 kg P/Yr from the Ware River, and
4826 kg P/Yr entering the system fromthe Quabbin and Ware tributaries together. 
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Individually, the contribution of each Quabbin tributary is not great: taken 
together the cumulative contribution is significant. The type of development, 
and the closeness of this development to the buffer zones of the streams will 
determine the magnitude of the contribution. For example, general export 
coefficients for wetlands could range from 0.02-0.20 kg P/Ha/Yr depending on 
season of the year, and ranges for forests may be 0.20-0.24 kg P/na/Yr. once 
this land becomes developed, the export coefficients increase for residential 
areas and may be between 2-6 kg P/Ha/Yr, for agricultural areas may be between 
1-4 kg P/Ha/Yr and for animal feedlots may be as high as 20-540 kg P/Ha/Yr. 
These are general figures for the eastern U.S. and will change depending upon a 
number of factors including type of activity and soils. 

Therefore, although an initial review of the data shows that Underhill Brook is 
fairly small and only contributes 2.5% of the phosphorus and 2.3% of the flow, 
the sampling program has shown that the amount of phosphorus being exported from 
each square mile of watershed is larger than the amount being exported from other 
subwatersheds. A closer look needs to be taken of the land use activities for 
this subwatershed and in the subwatersheds with values in the 30-50 kg/square
mile/Yr range (e.g., Hop Brook, the branches of the Swift River, and the two 
Fever Brooks). The reason for the relatively higher phosphorus levels being 
exported from Prescott Brook and Dickey Brook areas has not been determined. 

WARE RIVER 

Water quality of the Ware River and tributaries, upstream of the shaft 8 Intake 
to the reservoir is important to an assessment of water quality in Quabbin 
Reservoir. The hydrologic budget computed for this study has shownthat the ware 
River transfer accounted for 16.5% of the annual input flow to the reservoir and 
18.1% of the nutrients contributed. The large land area and lower percentage of 
MDC control over this land create a situation of higher vulnerability to impact
fromdevelopment than exists in the Quabbinwatershed. MDC control over the ware 
River watershed is substantially less than at Quabbin (32% in the Ware River 
watershed as compared with 47% ownership in the puabbin watershed). 

The intent of this separate sampling was to identify trends in water quality, or 
problem areas at specific points in the ware River drainage basin, and to compare 
water quality at the Ware River tributary stations with the water quality of the 
Quabbin tributaries. However, due to limitations of the data set no significant 
conclusions or trends could be established. There were only two pieces of data 
collected eight weeks apart for the ware River stations, compared to data from 
26  sampling events collected over an entire year at Quabbin. The original 
sampling program was to include data from each of the seasons over the period of 
one year with the spring and summer targeted, but due to changes and reductions 
in laboratory and field personnel at DEP, the program was discontinued. 

In general, for all the parameters tested on Ware River watershed samples, the 
observed values were within the range documented in the Quabbin data set. 
However, for many parameters, there was a considerable difference in the two 
values observed at a single station. since there is a higher percentage of land 
developed in the Ware River watershed than in the Quabbin, one might expect to 
see higher nutrient levels in the Ware River tributaries. That was not the case 
with this data set. However, two data points are not aufficient on which to base 
trends or conclusions, as the seasons of higher productivity and potential impact 
were not sampled. 

The range of values for conductivity and chloride were greater in the Ware River 
watershed than in the Quabbin watershed. Additional investigations should be 
conducted to determine the origin of the elevated chloride and conductivity 
levels at Ware River stations. The stations with the higheat readings tended to 
be grouped in the southeastern section of the watershed (on areas of the East 
Branch of the Ware River in Rutland and southern Barre). 
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mother interesting factor in the ware River watershed was the large percentage 
of wetlands and ponds in the drainage area. The MDC and DWPC should also 
consider some additional studies to assess the benefits and effects of these 
areas to the overall water quality at the diversion site. 

This watershed was also characterized by very low alkalinity and pn. These low 
levels can affect biological stability in the waterbodies and provide the 
conditions under which substances can leach out of the sediments into the 
overlying water. The low hardness levels also present a situation in which any 
metals entering the water would have the potential for greater impact to the 
biota than if the hardness levels were higher. 

The low percent saturation levels for dissolved oxygen (70-80%) at two stations 
in particular (WT08-Barre Falls and WT11-Longmeadow Brook) deserve further 
watching since levels tend to be at their highest during the winter when 
biological decomposition and need for oxygen are at the lowest. There were no 
summer data points collected as part of this project with which to compare. 

Land in the Ware River watershed not owned by the MDC, or protected by some other 
means of ownership, is vulnerable to development. Many of the developed land 
uses can have adverse impacts on water quality. m c  should continue to work with 
towns to employ Best Management Practices to reduce negative impacts from 
development. The WDC should also continue to acquire environmentally sensitive 
areas of the watershed. 

Water quality in the Ware River is important due to the significant percentage 
of the total input to the Quabbin reservoir. The water quality information 
collected as part of the Quabbin study forms a small data set which only gives 
a "snapshot* look at water quality conditions in the basin. 

RECOMMENDATIONS FOR FUTURE MANAGEMENT AND MONITORING 

This program provided a thorough assessment of dry weather, nutrient loadings and 
metal inputs to Quabbin Reservoir. The water quality conditions documented in 
both the Quabbin watershed and the ware River watershed were very good. The 
levels were so low that in some cases the water quality parameters could not be 
analyzed to the acutal concentration levels as these levels were lower than the 
current limits of detection for certain parameters. The MDC should continue the 
program of routine water quality monitoring supplemented with periodic special 
studies, such as this one, to further evaluate site specific problems, to follow 
the impacts 
of the system. 

of development on the system, and to assess the ecological integrity 

The analysis of the data identified additional areas where efforts could be 
focused in the future. These included stormwater impacts, potential for spills 
along the transportation corridor, development in non-MDC land holdings, 
acidification of the reservoir, and various land uses in buffer zones of the 
watershed. Due to the extent of the watershed a number of issues could not be 
addressed under this project. These include wetlands issues and forestry 
practices, among others. 

The hydrologic budget and nutrient budget showed that water yields and nutrient 
loadings were generally proportional to the size of the sub-watershed drainage 
areas. In this system, there are few areas where measures are needed to clean 
up existing pollution. Rather, the goal of the MDC in the Quabbin/ware system 
is to preserve the good water quality conditions now present. This will involve 
a continued effort to work with communities in the watershed to develop 
cooperative watershed protection programs. continued review of the management 
practices will optimize both water yield and water quality on WDC owned lands. 
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The MDC has conducted some biomonitoring in the Quabbin watershed in the past. 
These efforts if coordinated with the chemical sampling would provide a more 
complete assessment of the conditions in the watershed. The biomonitoring data 
collected may also be useful for monitoring not only the long-term effects of 
acid precipitation in the watershed, but also the cumulative impacts of all 
changes in the watershed over time. 

The following is a list of the suggested steps for development of a management 
plan by MDC. 

*l. Define ambient water quality conditions, develop hydrologic and nutrient 
loading models, calculate water flows and nutrients entering the reservoir from 
each tributary, identify and itemize land use by subwatershed, and identify 
present problematic land use areas for possible field reconnaissance and site 
specific evaluation and management. (These aspects were completed as part of 
this project.) 

The next steps would be as follows. 

*2 .  Calculate the amount of loading that the reservoir can accept (i.e. the 
permissible and critical loadings) prior to significant changes in water quality, 
and compare these permissible and critical loadings to the results obtained as 
part of this study. 

* 3 .  Allocate the difference between these loadings (the permissble/critical 
loadings versus the present loadings) to the land available for development and 
calculate a loading figure per acre of available land. Implement this through 
the zoning process or other suitable mechanisms. Maine has developed a technical 
guide for the evaluation of new developments based upon this process and has 
successfully used this approach in protecting waterbodies (Dennis et.al., 1989). 

This process involves using worksheets to determine a series of water quality 
goals for the entire watershed. This information is then translated into how 
much loading the reservoir can withstand at different levels of input for each 
water quality goal. Once these loadings are allocated on a per acre basis, as 
calculated from the land still available for development, a second worksheet can 
be appliedto evaluate individual projects. This second worksheet determines the 
maximum permitted phosphorus export from each proposed new project for different 
types of development (i.e., single or multi-family residential, multi-unit,
commercial or industrial development, or subdivisions). 

A process of this type would equitably allocate the permissible loading still 
available to all land still available for development. This would prevent the 
"rush" to be the first to develop land as communities implement increased land 
use controls over time. This method would be in lieu of conducting a build-out 
scenario which would only provide an idea of how much contamination would result 
if all available land were developed. The method suggested here would provide 
a mechanism for working with communities to control the detrimental impacts of 
development without eliminating development. 

* 4 .  work with communities to incorporate water quality protection measures into 
local land ordinances. Two other publications available from the State of Maine 
that also provide techniques for management are, Comurehensive Planninu for Lake 
watersheds, which outlines the planning process for lake protection, and 
ImDlementation Strateuies for Lake water Oualitv Protection, which describes 
methods to implement lake water quality goals by incorporating specific water 
quality protection measures into local land ordinances. 

Other examples of land use protection measures include: 
Land Use Manauement (buffer zonesl: The category of land use along 
the stream corridor which direct runoff into the 
tributaries has been preliminarily 

produces
reviewed to pinpoint site 
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specific areas for future field reconnaissance and possible Best 
Management Practices. These buffer zones have the highest potential 
for impact and therefore should receive the greatest protection. A 
bill presently before the Massachusetts Legislature, An Act Relative 
m y , defines 200 and 
400 foot buffer zones around the tributaries discharging to Quabbin 
Reservoir and to the Ware River above the diversion aqueduct to 
Quabbin. Activities within these buffer zones would be regulated. 
The intent of this bill would be to support water quality protection 
and to prevent the need for expensive increased water treatment 
facilities. 

