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Introduction 

 The Cosumnes River is the last free flowing waterway draining the western Sierra 

Nevada.  Directly south of this wild river is one of the most regulated rivers in the Sierra; 

the Mokelumne has seven impoundments operated by PG and E, two impoundments 

operated by EBMUD, and one impoundment controlled by the Woodbridge Irrigation 

District.  The proximity of the Cosumnes and Mokelumne Watersheds provides us with 

an excellent opportunity to do comparative watershed research on the impact of 

impoundments on watershed chemistry in the western Sierra Nevada. 

Large dams have been shown to have a number of impacts on stream chemistry.  

It is known that flow regulation by dams can greatly alter seasonal fluctuations in stream 

temperature (Fraley, 1979; Ward and Stanford, 1979; Webb and Walling, 1993a; Webb 

and Walling, 1996; Webb and Walling, 1997), solute chemistry (Hannan, 1979; Kelly, 

2001), nutrient loading (Hannan, 1979; Puig et al., 1987), and sediment transport (Morris 

and Fan, 1998). These alterations to streamflow and chemistry frequently have 

deleterious effects on trophic structure and function (Cortes et al., 1998; Petts et al., 1993; 

Ward and Stanford, 1979; Webb and Walling, 1993b).  But reservoirs are not all 

chemically identical. In Kelly’s (2001) analysis of four major reservoirs on the Rio 

Grande and Colorado Rivers he found that the effect of reservoir passage was to deplete 

the systems of phosphorus.  The effect on nitrate was less consistent with some reservoirs 

acting as nitrate sinks and others acting as nitrate sources.  A 1979 study on the affect of 

drought on 17 reservoirs in central California found that it was the shallow lakes that 

were most impacted by drawdown.  All the lakes surveyed registered significant nutrient 

increases with the onset of drought but it was the shallow lakes that were the most 



impacted (D.W.R., 1979).  The inconsistency in how dams affect water quality makes the 

study of each impounded system unique. 

The location of a dam within a watershed, its age, its depth and surface area, the 

hydraulic residence time, the regional climate, the operation of the dam, and the 

chemistry of the inflowing waters, all influence the effect the impoundment may have on 

downstream water quality (Berkamp et al., 2000; Hannan, 1979).  With this many 

variables it becomes difficult to predict how a given dam will change the chemistry of an 

impounded river.  What makes the Mokelumne and the Cosumnes Rivers a good match 

for comparative research is that they share many of the same geographical and climate 

characteristics.  The watersheds are approximately the same area; they traverse the same 

geological and vegetative regions; and both are affected by California’s Mediterranean 

climate.  In this way, when we conduct a comparative analysis between the Cosumnes 

and Mokelumne, the affect that the dams themselves are having on water quality in the 

Mokelumne can be isolated from any natural variation between watersheds. 

This being said, no two watersheds are perfectly matched and the data must be 

analyzed with the knowledge that we are dealing with two different systems that may 

have different chemical processing capabilities.  For instance, the Mokelumne has a 

greater portion of its watershed in the upper elevations.  Because of this it receives much 

more snowfall than the Cosumnes; this in turn extends the snowmelt season in the 

Mokelumne and creates a discontinuity between the two watersheds.   

Comparative analysis may not be possible in the future as plans exist to develop 

the water resources of the Cosumnes Watershed.  Though four counties involved in the 

1981 draft plan to dam the Cosumnes withdrew their support, Eldorado County is still 



seeking future water resource development in the Cosumnes basin (Chima and California. 

Dept. of Water Resources. Central District, 1990).  Eldorado County is one of the fasting 

growing in the nation and water shortages in the near future are a certainty.  With the 

baseline data we have collected for the Cosumnes Watershed the impact of any future 

development will become immediately clear. 

 

The Study Area 

The Cosumnes River Watershed, located southeast of Sacramento, CA 

encompasses 1989 km2 of terrain with 1306 km of waterways (Fig. 1).  The Mokelumne 

Rivers lies directly south of the Cosumnes with a watershed area of 1660 km2 and 1139 

km of waterways (Fig. 2).  Both watersheds begin in uplands underlain by granitic 

bedrock.  A metamorphic belt crosses the middle reaches of both watersheds separating 

upland granites from lowland sedimentary units (Fig 3a).  Land use and land cover are 

essentially the same for both watersheds with the uplands being dominated by coniferous 

forests, the middle reaches being rangeland and the lowlands used for row crops, 

viticulture, and grazing (Fig 3b).  The Mokelumne has a greater population and intensive 

viticulture in its lower reaches while the Cosumnes has more townships in its upper 

reaches; outside of these differences the basins are well matched geographically.  

 For the period of study, water years 1999 – 2001 (Oct. 1998 – Oct. 2001), the 

Cosumnes, as gauged at Michigan Bar, averaged 394,000 ML/yr while the Mokelumne, 

as gauged at the Camanche Dam outflow, averaged 562,000 ML/yr.  The study period 

included two wet years (1999, 2000) and one dry year (2001).  During the dry year the 

Mokelumne released nearly twice as much water as the Cosumnes (288,000 ML/yr and 



146,000 ML/yr respectively), while during the wet years the Cosumnes averaged 518,000 

ML/yr while the Mokelumne averaged 700,000 ML/yr.  The variation in discharge 

between the basins is due to two factors (1) the Mokelumne has a greater portion of its 

watershed in high elevations and so receives more upland precipitation (2) the 

Mokelumne is highly regulated by nine major reservoirs so flow from one year may not 

be representative of precipitation in that same year.   

 

Methods 

In order to simplify the analysis four sites on the Mokelumne and six sites on the 

Cosumnes where chosen for the basin comparison.  On the Mokelumne, sites above and 

below Pardee Dam where selected, as well as two sites below Camanche Dam (Fig 2).  

On the Cosumnes three sites from similar elevations to those in the Mokelumne were 

chosen for comparison, Middle Fork Cosumnes at E16, Cosumnes at Michigan Bar, and 

Cosumnes at Twin Cities (Fig 1).  Additionally, two other sites on the Cosumnes (Middle 

Fork Cosumnes at E6 and Cosumnes at Hwy 49) were used in the analysis of thermal 

variation across the watershed.  Samples from the Cosumnes were collected and analyzed 

by our lab while sample from the Mokelumne were collected and analyzed by the East 

Bay Municipal Utility District (EBMUD).  In order to verify agreement between the data 

sets we conducted sample collection in the Mokelumne concurrent with EBMUD during 

w.y. 2000 and 2001, the resultant data from each lab did not differ by more than 10%.  

