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etric


Caltrans


 
 
 


From: DEPARTMENT OF TRANSPORTATION  
 DIVISION OF ENGINEERING SERVICES 
 Geotechnical Services 
 Office of Geotechnical Design –South 2 
 
Subject: Foundation Report for a Type 1 Retaining Wall along Old River Road; Bonsall, Ca.  


 
 
 Pursuant to the request of Jenny Yan of your staff, a subsurface investigation was 
performed to provide foundation recommendations for a Type 1 Retaining wall proposed to be 
constructed northwest of SR-76 parallel to and below Old River Road (ORR); from 27 m left 
of Station 163+05 to 77 m left of Station 164 + 49 Centerline.  Upon request, Jenny Yan 
supplied a layout plan, cross sections, and an elevation profile along the wall Layout Line 
(LOL).  Station references used within this report are in terms of the wall LOL Stationing, 
which begins at Station 10+00 and ends at approximately Station 11+78.  Both the Layout Plan 
and the Elevation View are included as Figures 1 & 2.  These figures as well as all other 
figures referenced within the body of this report are included as attachments that follow the 
report.  
 


On 04/21/2009 Ms. Yan provided an updated layout plan and elevation view indicating 
that a shift in the wall LOL occurred since completion of the subsurface investigation and the 
preparation of the draft report.  The new drawings (the layout plan and elevation view) 
depicting the current design configuration are included as Figures 3 and 4. All analyses and 
recommendations presented within this report are based upon the current design configuration; 
however, some of the included figures are developed upon the drawings and plans provided 
with the original request for a Foundation Report.  
 


In December of 2008 two foundation borings were drilled behind the proposed LOL of 
the wall within the westbound lane of ORR.  Due to the subsurface conditions revealed by 
these borings an additional subsurface investigation was initiated in January of 2009 when six 
trenches were excavated along the wall’s LOL to determine bedrock elevations. The 
subsurface conditions revealed by both of these investigations are presented in the Logs of Test 
Borings and Trench Records which are included as Figures 5 and 6.   
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Project Description 


 
The SR-76 Middle Section project realigns and widens existing SR-76 from that of a two-


lane rural highway to that of a four-lane highway with additional right-of-way (ROW) and 
grading to accommodate up to six lanes of traffic.  The subject retaining wall is needed to 
accommodate the widening of ORR which is adjunct to the SR-76 Middle Project.   
 


The subject retaining wall is needed to prevent new embankment, required to widen ORR, 
from encroaching upon the San Luis Rey River (SLRR) 100 –year flood plain; a condition 
indicated in the approved Environmental Impact Report. 


 
Purpose and Scope 
 


This report summarizes subsurface conditions affecting wall design and construction; it 
provides design and construction recommendations for a proposed Type 1 Retaining Wall.  This 
report is being submitted as an addendum to the project Geotechnical Design Report (GDR), 
which was completed prior to the investigation and analysis for the ORR retaining wall; 
information relevant to the wall’s design and construction not expressly included within this 
report can be found in the project GDR.  


 
This report is based upon site-specific geologic mapping, two geotechnical borings drilled 


behind the wall LOL and six shallow geotechnical trench excavations developed on the existing 
slope along the wall LOL.  The field investigation involved standard penetration testing at the 
geotechnical boring locations and geologic field logging of site soils and rock as revealed by 
both the boring and trenching operations.  Soils at this site are consistent with soils encountered 
along other portions of the project; therefore additional laboratory testing of site soils was 
deemed unnecessary. Laboratory test values, including corrosion testing completed for other 
similar locations within the project corridor are valid for this location and should be used for 
design of this wall. 


 
 
Site Description 
 


The subject wall is located in Bonsall approximately 0.6 miles east of the Oceanside City 
Limit. The wall LOL is located along the northwest-facing slope of an intermediate canyon 
containing the SLRR.  This slope was previously partially engineered and is comprised of a side-
hill cut and fill that exhibits a straight to concave upward profile with a NW declivity that varies 
from 1:1.5 to 1:2 (Vertical to Horizontal).  Portions of slope appear to have been graded while 
other portions appear to exhibit features consistent with a natural ground-line. 


 
In the vicinity of the subject wall, ORR was constructed on side-hill cut and fill.  It’s layout 


traverses both horizontal and vertical curves and lies just west of, parallel to, and below existing 
Mission Rd. (SR-76), which was also constructed on side-hill cut.  Ground line elevation 
continues to increase perpendicular to and east of Mission Rd.   
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Topographic relief in the vicinity of the wall is variable with a local maximum value of 22 


m that occurs between the active tread of the SLR (elevation 39.5 m) and the existing grade of 
ORR (elevation 61.4 m).  Along the wall LOL, the ground surface undulates and exhibits a 
maximum differential relief of 8 m with a local low  (elevation ~51 m) occurring at approximate 
Station of 11+30 and a local high (59.2 m) occurring at approximate Station of 10+00.  
Similarly, the existing grade of ORR runs parallel to the wall alignment and exhibits a 
differential relief of 9.4 m from southwest (elevation 61.4 m) to northeast (elevation 52 m).  
Elevation of the wall footing and the top of wall also vary along its layout line.  Footing 
elevation decreases stepwise from southwest (elevation 53.9 m) to northeast until about Station 
11+ 50 (elevation 49 m) where it steps upward (elevation 50.5 m).  Wall height increases from 
6.7 m (top of wall elevation 61 m) at its southwest end to 7.3 m around Station 10+80 and 
decreases to 2.4 m at its northeastern terminus. 


 
The wall LOL and the footing embedment provide a minimum setback of 4 m as measured 


between the slope ground-line and the toe of the footing.   An Environmentally Sensitive Area 
(ESA) lies at variable distance of 4 m to 51 m west (down slope) of the wall face.   


 
The Caltrans datum used for the subsurface investigation was NAVD88. 
 


Geology 
 


The project is located in the Interior Upland physiomorphic province of the Peninsular 
Range Geomorphic Province, a geologic region characterized by its pervasive and variably 
weathered granitic rock.  The site stratigraphy is comprised of soil over Mesozoic granitic rock 
(Geologic Map of the Bonsall 7.5 Minute Quadrangle; Siang S. Tan; 2000).  Soils in the vicinity 
of the wall are comprised of alluvium, colluvium and terrace deposits.    These soils vary from 
clay to gravel and commonly include pebble to boulder-sized clasts. These soils overlie 
decomposed to fresh crystalline rock. 


 
The slope behind and beneath the wall LOL is variably underlain by fill, colluvium, and 


decomposed to moderately fresh granitic rock.  It is not known if the existing fills were 
compacted prior to placement since no documentation was available at the time of writing this 
report.  The subsurface investigation revealed these fill soils to be comprised of gravel and 
nested boulders in a very loose to medium dense, poorly graded, silty sand matrix.  The boulder 
rich zones were comprised of up to 60% boulders (by volume) and vary from clast supported to 
matrix-supported boulders that range in size up to 0.8 m3.  The fills are underlain by colluvium 
and residuum that vary from medium dense sandy silt with gravel to sand with clay and gravel.  
The colluvial and residual materials exhibit moderate to high coherence derived from the 
presence of clay binder and/or weak ferric cementation. The colluvial and residual soils overlie 
variably weathered granitic bedrock.   


 
Site bedrock is comprised of granitic rock that varies from decomposed rock (residuum) to 


moderately fresh very hard granitic rock.  The decomposed rock is equivalent to very dense sand 
with silt, cobbles and boulders.  The decomposed rock exhibits a moderate to high degree of 
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coherence derived from the mechanical interlock of relict crystals and from the cohesion of 
decompositional clays.  The degree of weathering (decomposition) in the site’s bedrock varies 
significantly with location both vertically and horizontally.  The Moderately weathered to fresh 
rock is fractured, medium grained, and is hard to very hard.  The presence of this combination of 
decomposed and fresh rock beneath and around the wall LOL results in a foundation condition 
that varies randomly along the LOL from decomposed very soft rock to very hard boulders in 
matrix (Intermediate Geotechnical Materials or IGM) to hard moderately fresh rock. Transitions 
from residuum, to IGM, to hard rock can be abrupt and the depths to these transitions can change 
significantly over a short horizontal distance of a few meters or less.  Both weathered and fresh 
bedrock are considered competent for the purpose of a wall foundation.  


 
Random relict clay lined discontinuities were observed in the residual soils (decomposed 


rock) and random irregularly spaced discontinuities were also observed in the moderately 
weathered to fresh granitic rock.  A person competent in evaluating the stability and safety of 
temporary excavations in soil and rock should monitor the excavations needed to construct the 
wall as they are developed.  Temporary excavations and construction methods may need to be 
modified if adverse conditions are encountered.  


 
Bedrock was encountered in the Geotechnical borings at a depth of  ~5.5 m (elevation 


53.7) below existing ORR at 8 m left of Station 10+40 and at a depth of ~3.2 m below ORR 
(elevation 51.4) at 7 m left of Station 11+27.  Depth to bedrock revealed in the geotechnical 
trenches varied from elevation 54.4, 2.5 m above the equivalent footing elevation, to elevation 
50.5 or 2 m below the bottom footing.  At the locations where bedrock was found to occur at 
elevations below that of the footing, the soils encountered at footing elevations were comprised 
of colluvium and residuum.  


 
Outcrops of moderately weathered to fresh, hard to very hard granitic rock were observed 


between wall LOL Station 10+40 and Station 10+60.  Proposed footing elevations along this 
interval range from 1 to 5.5 m below the existing ground surface and rock along this interval will 
likely require fragmentation to facilitate excavation for the wall footing.  Moderately weathered 
to fresh granitic rock was also observed adjacent to the wall LOL along other footing intervals 
and if such rock is encountered at those footing intervals then similar fragmentation methods 
may be required to attain the design footing elevations.   


 
Between Stations 10+70 and 11+25 the bedrock contact (decomposed granitics) occurs 


from 0 to 2 m below the proposed bottom of footing. Trenching revealed that the soils 
immediately beneath the wall footing were comprised of colluvial/residuum.   


 
Groundwater 


 
Groundwater was not encountered during the investigation.  It is unlikely that groundwater 


will be encountered at footing elevations during construction; however, it is possible that seeps 
may occur at foundation elevatins in response to local rainfall events and such phenomenon 
should not significantly effect construction of the proposed wall.   
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Geologic Hazards 


 
There are no known active faults within the project corridor and therefore the site is not a 


special studies zone as identified by the Alquist-Priolo Earthquake Fault Zoning act.    
 


 
Seismic  


 
W. Daniel Meyersohn of OGDS-2 provided preliminary seismic and foundation design 


recommendations to Mohammad Ravanipour, Chief, Structure Design, Office of Bridge Design 
South 2 in an interoffice memorandum dated 11/04/2005.  Mr. Meyersohn’s memorandum 
identifies the Whiter-Elsinore Fault (WEE) as the controlling seismogenic source for the bridge 
site. The Whiter-Elsinore Fault (WEE) is a strike slip fault that lies approximately 21 km east of 
the bridge site and is believed to be capable of producing a maximum credible earthquake 
(MCE) of magnitude 7.5 (Mw).  Meyersohn specifies that estimated peak bedrock acceleration 
(PBA) and peak ground acceleration (PGA) for the site is 0.3 g and 0.36 g respectively.  Site 
ARS curves were also included in Mr. Meyersohn’s Memorandum which is included in the 
Project GDR.   
 
Foundation Design and Construction Recommendations 
 


Corrosion 
Representative samples of soil from areas within the project corridor that are similar to 


soils found along the layout line of the subject wall were submitted for corrosion testing.  Based 
upon laboratory test results the site is deemed non-corrosive to structures comprised of 
reinforced concrete.  Specific information concerning corrosion testing has been presented in the 
project GDR.  


 
Soil Parameters 
It is recommended that soil parameters shown in Table 1 be used for design. The 


justification of these parameters is presented in the footnotes to this table. 
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Table 1:  Soil strength Parameters. 


Material Angle of 
Internal 


Friction φ 
(Degrees) 


Cohesion 
(kPa) 


Unit 
Weight 
(kN/m3) 


Fill comprised of 
Decomposed 
Granitics1 


 
32 


 
 9 


 
21.2 


Terrace Deposit 1 24 19 18.8 
Intensely Weathered 
to Decomposed 
Granitic  (Very Poor to 
Poor Rock) 2 


 
36 to 38 


 
19 to 25 


 
22a 


Moderately Weathered 
Granitic Rock (Fair 
Rock) 2 


 
40 to 43 


 
28 to 36b 


 
25a 


1:  Values based upon professional judgment and local experience.  2: Rock Quality Designation based upon Geomechanics Rock Mass Rating System (RMR) 


1989.; a: From field determination of specific gravity.; b: Value of  cohesion reported and used in analysis is a reduction of the actual cohesion value derived 


from the Hoek and Brown Criteria. 


