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Massachusetts G.L. c. 21G,
§ 2. Safe Yield Definition

“the maximum dependable withdrawals that can be made
continuously from a water source including ground or surface water
during a period of years in which the probable driest period or
period of greatest water deficiency is likely to occur; provided,
however, that such dependability is relative and is a function of
storage and drought probability.”

Statement of Clarification of Safe Yield
November 3, 2009

Safe Yield interpretation includes environmental protection factors, including
ecological health of river systems, as well as hydrologic factors.




Safe Yield and Environmental Protection

WMA Safe Yield =
55% of Drought Basin Yield + Reservoir Storage

Safe Yield Environmental

Protection Factor (EPF) n Streamflow Criteri
— eamilow eria

Remaining 45% of Drought Basin Yield




Basin Yield or Drought Year Flows

Each major basin analyzed using SYE (Sustainable Yield
Estimator) unimpacted flows

SYE generated daily flows WY 1961-2004
Daily flows separated into monthly values (1961-2004)

Percentiles of low flows calc’d for each month (1961-2004)

An artificial Drought Year was developed using the 90"
percentile flows from each month

The Drought Year flows were then compared to lowest
drought year in record (generally 1965 or 1981)




SYE Run for Each Major Basin

Part of 18

MASSACHUSETTS RIVER BASINS

Part of 13

1. Hudson 13 Mermmack Narraganse!t Bay
a. Hoosic 14, Shawsheen Mt, Hope Bay Shore

Part of 9

b. Kinderhook 15. Concord Ten Mile

¢, Bashhish a Assabet 28, Buzzard's Bay
2. Housatonic b. Sudbury

3, Deerfiel ¢. Concord

4. West 16, Parker

5. Farming 17. lpswich
6. Connecticut 18, North Coastal . — Gage Data

7. Millers 19. Boston Harbor
8. Chicopee 20. Charles

9. Quinebaug 21. South Coastal
10. French 22. Cape Cod

11, Nashua 23, The Islands

MILES
12, Blackstone 24, Taunton




SYE Unimpacted Flows WY 1961-2004
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Daily Flows > Monthly

All April daily flows All April daily flows
Ranked by Flow
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Basin Yield

Annualized Drought Volume
Calculated from SYE Statistics
using Monthly 90% percentile low flows
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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 10




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 Years

Monshly Median of Daily Mean Fh:w5 cism [

1965 Min Year

1972 High Year

90th Percentile

Simulated Year is Safe Yield = 55% of Q90 Simulated Year

lower than or near
1965




Annualized Q90 Rollup: A synthesized low-flow year.

How does it compare to real years?

Blackstone River Basin
Monthly Q50's (medians of daily flows)
Monthly Q90's (90th percentile of daily flows)
Monthly Allocatable portion
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Most years there will be
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Annual Flow and Safe Yield

Housatonic River Basin

1961 to 2003
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Safe Yield

Reservoir Storage Volumes




Safe Yield Storage Volume

= \When storage is greater than Drought Year Inflow, Annual System
Use, and Average Annual Inflow, maximum safe yield storage
volume = average annual inflow rate to the reservoir

A lesser amount of “excess storage” for amounts of storage above
Annual System Use plus Drought Year Inflow, but less than the
Average annual inflow volume

For multiple reservoir systems within a single major basin that pump
between reservoirs, the total volumes, inflows, and withdrawals can
be analyzed together




Safe Yield Reservoir Storage Volumes

Year D-1
Spring

N

Normal Spring
Reservoir overflowing

Auth. Annual Use
Drought Year Inflow




Safe Yield Reservoir Storage Volumes

Year D-1 Drought Year
Spring Spring

\ DYl already counted in BY 1

Normal Sprin
) pring ) Reduced Inflow
Reservoir overflowing ) :
Reservoir does not refill
Auth Annual Use Auth Annual Use
Drought Year Inflow Average Annual Inflow




Safe Yield Reservoir Storage Volumes
Year D +1 Spring

Year D-1 Drought Year
Spring Spring

4\] Res Storage Vol = AAI

DYI already counted in BY

Option A:
Reservoir Holds AAl

DYl already counted in BY >AAI Volume in Safe Yield

Normal Spring

: : Reduced Inflow
Reservoir overflowing

Reservoir does not refill

Auth. Annual Use Auth Annual Use
Drought Year Inflow Average Annual Inflow




Sate Yield Reservoir Storage Volumes

Year D +1 Spring

Year D-1 Drought Year
Spring Spring

4\] Res Storage Vol = AAI

DYI already counted in BY

Option A:
Reservoir Holds AAl
—>AAl Volume in Safe Yield

OR

DYI already counted in BY

Normal Spring

: : Reduced Inflow
Reservoir overflowing

Reservoir does not refill

Res Storage Vol =
Auth. Annual Use Auth. Annual Use Excess Storage

Drought Year Inflow Average Annual Inflow

DYI already counted in BY

Option B:
Reservoir Overflows
—>Excess Storage in Safe Yield

19



Reservoir Storage Volume Methodology
Appendix A

Ressrvoir Storage Volume Msthodology

Ressrvoir and Basin Data Needs for Analysis

Dstermine Reservoir Storage Volume in milliona of gallons (volume betwesn intake and spiliway)
Dstermine Which Reservoirs are Connected in Series or if Separats Analyses Needed
Dstermine Drought Year Inflow

Use Basin Yield for Major Basin and scale reservoir inflow fo reservoir drainage area