 Specific conductivity (SC), pH, and turbidity were measured on unfiltered 

subsamples.  Total suspended solids (TSS) was measured from a 500 ml sample collected 

from the thalweg of the river at approximately the mid-depth of the water column.  The 



500 ml subsample was filtered through a pre-weighed glass fiber filter (Pall type A/E), 

the filter was dried at 60 oC for 24 hours and weighed again, the difference being the 

mass of sediment in the water sample.  A separate 125 ml sample was filtered through a 

0.2 µm polycarbonate membrane (Nuclepore) and stored at 4 0C through completion of 

analysis.  Major cations (Ca2+, Mg2+, K+, Na+) and anions (Cl-, NO3
-, PO4

3-, SO4
2-) were 

measured using ion chromatography (Dionex 500x; CS12 cations; AS4A anions). A 

Dohrmann UV-enhanced persulfate TOC analyzer (Phoenix 8000) was used in the 

analysis of dissolved organic carbon (DOC).  Total phosphorous (TP) was analyzed from 

a persulfate-digested split of unfiltered sample (Yu et al., 1994), the digested sample was 

measured with the ammonium molybdate method using a Hitachi U-2000 

spectrophotometer (Clesceri et al., 1998).  Total nitrogen (TN) was measured on a 

persulfate-digested split of unfiltered sample on a Carlson autoanalyzer (Carlson, 1978; 

Carlson, 1986).  Finally, chlorophyll-a (Chl-a) was measured from a separate 2000 ml 

sample using standard fluorometry techniques (Clesceri et al., 1998).  

 

Results 

Flow 

 The hydrograph of the Cosumnes differs greatly from that of the Mokelumne (Fig. 

4).  During the winter, large storm flows are intercepted by the seven reservoirs in the 

upper Mokelumne and only a portion of the flow reaches Pardee Reservoir; in the 

Cosumnes stormflow runs unimpeded into the lowlands creating large peaks in the 

hydrograph.  Winter storm peaks are also inhibited in the Mokelumne because winter 

precipitation in the Mokelumne comes as snowfall to the majority of the basin.  The 



resultant snowpack melts in May and June are creates high flows in the Mokelumne 

which are not seen in the Cosumnes.  It is during this season that the Pardee – Camanche 

reservoir system fills to capacity so as to have ample water for the long summer.  

Camanche reservoir subsequently releases water for the entire summer raising baseflows 

and providing water for downstream irrigation.  Meanwhile, Cosumnes discharge at 

Michigan Bar decreases below 50 cfs and the lower Cosumnes dries up in the late 

summer. 

Temperature 

 Stream water temperature in the Cosumnes follows a predictable spatio-temporal 

pattern.  Temperature increases in the downstream direction (between 5 and 20 degrees C 

from high to low elevations depending upon the season) and fluctuates seasonally with 

annual maximums in the summer and minimums in the winter (Fig. 5).  Cosumnes at 

Twin Cities showed the greatest temperature variability with winter temperatures 

reaching as low as 5 degrees C and summer temperatures elevating to a maximum of 33.4 

degrees C. 

 The Mokelumne shows a very different pattern (Fig. 6).  Above Pardee Reservoir 

the rivers thermal characteristics are similar to those found in the Cosumnes, but after 

passage through Pardee Reservoir cold winter flows are dampened.  Warm summer flows 

are discharged from Pardee most likely because the release point is in the epilimnion.  

These flows continue downstream but are not seen below Camanche Dam.  Camanche 

Dam has multiple release points but from these data it seems as though hypolimnal 

releases dominate.  The result of the presence and operation of these dams is a buffering 



of the seasonal thermal cycle of the river as seen at Mokelumne at Elliot where annual 

temperatures only vary between 8.6 and 15.9 degrees C. 

 

Nitrate 

 The Cosumnes River transports nearly all of its yearly nitrate flux during the three 

wettest months of the year.  During the baseflow and meltflow seasons nitrate levels are 

below the detectable limit (<0.4 µM) at all the collection sites within the Cosumnes 

Watershed (Fig. 7).  During the three years of this study nitrate-N levels reach a 

maximum of 0.2 ppm at Middle Fork Cosumnes at E16 and increased in the downstream 

direction with a mean output concentration at Twin Cities of 1.7 ppm.   

 In contrast the Mokelumne displayed a different chemograph and much lower 

nitrate-N concentrations.  Above the reservoirs, Mokelumne at Highway 49 showed a 

slight seasonal pattern with small spikes in nutrient concentrations during the storm 

season of w.y. 2000 (0.2 ppm) but these elevated levels were not seen below the dams.  

Instead a different pattern developed below the dams in which nitrate concentrations 

steadily rose form near zero in June to approximately 0.06 ppm in November.  Elevated 

nutrient levels during the summer months was not seen in the Cosumnes Watershed. 

 

Specific Conductivity 

 The Cosumnes River has more dissolved salts in its waters than the Mokelumne 

and exhibits a strong seasonal pattern that the Mokelumne lacks.  Specific conductivity 

(SC) ranged from a median value of 44.8 µS/cm at Middle Fork Cosumnes at E16 to 88 

µS/cm at Cosumnes at Twin Cities.  Twin cities exhibited the greatest seasonal variability 



in SC with winter flushing flows as high as 142.0 µS/cm and meltflow SC reaching 

59.6 µS/cm (Fig. 8). 

 The Mokelumne River showed little seasonal variation in SC, the one caveat 

being Mokelumne at Highway 49.  At this site above Pardee Reservoir SC varied 

between 95.3 µS/cm during the winter flushing season and 26.0 µS/cm during the 

meltflow season.  This variation was buffered by the Pardee – Camanche reservoir 

system with outflows of Camanche only varying between 58 µS/cm and 36 µS/cm (Fig. 

8). 

 

Total Suspended Sediment 

 In the Cosumnes Watershed downstream sediment fining and agriculture in the 

lower basin combine to create higher total suspended solids (TSS) levels in the lowlands 

than in the uplands.  The median TSS value at Middle Fork Cosumnes at E16 is 2.5 mg/l, 

this increase dramatically at Cosumnes at Twin Cities to 28.5 mg/l.  Seasonal variability 

is strong at each of the sites sampled, as baseflow carries undetectable levels of sediment 

(<0.1 mg/l) and stormflows produces high TSS concentrations (as high as 600 mg/l at 

Twin Cities). 

 The Mokelumne has a significantly different pattern as both Pardee and 

Camanche act as sediment traps (Fig. 9).  Though the input to Pardee Reservoir 

(Mokelumne at Hwy 49) is affected by seven upstream reservoirs there still exits a 

seasonal signal in TSS (range = 120 mg/l TSS) concentrations at this point in the 

watershed (Fig. 9).  The seasonal variation seen above Pardee is not however seen below 



the Pardee and Camanche Dams which output TSS concentrations of between 2.0 and 6.7 

mg/l all year long. 