Protection of this sort is necessary as the Safe Drinking Water Act 
amendments require filtration unless a waiver is granted. The 
waiver is based upon a detailed watershed management plan that shows 
ownership or control over the watershed, and monitoring data which 
show low turbidity and no enteric bacteria or viruses. In the 
future this law will be expanded to include additional chemical 
parameters. If a filtration plant is required, the size, type and 
subsequent cost will be reduced depending upon the amount and type 
of watershed management. At present no filtration plant is planned 
for water drawn directly from Quabbin Reservoir for towns in the 
western part of the state. However, a filtration plant is planned 
for the wachusett Reservoir, through which the Quabbin water is 
channeled. 

Different areas of the country are experimenting with different 
methods to protect buffer areas. one of the more innovative is the 
streamside tree buffer plantings in the Monocacy River watershed 
Demonstration Project in Maryland, funded in part by the USEPA. 
This project is based upon the two-fold filtering effect of the 
forest buffer. The buffers remove nutrients (primarily nitrogen and 
phosphorus) through plant growth, and chemical pollutants through 
binding to the organic layers. six inches of rainfall per hour can 
be buffered by the floor of the forest. Individuals and
organizations are being paid $200 per acre (900 linear feet of 
streambank) to replant areas which have been previously cleared. 
Financing is also possible through the 
Conservation and stabilization service. 

US Department of Agricultural 
Maintenance of the forest 

buffer zones through some type of treatment in order to keep an 
effective filtering mechanism functioning, is also funded. The 
buffers also provide streambank stabilization, preventing sediments 
from entering the waterways. 

Land use Manaqement (transuortation corridorl: One watershed aspect 
which has not been dealt with directly is the potential for 
accidents in the high usage areas or highways surrounding the 
reservoir. The risk to the reservoir posed by the proximity of 
these roads was discussed in the land use section of this report. 
This issue needs to be addressed possibly through the use of sand 
filters or artificial wetlands in areas with no natural wetlands to 
act as barriers, or the building of embankments to funnel water from 
the roadways to the forest floor where natural drainage is directly 
to the tributaries from the roadway. 

Land Use Manaqement (foresrrvi: The water quality data should also 
be reviewed in combination with the timber harvesting being 
conducted in the various subwatersheds to evaluate the potential for 
erosion and sedimentation, as well as impacts to the acid
neutralization capacity discussed earlier. 

Land Use Management (deicinql: Deicing procedures in the watershed 
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should also be re-evaluated in light of the potential impact on acid 
neutralization capacity as discussed earlier. 

*5. Maintain the sampling program with the following changes: 

Water oualitv SamDlinq: An extensive sampling program of the intensity conducted 
under this study will not be necessary for several years, but should be repeated 
on a regular 8-10 year basis to provide comparative data for the hydrologic and 
nutrient budgets. However, the data base should be maintained and updated in 
order to monitor for long term trends in water quality and changes in the 
watershed due to development. This can be accomplished through modifications to 
the routine monitoring presently conducted by the MDC. This monitoring at 
present does not include any nutrient or metal testing, but, this testing could 
be accomplished on a rotating subwatershed basis. This would keep cost increases 
to a minimum but would also provide periodic updates on these parameters. 
Selection of subwatersheds to monitor could be based upon the flow data and 
nutrient data information collected as part of this project. 

Testing the subwatersheds intensively over a period of one year on a rotating
subwatershed basis would also allow for site-specific sampling on a more detailed 
scale. one or more subwatersheds (depending on total size) could be selected 
each year for extensive sampling in a number of areas in the subwatersheds to 
pin-point site specific areas for management. Stormwater samulinq could be 
conducted in the subwatershed at the same time. These studies would evaluate the 
impacts due to municipal runoff, road wastes such as oil and gasoline drips and 
deicing chemicals, construction, farmland erosion, agricultural chemicals, lawn 
fertilizers, among others. This would be an expansion of the MDC sanitary survey 
program which presently focuses on an area around the watershed for specific 
bacteriological sampling. The biomonitorinq sampling could also be conducted at 
the same time the intensive chemical subwatershed sampling was conducted. This 
would provide more comparative data in order to further evaluate potential 
toxicity to aquatic life and the overall health of the system. 

-q: One aspect which was not assessed in these surveys was the 
influence of stormwater. Although dry weather concentrations for most parameters 
were similar in the two basins, stormwater concentrations may be significantly 
different. MDC should consider conducting an assessment of stormwater loadings 
in both the Quabbin and the Ware River. 

The potential for growth along the water corridors and in areas which presently 
buffer overland flows is very important. However, although these inputs 
determine the overall trophic level and productivity of the system, the reservoir 
may also be highly vulnerable to episodic inputs from stormwater events. 

Mercury study: The mercury study should be prioritized as fish testing by the 
Division of Fisheries and wildlife and the Division of Water Pollution Control 
in conjunction with the MDC has resulted in restrictions being placed upon the 
consumption of fish from the Quabbin Reservoir. No determination has been made 
to date of the extent of the mercury in the biota, or the source (atmospheric, 
sediment, etc.) of the mercury. 

m t : MDC should assess additional needs for hydrologic information 
in order to refine the hydrologic budget developed for this study. These needs 
include more continuous recording stream gages in the watershed or the 
installation and maintenance of staff gages to develop flow rating curves for the 
more important subwatersheds. The nutrient and hydrologic budgets could also be 
used to determine changes over time and under varying land use and weather 
conditions. For example, data from a typical "dry" year could be input to 
evaluate the changes in contributions from the tributaries, direct runoff, 
precipitation, Ware River diversion, and groundwater. Dry years will tend to 
have a greater impact on water quality, as the concentrations of substances in 
the water will be greater, and the volume of the reservoir will be lower. 
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WARE RIVER WATERSHED: 

1. Monthlv Stream Honitorins Proaram: MDC should continue their monthly water 
quality monitoring program in the ware River watershed. This program should be 
expanded to include monthly testing of nutrients during the spring and summer 
months and quarterly testing of metals. The MDC should continue to annually re- 
evaluate the location of the sampling stations to reflect present conditions. 

2. Periodic Lake and Pond samdinq: A number of lakes and ponds in the watershed 
should also be targeted each year for additional analyses including biological 
testing for chlorophyll g in order to follow increases in productivity levels 
since recreational use of these ponds has increased in recent years. The ponds 
could be sampled on a rotating basis (e.g. every five years). The data from 
these studies could provide an indication of the retention capacity of these 
ponds for nutrients and selected priority parameters. 

3. Water Yields and Nutrient Loadinas: Additional work should be considered in 
the ware River watershed to evaluate the relative contribution of each of the 
tributaries to the water volume and nutrient loadings within that watershed and 
to develop a water budget for the Ware River as was done for the Quabbin. This 
data would provide the information necessary to identify areas for future 
protection. 

4. Stormwater ImDacts: Stormwater studies should also be considered for the ware 
River watershed. 
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APPENDIX A 

QUABBIN TRIBUTARY DRAINAGE AREA AND SAMPLING STATION MILEPOINT 

MILEPOINT 
Dwpc MDC DRAINA6E FROM 
STATION STATION BASIN AREA CONFLUENCE 

TRIBUTARY NUMBER NUMBER (SQ.MI.) WITH RESERVOIR 

CADWELL CREEK QTOl 211B-X 2.59 0.0 
PURGEE BROOK QT02 NA 2.65 0.0 
ATHERTON BROOK QT03 2 11A-X 2.59 0.0 
W BRANCH SWIFT R(UPPER) QT04 211 12.42 0.6 
DICKEY BROOK QT05 NA 4.26 0.3 
PRESCOTT BROOK QT06 NA 2.64 0.3
UNDERHILL BROOK 6T07 NA 2.13 0.1 
HOP BROOK(L0WER) Q T O B  212x 5.43 0.0 
M BR SWIFT RIVER(AT DAM) pTo9 213X 10.66 0.0 
W BR FEVER BR(L0WER) QTlO 215B 4.47 0.0 
E BR FEVER BR(UPPER) QT11 215 NA 4.2 
E BR FEVER BR(L0WER) QTl2 215C 8.68 1.4 
E BR SWIFT R(UPPER) QT13 2 16 21.60 3.7 
E BR SWIFT R(L0WER) QT14 217X 43.66 0.0
WARE RIVER(SHAFT 11A) QT15 11A 97.00 0.0 
QUABBIN OUTLET QT16 NA NA NA 
WINSOR DAM QT17 202 NA NA 
STORM DRAIN(PETERSHAM) QT18 NA NA NA 
ROARING BROOK QT19 2166 NA NA 
CADWELL CREEK(UPPER) QT2 11 211B NA 1.0 
HOP BROOK(UPPER) QT212 212 NA 0.9 
M BR SWIFT RIVER(UPPER) QT213 213 NA 1.6 
W BR FEVER BROOK(UPPER) QT215 215 NA 1.7 

Note: Data obtained from Massachusetts GIs through Richard Rondeau, MDC Boston. 



