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maintain foremost by renewable, but limited runoff. At any given time, the
kinematic energy of runoff tends to preserve the'estuary through the balancing
exchange of a certain ratio of properties of fresh, brackish, and marine water
masses (Table). In general, unimpaired interaction of water masses sustained
the balanced exchange of deltaic and estuarine properties. These processes
maintained specific continuum of five interactive zones (Venice International
classification of 1958): delta, avant-delta, intermediate, brackish, and salty
water. Each zone is defined by increasing ranges of salinity from fresh to
-marine water, This natural interaction, typical for any estuaries, particularly
during the late winter - spring flooding, determines for year(s) the Bay’
richness, vitality, and survival. But today, the cascade of dams in the
Sacramento and San Joaguin rivers’ watersheds and water conveyance
facilities in the Delta, and beyond, like the Central Valley Project (CVP, since
1930s) and State Water Project (SWP, since 1950s) put the end of a natural
centinuum in the name of essential progress the State of California. As such,
despoliation of the Delta - San Francisco Bay and adjacent coastal ecosystem
has occurred. Despite that water management is planning to withdraw more
water to produce a mesophytic agricultural environment in a semi-desert
region. This will further impede contimaum and functioning of Sacramento -
San Joaquin Rivers - San Francisco Bay and the adjacent coastal sea.

Second. The distribution of precipitation (snow and rainfall) over
watersheds coupled with climatological properties determines the monthly,
seasonal, and annual runoff fluctuations whose volumes are the core for
stochastic analysis and the classifications of wetness of a year. Current
planning water distribution among different users in California is based on a
water year-type classification called the Four-River Index (FRI, the sum of
unimpaired runoff of the four major rivers in the Sacramento River basin;
MAF — million acre-feet) whose a perennial FRI* = 17.2 MAF; 1921-1978).
But the FRI* accounts for only 61% of the average of the combined
Sacramento - San Joaquin River inflow to the Delta, while the norm of natural
river inflow the rivers’ watersheds for the same period was equal, NRI = 28,2
MAF (Rozengurt, 1987 a).

The FRI data base not only overlooks 25% and 1009 of the
Sacramento and San Joaquin river watersheds’ rivers and streams,
respectively, but also disregards the historical fact, namely, that San Francisco
Bay geomorphological and hydrological features were molded for thousand
years by blended runoffs from both. Bui in ow case: Wil - FRI = 9.0 MAF
each year? The questions remains, where on the Earth vanished from water
balemees calculation of the Bay etosvstemn this elupenidons amount of water?
Note d#t according to stochastic hydrology, the analyses of perennial runoff
behavior must be performed on the basis of 100% accumulating area of two
river watersheds (Rozengurt, 1999). Therefore, the evaluation frequency of
occurrence of years of different wetness, their classification and subsequent
. planning for water diversions, grouaded on the FRI database, nverestimaies

“veater availability in o manser incompatible with science of hydrology o the
relatively meager natural runoff.- It follows that in normal, and especially in
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sub-normal and dry years, or droughts, the FRI classification system
influences decision-makers towards permitting higher diversions (and
potentially irreparably damaging the Delta and Bay ecosystems).
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Figure 1. Comparison of Combined San Francisco-San Joaquin River Inflow and 4-
River Index Water Year-Type Classification Systems (% = probability of occurrence)

Third. The frictional drag of river runoff, especially during flooding, is
responsible for the seaward entrainment of volumes of estuarine waters up to
10 to 100 times greater than that of the runoff itself. The higher the
unimpaired runoff, the more energy output, the stronger entrainment, vertical
turbulence, mixing, and diminishing the exiremes of salt intrusion and other
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of delta-estuary over the years is linked to both impoundment and cumulative
losses of hundreds millions of acre-feet water (or 100s of km?).

As result of construction of the CVP (Central Valley Project) and
SWP (State Water Project) water storage (with an accumulation capacity
equal to 71% of normal unimpaired runoff) and conveyance systems into and
out of the Delta (15-20% of normal Delta outflow), the post-project period
(since 1944) natural water supply to the Delta-San Francisco Bay has been
reduced to unprecedented levels.

Since 1967, absolute values of total diversions with predominant
range of 10 to12 MAF (or 12 km® - 14 km®) per year are 2.8-3.2 times (and up
to 5 times) higher than before the CVP and SWP were completed (pre-
project period of 1915-1943). The absolute values of predominant upstream
diversion of 6-12 MAF (or 7.2 km’ " 14 km®) for the post-project period were
3-5 times higher than the same for the pre-project period. The predominant
range of annual Delta diversions since 1967 was up 4 to5 MAF (or 48 km’ —
m.o_ﬁmv and more, or almost 5 - 6 times higher than the Delta volume (1.3
MAF or 1.56 km™; or the volume of Delta water diversions in the pre-project
period,

The major cause of these persistent decreases in annual runoff is that
diversions in winter (primarily upstream) range between 15 and 45% and in
spring (upstream and downstrean) between 30 and 80% or more of the natural
water supply of the Sacramento-San Joaquin River-Delta subsystem.

