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OFFICE OF THE DELAWARE RIVER MASTER
United States Geological Survey

433 National Center, Reston, Virginia 22092

March 26, 1982

The Honorable

Warren E. Burger

Chief Justice of the Supreme Court
of the United States

The Honorable
Pierre S. duPont IV
Governor of Delaware

The Honorable
Thomas H. Kean
Governor of New Jersey

The Honorable
Hugh L. Carey
Governor of New York

The Honorable
Richard L. Thornburgh
Governor of Pennsylvania

The Honorable
Edward I. Koch
Mayor of the City of New York

New Jersey v. New York et al
No. 5 Original, October Term 1950

Dear Sirs:

For the record and in compliance with the provisions of the Amended
Decree of the United States Supreme Court entered June 7, 1954,1 am trans-
mitting herewith the twenty-eighth Annual Report of the River Master of
the Delaware River for the year December 1, 1980 to November 30, 1981.

As the report year began, the water-supply situation was showing



some improvement but it was evident that without appreciable precipitation
and runoff, reservoir storage would again decline and that drought status
could be reached in a matter of days in spite of the fairly stringent limits
which had been placed on allowable diversions and required release rates.
For example, storage in the New York City Delaware Reservoirs on Decem-
ber 1, 1980, was only 84.7 billion gallons, or 31.3 percent of capacity as
compared to 237 billion gallons or 87.6 percent of capacity one year earlier,
and the lowest for this date since 1966, during the most severe drought of
record, when storage was only 78.2 billion gallons.

Storage had declined into the drought warning zone of the reservoir
operation curves (Appendix B, last page) on October 16, 1980, and then
after some replenishment from late November rains that temporarily re-
versed the trend, decreased into the drought zone on January 3, 1981.
Storage continued to decline in spite of the restricted diversions and lower
release rates until February 2 when reservoir contents were 68.5 billion
gallons, only 25 percent capacity. Further decline was reversed by pre-
cipitation and runoff at that time and by February 25 contents had increased
to a level higher than the drought warning curve and into the range con-
sidered normal for the time of year.

As reported last year, on November 12, 1980, I recommended to the
Advisory Committee that the increasingly serious situation required addi-
tional conservation measures, including a 600 mgd (million gallons per day)
limit on diversions to New York City, and a design flow of Delaware River
at Montague, New Jersey, reduced to 1,500 cfs (cubic feet per second).
At a meeting of representatives of all parties to the Decree and the Dela-
ware River Basin Commission, agreement was reached on an average of 580
mgd and on 1,560 cfs respectively, the change being placed in effect No-
vember 20. These restrictions continued until December 20 when allowable
diversions to the City were decreased further to an average of 560 mgd and
reservoir releases were reduced again to provide a target flow of 1,550 cfs
at the Montague gaging station. New Jersey diversions were limited to an
average of 65 mgd.

By December 29, with the reservoir storage at 33 percent of capacity
and dropping, I proposed to the Advisory Committee (Appendix A, River
Master letter to Advisory Committee) that it would be necessary to consider
more stringent conservation measures. By January 3, 1981, storage had
declined into the drought zone, so on January 12, 1981 representatives of
the parties, this office, and the Basin Commission met at the offices of the
Corps of Engineers in Philadelphia, Pennsylvania, to assess the situation
and to develop draft resolutions for consideration and action at a summit
meeting of the Governors of the four Compact signatory States and the Fed-
eral Commissioner scheduled for January 15, 1981, in Trenton, New Jersey.
The Commission was to consider whether to formally declare a drought emer-
gency as provided for in Section 3.3 (a) of the Delaware River Basin Com-
pact. This section provides that the Commission, without the unanimous
consent of the parties to the U.S. Supreme Court Decree of 1954, "shall
not impair, diminish or otherwise adversely affect the diversions, compen-
sating releases . . ." set forth in the Decree, with the exception that after
consultation with the River Master the Commission "may find and declare a



state of emergency resulting from a drought or catastrophe . . . and it
may thereupon by unanimous consent of its members" (underlining sup-
plied) authorize and direct changes in diversions and releases required by
the decree "for such limited time as may be necessary to meet such an emer-
gency condition."

The drought declaration, DRBC Resolution No. 81-1 (Appendix B),
was adopted unanimously by the Commission at the January 15, 1981 meeting
in Trenton, New Jersey, with, it should be noted, the concurrence of the
Mayors of New York City and Philadelphia, who were invited to participate
but who were not members of the Commission. Resolution 81-2 (Appendix
B) of the same date constituted Conservation Order No. 1 and it prescribed
additional temporary modifications of the diversions and releases.

These further modifications specified that allowable diversions to New
York City were reduced to an average of 520 mgd and diversions by New
Jersey, from all Delaware River basin sources, were limited to an average
of 62 mgd. Additionally, the minimum Montague target flow was to be var-
ied between 1,100 cfs and 1,600 cfs, depending on the location of the salt
front in the estuary, and on the season of the year, with the higher flows
scheduled for the more critical summer months. The salt front is defined
as the 250-mg/L (milligram-per-liter) isochlor.

January runoff at Montague was 1,049 cfs, adjusted for diversions and
changes in storage, only 19 percent of average and the lowest January run-
off for the period of record.

Storage continued to decline and by February 2 the quantity remain-
ing in the reservoirs was only 68.5 billion gallons, or 25.3 percent of ca-
pacity. But above-normal precipitation during February reversed the de-
clining trend and, by February 12, storage increased at a rapid rate. Stor-
age rose above the drought level on February 14 and above the drought
warning zone on February 25. By month end, storage was at 61 percent
of capacity, a most gratifying improvement in the water-supply outlook.
Mean discharge for the month at Montague, adjusted, was 20,290 cfs, a new
maximum for February for the period of record. The high flows and major
ice jams in the vicinity of Port Jervis, New York, and Matamoras, Pennsyl-
vania caused serious flooding and property damage in these communities,
and residents were forced to evacuate from some areas. At Port Jervis the
highest stage ever recorded, 26.6 feet on February 12, resulted from back-
water from ice jams.

Diversions from Lake Hopatcong to the Rockaway River, that com-
menced November 18, 1980, were terminated February 27. The quantity di-
verted averaged approximately 25 mgd for the period.

Throughout most of March, inflow to New York City reservoirs, was
about equal to diversions, and storage remained comparatively constant at
about 64 percent of capacity. Diversions to the City during the month av-
eraged about 500 mgd with most withdrawals being made from Cannonsville
Reservoir. Runoff at Montague averaged 4,428 cfs (adjusted), a new rec-
ord low for the month.



During April, storage increased gradually and reached 71 percent of
capacity at month-end, just slightly in excess of the upper limit of the
drought-warning zone.

Precipitation for May was favorable and in excess of the long-term av-
erage and storage increased rapidly. By May 17, storage had been more
than 15 billion gallons above the drought-warning level for 5 consecutive
days, so I notified the Advisory Committee and the Basin Commission that
operations would be returned to those provided by the 1954 Decree (Ap-
pendix A, River Master letter May 18, 1981). This action authorized New
York City to increase its diversions to an average of 800 mgd and the Mon-
tague flow objective was resumed at 1,750 cfs. By May 31, diversions since
May 18 averaged 784 mgd as compared to an average of 519 mgd between
January 16 and May 17.

Storage reached 86 percent of capacity, the maximum for the year, in
late May and then declined rather steadily until late October. During May,
an emergency pipeline was constructed on the George Washington Bridge
across the Hudson River. The pipeline was designed to deliver 20 mgd
from the New York City system to the system of the City of Hackensack,
New Jersey, during periods of low storage in New Jersey. The pipeline
and pumping station were tested but never used.

By mid-June it became necessary to direct releases designed to main-
tain the required basic rate of flow at Montague. The release of the excess
quantity defined in paragraph III.B.1. (c) of the Decree was deferred at
the unanimous request of the parties (Appendix A, letter from Parties May
27, 1981, River Master response June 1, 1981). Because of the continuing
serious water-supply situation there was no question but that the conser-
vation of supplies was the overriding consideration. Storage on July 1 was
the lowest for that date since 1967. On this date, New York State request-
ed 495 cfs for relief of thermal stress in streams below the reservoirs. Be-
cause of the serious water-supply situation, this office allowed only 229 cfs,
the rate needed to satisfy the Montague Formula.

