South Delta Tidal Data Atlas Graphs for Calendar Year 2011

This South Delta Data Atlas for 2011 includes several graphs of 15-minute tidal data (shown with quarterly graphs) and several graphs of daily
average data from the south Delta channels for 2011. The goal of this flow and salinity data analysis task is to describe and better understand
(i.e., identify and quantify relationships) the effects of SIR flows, export pumping, tidal elevations, and temporary barrier installation (weirs with
flap-gate culverts) on salinity (EC) between Vernalis and the south Delta EC compliance stations (SJR at Brandt Bridge, Old River at Union Island
and Old River at Tracy Boulevard). Because most of the water for exports comes into the south Delta through Old and Middle Rivers, the data
analysis includes data from Old and Middle River downstream to the stations near Bacon Island used for computing the OMR combined flow.

South Delta Data Atlas excel files have been compiled to support the review and summary of data patterns and relationship for 2009-2013. This
year (2011) included relatively high flows and exports; the SIR flow at Vernalis was greater than 20,000 cfs and spilled at the Paradise Weir to
Paradise Cut to Old River and to Grant Line Canal through Doughty Cut during April. This year (2011) included high SJR flows (7,500-15,000 cfs)
with high exports (12,000-8,000 cfs) in the January-March period, a major runoff event in April (25,000 cfs), and May and June flows of 10,000
cfs. The exports were regulated as 50% of the SJR inflow in April and May, but increased to 10,000 cfs in June, with 11,500 cfs in July-September,
and 5,000 cfs to 10,000 cfs in October-December. The SJR flow was about 10,000 cfs in July and 5,000 cfs in August, September, and October,
and about 2,000 cfs in November and December. A temporary barrier at the head of Old River was not installed, so maximum flow diversions
from SJR to Old River were observed.

Several daily data graphs are shown and briefly described (below each graph) to provide an introduction and summary of the flows, elevations,
and EC conditions in the SIR and south Delta channels during calendar year 2011. The basic 15-minute data graphs of tidal elevation, tidal flow,
and tidal variation in EC (at several locations), along with calculated EC for Paradise Cut and Sugar Cut and calculated EC for Old River at Tracy
Boulevard are shown in four quarterly (3-month) graphs. The basic flow splits in the south Delta are evaluated, and the effects of the temporary
barriers on tidal elevations, tidal flows, and net downstream flows are described in the graphs. The tidal elevations and tidal flows in Old River
at Tracy Boulevard provide the framework for evaluating the effects of salt loads from Paradise Cut and Sugar Cut on the observed EC at Tracy
Boulevard. The salt loads from these tidal sloughs are tidally flushed to Old River during ebb tides (declining elevations, tidal outflow) and are
mixed and transported downstream about 1.5 miles to Tracy Boulevard. Several factors contribute to the periods of high EC measured at Tracy
Boulevard. The review and evaluation of the tidal elevation, tidal flow, and tidal variation in EC has led to the formulation of several alternatives
that might be implemented to reduce the high EC at Tracy Boulevard.
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San Joaquin River Flow
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San Joaquin River flow at Vernalis (red diamonds) was about 15,000 cfs at the beginning of 2011, decreased to 7,500 cfs in February, increased
to 12,500 cfs with a second storm event at the end of February, and increased to 30,000 in early April. Flows decreased in May to about 10,000
cfs in June and the first half of July, with a decrease to 5,000 cfs for August through October, decreased to about 2,500 cfs in November and
ended the year with a flow of 2,000 cfs. During the peak runoff in April, Paradise Cut weir spilled about 5,000 cfs into Old River and Grant Line
Canal, based on the reduced flow measured at Mossdale. Throughout the year, about half of the Mossdale flow (green line) was diverted into
Old River, and the other half continued down the SJR to the Stockton Deep Water Ship Channel.
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San Joaquin River Elevation
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During higher SIR flows the river elevations are increased (flows are estimated from measured elevations and “rating curves”). The Paradise
Weir elevation of about 15 feet (upstream of Mossdale) spilled when Vernalis flows were greater than 17,500 cfs in late March through April.
The elevation difference between Vernalis and Mossdale is about 10 feet. Assuming a uniform gradient, the elevation at the Paradise Weir is
about 1.7 feet higher than the elevation at Mossdale. Elevations at Mossdale, Lathrop, Brandt, and Garwood indicate the elevation gradient
(slope) when flows are greater than 2,500 cfs at Vernalis. For example, when the SJR flow at Lathrop was about 10,000 cfs, the elevation was
about 15 feet; the elevation at Brandt Bridge was about 11 feet, and the elevation at Garwood was about 6.5 feet. The elevation at Jersey Point

remained at about 5 feet. Average tidal elevations are similar at these downstream stations (about 4 to 5 feet) when Vernalis flows are less than
2,500 cfs (November and December of 2011).
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Vernalis and Mossdale Flow-Elevation
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The flow-elevation relationships (rating curves) at Vernalis and Mossdale are compared. When the Vernalis flow is greater than 17,500, the
Mossdale flow is reduced because half of the higher flow (above 17,500 cfs) spills at the Paradise Weir into Paradise Cut and Old River and Grant
Line Canal. The decrease in flow from Vernalis to Mossdale (green diamonds, plotted with the Vernalis flow) provides a good indication of the
Paradise Weir flow when the Vernalis flow is greater than 17,500 cfs, but the measured decrease when Vernalis flow is between 5,000 cfs and

