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Minnesota and Massachusetts

Minnesota:

Land of  10,000 Lakes

Massachusetts:

The Bay State
(The Gopher State)

Area: 86,939 Sq Mi

The Bay State
(Taxachusetts)

Area: 10,555 Sq Mi

Population: 5.3 Million

, q

Population: 6.5 Million





Minnesota GeologyMinnesota Geology



Massachusetts AquifersMassachusetts Aquifers



Massachusetts Bedrock



MWRA Regional Water Supply
B M Ato Boston Metro Area

2.2 million people served
215 MGD Averageg

Quabbin 
Reservoir



T i l N E l d Fl PTypical New England Flow Pattern
Water Year October-September
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Massachusetts Annual Rainfall PatternMassachusetts Annual Rainfall Pattern

Cumulative Precipitation Water Year 2009 Statewide
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MA Seasonal Streamflow PatternMA Seasonal Streamflow Pattern

Summer LowSummer Low--Flow SeasonFlow Season
High EvapotranspirationHigh Evapotranspiration

ET> PrecipitationET> Precipitation

Streams rely on ground water Streams rely on ground water 
recharge for “base flow”recharge for “base flow”

Water demand is highest 
when streamflow is the 
lowest….lowest….



1987 MA Water Management Act
Department of Environmental Protection

Existing water withdrawals >100,000 Existing water withdrawals >100,000 
gallons per day gallons per day Registered Registered their their 
1981 to 1985 use1981 to 1985 use

N   i d ithd l  N   i d ithd l  New or increased withdrawals New or increased withdrawals 
subject to subject to PermitsPermits

Permits are subject to:Permits are subject to:Permits are subject to:Permits are subject to:

Major Basin Safe Yield LimitsMajor Basin Safe Yield Limits

Environmental ReviewEnvironmental Review

Water Conservation Standards Water Conservation Standards 

65 65 rgpcdrgpcd

10% Unaccounted10% Unaccounted--for Water (UAW)for Water (UAW)



Massachusetts Major River BasinsMassachusetts Major River Basins

Water Management Act manages water withdrawals in Major Basinsg g
Limits total permitted withdrawal to a “Safe Yield” for each Major Basin



WMA “Safe Yield”WMA Safe Yield

“th“th i d d bl ithd li d d bl ithd l th t b dth t b d“the “the maximum dependable withdrawals maximum dependable withdrawals that can be made that can be made 
continuouslycontinuously from a water source including ground or from a water source including ground or 
surface water during a period of years in which thesurface water during a period of years in which thesurface water during a period of years in which the surface water during a period of years in which the 
probable driest period probable driest period or period of greatest water or period of greatest water 
deficiency is likely to occur; provided, however, that deficiency is likely to occur; provided, however, that y y py y p
such dependability is relative and is a function of such dependability is relative and is a function of 
storage and drought probabilitystorage and drought probability.” .” 

Environment??



2009 DEP Issues Safe Yield 
V l  f  27 M j  B iValues for 27 Major Basins

DEP Safe Yield ClarificationDEP Safe Yield Clarification
November 3, 2009

““MassDEPMassDEP clarifies and explains that its interpretation of clarifies and explains that its interpretation of 
the term the term safe yieldsafe yield under the Water Management Act under the Water Management Act yy gg
includes environmental protection factors, including includes environmental protection factors, including 
ecological health of river systemsecological health of river systems, as well as hydrologic , as well as hydrologic 
factors.”factors.”



Massachusetts Sustainable 
Water Management Initiative

2009-2010-2011….