Upon request of the Commission, Pennsylvania Power & Light Company
made firm releases from Lake Wallenpaupack weekends August 8 to Septem-
ber 13 in addition to firm releases weekdays to October 16. The Commis-
sion also requested firm releases by Orange and Rockland Utilities, Inc.,
which in turn furnished such releases from Mongaup Reservoir weekdays
August 12 to November 10. These actions were for the purpose of conserv-
ing water in Pepacton, Cannonsville, and Neversink Reservoirs by reduc-
ing requirements for releases to maintain specified flow at Montague.

On October 23, storage reached the lowest point of the summer and
fall, 40.8 percent but 13 percent greater than the low point of 1980. Mod-
erate rains then provided some relief and by November 30, storage had in-
creased to 49.8 percent of capacity.

During the year, the following individuals functioned as members of
the River Master Advisory Committee:



Delaware Dr. Robert R. Jordan
Thomas P. Eichler

New Jersey Dirk C. Hofman
New York Eldred Rich
Edward A. Karath
New York City Francis X. McArdle
Pennsylvania R. Timothy Weston

Appreciation is expressed to all members for their cooperation and advice.

The experimental augmented conservation release program that had
been agreed to by all parties, approved by the River Master, and originally
Placed in effect June 27, 1977, was continued July 23 to November 30.

On regular operations, it is reported that diversions for water supply
for New York City and releases to maintain the flow of the Delaware River
at Montague during the year were made under the supervision of this office
as provided in the Decree.

Diversions by New York City from the Delaware River basin reservoirs
did not exceed the limit specified by the Decree and did not exceed the lim-
its stated in the several resolutions of the Commission. Current-meter
measurements of the East Delaware Tunnel diversions were helpful in de-
termining rates of diversions during two periods of malfunctions in the ven-
turi flow-meter instruments.

Diversions by the State of New Jersey did not exceed the limits im-
posed in Section V of the Decree. The average rates of diversions for the
periods of the resolutions were not exceeded.

During the year, the River Master participated in meetings of the Del-
aware River Basin Commission to assess the water supplies and to consider
measures to ease the growing deficiencies. Upon invitation of the repre-
sentatives of parties to the Decree, the River Master, or his assistants,
met frequently with those representatives as an observer to their "good
faith" negotiations. The negotiations concerned proposals for specific re-
leases from the City reservoirs for conservation purposes, definition of
drought in the basin, emergency measures to cope with severe droughts,
and other items. The negotiations were still in progress at the end of the
report year.

The Geological Survey continued the operation of its field office of the
Delaware River Master at Milford, Pennsylvania. Robert E. Fish, Deputy
Delaware River Master, continued in charge of the office, assisted by Wil-
iam R. Bauersfeld, Robert W. Baebenroth and Beverly A. Roberts. Mr.
Bauersfeld transferred to the New Jersey District Office in October. He was



succeeded by Mr. Baebenroth, who transferred from the Arizona District.

During the report year, the Milford office continued the weekly dis-
tribution of summary river data. These weekly reports contained prelimi-
nary data on releases from the New York City reservoirs to the Delaware
River, diversions to New York City water-supply system, reservoir con-
tents, daily segregation of flow of the Delaware River at the Montague ga-
ging station, diversions by New Jersey and significant chloride concentra-
tions in the river. The reports were made available to the State and City
representatives on the Delaware River Master Advisory Committee and to
other parties interested in the Delaware River operations. A special month-
ly summary of past hydrologic conditions supplemented during the low-flow
season by an "outlook" of the river flow for the forthcoming months was
made available to the representatives on the Advisory Committee. Upon re-
quest of the parties, a biweekly report was prepared December 1 to May 14
containing data for precipitation, streamflow, storage, diversions and chlo-
ride concentrations during the drought.

Section II of the accompanying report describes in detail Delaware Riv-
er operations during the report year. As shown on page 25, the City of
New York diverted a total of 238.100 billion gallons from the basin during
the report year ending November 30, 1981, and released 78.492 billion gal-
lons from Pepacton, Cannonsville, and Neversink Reservoirs to the Dela-
ware River during the same period. During the low flows from December
20 to February 5 and June 14 to October 29 (Montague dates), releases to
the Delaware River from these reservoirs totaled 72. 410 billion gallons. The
color graphs on plates 1 and 2 show the effect of these releases on the flow
at the Montague gaging station.

Section III of the report describing water quality of the Delaware Riv-
er estuary was prepared by Charles R. Wood, U.S. Geological Survey, Mal-
vern, Pennsylvania, in collaboration with Mr. Fish. It contains data show-
ing the extent of salinity invasion and other water-quality characteristics
in the Delaware River estuary.

During the report year, Pennsylvania Power & Light Company was not
required to make supplemental releases from Lake Wallenpaupack as pro-
vided in an agreement written in 1975 between the company and the City of
New York and approved by this office.

The U.S. Geological Survey operates 170 automated data collection
platforms throughout the Nation that transmit hydrologic data several times
daily to the National Environmental Satellite Service GOES satellites. The
data are instantly relayed by the satellites to centralized Earth stations and
are made available to water-data users in near realtime. The COMSAT Gen-
eral Corporation was awarded a contract in 1979 to equip 105 additional sites
to enable the Geological Survey to evaluate the potential benefits of real-
time data to the water-data user community. The Montague gaging station
was one of those selected for the pilot program. At Montague, stream-
stage data was transmitted October 15, 1980 to January 26, 1982, About
midway in the program, it was discovered that the instrument was dropping
bits at low gage heights. The contractor modified the equipment and the



remaining record was of good quality.

The appreciation of the River Master and staff is expressed for the
continued and excellent cooperation of all the representatives of the par-
ties to the Decree. Once again, it is gratifying to report that New York
City complied with the terms of the Decree and with the resolutions regard-
ing diversions and with the directives of the River Master.

A draft of this report was furnished to the Delaware River Master Ad-
visory Committee for comment.

/Sincerely yours, .

M , . / ," 4 7
HLtuia | At

rancis T. Schaefer,
Delaware River Master

/Va i)u 34 10
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OFFICE OF THE DELAWARE RIVER MASTER
United States Geological Survey

Milford, Pennsylvania 18337

March 12, 1982

Mr. Francis T. Schaefer, P.E.
Delaware River Master

U.S. Geological Survey
Reston, VA 22092

Dear Sir:

Transmitted herewith is my report on the hydrologic and hydraulic
operations of the Delaware River basin as conducted by the Milford office
under your direction during the year ending November 30, 1981. This re-
port marks the twenty-eighth year of such activities since the inceptionof
the Amended Decree of the United States Supreme Court, dated June 7,
1954.

Hydrologic conditions in the Delaware River basin during the year
were generally in the below-normal range but with striking exceptions. De-
ficient runoff occurred in five months with January and March being the
lowest of record for those months. By contrast, runoff for February was
the highest of record for February and May runoff was excessive. As a
result of the deficiencies at the beginning of the year, the rates of diver-
sions and target flows for Montague were reduced to conserve water. These
actions were taken subsequent to agreement by all parties to the Decree to
resolutions adopted by the Delaware River Basin Commission and to a dec-
laration of emergency due to drought by the Commission January 15. Di-
versions from the basin to New York City and to New Jersey were below
limits authorized in the Decree and the resolutions. Releases from the res-
ervoirs were made as prescribed under the resolutions and under the De-
cree, except that release of the excess quantity was deferred following the
unanimous request of parties to the Decree. The hydrologic procedures
developed previously were used to guide operations in this office.

The advice and cooperation of your office and the members of the Del-
aware River Master Advisory Committee are greatly appreciated. Thanks
are also given to personnel of the offices of the United States Geological
Survey, National Weather Service, New York City Department of Environ-
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mental Protection, Bureau of Water Supply and Board of Water Resource
Development, Pennsylvania Power & Light Company, Orange and Rockland
Utilities, Inc., gage readers, and others for supplying data needed in this
report. Special credit is given to Robert W. Baebenroth and Beverly A.
Roberts for their capable assistance in preparing this report.