 
 
 


Temporary Excavations 
Construction of the proposed wall will require temporary excavations that will expose 


the existing fills, colluvium, residuum and granitic rock. Based on existing plans, it is estimated 
that the maximum height of temporary cut required for the construction of the proposed wall will 
be about 6.1 meters.  The configuration of the temporary cuts will depend not only on slope 
stability considerations but also the impact to existing utilities and the existing roadway. Based 
on these considerations, a slope stability analysis was performed to determine a temporary cut 
slope inclination that would be stable and cause minimum impact to existing improvements. The 
GSTABL7 computer program was used to evaluate slope stability and minimum safety factors 
were computed based on the modified Bishop method of slices. The soil parameters presented in 
Table 1 were input into the computer program. 
 


For a temporary 1:1 (V:H) cut in existing fill, colluvium and residuum and a maximum 
height of about 6.5 meters our analysis yielded a minimum modified Bishop safety factor of 1.6, 
which is higher than the minimum acceptable value of 1.2 required for a temporary cut slope. 
The results of the computer analysis are presented as an attachment to this report.  


 
It is recommended that temporary cuts in the materials overlying granitic rock be no 


steeper than 1:1 (V:H) for a maximum cut height of about 6.5 m. Temporary cuts in granitic rock 
may be made at near vertical. At the recommended slope inclination, it is unlikely that existing 
utilities or facilities will be significantly impacted.  
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Global Stability 
The overall global stability of the proposed retaining wall was evaluated using the soil 


parameters presented in Table 1. The select sand backfill behind the wall was assigned 
parameters of cohesion = 0, angle of internal friction 34 degrees and unit weight of 21.2 kN/m3.  
A typical wall section was chosen and modeled for a computer analysis utilizing the GSTABL7 
computer program. Both static and pseudostatic analyses were performed. For the pseudostatic 
analysis a seismic coefficient of 0.12 was input into the analysis. This value is approximately 
one-third the peak ground acceleration value of 0.36 g.  


 
The results of the computer analyses yielded minimum Bishop Safety factors of 2.8 for 


static and 2.0 for pseudostatic. These computed minimum safety factors are higher than the 
minimum acceptable safety factors of 1.5 and 1.1 for static and pseudostatic loading conditions, 
respectively. Based on the results of our analysis, we conclude that wall should be globally 
stable under both static and pseudostatic loading conditions. 


 
The fill slope along the toe of the wall should be protected against erosion by 


implementation of appropriate drainage and erosion control measures.  Such measures should 
include controlling runoff above and on the slope and may include the use of deep-rooted, 
drought tolerant vegetation on the slope.  


 
 


Foundation Recommendations 
 


Type Selection 
Two types of foundations were considered for the proposed retaining wall.  Retaining wall 


on spread footing and retaining wall on predrilled Cast-In-Place drill hole (CIDH) were 
evaluated for relative suitability at this site. A CIDH foundation system was rejected because 
such a foundation system would require a special wall design and the site could present 
conditions problematic to development of drilled shafts. These conditions include limited 
accessibility for drilling equipment, drilling through caving sands, the presence of large hard 
boulders and the presence of variably weathered soft to very hard fractured rock. No special 
design is required for a retaining wall on spread footing.  Additionally, we believe that spread 
footing construction difficulties would be of lesser magnitude when compared to a deep CIDH 
pile foundation system. Based on these considerations, a spread footing foundation is the 
foundation of choice for this wall.  


 
Spread Footing Recommendations 
Project plans show that, in general, the height of the proposed retaining wall will vary from 


6.7 m to 7.3 m - a small segment of the wall will be 2.4 m. high at its northeastern terminus. As 
shown on Figure 2, the materials underlying the retaining wall footing alignment are comprised 
of colluvium, residuum, and decomposed granite.  In view of the large height of the wall and the 
resultant high toe pressures imposed on the foundation materials, it will be necessary to perform 
remedial grading to assume the integrity of the spread footing. It is recommended that at sections 
of the wall alignment where colluvium, and regolith are anticipated to be present, removals be 
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carried down to a depth of 1.5 m. The excavations should subsequently be backfilled with lean 
concrete to re-establish ground elevation for bottom of footing. This recommendation is depicted 
in Figure 2.  It is anticipated that removal of colluvium and regolith will be required between 
wall Stations 10 + 60 to 11+10. Removal thickness/depth thickens eastward starting at 0 around 
at 10+60 to a removal thickness/depth below footing of 1.5 to 2 m beneath 10+90 and tapers to a 
maximum removal thickness/depth of 0 m around station 11+10.  At the other wall locations we 
anticipate that the wall footing will be directly supported on variably weathered granitic rock and 
therefore no removals are deemed necessary. 


 
Bearing Capacity and Settlement 
The ultimate bearing capacity of the wall spread footing bearing on decomposed rock was 


calculated using soil parameters shown in Table 1.  The calculations indicate an estimated 
ultimate bearing capacity of 4000 kPa.  The Caltrans Standard Plan for Retaining Wall on Spread 
Footing indicates that the maximum toe pressure for a 7.3 m high wall is approximately 235 kPa.  
Based on our calculations, we conclude that the wall will possess a more than adequate factor of 
safety (17) against bearing capacity failure.  The settlement of the wall is anticipated to be within 
tolerable limits.  Total settlements are not expected to exceed 13 mm.  


 
 


Construction Advisories 
 


Excavations for Spread Footings: 
The site presents conditions problematic to development of excavations.  These conditions 


include limited accessibility to equipment, caving and raveling of loose soils, the presence of 
large, over-sized, very hard boulders, and the presence of moderately weathered hard to very 
hard bedrock. It is likely that fragmentation of hard rock by hoe rams, chemical expandants, 
and/or explosives may be necessary, along intervals of the wall LOL to achieve the design 
footing elevations.  


 
Temporary Excavations:   
Site-specific analysis shows that temporary excavations developed in the fill, colluvial, and 


residual soils can be constructed at a slope ration of 1:1. Temporary excavations in decomposed 
to fresh granitic rock may be vertical; During construction the Engineer must determine that 
conditions revealed in construction are consistent with those used during the design phase of 
project development and assure that adverse ground conditions are appropriately mitigated. 
 


Table 2 presents the designation of material types encountered along the wall LOL in 
terms of the California Trenching and Shoring Manual and the field investigation: 
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the SR-76 Middle Section.  The attached GDR should be used in conjunction with the District 
Preliminary Geotechnical Report (DPGR) that was provided to design on December 12, 2006.  
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1.0 INTRODUCTION 


The Office of Geotechnical Design - South 2 (OGDS-2) presents this Geotechnical Design Report 
(GDR) for the SR-76 widening project from Melrose Drive to South Mission Road in Northern San 
Diego County. This report should be utilized in conjunction with to the District Preliminary 
Geotechnical Report (DPGR) that was prepared by OGDS-2 and issued on December 12, 2006. The 
DPGR was based on preliminary field studies, archival research and engineering analyses. 
Subsequent to the issue of the DPGR, additional field investigations including geotechnical test 
borings, laboratory tests and additional engineering analyses were performed to update the 
recommendations presented in the DPGR. The additional field investigations, laboratory testing and 
the resulting engineering analyses form the basis for the updated geotechnical engineering 
recommendations that are presented in this GDR. Issues that are not addressed in this report have 
been addressed in the DPGR. In instances where there may be a conflict between the two reports, the 
recommendations of this report supersede the recommendations of the DPGR.  


2.0 ADDITIONAL FIELD INVESTIGATIONS 


2.1 GEOTECHNICAL TEST BORINGS 
A total of seventy one geotechnical test borings were drilled at the project site during the period 
December 2006 through May 2008. The purpose of the test borings was to evaluate subsurface soil 
and geologic conditions and to obtain soil samples for laboratory testing. The borings ranged in 
depth from 4.6 to 40.8 meters. Boring designations and locations are shown in Table 1. The locations 
of all the borings are shown on Figures 1-1 through 1-29. 


Borings were drilled utilizing Caltrans drilling equipment and personnel. All borings were logged by 
an engineer and geologist from OGDS-2. Samples obtained from the field were visually classified; 
selected soil samples were sent to the geotechnical testing laboratory in Sacramento for testing. The  
boring records for all the boring locations are included as an attachment to this report. 


2.2 SEISMIC REFRACTION SURVEYS 


A total of sixteen seismic refraction traverses were performed at the project site. The refraction 
surveys were performed by the consulting firm URS Corporation under a Caltrans subcontract. URS 
submitted the results of the seismic refraction traverses in a report dated 10/14/2008.  The locations 
of the seismic refraction survey lines are indicated in Table 2 and shown plotted on Figures 1-1 
through 1-29. 


The purpose of the seismic refraction surveys was to determine the excavation characteristics of the 
on-site materials and develop grading factors for these materials. Compression wave (P-wave) 
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velocity data developed from the seismic refraction surveys are presented in Table 2.  The URS 
report presenting field test data is presented in Appendix 4 of this report. 


3.0 GEOTECHNICAL LABORATORY TESTING 


Soil samples sent to the laboratory in Sacramento were tested in accordance with applicable ASTM 
and CTM standards. All tests were assigned by OGDS-2 personnel. The purpose of the laboratory 
tests was to determine the index properties of the subsurface materials and the strength, 
compressibility, collapsibility, compaction and corrosion characteristics of the subsurface materials. 
The actual type of test and total number of tests for each test type are summarized in Table 3. The 
geotechnical laboratory test results with the exception of the corrosion tests results are shown 
summarized in Table 4. The corrosion test data are summarized in Table 5. The results of the 
corrosion tests show that the on-site subsurface soils are essentially non-corrosive. 


4.0 CONCLUSIONS AND RECOMMENDATIONS 


Based on the results of the additional field investigations, laboratory testing and engineering 
analyses, a summary of our conclusions and recommendations is presented below. As previously 
stated these recommendations supersede the previous recommendations presented in the December 
12, 2006 DPGR. 


4.1 SLOPES 


4.1.1. CUT SLOPES 


The cut slope recommendations along the alignment of the project are presented in tabular form in 
Table 6. Cut slopes at the recommended inclinations shown in Table 6 should be globally stable; 
these slopes are susceptible to rill and gulley erosion. The erosion level classifications that are 
indicated in Table 6 are defined in Table 6A. Benched slopes would reduce erosion severity and are 
recommended for cut slopes exceeding 33 meters in height. Cut slopes should be no steeper than 
1:1.5 (horizontal to vertical). 


Also presented in Table 6 are excavation characteristics at various station intervals. Excavation 
classifications shown in Table 6 are defined in Table 6B. As can be seen by inspection of the table 
considerable construction difficulty should be anticipated at the majority of the cut slope locations. 
Heavy ripping and blasting may be required at certain station intervals. Additionally, there is a 
potential for encountering large granitic boulders of very hard to extremely hard rock in the cut slope 
excavations. 
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Cut slope stability at the recommended inclinations was evaluated using the GSTABL computer 
program and based on material parameters shown in Table 7.  Justification for selection of material 
parameters are presented in the footnotes to the table. 


4.1.2 PERMANENT EMBANKMENT FILL SLOPES 


Embankment fill slopes will have a maximum height of 12 meters. It is recommended that fill slopes 
be no steeper than 1:2 (vertical to horizontal) in inclination. Based on soil parameters shown in 
Table 7, slope stability analyses were performed to evaluate the stability of permanent fill slopes. 
The analyses for a 1:2 slope inclination yielded minimum safety factors in excess of the minimum 
acceptable value of 1.5 required for static loading conditions and 1.1 for pseudo-static earthquake 
loading conditions. 


Material exposed on the slope face may be highly erodible. Fill slopes should therefore be protected 
against erosion as soon as practical after the completion of grading. Erosion control should be in 
accordance with Section 20 of the Caltrans Standard Specifications or as directed by 
recommendations provided by the project landscape architect. 