APPENDIX B 

QUABBIU TRIBUTARY DISCBRROE (CFS), 

DATE MEASURED QTOl QT02 QT03 QT04 
STATION RUMBER 

QT05 QT06 QT07 QT08 QTlo QTll QT12 QT13 

5/22 F. 5/23/89
6/19 & 6/2o/a9
7/10 i/ii/a9
7/24 F. 7/25/89
817 & 8/8/89
8/21 F. 8/22/89
9/11 F. 9/12/89
9\25 F. 9/26/89
i o m  F. io/i9/89
11/6 h 11/7/89
11/20 F. 11/21/89 

3/14/90 
1214 & 12/5/89 

3/26 6 3/27/90
4/9 & 4/10/90 

NA
6.7 
2.1 
1.2 
0.6 
1.5
0.4 
2.9 
13.3
5.5 
6.2 

NA 
NA 

8.0 
6.8 

NA 
6.7 
0.8 
1.0 
0.4 
1.3 
0.3 
2.5 
11.0 
5.1 
6.5 

NA 
3.5 

5.2 
6.4 

7.1
NA 
2.1 
1.4 
0.9 
3.0
0.5 
2.7 
10.0 
5.1 
5.9 

NA 
NA 

NA 
NA 

4.6
NA 
2.8 
0.7 
1.1 
1.1 
0.2 
0.3 
0.2 
4.5 
4.2 

7.2 
3.3 

2.3 
1.6 

7.4
12.6 
6.4 
1.9 
1.9 
3.0
1.0 
4.1 
9.4 
NA 
NA 

NA 
NA 

11.5 
12.5 

4.0 
8.1 
2.9 
1.1 
0.8 
1.8 
0.5 
3.2 
5.9 
NA 
6.2 

NA 
3.8 

8.3 
7 .a  

4.0
5.4 
3.4 
0.8 
0.9 
1.2 
0.6
NA 
5.5
NA 
NA 
4.0 
NA
6.2 
5.7 

NA
16.9 
8.0 
3.4 
3.6 
4.4 
1.5 
NA 
NA 

NA 
5 . 8  
NA

16.5 
17.5 

NA 

7.8
6.4 
0.5 
0.6 
0.5 
2.1 
0.0 
3.4 
NA 

NA 
NA 
NA

11.2 
10.5 

6.8 

NA
9.8 
1.5 
0.3 
1.9 
2.1 
0.6 
2.1 
NA 

10.3 
NA 
5.4 

23.8 
11.7 
9.6 

12.6
12.1 
2.9 
1.9 
4.0 
5.5 
0.7
4.2 
NA
NA 
NA 

10.6 
NA 

22.1 
NA 

NA
52.5 
15.2 
12.9 
36.0
13.3 
6.1

111.6 
101.4
51.6 
61.5 
30.4 
140.7 
70.7 
57.1 

AVERnGE(CFS) 4.6 3.9 3.9 2.4 6.5 4.2 3.4 8.6 4.5 6.6 7 . 7  54.8 

NOTE: Above discharge figures are calculated from actual field meter readings. 
Data was collected on one of the two dates listed. 
QTOl and QT14 also have USGS gaging stations. 

* CFS = cubic feet per second. 



APPENDIX C 

QUABBIN TRIBUTARY MDC/DWPC STREAM GAGE DATA (FEET) 

DATE MEASURED Q’IQl QT02 QT03 QTO4 
STATIOU NUMBER 
QT05 QT06 QT07 QTOS QTlO QTll QTl2 QT13 

r 
W 
N 

3/14/90
3/26 6 3/27/90
4/09 fi 4/10/90 

NA 
NA 

NA
NA 

4.46 
4.11 
4.14 
5.60 
5.01 
NA
NA 

4.58 

NA 
5.14 
5.10 

NA
NA 
NA 
NA
NA 
NA 

0.55 
0.79 
1.09 
NA 
NA 

1.61 
NA 

1.53 
1.57 

NA 
NA 
NA 
NA
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA
NA 
NA
NA 

NA 
NA 
NA 
NA
NA 
NA 

1.04 
1.11 
1.16 
NA 
NA 
NA 

2.10 
1.80 
1.79 

NA 
NA 
NA 

0.65 
0.72 
0.60 
0.78 
0.97 
NA 
NA 
NA 

0.68 

NA 
1.08 
1.10 

NA 
NA 
NA 
NA
NA 
NA
NA 

1.31 
NA 
NA 
NA 

0.98 

NA 
0.95 
0.95 

NA 
NA 
NA 
NA 
NA 
NA 

0.47 
NA 

NA 
NA 

1.98 

0.86 

NA 
1.14 
1.14 

NA 
NA 
NA 
NA
NA 
NA 
NA 
NA
NA 
NA 
NA 
NA 
NA 

0.20 
0.19 

NA 
NA 
NA 
NA
NA 
NA 
NA 
NA
NA 
NA 
NA
NA 
NA 

1.03 
0.96 

NA 
NA 
NA 
NA 
NA
NA 
NA 
NA
NA 
NA 
NA 
NA 

2.27 
2.03 
1.98 

NA 
NA 
NA 
NA
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA
NA 

1.62 
NA 

NA 
NA 
NA 
NA
NA 
NA 
NA 

1.82 
1.77 
1.50 
1.54 
NA 

2-99 
1.71 
1.67 

NOTE: stream gages were read on one of the two dates listed. 



APPENDIX D 

QUABBIN RESERVOIR MONTELY AVERAGE PRECIPITATION (inches) 

Month 

(WSl)
winsor 
Dam 

(WS2)
North 

New Salem 

(WS4)
North 

Petersham 

(WSS) 

Petersham 

(WS6A) 

shaft 12 

(WS7)
South 

Uew Salem m a n  

Apr 89 
Mav 89 
J U i  89 
J U l  89 
AUg 89 

OCt 89 
NOV 89 
DeC 89 
Jan 90
Feb 90 
Mar 90 

sep 89 

3.64 
9.92
6.66 
4.73 
6.76 

7.49 
3.64 
1.25 
3.82 
4.02 
2.57 

7.39 

4.14 
9.56
6.63 
4.95 
7.60 
5.32 
8.50 
3.47 
1.47 
4.09 
4.80 
2.81 

3.09 
8.68
4.79 
4.14 
5.34 
6.02 
7.17 
3.59 
1.70 
4.74 
4.55 
2.79 

3.84 
7.84 
5.07 
4.87 
5.99 
6.04 
6.86 
3.51 
1.26 
4.13 
4.58 
2.78 

3.60 
8.41 
4.70 
3.92 
5.66 
7.35 
7.17 
3.54 
1.25 
3.80 
4.36 
2.45 

5.23 
11.11 
8.68 
5.19 
8.00 
6.71 
9.29 
5.83 
2.21 
5.23 
5.91 
3.27 

3.92 
9.25 
6.09 
4.63 
6.56 
6.47
7.75 
3.93 
1.52 
4.30 
4.70 
2.78 

AVERAGE 61.89 63.34 56.60 56.77 56.21 76.76 61.91 

NOTE: Data extracted from the MDC (Boston) Division of Watershed Management, 
Monthly Yield sheets for Quabbin Reservoir. 



APPENDIX E 

WATER WATCH 

Water Supply System Status Report 

November 1,1990 
Mw.sachuretls Wskc  Raaum:a Aulhority Melmplitnn District Commission 
Charlalmm Navy Yard, 100 Fin1 Am. 20 Somerset SIrrtt 
BosIoa hlA 02129 (617)24224000 Bmlon MA 02109 (6171727-5215 

WATER USE WATER USE 1988-1990 
400 

November Water Use: 283 MGD 
Depart. from last year: +13 MGD 
Year to Date Avg.: 288 MGD 
Last 12 Months Avg.: 285 MGD 

(The shaded area on the accompanying 
graph indicates safe water use levek 
based on the 300 MGD safi yield capaciiy 
of the system.) 

QUABBIN ELEVATION 1988-1 990 RESERVOIR LEVELS 
Ouabbin Wachusett 

Nov. 1st Elev. (ft): 525.70 389.90 
Nov. 1st % Full: 92.0 89.6 
Last year this date: 81.5 87.2 

Worst case number of months 
to Drought Warning Stage: 16 

a . Dmugrnhergency j 
~ ~ ~~ 

Best case number of months 4 0 . - ~. . . . .  1 .. . ....... ... 1 . 

from now to 100% full: 3 ,Minimum Pod 

Worst case number of months 
from now to Minimum Pool: 70 + 



PRECIPITATION 12 
PRECIPITATION 1988-1990 -

November Precipitation: 1.79 in. 10 
 . .........
 I . . . .~ 

Departure from Avg.: +4.03 in. 3 8  
Year to Date Total: 45.00 in. I 6  
Y.T.D. Depart. from Avg.: +6.77 in. 0 

2 4 

2 
(Precipitarion is reported as the average 0 

~between Wachusett and Quabbin Reservoirs. 

SYSTEM YIELD 1988-1990SYSTEM YIELD 1400 
.............. __ --............. . . . . .  


November Yield 426 MGD 1200 

Departure from Average: +281 MGD 1000 
Yield as % of Average: 193 % n 800 a 600 

...... 

.......... 


400(System Yield is the water produced by 
the sources, and is reported as the net 200 
change in water available for water 0supply requirements.) 

-200 

AVERAGE ACTUALI - - - .L 

OUTLOOK 
The current outlook continues to be very good. From now through April system yields typically rise 
because of the marked reduction in evapotranspiration with the onset of plant dormancy. This period 
also corresponds to a sharp drop in outdoor water use by customers resulting in a double benefit to 
the system. During the five years from 1985 through 1989,the November through April period 
averaged a system yield of 432 MGD and a system demand of 303 MGD, verses the May through 
October period which averaged a system yield of 228 MGD and a system demand of 333 MGD. 