 

Transport Coefficients 

 In order to determine whether a reservoir is a source or sink for a constituent, a 

flux balance is necessary.  Yet many reservoirs divert water and attaining the chemistry 

and amount of the diversion can prove difficult.  The use of transport coefficient charts 

avoids this problem by plotting the ratio of water flux in and out of the reservoir against 

the ratio of constituent flux in and out of the reservoir.  This analysis was preformed on 

the Mokelumne (w.y. 2000), treating the Pardee – Camanche system as one reservoir; for 

comparison to an unimpounded system sample sites from similar elevations the Pardee – 

Camanche reservoir system were chosen in the Cosumnes Basin and transport 

coefficients were generated (w.y. 2000). 

 Nitrate flux patterns between comparable reaches in the Mokelumne and 

Cosumnes followed opposite trends.  In the Cosumnes, the reach between Cosumnes at 

Highway 49 and Cosumnes at Michigan Bar acted as a nitrate source during the winter 

and a sink during the melt and baseflow seasons (Fig. 10a).  In contrast, a reach 

traversing similar elevations and passing through both Pardee and Camanche reservoirs 

acted as a nitrate sink during the winter and a source during the melt and base flow 

seasons (Fig. 10b). 

 Calcium and silica move through the Cosumnes reach relatively conservatively 

(Figs. 11a and 12a).  The Pardee – Camanche system is a sink for both calcium and silica 

during the winter and is a source for the rest of the year, with the exception of silica 



which is both immobilized and produced by the reservoirs during different months in the 

melt season (Figs. 11b and 12b). 

 Total suspended sediment was generated by the Cosumnes reach during the 

winter and simply conveyed for the remainder of the year (Fig. 13a).  In the Mokelumne 

reservoirs, TSS was retained in the winter and small amounts were either retained or 

released during the base and meltflow seasons (Fig. 13b).  It is not clear if the suspended 

solids released during the summer was dominated by organic or inorganic fractions 

because EBMUD did not conduct volatile suspended solids analysis below either Pardee 

or Camanche Dams. 

 Dissolved organic carbon was generated by the watershed encompassing the 

Cosumnes reach during the majority of the winter months. The same reach acted as a 

slight DOC source during the melt season and was neither a source nor a sink during the 

baseflow season (Fig. 14a).  In the Mokelumne DOC was both retained and released 

(depending upon the month) during the winter and simply conveyed for the remained of 

the year (Fig. 14b). 

 Total phosphorus was produced by the Cosumnes reach during the winter of 2000 

while it was retained during the same months in the Mokelumne reach (Figs. 15a and 

15b).  The Pardee – Camanche system produced TP for the majority of months during the 

melt and baseflow season while the comparable Cosumnes reach retained or conveyed TP.

   

 

Watershed Chemical Fluxes 



 Transport coefficient charts are useful for demonstrating what time of year 

reservoirs are retaining or releasing constituents but they do not provide information as to 

how much of a given constituent is being retained or released.  A flux comparison 

between the Cosumnes and Mokelumne provides us with the information necessary to 

comment upon interbasin variability and reservoir impact. 

 During an average water year (2000) the Cosumnes produces greater fluxes of 

constituents than the Mokelumne (Fig. 16).  The Mokelumne produces a greater annual 

water flux but a combination of dam retention and dilute Mokelumne waters causes the 

Cosumnes to export more mass per year for all constituents measured except for 

phosphate.  Dam retention during w.y. 2000 was substantial for all constituents, 

especially TSS.  While 1.7 million kg of sediment was exported from the Mokelumne 

(calculated from Elliot Rd.) three times as much was trapped behind Pardee and 

Camanche dams.  Yet, even if the dams were not present the Mokelumne would not 

produce as much sediment as the Cosumnes (5.5 million kg in w.y. 2000).  The same can 

be said for calcium and nitrate, if the amount retained by the reservoirs in w.y. 2000 is 

added to what is exported from the Mokelumne that same year it still does not equal what 

is exported from the Cosumnes. 

 The Cosumnes exported six times as much nitrate as the Mokelumne during 2000, 

but during 2001 (a dry year) this trend was reversed as the Cosumnes exported 2.6 times 

less nitrate than the Mokelumne (Fig. 17).  It should be noted that the nitrate balance of 

the reservoir system changed during this period also with the Pardee – Camanche 

reservoir system acting as a nitrate sink (5650 kg) during 2000 and a source (1043 kg) 

during 2001. 



 In 2001 fluxes and flows were lower in both systems (Fig. 17), but because 

baseflows were kept elevated in the Mokelumne while the Cosumnes dried up, the 

difference in annual water export was two fold between the ephemeral Cosumnes and 

regulated Mokelumne.  This of course affected fluxes and indeed in the dry water year of 

2001 Mokelumne export fluxes were much closer to those found in the Cosumnes.  In 

w.y. 2001 the Mokelumne produced more potassium, sodium, nitrate, phosphate, TP and 

chlorophyll-a than the Cosumnes (Fig. 17).  This is a very different trend than what was 

seen the previous year when the Mokelumne only exported more TP than the Cosumnes. 

 

Discussion 

 This analysis indicates the significant role the Pardee – Camanche reservoir 

system plays in altering the river chemistry of the Mokelumne.  In general the reservoirs 

act as sinks for many inorganic and organic chemicals, this phenomenon has been 

witnessed in reservoirs of varying size and function from Tennessee (Higgins, 1978) to 

Montana  (Soltero et al., 1973) to the arid west (Kelly, 2001), and the same phenomenon 

is expected in other reservoirs impounding the major tributaries draining the western 

Sierra Nevada.  But, during dry years, the functioning of the reservoirs in the Mokelumne 

seems to change as the reservoir system switches from a nitrate sink to a nitrate source 

(Figs. 16 and 17).  This study did not encompass analysis of internal reservoir chemistry 

so it is difficult to say what caused this shift.  What is known is that in w.y. 2001 there 

was an order of magnitude less nitrate entering the reservoirs than the previous year, the 

nitrate export pattern remains the same with increasing export into the summer months 

(possibly due to nitrification and nitrogen fixation), but the winter inputs were greatly 



reduced.  The result was a net annual export of nitrate which exceeded that exported from 

the Cosumnes.  When compared with the Cosumnes, the timing of nitrate release to the 

lowlands is offset by approximately 4-6 months (Fig. 7).  This temporal shift in nutrient 

export means that lowland ecosystems are receiving nutrient-rich waters from the 

Mokelumne during the warm growing season and from the Cosumnes during the winter 

when aquatic flora are senesced and cold temperature are inhibiting growth.  The input to 

the reservoir system (Mokelumne at Highway 49) exhibited temporal nitrate patterns 

similar to the Cosumnes (Fig. 7) thus we hypothesize that the presence of the dams on the 

Mokelumne has acted to shift the timing of nitrate export from the winter to the summer.  