4.1.3 TEMPORARY EXCAVATION SLOPES 


Temporary cut slopes will be required in areas where remedial grading is recommended in order to 
remove unsuitable material, remove and recompact existing loose and collapsible soil beneath 
embankments and structures, and at locations where rock slope protection is required. Many of these 
cuts are proposed in areas underlain by loose to very loose sands and silts with high ground water 
conditions. Allowable slope ratios for these cuts are presented in Table 8. Also indicated in the table 
are anticipated excavation difficulty, the anticipated presence of over-sized material and soil types as 
defined in the guidelines of Occupational and Safety Health Administration (OSHA). 


Shallow ground water conditions are expected to occur during temporary excavations. The depth to 
ground water will vary depending on the location of the excavation. Ground water depths and 
elevations at boring locations where ground water was encountered during our field investigation are 
presented in Table 9. 


4.1.4 EMBANKMENTS 


Significant portions of the freeway alignment are underlain by soft/loose alluvial soils, collapsible 
soils and soils containing significant amounts of organic material. Remedial grading to mitigate 
these detrimental soil conditions in embankment areas are presented in Table 10. The remedial 
grading entails removing and disposing of organic soils and removing and recompacting soft/loose 
alluvial and collapsible soils. Approximate depths of remedial grading along with volumes 
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associated with the remedial grading are also presented in Table 10. Locations along the alignment 
of the embankments where remedial grading is recommended are depicted on Figures 1-2, 1-3, 1-6, 
1-7, 1-8, 1-10, 1-11, 1-19, 1-20, and 1-28. Cross sections detailing the removal and removal of 
collapsible soils are presented in Figures 1-30 through 1-33. As indicated in the figures, existing 
collapsible soils should be removed to a minimum depth of 1.5 meters below original ground prior to 
embankment construction. All removed materials may be reused as fill and should be recompacted  
to 90 percent relative compaction in accordance with CTM-216. Clay soils if encountered in the 
excavations should not be placed within 1.4 meters of flatwork, beneath or behind structures, or 
within 2.4 meters of slope faces.  In the areas of collapsible soils where the proposed cuts are less 
than 1.5 meters in depth, the existing soils should be removed (over-excavated) to a minimum depth 
of 1.5 meters below proposed subgrade elevations and be replaced with compacted fill. This 
condition is depicted in Figure 1-30.  Along the intervals where collapsible soils are present and the 
alignment creates a transition from a side-hill cut to fill, either transverse or parallel to the alignment, 
the removals should extend to a minimum depth of 1.5 meters below finish subgrade elevations and 
be replaced with compacted fill. This condition is depicted in Figures 1-31, 1-32 and 1-33. Removals 
below the existing SR-76 pavement are not required. 


Surcharge fills are also proposed at four box culvert locations to accelerate anticipated excessive 
settlements of compressible soils underlying the culvert foundations. Surcharge heights vary from 6 
to 7 m and are indicated in Table 10, Table 12 and in Appendix C.  A waiting period of sixty days 
will be required for anticipated settlements to be complete before any improvements such as box 
culverts or finish grade can be constructed. The approximate locations of the surcharge fills are 
depicted on Figures 1-14, 1-29, 2-1, 2-2, 2-3 and 2-4.  Figures showing locations of the remedial 
grading and surcharge fill areas are also referenced in Table 10. Settlements of surcharge fills should 
be monitored utilizing settlement platforms.  Settlement waiting periods may be reduced if 
settlement monitoring data indicate that settlements have stabilized with time. 


4.1.5 ESTIMATED SETTLEMENTS FROM EMBANKMENT LOADS ON 
UTILITIES


Estimated settlements from embankment loads on proposed drainage utilities and an existing gas line 
are shown in Table 11. Settlements are expected to range from 28 mm to 160 mm below the center 
of the embankment and 3 to 25 mm along the edge of the embankment. Remedial grading as 
indicated in Table 11 will be required to mitigate the magnitude of the estimated settlements in order 
to assure the integrity of the drainage structures. With regard to the existing gas line at Station 
138+00 to 138+80 a differential settlement of 62 mm over a length of 40 meters is estimated. Project 
designers should consider the impact of settlement on the gas line. 


4.1.6 REMEDIAL GRADING REQUIRED FOR MINOR STRUCTURES 


Remedial grading will be required to mitigate adverse soil conditions at proposed locations of minor 
structures such as Reinforced Box Culverts and Reinforced Concrete Pipes. Recommended depths of 
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removals of soft/loose materials are presented in Table 12. Estimated volumes of soil removals are 
also presented in the referenced table. 


4.1.7 EARTHWORK FACTORS FOR DESIGN 


Based on the seismic refraction surveys that were performed for this project earthwork grading 
factors have been developed for use in the design and construction of this project. Table 13 presents 
the recommended earthwork factors for the project. 


5.0 DESIGN AND CONSTRUCTION ADVISORIES 


The following is a list of design and construction advisories for this project. Design advisories 
should be incorporated into the plans and specifications of the project. Construction advisories may 
impact costs and schedules as well as means and methods selected by the Contractor. 


1) It is recommended that a representative from OGDS-2 be on-site during the construction of cut 
slopes to confirm conditions exposed by cut are consistent with stable slope design. The 
representative should also be present during remedial grading operations. 


2) Underground utilities not explicitly discussed within this GDR are located beneath and adjacent 
to the footprint of proposed embankments as well as those adjacent to excavations in alluvial 
soils. These utilities could be adversely impacted due to settlement and/or shear stresses 
mobilized by lateral spreading of saturated loose soils. New cross drainages that will be deeply 
buried by new embankments and that are not explicitly discussed in this report may be adversely 
impacted due to differential settlement.  Surcharging compressible soils may adversely impact 
utilities located beneath or adjacent to surcharge loads. Project designers should consider these 
differential settlements and the use of appropriate alternative design measures to mitigate these 
conditions.


3) Intervals of the proposed freeway embankment will often be placed on the existing floodplain 
soils. These soils are often comprised of dense sand overlying very loose to loose silts and sands. 
The depth to ground water will fluctuate seasonally and may be close to ground surface 
following significant rainfall. Subgrade pumping is likely under such conditions and construction 
equipment could potentially become mired in the loose/soft, saturated subgrade if embankment 
foundation and earthwork is conducted during the rainy season.


4) Intervals of the proposed freeway will often be placed in areas currently supporting dense 
riparian woodlands comprised of deeply rooted trees and shrubs. Clearing and grubbing will 
require significant effort in these areas and should conform to Section 16 of the Standard 
Specifications.  .
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5) In order to minimize erosion of cut slopes, benches should be provided where slope heights 
exceed thirty three meters unless aggressive erosion control is specified by the landscape 
architect. All slopes should be protected by brow ditches and slope rounding. 


6) Embankments between Station 194+30 and 198+50 are proposed to be placed on an existing 
slope comprised of Decomposed Granite with large boulders as well as granitic rock in various 
states of weathering. Keying and benching into the existing slope may present difficulties and 
require extra effort on the part of the Contractor. Currently the cross sections depict embankment 
placed on a steeply declined surface comprised of weathered granitic rock. If the contact between 
the existing and new embankment is not keyed and benched a potential slip plane could be 
created.


7) A cutoff wall is recommended at the inlet of the 2.1 meter diameter Corrugated Steel Pipe (CSP) 
at Station 162+40 to 163+00.The cutoff wall should extend through the soils to rock. It is 
estimated that this cutoff wall may need to be about three meters deep. The purpose of this cutoff 
wall is to minimize the flow of water beneath the CSP and prevent it from being undermined. 


8) Heavy ripping and blasting is anticipated at several cut slope locations. The volume of slope 
material that will require blasting may be estimated by utilizing Table 6. Designers should 
include a blasting Non-Standard Special Provision (NSSP) for controlled blasting with the bid 
package. A representative of OGDS-2 will be available to perform reviews of blast plans.  


9) Unless site conditions warrant otherwise, blasting should be limited to full facility closures.  The 
duration of closure needed to facilitate blasting is typically 15 minutes or less; however, misfires, 
rock on the road, or temporary blast induced slope instabilities may require closures of longer 
duration.  Lane closure charts should be included within the Standard Special Provisions (SSPs).
Generally State regulations preclude blasting operations after dark; however, if the Traffic 
Management Center limits facility closures to night-time hours, a special permit allowing for 
night-time blasting can be obtained from the California Occupational Safety and Heath Agency 
(Cal-OSHA).   Obtaining a Cal-OSHA permit is generally the responsibility of the Contractor.


10) Remedial grading will be required to mitigate embankment areas underlain by soft/loose alluvial 
soils, collapsible soils, and soils containing organic materials. The extent of remedial grading is 
conveyed in Figures 1-2, 1-3, 1-6, 1-7, 1-8, 1-10, 1-11, 1-19, 1-20, and 1-28 and Table 10. 
Remedial grading will also be required to mitigate adverse soil conditions encountered at 
locations of box culverts and drainage pipes as shown in Table 12. Removal depths greater than 
those shown in Tables 10 and 12 may be required depending on the actual subsurface soil 
conditions encountered. 
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TABLE 3:
Test Methods.


TEST TEST METHOD NUMBER OF TESTS
Collapsible Soil 
Odeometer ASTM 5333-96 3


Consolidation ASTMD 2435-04; CT 219 7
Atterberg Limits CT-204 14
Unit Weight 25
Moisture Content ASTM D2216-05 16
Mechanical Analysis CT 202/203 42
Sand Equivalent CT 217 7
Direct Shear CT 222 2


Relative Compaction CT 216 13


Specific Gravity CT 209 21
Corrosion 7
Particle-Size Analysis 
of Soils ASTM 422-63 8


Amount of Material 
Finer the  No. 200 
Sieve


ASTM 1140-92 9
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Table 9:
Groundwater Observations.


BORING
DESIGNATION


Observed
Depth Below Ground 


Surface (m)1
Groundwater


Elevation  (m)b


RO815050L 2a 34.1
R0715460L 5.7 35.1


RO717210 R 8.1a 33.4
R0817215L 1a 37.2
R0718320C  4.8 41
R0718500C 7.9 38.5
R0818915R 6.4 42.2
R0818924L 6.4 44
R0818919R 4.9 43.1
R0818908L 11.3 39.1
R0819410R 4.6 45.9
R0820735R 2.7 49.1
R0821470L 2.6 50


1: Reported depth to water and elevation are of the highest water 
level observed.a: Boring developed in drainage course and drilled 
after recent rainfall event. b: Groundwater elevation fluctuates 
seasonally. It rises rapidly in response to rainfall and falls quickly in 
response to extended dry periods.
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Appendix  A: 


LOGS OF TEST BORINGS. 



























































































































DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT







DRAFT



















































































































































































































































































































































































































































State of California Business, Transportation and Housing Agency 


M e m o r a n d u m 


To: Carl Savage, Project Engineer Date: April 29, 2009 
 District 11 Design SR-76 Project Corridor; MS: 333   


File: 11-SD-76 kp 12.1/20.1 
Attn: Jenny Yan: MS: 333 11-080131; 080101 


  SR-76 Widen and Realignment 
Retaining Wall Foundation 
Report


    


etric


Caltrans


From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
Geotechnical Services 
Office of Geotechnical Design –South 2 


Subject: Foundation Report for a Type 1 Retaining Wall along Old River Road; Bonsall, Ca.  
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Hole type is Trench.  Moderately weathered to slightly weathered, hard to very hard, non-rippable, granitic, outcrops 
observed along wall alignment.


11-080131


BRIDGE NUMBER
03/19/09


11 76San Diego


1
SHEET


1NA


SURFACE ELEVATION


TRENCH WIDTH & LENGTH
0.6 m


52.1 m


%


3.2 m


EA


NOTES


POORLY GRADED SAND w/ SILT and GRAVEL (SP-SM): 
estimated loose, yellowish brown, dry, fine to medium grained 
SAND, little angular to rounded GRAVEL, few FINES, few 
root/organic detritis [FILL]
POORLY GRADED SAND w/ SILT, GRAVEL, COBBLES, and 
BOULDERS (SP-SM): estimated loose, yellowish brown, dry, fine 
to medium grained SAND, little angular to rounded GRAVEL, few 
FINES, approximately 40% granitic, slightly weathered to fresh, 
very hard to extremenly hard COBBLES and BOULDERS, lengths 
ranging from 0.3 to 1.0m


Trench terminated below foundation elelvation in decomposed 
bedrock.  The excavation difficulty classification of high to very 
high based on the National Soil Survey Handbook (430-VI-NSSH). 
Generally Rippable but wil require localized fragmentation of hard 
rock to facilitate excavation.


