Chapter 1II

Capability of the Delaware Reservoir System

The capability of the Delaware Reservoir System to provide the proposed
conservation releases was analyzed by DEC using mathematical models in which
operation of all three reservoirs was integrated to meet the New York City
diversion demands up to 800 mgd, the flow requirement of 1750 cfs at Montague
and the proposed conservation releases, The models are designed to balance
storage in the reservoirs. Based on the analysis, a flexible operation scheme
was daveloped to meet all the demands on the stored watar. 1In this scheme
diversions and releases would be made at varying rates according to rule
curves based on total storage in the reservoirs., The scheme as viawed by
DEC makes the most efficient use of available storage for diversions aqd
releases that is hydrologically feasible.

Comparison of HEC and New York City Data Bases

The study for the March 1974 report was based on a 45-year period (1923-
1967) of monthly reservoir inflow data obtained from the U. S. Army Corps of
Engineers Hydrologic Engineering Center (EEC) in Davis, California, The
data were based on available streamflow records that were adjusted to the
desired locations by correlation techniques. A few discrepancies were noted
in the inflow data for Cannoansville, Pepacton and Neversink Reservoirs for
the 1960's. These were corrected using the same technique.

The data period includes two major droughts that represent exceptionally
low water yield conditions. The analysis using these data showed that the
water available for diversion to the City would average the allowable 800 mgd
about 83 percent of the time on a monthly basis. The proposed conservation
releases could be maintained about 67 percent of the months. The average
diversion available to the City would be 770 mgd.

During review of the study results City staff advised that they had
data on flows at the three Delaware reservoir sites prior to construction
of the dams and data on yields of the three reservoir watersheds after
the dams were built. The City data for the reservoir sites prior to
construction were developed by correlations with downstream gages; the
data after the dams were built were based on actual streamflow measurements.
The HEC and City data were comparsd and it was found that average annual
inflows based on the original HEC data for 1929-19539 and 1929-1967 are
about 4 percent lower for Cannonsville Reservoir, 21 percent higher for
Pepacton Reservoir and 2 percent higher for Neversink Reservoir, The total
annual inflow for all three reservoirs is about 7 percent higher based on
the HEC data, It was concluded that the City data were niore reliable since they
were based on more actual measurements,
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Comparison of Safe Yields

Because of the City's concern about safe yield under extreme drought
conditions a comparison of safe yields during the 1960's drought was also
made. Based on the system operation analysis on a monmthlybasis for 1960-1967
system yields of 600 mgd and 590 mgd were obtained using the HEC and City
data, respectively. These safe yields are higher than the following values
determined independently in sarlier studies in 1967:

(i) Delaware River Master 482 mgd
(ii) New York City Department of Water Supply, 482 mgd
. Gas and Electricity
(iidi Comprehensive Public Water Supply Study 510 mgd
- Y
for the City of New York and County of
Westchester

The lower safe yield estimates in the above three studies are due partly
to the use of daily flow data instead of monthly data during the most critical
period of the drought, Another important factor is a difference in the method
of determining reservoir releases to meet the Montague flow requirement. 1In
all three studies operation of the hydroelectric power plants were taken into account
for meeting the Montague flow requirement. The DEC study was based on the
HEC method which does not include the power plant operations,

The City data on inflows and the revised method of accounting for releases
to meet the Montague flow requirement were used and the following safe yields
were obtained for the 1960-1967 drought period:

(i) System analysis on a monthly basis 530 mgd
(ii) Mass diagram analysis on a moathly basis 540 mgd
(iii) Mass diagram analysis using daily data for 508 mgd

the critical period of the sixties drought

A safe yield of 490 mgd was obtained for the system analysis on a moathly
basis when the Montague flow requirement was increased to 1850 c¢fs to
approximate .the difference between using daily and monthly flows.

Similar comparisons were made using the HEC and City data for 1929-1959
and 1929-1967. The pre-1960's drought safe yield for the system was

determined to be more than 800 mgd,

Drought=-Criterion Rule Curves

The flexible operation scheme proposed in the March 1974 report was
based on drought-criterion rule curves for releases and diversions. These
were developed using the HEC data for the 45-year period, 1923-1967. The
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rule curves define priorities for diversion and release operations. When
the reservoir storage levels fell below the diversion-criterion curve at
any time, drought operations were undertaken. £ the operations were not
changed as defined by the rule curves, severe shortagss occurrad,

The above rule curves were compared with the City's present control
curves for the Delaware Reservoirs for 800 mgd diversion by DEC and City staffs. The
City curves represent the amount of storage required at amy time to £ill
the reservoirs by the following June 1, assuming various percentage vears
for net runoff. The drought-criterion rule curves were modified. to reduce the.
shortages. The major change was a.shift from normal to drought-warning conditions
at higher storage levels .and earlier .in the year. The modified rule curves
increase the City's water supply divérsion capability by making an e€drlier cutoff
of the proposed higher conservation releases. They also allow the City to divert
800 mgd for i_iPngar period. The modified rulé curves are shown in Figure 3.