•Technical Subcommittee
•Advisory Subcommittee
•Agency Technical Staff Meetings
•Steering Committee
•Implementation Tools Committee
•Facilitated Meetings

16

•Stakeholders



Streamflow Standards Criteria

Envisioned to protect streamflow at smaller Envisioned to protect streamflow at smaller 
geographic and time scale than Safe Yieldgeographic and time scale than Safe Yield

NO GRANDFATHERING!NO GRANDFATHERING!NO GRANDFATHERING!NO GRANDFATHERING!
Will apply to all Water Management Act PermitsWill apply to all Water Management Act Permits



MA Interagency ResearchMA Interagency Research



USGS StreamStats

D50 to 
D99 

StatisticsStatistics



2007 USGS Characteristics and Classification of
L Al d S fl i S h N E l dLeast-Altered Streamflows in Southern New England

Includes

median

seasonal flows

f fi h bi i dfor fish bioperiods

01333000 Green River at Williamstown, MA 1960 to 2004 ,
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m 2008 MA Index Streamflows
Adopted by WRC as

0.00

1.00

Month

F

Q75 (daily) 0.75 0.77 1.38 2.32 1.27 0.63 0.33 0.23 0.21 0.33 0.75 1.03

Q50 (daily) 1.13 1.17 2.46 3.54 2.00 1.01 0.52 0.38 0.38 0.70 1.38 1.62

Q25 (daily) 1.88 2.02 4.11 5.59 3.08 1.69 0.85 0.75 0.80 1.46 2.25 2.61

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Adopted by WRC as
“Reference” flows



2009: USGS/DEP
Sustainable Yield Estimator ApplicationSustainable Yield Estimator Application

Sustainable 
yield

Impacted 
streamflowTR

E
A

M
FL

O
W Unimpacted 

streamflow

USER-SPECIFIED TIME 
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User-specified 
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WWELL 1

instream flow 
targets
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WWTP 1

USER-SPECIFIED TIME PERIODPROPOSED 
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Estimating the natural-flow regimeg g

W
T

R
E

A
M

F
L

O
W

Solve the 
regression 
equation(s)

TIME

ST

Basin characteristics required by 
regression equations (e g  basin area  regression equations (e.g., basin area, 

surficial geology, slope)  

The 66-index gage data were used for estimating 
the natural-flow regime at the daily time-scale.



SYE methodology

dMeasured
Flows at the
Index Gage

Create flow duration
at the index gage 

QG(p)QG(t)

P{Q>q}time
Estimated

Q (t)

Flows at 
the 
Ungaged 
Site

Assume the exceedence 
l       

Use flow equation to 
estimate qp:QU(t)Site probability at a given day at 

the ungaged location is equal to 
the exceedance probability at 
the index gage

time



Data Sources for SYE and MWI

USGS/DCR/DFG MA Index GagesUSGS/DCR/DFG MA Index Gages

DEP Data BasesDEP Data Bases
Water Withdrawal dataWater Withdrawal dataY

E

Water Withdrawal dataWater Withdrawal data

Water Return (discharge) dataWater Return (discharge) data

S
Y

MAGIS (impervious cover)MAGIS (impervious cover)

DCR Offi f D S f t D t BDCR Offi f D S f t D t BDCR Office of Dam Safety Data BaseDCR Office of Dam Safety Data Base

ACOE National Inventory of DamsACOE National Inventory of DamsM
W

I

yy

DEP/EPA 303(d) List of Impaired WatersDEP/EPA 303(d) List of Impaired Waters



SYE LimitationsSYE Limitations

Cannot estimate impacts of surface waterCannot estimate impacts of surface waterCannot estimate impacts of surface water Cannot estimate impacts of surface water 
reservoir withdrawalsreservoir withdrawals

Would require detailed information aboutWould require detailed information aboutWould require detailed information about Would require detailed information about 
reservoir/dam physical parameters and operationreservoir/dam physical parameters and operation

Assumes instantaneous ground waterAssumes instantaneous ground waterAssumes instantaneous ground water Assumes instantaneous ground water 
withdrawal/surface water impactwithdrawal/surface water impact



StreamDeplete Estimates Well Pumping Impacts on Streamflowp p g p
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STRMDEPL is an analytical solution to calculate time-varying streamflow depletion due to a 
pumping well