SANDY SILT (ML): estimated medium dense, light reddish brown, 
dry, some fine to coarse grained angular SAND, non-plastic
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SPT HAMMER TYPE
NA
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IGNEOUS ROCK (GRANITIC): medium grained, variegated dark 
red, decomposed to very intensely weathered, very soft, relic 
discontinuities [SILTY SAND,w/  GRAVEL AND COBBLES (SM): 
estiamted dense, dry, medium grained SAND, some FINES, few 
GRAVEL, 5%-10% granitic moderately weathered, moderately 
hard to hard rounded COBBLE] 


…estimated very dense, rock fabric evident
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TOTAL DEPTH OF TRENCH


KP 12.1/20.1


O-09-001


HAMMER EFFICIENCY (ERi)
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REPORT TITLE
11-SD-76 Old River Road Type 1 Tetaining Wall Foundation Report


ROUTECOUNTY
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DATEPREPARED BY


POSTMILE(KP)
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BRIDGE NUMBER
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Old River Road Retaining Wall


DEPARTMENT OF TRANSPORTATION


Trench terminated below foundation elelvation in decomposed 
bedrock.  The excavation difficulty classification of high to very 
high based on the National Soil Survey Handbook (430-VI-NSSH). 
Generally Rippable but wil require localized fragmentation of hard 
rock to facilitate excavation.


Hole type is Trench.  Moderately weathered to slightly weathered, hard to very hard, non-rippable, granitic, outcrops 
observed along wall alignment.


SURFACE ELEVATION


TRENCH WIDTH & LENGTH
NA Trench


52.4 m


IGNEOUS ROCK (GRANITIC): medium to coarse grained, 
variegated reddish brown, decomposed to very intensely 
weathered, soft to moderately soft, relic rock fabric evident, w/ 
thinly clay filled randomly oriented relic joints [SILTY SAND (SM): 
estimated very dense, dry, medium to coarse grained SAND, 
some FINES]
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LOGGED BY
J. Kermode
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TRENCH LOCATION (Lat/Long or North/East and Datum)
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GROUNDWATER
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TRENCHING METHOD
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SPT HAMMER TYPE
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SILTY SAND (SM): estimated loose, variegated light olive gray, 
dry, fine to coarse grained SAND, little FINES, few GRAVEL, few 
organics debris, roots and vegetation detritis [FILL]


SILTY SAND (SM) w/ COBBLES AND BOULDERS: estimated 
loose, variegated light olive gray, dry, fine to coarse grained 
SAND, little FINES, few GRAVEL, approximately 60% granitic, 
slightly weathered to fresh, very hard COBBLES and BOULDERS 
lengths up to 0.9m


SILT w/ SAND (ML): estimated medium dense, light yellowish 
brown, dry, little fine grained SAND
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REPORT TITLE
11-SD-76 Old River Road Type 1 Tetaining Wall Foundation Report
DISTRICT ROUTECOUNTY
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2009-03-20 trench Records.xls - O-09-002
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SURFACE ELEVATION


TRENCH WIDTH & LENGTH
NA Trench


52.6 m
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EA


Trench terminated below foundation elelvation in decomposed 
bedrock.The excavation difficulty classification of high to very high 
based on the National Soil Survey Handbook (430-VI-NSSH). 
Generally Rippable but wil require localized fragmentation of hard 
rock to facilitate excavation.


SILTY SAND (SM): estimated medium dense, yellowish brown, 
dry, fine to medium grained SAND, some FINES, nonplastic 
[COLLUVIUM REGOLITH]


IGNEOUS ROCK (GRANITIC): medium grained, variegated 
orangish brown, decomposed to very intesnely weathered, soft to 
moderately soft [SILTY SAND (SM): estimated very dense, dry, 
medium grained SAND, some FINES]
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NA


NOTES


Hole type is Trench.  Moderately weathered to slightly weathered, hard to very hard, non-rippable, granitic, outcrops 
observed along wall alignment.


%


5.2 m


SILTY SAND (SM): estimated loose, variegated light olive gray, 
dry, fine to medium grained SAND, some FINES, few organics 
debris, roots and vegetation detritis [FILL]


SILTY SAND (SM) w/ COBBLES AND BOULDERS: estimated 
loose, light olive gray, moist, fine to medium grained SAND, some 
FINES, approximately 60% granitic, slightly weathered to fresh, 
very hard COBBLES and BOULDERS lengths up to 0.9m
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TRENCHING CONTRACTOR


TRENCHING METHOD
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Trench terminated below foundation elelvation in decomposed 
bedrock. The excavation difficulty classification of high to very high 
based on the National Soil Survey Handbook (430-VI-NSSH). 
Generally Rippable but wil require localized fragmentation of hard 
rock to facilitate excavation.


BRIDGE NUMBER
R. Rusnak


DATE
11NA


SILTY SAND (SM): estimated loose, variegated medium brown to 
yellowish brown, dry, fine to medium grained SAND, some FINES, 
few organic material, roots an vegetation detritis [FILL]


SILT w/ SAND (ML): estimated medium dense, strong reddish 
brown, dry, nonplastic [COLLUVIUM REGOLITH]


ROUTECOUNTY


03/19/09


76San Diego


IGNEOUS ROCK (GRANITIC): medium grained, variegated strong 
yellowish brown, dry, decomposed to very intensely weathered, 
soft to moderately soft, relic rock fabric evident w/ clay and 
decomposed granite filled discontinuities [ SAND w/ SILT (SM): 
estimated very dense, medium grained SAND, some FINES]
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Hole type is Trench.  Moderately weathered to slightly weathered, hard to very hard, non-rippable, granitic, outcrops 
observed along wall alignment.
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SPT HAMMER TYPE
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SILTY SAND (SM) w/ COBBLES AND BOULDERS: estimated 
loose, yellowish brown, dry, fine to medium grained SAND, little 
FINES, approximately 10% granitic, slightly weathered to fresh, 
very hard COBBLES and BOULDERS lengths up to 0.9m
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NOTES


Hole type is Trench.  Moderately weathered to slightly weathered, hard to very hard, non-rippable, granitic, outcrops 
observed along wall alignment.


SILTY SAND w/ BOULDERS (SM): estimated medium dense, 
rediish brown, dry, fine to coarse grained SAND, some FINES, 
approximately 70% granitic, slightly weathered to fresh, very hard 
BOULDERS lengths up to 1.22m


SILTY SAND w/ COBBLES (SM): estimated medium dense, 
yellowish brown changing with depth to reddish brown, dry, fine to 
coarse grained SAND, some FINES, approximately 10% granitic, 
moderately weathered, hard COBBLES, weakly cemented 
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NOTES


Hole type is Trench.  Moderately weathered to slightly weathered, hard to very hard, non-rippable, granitic, outcrops 
observed along wall alignment.
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estimated stiff, reddish brown, dry, some SAND, few GRAVEL, 
approximately 10% COBBLES and BOULDERS [COLLUVIUM] 


IGNEOUS ROCK (GRANITIC): medium grained, variegated DARK 
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SILTY SAND w/ COBBLES and BOULDERS (SM): estimated 
loose, yellowish gray to yellowish brown, dry, fine to coarse 
grained SAND, some FINES, approximately 20% granitic, 
moderately to slightly weathered hard COBBLES, up to 0.9m 


NA


3


4


5


1


10


11


16


14


15


HOLE ID:


HOLE ID: O-09-006


TOTAL DEPTH OF TRENCH


kp 12.1/20.1


O-09-006


HAMMER EFFICIENCY (ERi)
NA


DISTRICT ROUTECOUNTY


R. Rusnak
DATEPREPARED BY


2009-03-20 trench Records.xls - O-09-006







Geotechnical Design Report   C 
SR-76 Widening and Realignment Middle Section  
EA: 11-080101, 080111, 080121, 080131 


Appendix  C 


STANDARD AND NON-STANDARD SPECIAL 
PROVISIONS















































D-11 ** 
Settlement Platform 


Used on 07-1693C1, 2005 
JWPJr_04-15-2009


1. Add as SSP 19-500 following paragraph 6. 
The newly constructed embankments for the locations shown below shall be monitored using 


surface settlement platforms in conformance with Caltrans Standard Test No.112.and acceptable 
to the Engineer.  The settlement platforms shall be furnished, installed by the Contractor and 
monitored by Caltrans personnel.  The Contractor shall be solely responsible to protect the 
instruments from damage due to the Contractor's or any other operations on the site.  The 
Contractor shall repair or replace, at the Contractor’s expense, all damaged settlement platforms 
as required.  The repair shall be complete within one day and the replacement process initiated 
within one day from the date the instrument was observed as damaged.  Locations of 
embankment instrumentation are as follows:


To be filled in by Geotechnical 
Support Location Station Surcharge 


Height
Settlement Period


(days)
Remarks


Box Culvert Wild 
Animal Crossing 


1


153+50 to 153+85 7 m 60
Construct three 
settlement 
platforms, one at 
each end of the 
surcharge and one in 
the center.


Buried CSP 
Culvert


171+70 to 172+60 7 m 60
Construct one 
settlement platform 
located at the center, 
of each of the two 
surcharge foot print.


Wild Animal 
Under Crossing 
2,BR 57-1209


189+05 to 189+35 4.5 m 60
Construct three 
settlement 
platforms, one each 
at abutment No. 1 
and No. 2 and one at 
the Mat Foundation


Box Culvert Wild 
Animal Crossing 


3


193+90 to 194+10 7 m 60
Construct three 
settlement 
platforms, one at 
each end of the 
surcharge and one in 
the center.


Box Culvert 216+55 to 216+75 7 m 60
Construct one 
settlement platform 
located at the center, 
of each of the two 
surcharge foot print.


2.
The settlement platforms shall be constructed at the interface of the native soil and fill.







3
Jkermode 12/04/08** 


Revised 4/247/20089 by JWPJr 
At the Wild Animal UC 2, BR. 57-1209, foundation treatment shall be completed prior to 


constructing the surcharge fill.  The surcharge fill shall cover the footprint of the mat foundation 
to height indicated in the following table.


4
Jkermode 12/04/08** 


Revised 4/27/2009 by JWPJr 
At all other locations the surcharge fill need not be compacted; however, if it is desired that 


earthwork operations be minimized, consideration may be given to compacting the embankment 
to its full height and after completion of the settlement induced by the embankment loads, 
excavation can be conducted to construct the foundation for the structure or other improvement.


5 The following para. is para. 6 from SSP 19-500.  4/27/2009JWPJr 
The duration of the required settlement period at each location will be determined by the 


Engineer.  The estimated duration of the settlement periods are listed in the tables of settlement 
data.  The Engineer may order an increase or decrease in any settlement period.  An ordered 
increase or decrease in any settlement period will result in an increase or decrease in the number 
of contract working days if the settlement period involved is considered to be the current 
controlling operation in conformance with the provisions in Section 8-1.06, "Time of 
Completion," of the Standard Specifications.  Adjustments of contract time due to increases or 
decreases in settlement periods will be made by contract change order.