135 
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APPEUDIX F 

USGS STREAM GAGED WATERSEEDS AT QUABBIU 

CArmELL CREEK .P O 1) EAST BRAUCE SWIPT RIVER ( -T14) 

DAILY MOUTELY DAILY MONTELY 
YEAR MONTH AVG CFS MG YEAR MONTE AVO CPS MG 

1989 APRIL 9.8 189.9 1989 APRIL 134.0 2596.9 
MAY 15.3 306.4 MAY 186.0 3724.8
JUNE 10.2 197.7 JUNE 113.0 2189.9 
JULY 1.9 38.0 JULY 32.0 640.8
AUGUST 3.3 66.1 AUGUST 63.6 1273.7
SEPT 3.7 71.7 SEPT 47.0 910.9
OCT 15.0 300.4 OCT 146.0 2923.8
NOV 7.7 149.2 NOV 117.0 2267.5
DEC 2.1 42.1 DEC 39.5 791.0 

1990 JAN 5.4 108.1 1990 JAN 60.9 1219.6
FEB 12.5 226.1 FEB 128.0 2315.3 
MAR 10.6 212.3 MRR 107.0 2142.8 

NOTE: Measurements taken October 1989 through March 1990 are final figures as
reported by the USGS. 



APPEWIX 6 

AUALXTICAL METHODS USED AT LRWREUCS SXPERIMENT STATIOU 

Parameter 

Cu, Pe, Pb, Ni, 
zn 

Ag, AS, Cd, Cr, EPA Manual Methods using Atomic 
Absorption graphite furnace analysis 
(USEPA, 1983) 

Irdl 

A1 EPA Method 200.7:
Spectrometry 

ICP Atomic Emissions Irdl 

Total Phosphorus Sulfuric acid and ammonium peroxy- 
disulfate digestion. Ascorbic acid 
reduction. Hanual spectrophotometric 
method using a 10 cm path length cell. 

mg/l 

Total Kjeldahl 
Nitrogen 

Acid digestion using Technicon mg/l
BD-40 Block Digester. colori- 
metric analysis (reaction of 
ammonia, sodium salicylate, sodium 
nitroprusside, and sodium hypo- 
chlorite in buffered alkaline medium) 
using (Technicon) TTaaCS I1 auto analyzer. 

Ammonia Nitrogen Phenate method, automated. 
Colorimetric analysis using 
(Technicon) Traacs I1 auto analyzer. 

mg/l 

Nitrate Nitrogen Hydrazine reduction method, 
automated. Colorimetric analysis 
using (Technicon) Traacs 11 auto 
analyzer. 

mg/l 
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APPEUDIX B 

AWALYTICAL ME!MODS USED AT MDC LABORATORIES 

Parameter standard uethod units 
Alkalinity SM403 mg/l 

Bacteria 
Total coliform 
Total Heterotrophic 

SM9 09A 
SM907C (with modified 
incubation times) 

Coliforms/lOOml
CFU/ml = (Colony
Forming units/ml) 

Chloride SM407B mg/l 

Color SM204A color Units 

Dissolved Oxygen SM42 le 
(winkler) 

mg/l 

Hardness SM314B mg/l as CaCO, 

SM423 
(Orion pA meter 
Model 811) 

standard units 

Solids 
Total
Fixed 

SM2 09A 
SM209D 

mg/l
mg/l 

Specific Conductance SM205 pmhos/cm 

Turbidity SM2 14A NTU = (Nephelometric
Turbidity units) 

SM=Standard Methods for the Examination of water and Wastewater, 16th Edition, 1985. 
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APPENDIX I 

BO!Cl%E PREPAQ&TION 

250 ml glass bottles and stoppers were washed according to the procedure 
set forth in standard Methods. After washing, bottles were sterilized at 
1 8 0 ° c  for 3 hours. 

chemical 

One liter containers were pre-cleaned according to the procedure set forth 
in standard Methods. Bottles were then rinsed three times in the field 
with sample water. 

Metals 

500 ml glass bottles with teflon lined plastic caps were rinsed with a 1:l 
solution of nitric acid, followed by three rinses with distilled/deionized 
water. The bottles were next washed with a 1:l solution of hydrochloric 
acid followed by three rinses with distilled/deionized water. Bottles were 
then rinsed three times in the field with sample water. 

Nutrients 

500 ml glass bottles with teflon lined plastic caps were rinsed with a 1:l 
solution of hydrochloric acid followed by three rinses with 
distilled/deionized water. Bottles were then rinsed three times in the 
field with sample water. 
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APPENDIX J 

QUABBIN TRIBUTARIES CHEMICAL AND NUTRIENT DATA GRAPHED BY PARAMETER AND REGION 
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FIGURE J-1 
QUABBIN TRIBUTARIES ALKALINITY LEVELS 

WESTERN BASIN i"._*.-
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FIGURE 5-2 
QUABBIN TRIBUTARIES ALKALINITY LEVELS 

CENTRAL BASIN 

QT06 0707 QTDB ...*..QTOa 
. 
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FIGURE 5-3 
QUABBIN TRIBUTARIES ALKALINITY LEVELS 

EASTERN BASIN 
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FIGURE J-4 
QUABBIN TRIBUTARIES ALKALINITY LEVELS 

STATIONS QT15, QT16, QT17 AND QT206 
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FIGURE J-5 
QUABBIN TRIBUTARIES CHLORIDE LEVELS 