Stream depletion
00

W

J F M A M J J A S O N D
0000

pumping well

To calculate streamflow depletion, the equations require: 

1. The perpendicular distance from the well to the stream (d)p p ( )

2. The ratio of  the aquifer’s specific yield (S) to the aquifer’s transmissivity (T)

Source: Zarriello, P.J. and Barlow, P.M. (2000) Site shown: Wenham well, DEP No 3119-000-05G & 3119000-06G 300 & 720 feet from stream, respectively



Application Demonstration:
Specify instream-flow targets

Menu of  instream-flow targets

Percent of  Index Streamflow:

Pre-defined Target 1:

Pre-defined Target 2:

Pre-defined Target 3:

Custom-defined Targets:

Custom-defined instream-flow targets
January:

F b A

July:

February:

March:

April: October:

September:

August:

May: November:May:

June: December



Application Demonstration: 
Specify instream-flow targets

EA
M

FL
O

W Natural-flow 
regime

Instream-
flow targets

TIME

ST
RE

Adjust instream flow targets?Adjust instream-flow targets? 

YES NO



Application Demonstration: 
Specify point withdrawals and discharges

Edit Basin Withdrawals/Returns
SITE NAME: Withdrawal

Return flow
XWell 1

January:

February:

March:

April: October:

September:

August:

July:

WELL 
1

WWTP April: October:

May:

June:

November:

December

PROPOS

WWTP 
1

Add Basin Withdrawal/Return

J n r J l

SITE NAME: Withdrawal

Return flow
Proposed Well

ED 
WELL X

January:

February:

March:

April: October:

September:

August:

July:

Run simulation with existing 
withdrawals and returns? 

YES NO

29 of 13

p

May:

June:

November:

December

YES NO



Application Demonstration: 
Estimate regulated streamflow

O
W Natural-flow 

i

WELL 
1 ST

RE
A

M
FL

O regime

Instream-
flow targets

WWTP 
1

Regulated-
fl  

TIME

PROPOS
ED 
WELL

EA
M

FL
O

W

flow regime

Instream-
flow targets

Adjust instream-flow targets, point 
withdrawals, and/or return flows? TIME

ST
RE flow targets

, /
YES NO



Results

Results are 
summarized forsummarized for 

the user in a 
printable

2 f2-page format.



SYE 
Application for pp

Safe Yield



Basin Yield
Annual Drought Volume

Calculated from SYE StatisticsCalculated from SYE Statistics
using Monthly 90th percentile low flows

Monthly values are time-weighted and “rolled up” into 
an average annual value *

* =((Jan x 31 days) + (Feb x 28 days) + (Mar x 31 days) + (Apr x 30 days) + (May x 31 days) + (Jun x 30 days)
+ (Jul x 31 days) + (Aug x 31 days) + (Sep x 30 days) + (Oct x 31 days) + (Nov x 30 days) + (Dec x 31 days) )/365 
days    



Precip Records: 1965 was generally the 
dryest year in MA

that we also have Streamflow Record



Monthly Q90 Rollup:
A synthesized low-flow year.

How does it compare to real years?
What is the recurrence interval?

We compared all the SYE Simulated YearsWe compared all the SYE Simulated Years



Monthly Q90 Rollup:
A synthesized low-flow year.