Sincerely yours,

 Robert E. Fish, P.E.
Deputy Delaware River Master
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Section II

REPORT OF DELAWARE RIVER OPERATIONS

The Amended Decree of the United States Supreme Court entered June
7, 1954, authorized diversions of water from the Delaware River basin and
provided for releases of water from certain reservoirs of the City of New
York to the Delaware River to be made under the supervision and direction
of the River Master. Resolutions restricting diversions and release require-
ments for drought conditions were adopted by the Delaware River Basin
Commission with the consent of parties to the Decree and were in use since
October 17, 1980. This report describes the operations December 1, 1980
to November 30, 1981.

Definitions of Terms and Procedures

The following definitions apply to various terms and procedures as used
in operations in this report. A table for converting English Units to In-
ternational System (SI) Units is given on page 18. The map of the Dela-
ware River basin above Wilmington, Del. (fig. 1), indicates the location of
pertinent streams and reservoirs.

Time of day. - Time of day is expressed in 24-hour eastern standard
time, which included a 23-hour day April 26 and a 25-hour day October 25.

Rate of flow. - Mean discharge for any stated 24-hour period, in cu-
bic feet per second (cfs) or million gallons per day (mgd).

Rate of flow at Montague. - Daily mean discharge of the Delaware Riv-
er at Montague, N.J., on a calendar-day basis.

Reservoir controlled releases. - Controlled releases from reservoirs
passed through outlet valves in the dam or through turbines in power-
plants. This does not include spillway overflow at the reservoirs.

Releases from Pepacton and Neversink Reservoirs are usually made at
constant rates for 24 hours; directed releases from Cannonsville Reservoir
are usually made at two rates during a 24-hour period, and the quantity
released is treated as an average rate for 24 hours. At times during 1981,
the larger releases from Cannonsville Reservoir were made in steps by New
York City in response to an understanding with New York State to effect
the change in stage downstream over a longer period of time than would
have been obtained from a single operation of release valves. Releases
from Wallenpaupack and Mongaup powerplants are chiefly made as a result
of peak-power demands and are treated as average rates for 24 hours.

Uncontrolled runoff at Montague. - Runoff from the drainage area
above Montague exclusive of the drainage areas above the Pepacton, Can-
nonsville, Neversink, Wallenpaupack, and Mongaup dams but including
spillway overflow at these dams.

Point of maximum reservoir depletion. - Elevation of the top of the
highest outlet, sometimes referred to as minimum full-operating level.

Storage or contents. - Usable volume of water in a reservoir. Volume
is computed on basis of level pool and above the point of maximum deple-
tion. Reservoir contents were observed at 0900 daily.

Capacity. - Total usable volume between the point of maximum deple-
tion and the elevation of the lowest crest of the spillway.

17



Djversions. - The City of New York diverts water from Pepacton, Can-
nonsville, and Neversink Reservoirs in the upper Delaware River basin
through the East Delaware, West Delaware, and Neversink Tunnels, respec-
tively, to its water~supply system.

The State of New Jersey diverts water from the Delaware River through
the Delaware & Raritan Canal. As a drought emergency measure, the State
diverted water from Lake Hopatcong through a pipeline to Rockaway River
December 1 to February 27.

Excess-release quantity.- To conserve water in storage in Pepacton,
Cannonsville and Neversink Reservoirs during the drought emergency de-
clared by the Commission, representatives of all parties to the Decree, by
letter dated May 27, 1981 to the River Master, requested him to defer the
release of the excess quantity.

Acknowledgments

A part of the hydrologic data is presented as records of the U.S. Geo-
logical Survey gaging stations. These records were collected, computed,
and furnished by the Offices of the U.S. Geological Survey at Albany, New
York, Malvern, Pennsylvania, and Trenton, New Jersey, in cooperation
with the States of New York, Pennsylvania, New Jersey, and the City of
New York and are found in tables 1 to 7.

The River Master daily operation records were prepared by the Milford
Office of the Delaware River Master from hydrologic data collected princi-
pally on a day-to-day basis. Data for these records were collected and
computed by the Milford Office or were furnished by agencies, as follows:
Data from Pepacton, Cannonsville, and Neversink Reservoirs by the New
York City Department of Environmental Protection, Bureau of Water Sup-
ply; from Lake Wallenpaupack by the Pennsylvania Power & Light Company;
and from Mongaup Reservoir by Orange and Rockland Utilities, Inc.

Factors for Converting English Units to International
System (SI) Units

Multiply English units By To obtain SI units
' LENGTH
inches 25.4 millimeters (mm)
feet 0.3048 meters (m)
miles 1.609 kilometer (km)
AREA
square miles 2.590 square kilometers (kmz]
VOLUME
million gallons 3,785 cubic meters (m3)
billion gallons 3.785 cubic hectometers (hm3)
cfs-days 0.002447 cubic hectometers (hm3)

18



FLOW

million gallons per day (mgd) 0.04381 cubic meters per second (mS/s)
cubic feet per second (cfs) 0.02832 cubic meters per second (m 3/s)

Abstract

A Decree of the U.S. Supreme Court in 1954 established the position
of Delaware River Master. The Decree authorizes diversions of water from
the Delaware River basin and requires compensating releases from certain
reservoirs of the City of New York to be made under the supervision and
direction of the River Master. Reports to the Court, not less frequently
than annually, were stipulated. '

The 1981 report year, December 1, 1980 to November 30, 1981, was
a year of below-normal precipitation and much below average runoff in the
Delaware River basin. On January 15 the Delaware River Basin Commission
declared a state of emergency resulting from drought (Commission Resolu-
tion No. 81-1). For the year, Pepacton, Cannonsville, and Neversink Res-
ervoirs of the City of New York reached a minimumcombined storage of 25.3
percent of capacity February 2 and a maximum of 85.7 percent May 27.

The annual flow of Delaware River at Montague, adjusted for change
in reservoir storage and diversions was 28 percent below median. Conser-
vation measures of the previous year were continued. Diversions and re-
leases from the reservoirs of the City of New York were made within the
reduced rates adopted by the Commission with the consent of parties to the
Amended Decree December 1 to May 18, to conserve the water supply in the
reservoirs. By resolutions of the Commission, minimum releases July 23to
November 30 conformed to those of the Memorandum of Agreement placed in
effect by the River Master June 27, 1977. 1/ Diversions by New Jersey
through the Delaware & Raritan Canal and from Lake Hopatcong were with-
in prescribed limits of the Amended Decree and within the reductions adopt-
ed by the Commission with consent of parties to the Amended Decree Decem-
ber 1 to May 18.

The combined usable contents of Pepacton, Cannonsville, and Never-
sink Reservoirs on December 1, 1980 was 31.3 percent, and on November
30, 1981, the combined contents was 49. 8 percent of capacity.

Precipitation

Precipitation observed on the basin above Montague for the 1981 re-
port year was below normal, totaling 36.83 inches. Monthly precipitation
ranged from excessive to deficient. Precipitation for February was higher
than previous precipitation for that month in the period of record while that
for March was the lowest for that month. Precipitation for January was sec-
ond lowest of record for that month. The monthly precipitation during the

1/ Schaefer, F.T. and Fish, R.E., Report of the River Master of the
Delaware River, 1977, U.S. Geol. Survey.
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report year is shown in the following table:

Precipitation, in inches

Delaware River basin above Montague, N.J.

December 1940 to December 1980 to November 1981

November 1980 Percent
Month Average Amount of average
December 3.52 1.37 39
January 3.00 .77 26
February 2.70 5.85 217
March 3.38 .50 15
April 3.61 3.89 108
May 4.10 4.72 115
June 3.93 3.71 94
July 4,11 3.74 91
August 4.05 1.94 48
September 3.74 3.81 102
October 3.38 4.63 137
November 3.75 1.90 51
12 months 43.27 36.83 85

These data were computed from records collected by the National Weather
Service, New York City Department of Environmental Protection, Bureau
of Water Supply, and the River Master at ten stations distributed over the
basin area above Montague. Data on Plate 1 and figure 2 for December 1980
and January and February 1981 are 5-station averages and vary slightly
from those above.