WESTERN BASIN 
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FIGURE J-6 
QUABBIN TRIBUTARIES CHLORIDE LEVELS 

CENTRAL BASIN 
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FIGURE 5-7 
QUABBIN TRIBUTARIES CHLORIDE LEVELS 

EASTERN BASIN 
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FIGURE J-9 

QUABBIN TRIBUTARIES COLOR LEVELS 
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FIGURE J-10 

QUABBIN TRIBUTARIES COLOR LEVELS 

CENTRAL BASIN 

1989 MONTH 1990 
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FIGURE J-11 
QUABBIN TRIBUTARIES COLOR LEVELS 

EASTERN BASIN 

0TlO Q T l l  QT12  QT13  QT14 -......A ~ . ~ ~. ~. 0..~--.+--. *..-~ 

I I I I 1 I I I I I I I 


A I M  ' J  ' J  ' A  I S  0 ' N  ' D J F I M  ' A  
I989 MONTH 1990 


100 


-80 


. 

~~~~~~~~~~~ ~~~~~~~~~ 

I , I I 


146 




200 

FIGURE J-13 
QUABBIN TRIBUTARIES COLOR LEVELS 

STATION 215A 
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FIGURE J-14 
QUABBIN TRIBUTARIES CONDUCTIVITY 
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FIGURE 5-15 
QUABBIN TRIBUTARIES CONDUCTIVITY 

CENTRAL BASIN 
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FIGURE J-16 
QUABBIN TRIBUTARIES CONDUCTIVITY 

EASTERN BASIN 
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FIGURE 5-17 
QUABBIN TRIBUTARIES CONDUCTIVITY LEVELS 

STATIONS QT15, QT16, QT17 AND QT206 
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FIGURE 5-18 
QUABBIN TRIBUTARIES HARDNESS LEVELS 

WESTERN BASIN - STATIONS QTOl ,QTO2 AND QT211 B 
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FIGURE J-19 
QUABBIN TRIBUTARIES HARDNESS LEVELS 

WESTERN BASIN - STATIONS QT03, QT04 AND QT05 
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FIGURE 5-21 

QUABBIN TRIBUTARIES HARDNESS LEVELS 

CENTRAL BASIN - STATIONS QTO9, QT212 AND QT213 
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FIGURE 5-22 

QUABBIN TRIBUTARIES HARDNESS LEVELS 

EASTERN BASIN - STATIONS QTl 0, QT11 AND QT12 
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FIGURE J-24 
QUABBIN TRIBUTARIES HARDNESS LEVELS 

STATIONS QT15, QT16, QT17 AND QT206 
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FIGURE 5-25 
QUABBIN TRIBUTARIES DISSOLVED OXYGEN LEVELS 
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FIGURE 5-26 
QUABBIN TRIBUTARIES DISSOLVED OXYGEN LEVELS 
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FIGURE J-27 

QUABBIN TRIBUTARIES DISSOLVED OXYGEN LEVELS 
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FIGURE 5-28 

QUABBIN TRIBUTARIES DISSOLVED OXYGEN LEVELS 

STATION QT15, QT16, QT17 AND QT206 

1989 MONTH 1990 
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FIGURE 5-29 

QUABBIN TRIBUTARIES PERCENT SATURATION LEVELS 

WESTERN BASIN - STATIONS QTOl ,QT02 AND QT03 
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FIGURE J-30 
QUABBIN TRIBUTARIES PERCENT SATURATION LEVELS 

WESTERN BASIN - STATIONS QT04, QT05 AND QT211B 
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FIGURE 5-32 
QUABBIN TRIBUTARIES PERCENT SATURATION LEVELS 

CENTRAL BASIN - QTO9, QT212 AND QT213 
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FIGURE 5-33 
QUABBIN TRIBUTARIES PERCENT SATURATION LEVELS 

EASTERN BASIN- QT10, QT11 AND QT12 
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FIGURE 5-34 
QUABBIN TRIBUTARIES PERCENT SATURATION LEVELS 

STATIONS QT15, QT16, QT17 AND QT206 
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FIGURE 5-35 
QUABBIN TRIBUTARIES pH LEVELS 
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FIGURE 5-36 
QUABBIN TRIBUTARIES pH LEVELS 
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FIGURE J-38 
QUABBIN TRIBUTARIES pH LEVELS 

STATIONS QTI 5,QTI 6, QT17AND QT206 

5 
I I I I I I I I I I I I 

A ' M I J  ' J  ' A ' S ' O ' N ' D ' J ' F ' M ' A  
1989 MONTH 1990 

159 



&-...... ......45- L\. ., ,
c' 

, .  
\

Fa; , .  
A,' 

4~ ;',,,, 

''; 
, ,' 

A 

,,,'
I . .  

:, 
v 4 . ., .  

E; 

5b-
'&.. 

,. A. .. 
. I

i '&' .A..~& . 

0 

E 
25 -\4a -

QT03 QT04 QT05
5 0 - - A 0 4 

j j
: :  , . 

15 
A I M ' J  ' J  ' A  ' S I O ' N I D I J I F I M ' A  

1989 MONTH 1990 

160 




FIGURE J41 
QUABBIN TRIBUTARIES FIXED SOLIDS LEVELS 

CENTRAL BASIN - STATIONS QT06 AND QT07 
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FIGURE J-42 
QUABBIN TRIBUTARIES FIXED SOLIDS LEVELS 

CENTRAL BASIN - STATIONS QT08, QTO9 AND QT213 
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FIGURE 5-43 

QUABBIN TRIBUTARIES FIXED SOLIDS LEVEE 

EASTERN BASIN - QT10, QTll  AND QT12 
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FIGURE J44 
QUABBIN TRIBUTARIES FIXED SOLIDS LMELS 

EASTERN BASIN - QT13, QT14 AND QT215A 

1989 MONTH 1990 
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FIGURE J-45 
QUABBIN TRIBUTARIES FIXED SOLIDS LEVELS 

STATIONS QTI 5,QT16, QT17 AND QT206 
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FIGURE J-46 
QUABBIN TRIBUTARIES TOTAL SOLIDS 

WESTERN BASIN - STATIONS QTOl AND QT02 
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FIGURE 5-47 
QUABBIN TRIBUTARIES TOTAL SOLIDS 

WESTERN BASIN - STATIONS QT03, QT04 AND QT05 
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FIGURE J-48 
QUABBIN TRlBUARlES TOTAL SOLIDS 

CENTRAL BASIN - STATIONS QT06 AND QT07 
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FIGURE 549 

QUABBIN TRlBUARlES TOTAL SOLIDS 

CENTRAL BASIN - STATIONS QT08, QTO9 AND QT213 
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FIGURE J b o  
QUABBIN TRIBUTARIES TOTAL SOLIDS 

EASTERN BASIN 
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FIGURE JS1  
QUABBIN TRIBUTARIES TOTAL SOLIDS 
STATIONS QT15, QT16, QT17 AND QT206 
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FIGURE 5-52 
QUABBIN TRIBUTARIES ORGANIC MAlTER 

WESTERN BASIN - QTOl ,QT02 AND QT03 
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FIGURE 4-54 
v )  QUABBIN TRIBUTARIES ORGANIC MATER 
0- CENTRAL BASIN - QT06, QT07 AND QT08 

a 1989 MONTH 1990 
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FIGURE 5-55 
QUABBIN TRIBUTARIES ORGANIC MAlTER 

CENTRAL BASIN - QTO9 AND QT213 
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FIGURE J-56 
QUABBIN TRIBUTARIES ORGANIC MATTER 

EASTERN BASIN - QTIO, QT1 IAND QT12 
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FIGURE JS7 
QUABBIN TRIBUTARIES ORGANIC MAlTER 

h EASTERN BASIN - STATIONS QT13, QTI 4 AND QT215A v) 

-
0 
u) QT13- 1 

$ 5 0  Q ----ic 

0 c 
.c
0 
840 

QT2 15A 1 
dl 

B 

A IM I J  ' J  ' A  I S  0 '  N ' D J ' F ' M  ' A  
1989 MONTH 1990 

FIGURE 5-58 
QUABBIN TRIBUTARIES TURBIDITY LEVELS 

WESTERN BASIN 
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FIGURE J-59 
QUABBIN TRIBUTARIES TURBIDITY LEVELS 

CENTRAL BASIN 
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FIGURE J-60 
QUABBIN TRIBUTARIES TURBIDITY LEVELS 

EASTERN BASIN 
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FIGUREJ-61 
QUABBIN TRIBUTARIES TURBIDITY DATA 

STATIONS QT15, QT16, QTI 7 AND QT206 
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FIGURE J-62 
QUABBIN TRIBUTARIES AMMONIA LEVELS 

WESTERN BASIN - STATIONS QTOI ,QT02 AND QT03 
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FIGURE J-63 
QUABBIN TRIBUTARIES AMMONIA LEVELS 

WESTERN BASIN - STATIONS QT04, QT05 AND QT211B 
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FIGURE 5-64 
QUABBIN TRIBUTARIES AMMONIA LEVELS 

CENTRAL BASIN - QT06, QT07 AND QT08
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FIGURE J-66 

QUABBIN TRIBUTARIES AMMONIA LEVELS 

EASTERN BASIN 
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FIGURE 5-67 
QUABBIN TRIBUTARIES AMMONIA LEVELS 

STATIONS QT15 AND QT16 
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FIGURE 5-68 
QUABBIN TRIBUTARIES NITRATE LEVELS 

WESTERN BASIN - STATIONS QTOl ,QT02 AND QT03
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FIGURE 5-70 
QUABBIN TRIBUTARIES NITRATE LEVELS 
CENTRAL BASIN - QT06, QT07 AND QT08 
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FIGURE 5-71 
QUABBIN TRIBUTARIES NITRATE LEVELS 
CENTRAL BASIN - QT09, QT212 AND QT213 
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FIGURE J-72 
QUABBIN TRIBUTARIES NITRATE LEVELS 

EASTERN BASIN - STATIONS QT10, QTl l  AND QT12 
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FIGURE J-75 
QUABBIN TRIBUTARIES ORGANIC NITROGEN 

STATION QTOl , QT02 AND QT211B 
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FIGURE 5-76 
QUABBIN TRIBUTARIES ORGANIC NITROGEN 

STATIONS QT03, QTO4 AND QT05 
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FIGURE J-T7 
QUABBIN TRIBUTARIES ORGANIC NITROGEN 

STATIONS QTO6, QT07 AND QTO9
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FIGURE 5-78 
QUABBIN TRIBUTARIES ORGANIC NITROGEN 

STATIONS QTOB, QT212 AND QT213 
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FIGURE 5-79 
QUABBIN TRIBUTARIES ORGANIC NITROGEN 

EASTERN BASIN 
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FIGURE J-80 
QUABBIN TRIBUTARIES TOTAL PHOSPHORUS LEVELS 

WESTERN BASIN - QTOl ,QT02 AND QT03 
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FIGURE J-81 
QUABBIN TRIBUTARIES TOTAL PHOSPHORUS LEVELS 

WESTERN BASIN - QT04, QT05 AND QT211 B 
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FIGURE 5-82 
QUABBIN TRIBUTARIES TOTAL PHOSPHORUS LEVELS 

CENTRAL BASIN - QT06, QT07 AND QT08 
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FIGURE 5-83 
QUABBIN TRIBUTARIES TOTAL PHOSPHORUS LEVELS 

CENTRAL BASIN - QTO9, QT212 AND QT213 
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FIGURE 5-84 
QUABBIN TRIBUTARIES TOTAL PHOSPHORUS LEVELS 

EASTERN BASIN - QT10, QT11 AND QT12 
0.04 , 

h 
\ 

vE" o-035 

(r) 0.03
3 
K 
0r 0.025 a g 0.02 
I:0 0.0150.01 
I-

182 



FIGURE' 5-85 
QUABBIN TRIBUTARIES TOTAL PHOSPHORUS LEVELS 

EASTERN BASIN - QT13, QT14 AND QT215A 
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PARAWETW W C L  MONITOFtING FREQUENCY 

COMMUNITY SYSTEMS NON-COMMUNITY SYSTEN 
7 0TAL 
COLIFORU BACTERIA 1/100 ML Depends on size no less than 4 time, 

(mean of (see Table 2 in per year 
monthly Regulations): 
samples): ranges from l/mo 
4/100 ML for systems serv- 
(mean when ing <1,000 per- 
less than sons to 5OO/mO 
2 0  samples for systems ser- 
per month) ving >4,690,000 

I cadmium 
Chromium VI 

1 Fluoride' 
Lead 
Mercury
Nitrate (N) 

once/3yr 

once/3yr
once/3yr
once/3vr 

once/3yr
once/3yr
once/3yr 

once/3yr
once/3yr 

not applicable 

not applicable 
not applicable 
not applicable 
not applicable 

not applicable 

not applicable 

same as community 
Selenium 
Silver 
Sodium2 same as communitv 

I)
Endrin 0.0002 mg/L once/3yr may be May be required by
Lindane 0.004 mg/L once/3yr re- DEP
Methoxychlor 0.1 mg/L once/3yr quired
Toxaphene 0.005 mg/L once/3yr by
2.4-0 0.1 mg/L once/3yr DEQE
2,4,5-TP (Silvex) 0.01 mg/L once/3yr 

-4 
(total) 0.10 mg/L rlx/system/quarter (October 1989) 

(continued on next page) 

FODtnOtes 

'There is a secondary MCL for fluoride which is 2.0 mg/L. 

2Water systems with more than 15 m g / l  of sodium.must monitor quarterly. 

3Surface water testing requirements are for community water systems that 
utilize any surface water. Systems completely relying on ground water may 
be required to test at DEP's discretion. 

4Trihalomethane monitoring only applies to systems that disinfect and that 
serve more than 10,000 persons. The monitoring frequency may be reduced in 
accordance with DWS policy. The trihalomethanes covered are chloroform,
bromodichloromethane, chlorodibromomethane and bromoform. These are common 
by-products of chlorine disinfection. 
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SUEMARY OF HASSACWSETIS m G WATER STANDAFBS AND 
MONITORING SCBEDULES FOR PUBLIC WATER SUPPIZES (310 CMR 22.001 

HONITORING PRepnaSof IIVOLATILE VmZlERABLE NO-LE 
SYSTEMS SYSTEMSORGANIC COMFQUNDS~ 

(includes surface water and groundwater,
I 

and non-transient. non-community systems 

Benzene 0.005 mg/L once/yr once/3yrs
Carbon Tetrachloride 0.005 mg/L once/yr once/3yrs
para-Dichlorobenzene 0.005 mg/L once/ yr once/3yrs
1,2 Dichlorethane once/yr once/3yrs
1,l Dichloroethylene 0.007 

0.005 
mg/L
mg/L 

once/yr once/3yrs
1,l.l Trichloroethane 0.20 mg/L once/ yr once/3yrs
Trichloroethylene 0.005 mg/L once/yr once/ 3yrs 
Vinyl Chloride 0.002 mg/L once/yr once/3yrs 

Surface a 
K&&K water

TDRBIDZTY 1NTu once/day not once/day for
estab- surface waters 
lished (mav be reduced) I 

RADIONUCLIDES P per year every 
P years for sur- 

Gross Alpha ActiviSy' 15 pCi/L €ace and ground not applicable 
Radium-226 and 228 5 PCi/L raters. If levels

are less than 1/2 
3f the MCL, may 
test once/4vrs 

L millirem/yr mce/4yrs €or
Photon Activity L millirem/yr surface water

!O,OOO
8 DCi/L
PCi/L systems serving 

not applicable 

Strontium-90 100,000 persons (October 1989) 

&Q%n!&s 

5The MCLs for the volatile organic compounds (Vocs) listed became effective 
January 9, 1989. Testing for this new program is being phased in: systems
serving more than 10,000 persons began testing in 1988, systems serving less 
than 10,000 persons but more than 3,300 persons began testing in 1989. and
systems serving less than 3,300 persons begin testing in 1991. For the
initial year of testing, surface water supplies must be tested once per 
quarter and groundwater supplies must be tested in the first and third 
quarters. Monitoring for the 51 unregulated volatile organic compounds 
(Table 9) is also required. Subsequent monitoring frequency Will be based 
on system vulerabilty to VOC contamination, as determined by DEP. 

6Gross alpha particle activity includes radium-226 but excludes radon and
uranium. 

the gross alpha activity does not exceed 5 pci/L, this measurement may be
substituted for the required radium-226 and radium-228 analysis. 

'For total beta particle and photon radioactivity, MCLs are set at the average 
annual concentration which produces an annual dose equivalent to the total 
body or any internal organ greater than 4 millirem per year. 
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Section 22.07(4) (e) compounds 

Bromobenzene Dichlormethane 
Bromodichlormethane 1,2-Dichloropropane

1,3-DichloropropaneBromoform 
I Bramomethane 2,2-Dichloropropane
I Chlorobenzene 1.1-Dichloropropane
Chlorodibromomethane 1.3-Dichloropropene
Chloroethane Ethylbenzene

I Chloroform Ethylene dibromide (EDB) 
Chloromethane styrene
o-Chlorotoluene 1.1.1.2-Tetrachloroethani 
p-Chlorotoluene 1,1.2.Z-Tetrachloroethane 

b 1.2-Dibromo-3-chloropropane (DBCP) Tetrachloroethylene
Dibromomethane Toluene 
m-Dichlorobenzene 1,1.2-Trichloroethane

1 
I 
0-Dichlorobenzene (0-DCB) 
1,l-Dichloroethane 

1.2,3-Trichloropropane
m-Xylene

1 cis-1.2-Dichloroethylene o-xylene
b trans-1.2 Dichloroethylana p-xylene 

section 22.07(4) (i) corpormds 

Bromochloromethane p-Isopropyltoluene
n-Butylbenzene Naphthalene
sac-Butylbenzene n-Propylbenzene
tert-Butylbenzene lr2,3-Trich1orobenzene
Dichlorodifluoromethane 1,2,4-Trichloroben~ene
Fluorotrichlorometane 1,2,4-Trimethylbenzene
Hexachlorobutadiene 1.3.5-Trimethylbenzene
Isopropylbenzene 

(October 19891 
~ 

Referred to in Table 8 (Footnote 5) 

Refer to Table 11 for recommended maximum values for drinking
water 

INDICATOR PARAKETERS 

RECOMMENDED 
PARlLHETER UPPER LIMIT LOWER LIMIT 

alkalinity 100 mg/L
calcium 150 mg/L 
chloride 
CDlOl 

250
15 color

mg/L 
units 

hardness 
1 mg/L copper 
200 
0 . 3  

mg/L
mg/L 

50 mg/L 
iron 
magnesium relative ecale 
manganese 0.05 mg/L
nitrogen (ammonia) 0.1 mg/L 0.015 mg/L 
nitrogen (nitrite) 1 mg/L 
odor 3 threshold odor number 
PH 8.5 6 . 5  
potassium relative scale 
sediment visual observation 
sulfate 250  

500 
mg/L
mg/Ltotal dissolvec? solids 
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1 

DRINKING WATER GUIDELINES FOR PARAMETERS FOR WHICH 
MAXIMUM CONTAMINANT LEVELS HAVE NOT BEEN ESTABLISHED* 

RECOMMENDED MAX- v m t ,
PAImETER’ FOR DRINKING WATER (mS/l) 

ACETONE 0.7
ALACHMR 0.002
ALDIULRB 0.01 
ALDICARB SULFONE 0.04
ALDICARB SULFOXIDE 0.01 
ATRAZINE 0.003 

BIS-(Z-ETHYLHEXYL)-PHTHALATE 0.01 
BROMOMETHANE 0.01
CARBONRAN 0.01 
CHLORDANE 0.0005 
CHLOROBENZENE 0.1 
CHLOROFORM (nonchlorinated supplies only) 0.005 
COPPER 
CYANIDE 

1,2-DIBROMO-3-CHLOROPROPANE (DBCP) 0.0002 
1,2-DICHLOROBENZENE (0-DCB) 0.6
1.1-DICHMROETHANE 0.005 
1,2-DICHLQROETHYLENE 0.07 
DICHLOROMETHANE 0.005 
1,2-DICHLOROPROPANE 0.001 
1,3-DICHLOROPROPENE 0.002 
DINOSEB 0.005
1,4-DIOXANE 0.05 

ETHYLBENZENE 0.7
ETHYLENE DIBROMIDE (EDB) 0.00004 
ETHYUNE GLYCOL 5.5 
HEPTACHLOR 0.0002 
,HEPTACHLOR EPOXIDE 0.0001 

METHYL ETHYL KETONE 0.35 
METHYL ISOBLTTYL KETONE 0.35
METHYL TERTIARY BUTYL ETHER 0.05 
METOLACHLOR 0.008 
OXAMYL 0.05
POLYCHLORINATED BIPHENYLS (PCBs) 0.0005 

RADON-222 10,000 pCi/LITER
STYRENE 0 . 0 0 5
TETRAcHLoRDpI?IyLENE 0.005
TOLUWE 2
1.1,Z-TRIQILOROETHANE 0.03 
XYLENES 1
URANIUM 10 pCi/LITm 