D ata N eed S Major Basin Yield (MGD)/Basin Area (Sq Mi} X Drainage Area to Reservoir = Basin Yield Reservoir Infiow, MGD

Multply Reservoir Inflow X 365 daysiyear = Reservoir inflow in Millions of Gallons (MG)

Galculate Annual Syatsm Use
WMA aliocation of reservoir or reservolr system (registerad plus permitted volumes) (MG)

* release requirement (if applicable) (M

= Maximum Annual System Use Volume (MG)
Calculate Average Annua! Inflow:

Use SYE fo calculate Average Annual Inflow at 3 poini coincident with the reservoir dam or outlet
Convert resuitant flow in cfs fo MGD (cfs/1.55 = MGD)

Step 1: Compare Reaervoir Storage Volums to Drought Year Inflow

Screening
Steps 1 and 2

if Reservoir Sicrage < Drought Year Inflow Then no Safe Yield Storage Volume
If Reservoir Storage > Drought Year Inflow Then continue to Step 2

Step 2: Compare Ressrvoir Storags to Annual System Uss

1f Reservoir Storage < Annual System Use Then no Safe Yield Storage Volume
if Reservoir Storage > Annual Sysiem Use Then continue to Step 3

Sieps 3t 50

Compars Reservoir Storags to Drought Year Inflow + Annual System Use

If Reservoir Storage < Drought Year Inflow + Annual System Use Then no Safe Yield Storage Volume
if Resesvoir Storage > Drought Year Inflow + Annual System Use Then continue to Step &

Compars Reservoir Storags to Drought Year Inflow + Annual System Uss + Avsrage Annual Inflow

if Reservoir Storage < Drought Year Inflow + Annual System Use + Average Annual inflow

i Then Calculate Excess Safe Yield Storage Volume Continue fo Step 5A
Analysis

f Reservor Storage > Drought Year Infiow + Annual System Use
te pS to 5 Then Maxmum Safe Yield Siorage Volume Continue fo Step 58

Calculate Safe Yield Storage Volume

Step 5A: Excess Storage Safe Yield Credit = Storage above Annual Use + Drought Year Inflow
= Reservoir Storage — (Drought Year Inflow + Annual System Use)

Step 58: Maximum Safs Yield Volums = Average Annual Inflow
Unleas exceeds Reservair Firm Yield Cap. If 30, Reasrvoir Firm Yisid ia Safe Yield Storage Volume




firm yield'=
19.50
Mgal/day

Water
Treatment
Facility

Reservoir Storage Volume Data Needs

FITCHBURG WATER DEPARTMENT

Bickford Reservoir
Storage

maximum 1052.0 Mgal at 1045 ft
minimum__ 143.8 Mgal at 10225t
available 908.2 Mgal

Mare Meadow
Reservoir

Storage
maximum 1785.0 Mgal at 1060 ft
minimum  39.2 Mgal at 1030 ft

available 1745.8 Mgal

Meetinghouse Reservoir

Storage
maximum 955.4 Mgal at 1033 ft
minimum 309.8 Mgal at 1018 ft

available 645.5 Mgal

|:] Wachusett
Reservoir

Storage
maximum 546.3 Mgal at 892 .4 ft
minimum 156.0 Mgal at 882 ft

available 390.3 Mgal

Firm yield =
1.07 Mgal/day

Fitchburg Reservoir
Storage

maximum 692.4 Mgal at 1007 ft
minimum 6.9 Mgal at 986 ft

available 685.5 Mgal

Lovell Reservoir :]Grav' fed

Storage
maximum 360.1 Mgal at 764 ft
minimum 0 Mgal at 690 ft

available 360.1 Mgal

Water

Scott Reservoir

Storage
maximum 191.3 Mgal at 883.3 ft
minimum 0.2 Mgal at 845.3 ft

available 191.1 Mgal

Treatment

Facility

System firm yield'=
6.24 Mgal/day

USGS SIR 2006-5044 (Firm Yield)

Check Reservoir System Routing

Analyze most downstream point(s)

Consider potential for reservoirs to
pump to/from each other




Safe Yield Reservoir Storage Volumes
Inflow

Screening Steps 1 and 2

Safe Yield Storage Storage > Drought Year inflow?

1 Year system use =

Storage > Annual System Use?
Authorized + Release g y

Drought Year Inflow (SYE)

Reservoir Cross-Section
No SY Storage Volume _

Add storage volumes to basins with large amounts of storage:
Storage exceeds one year of drought year inflow

estorage also exceeds one year of authorized water use.

*The first year of inflow cannot be added to the Safe Yield, since it is already included in the
SYE flow estimate for the basins.




Safe Yield Reservoir Storage Volumes

Inflow

_—

v

Safe Yield Storage

1 Year system use =
Authorized + Release

Drought Year Inflow (SYE)

Reservoir Cross-Section
No SY Storage Volume _

Add storage volumes to basins with large amounts of storage:
Storage exceeds one year of drought year inflow

estorage also exceeds one year of authorized water use.

*The first year of inflow cannot be added to the Safe Yield, since it is already included in the
SYE flow estimate for the basins.




Safe Yield Reservoir Storage Volumes

Drought Year
Spring

v

. DYl already counted in BY |

resoroir CossSecion NGRS
\ 4 n
v
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Reservoir Overflows . :
—>AAl Vol fe Yiel
—>Excess Storage in Safe Yield olume in Safe Yield

Option A:

Option B: Reservoir Holds AAI
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