If indeed this alteration is applicable to the other dams impounding the waterways of the 

Sierra Nevada, then this change has most likely created a major shift in primary 

production and thus ecosystem function in the lowlands. 

 In the Cosumnes Basin annual chemical fluxes are largely determined by 

concentrated stormflows during the winter.  For example, in w.y. 2000, 39% of the 

annual calcium flux occurred in February alone.  During dry years winter storms do not 

play such an important role; in February of 2001 only 21% of the annual calcium flux 

was exported from the Cosumnes.  Because the Mokelumne is highly regulated it does 

not release stormflows in the winter (Fig. 4), the result being that during low flow years 

the two watersheds have a closer chemical affinity.  We can see this by comparing figures 

16 and 17.  This indicates that, during a wet year, chemistry below the confluence of the 

Mokelumne and Cosumnes is dominated by the Cosumnes in the winter and the 

Mokelumne in the summer; during a dry year the Mokelumne and Cosumnes have more 



comparable impacts in the winter, while summer dynamics remain the same with the 

Mokelumne dominating downstream chemistry. 

 The solute and temperature buffering capacity of the reservoir system on the 

Mokelumne was substantial.  In Kelly’s (2001) analysis of four reservoirs in the desert 

southwest reduced solute concentrations in the outfalls of each dam were attributed to the 

reservoirs being filled with water from previous wetter years (low flow years generally 

create elevated solute levels in local waterways).  In the Mokelumne a similar process is 

at work as the majority of the annual flow is derived from dilute snowmelt.  The result is 

that the majority of impounded water is dilute. When solute-rich, turbid winter flows 

move into Pardee negative buoyancy causes the flows to sink and slowly mix with the 

reservoir body, the result is the solute buffering we see in the outfall.  Temperature 

follows a more complex pattern though, as Pardee manages to only eliminate winter lows, 

summer high temperature remain.  This phenomenon is most likely explained by the 

geometry of Pardee and the physics of density currents.  Pardee is a oval shape reservoir 

that is wider than it is long (Fig. 6), this creates short travel times through the reservoir.  

During winter, input flows are elevated with respects to solutes and sediment, this 

combined with cold inflow temperatures causes the inflow to sink into the hypolimnion 

where mixing occurs before outfall.  In contrast, in the summer inflows are warmer, 

sediment deprived, and low in dissolved salts.  This creates currents through the reservoir 

which do not sink into the hypolimnion and instead move straight across the short 

distance to the outfall.  The resultant minimal mixing which occurs in the summer creates 

outfall temperatures which are not buffered.  Camanche reservoir has multiple release 

points and often releases from the cool hypolimnion in the summer, this is what 



eliminates warm summer flows below Camanche.  The constancy of outflow temperature, 

both diurnally and annually, no doubt affects downstream biota.  The development rate of 

eggs and the growth of immature Ephemeroptera have been positively correlated with 

diel temperature fluctuation (Sweeney, 1978), while Paine (1966) found in his research 

that the most diverse benthic intertidal community was associated with the greatest 

annual temperature fluctuation.  It is only logical that diverse biotic communities be 

supported by diverse environmental conditions; when thermal regimes are strongly 

buffered ramifications are inevitable. 

 

Future Work 

 In order to fully understand the impact the reservoir systems of the western Sierra 

Nevada have on nutrient, temperature, flow, and solute dynamics of their impounded 

waters further comparative analysis between the Cosumnes Watershed and other 

watersheds must be conducted.  We have been collecting samples at all the major 

confluences to the Sacramento and San Joaquin Rivers for three years, but many of the 

sites on regulated rivers are affected by agricultural return and so they are not 

representative of what is being exported from the upstream impoundments.  Because 

comprehensive water quality records do not exist prior to the dam building era, such a 

study may be the only way to estimate how historical chemical fluxes moved from the 

mountains of California to the shores of the Pacific. 

 

Conclusions 



 The Pardee – Camanche reservoir system on the Mokelumne River has altered the 

rivers flux and temporal dynamics of chemical constituents.  During wet years the 

reservoirs retain nitrate and shift the timing of nitrate export from the winter to the 

summer.  In dry years the same temporal pattern emerges, but instead of acting as a 

nitrate sink the reservoirs act as a source.  Solute chemistry is buffered by the reservoir 

system as winter flushing flows entering the reservoirs are diluted, the dissolved 

constituents then go through internal reservoir processing before being released at a 

nearly constant concentration throughout the year.  Temperature is buffered as well, with 

Pardee Reservoir eliminating winter low temperature and Camanche Reservoir 

eliminating summer higher.  With such chemical and thermal buffering occurring and 

nutrient export being altered it is assumed that downstream aquatic ecosystems have been 

impacted. 
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re 1.  The Cosumnes River Watershed with six sampling points highlighted.  This 
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Figure 2.  The Mokelumne Watershed with the four sample sites used in this study. 
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Figure 3.   Geology (a) and land use/ land cover (b) for both the Mokelumne and 
Cosumnes Watersheds 
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Figure 4.  Discharge from three gauges on the Mokelumne River above, between, and 
below the Pardee – Camanche reservoir system, as well as from the one gauge on the 
Cosumnes River. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 5.  Temperature data collected at six sites along an elevational transect of the 
Cosumnes River.  Data are missing for Middle Fork at E6 because of winter 
inaccessibility.  Data are missing from Cosumnes at Wilton and Cosumnes at Twin Cities 
because the river runs dry in the lower reaches during the summer. 
 
 
 
 
 
 
 

 



 
 

 
 
Figure 6.  Temperature data collected at four sites above, between, and below Pardee and 
Camanche Dams.  Pardee Reservoir eliminates winter cool temperatures, while 
Camanche Reservoir buffers out summer high temperatures.  Note: graph is blocky 
because of stepped interpolation and data for all sites except below Camanche does not 
include w.y. 1998. 
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Figure 7.  Seasonal nitrate-N fluctuation at four sites on the Mokelumne (blue) above, 
between, and below Pardee and Camanche Dams and at three comparable sites on the 
Cosumnes (red). 
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Figure 8.  Seasonal variation in specific conductivity in the Mokelumne (blue) and the 
Cosumnes (red) watersheds.  The Mokelumne, with the majority of its watershed in the 
upper elevations, has relatively low dissolved ion concentrations in its waterways when 
compared with the Cosumnes River.  
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Figure 9.  Total suspended sediment (TSS) concentrations for each of the study sites in 
the Mokelumne and Cosumnes Basins.  Nearly all the TSS is stored behind the dams in 
the Mokelumne while TSS increases in the downstream direction in the Cosumnes. 
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igure 10.  Transport coefficient charts for the water year 2000 in comparable reaches in 
e Cosumnes (a) and Mokelumne (b).  The Mokelumne reach encompasses both Pardee 