15,000 cfs is more likely caused by a mismatch between the Mossdale and Vernalis rating curves (the Vernalis elevation-flow rating curve was
shifted sometime during this period).
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San Joaquin River EC and Flow
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The salinity (EC) at Vernalis is controlled by the combination of salt loads entering the SIR from shallow groundwater seepage, agricultural
drainage (e.g., Salt and Mud Sloughs), and surface runoff during storms, and the dilution of these salt sources by the SJR flow and the major
tributary flows (Merced, Tuolumne, and Stanislaus Rivers). The SIR minimum EC was about 125 uS/cm during high flows, and the SJR EC
remained less than 375 uS/cm for most of the year. The Vernalis EC objectives (monthly average) are 700 uS/cm for April-August and 1,000
uS/cm for September-March. The highest SJR EC in 2011 was about 800 uS/cm in December, when the SIR flow at Vernalis was less than 2,500
cfs. Because the SIR flows were relatively high in 2011, the downstream changes in EC were small; the SIR EC was about the same at all
monitoring stations.
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San Joaquin River Salt Load
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The SJR salt load is estimated as: Salt Load (tons/day) = flow (cfs) x EC (uS/cm) x 0.00175. The SJR salt load at Vernalis was relatively constant
(2,000 to 3,000 tons/day) during the summer and fall (July-December), but was higher during the higher flows of January-June. Although the salt
load increases with higher flow, salinity management is focused on the salt concentration (EC); because beneficial uses are not affected by salt
loads unless the salt load causes a substantial increase in the salt concentration (EC). Because the SIR flow and the EC generally did not change
between Vernalis and Mossdale (except when flow was diverted at Paradise Weir), the SJR salt load did not change between these locations.
The salt load at the downstream stations (Lathrop, Brandt Bridge, and Garwood) was reduced to about half because about half of the flow was
diverted into Old River. The salt load in mid-December approached zero because the SJR net flow was very low at Brandt Bridge and Garwood.
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SJR at Vernalis Flow EC and Salt Load
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The relationship between the SIR at Vernalis flow and the Vernalis EC depends on the upstream salt loads. There is a general pattern of salt load
dilution with higher flows released from the tributary reservoirs, but there are seasonal changes in the salt loads, and higher flows from runoff
will generally increase the SJR salt load (salt flushing from increased runoff). The different seasonal patterns of flow and EC and salt load can be
identified in the previous graph showing the sequence of flows and salt loads. The salt load was moderately high in the January-March period
(3,000 to 6,000 tons/day with flows of 7,500 to 15,000 cfs) and greatest in early April (peak flows). The salt load remained about 2,500 tons/day
in November and December, while the EC increased from about 250 uS/cm to about 750 uS/cm in a typical flow-dilution pattern.
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San Joaquin River and Old River Flow
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The SIR flow diverted into Old River was measured at the head of Old River (red line) and was estimated (dashed green line) as 50% of the
Mossdale flow plus 5% of the CVP and SWP exports (shown in gold). SIR flow is measured above and below the Old River diversion, so the Old
River flow can also be estimated from the difference between Mossdale and Lathrop (not shown), but this estimate of Old River flow was a little
too high from January through May, although this estimated flow matched the measured flow for the remainder of the year. The Grant Line
flow plus Old River at Tracy flow estimate of Old River at the head flow (purple line) was higher than the measured flow at the head in May
because Paradise Cut weir flow enters Grant Line below the Old River at the head flow station. The Old River at the head flow was very high in
2011 (2,500 to 12,500 cfs), and was nearly the entire SIR flow in November and December because the SJR flow was less than 3,000 cfs and the
export pumping was about 10,000 cfs.
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Old River and Grant Line Flow
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A barrier operation value of 5 (right scale) indicates barrier installation was initiated, a value of 10 indicates the weir was closed but the culverts
were open, and higher values indicate the number of flap gates that were operational (10 + flap gates). A small fraction of the Old River flow is
diverted into Middle River (no flow measurements in 2011) and most (85%) is diverted at Doughty Cut to Grant Line Canal. The Grant Line flow
(purple line) plus the Old River at Tracy flow (green line) should match the head of Old River flow plus the Paradise Weir flow. This comparison
indicates a general agreement between the three measurements, with some variations in the net tidal flows. The Paradise Weir flow (not
measured at the head of Old River) was estimated as 50% of the SJR flow above 17,500 cfs. The peak Paradise Weir spill of 6,500 cfs in early
April corresponds to the peak Vernalis flow of about 30,500 cfs.
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Old River at Tracy and DMC Flow
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For the salinity analysis in Old River at Tracy Boulevard, it is important to measure (or accurately estimate) the Old River at Tracy flow (green
line) and Old River at the DMC barrier flow (blue line). The multiple flow measurement locations in 2011 indicate the Old River flow at Tracy
Boulevard can be estimated as 10% of the head of Old River flow plus 20% of the Paradise Weir flow (dashed brown line), when the Grant Line
Canal barrier was not installed (January-June and mid-October to December). When the Grant Line barrier was installed with the culverts closed
(operation index of 16) in mid-July, the Old River at Tracy flow increased to about 30% of the head of Old River flow. When the DMC barrier flap
gates (upstream flow) were closed (operation index of 19) in late August, the Old River at Tracy flow was again about 10% of the head of Old
River flow. The flow increased to 30% when DMC barrier was removed with the Grant Line barrier still installed in mid-September. Installing the
Grant Line Canal barrier without the Old River at DMC barrier would likely provide a higher flow in Old River at Tracy Boulevard.
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Middle River at Barrier Flow
1,750 | “ U 20
' W,
1,500
1,250 15
1,000 c
]
z o
s 750 10 &
S T
[T - - - 'E
500 f i @
I’ 3
- L r
250 [ s - ! o RN i e ' X 5
- r -—7 Y
-~ S - — —
N L= -~ \__'___."‘-' '\_‘__-_h‘-__-__
0 S | A AN NS P, A~ -
250 ‘ L
1/1/2011 2/1/2011 3/1/2011 4/1/2011 5/1/2011 6/1/2011 7/1/2011 8/1/2011 9/1/2011 10/1/2011 11/1/2011  12/1/2011
Old at Head — — Calc Undine-5% HOR Calc Middle with Barrier Undine Flow
DMC Ops GLC Ops ——— Head Ops = Middle Ops

The Middle River flows at Undine Road were not measured in 2011. Based on previous DSM2 modeling and measurements in 2009 and 2010,
about 5% of the head of Old River flow was estimated to be diverted into Middle River (dashed brown line). The calculated net daily upstream
flow at the Middle River barrier (based on drop in elevation over the barrier) is shown (blue line). The tidal flow through the flap gates (or over
the weir) gives an average daily upstream flow of about 25-50 cfs. The calculated upstream flows at the barrier were low because of the
relatively high downstream flow of 125-250 cfs (5% of Old River flow). The seasonal irrigation diversions along Middle River are generally about
100-200 cfs, so inflows to Middle River come from both upstream and downstream with the barrier installed.
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Old River and Grant Line Elevations
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The Old River at Highway 4 minimum and maximum elevations (purple lines) indicate that the tidal elevations generally range from 2 feet to 6
feet. The minimum and maximum elevations at Jersey Point (gold lines) demonstrate that the full tidal range was observed in Old River at
Highway 4 (without barriers). The tidal elevation range was influenced by the higher flows in March-May. The minimum elevations in Old River
and in Grant Line Canal upstream of the barriers were increased to about 4 feet in June-August, and were increased to about 5 feet when the
Grant Line Barrier culverts were closed at the end of August until mid-October. The tidal elevation range in Old River and in Grant Line Canal
was reduced to less than 1 foot (very little tidal movement) from mid-July to mid-October. The small tidal elevation range reduced the tidal
flushing of Paradise Cut, and allowed the measured EC to increase in the July to mid-October period. The Sugar Cut EC pattern indicates that the
irrigation diversions from Tom Paine Slough were more important than the tidal flushing; the highest Sugar Cut EC was measured in the winter
and fall periods.
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Middle River and Grant Line Elevations
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The Middle River Barrier, with a weir crest of about 3.5 feet, was installed at the end of May (culverts open) and flap gates were operated
beginning on June 11. The Grant Line Canal barrier was installed with a weir crest of 3.5 feet on July 7, and the Middle River barrier weir crest
was raised to 4.5 feet on September 1. The minimum elevations in Middle River at Tracy Boulevard (red diamonds) were slightly increased
compared to the Highway 4 elevations in June-August, and were increased by another 0.5 feet in September and October (higher weir crest).
The high tides in Middle River were not reduced at Tracy Boulevard but were reduced slightly at Howard Road with the barrier installed. The
minimum elevations in Middle River at Howard Road (green line) were increased slightly in May and June, and were increased by 1.5 feet in
September and October (higher weir crest and lower irrigation diversions). The tidal range in Middle River at Howard Road was greater than the
tidal range in Grant Line Canal with the temporary barriers installed (because the Grant Line Canal flows were relatively high).
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Old River EC- Head to DMC
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During 2011, the EC at each of the Old River monitoring stations were similar, although the EC at Tracy Boulevard (red line), Tracy Wildlife (pink
line), and the DMC barrier (purple line) were often higher than the EC at the head of Old River. The largest EC increases were measured
between Doughty Cut and Tracy Boulevard (a distance of about 2 miles). The increase in EC at Tracy Boulevard was reduced somewhat at higher
flows. The much higher EC measured in Sugar Cut (500 to 1,750 uS/cm) throughout the year indicates a salt source upstream of the monitoring
station; the EC is reduced somewhat in the summer by the diversions to Tom Paine Slough. The higher EC in Paradise Cut (500 to 1,000 uS/cm)
from July-December also indicates a salt source at the upstream end of the tidal slough; the EC was reduced to the SIR EC (about 250 uS/cm)
during the Paradise Cut weir spilling in April. The maximum Paradise Cut EC (at low tide) was generally about 750 uS/cm higher than the Old