~~~ ~ 

For parameters not listed, contact the office of Research 
and Standards at the Department of Environmental Protec- 
tion.ZtThe Office of Research and Standards at the Department
of Environmental Protection recommended the guidelines
in this table as of September 1989. Revisions are made 
semiannually (March and September) to reflect new data. 
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APPENDIX L Page 1of 4 

EXISTING AND PROPOSED USEPA MAXIMUM 
CONTAMINANT LEYELS IN DRINKING WATER 

AS OF AUGUST 1991 
Contaminant Proposed/Final MCLG' Current/Final MCLb Proposed MCLb 

(mpn) ( m m  bn- )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  -PRIMARY LEVELS c- - - - - - - - - - -.- - - - - - - 

INORGANICS 

Arsenic -__ 0.05 ___ 
*Antimony 0.003 ___ 0.01/0.005d 
Asbestos 7 million 7 million _--

fibers/Lek fibers/Lek 
Barium 2k 2k ___ 

*Beryllium 0 --. 
Cadmium 0.005k 0.005k 
Chromium 0 2  0.l k  
CoDDer 1.3 _ _ _  n 

*Cyanide 
Fluoride 
Lead 
Mercury 

*Nickel 0.1 
Nitrate (as N) ldk 
Nitrite (as N) I& 
Selenium 0.05k 

Silver 
*Sulfate 
*Thallium 

VOLATILE ORGANICS 

Benzene 0.005 
Carbon tetrachloride 0.005 
1,2-Dichloroethane 0.005 
1,l-Dichloroethylene 0.007 
cis- 1.2-Dichloroethvlene 0.07k 

trans- 1,2-Dichloroethylene O.lk O.lk 
*Dichlomrnethane (methylene chloride) 0 --_ 
1,2-Dichloropropane Ok 0.005k 
Ethylbenzene 0.7k 0.7k 
Monochlorobenzene 0 .P  O.lk 

Styrene 0.P 0. l k  ___ 
Tetrachloroethylene Ok 0.005k __-
Toluene l k  l k  2 * .  
l,l,l-Trichloroethane __- 0.2 _--