nd Camanche reservoirs, the Cosumnes reach is from comparable elevations.  Note: 
oints represent the 12 months of w.y. 2000 (Oct. 1999 – Oct. 2000). 
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Figure 11.  Calcium transport coefficient charts for w.y. 2000.  The selected reach in the 
Cosumnes (a) conveys calcium while Camanche and Pardee (b) retain and produce 



calcium at different points during the year. 
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Figure 12.  Silica transport coefficients for w.y. 2000.  While the Cosumnes (a) reach 
simply conveys silica the Mokelumne reach (b) has more complex processes occurring. 
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Figure 13.  Total suspende
and Mokelumne (b) calcula
close to the x axis is repres
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d solids (TSS) transport coefficient charts for the Cosumnes (a) 
ted for the w.y. 2000.  Because the red point with the (*) is so 

ents a massive sink for the given month. 
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Figure 14.  DOC transport coefficient charts for the Cosumnes (a) and Mokelumne (b).   
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Figure 15.  Total phosphorus (TP) transport coefficient charts for the w.y. 2000 for both 
the Cosumnes (a) and the Mokelumne (b).  Just as the Pardee – Camanche system is a 
sink for nitrate and sediment so is it a sink for TP. 
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Figure 16.  Watershed output fluxes for w.y. 2000 calculated for the Mokelumne and 
Cosumnes Watersheds.  The flux retained by the Pardee – Camanche reservoir system is 
also graphed. 
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Figure 17.  Flux comparison between the basins for a dry year reveals different reservoir 
functioning and interbasin relations.  The Pardee – Camanche reservoir system becomes a 
source of nitrate-N and a substantially greater sink for Si and Ca. 
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Appendix 
 
Table 1.  Mokelumne at Elliot fluxes.  Because this was the lowest site in the Mokelumne that 
we had data for we assumed this to be the watershed export. 

  Water NO3-N PO4-P K Si Na TP TSS Chl-a Ca 
  L/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
wy 
2000 5.86E+11 8.8E+03 4.9E+03 4.2E+05 2.5E+06 1.2E+06 1.4E+04 1.7E+06 2.5E+03 2.3E+06 
             
wy 
2001 2.88E+11 1.5E+03 3.8E+03 2.0E+05 9.8E+05 6.3E+05 6.0E+03 7.6E+05 9.4E+02 1.2E+06 
             
wy 
2000 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon 
             
oct 2.51E+10 0.0E+00 0.0E+00 1.8E+04 1.0E+05 5.1E+04 8.0E+02 4.5E+04 7.0E+01 9.2E+04 
nov 2.43E+10 0.0E+00 0.0E+00 1.7E+04 1.0E+05 4.9E+04 7.8E+02 4.4E+04 6.8E+01 8.9E+04 
dec 2.51E+10 0.0E+00 0.0E+00 1.8E+04 1.0E+05 5.1E+04 8.0E+02 4.5E+04 7.0E+01 9.2E+04 
jan 2.95E+10 0.0E+00 3.6E+02 2.4E+04 1.2E+05 7.3E+04 4.9E+02 5.8E+04 1.7E+02 1.1E+05 
feb 1.09E+11 1.7E+03 1.2E+03 7.8E+04 4.1E+05 2.2E+05 2.1E+03 2.9E+05 8.5E+02 4.0E+05 
mar 1.26E+11 1.8E+03 9.1E+02 8.7E+04 5.0E+05 2.6E+05 4.7E+03 6.0E+05 5.6E+02 4.9E+05 
apr 3.70E+10 4.5E+02 3.5E+02 2.6E+04 1.6E+05 8.1E+04 4.2E+02 1.7E+05 2.2E+02 1.6E+05 
may 5.20E+10 1.4E+03 6.8E+02 3.7E+04 2.3E+05 1.1E+05 4.7E+02 1.1E+05 2.0E+02 2.2E+05 
jun 5.53E+10 1.9E+03 6.9E+02 4.0E+04 2.8E+05 1.2E+05 8.8E+02 1.3E+05 9.4E+01 2.4E+05 
jul 4.57E+10 7.5E+02 2.7E+02 3.2E+04 2.2E+05 1.0E+05 6.8E+02 9.9E+04 7.6E+01 2.0E+05 
aug 2.96E+10 3.8E+02 7.0E+01 2.2E+04 1.5E+05 6.6E+04 4.9E+02 8.9E+04 4.3E+01 1.3E+05 
sep 2.68E+10 4.1E+02 4.3E+02 1.9E+04 1.4E+05 5.6E+04 1.5E+03 7.7E+04 4.5E+01 1.2E+05 
             
wy 
2001 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon 
             
oct 2.53E+10 9.1E+02 3.7E+02 1.7E+04 1.4E+05 5.0E+04 5.4E+02 5.1E+04 4.2E+01 1.1E+05 
nov 2.46E+10 2.4E+02 3.2E+02 1.7E+04 1.0E+05 5.0E+04 3.5E+02 4.9E+04 7.5E+01 9.9E+04 
dec 2.52E+10 0.0E+00 2.7E+02 1.8E+04 9.5E+04 5.1E+04 3.8E+02 6.5E+04 1.3E+02 9.7E+04 
jan 2.51E+10 0.0E+00 2.4E+02 1.9E+04 8.8E+04 4.8E+04 4.1E+02 1.1E+05 1.8E+02 1.0E+05 
feb 2.27E+10 0.0E+00 2.0E+02 1.7E+04 6.4E+04 5.0E+04 4.1E+02 7.5E+04 1.2E+02 9.2E+04 
mar 2.51E+10 0.0E+00 3.1E+02 1.8E+04 6.2E+04 5.6E+04 8.7E+02 6.5E+04 5.1E+01 1.0E+05 
apr 2.06E+10 0.0E+00 3.6E+02 1.5E+04 5.3E+04 4.5E+04 3.9E+02 4.0E+04 4.8E+01 8.6E+04 
may 3.20E+10 0.0E+00 6.4E+02 2.1E+04 9.0E+04 7.0E+04 8.6E+02 1.2E+05 8.0E+01 1.3E+05 
jun 2.77E+10 0.0E+00 5.4E+02 1.8E+04 8.9E+04 6.5E+04 6.1E+02 5.5E+04 6.9E+01 1.2E+05 
jul 2.42E+10 0.0E+00 1.8E+02 1.7E+04 7.9E+04 5.9E+04 4.8E+02 4.8E+04 5.0E+01 1.1E+05 
aug 1.95E+10 4.3E+01 1.9E+02 1.4E+04 6.2E+04 4.6E+04 3.4E+02 4.1E+04 5.1E+01 8.8E+04 
sep 1.64E+10 2.7E+02 1.6E+02 1.2E+04 5.5E+04 3.8E+04 3.7E+02 4.4E+04 4.5E+01 7.3E+04 

 
 
 
 
 
 



 
Table 2.  Cosumnes at Wilton fluxes.  This site was choosen for a flux comparison to the 
Mokelumne because it is at the same elevation as Mokelumne at Elliot. 