River EC, indicating a fairly constant salt source from the upstream end of Paradise Cut.
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Old River EC-Downstream of DMC
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The Old River EC downstream of the DMC intake may have an increasing salt gradient when seawater intrusion is high during periods of low
Delta outflow (December of 2011). The SJR at Jersey Point EC (gold line) is highest when seawater intrusion is greatest. False River, located just
upstream of Jersey Point, connects the SIR to Franks Tract and Old River; when the Jersey Point EC is higher than about 750 uS/cm, the Old River
at Bacon (and other upstream locations) will increase (late-December). The Rock Slough EC increased dramatically during each runoff event
from January to June; agricultural drainage from the nearby Delta islands and tracts was the likely source of this high EC water. Because of high
outflow in 2011, the Old River EC was generally less than 250 uS/cm through November. The CVP and SWP export EC patterns are influenced by
the Delta outflow and Jersey Point EC, and by the SIR at Vernalis flow and corresponding EC. The CVP and SWP EC were about 250 uS/cm from

January through October.
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Middle River EC
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The Middle River EC downstream of the barrier at Victoria Canal or at the USGS station at Bacon Island was about 250 uS/cm in 2011. The ECin
Old River at Union (brown line) was also about 250 uS/cm from January through mid-July, and increased with reduced SJR flow to about 750
uS/cm in December. The Middle River EC at Howard Road and Tracy Boulevard were slightly higher than the Old River at Union EC because of
agricultural drainage discharged into Middle River. Because the net flows in Middle River are small, the effects of irrigation diversions and
agricultural drainage or shallow groundwater seepage were moderately large (100-200 uS/cm) in January-March and August-September.
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Grant Line EC
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The Grant Line Canal EC at Doughty Cut and at Tracy Boulevard followed the SJR EC pattern that was controlled by the SIR flows. The Grant Line
Canal EC at the western end (green line) was the same as the EC at Doughty Cut and at Tracy Boulevard because of the high flows in 2011. The
salinity (EC) in Victoria Canal and in Old River at Highway 4 was about 250 uS/cm until December. The SJR EC increased in November, increasing

the EC in Grant Line Canal.

2011 South Delta Data Atlas 17



San Joaquin River EC- Compliance Stations
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The SJR at Vernalis and the south Delta EC Objectives are 700 uS/cm from April through August and 1,000 uS/cm from September through March
(30-day running average). The EC at Vernalis and at Brandt Bridge and at Union stations were generally similar; however, the Old River at Tracy
Boulevard EC and Tracy Wildlife EC were sometimes 50-150 uS/cm higher than the Old at Union EC, located 7 miles upstream. There appears to
be a major source of higher EC water in the vicinity of Old River at Tracy Boulevard. The higher EC is measured both during periods with the
temporary barriers installed (June-October of 2011) and during periods without barriers. The EC increments in 2011 were considerably less than

in 2009 and 2010, because the 2011 Old River flows were much higher for most of the year.
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Old River EC- City of Tracy Discharge EC Increment
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The measured daily EC increment between any two locations along Old River can be approximated with a specified source discharge (cfs) and a
specified source EC. The expected EC increment between Union and Doughty Cut caused by the Tracy Wastewater Discharge (green line) was
calculated as: ECincrement (uS/cm) = (Tracy Discharge EC — River EC) x Tracy Discharge / (River Flow + Tracy Discharge). The assumed discharge
EC was 1,250 uS/cm and the discharge flow was 15 cfs. Because of the high Old River flows in 2011, the calculated and measured Old River EC

increments (purple line) were small.
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Old River EC- Tracy Boulevard EC Increment

1/1/2011 2/1/2011  3/1/2011

Union

Tracy Wildlife

'E“: 750 N . N A Ad et
| Yh 1
i g I \...["J \ /\»J"/
250 :’Qfﬁ L _&mwwf}ﬁ’\ A i\
, AP P om it | VPG

4/1/2011 5/1/2011 6/1/2011 7/1/2011 8/1/2011 9/1/2011 10/1/2011 11/1/2011

Tracy Boulevard —+—Doughty to Tracy Increase

Doughty Cut
== Doughty to Wildlife Increase Calculated EC Increment ——0ld at Tracy Flow (cfs)

12/1/2011

1,500

1,250

1,000

750

500

250

0

Flow (cfs)

The measured Old River EC increments between Doughty Cut and Tracy Boulevard (purple diamonds) were compared with the calculated EC
increments from Paradise Cut and Sugar Cut (gold diamonds), assuming the Old River at Tracy Boulevard flow was 10% of the head of Old River
flow. The calculated EC increments depend on the assumed average Old River flow at Tracy Boulevard, and on the tidal movement of salt from
Paradise Cut and Sugar Cut. The measured EC increments averaged 78 uS/cm and were highest in the lower flow periods. The calculated EC
increments were similar to the measured EC increments and were relatively low in 2011 because of the high flows.
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Old River at Tracy EC- Potential Sources
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The EC increment for a specified salt source can be calculated as: EC increment (uS/cm) = (Source EC — River EC) x Source Discharge / (River flow
+ Source Discharge). The daily Old River at Tracy Boulevard EC increments (red triangles) were matched with the daily average Paradise Cut EC

(blue squares) to estimate the “salt source discharge” that would be required to cause the measured EC increment (blue line), assuming that

Paradise Cut was the only salt source. The average salt source increment was about 50 tons/day. A larger salt source discharge is needed when

the Tracy Boulevard EC increment is large and when the flow in Old River at Tracy Boulevard is greater. For the July-December period, the

estimated Paradise Cut discharge ranged from about 50 cfs to 200 cfs. If Sugar Cut were the only salt source, the calculated Sugar Cut discharge

(gold line) would be about 25 cfs to 100 cfs, because the average Sugar Cut EC values (gold diamonds) were higher.

2011 South Delta Data Atlas 21



Old River at Tracy Boulevard Salt Load
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The measured salt loads in Old River at Tracy Boulevard and Tracy Wildlife (purple and green lines, respectively) were calculated from the Old
River EC at these locations and estimated flow at Tracy Boulevard. The salt load increments between Doughty Cut and Tracy Boulevard and
Doughty Cut and Tracy Wildlife (red and pink diamonds, respectively) were calculated from the EC increment and the Old River flow at Tracy
Boulevard. The salt load increment varied from about 25 tons/day to about 125 tons/day, with an average salt load increment of 50 tons/day in
2011. This incremental salt load at Tracy Boulevard was similar to the incremental salt loads other years with lower flows; the EC increments at
Tracy Boulevard were less in 2011 because of the higher Old River flows. The EC at Tracy Boulevard and the EC at Tracy Wildlife were very
similar in 2011 (replicate EC stations), so the salt load increments calculated for these two locations were about the same.
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CVP and SWP Exports and Source Flows
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= C\/P Exports ——Qld at Hiway 4 —5SWP + CVP
Source Flows = Old at DMC ——0Id at Bacon ——Middle at Bacon = OMR Reversed