1811 



Page 2 of 4 

'w EXISTING AND PROPOSED USEPA MAXIMUM
"lCONTAMINANT LEVELS IN DRINKING WATERm AS OF AUGUST 1991 

Contaminant ProposedFinal MCLGa Current/Final M a b  Proposed MCLb 
Ime/LI ( m a )  fme/L) 

...- - -..- - -..- - - -.. . ..- -PRIMARY LEVELS c (continued)- - - - - - - - - - - - - - -.-. 
VOLATILE ORGANICS (continued) 

* 1,1,2-Trichloroethane 0.003 _-- 0.005 
Trichloroethylene _ _ _  0.005 _--
Trihalomethanes (total) --- 0.1 __-
Vinyl chloride --- 0.002 ___ 
Xylenes (total) 10k 10k _-_ 

PESTICIDESMERBICIDESmCBs/BASE-NEUTRALEXTRACTABLES 

~~ ~~ ~~ ~ 

Acry1amide Ok _ _ _  m -__ 
'Adipates [di(ethylhexyl)adipate] 0.5 _-- 0.5 
Alachlor Ok 0.002k ---
Aldicarb 0.001k 0.003k ___ 
Aldicarb sulfoxide 0.001; 0.004k _--
Aldicarb sulfone 0.001 0.002k __-
Atrazine 0.003k 0.003k ___
Carbofuran 0.04k 0.04k -__ 
Chlordane Ok 0.0ozk --_
54-D 0.07k 0.07k ---

'Dalauon n.2 __- n.2 

1,2-Dibromo-3-chloropropane(DBCP) Ok o.yo2k _-
o-Dichlorobenzene 0.6k 0.6 ___ 
p-Dichlorobenzene .-- 0.075 

*Dinoseb 0.007 0.007 
'Diquat 0.02 __- 0.02 

*Endothall 0.1 ___ 0.1 
'Endrin 0.002 0.0002 0.002 
Epichlorohydrin ___ m ---
Ethylene dibromide $ 0.00005k _-

*Glwhosate 0.7 _- 0.7 

Heptachlor 0k 0.0004k I-

Heptachlor epoxide Ok 0.OW2k -
*Hexachlorobenzene 0 ___ 0.001 
"Hexachlorocyclopentadiene(HEX) 0.05 _- 0.05 

Lindane 0.0002k 0.0002k -_ 
Methoxychlor 0.04k 0.04k __-

*Oxamyl (Vydate) 0.2 __- 0.2 
*PAHs [Ben~o(a)pyrene]~ 0 ___ 0.MX)z 

Polychlorinated biphenyls (PCBs) Ok 0.0005k _-
Pentachlorophenol Ok 0.001k ___ 

**Phthalates [di(ethylhexyl)phthalateIi 0 _- 0.004 
*Picloram 0.5 ___ 0.5 



-- 

--- 

_ _ _  -- 
--- 

--- 

Page 3 of 4 

'IEXISTING AND PROPOSED USEPA MAXIMUM 
A" CONTAMINANT LEVELS IN DRINKING WATER m AS OF AUGUST 1991 

*Simazine 0.001 _-- 0.001 
*2,3,7,8-TCDD (Dioxin) 
Toxaphene
2,4,5-TP (Silvex) 0.0sk 

3 __-
0.003k 
0.05k 

0.00000005 

-__ 
*1,2,4-TrichIorobenzene 0.009 0.009 

MICROBIOLOGICAL 
~~ ~ 

Bacteria 
Coliform 

4 per 100 mL 
1per 100 mL -

PHYSICAL 

Aluminum 0.05 to 0.2k -__ 
Chloride 
Color 

250
IS color units .-

Coower 1 _-_ 
Corrosivity neither corrosive -. 

o-Dichlorobenzene 
p-Dichlorobenzene 
Ethvlbenzene 

nor scale forming .__.--
-I 

0.01 
0.005 
0.03 
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'uEXISTING AND PROPOSED USEPA MAXIMUM&" CONTAMINANT LEVELS IN DRINKING WATER 
AS OF AUGUST 1991 

Contaminant Current/Final Level Proposed Level 
( m a )  (mgn) 

Fluoride 2 
Foaming agents 0.5 

*Hexachlorocy clopentadiene ___ 
Iron 0.3 

Manganese __ 0.05 --
Odor __- 3 T.O.N. ___ ___  I-Pentachlorophenol 0.03 
PH _-- 6.5-8.5 pH units _--
Silver _-- O.lk _-
Styrene -__ ___ 0.01 
Sulfate --- 250 __ 
Toluene __ _- 0.04 

Total dissolved solids (TJX) 500 _--
Xylenes (total) -- 0.02 
Zinc 5 ---

a MCLG = Maximum Contaminant Level Goal (nonenforceable). 
MCL = Maximum Contaminant Level. 
Primary levels are enforceable, health-based standards. 
Values correspond to practical quantitation limits (PQLE), which are, respectively, 10 and 5 times the 
method detection limit (MDL) for these analytes; public comment is requested. 

e Length greater than 10 um. 
MCL for the total of nitrate and nitrite = 10 m a  (as N). 

g Public comment is requested on which value is preferable as a primary level. 
Public comment is requested on establishing MCLGs at zero and MCLs at PQLs for six additional 
polynuclear aromatic hydrocarbons (PAHs) that are probable human carcinogens: benz(a)anthracene, 

. benzo(b)fluoranthene, benzo(k)fluoranthene, chqsene, dibenz(a,h)anthracene, and indenopyrene. ' Public comment is requested on adding butylbenzylphthalate as a regulated compound with an 
MCLG and MCL at 0.1 m& 

1 Secondary levels are nonenforceable taste, odor, or appearance guidelines. 
Final rule including new MCLE for 33 substances (effective July 1992) and reproposed MCLS for 5 
substances (barium, Aldicarb, Aldicarb sulfone, Aldicarb sulfoxide, and pentachlorophenol); &&&I 
Reeister, January 30, 1991, pages 3526-3614. Final rule for the 5 substances: Federal Register, July
1, 1991, pages 302630281.' Federal Reeister. July 18, 1991, pages 3304933127, 
Treatment technique. " See the final rule in the Federal Reeister, June 7, 1991, pages 26460-26564 for details on the National 
Primary Drinking Water Regulation treatment standard for lead and copper. 

p Effective until July 30, 1992, when this primary level is replaced by a secondary level. 

*Proposed MCLGs and proposed M C k  Federal Reeister. July 25, 1990,pages 30370-30448, except
as noted in footnotes k and I; all other proposed MCLGs and proposed MCls: Federal Reeister, May
22, 1989, pages 22062-22160. 

Compiled by Robert A. Saar, Geraghty & Miller, Inc., Albuquerque, New Mexico. . .  
191 August 1991 



APPENDIX W 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT
ORGANIC MATTER (as % of total solids)

STATIONS QTOL - QT05 

DATE OTOl OTO2 Q"03 m 0 4  0t05 

4/10/89 38.7 22.2 16.2 31.4 28.1 
4/24/89 20.6 26.1 40.0 23.7 35.3 
5/8/89 38.2 30.4 34.2 38.2 37.8 
5/22/89 26.7 21.4 27.0 31.0 35.1 
6/19/89 21.2 18.6 21.6 25.0 28.9
7/10/89 29.4 22.0 22.2 25.0 34.7 
7/24/89 28.6 19.5 26.7 25.6 36.7 
8/7/89 26.5 22.5 24.5 36.8 41.2 
8/21/89 32.4 26.2 28.6 35.1 40.0 
9/11/89 22.9 17.1 16.3 17.0 25.0 
9/25/89 23.5 15.2 25.0 18.6 27.9 
10/18/89 26.3 25.5 33.3 25.0 28.9 
11/6/89 20.6 18.2 20.5 23.1 20.5 
11/20/89 20.7 15.8 20.0 25.8 14.3
12/4/89 13.3 7.9 11.8 6.5 8.3
1/8/90 15.6 15.9 18.2 1 5 . 8  19.5 
2/12/90 12.5 6.7 10.3 12.1 9.1 
2/26/90 18.8 13.0 14.3 16.2 14.3 
3/12/90 25.6 21.1 15.4 20.7 22.5
3/26/90 19.2 7.7 8.8 0.0 6.7
89/90 3.8 1.1 3.8 9.1 

QUABBIN TRIBUTARIES 
ORGANIC MATTER (as % of total solids)

STATIONS QT06 - QTlO 

DATE OT06 OT07 oTO8 oTo9 OTlO 

4/io/a9 31.3 32.3 28.6 31.1 28.6 
4/24/89 33.3 42.4 16.0 24.0 35.6 
5/8/89 41.7 42.1 36.2 44.7 36.5 
5/22/89 31.3 34.3 24.4 25.6 27.7 
6/19/89 25.7 21.6 11.6 27.3 32.7 
7/10/89 29.2 38.1 23.3 23.4 32.7 
7/24/89 32.6 38.6 26.9 27.1 37.0 
8/7/89 33.3 36.7 24.6 23.5 33.3 
812I/a9 34.1 37.2 30.8 4 5 . 8  50.8 
9/11/89 25.0 25.6 20.4 32.7 42.1 
9/25/89 27.5 33.3 19.2 28.0 36.1 
10/18/89 28.2 37.5 30.4 36.2 41.8 
11/6/89 18.9 23.1 18.2 28.3 31.4 
11/20/89 17.6 23.5 7.7 14.0 26.1 
12/4/89 10.3 13.9 2.4 2.4 10.9 
1/8/90 15.4 20.0 15.2 17.6 22.2 
2/12/90 11.4 16.1 2.1 0.0 12.8 
2/26/90 15.4 15.6 14.0 17.9 22.1 
3/12/90 22.0 30.2 18.6 7.7 14.7 
3/26/90 10.3 10.3 2.4 7.4 11.4 
4/9/90 9.1 12.5 2.4 8.1 14.6 
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APPENDIX r (continued) 