December to May is generally considered the normal time of year when
surface- and ground-water reservoirs fill. During this period in 1980-81,
precipitation of 17.10 inches was observed, which was 84 percent of the
40-year average. During June to November, precipitation of 19.73 inches
was observed, which was 86 percent of the 40-year average. The maximum
monthly precipitation listed during the year for any of the ten stations was
6. 82 inches in February at Rock Hill, N.Y.; the minimum monthly precipi-
tation observed was 0.27 inch in March at Hawley, Pa.

Operations December to May

During the first half of the report year, precipitation was below av-
erage and varied considerably by months. Pepacton, Cannonsville and Nev-
ersink Reservoirs reached their maximum combined storage of 85.7 percent
of capacity May 27.

On December 1, 1980, Pepacton Reservoir contained 54. 005 billion gal-
lons of water in storage above the point of maximum depletion, or 38.5per-
cent of the reservoir's storage capacity of 140.190 billion gallons. Cannons-
ville Reservoir contained 26. 966 billion gallons, or 28.2 percent of the res-
ervoir's storage capacity of 95.706 billion gallons and Neversink Reservoir
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contained 3.750 billion gallons, or 10.7 percent of the reservoir's storage
capacity of 34. 941 billion gallons. The combined storage in the three res-
ervoirs as of December 1 was 84.721 billion gallons, or 31.3 percent of their
combined capacities.

Due to the accumulating deficiencies in precipitation and runoff and
the low storage in reservoirs, the Delaware River Basin Commission in con-
sultation with this office, and acting under its enabling act (Delaware Riv-
er Basin Compact, 1961), declared a state of emergency due to drought
January 15. TheCommission enacted resolutions planned to cope with the
deficient conditions by reductions of diversions and releases from the res-
ervoirs provided under the Decree and by other conservation measures.

During the winter and spring, part of the inflow to the three reser-
voirs was required for diversions and releases. Diversions to Rondout Res-
ervoir during December 1 to May 31 totaled 98.924 billion gallons and aver-
aged 544 mgd. With the consent of parties to the Decree to Resolution No.
80-24 adopted by the Commission November 19, 1980, diversions were lim-
ited to an average of 580 mgd December 1-19 and to an average of 560 mgd
December 20 to January 15. Subsequently, Resolution No. 81-2, adopted
January 15, further restricted diversions to 520 mgd January 16 to May 17
and, provided that restrictions be removed and the terms of the Decree be
fully effective again, when storage rose 15 billion gallons above the drought-
warning line of the resolution for 5 consecutive days. The equivalent di-
version rate June 1, 1980 to May 31, 1981, did not exceed the limit of 800
mgd specified by the Decree.

Releases solely for minimum conservation purposes were made from each
reservoir by New York City December 1 to May 31, except for days when
the anticipated discharge at Montague, exclusive of water released from
the City reservoirs, fell below the design rate. On days when the antici-
pated discharge was less than the design rate of 1,560 cfs December 1-19,
1,550 cfs December 20 to January 17 or 1,350 cfs January 18 to Febru-
ary 22, moderate releases were required to satisfy Commission Resolutions
No. 80-24 or 81-2. The resolutions provided for a design rate of 1,100 cfs
February 23 to May 17 and the Decree provided for the minimum basic rate
of 1,750cfs at Montague May 18-31. The anticipated discharge at Montague
December 1 to May 31, exclusive of water released from New York City's
reservoirs, fell below the respective design rates on 48 days, and releases
from the City's reservoirs were directed in amounts to provide the design
rate at Montague for those days.

During December 1 to May 31, there were 31 days when the discharge
at Montague was less than the respective design rates and 151 days when
the discharge was equal to or above those rates. On days when releases
were directed and there were deficiencies or excesses in flow, such dif-
ferences usually were attributable to difficulties in determining the uncon-
trolled flow because of conditions associated with the cold weather.

The hydrographs on plate 1 for ‘December 1 to February 28 show the
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total discharge at Montague, the part derived from uncontrolled runoff
downstream from the reservoirs, the part contributed by the power reser-
voirs, and the part contributed by Pepacton, Cannonsville, and Neversink
Reservoirs. In analyzing the water budget at Montague, the uncontrolled
runoff is computed as the residual of observed flow less releases from all
reservoirs and is subject to all the errors in observations and transit times
of the several components of flow. Because of these unavoidable errors,
the computed hydrograph of uncontrolled flow is ragged.

The following tabulation summarizes diversions and releases made un-
der the provisions of the Montague Formula and other contributions to the
flow of the Delaware River at Montague during December 20 to February 5,
the days for which releases were directed.

Diverted to Rondout Reservoir 38,250 cfs-days
Advance Observed
estimates operations

Delaware River at Montague (cfs—-days) (cfs-days)

New York City releases (Pepacton,
Cannonsville, Neversink)

Directed a 24,631 b 24,676
Wallenpaupack § Mongaup power releases 2,240 4,615
Runoff from uncontrolled area 43,179 54,759
Flow at Montague 84,050

a Directed release as designed
b Actual release

The contributions to flow of the Delaware River at Montague during
December 20 to February 5 are also shown in the graph below:

PERCENT OF TOTAL
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Inflow to the City's reservoirs during December 1 to May 31 generally
exceeds draft rates and therefore increases storage. The average inflow
to Pepacton, Cannonsville, and Neversink Reservoirs for these 6 months
during the 40-year period, December 1940 to May 1980, was 305.7 billion
gallons. During the corresponding 6 months of the current report year,
inflow to the three reservoirs totaled 260.919 billion gallons. Loss charge-
able to evaporation was considered to be insignificant and was not included
in the computation. The excess of inflow over the demand increased water
storage in these three reservoirs in 1981 to 229.865 billion gallons by May
31, an increase of 145. 832 billion gallons from November 30, 1980 to May 31.

Operations June to November

During the second half of the report year, precipitation continued to
be below average, and deficiencies accumulated about equal to those of the
first half year. During the period, part of the storage and inflow to the
New York City reservoirs was required for diversions and releases. Di-
versions to Rondout Reservoir during June 1 to November 30 totaled 139.176
billion gallons. The equivalent diversion rate did not exceed the limit spec-
ified by the Decree and was 761 mgd on November 30. Data on the con-
sumption of water by the City of New York for each calendar year, begin-
ning in 1940, are shown in Table 14. Releases were required to satisfy
the Montague Formula on days when the anticipated discharge at Montague,
exclusive of water released from the City reservoirs, fell below the design
rate with the following exception. Release of the excess quantity was de-
ferred by the River Master following a unanimous request of the repre-
sentatives of parties to the Decree and the Commission. Releases at con-
servation rates were made at other times from each reservoir by the City
of New York. Under Commission Resolutions No. 81-25 and 81-26 the aug-
mented conservation rates of the Memorandum of Agreement approved by
the River Master and dated June 27, 1977 and extended May 22, 1979, were
again instituted. The Agreement to provide for investigation of the fish-
eries and habitats set augmented conservation releases as follows:

Reservoir Releases in cubic feet per second
April 1 to October 31 November 1 to March 31

Pepacton 70 50
Cannonsville 45 (except 325 June 15

to August 15) 33
Neversink 45 25

During June 1 to November 30, the flow required to be maintained in
the Delaware River at Montague was the minimum basic rate of 1,750 cfs.
The forecasted discharge exclusive of releases from Pepacton, Cannons-
ville, and Neversink Reservoirs was less than 1,750 cfs on 130 days, and
releases were directed as required. On the remaining 53 days, New York
City made releases from its reservoirs for minimum conservation purposes
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June 1 to July 22 or for augmented conservation purposes in accordance
with a regulation of New York State July 23 to November 30. During the
130 days of directed releases, flow at Montague was less than 1,750 cfs on
71 days and greater than 1,750 cfs on 59 days.