[ S5
L

Studies were made to examine reservoir operations during 1929-1960 and
1929-1973 using the City data on inflows and the City method of accounting for
the Montague flow requirement of 1750 cfs. Diversions were made at various
uniform rates and existing conservation release requirements were met. These
studies coufirmed the safe yield of 530 mgd for the 1960-1967 drought period.
Using this input for reduced diversion operations during drought periods,
several operation runs were made to study the capability of the system to
provide diversions varying from 800 to 530 mgd and conservation releases
varying from the proposed to the existing rate. The Montague flow requirement
of 1750 cfs was also met., Flexible operation schemes based on the original
and modified drought-criterion rule curves were examined to study the impact
of modifying the rule curves. On the basis of the results the revised rule
curves are recommended and have been used in further analyses,

Additional System Operation Studies

Late in 1975 local citizens made proposals for additional computer runs
utilizing higher releases from all three reservoirs during critical periods
to alleviate stress conditions and to protect downstream fisheries. This
requirement was factored into the analysis and the following additional computer
runs were made with total releases of 600 mgd (100, 200 and 300 mgd from
Neversink, Pepacton and Cannonsville Reservoirs,respectively) for 30 critical
days in conjunction with alternative present and proposed conservation releass
periods:

30-day scheme (year round)

30 critical days during July, August and September - Releases at
600 mgd (100, 200 and 300 mgd from Neversink, Pepacton and
Cannonsville Reservoirs, respectively)

335 other days - Proposed conservation releases of 32, 45 and 81 mgd
from Neversink, Pepacton and Cannonsville Reservoirs, respectively
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90-day scheme (July - September)
60 summer days - Proposed conservation releases

30 critical days during July, August and September = Releases at
600 mgd

275 other days - Present conservation releases

120-day scheme (June = September)

90 summer days - Proposed conservation releases

30 critical days during June, July, August and September - Releases
~at 600 mgd '

245 other days - Present conservation releaseas

DEC szasonal scheme

Because of present physical constraints on the release works at
Cannonsville Reservoir, the proposed counservation release of 81 mgd
cannot be made at a uniform rate, Therefore, seasonal releases are
proposed as follows that would provide an equivalent amount of water
on an annual basis:

107 summer days (June 1 - September 15) - Releases of 32, 45 and
217 wgd from Neversink, Pepacton and Cannonsville Reservoirs, respactively

258 other days = Releases of 32, 45 and 29 mgd from Neversink,
Pepacton and Cannonsville Reservoirs, respectively

DEC original scheme

365 da&s ~ Proposed conservation releases of 32, 45 and 81 mgd
from Neversink, Pepacton and Cannonsville Reservoirs, respectively

The capability of the system to meet comsarvation releases varying from the
above rates (during normal conditions) to the present minimum conservation
rates (during drought and drought-warning conditions), City diversion demands
up to 800 mgd, and Montague flow requirement of 1750 cfs was examined. The
City inflow data for the 45-year period,1929 to 1973, the revised drought-
criterion level rule curves and the City method of accounting for releases

to be made to mesat Montague flow requirement were used in the above studies.

A minimum year-round flow of 1000 cfs is also nseded in the Delaware
River at Callicoon to improve the fisheries and to meet canoeing needs
during spring and summer. This Callicoon flow requirement was not comsidered
in detail in the system operation studies made for the March 1974 report. A
preliminary analysis was made for the March 1974 report using average flow
data for 1968-1970 for the spring and summer months of April - October.
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The analysis indicated that the system is capable of maintaining an average
flow of 1000 cfs at Callicoon during these months under normal conditionms,

To study the Callicoon flow requirement further, the original system
operation model was extensively revised to include Callicoon as an additional
control point, Flow data at Callicoon were prepared for the 33-year period,
1941-1973. The City method of accounting for releases to be made to meet the
Montague flow requirement was used for both Callicoon and Montague. The
above five schemes were reexamined using the revised system model and the
City inflow data for the 33-year period, The pertinent results are summarized
in the following findings and presented in Table 1,

Findings

On the basis of system capability the 90-day scheme is the most
favorable because the volume of releases is the lowest. The 120-day
scheme, which has an additional 30 days of releases at the levels
proposed in the March 1974 report, is the next most favorable. The
Cannonsville seasonal scheme and March 1974 report scheme are the next
most favorable with no significant difference between them. The 30-day
scheme is the least favorable because the volume of releases is the largest.
Long term average diversions that could be made to New York City are
essentially the same for all schemes, ranging from 739 to 742 mgd. The
Callicoon and Montague flow requirements would be met for all five schemes.
The average conservation release would be highest for the 30-day scheme,
209 cfs, and lowest for the 90-day scheme, 107 cfs.