QUABBIN TRIBUTARIES 
ORGANIC MATTER (as % of to ta l  solids)
STATIONS QTOll - QT14, QT213 AND QR215A 

!a DATE 11 13 T14 T213 T215 

4/10/89 37.0 26.8 38.8 31.7 27.9 33.3 
4/24/89 27.3 41.0 22.2 33.3 17.6 35.0 
5/8/89 31.5 32.6 40.4 31.7 43.2 33.3 
5/22/09 27.1 19.0 19.6 15.8 14.9 27.3 
6/19/09 25.0 15.9 16.7 12 .2 4.8 30.6 
7/10/89 31.1 24.0 19.6 24.4 21.8 32.8 
7/24/09 21.2 26.1 21.4 26.8 22.8 32.3 
8/7/89 26.9 35.4 29.0 27.3 36.8 33.8 
8/21/89 40.7 37.7 38.6 39.1 34.0 50.7 
9/11/89 38.6 33.3 34.5 34.8 24.2 37.9 
9/25/89 32.9 38.8 38.3 34.8 29.1 31.6 
10/18/89 34.3 37.8 40.7 38.6 38.3 36.4 
11/6/89 31.9 31.1 29.1 35.4 21.7 32.8 
11/20/89 37.7 33.3 31.1 28.6 14.6 22.8 
12/4/89 29.3 24.4 13.0 16.7 0.0 11.1 
1/8/90 26.3 24.1 21.1 28.0 16.3 ----
2/12/90 14.0 14.6 9.3 2.4 0.0 11.1
2 /27 /90 24.4 24.4 20.0 23.8 16.3 22.0 
3/12/90 19.6 17.1 15.6 15.2 12.8 16.3 
3/26/90 15.0 15.2 7.5 5.9 0.0 9.3 

314/9/90 317.8 . 7.1 2 8.3 5.0 13. 
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APPENDIX N 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 
ORGANIC NITROGEN -LEVELS (mg/l)

STATIONS QTOl - QT05 

4/10/89 0.80 0.34 0.81 0.67 0.56 
4/24/89 0.23 0.22 0.05 0.11 0.05 
5/8/89 1.28 0.14 0.27 0.08 0.15 
5/22/89 0.32 0.31 0.19 0.20 0.37 
6/19/89 0.16 0.49 0.28 0.31 0.36 
7/10/89 0.80 0.17 0.49 0.45 0.30 
7/24/89 0.89 0.41 0.52 0.16 0.24 
8/7/89 0.21 0.10 0.27 0.27 0.51 
8/21/89 0.25 1.98 0.37 0.48 0.68 
9 /11/89 0.61 0.53 0.22 0.15 0.26
9/25/89 0.11 0.25 0.87 0.73 0.14
10/18/89 0.10 0.19 0.20 0.14 0.17 
11/6/89 0.22 0.41 0.37 0.23 0.21
11/20/89 0.27 0.19 0.21 0.18 0.22 
12/4/89 0.11 0.13 0.48 0.39 0.48
12/18/89 0.54 0.86 0.45 0.36 0.50 
1/8/90 0.48 0.20 0.20 0.40 0.23 
2/12/90 0.04 0.03 0.11 0.09 0.16 
2/26/90 0.70 0.42 0.26 0.25 0.19
3/12/90 0.40 0.31 0.13 0.31 0.24 
3/26/90 0.56 0.25 0.16 0.45 0.34
84/9/90 0.3 0. 4 0.09 0.98 

AVERRGE 0.43 0.39 0.33 0.30 0.33
MINIMUM 0.04 0.03 0.05 0.08 0.05 
MAXIMUM 1.28 1.98 0.87 0.73 0.98 

ORGANIC NITROGEN LEVELS (mg/l)
STATIONS QT06 - QT09 

DATE QT06 OT07 OT08 0t09 

4/10/89 0.43 0.83 0.58 0.87
4/24/89 0.41 0.09 0.38 0.18
5/8/89 0.13 0.22 0.23 0.44
5/22/89 0.20 0.43 0.47 0.44
6/19/89 0.57 0.68 0.23 0.45
7/10/89 0.59 0.84 0.46 0.59 
7/24/89 0.30 0.21 0.17 0.20 
8/7/89 0.25 0.98 0.14 0.40 
8/21/89 0.52 1.48 0.21 0.98
9/11/89 0.22 0.64 0.35 0.91 
9/25/89 0.77 0.73 0.32 0.26 
10/18/89 0.11 0.11 0.15 0.56 
11/6/89 0.30 0.33 0.39 0.33
11/20/89 0.16 0.13 0.19 0.22 
12/4/89 0.54 0.44 0.21 0.80
12/18/89 0.94 0.18 0.37 0.98
1/8/90 0.71 0.31 0.15 0.16
2/12/90 0.14 0.03 0.11 0.09
2/26/90 0.45 0.28 0.28 0.50
3/12/90 0.42 0.51 0.52 0.24
3/26/90 0.29 0.23 0.18 0.47 
4/9/90 0.20 0.23 o.is 0.87 

AVERAGE 0.39 0.45 0.29 0.50
MINIMUM 0.11 0.03 0.11 0.09
HRXIMUM 0.94 1.48 0.58 0.98 
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APPENDIX N (continued) 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT -
ORGANIC NITROGEN LEVELS (mg/l)

STATIONS QTlO - QT14 

>
DATE 10 1 T13 T 4  

4/10/89 0.61 0.97 0.73 0.82 1.38 
4/24/89 0.37 1.08 0.98 0.32 0.48 
5/8/89 0.39 0.39 0.24 0.23 0.36 
5/22/89 0.52 0.55 0.47 0.62 0.52 
6/19/89 0.66 0.90 0.75 0.64 0.39 
7/10/89 2.16 0.81 0.94 0.81 0.33 
7/24/09 0.33 0.28 0.42 0.25 0.25 
8/7/89 1.38 0.82 0.32 0.34 0.42 
8/21/89 0.46 0.62 0.40 0.63 0.41 
9/11/89 1.18 0.90 0.58 1.05 0.04 
9/25/09 0.37 0.60 0.36 0.38 0.32 
io/ia/a9 0.29 0.30 0.35 0.19 0.21
11/6/89 0.25 0.26 0.12 0.59 0.33 
11/20/89 0.22 0.33 0.28 0.30 0.37 
12/4/89 0.22 0.31 0.14 0.49 0.30 
12/18/89 1.53 1.02 1.05 0.59 0.26
1/8/90 0.26 0.72 0.41 1.56 0.30 
2/12/90 0.15 0.20 0.18 0.47 0.16 
2/26/90 0.20 0.17 0.29 0.38 0.34 
3/12/90 0.19 0.42 0.22 0.22 0.14
3/26/90 0.23 0.41 0.25 0.29 0.24 
4/9/90 0.08 0.60 0.57 0.29 0.16 

AVERAGE 0.58 0.58 0.46 0.52 0.39
MINIMUM 0.15 0.17 0.12 0.19 0.14
MAXIMUM 2.16 1.08 1.05 1.56 1.38 

ORGANIC NITROGEN LEVELS (mg/l)
STATIONS QT2llB - QT212 

DATE OT211B DATE QT212 

5/22/89 0.33 5/22/89 0.36
6/19/89 0.54 8/7/89 0.31 
8/7/89 0.20 10/18/89 0.19 
10/18/89 0.12 11/20/89 0.14 
11/6/89 0.73 12/4/89 0.55
11/20/89 0.20 12/18/89 0.64 
12/18/89 0.12 1/8/90 0.45 
1/8/90 0.17 2/12/90 0.16 
2/12/90 0.05 2/26/90 0.38
2/26/90 0.25 3/12/90 0.64 
3/12/90 0.47 3/26/90 0.46 
3/26/90 0.27 4/9/90 0.18
4/9/90 0.65 

AVERAGE 0.32 0.37 
MINIMUM 0.05 0.14 
W I M U M  0.73 0.64 
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APPENDIX N (continued) 

QUABBIN TRIBUTARIES WATER QUALITY ASSESSMENT REPORT 
ORGANIC NITROGEN LEVELS (mg/l)

STATIONS QT213 - QT215A 

DATE OT213 DATE OT2 15 4 

5/22/09 0.22 wio/a9 0.40
6/19/89 0.29 4/24/09 0.57 
7/io/a9 0.26 5/8/89 0.54 
7/24/89 0.23 5/22/89 0.59 
8/7/89 0.38 6/19/09 0.51
8/21/89 0.55 7/10/09 0.97 
9/11/89 0.20 1/24/09 0.42 
9/25/09 0.21 8/7/09 0.61 
1o/ia/a9 0.24 8/21/09 1.37
11/6/89 0.53 9/11/09 0.98
11/20/09 0.11 9/25/89 0.03
12/4/89 0.14 1o/ia/a9 0.37 
12/18/89 0.75 11/6/89 0.40
1/8/90 0.21 11/20/89 0.28 
2/12/90 0.12 12/4/09 0.28
2/27/90 0.65 12/18/89 0.78 
3/12/90 0.20 2/12/90 0.49
3/26/90 0.50 2/27/90 0.44
4/9/90 0.23 3/12/90 0.42 

3/26/90 0.54 
4/9/900.32 

AVERAGE 0.32 0.59 
MINIMUM 0.11 0.20 
W+XIMUM 0.75 1.37 
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