The average tidal flows in the south Delta channels (Old at Highway 4 and Victoria, gold line) provided an accurate match with the CVP and SWP
export flows. The Old River at Highway 4 flow was the largest source of water for CVP and SWP exports; when pumping was near the maximum
(permitted) of about 11,000 cfs, the Old River at Highway 4 flow was about 6,000 cfs and the Victoria Canal flow (from Middle River) was about
4,000 cfs. The Old River at Bacon flow is slightly lower than the flow at Highway 4 during periods of high pumping; some water (500 cfs) from
Middle River is diverted to Old River through Railroad Cut and Woodward Canal. The reversed Old and Middle River flow (dark red line) was
much lower than the combined exports in 2011 because of the high head of Old River flow. The Grant Line Canal flow and the Old River at DMC
flow were very high in 2011, with about 5,000 cfs in January-March (supplying about 50% of the exports), and 15,000 in April and 6,000 cfs in
May (supplying 100% of the exports with a net downstream flow in Old and Middle Rivers. The Grant Line Canal flow plus Old River at Tracy
Boulevard flow was about 2,000 cfs in the summer. During periods when all four flow stations were operating, the match with CVP and SWP
exports (purple line) was very accurate (within 10%).
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CVP and SWP Exports and Source EC
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The EC of the CVP (red line) and SWP (purple line) exports and the water sources for the CVP and SWP exports were nearly identical in 2011,
because of the high SIR flows with low SIR EC (about 250 uS/cm) until November. The EC in Old River at the head (light brown line) was slightly
higher from July through December, and the EC in the CVP exports was also slightly higher in these months. The EC in Old River at Bacon Island
(dark brown line) increased in December (low Delta outflow), and the EC of the exports increased concurrently, because most of the exports

were from Old and Middle River.
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CVP and SWP Export Salt Load
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The net tidal flows and the daily average EC values were used to calculate the CVP and combined CVP and SWP salt loads (tons/day) as well as
the source salt loads (gold line) from Old River at Bacon, Middle River at Bacon, Grant Line Canal at the west end, and Old River at the DMC
barrier. The salt load at the CVP and SWP exports was 4,000 to 5,000 tons/day for most of the year, because pumping was about 10,000 cfs and
the EC was about 250 uS/cm. The salt load went down in April and May with reduced pumping and went up in December with the higher EC
from seawater intrusion and higher SIR EC. The match between the source salt loads and the exported salt loads was generally within 10%.
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CVP and SWP Exports and SJIR Flows and EC
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The water sources for the SWP and CVP exports can be estimated from the SIR flow at Vernalis and the Old and Middle River reversed flows.
The SIR flow was about equal to the exports in January-March, much higher than the exports in April and May, equal to the exports in June and
July, and less than the exports in August-December 2011. The SIR EC and the export EC were both about 250 uS/cm for January-October 2011,
and all of the exports were SIR water through June, exports were about half Sacramento River water from July through November, and were
about 75% Sacramento River water in December. The SJR EC increment was about 125 uS/cm in November and December. The seawater
intrusion EC increment was 0 uS/cm until the second half of December, when it increased to about 250 pS/cm . For 2011, the average (flow-
weighted) export EC was 250 uS/cm; the SJR EC increment was 20 puS/cm (7%, in November and December), and the seawater EC increment was

8 uS/cm (3% in December).
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Grant Line Canal West Tidal Measurements
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The primary tidal measurements are the water elevation (green line, left scale) and the tidal velocity (purple line, left scale). The cross-section
area, which is measured independently as a function of the water elevation and programmed into the data station, is multiplied by the velocity
to calculate the tidal flow. The fluctuation of the area with water elevation is shown on the graph (dark blue line, right scale). The Grant Line
Canal cross-section area is about 5,000 ft> and varies about 10% between an elevation of 2 feet and 6 feet. The tidal velocity is only about 1
ft/sec in Grant Line Canal, and the tidal flow fluctuates between about 5,000 cfs and -5,000 cfs during ebb-tide and flood-tide (without a high net
flow). During January-March of 2011, the tidal flow fluctuates with a range of about 10,000 cfs; the ebb-tide flow is much higher than the flood-
tide flow (which remains positive) because of the high downstream flow of about 5,000 cfs from the head of Old River. The tidal measurements
in Grant Line Canal were generally quite accurate and consistent.
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SJR and Head of Old River Tidal Flows
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The tidal flows in the SJIR and at the head of Old River are controlled by the tidal elevations and the SIR flow at Mossdale. The Mossdale flows
(purple line, left scale) in January-March 2011 were high, with an average of about 10,000 cfs, ranging from 6,000 cfs in early February to more
than 15,000 cfs at the end of March. The tidal fluctuations in the Mossdale flows were small because the high net flows increased the elevations
(green line, right scale) to between 6 feet in February and 15 feet at the end of March, and reduced the influence of the tidal elevations on flow.
The tidal flows in Old River (red line) were about half of the Mossdale flows. The tidal flows in the SIR at Lathrop (gold line), located just
downstream of Old River, were somewhat less than the Old River flows. However, the Mossdale minus the Lathrop flows (bright blue line) did
not match the head of Old River flow (the Lathrop flows were less than the Brandt Bridge and Garwood flows, and likely were too low).
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The Mossdale flows were about 10,000 cfs to 12,000 cfs in May and June of 2011, and the head of Old River flow was slightly more than the

Lathrop flow, but the Mossdale flow minus the Lathrop flow was equal to the Old River flow (flow records match). The Old River flow can be
estimated as 50% of the Mossdale flow plus 5% of the export pumping. All of the river flows were very high in April-June of 2011, so the tidal
fluctuations (of 250-500 cfs) never caused the flow to reverse directions.
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SJR and Head of Old River Tidal Flows
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The SIR flows at Mossdale were about 5,000 cfs in August and September of 2011, and the tidal fluctuations in the Old River flow and the SIR at
Lathrop flow were increased. The tidal flows in Old River (red line) were about half of the Mossdale flow, and the tidal flows at Lathrop were also
about half of the Mossdale flow. The highest flows in Old River were during flood-tide (rising elevations), because the increasing elevations at
Lathrop (green line, right scale) were increasing the flows into Old River. The tidal flows at Lathrop had a much larger fluctuation, from about 0
cfs during the spring tide periods (highest tides) to about 3,000 cfs during ebb tides. The three tidal flow measurements matched (bright blue
line and red line) throughout this period.
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SJR and Head of Old River Tidal Flows
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The SIR flow at Mossdale was reduced to about 2,000 cfs in November and December off 2011. The flow into Old River (red line) was much
greater than 50% of the Mossdale flow, and the SIR flows at Lathrop were reversed (upstream) during portions of each ebb-tide (at high tide).
The maximum upstream flows (negative) at Lathrop were about -1,000 cfs and the peak flows into Old River were equal to the flood tide flow at
Mossdale (downstream flow) plus the flood-tide flow as Lathrop (upstream flow). Old River flows were well estimated as the Mossdale flow
minus the Lathrop flow (light blue line). The highest flow entering Old River was therefore during flood tides; almost all of the upstream
(negative) Lathrop flood tide flow was “squeezed” into Old River during relatively low SJIR at Mossdale flows.
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Old River Tidal Elevations
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High SIR flows increased the head of Old River elevations and reduced the tidal range to less than 0.5 feet. Elevations in Grant Line at Doughty
Cut (upstream end) were slightly elevated compared to elevations in Old River above and below the DMC barrier. The tidal elevations in Old

River above and below the barrier were the same because the temporary barrier was not installed until June. Tidal elevations at all locations

were raised beginning in late-March by very high SIR flows. The Old River at Tracy Boulevard monitoring station was not operating during this

period.
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Old River Tidal Elevations

5 ]
12 \\‘

5
:
i
:

Elevation (feet NAVD)
o0

7 L] |4

. T i TN 111177 i
5 (| WiV

:f T ' Lr L Al | 1l lJr | . :,
; i L0k e o Akt 03 1 1A Lk nadimma il il
11—A\ur 15-Apr 29-Apr 13-May 27-May 10-Jun 24-lun