From the standpoint of fishery resources the 30-day scheme is the
best because it would provide both for alleviation of thermal stress
conditions and for enhancement of the existing fisheries. The 90-day
and 120-day schemes would meet thermal stress conditions but would aot
improve fisheries because the existing low conservation releases would
occur 70 to 75 percent of the time. The Cannonsville seasonal and March
1974 report schemes would only enhance fishery resources since they do
not provide specifically for higher releases to meet thermal stress conditions.
The Cannonsville seasonal scheme is less favorable because of the lower
releases during the winter months,

In summary, the 90-day scheme is the most favorable with regard to
system capability. The 30-day scheme is the most desirable to enhance,

as well as protect, the stream fisheries.

30-day scheme

In this run the proposed 30-day releases of 600 mgd to relieve thermal
stress conditions were made during normal conditions in the summer
months of July, August and September in conjunction with the proposed
minimum conservation releases, The analysis showed these relszase
requirements were met 91, 94 and 91 percent of the three summer months
of the 33-year period from Neversink, Pepacton and Cannonsville
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Reservoirs, respectively. During remainder of the summer months when
the proposed requirements could not be met the conservation releases
were reduced to the present minimum coaservation levels.

Because of the large draft od the reservoirs during the summer months,
the proposed minimum conservation releases could be made only about
62, 64 and 61 percent of the other nine months of the study period
from Neversink, Pepacton and Cannonsville Reservoirs, respectively.
Consequently, conservation releases were made at the present minimum
levels during the remainder of the period. In summary, the proposed
conservation releases for the two periods could not be made 31, 28 and
31 percent of the months for the three reservoirs, respectively. For
this scheme the average conservation release amounted to 209 cofs from
2ll three reservoirs, or 69 percent of the target of 303 cfs.

90-day scheme

As in the above scheme, the proposed 30-day releases of 600 mgd to
relieve thermal stress conditions were made in comjunction with the
roposed minimum conservation releases during normal conditioms in
the summer months of July, August and September. However, the summer
results are different because of different reservoir levels at the
beginning of the summer period since only present conservation releases
were made during the remainder of the year, The proposed releases were
met 93, 95 and 93 percent of the summer months of the 33-year study
period from Neversink, Pepacton and Cannoasville Reservoirs, respectively.
During the remainder of the summer months, conservation releasas were
reduced to therpresent minimum levels.

The present minimum conservation releases proposed for the other nine
months were met 90, 99 and 99 percent of the months from Neversink,
Pepacton and Cannonsville Reservoirs, respectively. In summary  the
proposed conservation release for the two periods could not be made

4, 2 and 2 percent of the months for the three reservoirs, respectively.
For this scheme the average conservation release amounted to 107 cfs,

or 74 percent of the target of 143 cfs,

120-day scheme

In this scheme the proposed 30-day releases of 600 mgd to relieve
thermal stress conditions were made in conjunction with the proposed
minimum conservation releases during normal conditions in the four
summer months of June, July, August and September, This scheme is the
same as the 90-day scheme except for the extra summer month of proposad
minimum conservation releases. The proposed releases were met 90, 95
and 90 percent of the summer months of the 33-year study period from
Neversink, Pepacton and Cannonsville Reservoirs, respectively. During
the remainder of the summer months, conservation releases were reduced
to the present minimum levels,
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The present minimum conservation releases are proposed for the other

eight months. These releases were met 97, 99 and 99 percent of the

months from Neversink, Pepacton and Cannonsville Reservoirs, respectively.
In summary,the proposed conservation releases for the two periods could
mot be made 6, 2 and 4 percent of the months for the three reservoirs,
respectively. For this scheme the average conservation releases amounted
to 136 cfs or 84 percent of the target of 161 cfs.