As State personnel is to monitor the site then this goes into the RE Book.  
JWPJr
6. Place after paragraph 10 of SSP 19-590 


The contract lump sum price paid for settlement platform installation shall include full 
compensation for furnishing all labor, materials, tools, equipment, and incidentals and for doing 
all the work involved in establishing settlement platforms complete in place, including repairing 
the settlement platforms, as shown on the plans, as specified in the Standard Specifications and 
these special provisions, and as directed by the Engineer.
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Table 4. Summary of Discharges (Cont'd)


Flooding Source and Location
Drainage Area


(Square Miles)
Peak Discharges (cfs)


10-Year 50-Year 100tYear 500-Year


Samagutuma Creek
At Mouth


San Clemente Canyon Creek
Upstream of Confluence with Rose Canyon Creek
Upstream of Genesee Avenue
Upstream of Interstate Highway 805


San Diego River
At Confluence with Murphy Canyon Creek
Just Downstream of Confluence of
San Vicente Creek


San Dieguito River
Upstream of Camino Del Mar Bridge
Upstream of Atchison, Topeka & Santa
Fe Railway Bridge


Upstream of Jimmy Durante Bridge
Upstream of U.S. Interstate Highway 5 Bridge


San Elijo Creek
0.1 Mile Upstream of El Camino Road


San Luis Rey River
At Mouth
Downstream of Confluence with Moosa Canyon
Downstream of Confluence with Keys Canyon
Upstream of Confluence with Keys Canyon
Downstream of Palma
Downstream of Confluence with Puma Creek
Upstream of Confluence with Puma Creek


6.4


18.4
15.3
12.5


420.0


290.0


5.4


560.0
355.6
252.3
180.4
167.3
126.7


71.5


900


1,400
1,200
1,000


3,100


2,500


5,700


5,700
5,800
5,900


500


6,600
6,200
5~000
4,0002
4,0002
4,0002
5,000


2,600


4,200
3,600
3,100


17,000
__1


31,400


31,400
32,100
32,500


1,600


31,000
30,000
25,000
20,000
18,000
16,800
15,000


4,000


6,900
5,600
4,900


36,000


31,000


41,800


41,800
42,400
42,800


2,100


51,000
48,000
41,000
33,000
30,000
28,000
24,500


7,000


16,000
12,000
11,000


112,000 .
__1


90,000


90,000
90,000
90,000


5,500


120,000
110,000
98,000
85,000
78,000
72,800
64,000


1Dat a Not Available
2Discharge Decreases With Increasing Area Due to Breakouts From the Low Flow Channel
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1. CONSULTATION HISTORY 
 
A variety of meetings and correspondence occurred during project negotiation.  The following 
chronology reflects a summary of significant events.  A complete record of this consultation is 
on file at the Carlsbad Fish and Wildlife Office. 
 
Sept 2005-Dec 2006 Bi-monthly coordination meetings between Caltrans, Army Corps of 


Engineers, Environmental Protection Agency, Regional Water Quality 
Control Board, California Department of Fish and Game and Federal 
Highway Administration to assist in implementing the NEPA/404 MOU 
Integration Process.  The proposed project’s Purpose and Need, Selection 
Criteria, and Range of Alternatives were developed and refined during 
these meetings in order to minimize impacts to biological resources. 


 
August 4, 2006 Service provided Caltrans with concurrence that the SR-76 Widening 


Projects’ proposed mitigation parcels are biologically appropriate to offset 
adverse affects to the arroyo toad, gnatcatcher, vireo, flycatcher, ambrosia 
and their habitats. 


 
September 13, 2006 Service provided Caltrans with a list of species and their critical habitats 


expected to be present in or near the proposed action area. 
 
January 3, 2007 Service provided Caltrans concurrence on the SR-76 Melrose to Mission 


Highway Improvement Project range of alternatives carried forth and into 
the National Environmental Policy Act (NEPA) review. 


 
September 21, 2007 Service provided Caltrans with concurrence on the geotechnical borings 


for the SR-76 Melrose to Mission Highway Improvement Project on 
September 21, 2007. 


 
December 3, 2007 Service provided comments to Caltrans on the Draft Environmental 


Impact Report/Environmental Impact Statement for the SR-76 Melrose to 
Mission Highway Improvement Project. 


 
December 20, 2007 Service consulted informally on four geotechnical boring locations along 


the San Luis Rey River. 
 
January 18, 2008 Service provided Caltrans with concurrence on additional geotechnical 


borings for the proposed San Luis Rey River Bridge crossing as part of the 
SR-76 Melrose to Mission Highway Improvement Project. 


 
September 2008 Service and Caltrans finalized the project description and conservation 


measures. 
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2. DESCRIPTION OF THE PROPOSED ACTION 
 
Caltrans proposes to widen 5.8 miles of the existing two-lane SR-76 in northwest San Diego 
County (Figure 1).  The project area is located in the San Luis Rey River valley between Melrose 
Drive and South Mission Avenue (Figure 2).  The western 1.5 miles are located in the Oceanside 
city limits, while the remaining 4.3 miles to the east are located in unincorporated San Diego 
County.  The new highway would directly impact a total of approximately 255 acres of the San 
Luis Rey River Valley and result in four travel lanes (two 12-ft lanes in either direction), with 
right-of-way (ROW) and grading to ultimately accommodate a six lanes facility, if it is ever 
needed (Figures 3-10).  Eight-foot wide outside shoulders would be constructed to provide for 
roadside safety as well as for bicycles and pedestrians while not precluding emergency parking.  
The westbound and eastbound lanes would be separated by approximately 22 feet, of which 10-
feet in each direction would be paved inside shoulder and the remaining 2 feet of width will be a 
32” high barrier.  There would be a ROW area requirement of 163 acres including both existing 
and new Right of way. 
 
Local intersections would be provided at Melrose Drive, Singh Road, East Vista Way/Old River 
Road, North River Road, Via Montellano, Olive Hill Road/Camino Del Rey, and South Mission.  
The connection between the proposed SR-76 Melrose to South Mission project and the SR-76 
South Mission to Interstate 15 project is currently under study with options to have the 
connection accommodate alignment either north or south of the river. 
 
2.1 Design Features and Elements 
 
The Existing Alignment (preferred alternative) includes the following design features and 
elements. 
 
 SR-76 roadway transition from the existing highway to the Existing Alignment Alternative 


would begin approximately 0.5 mile west of the SR-76/Melrose Drive intersection and 
extend approximately 0.6 mile east of the SR-76/South Mission Road intersection. 
 


 Earthwork quantities are estimated to be approximately 1,110,000-cubic Meters of cut and 
approximately the same of fill.  Fill slopes will generally be located on the non-river side of 
the San Luis Rey River floodplain between the river and the proposed SR-76.  In an effort to 
minimize environmental impacts, 1:1 1/2slopes or flatter would be used instead in the cut 
areas and 1:2 slopes in the fill versus the standard of 1:4 slopes standards. 


 
 Final cut-and-fill slopes would be graded to provide natural looking topography, where 


feasible. 
 
 Permanent low sodium lights will be installed at all intersections. 


 
 Turn lanes will be provided at the following intersections: Melrose Drive, Singh, East Vista 


Way, Via Montellano, Olive Hill Road, South Mission Road, and North River Road. 
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Figure 1.  Locality Map 
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Figure 2.  Vicinity Map 
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 Holly Lane will be converted to a right in right out, due to the complex motorist movement 
necessary to access   SR-76 and the close proximity of North River Road.  Vehicle access to 
the other direction will be provided via North River Road.  A pedestrian path will be 
provided between the cul-de-sac and the highway. 


 
 Jeffries Ranch Road will be converted to a cul-de-sac.  Vehicle access to the highway will be 


provided via the connection from Old Ranch Road, Appaloosa Way, and Spur Avenue to 
Melrose Drive. 


 
 Several short stretches of the existing SR-76 will be decommissioned as part of the proposed 


project; immediately west of the proposed Singh Road, between Jeffries Ranch and East 
Vista Way, immediately west of the Camino Del Rey intersection, and immediately south of 
Sweetgrass Lane (Figures 3-10). 


 
2.2 Bridges – Wildlife Crossings 
 
 Wildlife directional fencing and arroyo toad exclusionary fencing will generally be 


constructed between the San Luis Rey River and SR-76.  Arroyo toad fencing will start at the 
existing San Luis Rey River Bridge and continue upstream to the end of the project (Figure 
11). 


 
 The existing San Luis Rey River Bridge, which is 1,328 ft long and 43.5 ft wide, will be 


maintained for westbound traffic.  One new bridge located to the east of the existing bridge, 
will be built for eastbound traffic.  The bridges will be separated by a gap that varies between 
49 and 82 ft.  During construction of the new bridge, eastbound and westbound traffic will 
use the existing bridge. 
 


 The new eastbound bridge at the San Luis Rey River will be 1,677 ft long and ranges in 
width from approximately 50-60 feet and will have two 12-ft through lanes, one 12-ft 
channelization lane, one 10-ft outside shoulder, and one 10-ft inside shoulder.  The support 
columns would be circular and parallel to the river flow.  It is expected that two columns will 
be needed at each support location. 


 
 Wildlife crossings from the San Luis Rey River to the Groves property would be constructed 


to provide additional wildlife movement opportunities.  These crossings would be located at 
two drainages, one on the east and the other along the western edge of the property along SR-
76.  The westernmost crossing would be a bridge structure providing wildlife crossing 12 ft 
high x 25 ft wide x 111 ft long.  The eastern crossing would be a reinforced concrete box 
(RCB) culvert 14 ft wide x 10 ft high x 174 ft long. 
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Figure 3.  SR-76 Middle Project Features Maps 
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Figure 4.  SR-76 Middle Project Features Map 







Ms. Rush Abrams (FWS-SDG-08B0136-08F0900) 
 


 


8


Figure 5.  SR-76 Middle Project Features Map 
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Figure 6.  SR-76 Middle Project Features Map 
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Figure 7.  SR-76 Middle Project Features Map 
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Figure 8.  SR-76 Middle Project Features Map 
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Figure 9.  SR-76 Middle Project Features Map 
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Figure 10.  SR-76 Middle Project Features Map 
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Figure 11.  Proposed Wildlife Crossing and Wildlife Fencing Study 
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 The existing Bonsall Creek Bridge is a double cell, RCB culvert approximately 23 ft wide.  


The new bridge will be approximately 157 ft wide and 23 ft long and maintain four 12-ft 
travel lanes, two 12-ft channelization lanes, one 12-ft westbound right turn lane, two 
eastbound 12 foot turn lanes, two 10-ft outside shoulders, one 10-ft inside shoulder, one 4-ft 
inside shoulder, and one 2-ft wide concrete median barrier. 


 
 The existing Ostrich Farm Creek Bridge is a four cell, RCB culvert approximately 45 ft wide.  


The bridge will be demolished and a new bridge constructed.  It will be 6 ft long, 125 ft 
wide, and constructed with four 12-ft through lanes, two 12- ft channelization lanes, two 12-
ft eastbound left turn lanes, two 10-ft outside shoulders, one 4- ft inside shoulder, one  10-ft 
inside shoulder, and a 2-ft wide concrete median barrier.  A soft bottom will exist under the 
bridge 


 
 A drainage culvert located north of Via Montellano will be constructed 13.8 ft wide and 9.8 


ft high to facilitate wildlife movement. 
 
2.3 Ambrosia Translocation 
 
Ambrosia from the Marron mitigation site (UTM 477541.31m E, 3679659.98m N) will be 
transplanted to the Morrison property.  Approximately twenty percent (20%) of the existing 
ambrosia will be removed and transplanted into a suitable area on the receiver site. 
 
2.4 Project Phasing 
 
Project construction is expected to occur between winter 2009 and summer 2012, and will be 
implemented in four phases. 
 


• Phase 1:  Construct SLR River bridge (expected to begin winter 2009) 
• Phase 2: Melrose to East Vista Way (begin 2010) 
• Phase 3:  Olive Hill Road to South Mission Road, including Bonsall and Ostrich 


Creek bridges (expected to begin summer 2010) 
• Phase 4:  East Vista Way to Olive Hill Road, including San Luis Rey River Bridge 


(expected to begin fall 2010) 
• Completion of all phases is expected by the end of 2012 


 
The proposed project will impact 255 acres, consisting of permanent direct impacts to 1.11 acres 
of mule fat scrub, 0.13 acre of southern willow scrub, 0.003 acre of disturbed wetland, 18.33 
acres of southern cottonwood willow riparian forest, 3.09 acres of southern coast live oak 
riparian forest, 24.36 acres of coastal sage scrub, 13.28 acres of disturbed coastal sage scrub, 
0.72 acre of coast live oak woodland, and 43.17 acres of non-native grassland (Table 1).  
Additionally, the proposed project will result in permanent indirect impacts to 190.37 acres, 
consisting of 1.25 acres of southern willow scrub, 4.9 acres of disturbed wetland, 62.84 acres of 
southern cottonwood willow riparian forest, 6.57 acres of south coast live riparian forest, 0.07 
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acre of coastal valley freshwater marsh, 32.23 acres of coastal sage scrub, 16.59 acres of 
disturbed coastal sage scrub, and 0.67 acre of coast live oak woodland.   
 
Mitigation for permanent project effects will occur under one of two scenarios, Option A or 
Option B.  Further detail is provided in the Conservation Measures. 
 
The analysis of project impacts on listed species was based on the final highway alignment (as of 
February 2008) and the available biological resource data for the Biological Survey Area (BSA) 
(Tables 1 and 2).  The assessment relies on survey results obtained during field efforts from 2002 
through 2007. 
 