On days of directed releases when there were deficiencies or excesses
in flow, such differences were attributable to the uncontrolled flow, weath-
er adjustment, or powerplant releases being other than those anticipated.

The hydrographs of plate 2, June 1 to November 30, show the total
discharge at Montague;the part derived from uncontrolled runoff down-
stream from the reservoirs; the part contributed by the power reservoirs;
and the part contributed by Pepacton, Cannonsville, and Neversink Reser-
voirs. In analyzing the water budget at Montague, the uncontrolled runoff
downstream from the reservoirs was computed as the residual of observed
flow less releases from all reservoirs and was subject to all the errors in
observations, transit times, and routing of the several components of flow.
Because of these uncertainties, the computed hydrograph of uncontrolled
runoff was somewhat ragged.

The table below summarizes diversions, releases and other contribu-
tions to the flow of the Delaware River at Montague June 14 to October 28.
The diversions and releases from the City reservoirs were made under the
provisions of the Montague Formula (excepting the provision for release of
the excess quantity) and Resolutions No. 81-25 and 81-26.

Diverted to Rondout Reservoir 170,594 cfs-days
Advance Observed
estimates operations

Delaware River at Montague (cfs-days) (cfs-days)

New York City releases (Pepacton,
Cannonsville, Neversink)

Directed a 84,818 b 85,146
Other 2,197
Wallenpaupack & Mongaup power releases 49,719 49,752
Runoff from uncontrolled area 109,231 127,285
Flow at Montague 264, 380

a Directed release as designed
b Actual release '

The contributions to flow of the Delaware River at Montague during
June 14 to October 29 are also shown in the graph below:
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Computations by the River Master's Office indicated that flow at Mon-
tague during October 30 to November 30 would generally be above 1,750 cfs.

Summary

From December 1, 1980 to November 30, 1981, diversions to Rondout
Reservoir totaled 238.100 billion gallons, and all releases from the New York
City reservoirs to the Delaware River totaled 121,427 cfs-days (78. 492 bil-
lion gallons).

During the year, maximum storage in Pepacton Reservoir was 116.144
billion gallons, or 82.8 percent of capacity, on May 25. Maximum storage
in Cannonsville Reservoir was 86. 872 billion gallons, or 90.8 percent of ca-
pacity, on June 11. Maximum storage in Neversink Reservoir was 31.248
billion gallons, or 89.4 percent of capacity, May 22. The maximum com-
bined storage in the three reservoirs during the year was 232.195 billion
gallons, or 85.7 percent of capacity, on May 27.

Minimum storage during the year in Pepacton Reservoir was 38.730
billion gallons, or 27.6 percent of capacity on February 2. The minimum
storage in Cannonsville Reservoir was 26.966 billion gallons, or 28.2 per-
cent of capacity on December 1. Minimum storage in Neversink Reservoir
was 2.206 billion gallons, or 6.3 percent of capacity on January 5. Mini-
mum combined storage in the three reservoirs was 68. 463 billion gallons, or
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25.3 percent of capacity February 2.

A resume' of the combined storage of the three reservoirs on the first
day of month June 1967 to November 1981 is shown in figure 4. Storages
for December to July, September and October were less than those for the
respective previous months. During other months of 1981, storage was
within the range between highest and lowest storage of earlier years.

On November 30, Pepacton Reservoir contained 72.175 billion gallons
or 51.5 percent of capacity. Cannonsville Reservoir contained 45. 345 bil-
lion gallons, or 47.4 percent of capacity. Neversink Reservoir contained
17.322 billion gallons, or 49.6 percent of capacity. Combined storage in
the three reservoirs was 134. 842 billion gallons, or 49.8 percent of their
combined capacity. During the year, combined storage increased 50.809
billion gallons, or 18.8 percent of capacity.

Supplementary Release from Wallenpaupack Powerplant

An agreement between Pennsylvania Power § Light Company and the
City of New York provides for supplementary releases from Wallenpaupack
hydroelectric powerplant. The Delaware River Basin Commission may re-
quest releases to compensate for water consumed at the Company's Mar-
tins Creek steam-electric generating station should the flow of the Dela-
ware River at Trenton, N.J. become less than 3,000 cfs for more than three
consecutive days. No supplementary release was requested during the
year.

Water Budget, Delaware River at Montague, N.J.

The data and computations of the water budget formed the basic oper-
ation records required to carry out the River Master's specific responsibil -
ities with respect to the Montague Formula and the Commission Resolutions
during the report year. The water budget was in two parts: (1) segrega-
tion of the daily average flow at Montague among its various source compo-
ments and (2) advance estimates of the daily average flow at Montague, ex-
clusive of controlled releases from New York City's reservoirs. The time
intervals required for water to travel from the various sources to Monta-
gue were taken into account.

Discharge of the Delaware River at Montague was composed of the fol-
lowing source components:

1. Controlled releases from Lake Wallenpaupack on Wallenpaupack
Creek in the production of hydroelectric power.

2. Controlled releases from Mongaup Reservoir on Mongaup River
in the production of hydroelectric power.

3. Runoff from the uncontrolled area above Montague.

4. Controlled releases from Pepacton, Cannonsville, and Neversink
Reservoirs of the City of New York.
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The release from the City's reservoirs necessary to maintain the applicable
rate of flow at Montague was computed from the advance estimates of flow
at Montague, exclusive of controlled releases from the City's reservoirs.

Time of Transit

The following schedule of average times for the effective transit of
water from the various sources of controlled supply to Montague was used
for discharge routing during the 1981 report year except for December 28
to February 11.

Source Hours
Pepacton Reservoir 60
Cannonsville Reservoir 48 (see below)
Neversink Reservoir 33
Lake Wallenpaupack 16
Mongaup Reservoir 8 Dec. 1-27

12 Feb. 12 to Nov. 30

This schedule was developed from reservoir and powerplant opera-
tions and gaging-station records of prior years and was found generally
suitable. At times, noticeable exceptions occur, e.g., when a large re-
lease from Cannonsville Reservoir follows a small one, a large part of the
release is expended in filling the channel en route,and the remainder may
appear at Montague as much as 12 hours late. In an attempt to cope with
such a delay in time of transit, the release scheduled from Cannonsville
Reservoir July 2 was started July 1 at 1400h and run for 34 hours. Dur-
ing the winter, the cold weather formed ice in the streams, which, together
with the low streamflow gradually increased the resistance to streamflow
and lengthened the time of transit. Based upon the probable amount of
ice in the streams and the experiences of several past winters, times of
transit were lengthened to the following:

Dec. 28 to Feb. 11

Source Hours
Pepacton Reservoir 84
Cannonsville Reservoir 72
Neversink Reservoir 57
Mongaup Reservoir 24

With melting and breakup of the river ice, transit times from these reser-
voirs to Montague lessened, and transit times for average open-river con-
ditions were resumed February 12.

Segregation of Flow, Delaware River at Montague, N.J.

In the daily operations, it was necessary that the River Master utilize:
(1) discharges computed from recorded or reported stream gage heights for
various 24-hour periods without benefit of concurrent specific information
that changes in stage-discharge relations might have occurred; (2) daily
discharge from New York City's three reservoirs obtained from venturi me-

27



ters; (3) rainfall reports for the previous 24 hours; (4) actual powerplant
operations converted to daily discharge; (5) advance estimates of power de-
mand converted to daily discharge; (6) advance estimates of anticipated un-
controlled runoff at Montague; and (7) average times for routing of water
from the several sources. Variable and usually minor errors of estimate
occur in projecting data, but these data must be used in the daily design
and direction of releases from New York City reservoirs.

The River Master daily operation record of reservoir releases and daily
segregation of flow among the various source components contributing to
the flow of the Delaware River at Montague is shown in table 8. The ar-
rangement of data conforms with the downstream movement of water from
the various sources to Montague. A horizontal summation of data in the
table is equivalent to routing the various contributions to Montague, using
the schedules on page 27 for travel time of water. The uncontrolled runoff
was computed by subtracting the contributions of the several other sources
from the observed discharge at Montague. (It may be noted that the hy-
drographs of power reservoirs and uncontrolled runoff on Plate 2 do not
strictly conform to the data of Table 8 February 16 to November 30. Re-
visions were made to some of the daily releases from Mongaup Reservoir but
were not available in time to correct those days on Plate 2.)