Water NO3-N PO4-P K Si Na TP TSS Chl-a Ca 
  L/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
wy 
2000 4.62E+11 5.8E+04 1.0E+03 4.9E+05 3.3E+06 1.5E+06 ND 1.9E+07 ND 5.4E+06 
             
wy 
2001 1.44E+11 5.5E+02 2.7E+01 1.4E+05 1.0E+06 5.7E+05 6.0E+03 2.1E+06 1.2E+02 1.3E+06 
             
wy 
2000 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 2.23E+09 7.0E+00 0.0E+00 3.1E+03 1.5E+04 1.4E+04 ND 0.0E+00 ND 2.6E+04 
nov 4.49E+09 0.0E+00 0.0E+00 4.8E+03 3.5E+04 2.3E+04 ND 0.0E+00 ND 4.9E+04 
dec 5.19E+09 0.0E+00 0.0E+00 5.3E+03 4.6E+04 2.1E+04 ND 0.0E+00 ND 5.9E+04 
jan 6.20E+10 9.0E+03 0.0E+00 6.5E+04 5.0E+05 2.4E+05 ND 2.6E+06 ND 7.3E+05 
feb 1.88E+11 4.0E+04 6.0E+02 2.3E+05 1.2E+06 5.7E+05 ND 1.5E+07 ND 2.1E+06 
mar 9.61E+10 8.6E+03 4.3E+02 8.8E+04 7.5E+05 3.2E+05 ND 1.2E+06 ND 1.2E+06 
apr 4.87E+10 4.3E+02 0.0E+00 4.1E+04 3.5E+05 1.4E+05 ND 4.8E+05 ND 5.5E+05 
may 4.07E+10 4.3E+01 0.0E+00 3.6E+04 3.1E+05 1.3E+05 ND 0.0E+00 ND 5.0E+05 
jun 9.61E+09 3.5E+01 0.0E+00 9.9E+03 8.1E+04 3.6E+04 ND 0.0E+00 1.1E+00 1.3E+05 
jul 3.20E+09 3.2E+01 0.0E+00 3.9E+03 2.8E+04 1.5E+04 ND 0.0E+00 6.4E+00 4.3E+04 
aug 5.82E+08 5.1E+00 0.0E+00 8.3E+02 5.6E+03 3.2E+03 1.3E+01 0.0E+00 1.6E-01 8.2E+03 
sep 1.15E+09 0.0E+00 0.0E+00 1.7E+03 8.2E+03 6.0E+03 1.7E+01 0.0E+00 1.6E-01 1.6E+04 
             
wy 
2001 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 4.18E+09 0.0E+00 0.0E+00 6.2E+03 2.7E+04 2.0E+04 1.4E+02 0.0E+00 1.4E+00 4.5E+04 
nov 4.39E+09 0.0E+00 0.0E+00 5.3E+03 3.0E+04 2.0E+04 8.7E+01 0.0E+00 4.4E-01 4.0E+04 
dec 5.73E+09 0.0E+00 2.7E+01 6.2E+03 4.1E+04 2.7E+04 3.1E+01 0.0E+00 1.2E+00 5.9E+04 
jan 1.08E+10 0.0E+00 0.0E+00 1.2E+04 6.9E+04 5.1E+04 9.8E+02 0.0E+00 7.0E+00 1.1E+05 
feb 2.54E+10 2.8E+02 0.0E+00 2.8E+04 1.7E+05 1.3E+05 1.5E+03 6.5E+05 2.4E+01 2.8E+05 
mar 3.56E+10 2.5E+02 0.0E+00 3.5E+04 2.6E+05 1.4E+05 8.4E+02 3.4E+05 4.4E+01 2.9E+05 
apr 3.40E+10 0.0E+00 0.0E+00 2.6E+04 2.5E+05 1.1E+05 2.2E+03 1.1E+06 3.2E+01 2.7E+05 
may 2.02E+10 0.0E+00 0.0E+00 1.6E+04 1.5E+05 5.7E+04 1.8E+02 5.1E+04 1.3E+01 1.5E+05 
jun 3.47E+09 1.0E+01 0.0E+00 3.7E+03 2.5E+04 1.3E+04 2.5E+01 0.0E+00 1.1E+00 2.7E+04 
jul 6.21E+08 9.8E+00 0.0E+00 8.0E+02 4.8E+03 2.9E+03 1.5E+01 0.0E+00 5.2E-01 5.6E+03 
aug 0.00E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
sep 0.00E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

 
 
 
 
 
 
 



 
Table 3.  Input fluxes top the Pardee – Camanche reservoir system. 

Water NO3-N PO4-P K Si Na TP TSS Chl-a Ca 
  L/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
wy 
2000 8.72E+11 2.1E+04 0.0E+00 5.9E+05 4.4E+06 1.8E+06 2.6E+04 6.9E+06 1.1E+03 3.2E+06 
             
wy 
2001 4.40E+11 2.8E+03 0.0E+00 2.8E+05 2.2E+06 1.1E+06 8.7E+03 8.8E+05 6.7E+02 2.0E+06 
             
wy 
2000 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 3.93E+10 5.9E+02 0.0E+00 2.3E+04 1.3E+05 7.1E+04 1.5E+03 6.4E+04 1.2E+02 1.3E+05 
nov 4.73E+10 7.1E+02 0.0E+00 2.8E+04 1.6E+05 8.5E+04 1.8E+03 1.4E+05 1.5E+02 1.6E+05 
dec 4.21E+10 5.1E+02 0.0E+00 2.7E+04 1.4E+05 8.8E+04 1.4E+03 7.0E+04 1.0E+02 1.6E+05 
jan 6.25E+10 6.9E+03 0.0E+00 7.4E+04 2.9E+05 1.4E+05 4.7E+03 3.6E+06 1.9E+02 2.5E+05 
feb 1.06E+11 6.0E+03 0.0E+00 9.6E+04 7.6E+05 2.6E+05 7.2E+03 1.7E+06 8.8E+01 5.4E+05 
mar 1.12E+11 1.8E+03 0.0E+00 8.3E+04 7.8E+05 2.7E+05 3.7E+03 2.8E+05 1.5E+02 5.0E+05 
apr 7.92E+10 5.4E+02 0.0E+00 4.7E+04 4.7E+05 1.6E+05 9.7E+02 1.5E+05 1.0E+02 2.9E+05 
may 1.49E+11 3.0E+03 0.0E+00 8.8E+04 7.3E+05 3.0E+05 7.5E+02 3.6E+05 1.1E+02 5.0E+05 
jun 9.86E+10 1.1E+02 0.0E+00 5.3E+04 4.1E+05 1.7E+05 1.2E+03 2.0E+05 3.9E+01 2.8E+05 
jul 5.49E+10 2.9E+02 0.0E+00 3.2E+04 2.4E+05 9.8E+04 1.1E+03 7.1E+04 2.2E+01 1.8E+05 
aug 4.43E+10 3.0E+02 0.0E+00 2.4E+04 1.7E+05 6.9E+04 7.1E+02 8.3E+04 1.2E+01 1.4E+05 
sep 3.69E+10 3.2E+02 0.0E+00 1.9E+04 1.3E+05 5.7E+04 4.3E+02 9.7E+04 2.1E+01 1.1E+05 
             