Table 1.  Vegetation Community and Cover Type Impacts 


Project Impacts 
Vegetation Communities 


and Cover Type 


Total Area
w/in BSA 
(Acres) 


Permanent 
Impacts 


Temporar
y 


Impacts 


Total 
Direct Impacts Indirect 


Impacts 


Riparian and Wetlands      
Southern Cottonwood Willow Riparian Forest 311.92 18.33 14.32   32.65 62.84
Southern Coast Live Oak Riparian Forest 12.55 3.09 0.00    3.09 6.57
Southern Willow Scrub 4.23 0.13 0.00    0.13 1.25
Mulefat Scrub 1.51 1.11 0.007    1.12 0.00
Arundo/Disturbed Wetland 19.08 0.003 1.54    1.54 4.9
Coastal and Valley Freshwater Marsh 0.26 0.00 0.00    0.00 0.07


Subtotal:  330.47   22.66   15.87   38.53 75.63
Open Water 
Open Water (not a vegetation type) 14.53 0.42 0.45    0.87 0.00


Subtotal 14.53 .042 0.45 0.87 0.00
Uplands 


Non-Native Grassland 168.06


43.17
(30.72  toad habitat


12.45 other) 10.66   53.83 41.60
Diegan Coastal Sage Scrub 117.98 24.36 4.09   28.45 32.23
Disturbed Diegan Coastal Sage Scrub 36.6 13.28 3.77   17.05 16.59
Coast Live Oak Woodland 3.07 0.72 .05    0.27 0.67


Subtotal:  325.71 81.53   18.57 100.1   91.09
Other Vegetation Types 
Urban/Developed 324.55 46.28 9.93   56.21 0.00
General Agriculture 296.94 38.81 3.65   42.46 23.65
Disturbed Habitat 182.00 9.10 1.26   10.36 0.00
Non-Native Vegetation 10.94 3.45 .41    3.86 0.00
Eucalyptus Woodland 9.74 2.89 .31    3.20 0.00


Subtotal:  824.17  100.53   15.56  116.09   23.65
Total: 1,499.43  204.64   50.45  255.09  190.37
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 Table 2.  Impacts to Listed Species 
Permanent Impacts Temporary Impacts Indirect Impacts 


Species Number Impacted Number Impacted Number Impacted* 
coastal California gnatcatcher 3 pairs 0 3 pairs 
least Bell's vireo   4 pairs, 5 singles 7 pairs, 6 singles 12 pairs, 12 singles 
southwestern willow flycatcher 0 0 1 migrant 
arroyo toad   3 populations 1 population 0 


 *Includes permanent and direct impacts 
 
2.5 Project Location 
 
The proposed project is located along the existing SR-76 within the lower reach of the San Luis 
Rey River valley and its associated floodplain.  This stretch of the San Luis Rey River is 
perennial, receiving input from the upstream watershed.  Nearby drainages include Little Gopher 
Canyon, Bonsall Creek, Moosa Creek, and Ostrich Farms Creek.  Areas within the San Luis Rey 
River floodplain have been developed with agriculture, transportation, recreation (golf course), 
commercial, and residential uses. 
 
The project action area is defined as the area 400 feet from the centerline of the proposed 
alignment, starting 0.5 mile west of Melrose Drive to Ramona Drive on the east.  The action area 
additionally includes the entire San Luis Rey River floodplain between Ramona Drive and to a 
point downstream where effects are not experience (potentially to the Pacific Ocean) and extends 
up each of the following creeks/canyons to there terminus; Little Gopher Canyon, Bonsall Creek, 
Moosa Creek, and Ostrich Farms Creek.  The action also includes those mitigation lands 
associated with the project (e.g., Groves). 
 
2.6 Conservation Measures 
 
The proposed action includes the following conservation measures that will be implemented as 
part of the proposed project in order to avoid or otherwise minimize potential adverse effects of 
the action on listed species. 
 
2.6.1 General 
 
1. Caltrans would designate Service-approved biologists who would be responsible for 


overseeing monitoring and compliance with protective measures for the biological resources.  
The biologists will be familiar with the life history and ecology of the flora and fauna present 
within the San Luis Rey River watershed, including the arroyo toad, gnatcatcher, vireo, 
flycatcher, and ambrosia.  The biologists will be familiar with field techniques, to include 
handling of species, as well as construction techniques relative to the project types proposed.  
A section 10(a)(1)(A) permit could be necessary for the handling of federally-listed species.  
The biologists would maintain communications with the appropriate personnel (project 
manager, resident engineer) to ensure that issues relating to biological resources are 
appropriately and lawfully managed.  The biologists would also be present to ensure 
compliance with all conservation measures.  The monitoring biologists will submit reports 
that document compliance with these measures to the Service upon request or, at a minimum, 
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included in the end of the year report.  In addition, the biologists will perform the following 
duties. 


 
a. Be on site during all vegetation clearing/grubbing and weekly during project construction 


in upland/riparian habitat to be impacted. 
 
b. Inspect the fencing and erosion control measures of all project areas (including 


preservation/restoration/creation sites) a minimum of once per week.  Particular attention 
should be made immediately before and after rain events to ensure that any breaks in the 
fence or erosion control measures are repaired. 


 
c. Train and educate all contractors and construction personnel about the biological 


resources associated with this project and ensure that training is implemented by 
construction personnel.  At a minimum, training would include: 1) the purpose for 
resource protection; 2) a description of the sensitive species and their habitats; 3) the 
conservation measures in the biological opinion that should be implemented during 
project construction, including strictly limiting activities, vehicles, equipment, and 
construction materials to the fenced project footprint to avoid impacts to sensitive 
resource areas in the field (i.e., avoided areas delineated on maps or on the project site by 
fencing); 4) environmentally responsible construction practices; 5) the protocol to resolve 
conflicts that may arise at any time during the construction process; 6) the general 
provisions of the Act, the need to adhere to the provisions of the Act, and the penalties 
associated with violating the Act. 


 
d. Ensure that any measures developed in coordination with the Service to avoid all impacts 


to all encountered sensitive species as well as other nesting birds are implemented. 
 


e. Immediately notify the Resident Engineer to halt work, if necessary, and confer with the 
Service to ensure the proper implementation of species and habitat protection measures.  
The biologist would report any breech of the conservation measures within this opinion 
to the Service within 24 hours of its occurrence. 


 
f. Provide monthly reports and the final report.  The reports would include: a summary of 


compliance with conservation measures, reasonable and prudent measures, and term and 
conditions; a summary or accounting of the acreages and applicable habitat types 
impacted; photographs; and other relevant summary information documenting that 
authorized impacts were not exceeded and that general compliance with all conditions of 
this biological opinion was achieved. 


 
2. Storage and staging areas will be placed as far from sensitive habitat, as possible, and kept 


free from trash and other waste.  Staging areas for construction work will be located within 
permanent impact areas or previously disturbed sites within the project footprint and not 
adjacent to or within sensitive habitat. 
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3. The changing of oil, refueling, and other actions that could result in a release of a hazardous 
substance shall be restricted to designated areas that are a minimum of 100-feet from any 
sensitive plant populations, sensitive habitats, or drainages.  Such designated areas will be 
surrounded with berms, sandbags, or other barriers to further prevent the accidental spill of 
fuel, oil, or chemicals. 


 
4. Construction dust impacts will be offset through implementation of Caltrans Standard 


Specifications, including Section 7-1.01F Air Pollution Control, Section 10 Dust Control, 
Section 17 Watering, and Section 18 Dust Palliative.  The project biologist will also 
periodically monitor the work area to ensure that construction-related activities do not 
generate excessive amounts of dust or cause other disturbances.  Erosion control measures 
will be regularly checked by Caltrans inspectors, the biologist, or the resident engineer. 


 
5. During any nighttime construction, all project lighting (e.g., staging areas, equipment storage 


sites, roadway) will be directed onto the roadway or construction site and away from 
sensitive habitat.  Light glare shields may also be used to reduce the extent of illumination 
into adjoining areas. 


 
6. Permanent lighting will be installed at intersections.  If lighting is adjacent to sensitive 


habitat it will be directed or shielded away from the habitat.  No permanent lights will be 
installed within sensitive habitat. 


 
7. Best Management Practices to address erosion and excess sedimentation will be incorporated 


into the project plans.  Measures that will be implemented during construction include silt 
fencing, gravel bags, hay bales, fiber rolls, and protection/velocity dissipation at drainage 
outlet points.  Vegetation filters, such as swales or biostrips may also be used to remove 
sediment and other contaminants from runoff prior to off-site flow.  Measures that will be 
implemented after construction include plantings, retaining walls and slope stabilization 
techniques. 
 
Erosion control blankets having plastic mesh with the potential to ensnare amphibians and 
reptiles will not be used in areas where these animals inhabit. 


 
8. Best Management Practices employed during construction will follow the applicable 


Department guidelines and be detailed in the project’s Storm Water Management Plan, Storm 
Water Pollution Prevention Plan, and Water Pollution Control Program. 


 
9. Dewatering may be required for some aspects of construction involving in-stream work.  


Dewatering would not be conducted within wetlands.  In specific cases where it is deemed 
necessary to work in a flowing stream/creek, the work area may be isolated and the flowing 
water would be temporarily diverted around the work site to maintain downstream flows 
during construction.  Proposed crossings and/or diversion structures would be the minimum 
necessary to complete the task.  Any temporary dam or other artificial obstruction 
constructed would only be built from materials such as sandbags or clean gravel that would 
result little or no siltation.  When construction is completed, the flow diversion structure 
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should be removed as soon as possible in a manner that would allow flow to resume and 
prevent debris or sediment accumulated from returning to the stream.  If dewatering is 
conducted, either a pump would move water to an upland disposal site, or a sediment basin 
or other structure would be used to collect and treat the water.  If applicable, a National 
Pollutant Discharge Elimination System permit could be required.  If not applicable, the 
water returned to the waterway should be equivalent in basic parameters (e.g. turbidity, total 
suspended solids) as that in the waterway during current conditions. 


 
2.6.2 Flora 
 
10. Impacts to ambrosia associated with the construction of SR-76 will be avoided.  Ambrosia 


will only be impacted during translocation efforts intended to benefit the species.  Otherwise, 
ESA fencing will be constructed, prior to project impacts, around the proximal populations 
of ambrosia at the Jeffries Ranch, Marron, and Groves’ properties.  There will be a minimum 
20 foot buffer between the extent of the known ambrosia population and the Environmental 
Sensitive Area (ESA) fencing.   


 
11. Ambrosia translocation and long term management plans will be approved by the Service.  


The translocation plan will be incorporated into the Morrison property restoration plan and 
the long term management incorporated into the property’s habitat management plan.   
Translocation will be implemented by a biologist with a history of translocating sensitive 
plant species.  The exact location where the ambrosia propagules will be transplanted will be 
determined in the field by the Caltrans biologist in coordination with the Service prior to 
transplantation.  


 
The translocated ambrosia population will be monitored for a minimum five (5) years to 
document success or failure of the translocation efforts.  Success will be achieved when at 
least 25 percent (%) of the translocated ambrosia expand from the transplanted blocks as 
clones and/or newly established individuals.   


 
2.6.3 Fauna 
 
12. All vegetation within the construction limits will be cleared outside the breeding seasons 


(February 15 to September 15) to avoid impacts to the arroyo toad and migratory 
birds/raptors, including the gnatcatcher, vireo, and flycatcher. If clearing activities must 
occur during the breeding season, then pre-construction surveys will be conducted to ensure 
that no breeding or nesting birds are present within or immediately adjacent to the proposed 
clearing area.  Should an active nest be located, then the Service will be contacted and 
discussions will commence to determine how to proceed.  All possible arroyo toads will be 
cleared from the impact area(s) prior to project impacts (clearing, grubbing, and grading). 


 
13. Sensitive habitat outside the alignment footprint will be designated an ESA and depicted as 


such on project maps and plans.  No personnel or equipment will be allowed within these 
areas at any time.  Prior to and during construction, barriers will be established in key areas 
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to deter public entry into the site.  Additionally, temporary fencing will be provided to 
restrict access to sensitive habitat adjoining the work limits.  


 
14. Pile driving associated with construction of the San Luis Rey River Bridge shall only be 


conducted between September 16 and February 14 to reduce noise affects to nesting/breeding 
birds within the project vicinity including, the gnatcatcher, vireo and flycatcher. 


 
15. The San Luis Rey River Bridge will have design features that will provide bats with potential 


sites for day/night roosting. 
 