DEC seasonal scheme

In this scheme conservation releases at the proposed minimum levels of
32 mgd and 45 mgd were made at uniform rates from Neversink and Pepacton
Reservoirs and at seasonal rates from Cannonsville Reservoir of 217 mgd
from June 1 through September 15 and 32 mgd during the remainder of the
year, The seasonal releases are equivalent to the proposed minimum
release of 8l mgd on an annual basis. The proposed releases were met
70, 73 and 70 percent of the months from Neversink, Pepacton and
Cannonsville Reservoirs, respectively. When the proposed releases
could not be made they were reduced to the present minimum releases
during remainder of the year. This occurred 30, 27 and 30 percent of
the months for the three reservoirs, respectively. The average con-
servation releases amounted to 185 cfs, or 76 percent of the target of
245 cfs.

DEC original scheme

The original scheme of making the proposed minimum releases of 32, 45
and 81 mgd from Neversink, Pepacton and Cannonsville Reservoirs,
respectively, was examined for comparison purposes. The proposed
releases were made 71, 73 and 70 percent of months, almost the same
as in the seasonal scheme. The average conservation releases were
slightly lower amounting to 167 cfs, or 68 percent of the target of
245 cfs,

In 211 the above schemes, diversion of 800 mgd to the City, the
Callicoon flow requirement of 1000 cfs and Montague flow requirement

of 1750 cfs were met 77, 85 and 90 percent of the months of the 33eyear
study period (1941-1973)., The long~term average diversion available

to the City would have been about 740 mgd.

In addition to the five schemes discussed above the following two
additional schemes were examined in March 1976 for comparison purposes:

Baseline scheme

365 days = Present conservation raslaases
Montague requirement - 1750 cfs (year round)

Callicoon requirement - none
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DEC original scheme with excess release requirement

365 days = Proposed conservation releases

Montague requirements = 2140 cfs (1975-1976 excess release
requirement) during the seasonal period, June 15-March 14,
and 1750 cfs during the remainder of the year

Callicoon requirement - 1000 cfs

Findings

The baseline scheme requires the lowest volume of conservation releases
of the seven schemes. The DEC original scheme with the added excess release
requirement appears to be almost the same as the 30-day scheme proposed in
the draft agreement.

Baseline scheme

In this scheme, conservation releases at the present minimum levels were
examined for comparison purposes. The Montague requirement of 1750 cfs

was included but not the Callicoon requirement of 1000 cfs., The present
conservation releases were made 99 percent of months of the 33-year study
period from all three reservoirs in the system. The average conservation
release amounted to 40.7 cfs or about 98 percent of the target of 41.3 cfs.

DEC original scheme with excess release requirement

In this scheme, the effect of the present excess release requirement of
2140 cfs at Montague during the seasonal period, June 15 through March 14,
was examined in conjunction with other proposed conservation releases in
the DEC original scheme. The excess release requirement at Montague was
applied only during normal hydrologic conditions along with the proposed
conservation releases and the Callicoon flow requirement of 1000 cfs., The
1750 cfs flow requirement was applied for all conditions., The proposed
releases were made 69, 71 and 69 percent of the months of the 33-year
study period for Neversink, Pepacton and Cannonsville Reservoirs,
respectively. These percentages are almost the same as for the seasonal
and original schemes. The average conservation releases were 163 cfs,

or 67 percent of the target of 245 cfs.

In the five schemes discussed previously the allowable diversion of 800
mgd to the City, the Callicoon flow requirement of 1000 cfs and the Montague
flow requirement of 1750 cfs were met 77, 85 and 98 percent of the months of
the 33~-year study period. The lowest average annual diversion available to
the City was 494 mgd in 1965, and the long-term average diversion was about
740 med.
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In the baseline scheme, the allowable 800 mgd diversion was made 81
percent of the months of the study period. The Montague flow requirement of
1750 cfs was met 98 percent of the months as in the first five schemes. The
lowest average annual diversion available to the City was 599 mgd in 1965,
about a one percent increase compared to the first five schemes. The long-
term average diversion was about 752 mgd, an increase of 1.6 percent compared
to the first fiwve schemes.

In the DEC scheme with the excess release requirement, the 2140 cfs flow
requirement at Montague was met in 81 percent of the seasonal months examined
for the 33-year study period. The basic Montague flow requirement of 1750 cfs
was met 98 percent of the months of the study period as in all the other schemes,
The Callicoon flow requirement of 1000 cfs was met 85 percent of the months as
in the first five schemes. The allowable diversion of 800 mgd in the City was
made 76 percent of the months. The lowest average annual diversion available
to the City was 494 mgd in 1965 and the long-term average annual diversion was
735-mgd. Both these values are about the same as in the first f£ive schemes.
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