——SIJR at Jersey Point ——— 0ld Below DMC Barrier ——0Id above DMC Barrier ——0ld at Tracy Boulevard ——0ld at Head ——SIR Mossdale

Tidal elevations in Grant Line (upstream end) and head of Old River elevations were increased substantially by the high SIR flow in April. Tidal
elevations in Old River above the barrier were increased when the temporary barrier was installed on June 10 (with all nine culverts opened).
The Old River at Tracy Boulevard station was not operating during this period.
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Old River Tidal Elevations
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The Grant Line Canal temporary barrier was installed with the six flap-gate culverts closed on July 15, and the six culverts were opened on
August 1. The tidal elevation range was nearly eliminated upstream of the barriers from July 15 through October 10. There was a net
downstream flow in Grant Line Canal and in Old River, but the tidal flushing of salt from Paradise Cut and Sugar Cut was greatly reduced when
the tidal range was restricted by the temporary barriers.
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Old River Tidal Elevations

14

13

12

=
=]

S 4

Elevation (feet NAYD)
oo

| T MNI\J
Y

M B

=

A

'|“1|

A AL

L

g

1-Oct

15-Oct

——SIR at Jersey Point

—— 0ld Below DMC Barrier

12-Nov

——0ld above DMC Barrier

26-Nov

——0ld at Tracy Boulevard

10-Dec

——0Id at Head

——SIJR Mossdale

24-Dec

The Old River at DMC temporary barrier was removed on October 10 and the Grant Line Canal temporary barrier was removed on October 18.

The Old River at Tracy Boulevard monitoring station was out of service on November 1 (color changed to Grant Line station). Tidal elevations

were higher at the head of Old River but were nearly identical at all other stations once the temporary barriers were removed.
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Old River and Grant Line Tidal Flows
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Tidal flows at the head of Old River were controlled by high SIR flow and tidal variations in flow were small. Tidal flows in Old River at Tracy
Boulevard varied from 0 cfs to about 1,000 cfs (average flow of about 500 cfs), and tidal flows in Grant Line Canal at the western end varied from
0 cfs to 10,000 cfs (tidal flow range of about 7,500 cfs to 10,000 cfs) with an average flow that followed the head of Old River flow (red line). The

tidal flows in Grant Line Canal were large because this is the major south Delta channel; most of the tidal flow moves through the western end of
Grant Line Canal.
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Old River and Grant Line Tidal Flows
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The high SIR flow in April caused Paradise Cut weir to spill, and Grant Line Canal net flow was about 15,000 cfs, slightly higher than the head of
Old River net flow of 12,500 cfs. Old River flow at Tracy Boulevard was about 2,500 cfs in April, fluctuated between 0 cfs and 1,000 cfs in May,
and was reduced when the temporary barrier was installed on June 10. The tidal flow fluctuation in Grant Line Canal (western end) was

reduced somewhat during the high flows in April, and fluctuated from 0 cfs to 10,000 cfs in May and June. Tidal flow fluctuation in Old River at
the DMC barrier was -1,000 cfs to 2,000 cfs when it started measuring flow in mid-June.

2011 South Delta Data Atlas 37




Old River and Grant Line Tidal Flows
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Tidal flow in Grant Line Canal was reduced (to range of -2,500 cfs to 5,000 cfs) with average flow of about 2,500 cfs when the Grant Line Canal
temporary barrier was installed in mid-July. The tidal flow fluctuations in Old River at Tracy were eliminated when the Old River barrier at DMC
was installed on June 10, and tidal flows fluctuations in Old River at the DMC barrier were eliminated when the culverts were closed on August
20. The temporary barriers raised the minimum elevations upstream of the barriers but nearly eliminated tidal flow variations.
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Old River and Grant Line Tidal Flows
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The temporary barriers in Old River at DMC and in Grant Line Canal were removed in early October, and tidal flow variations were increased.

The tidal flows in Grant Line Canal ranged from -5,000 cfs to 7,500 cfs in November and December, when combined export pumping ranged from
5,000 cfs to 10,000 cfs.
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Middle River Tidal Elevations and Flows
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Middle River tidal elevations were increased by the high flows in January- March of 2011. The tidal elevations at the upstream end of Middle

River at Undine Road (gold line, left scale) were about 2 feet higher than the elevations at Howard Road, and about 3 feet higher than the
elevations at Tracy Boulevard; the differences increased at higher flows at the end of March. The Middle River barrier was not installed during
this period, and the calculated upstream flow with the barrier (light blue line) should be ignored.
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Middle River Tidal Elevations and Flows
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The Middle River tidal elevations were strongly influenced by the high SJIR and Old River flows in April-June of 2011. The temporary barriers
were not installed during this period, so the calculated upstream flow at the barrier (light blue line) should be ignored.
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Middle River Tidal Elevations and Flows
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The Middle River barrier was installed in mid-June, but the flap gates were not closed until the end of August. The calculated upstream flow at
the barrier in July-September was less than 200 cfs, with a daily average upstream flow of about 25 cfs. The tidal elevations at Undine Road
were about a foot higher than the elevations at the barrier, indicating a substantial downstream flow in Middle River (although the flow
measurement station at Undine Road was not operating).
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Middle River Tidal Elevations and Flows
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The Middle River barrier was removed in early October. The calculated upstream flow at the temporary barrier should be ignored.
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Old River at DMC Barrier Tidal Elevations and Flows
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The Old River tidal elevations at the DMC barrier were similar to tidal elevations at other south Delta locations from January through March. The
minimum tidal elevations were increased to about 5 feet at the end of March by the high flows in Old River and Grant Line Canal. The tidal flows
at the DMC barrier were not measured; the calculated upstream flow at the DMC barrier should be ignored, because the barrier was not
installed.
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Old River at DMC Barrier Tidal Elevations and Flows
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The tidal flows in Old River at the DMC barrier were measured for a few days at the end of June. The temporary barrier was installed in June,
but the culverts were open (no flap gates). The minimum tidal elevations were higher upstream of the barrier, and the measured tidal flows
ranged from about 2,500 cfs downstream to about -1,500 upstream. The calculated upstream tidal flows were about 500-1,000 cfs, not quite as
high as the measured flood-tide flows. The calculated flow does not include the net downstream flow in Old River, so flow is calculated only
when the upstream elevation is greater than the weir crest (4.4 feet) and the downstream elevation is less than the upstream elevation; a small
downstream flow (100 cfs maximum) was calculated assuming leakage through the rock barrier. The calculations did match the upstream flows.
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Old River at DMC Barrier Tidal Elevations and Flows
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The tidal flows in Old River at the DMC barrier in July and early August ranged from 2,500 cfs to -1,500 cfs because the culverts were open until
the end of August. When the flap-gates were closed, the downstream flows were reduced dramatically, to a maximum of about 500 cfs at high
tide. The calculated upstream flows were limited to short periods of high tide each day, with a maximum upstream flow of about 500-750 cfs.
The calculated upstream flows were less than the measured upstream flows in July and August because the calculated flows assumed the flap
gates were closed, but they were open in July and August. The calculated upstream flows (during high tides) matched the measured upstream
flows in September. The barrier weir was effective for maintaining the minimum tide elevation above 4.5 feet NAVD, but the tidal flows were
greatly reduced. The net downstream flow at the DMC barrier was 50-100 cfs in September.
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The measured tidal flows were very small, and the minimum elevations upstream of the barrier were above 5 feet NAVD until the barrier was
removed in early October. Tidal flows in November and December (without the barrier) ranged from -2,000 cfs to about 2,500 cfs.
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Old River and Middle River Tidal Flows
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Tidal flows in Middle River at Bacon Island (purple line) and in Old River at Bacon Island (blue line) were similar, although the tidal flows in
Middle River were about 10% higher. The tidal flows in West Canal just downstream of the CCF gates (gold line) were about 25% of the
combined Old and Middle River tidal flows (50% of the Old River or Middle River tidal flows). The flood tide flows (negative) were greater than
the ebb tide flows (positive) because of the CCF diversions (red line) and the DMC diversions (not shown), which create an upstream (negative)