2.6.4 Arroyo Toad 
 
16. Caltrans would develop an arroyo toad translocation monitoring program to be implemented 


during all construction activities that have the potential to adversely affect the arroyo toad.  
This program would be coordinated with the Service and finalized prior to initiation of 
construction activities.  The program would include the following requirements set forth in 
the species’ conservation measures below. 


 
17. Prior to clearing, grubbing, and construction activities, Service-approved biologists will 


monitor arroyo toad breeding activity in those project areas containing or adjacent to 
breeding habitat.  The biologists will determine when egg clutches or larvae are no longer 
present in the waterway (generally late May at lower elevation, June at higher elevation).  
When sign of breeding is no longer evident, an exclusionary fence will be installed and 
clearance surveys initiated. 


 
18. Prior to clearing, grubbing, and grading activities, arroyo toad temporary exclusionary fence 


will be constructed along the perimeter of the project footprint within or immediately 
adjacent to arroyo toad habitat (breeding and aestivation).  The intent of the fence is to fully 
contain the area(s) to be impacted and to remove and exclude arroyo toads.  Exclusionary 
fence in aestivation habitat will not be installed prior to May 1.  The Service-approved 
biologist will be present during the exclusionary fence installation, reconfigurations, breach 
repairs, and weekly during the breeding season. 


 
The fence will consist of fabric or plastic at least 2 ft high, staked firmly to the ground with 
the lower 1 ft of material stretching outward along the ground and secured with a continuous 
line of gravel bags.  No digging or vegetation removal will be associated with the installation 
of the fence and all materials shall be removed when the Project is complete.  The removal of 
some vegetation, without disturbing the soil, within the project footprint to aid in the 
observance and collection of arroyo toads is acceptable. 


 
19.  Prior to clearing, grubbing, and grading activities, Service-approved biologists will perform 


a minimum of three nighttime surveys inside the exclusionary fence and remove all arroyo 
toads found within its perimeter.  The approved biologist will continue until there have been 
two consecutive nights without arroyo toads inside the fencing.  Any breach in the 
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exclusionary fence during times when arroyo toads area active above ground, will result in 
repeating the 3-day minimum clearance surveys for that particular area. 


 
20. If conditions do not occur that result in sufficient arroyo toad emergence and movement, a 


Service-approved biologist will attempt to elicit a response from the arroyo toads during 
nights late in the known breeding season, with temperatures above 50oF, by spraying the area 
inside the exclusionary fence with water to a depth of approximately one to two inches to 
simulate a rain event. 


 
21. Whether or not a simulated precipitation event is done, arroyo toads found within the Project 


footprint will be captured and translocated by Service-approved biologists to the closest area 
of suitable habitat.  The Service-approved biologist will coordinate with the appropriate 
property owner(s) and the Service on where the arroyo toads will be placed. 


 
22. Service-approved biologists will maintain a complete record of all arroyo toads encountered 


and moved from harms way during translocation efforts.  The date and time of capture, sex, 
physical dimensions, and coordinates/specific location of capture will be recorded and 
provided to the Service, within 30 days of the completion of translocation. 


 
In addition to reporting on the translocation effort, monthly reports (including photographs of 
impact areas) will be submitted to the Service during construction activities within areas 
demarcated by arroyo toad exclusion fencing.  The monthly reports will document general 
compliance with all applicable conditions and report all incidents not in compliance with this 
biological opinion.  The reports will also outline the duration of arroyo toad monitoring, the 
location of construction activities, the type of construction that occurred, and equipment 
used.  These reports would specify numbers, locations, sex, observed behavior, and remedial 
measures employed to avoid, minimize, and mitigate impacts to arroyo toads.  All field notes 
and other documentation generated by the Service-approved biologist shall be made 
available upon request to the Service. 


 
23. To avoid transferring disease or pathogens between aquatic habitats during surveys and 


handling of arroyo toads, the approved biologists will follow the Declining Amphibian 
Population Task Force’s Code of Practice (DAPTF, 1991) or newer version when available. 


 
24. The use of pitfall traps, to increase capture of arroyo toads, is acceptable.  All pitfall traps 


will be covered or removed when clearance surveys are not occurring.  Evidence of predation 
in the traps is grounds for removing them. 
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2.6.5 Fencing 
 
25. Directional (wildlife) fencing and a wildlife undercrossing placed at the south side of the San 


Luis Rey River near the Oceanside/Bonsall boundary will be constructed to enhance 
connectivity for wildlife species and limit incidences of roadkill.  West of East Vista Way, 
the wildlife fencing will consist of an 8-ft tall chain link fence buried 1 foot underground, to 
prevent animals from digging under the barrier.  East of East Vista Way, the wildlife fencing 
will have attached permanent 0.25 inch hardware cloth arroyo toad fencing that will be 
buried 1 ft underground and extend 2 ft above ground (Figure 11). 


 
26. Wildlife and arroyo toad fencing will be inspected on a yearly basis between January 1 and 


March 15.  All repairs necessary to maintain the integrity of the arroyo toad fencing, noted 
during the inspection, will occur prior March 15.  Breaches in the arroyo toad fence which 
occur during the breeding season (March 15 to July 1) will be repaired within 1 week of the 
observed breach.  Breaches in the arroyo toad fence, outside of the breading season, will be 
repaired prior to the next breeding season.   


 
Breaches in the wildlife fencing will be repaired within 1 week if the breach occurs during 
the breeding season in arroyo toad habitat and repaired by the beginning of the next breeding 
season if the breach occurs outside of the breeding season or outside of arroyo toad habitat. 


 
2.6.6 Creation, Restoration, Enhancement, and Preservation 


 
27. Areas temporarily impacted by construction will be restored in-kind, to the maximum extent 


practicable, using appropriate native species at a 1:1 ratio, except when the area is adjacent to 
landscaped areas or developed areas where using native species would provide little or no 
biological value (e.g. small isolated patch surrounded by development).  A 
restoration/landscape plan with success criteria and remedial measures will be reviewed and 
approved by a qualified biologist and the Service prior to application in the field. 


 
Sections of existing SR-76 proposed for decommissioning would be restored using the same 
practices and plans as those areas temporarily impacted by the project. 


 
28. Species identified on the California Invasive Plant Council’s List of Exotic    Pest Plants of 


Greatest Ecological Concern in California (http://www.cal-ipc.org) will not be incorporated 
into the planting scheme.  A biologist shall review the seed/plant palette for the planning 
area, as well as other sites along the alignment, before application in the field. 


 
29. All plants used in the landscaping and mitigation areas will comply with Federal, State, and 


County laws requiring inspection for infestations.  The vendor will provide certification of 
inspection from the County of San Diego Agriculture.  The Project Landscape Inspector will 
also inspect the plants before accepting delivery. 


 







Ms. Rush Abrams (FWS-SDG-08B0136-08F0900) 
 


24


 


30. Offsetting measures for permanent impacts include enhancement, restoration, and/or creation 
of habitat.  A plan outlining the details and implementation schedule of all enhancement, 
restoration, and creation will be prepared.  The plan will be submitted to the Service for 
review and approval within 90 days of issuance of this biological opinion.  All enhancement, 
restoration, and creation activities to offset permanent vegetation impacts should commence 
the first late-summer/fall/winter season prior to or concurrently with the start of work.  The 
latest any offsetting enhancement, restoration, or creation activities could occur would be the 
first late-summer/fall/winter immediately after project activities have been initiated.  The 
plan will include the following. 


 
a. A 5-year maintenance and monitoring program that would be implemented for the 


created, enhanced, and/or restored habitats. 
 


b. If established performance criteria are not met, the proponent would prepare an analysis 
of the cause(s) of failure and, if deemed necessary by the Service, propose remedial 
actions.  If any of the enhanced/restored/created habitats have not met a performance 
criterion during the initial 5-year period, the work proponent’s maintenance and 
monitoring obligations would continue until the Service deems the 
enhancement/restoration successful or contingency measures will be implemented. 


 
c. Reports which assess both the attainment of yearly success criteria and progress toward 


the final success criteria would be included in the yearly project reporting document.   
 
31. The following measures will be implemented at all off-site enhancement, restoration, and 


creation sites to avoid and minimize effects to listed species and migratory birds during the 
five-year restoration period (if applicable). 


 
a. Any construction related activities will avoid the breeding/mating season (February 15-


September 15). 
 


b. If maintenance and monitoring activities are conducted between February 15th and 
September 15th, a qualified biologist would conduct a habitat assessment and any 
necessary subsequent protocol surveys to determine the presence or absence of listed 
species and migratory birds prior to the start of proposed activities. 


 
i. If nesting birds are on-site, no maintenance activities will be conducted within 150 


feet of a nest (exclusion zone), except to repair broken irrigation lines or otherwise 
approved by the Service.  If an irrigation line is broken and workers need to encroach 
into the 150-foot exclusion zone, then the project proponent and the Service will be 
notified immediately.  Prior to maintenance workers accessing the 150-foot exclusion 
zone, the project proponent and the Service will determine the most appropriate 
timing and method of repair without causing harm to the nest and/or the nesting pair. 
Morrison is a restoration site; there will be no grading or construction. Using some 
hand held tools and machinery, such as for auger planting, should be permitted to 150 
feet. 
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ii. If listed species are on-site, the Service should be contacted prior to any activities to 


determine the benefit of continuing the maintenance and monitoring activities during 
the breeding/mating season. 


 
c. An education program will be implemented by the project proponent to ensure that all 


enhancement, restoration, and creation site maintenance workers understand the work 
restrictions and are aware of the above described conservation measures. 


 
32. Restoration will occur as early as possible following final grading and be accompanied with 


periodic monitoring, success criteria, and maintenance to ensure adequate coverage and to 
prevent erosion into adjacent biologically sensitive areas. 


 
33. The applicant will ensure that all irrigation is temporary and for the shortest duration 


possible.  No permanent irrigation will be used for landscape or habitat 
creation/restoration/enhancement. 


 
34. Bullfrogs and other exotic species that prey upon or displace arroyo toads will be excluded, 


destroyed, or otherwise permanently removed from the site if encountered. 
 
35. Within 90 days of issuance of the Biological Opinion, Caltrans will provide a draft 


preservation mechanism (i.e., deed restriction, conservation easement, etc.) that will protect 
all mitigation areas in perpetuity and a draft Habitat Management Plan for the areas 
preserved.  The draft Habitat Management Plan will be reviewed and approved by the 
Service prior to plan finalization. 


 
36. Permanent direct and indirect impacts to arroyo toad, gnatcatcher, vireo, and flycatcher 


would be mitigated by one of two options (A or B).  The options are provided in Tables 3-8 
below. 


 
Table 3.  Option A:  Compensation Sites 


Vegetation Type Groves 
(acres) 


Morrison 
(acres)* 


Singh 
(acres) 


Zweirstra 
(acres) 


Pilgrim 
Creek 
(acres) 


Coastal sage scrub 180 0 0 
Coast live oak woodland 11 0 0 
Non-native grassland 50 0 


13.6 upland creation 7 upland creation 
0 


Riparian forest/riparian 
scrub 0 148.28 RS/RF 


restoration 
37.9 RS/RF creation; 


5.5 FWM/RS restoration 
3.4 RS/RF creation; 


3.3 RS/RF restoration 
4.94 riparian 


credits 
RS – riparian scrub  RF – riparian forest  FWM – freshwater marsh 
*The Morrison site totals 148.28 acres, including the 136.54 acre Morrison parcel and 11.74 acres of Caltrans right-of-way located between the 
Morrison parcel and the proposed alignment. 
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Table 4.  Option A:  Mitigation for Permanent Impacts 


Habitat Type 
Permanent 


Impacts 
(ac) 


Mitigation 
Ratio 


Total 
Compensation


(ac) 


Mitigation Location 
(ac) 


Available Acres 
Remaining 


Riparian and Wetlands      


Mulefat Scrub 1.11 3:1 3.33 1:1 creation at Singh= 37.9 - 1.11ac 
2:1 restoration at Morrison =148.28 - 2.22ac 


Singh = 36.79 creation 
RS/RF; 
5.5 restoration- FWM/RS; 
Morrison = 146.06 RS/ RF; 
Zweirstra = 3.4 RS/RF 
creation, 
3.3 RS/RF restoration; 
Pilgrim Cr = 4.94 


Southern Willow Scrub 0.13 3:1 0.39 1:1 creation at Singh =36.79 - 0.13 ac 
2:1 restoration at Morrison = 146.06 - 0.26 ac 


Singh = 36.66 creation 
RS/RF; 
5.5 restoration FWM/RS; 
Morrison = 145.80 RS/ RF, 
Zwierstra = 3.4 RS/RF 
creation, 
3.3 RS/RF restoration; 
Pilgrim Cr = 4.94 


Disturbed Wetland 0.003 3:1 0.009 1:1 creation at Singh = 36.66 - 0.003 ac 
2:1 restoration at Morrison = 145.8 - 0.006 


Singh = 36.66 creation 
RS/RF; 
5.5 FWM/RS restoration; 
Morrison = 145.79 RS/RF, 
Zweirstra = 3.4 RS/RF 
creation, 
3.3 RS/RF restoration; 
Pilgrim Cr = 4.94 


Southern Cottonwood 
Willow Riparian Forest 
(For USACE 
jurisdictional impacts) 


4.94 1:1 4.94 1:1 creation at Pilgrim 4.94 – 4.94 


Singh = 36.66 creation 
RS/RF; 5.5 FWM/RS 
restoration;  Morrison= 
145.79 RS/RF,    
Zweirstra  = 3.4 RS/RF 
creation, 3.3 RS/RF 
restoration; 
Pilgrim Cr = 0 


Southern Cottonwood 
Willow Riparian Forest 18.33 3:1 54.99 1:1 creation at Singh = 36.66 - 18.33; 


2:1 restoration at Morrison = 145.79 –  36.66 


Singh = 18.33 creation 
RS/RF; 
5.5 FWM/RS restoration; 
Morrison = 109.13 RS/RF; 
Zwierstra =  3.4 RS/RF 
creation, 
3.3 RS/RF restoration; 
Pilgrim Cr =0. 