Computation of Anticipated Flow at Montague

The time of transit of water from Pepacton Reservoir to Montague was
greater than that from any other reservoir above Montague; therefore, the
time of daily directed releases to maintain prescribed rates of flow at Mon-
tague was based on time of transit from Pepacton Reservoir. Releases from
Cannonsville and Neversink Reservoirs were timed to arrive at Montague
concurrently with releases from Pepacton Reservoir. To allow for the ac-
tual differences in transit times, daily directed releases began at Pepacton
at 1200, at Cannonsville at 2400, and at Neversink Reservoir at 1500 the
, following day.

The determination of the amount of release required from the City's
reservoirs to maintain specified rates of flow at Montague was based on es-
timates of releases from Lake Wallenpaupack and Mongaup Reservoir and an
estimate of the uncontrolled runoff at Montague. Taking into account the
time of transit from these sources to Montague, this determination required
that advance estimates of the following components be made on the morning
of each day, (1) the expected release of water from Lake Wallenpaupack
for power production for a 24-hour period, beginning at 0800, 2 days later;
(2) expected release of water from Mongaup Reservoir for power production
for a 24-hour period 2 days later, beginning at 1600 December 1-27, at
0001h December 28 to February 11, and at 1200 thereafter; and (3) expect-
ed uncontrolled runoff at Montague 3 days later. The River Master daily
operation record for computing daily directed release from the City's reser-
voirs during the periods of low flow is shown in table 9.

The electric power companies cooperated fully in furnishing advance
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estimates of powerplant release (table 9). Pennsylvania Power § Light Com-
pany and Orange and Rockland Utilities, Inc. committed themselves to large
efforts to follow their given schedules, within practicable limits. As the
hydroelectric plants were used chiefly for meeting peak-power demands of
the system, advance estimates were subject to many modifying factors such
as the influence of the vagaries of weather upon peak-power demand and
unpredictable transmission and mechanical difficulties in electric-system
operation. As a result, the actual use of water for power generation was
at times at considerable variance with the advance estimates that were used
by the River Master's office in design computation. Furthermore, it was
impractical for the companies to estimate their probable operation on any
period other than 24 hours. In the estimates for the Wallenpaupack plant,
the time factor was of little concern, as power operation during periods of
low flow was usually between 0800 and 2400, which fell within the 24-hour
period beginning at 0800. In routing the Mongaup Reservoir releaseesti-
mates, some error was introduced at times, as the power operation during
periods of low flow was usually between 0700 and 2200 which spanned the
1600 to 1600 and the 1200 to 1200 routing period.

For computation purposes during periods of low flow, the estimate of
uncontrolled runoff at Montague 3 days in advance (or 4 days in part of
the winter period) was treated as two items: (1) present runoff and (2) es-
timated increase in runoff from precipitation. The present runoff was com-
putﬁt; for 2,156 square miles of uncontrolled drainage area above Monta-
gue=! based on conditions over the drainage area as of 0800 on the morn-
ing the estimate was made. The estimated increase in runoff was computed
from precipitation which was forecast to occur on the day the estimate was
made and the 2 following days, with the exception that during the winter
period, December 20 to February 5, consideration was also given to fore-
casts for the fourth day and to temperatures. Estimated quantities for
these items are shown in table 9.

During the winter period, the advance estimate of the uncontrolled
runoff (present conditions) was based on nearby gaging stations and on
the recession curve of the uncontrolled flow at Montague projected to the
date, 3 (or 4) days hence, under design.

During open-river conditions, the advance estimate of uncontrolled
runoff (present conditions) was based on discharges as of 0800 at the fol-
lowing gaging stations:

Station Drainage area
(square miles)

Beaver Kill at Cooks Falls, N.Y. 241
Cadosia Creek at Cadosia, N.Y. 17.7
Oquaga Creek at Deposit, N.Y. 66.4
Equinunk Creek at Equinunk, Pa. 56.3
Callicoon Creek at Callicoon, N.Y. 111

1/ Excludes drainage area of Black Brook whose flow was being directed to
Mongaup powerplant since repairs to the penstock in September 1980.
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Tenmile River at Tusten, N.Y. 45.0

Lackawaxen River at Hawley, Pa. 290
Shohola Creek near Shohola, Pa. 83.6
Neversink River at Port Jervis, N.Y. 333

The procedure for computing the advance estimate combined a routing
and recession (as applicable) of the 0800 discharges of the Beaver Kill,
Oquaga, Equinunk, Callicoon and Shohola Creeks, Tenmile, Lackawaxen,
and Neversink Rivers gaging stations to Montague, with a computed yield
from the remaining ungaged, uncontrolled drainage area. Releases from
Neversink Reservoir were deducted from discharge of the Neversink River
site. The yield from that remaining uncontrolled drainage area was esti-
mated by using as indexes the 0800 discharges of Cadosia, Oquaga, Equi-
nunk, and Callicoon Creeks, and Tenmile and Lackawaxen Rivers with rout-
ing and recession by individual gaging stations.

The advance estimate of increase in runoff from precipitation is shown
in table 9 under the heading of "Weather Adjustment." The National Weath-
er Service Office, Philadelphia, Pa., cooperated throughout the low-flow
periods by furnishing quantitative forecasts of average precipitation over
the drainage area above Montague and air temperatures for each day of the
3-day period, except during the winter period when forecasts were often
provided for each day of a 4-day period. During the winter, the probable
increase in runoff was estimated from the current state of snow and ice and
from forecasted temperature and precipitation for the several days under
consideration. During open-river conditions, runoff from the forecasted
precipitation was estimated from previously established relationships.

The total anticipated flow at Montague, exclusive of release from the
City's reservoirs (table 9), was the sum of the forecasted releases from the
power reservoirs, the estimated uncontrolled runoff under then current
conditions, and the weather adjustment. The amount by which this com-
puted flow was less than the prescribed Montague rate indicated the ex-
pected deficiency at Montague, which would have to be made up by cor-
responding releases from New York City reservoirs.

Under Commission Resolution No. 81-26 and unanimous consent of par-
ties to the Decree, New York City was credited for any New York State aug-
mented conservation releases over and above releases directed by the Riv-
er Master July 23 to October 31. Such accumulated credits were reduced
by lowered release requirements at Montague after September 15.

There were times when revised forecasts of weather or powerplant re-
lease in substantial amount became available before the completion of the re-
quired release from New York City reservoirs. At such times, the release
required from New York City reservoirs was again computed on the basis
of the revised information, and the release required was changed to the
revised indicated deficiency. Usually this procedure resulted in a reduced
release requirement from New York City reservoirs and the conservation of
the water affected by the change. Only the final figures are shown in ta-
ble 9.
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Diversions to New York City Water Supply

Table 10 shows diversions from Pepacton, Cannonsville, and Neversink
Reservoirs to the New York City water-supply system during the report
year. The tabulation includes a running account of the average of the com-
bined diversions from the reservoirs, computed as prescribed by the Res-
olutions December 1 to May 17 and the equivalent rate computed as pre-
scribed by the Decree May 18 to November 30. The tabulation shows that
the average rates of the Resolutions or the maximum equivalent diversion
rate of the Decree were not exceeded at any time under the respective au-
thorizations.

Storage in New York City Reservoirs

The New York City Board of Water Supply determined the "point of
maximum depletion" and other pertinent reservoir levels and contents of
Pepacton, Cannonsville, and Neversink Reservoirs as follows:

Reservoir level Pepacton Res. Cannonsville Res. Neversink Res.
Elev. Contents Elev. Contents Elev. Contents
(feet) (billion (feet) (billion (feet) (billion
gallons) gallons) gallons)
Full pool or 1,280.00 1,150.00 1,440.00
spillway crest *140.190 *95.706 *34.941
Point of maxi- 1,152.00 1,040.00 1,319.00
mum depletion * 3.511 * 1.020 * 0.525
Sill of diver- 1,143.00 +1,035.00 1,314.00
sion tunnel * 4,200 * 1,564
Sill of river 1,126.50 1,020.5 1,314.00
outlet tunnel
Dead storage 1.800 0.328 1.680

*Contents shown are quantities stored between listed elevations.
+Elevation of mouth of inlet channel of diversion works.