net flow. The CCF gates are generally opened after higher high tides (during the major ebb tide each day) to preserve the high tide elevations in
the south Delta channels. The net daily CCF flows (green line) were about 5,000 cfs during this period.
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Old River and Middle River Tidal Flows
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The flow into the CCF is controlled by five tidal gates (each 20 feet wide and 15 feet tall), with a maximum flow of about 15,000 cfs at an
elevation difference (head) of 1 foot. The inflow is controlled by partially closing the five gates to prevent scour from flows of greater than
15,000 cfs (velocity of 10 ft/sec). The gates are closed during the higher high flood tide period (to preserve the higher high tide elevation) and

when the CCF elevation is higher than the West Canal (Old River) elevation. The CCF diversions were about 5,000 cfs in April and were reduced
to about 1,500 cfs in May for fish protection, and were about 7,500 cfs in June.
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Old River and Middle River Tidal Flows
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CCF diversions were increased to about 7,500 cfs in the July-September period. Nevertheless, there was a moderately strong ebb tide
(downstream) flow of 5,000-10,000 cfs during the major ebb tide period each day in both Old River at Bacon and Middle River at Bacon. Tidal
flows in West Canal (gold line) were completely reversed (negative) during most of this period. Some of the flood tide flow in West Canal enters
CCF (during ebb tide after the higher high tide each day) and some flows into Grant Line Canal and some to the DMC intake. Therefore, the tidal
flows in West Canal were one-way (upstream) during this period.
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Old River and Middle River Tidal Flows
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CCF diversions were about 7,500 cfs in October, were decreasing to about 2,500 cfs in November, and were about 5,000 cfs in December. There
was a moderately strong ebb tide (downstream) flow of 5,000-10,000 cfs during the major ebb tide period each day in both Old River at Bacon

and Middle River at Bacon. Tidal flows in West Canal (gold line) were generally reversed, but ebb-tide flows of 2,500-5,000 cfs were measured
when CCF flows were less than 5,000 cfs.
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Tom Paine Upstream Tidal Flows
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Tidal elevations in Tom Paine Slough are controlled by two box culverts and four siphons with flap gates. Diversions do not usually begin until
April, so the upstream elevation (purple line) would remain higher than the downstream elevation (red line) if the flap gates were operating.
The upstream flow (with flap gates) can be calculated as: Upstream Flow (cfs) = 300 x Elevation Difference (feet) » 0.5. Because the upstream
tidal elevations remained near the average of the downstream tidal elevations, the flap gates were likely open during February. The culverts

were closed in late March to prevent the high water from flooding Tom Paine Slough. The calculated upstream diversion flows (blue line) should
be ignored because there was no irrigation in January-March.
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Tom Paine Upstream Tidal Flows
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The tidal elevations indicate that irrigation diversions and flap-gate operations began in June. The calculated Tom Paine Slough diversions were
100-200 cfs because the outside elevations were elevated by the high Old River flows.
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Tom Paine Upstream Tidal Flows
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The minimum elevations in Old River and in Sugar Cut (at Tom Paine Slough) were substantially increased by the DMC and Middle River barriers
in the summer months, and by the Grant Line Canal barrier beginning in mid-July. The calculated daily average diversions into Tom Paine Slough
(siphons) were 100-200 cfs in July-September of 2011.
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Tom Paine Upstream Tidal Flows
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Diversion from Tom Paine Slough had likely ceased in the October-December period, because the upstream tidal elevations remained high. The
flap-gates may have been opened in December, because the inside elevations fluctuated about 6 inches. The calculated diversions should be
ignored for the October-December period. A daily record of Tom Paine Slough pumping for irrigation, along with a record of the diversion dam
operations (flap-gates) would provide a more accurate representation of flows and salinity in the South Delta channels.
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Old River at DMC Tidal Flow Volumes
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The tidal flow volume was estimated as the change in tidal elevation times the upstream surface area that is filling or draining. For Old River at
the DMC barrier, the upstream area was estimated as 300 acres. A net flow of 10% of the head of Old River was added to the tidal volumes, so
that the ebb-tide (positive) tidal volumes are greater than the flood tide volumes. The ebb-tide flow volumes are always more variable over the
spring-neap tidal cycle than the flood-tide (negative) flow volumes in the San Francisco estuary. During neap-tide periods, the two ebb-tide
flows were similar (500 af), while during spring-tide periods, the largest ebb-tide flow (1,250 af) was greater than the smaller ebb-tide flow (250
af). Tidal flow measurements were not available for January-March 2011.
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Old River at DMC Tidal Flow Volumes
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The calculated tidal flow volumes for Old River at the DMC barrier matched the short period with measured tidal flows in late June because the
DMC barrier was installed, but the flap gates were open. The ebb-tide (positive) flows were much higher than the flood-tide flows because of
the relatively high Old River flow during this period of 2011.
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Old River at DMC Tidal Flow Volumes
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The measured tidal flow volumes were much greater than calculated in late-July and August, because the Grant Line Canal barrier was installed
but the DMC barrier flap gates were open, allowing the Old River flow at Tracy Boulevard and at the DMC barrier to be about 25% of the Old
River flow (rather than the 10% assumed in the calculated flow). With the DMC barrier flap-gates closed (operated) in September, the calculated
tidal flows matched the measured tidal flows. The tidal flows were much less because the temporary barriers with flap-gates reduce the tidal
elevation range. Installing the Grant Line Canal barrier without the DMC barrier would increase the net flow in Old River at the DMC barrier
location.
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Old River at DMC Tidal Flow Volumes
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The calculated tidal flow volumes for Old River at the DMC barrier matched the measured tidal flows in October-December when the temporary
barriers were removed.
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Old River at Tracy Tidal Flow Volumes
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The tidal flow volume in Old River at Tracy Boulevard was estimated from the tidal elevations with an upstream area of 50 acres. A net flow of
10% of the head of Old River was added to the tidal volumes, so that the ebb-tide (positive) tidal volumes are greater than the flood tide
volumes (there were none in January-March).
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Old River at Tracy Tidal Flow Volumes
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The flood-tide flow volumes in Old River at Tracy Boulevard were eliminated by the high Old River flows in April-June 2011. The net flow
estimate (10% of the head of Old River flow) was higher than the measured tidal flows in June.
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Old River at Tracy Tidal Flow Volumes
2,000

1,750 1 '|

1,500

1,250 {44 23 . b

1,000

750

Tidal Flow Volume (af)

i

ey

500

SRR e
T

Zoen,

—

i
S e

B
—

250

e
2
=

I T—

T

iy Tem—

-250 T ; ; ;

1-Jul 15-Jul 29-Jul 12-Aug 26-Aug 9-Sep 23-Sep

Calculated —— Measured

There were no flood-tide flows in Old River at Tracy Boulevard because of the high Old River flows in July-September 2011. The net flow
estimate (10% of the head of Old River flow) was less than the measured tidal flows in mid-July to mid-August, because the Grant Line Canal
barrier flap gates were closed (operated) but the DMC barrier flap gates remained open.
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Old River at Tracy Tidal Flow Volumes
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The calculated tidal flow volumes for Old River at Tracy Boulevard matched the measured tidal flows in October-December when the temporary
barriers were removed. There were some flood-tide flows measured (and calculated) in November and December, when the Old River flow at
Tracy Boulevard was less than 250 cfs.
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Grant Line Canal West Tidal Flow Volumes
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The Grant Line Canal tidal flow volumes were estimated with the tidal elevations and an upstream surface area of 750 acres, with a net flow of
85% of the Head of Old River flow. The calculated tidal flow volumes were less than the measured tidal flow volumes, suggesting that the
upstream surface area might be greater than 750 acres.