Since the projects’ (CVP and SWP) operations began (especially from
the late 60's on), winter and spring RRI (regulated river inflow) to the system
was reduced 1.2-1.4 and 1.6-2.4 times in comparison with mean winter and
spring NRI  (natural river inflow) to the Delta, respectively; (for 5-year
ruaning periods the prevailing range of unimpaired runoff is equal to 3-4
MAF). Therefore, for the period 1967-1992, residual winter and, especially
spring DRO in the majority of cases corresponded to years of subnormal and
below subnormal runoffs (Roos, 1992) of the NRI for the same period.

The pre-project period (characterized by prevalent, insignificant
upstream diversion) was characterized by the highest correlations between
commercial catch for a given year of the most valuable species of anadromous
fish of the San Francisco Bay (Chinook salmon, Striped bass and American
Shad) and average spring runoff of 2.3-3.5 MAF for the preceding 3 and 5
years, the same was obtained for annual regulated Delta outflow (RDO)

When in the post ~ preject period the mean spring and annual RDO
reached Hm:mmm of 1.0-1.5 MAF (1.2 — 1.8 km®) and 11-15 MAF (or 13.2 ke’
to 18.0 km’), respectively (or 27%-42% and 40%-55% of their perennial
norms), & nearest quandary of deprivation of the Delta - Bay commercial and
sport fishery became obvious.
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Published results regarding water development in rivers entering the
Black Sea, the Sea of Azov, Caspian and Mediterranean Seas in Europe and
Asia all point to the conclusion that when successive spring and annual water
withdrawals exceeded 30% and more than 40-50% of the of the norms,
respectively, then water quality and fishery resources in the river-delta-
estuary-coastal seas precipitously declined.

Commercial catches of Russian sturgeon, pike-perch, mullet,
mackerel, sprat, etc., have been extinguished in the Dniester and Dnieper
Estuaries - the northwestern, most productive part of the Black Sea since the
late 1960's.

In the Sea of Azov (once the world’s productive sea) the commercial
catch of Russian sturgeon, as well as numerous other valuable semi-
anadromous and anadromous fish, dropped from hundreds of thousands to
several thousand tons over the last two decades due the Don and Kuban rivers
impoundment. The same phenomena were observed in the Caspian Sea as
well as with the commercial catch of salmon in Northern Europe.

Suffice to say that the Black-Azov Sea basin irrevocable irrigation
water withdrawals since 1955 account for nearly 1,700 km’® (three times the
volume of the Sea of Azov); the Caspian Sea -1000-1,200 km® (this equals
the North Caspian volume). At the same time, the landlocked Aral Sea ceased
to cxist due to immense withdrawals of runoff from two major rivers of
Central Asia- Amu Darya and Syr Darya, {fresh water deficit has reached
1,300-1,400 km?).

In the Nile Delta-Mediterranean Sea coastal zone, the commercial
catch of Sardinella and other species have dropped from hundreds of
thousands tons in the 1950’s to several hundred tons since the Aswan Dam
became operational (1964).

The commercial catch of siriped bass in the Chesapeake Bay has
declined up to 70% due to water regulation and pollution. The same
percentage of fish and shellfish decline observed in the Delaware Bay and the
Texas lagoons.

The impoundment of the Murray-Darling River system in Australia
and construction of the salt barrier in its Delta has eliminated the fisheries in
this area since the 1940's.

There are ample evidences that cumulative water withdrawals of about
600 MAF (720 km®) from the San Francisco Bay major rivers-Sacramento and
San Joaquin (since 1930s and 1910s, respectively) led to catastrophic
encroachment of brackish water to the Delta. In addition, the depletion of
semi-anadromous and anadromous fish catches occurred, leaving merely
1% of that of the pre- project period of construction of hundreds of large and
small dams {CalFed, 2000
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according to the Second Law of Thermodynamics, the current Delta and San
Francisco Bay are in a precarious condition. This will lead to the critical
accumulation of entropy that signals the end of the agony for the Delta - San
Francisco Bay system.
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Figure 2. Relationship between (1} regulated Delta outflow for three moving
months (April — May — June)} and (2) commercial salmon catch in the Sacramento
and San Joaquin Rivers. The salmon catch is based on a lag outflow period of 2
years; .2, salmon catch for 1916 is based an outflow for 1912-1914.
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