Tables 11, 12, and 13 show storage in Pepacton, Cannonsville, and Nev-
ersink Reservoirs, respectively, above "point of maximum depletion" or
minimum full-operating level.

Analysis of Forecasts

Forecasts of the flow at Montague based on the anticipated flow of the
several components (exclusive of the release from the City's reservoirs)
vary somewhat with those actually experienced on most days, even under
the most favorable conditions. The daily variations are usually largely com-
pensating. Forecasts in 1981 were compared with actual uncontrolled run-
off and powerplant releases during December 20 to February 5 and June 14
to October 29 which included most of the days for which releases were di-
rected for the design rates of the Resolutions or the minimum basic rate of
the Montague Formula.
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Uncontrolled Runoff Forecasts

A comparison of the hydrographs on figures 2 and 3 of forecast un-
controlled runoff and the actual uncontrolled runoff hydrograph indicated
that the forecasting procedures were generally adequate. The forecast un-
controlled runoff included anticipated uncontrolled runoff under then-ex-
isting conditions plus the weather adjustment based on forecast precipita-
tion. The total uncontrolled runoff during December 20 to February 5 (Mon-
tague dates)was 54,759 cfs-days. The forecast of uncontrolled runoff for
those days was 43,179 cfs-days, or 21 percent less than actual runoff. The
total uncontrolled runoff during June 14 to October 29 (Montague dates)
was 127,285 cfs-days. The forecast for those days was 109,231 cfs-days,
or 14 percent less than actual runoff.

Powerplant Release Forecasts

During December 20 to February 5 (Montague dates), the total actual
release from the powerplants was 4,615 cfs-days. The advance estimates
of powerplant releases for those days were 2,240 cfs-days, or 51 percent
less than actual releases. During June 14 to October 29 (Montague dates)
the total actual release from the powerplants was 49,752 cfs-days. The ad-
vance estimates of powerplant releases for those days were 49,719 cfs-days,
or 0.1 percent less than actual releases.

Summary of Forecasts

The actual uncontrolled runoff plus actual powerplant releases during
December 20 to February 5 (Montague dates) totaled 59,374 cfs-days, and
the advance estimate was 45,419 cfs-days. The net cumulative difference
between the estimate and the actual was 24 percent. For June 14 to October
29 (Montague dates), the actual uncontrolled runoff plus powerplant re-
leases totaled 177,037 cfs-days, and the advance estimate was 158, 950 cfs-
days. The net cumulative difference between the estimate and the actual
was 10 percent.

On the basis of the observed discharges at Montague, exact forecast-
ing of releases required from the City's reservoirs during December 20 to
February 5 would have totaled 24,988 cfs-days. The releases, as designed,
totaled 24,631 cfs-days, or 1.4 percent less than for exact forecasting.
Based on observed discharges at Montague for June 14 to October 29, ex-
act forecasting of releases would have totaled 85,088 cfs-days. Releases
as designed for that period, excluding releases for conservation purposes,
totaled 84,818 cfs-days, or 0.3 percent less than for exact forecasting.

Summary Comparisons of River Master Operation Data
and Other Streamflow Records

It has been explained that the River Master operations are, in effect,
day-to-day operations, for which it is necessary to use preliminary records
of streamflow. The following summaries show comparison of records used
in the River Master operations and Geological Survey records. In the com-
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parison of releases approximating conservation rates only, data were used
in units of million gallons per day and converted to cubic feet per second
in the summaries.

East Branch Delaware River at Downsville, N.Y.

The River Master operations data on the controlled releases from Pe-
pacton Reservoir to the Delaware River were obtained from calibrated in-
struments connected to venturi meters installed in the outlet conduits.

The Geological Survey gaging station on the East Branch Delaware Riv-
er at Downsville, N.Y., is 0.5 mile downstream from Pepacton Reservoir
dam. The discharge shown in table 1 includes releases from Pepacton Res-
ervoir, a small amount of seepage, which enters the channel between the
dam and gage site; and, during storms, a small amount of runoff, which
originates between the dam and gage site. The drainage area at the dam is
371 square miles.

Releases were made at conservation or other rates by New York City
during the year. There was good agreement, in general, between the ven-
turi record and the Geological Survey record. For flows of approximately
7, 73 and 112 cfs at the gaging station, the venturi meter instruments in-
dicated -9.8, -3.7 and +5.9 percent difference, respectively, in rates of
release from the reservoir than those shown by the gaging-station records.

West Branch Delaware River at Stilesville, N.Y.

Data similar to those previously noted on releases from Pepacton Res-
ervoir were collected for Cannonsville Reservoir.

The Geological Survey gaging station on the West Branch Delaware Riv-
er at Stilesville, N.Y., is 1.4 miles downstream from Cannonsville Dam.
The discharge shown in table 2 includes releases from Cannonsville Reser-
voir and the runoff from 2 square miles of drainage area between the dam
and the gage site. The drainage area at the dam is 454 square miles, and
that at the gaging site is 456 square miles.

Releases were made in a range from conservation to high rates during
the year. There was fair agreement between the venturi record and the
Geological Survey record. For conservation flows of approximately 12 and
35 cfs at the gaging station, the venturi meter instruments indicated 32 and
13 percent, respectively, less water being released from the reservoir than
those shown by the gaging-station records. The venturi indicated 11 per-
cent more discharge than that shown by the gaging-station records at flows
of approximately 400 cfs. The venturi indicated 5.7 percent more discharge
for flows in the 800-cfs range than the gaging-station records.

Wallenpaupack Creek at Wilsonville, Pa.
In the River Master operations December 1 to November 30, records

of daily discharge through the Wallenpaupack powerplant were furnished
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by the Pennsylvania Power & Light Company. Daily discharges were com-
puted on an 0800 to 0800-time basis.

The records of daily mean discharges for Wallenpaupack Creek at Wil-
sonville, Pa., published by the Geological Survey, were furnished by the
Company. These discharges, shown in table 3, represent the flow through
the turbines of the powerplant. No water was spilled from Lake Wallenpau-
pack during the report year.

During December 1980 through November 1981, the River Master's rec-
ord, based on computations by Pennsylvania Power & Light Company, indi-
cated 0.03 percent more discharge than the Geological Survey record.

Neversink River at Neversink, N.Y.

Similar data to those previously noted on releases from Pepacton Res-
ervoir were collected for Neversink Reservoir.

The Geological Survey gaging station on the Neversink River at Never-
sink, N.Y., is 1,650 ft. downstream from Neversink Dam. The discharge
shown in table 4 includes releases from Neversink Reservoir and, during
storms, a small amount of runoff, which originates between the dam and
gage site. The drainage area at the dam is 91.8 square miles and that at
the gaging station is 91.9 square miles.

Releases were made at conservation or other low rates by New York
City during the year. There was good agreement between the venturi rec-
ord and the Geological Survey record.

For flows of approximately 5, 25 and 45 cfs at the gaging station, the
venturi meter instrument indicated -14, +0.5 and +3.8 percent difference,
respectively, in rates of release from the reservoir than those shown by
the gaging-station records.

Delaware River at Montague, N.J.

The River Master's operation record indicated 1.0 percent less dis-
charge for the year than the Geological Survey record, and daily records
were generally in good agreement.