How does it compare to real years?p y



2009 Indicators of Streamflow Alteration, Habitat 
Fragmentation, Impervious Cover and Water 

Quality for Massachusetts stream basins

AUG
M di  Median 

Flow 
Alteration



Two static sets of subbasins analyzed 
by SYE in “batch” mode

183 HUC 12’s1,429 small subbasins 183 HUC-12 s
(Hydrologic Unit Code)



Subbasin delineation
and “nested” results

Results here 
incorporate all 

the effectsthe effects 
from upstream

Nashua River
HUC 01070004

80 m ll bb in
12 HUC-12s

80 small subbasins



MWI Enhancements to SYEMWI Enhancements to SYE

Estimated effects of private well withdrawals and septic system Estimated effects of private well withdrawals and septic system 
returnsreturns

Applied a seasonal withdrawal curve to annual withdrawal Applied a seasonal withdrawal curve to annual withdrawal 
valuesvalues

Used ground water models for areas of Cape Cod and Used ground water models for areas of Cape Cod and 
Plymouth Carver Aquifer with fresh water river dischargesPlymouth Carver Aquifer with fresh water river discharges



Hydrology--Quantity
l l dFlow Alteration Indicators

USGS I/U Percent AlterationUSGS I/U Percent Alteration

d ld l

Cover bioperiods, 

BiologicallyMedian Jan, Apr, Aug, Oct FlowMedian Jan, Apr, Aug, Oct Flow

77--Day Minimum FlowDay Minimum Flow

Low Pulse Duration CountLow Pulse Duration Count

Biologically 
significant stats

No reservoir SW 
Withdrawals incLow Pulse Duration, CountLow Pulse Duration, Count

Annual Relative Net Water Annual Relative Net Water 
DemandDemand

Withdrawals inc.

Include reservoir 
SW Withd l

Storage RatioStorage Ratio

Water Use IntensityWater Use Intensity

SW Withdrawals

Include non-WS 
reservoirs



Monthly Flow Alterations– without surface water withdrawals

J AprilJanuary April

AugustAugust



Habitat Fragmentation Indicator

Dam Density, dams per stream mile

~3,500 dams
Riverways/DCRy
database

DRAFTDRAFT



2008 Pilot Study of 3 Basins
Fish community response to flow alteration land use andFish community response to flow alteration, land use, and 

water quality

Flow data for 178 
HSPF sub-basins

Impervious 
cover

Fish Community data 
from MDFW and RIDEM



2009-2011:  Statewide “Fish and Flow Study”

Fish Community Response to Flow Alterations, Land Use, Impoundments, 
and Water Quality in Massachusetts

Imperviousness
Land Cover

Dams Sand and gravel



2010 Accelerated Fish and Habitat Study2010 Accelerated Fish and Habitat Study



The Preliminary Fish and Flow Study showed The Preliminary Fish and Flow Study showed 
h fl d l i d h ih fl d l i d h ithat flow depletion and surcharging are that flow depletion and surcharging are 

associated with associated with decreasesdecreases in the abundance and in the abundance and 
di i f i fi hdi i f i fi hdiversity of river fish. diversity of river fish. 



Impervious Cover: The other smoking gun!p g g



The  Biological Condition Gradient – Concept
Natural structure & function of   biotic community maintainedy

Minimal changes in structure & function
11

22

33
Evident changes in structure and 
minimal changes in function

Moderate changes in structure & 
minimal changes in function44

Major changes in structure & moderate 
changes in function 55

Severe changes in structure & function 66

Increasing Effect of Human Activity   



“Fish & Habitat” Response Curves
River Categorizationg



Biological Categories
Curve based on basin characteristicsCurve based on basin characteristics

for a specific % Percent Impervious cover





Streamflow Levels



Incorporate Streamflow Criteria into an Allocation 
scheme using Predictable Permitting Decisionsscheme using Predictable Permitting Decisions

ALLOCATION

Statewide Fish & Flow        
Study Results

Seasonal Streamflow Criteria

C

Set thresholds and limits

Compare to

MA Water Indicator Results

Apply to
Allocation/Classification Scheme

Guidelines for Protection/ Mitigation/ g

Implement through WMA Permits + Other Programs?



Streamflow Criteria
W M A P iWater Management Act Permits

Tiered Permit Reviews Mitigation MenuTiered Permit Reviews
Based on Flow Levels

Biological Categories and CWF

g
Based on Tier

With agency consultation