             
wy 
2001 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 3.74E+10 3.4E+02 0.0E+00 2.0E+04 1.4E+05 6.2E+04 7.0E+02 7.8E+04 5.2E+01 1.3E+05 
nov 4.10E+10 4.1E+01 0.0E+00 2.2E+04 1.3E+05 8.0E+04 4.1E+02 9.4E+04 7.2E+01 1.3E+05 
dec 3.96E+10 0.0E+00 0.0E+00 2.4E+04 1.5E+05 8.9E+04 5.3E+02 7.4E+04 7.1E+01 1.5E+05 
jan 2.33E+10 3.1E+02 0.0E+00 1.8E+04 1.2E+05 8.0E+04 2.9E+02 3.8E+04 3.1E+01 1.6E+05 
feb 2.24E+10 5.3E+02 0.0E+00 1.8E+04 1.4E+05 8.8E+04 3.2E+02 6.1E+04 4.3E+01 1.6E+05 
mar 4.26E+10 2.9E+02 0.0E+00 3.6E+04 3.0E+05 1.6E+05 1.4E+03 1.0E+05 1.7E+02 2.9E+05 
apr 4.46E+10 0.0E+00 0.0E+00 3.2E+04 3.0E+05 1.2E+05 1.2E+03 8.5E+04 8.5E+01 2.4E+05 
may 5.55E+10 9.6E+02 0.0E+00 4.1E+04 3.8E+05 1.4E+05 1.1E+03 1.3E+05 7.0E+01 3.0E+05 
jun 3.04E+10 3.2E+02 0.0E+00 2.0E+04 1.6E+05 6.7E+04 4.0E+02 4.7E+04 1.7E+01 1.4E+05 
jul 4.18E+10 1.6E+01 0.0E+00 1.9E+04 1.5E+05 6.7E+04 1.4E+03 5.8E+04 1.7E+01 1.2E+05 
aug 3.41E+10 0.0E+00 0.0E+00 1.9E+04 1.3E+05 6.0E+04 4.6E+02 6.7E+04 2.4E+01 1.2E+05 
sep 2.77E+10 0.0E+00 0.0E+00 1.5E+04 1.0E+05 5.0E+04 4.3E+02 4.2E+04 1.8E+01 9.9E+04 

 
 
 
 
 
 
 



 
Table 4.  Output fluxes from the Pardee – Camanche reservoir system. 

Water NO3-N PO4-P K Si Na TP TSS Chl-a Ca 
  L/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
wy 
2000 5.86E+11 1.5E+04 1.7E+03 4.1E+05 2.7E+06 1.3E+06 1.9E+04 1.3E+06 1.3E+03 2.4E+06 
             
wy 
2001 2.88E+11 3.8E+03 5.7E+02 2.0E+05 1.0E+06 6.4E+05 8.5E+03 6.8E+05 1.0E+03 1.2E+06 
             
wy 
2000 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 2.51E+10 1.1E+03 5.0E+02 1.7E+04 1.3E+05 5.0E+04 7.7E+02 7.4E+04 2.2E+01 1.0E+05 
nov 2.43E+10 1.0E+03 3.7E+02 1.7E+04 1.2E+05 5.0E+04 6.0E+02 4.9E+04 3.8E+01 9.6E+04 
dec 2.51E+10 2.9E+02 4.8E+01 1.7E+04 1.1E+05 5.1E+04 5.4E+02 5.7E+04 1.1E+02 9.3E+04 
jan 2.95E+10 1.8E+02 5.9E+02 2.3E+04 1.1E+05 6.2E+04 5.6E+02 5.9E+04 1.2E+02 1.1E+05 
feb 1.09E+11 1.7E+03 9.7E+01 7.8E+04 4.2E+05 2.2E+05 4.3E+03 2.3E+05 5.9E+02 4.1E+05 
mar 1.26E+11 3.4E+03 0.0E+00 8.7E+04 5.6E+05 2.7E+05 4.9E+03 3.4E+05 2.1E+02 5.1E+05 
apr 3.70E+10 1.3E+03 0.0E+00 2.5E+04 1.7E+05 8.6E+04 1.1E+03 9.6E+04 3.0E+01 1.5E+05 
may 5.20E+10 2.1E+03 0.0E+00 3.6E+04 2.4E+05 1.7E+05 7.8E+02 9.7E+04 3.8E+01 2.2E+05 
jun 5.53E+10 2.2E+03 0.0E+00 3.9E+04 2.8E+05 1.2E+05 1.1E+03 6.9E+04 3.2E+01 2.4E+05 
jul 4.57E+10 1.1E+03 0.0E+00 3.1E+04 2.2E+05 1.0E+05 1.1E+03 9.1E+04 1.8E+01 1.9E+05 
aug 2.96E+10 5.1E+02 0.0E+00 2.1E+04 1.5E+05 6.9E+04 1.0E+03 6.7E+04 2.7E+01 1.2E+05 
sep 2.68E+10 5.8E+02 8.3E+01 1.9E+04 1.4E+05 5.7E+04 2.3E+03 9.4E+04 2.6E+01 1.2E+05 
             