Diversion Tunnels

Records of diversions through the East Delaware, West Delaware, and
Neversink Tunnels were furnished to the River Master's office by the City
of New York. These records were obtained from calibrated instruments
connected to venturi meters installed in the tunnel conduits. Current-me-
ter measurements were made by the River Master's office to verify the ac-
curacy of the reported diversions. The current-meter measurements were
made in the outlet channels downstream from the tunnels.
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East Delaware Tunnel

This tunnel discharges into Rondout Reservoir. The elevation of Rond-
out Reservoir was too high many months of the year to permit access to the
outlet channel, which is used for measuring discharge from the tunnel by
current meter. The results of three current-meter measurements made July
to September 1980, showed on the average that the venturi-meter instru-
ments gave higher figures by 14.2 percent for the totalizer, 14.7 percent
for the manometer and 14.1 percent for the indicator needle. A current-
meter measurement December 5 indicated higher figures by 18.3, 20.1 and
19. 3 percent for the same venturi-meter instruments. An examination of
the venturi-meter instruments by the City of New York January 19, 1981
disclosed air trapped in the instrument piping. Following a purging of the
system, two current-meter measurements January 26 indicated the average
difference to be reduced to +8.2 percent for the totalizer, +9. 4 percent for
the manometer, and +8.1 percent for the indicator needle. Based upon the
difference between current-meter measurements made the latter part of 1980
and those of earlier years, the indicated diversions were reduced 9 percent
on a daily basis April 21, 1980 (the most feasible date) to January 19, 1981
by the City. A current-meter measurement May 6 showed higher figures
by 16.1, 16.8 and 15.4 percent for the respective venturi-meter instru-
ments. After a purging of the instrument piping, a current-meter meas-
urement May 11 indicated higher figures by 5.0, 7.4 and 4.3 percent for
the respective venturi-meter instruments. Based on the measurements, the
indicated diversions were reduced by 9 percent April 27 to May 8 by the
City.

The powerplant that used the water diverted through the tunnel oper-
ated most days of the year. On days when the powerplant was notin oper-
ation, there was a small amount of leakage through the wicket gates, which
was not recorded on the totalizer, as observed in past years. Results of
a current-meter measurement May 11 indicated a rate of 10.4 cfs from cool-
ling water and leakage.

Based upon measurements obtained this year and in previous years,
the record of quantity of water diverted through the East Delaware Tunnel
should be substantially correct.

West Delaware Tunnel

A comparison of one current-meter measurement with venturi measure-
ments indicated that the venturi gave higher results by 3.3 percent for the
totalizer, 9.3 percent for the manometer and 3.0 percent for the indica-
tor needle. Inspections of the channel downstream from the outlet, when
valves were closed, showed no leakage.

Neversink Tunnel

Results of the comparative data showed that the venturi measurements
and two current-meter measurements agreed fairly well. The average dif-
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ference between the two methods showed the venturi higher by 4. 4 percent
for the totalizer, by 2.2 percent for the manometer, and 8.3 percent for
the indicator needle.

The powerplant utilizing the water diverted through the Neversink
Tunnel usually operated about 12 hours daily on most days of the year.
Results of one current-meter measurement made May 6 at a time when the
powerplant was not operating indicated the rate of leakage to be 10.1 cfs.
The leakage was not recorded on the totalizer instrument, which was used
for reporting the quantity of water diverted. On the basis of that meager
information, flow in the form of leakage averaged approximately 5 cfs.

It was concluded that the reported record of the quantity of water di-
verted through the Neversink Tunnel was substantially correct.

Investigation of Ungaged Streams

In an effort to delineate yields of small streams in the ungaged area
tributary to the Delaware River, a cooperative program was continued with
the respective Geological Survey Districts to develop discharge correlations
between small streams and regularly gaged streams. The increased know-
ledge of the yields of these streams is an aid in the definition of charac-
teristics of the ungaged area.

Diversions by New Jersey

According to the terms of the Decree, the State of New Jersey may di-
vert for use outside the Delaware River basin from the Delaware River or
its tributaries in New Jersey, without compensating releases, a quantity of
water not to exceed 100 mgd (154.7 cfs), as a monthly average, with the
diversion on any day not to exceed 120 mgd (185.6 cfs). The diversion
through the Delaware & Raritan Canal was recorded at the gaging station
at Kingston, N.J. The gaging station is 6.6 miles beyond the Delaware-
Raritan divide, and records include a slight amount of inflow from the Rar-
itan River basin. Resolution No. 80-20 adopted October 17, 1980, by the
Delaware River Basin Commission with the consent of parties to the Decree
reduced allowable diversions by New Jersey to an average of 65 mgd (100.6
cfs). This rate was effective December 1 to January 15. A pumping station
and pipeline were constructed by the State of New Jersey to divert water
from Lake Hopatcong in the Delaware River basin to Rockaway River in the
Passaic River basin. Water was diverted from Lake Hopatcong at a rate re-
ported by the State to be approximately 25 mgd November 18, 1980 to Feb-
ruary 27. A combined allowable diversion rate of 62 mgd (95.9 cfs) was
set by Resolution No. 81-2 on January 15. The allowable rate of 100 mgd
(154.7 cfs) provided by the Decree was restored May 18. One section of
the canal was closed for cleaning October 31. Summarized below are the
daily discharges of table 6 and diversions from Lake Hopatcong. The sum-
mary shows that the Decree limitations were not exceeded during the year
December 1 to November 30. The summary table also shows that the aver-
age rates for the entire periods of Resolution No. 80-20, October 18, 1980
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to January 15, and Resolution No. 81-2, January 16 to May 17, were not
exceeded.

Delaware & Raritan Canal Diversion from Total

Average Maximum daily Lake Hopatcong diversions
Period discharge, cfs discharge, cfs cfs cfs mgd
Oct. 18, 1980 to 70.0 96 25.1 95.1 61.5
Jan. 15, 1981
Dec. 1 to 65.0 85 38.7 103.7 67.0
Jan. 15
Jan. 16 to 80.2 97 13.8 94.0 60.8
May 17
May 18-31 64. 4 87 0 64.4 41.6
June 66.1 88 0 66.1 42.7
July 68.0 99 0 68.0 44.0
August 50.9 62 0 50.9  32.9
September 45.2 49 0 45.2  29.2
October 37.7 60 0 37.7 24.4
November .032 .18 0 .032 .021

Conformance of Operations as Provided Under Amended
Decree of the U.S. Supreme Court, dated June 7, 1954

Prior to the beginning of the report year, representatives of parties
to the Decree had consented to proposals of the Delaware River Basin Com-
mission making reductions in allowable diversions from the basin and rates
of flow of Delaware River at Montague as conservation measures during
drought. On January 15 the Commission declared an emergency due to
drought.

With respect to diversions from the Delaware River basin to the water-
supply system of the City of New York, the River Master found that di-
versions were less than the 800 mgd authorized under the Decree. For a
part of year, permissible diversions during the drought were established
by resolutions of the Commission. Allowable and actual diversions are
shown below.

Effective dates Allowable diversions Actual diversion
under resolutions.
Average not to exceed

Dec. 1-19 580 mgd 558 mgd
Dec. 20 to Jan. 15 560 mgd 521 mgd
Jan. 16 to May 17 520 mgd 519 mgd
Effective dates Authorized under Actual diversion

Decree. Equivalent
rate not to exceed

May 18-31 800 mgd 784 mgd
June 1 to Nov. 30 800 mgd 761 mgd
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Releases from the reservoirs, under the reductions, and in accordance
with the design data of the River Master, were made to provide at the gag-
ing station at Montague, N.J.:

Dec. 1-19 1,560 cfs
Dec. 20 to Jan. 17 1,550 cfs
Jan. 18 to Feb. 22 1,350 cfs
Feb. 23 to May 17 1,100 cfs

Under Compensating Releases of the Montague Formula, the City released
water from its reservoirs at rates designed by the River Master to main-
tain the minimum basic rate of flow of 1,750 cfs at Montague May 18 to No-
vember 30, with the following exception. Credits from augmented conser-
vation releases were lowered by means of reduced releases at times Sep-
tember 16 to November 30.

Diversions from the Delaware River basin by the State of New Jersey
were found to be less than the authorized monthly average of 100 mgd and
less than the authorized maximum daily flow of 120 mgd under the Amended
Decree. Under Resolution No. 80-20, the average diversion was reported
to be less than the authorized 65 mgd October 18, 1980 to January 15: under
Resolution No. 81-2, the average diversion was reported to be less than
the authorized 62 mgd January 16 to May 17.
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