2011 South Delta Data Atlas 64



Grant Line Canal West Tidal Flow Volumes
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There were no measured flood-tide flows in Grant Line Canal because of the high net flows in April-June 2011. There were calculated flood tide
flows in May and June, interrupting the calculated ebb-tide flows (two per day) compared to the measured ebb-tide flows, so the match was
much better than it appears in the graph.
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Grant Line Canal West Tidal Flow Volumes
15,000

12,500

10,000 | |
J
1
7,500 -

5,000

2,500

'

Tidal Flow Volume (af)

2,500

-5,000
1-Jul 15-Jul 29-Jul 12-Aug 26-Aug 9-Sep 23-Sep

«  Calculated ——Measured

The measured and calculated ebb-tide flows in Grant Line Canal were reduced in Mid-July when the Grant Line Canal barrier was installed with
flap gates operated. But the measured net flows were less than the calculated net flows, because the Old River at DMC barrier flap-gates were
left open, diverting less of the Old River flow to Grant Line Canal.
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Grant Line Canal West Tidal Flow Volumes
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The calculated tidal flow volumes were similar to the measured tidal flow volumes in Grant Line Canal for October-December. The calculated
tidal flow volumes were somewhat greater than the measured tidal flow volumes, suggesting that the upstream surface area might be less than
the assumed 750 acres.
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Old River at Bacon measured and calculated tidal flows for January-March 2011, with OMR Flow of -5,000 cfs assumed for calculated flows.
Because the measured Middle River tidal flow volumes are greater than the Old River tidal flow volumes, the Old River at Bacon upstream area
was estimated to be 1,750 acres (45% of the total OMR upstream area) and the Middle River at Bacon upstream area was estimated to be 2,000
acres (55% of the total OMR upstream area). The total net flow was split accordingly, with -2,250 cfs in Old River and -2,750 cfs in Middle River.
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Old River at Bacon Tidal Flow Volumes
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Old River at Bacon measured and calculated tidal flows for April-June, with OMR Flow of -5,000 cfs assumed for calculated flows. Actual OMR
flow was positive in April and May, and was -5,000 cfs in June (match was best at end of June). Positive OMR flow increased the ebb-tide
(positive) flow volumes, and reduced the flood-tide (negative) flow volumes.
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Old River at Bacon Tidal Flow Volumes
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Old River at Bacon measured and calculated tidal flows for July-September, with OMR Flow of -10,000 cfs assumed for calculated flows (-4,500

cfs for Old River).
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Old River at Bacon Tidal Flow Volumes
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Old River at Bacon measured and calculated tidal flows for October-December, with OMR Flow of -8,000 cfs assumed for calculated flows (-3,600
cfs for Old River).

2011 South Delta Data Atlas 71



Middle River at Bacon Tidal Flow Volumes
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Middle River at Bacon measured and calculated tidal flows for January-March 2011, with OMR Flow of -5,000 cfs assumed for calculated flows (-
2,750 cfs for Middle River).
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Middle River at Bacon Tidal Flow Volumes
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Middle River at Bacon measured and calculated tidal flows for April-June, with OMR Flow of -5,000 cfs assumed for calculated flows. Actual
OMR flow was positive in April and May, and was about -5,000 cfs in June (match was best at end of June). Positive OMR flow increased the
ebb-tide (positive) flow volumes, and reduced the flood-tide (negative) flow volumes.
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Middle River at Bacon measured and calculated tidal flows for July-September, with OMR Flow of -10,000 cfs assumed for calculated flows (-

5,500 cfs for Middle River).
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Middle River at Bacon Tidal Flow Volumes
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Middle River at Bacon measured and calculated tidal flows for October-December, with OMR Flow of -8,000 cfs assumed for calculated flows (-
4,400 cfs for Middle River).
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Old River EC at Tracy
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The salinity (EC) in Old River is generally controlled by the SIR EC. The head of Old River EC (dark blue line) and Doughty Cut EC (blue line) was
200-300 uS/cm without any tidal variation during these months of relatively high SJR flows. The EC in Old River at Tracy Boulevard (red line) and
Tracy wildlife (pink line) was higher than the EC in Doughty Cut and had a very large tidal variation of 200-300 uS/cm. The Paradise Cut EC (green
line) had a tidal variation that was 2-3 times the EC variation in Old River at Tracy Boulevard. The Paradise Cut EC station is close to the mouth of
Paradise Cut and measures Old River EC during flood tides. The higher salinity (EC) water leaving Paradise Cut during ebb tides moved
downstream to Tracy Boulevard within 2-6 hours, so that the tidal variations of EC in Old River at Tracy Boulevard and Tracy Wildlife follow a
similar tidal pattern as the EC in Paradise Cut. The Sugar Cut EC measurement station is upstream of Tom Paine Slough, so that the tidal
variation in EC are less, but the average EC remains higher than in Paradise Cut.

2011 South Delta Data Atlas 76



2,000

1,800

1,600

1,400

1,200

o
[}
=}

EC (uS/cm)

800

600

400

200

Old River EC at Tracy

.lllillllll

LR

e

"hli.L_,-.— a&LLLl L 4 ',"'I'J-QLLL-.L Lljﬂr’-.‘a—fhﬂ-&‘

| |
,---"‘-%,.4'_ i"'l._.‘ v"'_“‘* ||.4 l.l."u-

Paradise Cut

15-Apr

Sugar Cut

29-Apr

——0ld at Tracy Wildlife

13-May

——0Id at Tracy Blvd

27-May

——Doughty Cut

——0ld at Union

10-Jun

——0ld at Head

24-Jun

—Tom Paine Elev

10

Elevation (feet NAVD)