             
wy 
2001 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 2.53E+10 9.1E+02 5.7E+02 1.7E+04 1.4E+05 5.1E+04 6.0E+02 5.1E+04 2.3E+01 1.1E+05 
nov 2.46E+10 1.9E+02 0.0E+00 1.8E+04 1.1E+05 5.3E+04 5.2E+02 5.6E+04 8.5E+01 1.0E+05 
dec 2.52E+10 0.0E+00 0.0E+00 1.8E+04 9.6E+04 5.3E+04 5.6E+02 5.3E+04 2.0E+02 9.8E+04 
jan 2.51E+10 0.0E+00 0.0E+00 1.8E+04 8.8E+04 5.1E+04 4.6E+02 6.9E+04 2.2E+02 9.9E+04 
feb 2.27E+10 0.0E+00 0.0E+00 1.6E+04 6.5E+04 4.9E+04 6.2E+02 8.3E+04 1.2E+02 9.1E+04 
mar 2.51E+10 2.4E+01 0.0E+00 1.8E+04 7.1E+04 5.8E+04 1.5E+03 4.9E+04 5.1E+01 1.0E+05 
apr 2.06E+10 2.0E+02 0.0E+00 1.4E+04 6.0E+04 4.6E+04 7.1E+02 3.4E+04 4.8E+01 8.5E+04 
may 3.20E+10 3.1E+02 0.0E+00 2.1E+04 9.9E+04 7.1E+04 1.3E+03 6.9E+04 8.0E+01 1.3E+05 
jun 2.77E+10 4.4E+02 0.0E+00 1.8E+04 1.0E+05 6.5E+04 8.0E+02 5.5E+04 6.9E+01 1.2E+05 
jul 2.42E+10 5.8E+02 0.0E+00 1.6E+04 8.5E+04 5.9E+04 6.6E+02 4.8E+04 4.9E+01 1.1E+05 
aug 1.95E+10 5.4E+02 0.0E+00 1.4E+04 6.5E+04 4.6E+04 4.0E+02 4.6E+04 3.9E+01 8.7E+04 
sep 1.64E+10 6.5E+02 0.0E+00 1.1E+04 5.8E+04 3.8E+04 3.8E+02 6.6E+04 3.3E+01 7.3E+04 

 
 
 
 
 
 
 



 
Table 5.  Constiuent fluxes retained by the Pardee – Camanche reservoir system.  Negative values 
indicate a net export of the given constituent. 

  Water NO3-N PO4-P K Si Na TP TSS Chl-a Ca 
  L/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

wy 2000 2.86E+11 5.6E+03 -1.7E+03 1.8E+05 1.7E+06 4.6E+05 6.6E+03 5.5E+06 -1.6E+02 8.7E+05 
             
wy 2001 1.52E+11 -1.0E+03 -5.7E+02 8.7E+04 1.2E+06 4.2E+05 1.9E+02 2.0E+05 -3.5E+02 8.4E+05 
             
wy 2000 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 1.43E+10 -5.2E+02 -5.0E+02 6.2E+03 1.3E+02 2.1E+04 7.7E+02 -9.4E+03 1.0E+02 3.2E+04 
nov 2.30E+10 -3.2E+02 -3.7E+02 1.0E+04 3.3E+04 3.5E+04 1.2E+03 9.3E+04 1.1E+02 6.3E+04 
dec 1.71E+10 2.3E+02 -4.8E+01 9.9E+03 3.6E+04 3.7E+04 8.1E+02 1.3E+04 -5.7E+00 6.7E+04 
jan 3.30E+10 6.7E+03 -5.9E+02 5.1E+04 1.8E+05 7.6E+04 4.1E+03 3.6E+06 6.8E+01 1.4E+05 
feb -3.68E+09 4.3E+03 -9.7E+01 1.8E+04 3.3E+05 3.4E+04 2.9E+03 1.5E+06 -5.0E+02 1.2E+05 
mar -1.40E+10 -1.6E+03 0.0E+00 -4.7E+03 2.2E+05 6.3E+03 -1.2E+03 -5.8E+04 -6.4E+01 -8.1E+03 
apr 4.22E+10 -7.8E+02 0.0E+00 2.1E+04 3.0E+05 7.8E+04 -8.6E+01 5.8E+04 7.1E+01 1.3E+05 
may 9.74E+10 9.1E+02 0.0E+00 5.1E+04 4.9E+05 1.3E+05 -3.6E+01 2.6E+05 7.2E+01 2.8E+05 
jun 4.33E+10 -2.0E+03 0.0E+00 1.4E+04 1.3E+05 4.8E+04 1.2E+02 1.3E+05 7.2E+00 4.1E+04 
jul 9.13E+09 -7.7E+02 0.0E+00 6.8E+02 1.5E+04 -4.2E+03 3.4E+01 -2.0E+04 4.7E+00 -9.1E+03 
aug 1.47E+10 -2.1E+02 0.0E+00 2.9E+03 1.7E+04 2.3E+02 -3.3E+02 1.6E+04 -1.5E+01 1.2E+04 
sep 1.00E+10 -2.6E+02 -8.3E+01 4.7E+02 -1.0E+04 -4.4E+02 -1.8E+03 3.0E+03 -5.3E+00 -3.4E+03 
             
             
wy 2001 L/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon kg/mon
             
oct 1.21E+10 -5.7E+02 -5.7E+02 3.1E+03 3.6E+02 1.1E+04 1.0E+02 2.7E+04 2.8E+01 2.0E+04 
nov 1.64E+10 -1.5E+02 0.0E+00 4.5E+03 2.3E+04 2.7E+04 -1.0E+02 3.8E+04 -1.3E+01 3.0E+04 
dec 1.44E+10 0.0E+00 0.0E+00 6.9E+03 5.1E+04 3.6E+04 -2.9E+01 2.2E+04 -1.3E+02 5.5E+04 
jan -1.79E+09 3.1E+02 0.0E+00 -5.4E+02 3.6E+04 2.9E+04 -1.6E+02 -3.1E+04 -1.9E+02 6.1E+04 
feb -2.81E+08 5.3E+02 0.0E+00 2.6E+03 7.5E+04 3.9E+04 -3.0E+02 -2.2E+04 -7.7E+01 7.4E+04 
mar 1.76E+10 2.7E+02 0.0E+00 1.8E+04 2.3E+05 9.8E+04 -6.5E+01 5.5E+04 1.2E+02 1.8E+05 
apr 2.40E+10 -2.0E+02 0.0E+00 1.8E+04 2.4E+05 7.7E+04 5.1E+02 5.2E+04 3.7E+01 1.6E+05 
may 2.35E+10 6.5E+02 0.0E+00 2.0E+04 2.8E+05 6.9E+04 -2.3E+02 6.2E+04 -1.0E+01 1.7E+05 
jun 2.63E+09 -1.2E+02 0.0E+00 2.2E+03 5.8E+04 2.8E+03 -4.1E+02 -8.1E+03 -5.3E+01 2.3E+04 
jul 1.75E+10 -5.7E+02 0.0E+00 2.6E+03 6.9E+04 8.4E+03 7.6E+02 9.8E+03 -3.3E+01 5.3E+03 
aug 1.46E+10 -5.4E+02 0.0E+00 5.3E+03 6.0E+04 1.4E+04 6.5E+01 2.1E+04 -1.5E+01 3.4E+04 
sep 1.13E+10 -6.5E+02 0.0E+00 4.3E+03 4.7E+04 1.2E+04 5.5E+01 -2.4E+04 -1.5E+01 2.7E+04 

 