The Paradise Cut EC was the same as the SJR and Old River EC in April when the Paradise Weir was spilling SIR water into Paradise Cut. The
Sugar Cut EC remained elevated at 500-1000 uS/cm (250-500 uS/cm higher than the Old River EC) during the high flow period. The pattern of
higher EC during ebb tides in Paradise Cut and in Old River at Tracy Boulevard and Tracy Wildlife was re-established in May after the Paradise
Weir spill ended. The maximum EC in Paradise Cut increased in May and was more than 1,000 uS/cm in June.
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Old River EC at Tracy
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The Paradise Cut EC fluctuations remained similar during the summer months, suggesting that the salt source at the upstream end was relatively
constant through this period. The Sugar Cut EC remained about 250-500 uS/cm higher than the Old River EC, again suggesting that the salt
source at the upstream end was relatively constant. The Old River at Tracy Boulevard and Tracy Wildlife EC variations were considerably less,
because the net flows were reduced and the tidal flow variations were dampened by the temporary barriers; with smaller net flows and tidal
flows, the peak EC at low tides was more completely mixed with Old River water. The tidal flushing of salt from Paradise Cut was adding about
the same salt load, but it was more mixed as it moved more slowly downstream to Tracy Boulevard. The daily average EC increments and the
calculated salt loads at Tracy Boulevard were similar though the summer. The tidal flushing of Paradise Cut increased dramatically on July 15
because the tidal elevations in Old River were increased by closing the Grant Line Canal barrier.
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Old River EC at Tracy
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The SIR and Old River EC was increased in November and December as the SIR flow was reduced, but the pattern of tidal EC variations in
Paradise Cut and Sugar Cut remained similar to the previous months. The tidal variation in Paradise Cut EC was 600-800 uS/cm higher than the
Old River EC, and the Sugar Cut EC remained 250-1,000 uS/cm higher than the Old River EC. The Sugar Cut EC was highest during periods of
reduced tidal elevations (neap-tide periods) because the tidal flushing was reduced. The EC in Old River at Tracy Boulevard and Tracy Wildlife
shifted back to the high tidal variation pattern, similar to the EC pattern measured in the winter months (no barriers). Additional EC stations
located upstream in Paradise Cut and near the mouth of Sugar Cut may provide additional information about the salt sources and tidal flushing
of these tidal sloughs.
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Calculated Paradise Cut and Old River EC
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The Paradise Cut EC was evaluated by calculating the EC from the measured tidal elevations (blue line) and assumed geometry segments for
Paradise Cut. The salt source was assumed to enter at the upstream end with an EC of 3,000 cfs and a constant flow of 10 cfs (52.5 tons/day).
Paradise Cut discharged water and salt to Old River during ebb tides and filled with Old River water and salt during flood tides. The calculated
fluctuations of Paradise Cut EC (gold line) through this period without temporary barriers were generally 200-400 uS/cm, which were
considerably less than the measured EC variations. The calculated EC at the monitoring station (using ten fully mixed 1-km segments to calculate
the salinity gradient) did not change as rapidly as the measured EC (tidal movement of the salinity gradient). The measured and calculated tidal
fluctuations in the Paradise Cut EC suggest that the Paradise Cut salt source was relatively constant.
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Calculated Paradise Cut and Old River EC
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Paradise Cut was filled with SIR water diverted at the Paradise weir during the high SIR flow in April 2011. The calculated EC did not include this
high flushing flow. The maximum calculated EC was controlled by the assumed salinity source and the minimum tide elevations (downstream
movement of salinity); the maximum EC was greater when the minimum tide was less than about 4 feet (NAVD).
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Calculated Paradise Cut and Old River EC
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The tidal elevation variations were very small during the summer period when the Old River at DMC, Grant Line Canal and Middle River

temporary barriers were installed. The high Old River flows resulted in minimum elevations of about 5 feet (NAVD). During this period the
calculated EC variations in Paradise Cut of about 250 uS/cm were much less than the measured EC variations of 250-750 uS/cm.
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Calculated Paradise Cut and Old River EC
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Some of the measured Paradise Cut EC variations were reasonably represented in the calculated Paradise Cut EC variations. The minimum EC
was controlled by the Old River EC during flood tides, and the maximum EC was higher during neap-tide periods with reduced ebb tide flushing
(lower tidal elevations). The assumed constant source of salt at the upper end of Paradise Cut appears to be generally confirmed by the fairly
uniform tidal variation in the measured EC throughout the year. The relatively simple tidal slough flushing calculations appear to provide a
relatively good match with the Paradise Cut EC measurements for the entire year, during periods with full tidal movement (no temporary
barriers) and during periods with reduced fluctuations in tidal elevations and flows (temporary barriers installed).
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Calculated Sugar Cut and Old River EC
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The measured Sugar Cut EC (dark blue) fluctuations were less than the Paradise Cut EC fluctuations (previous graphs), and the minimum Sugar
Cut EC was usually 250-500 uS/cm higher than the Old River EC (because the EC station is upstream of the Tom Paine Slough diversion dam).
The assumed Sugar Cut salt source had an EC of 2,000 uS/cm with a flow of 10 cfs (35 tons/day). The Old River at Tracy Boulevard tidal flows
(green line, right scale) were estimated with an upstream area of 50 acres plus 10% of the head of Old River flow. The calculated Sugar Cut EC
(gold line) remained higher than the Old River EC, and the tidal variations in the calculated Sugar Cut EC were smaller than the measured EC
fluctuations. The calculated Old River at Tracy Boulevard EC (gold line) matched the Tracy Boulevard EC (red line) and Tracy Wildlife EC (pink
line), with an EC increment of about 50-150 uS/cm.
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Calculated Sugar Cut and Old River EC
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The measured Sugar Cut EC remained higher than the Old River EC during the high flows in April; although the tidal elevations were increased,
the tidal flushing was not sufficient to reduce the Sugar Cut EC to the Old River EC. The calculated Sugar Cut EC fluctuations were more uniform
than the measured EC variations.
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Calculated Sugar Cut and Old River EC
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The calculated Sugar Cut EC (top gold line) was higher than the measured Sugar Cut EC during the July-September period when the temporary
barriers were installed, because the tidal flushing was reduced. However, the calculated Old River at Tracy Boulevard EC (lower gold line) was
very similar to the measured EC at Tracy Boulevard and at Tracy Wildlife. A considerable portion of the Sugar Cut EC salinity source is diverted to
Tom Paine Slough during the irrigation season, but there is less flood-tide movement of water upstream of the Tom Paine Slough diversion dam.
The Sugar Cut EC station is located upstream of the Tom Paine Slough diversion dam and the lowest EC is measured at high tide each day, when
lower EC water from the downstream portion of Sugar Cut moves upstream past the Sugar Cut EC station.
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Calculated Sugar Cut and Old River EC
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The calculated Sugar Cut EC in the November-December period (temporary barriers removed) was about 500 uS/cm higher than the Old River
EC, but did not match the higher Sugar Cut EC measured during neap-tide periods (reduced tidal elevation range, reduced tidal flushing). The
calculated effects on the Old River at Tracy Boulevard EC (lower gold line) generally matched the measured EC at Tracy Boulevard (red line) and
Tracy Wildlife (pink line). This suggests that the basic mechanisms of 1) low tide flushing of both Paradise Cut and Sugar Cut to Old River, with 2)
downstream movement of higher salinity water to Tracy Boulevard, were accurately represented in the tidal slough salinity calculations. The
calculated increase in Old River EC between Doughty Cut and Old River at Tracy Boulevard generally matched the measured EC increases. This
suggests that the salt sources from Paradise Cut and Sugar Cut were relatively uniform and similar to the specified salt sources.
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Old River at DMC EC
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The EC fluctuations at the DMC barrier were small during January-March 2011 because the Old River at Doughty Cut EC (upstream EC) remained
similar to the Old River at Highway 4 EC (downstream EC). There was a measured EC increase at Tracy Boulevard (red line) and Tracy Wildlife
(pink line) that was generally matched by the measured EC at the DMC barrier (upstream and downstream) because the DMC barrier was not
installed (Old River flow transported higher EC water from Tracy Boulevard to the DMC barrier location).
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Old River at DMC EC
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The EC fluctuations at the DMC barrier were small during April-June 2011 because the Old River at Doughty Cut EC (upstream EC) remained
similar to the Old River at Highway 4 EC (downstream EC).
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Old River at DMC EC
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The EC fluctuations at the DMC barrier were small during July-September 2011 because the Old River at Doughty Cut EC (upstream EC) remained
similar to the Old River at Highway 4 EC (downstream EC).
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Old River at DMC EC
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The EC variations at the DMC barrier increased after the barriers were removed in mid- October. The Tracy Boulevard and Tracy Wildlife EC
increased to the highest values (>1,000 uS/cm) following days with minimum tide elevations of less than 2 feet. The EC variations at the DMC
barrier were increased in November and December because the reduced SJR flow increased the Old River EC at Doughty Cut to much more than
the EC at Highway 4 (greater EC gradient near the DMC barrier).
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