Southern Coast Live Oak 
Riparian Forest 3.09 3:1 9.27 1:1 creation at Singh 18.33 – 3.09; 


2:1 restoration at Morrison 109.13 - 3.36 


Singh = 15.24 creation 
RS/RF; 
5.5 FWM/RS restoration; 
Morrison = 105.77 RF/RS, 
Zweirstra = 3.4 RS/RF 
creation, 
3.3 RS/RF restoration; 
Pilgrim Cr = 0. 


Uplands 
Coastal Sage Scrub 24.36 2:1 48.72 Groves preservation 180 –  48.72 Groves = 131.28  CSS 
Disturbed Coastal Sage 
Scrub 


13.28 2:1 26.56 Groves preservation 131.28 – 26.56 Groves =  104.72 CSS 


Coast Live Oak 
Woodland 


0.72 3:1 2.16 Groves preservation 11.0 – 2.16 Groves =  8.84 CLOW 


Non-native Grassland 43.17 total 
30.72 toad 


habitat; 
12.45 other 


1:1  toad 
habitat; 


0.5:1 other 


36.95 Groves preservation 50.0 – 36.95 Groves = 13.06 NNG 


RS – riparian scrub  RF – riparian forest  FWM – freshwater marsh CLOW – coast live oak woodland 
CSS – coastal sage scrub NNG – non-native grassland 
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Table 5.  Option A:  Mitigation for Indirect Impacts 


Habitat Type 
Indirect 
Impacts 


(ac) 


Mitigation 
Ratio 


Total 
Compensation 


(ac) 


Mitigation 
Location 


(ac) 
Available Acres Remaining After Mitigation 


Riparian and wetlands 
Southern willow scrub 


1.25 1:1 1.25 Morrison 
105.77 – 1.25 


Morrison = 104,52 RS/RF 
Singh = 15.24 creation RS/RF; 5.5 FWM/RS 
restoration 
Zweirstra = 3.4 RS/RF creation, 3.3 RS/RF 
restoration 
Pilgrim Cr = 4.94. 


Disturbed Wetland 


4.9 0.5:1 2.45 Morrison 
104.52 – 2.45 


Morrison  = 102.07 RS/RF 
Singh = 15.24 creation RS/RF; 5.5 FWM/RS 
restoration 
Zweirstra = 3.4 RS/RF creation, 3.3 RS/RF 
restoration 
Pilgrim Cr = 4.94 


Southern cottonwood 
willow riparian forest 


62.84 1:1 62.84 Morrison 
102.07 – 62.84 


Morrison = 39.23 RS/RF 
Singh = 15.24 creation RS/RF; 5.5 FWM/RS 
restoration 
Zweirstra  = 3.4 RS/RF creation, 3.3 RS/RF 
restoration 
Pilgrim Cr = 4.94 


South coast live oak 
riparian 


6.57 1:1 6.57 Morrison 
39.23 – 6.57 


Morrison =  32.66 RS/RF 
Singh = 15.24 creation RS/RF; 5.5 FWM/RS 
restoration 
Zweirstra =  3.4 RS/RF creation, 3.3 RS/RF 
restoration 
Pilgrim Cr = 4.94 


Coastal and Valley 
Freshwater Marsh 


0.07 1:1 0.07 Morrison 
32.66 – 0.07 


Morrison = 32.59 RS/RF 
Singh = 15.24 creation RS/RF; 5.5 FWM/RS 
restoration 
Zweirstra = 3.4 RS/RF creation, 3.3 RS/RF 
restoration 
Pilgrim Cr = 4.94 


Uplands 
Coastal sage scrub 


32.23 1:1 32.23 
Groves 
preservation 
104.72 – 32.23 


Groves = 72.49 CSS preservation 
Singh = 13.6 upland creation 
Zweirstra = 7.0 upland creation 


Disturbed coastal sage 
scrub 16.59 1:1 16.59 


Groves 
preservation 
72.49 – 16.59 


Groves = 55.9 CSS preservation 
Singh = 13.6 upland creation 
Zweirstra = 7.0 upland creation 


Coast live oak woodland 
0.67 1:1 0.67 


Groves 
preservation 
8.84 – 0.67 


Groves = 8.17 CLOW preservation 
Singh = 13.6 upland creation 
Zweirstra = 7.0 upland creation 


RS – riparian scrub  RF – riparian forest  FWM – freshwater marsh CLOW – coast live oak woodland 
CSS – coastal sage scrub 
*Long term temporary impacts to healthy southern cottonwood willow riparian forest (14.32 acres) will be mitigated at 1.5:1.  Mitigation will 
occur onsite at 1:1; and offsite at 0.5:1 (7.16 acres).  Offsite mitigation will occur at the Morrison site, leaving 25.43 acres available. 


 
Table 6.  Option B:  Compensation Sites 


Vegetation Type Groves 
(acres) 


Morrison* 
(acres) 


Zweirstra 
(acres) 


Pilgrim Creek 
(acres) 


Coastal Sage Scrub 180 0 0 
South Coast Live Oak  Woodland 11 0 0 
Non-native Grassland 50 0  


7 upland creation 
0 


Riparian forest/riparian scrub 0 148.28 restore  RS/RF 
(2.8 is FWM)  


3.4 RS/RF creation; 
3.3 RS/RF restoration 4.94 riparian credits 


RS = riparian scrub  RF = Riparian forest  FWM – freshwater marsh 
*The Morrison site totals 148.28 acres; it includes the 136.54 acre Morrison parcel, plus 11.74 acres of Caltrans right-of-way located between the 
Morrison parcel and the proposed alignment. 


 
Table 7.  Option B: Mitigation for Permanent Impacts 
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Habitat Type 
Permanent 


Impacts 
(ac) 


Mitigation
Ratio 


Total 
Compensation


(ac) 


Mitigation 
Location 


Available Acres Remaining After 
Mitigation 


Riparian and Wetlands  


Mulefat Scrub 1.11 5:1 5.55 5:1 restoration at 
Morrison= 148.28 - 5.55 


Morrison*= 142.73 RS/RF 
Zweirstra = 3.4 RS/RF creation; 3.3 
RS/RF restoration 
Pilgrim = 4.94 riparian credits 


Southern Willow Scrub 0.13 5:1 0.65 
5:1 restoration at 
Morrison = 142.73  - 0.65 
ac 


Morrison = 142.08 RF/RS restoration 
acres 
Zweirstra = 3.4 RS/RF creation; 3.3 
RS/RF restoration 
Pilgrim = 4.94 riparian credits 


Disturbed Wetland 0.003 1:1 0.003 
1:1 restoration at 
Morrison = 142.08 - 
0.003 ac 


Morrison = 142.07 RF/RS restoration 
acres 
Zweirstra = 3.4 RS/RF creation; 3.3 
RS/RF restoration 
Pilgrim = 4.94 riparian credits 


Southern Cottonwood Willow 
Riparian Forest (for USACE 
jurisdictional impacts) 


4.94 1:1 4.94 1:1 creation at Pilgrim = 
4.94 – 4.94 


Morrison = 142.07 RF/RS restoration 
acres 
Zweirstra = 3.4 RS/RF creation; 3.3 
RS/RF restoration 
Pilgrim = 0 riparian credits 


Southern Cottonwood Willow 
Riparian Forest 3.4 3:1 10.2 


1:1 creation at Zweirstra 
= 3.4 – 3.4 
2:1 restoration at 
Zweirstra=3.3 – 3.3 
2:1 restoration at 
Morrison = 142.07 – 3.5 


Morrison = 138.58 RS/RF restoration 
acres 
Zweirstra = 0 RS/RF creation; 0 RS/RF 
restoration 
Pilgrim = 0 riparian credits 


Southern Cottonwood Willow 
Riparian Forest 9.99 5:1 49.95 


5:1 restoration at 
Morrison = 138.58 – 
49.95 


Morrison = 88.63 RF/RS restoration 
acres 
Zweirstra = 0 RS/RF creation; 0 RS/RF 
restoration. 
Pilgrim = 0 riparian credits 


Southern Coast Live Oak 
Riparian Forest 3.09 5:1 15.45 5:1 restoration at 


Morrison = 88.63 – 15.45


Morrison = 73.18 RF/RS restoration 
acres 
Zweirstra = 0 RS/RF creation; 0 RS/RF 
restoration 
Pilgrim = 0 riparian credits 


Uplands  


Coastal Sage Scrub 24.36 2:1 48.72 Groves preservation CSS 
= 180 – 48.72 


Groves = 131.28 CSS preservation;   
Zweirstra 7.0 upland creation 


Disturbed Coastal Sage Scrub 13.28 2:1 26.56 Groves preservation CSS 
= 131.28 – 26.56 


Groves =  104.72 CSS preservation;   
Zweirstra 7.0 upland creation 


Coast live oak woodland 0.72 3:1 2.16 Groves preservation 
CLOW = 11 – 0.66 


Groves =  10.34 CLOW preservation;   
Zweirstra 7.0 upland creation 


Non-native grassland 


43.17 total = 
30.72 toad 


habitat; 
12.45 other 


1:1 toad 
habitat; 


0.5:1 other


1:1 = 30.72; 
0.5:1 = 6.23  


Groves preservation NNG 
= 50 – 36.95 


Groves = 13.05 NNG  preservation;   
Zweirstra 7.0 upland creation 


RS – riparian scrub  RF – riparian forest  FWM – freshwater marsh CLOW – coast live oak woodland 
CSS – coastal sage scrub NNG – non-native grassland 
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Table 8.  Option B: Mitigation for Indirect Impacts 


Habitat Type Indirect 
Impacts (ac) 


Mitigation 
Ratio 


Total 
Compensation 


(ac) 


Mitigation 
Location 


(ac) 
Available acres remaining after mitigation 


Riparian and Wetlands 


Southern willow 
scrub 1.25 1:1 1.25 Morrison 


73.18 -1.25 


Morrison = 71.93 RS/RF 
Zweirstra = 0 acres creation/restoration; 0 acres 
restoration 
Pilgrim = 0 riparian credits 


Disturbed Wetland 4.9 0.5:1 2.45 Morrison 
71.93 – 2.45 


Morrison 69.48 RS/RF 
Zweirstra 0 acres creation/restoration; 0 acres restoration
Pilgrim = 0 riparian credits 


Southern cottonwood 
willow riparian forest 62.84 1:1 


 62.84 Morrison 
69.48 – 62.84 


Morrison = 6.64 RS/RF 
Zweirstra = 0 acres creation/restoration; 0 acres 
restoration 
Pilgrim = 0 riparian credits 


South coast live oak 
riparian 6.57 1:1 6.57 Morrison 


6.64 – 6.57 


Morrison = 0.07 RS/RF 
Zweirstra = 0 acres creation/restoration; 0 acres 
restoration 


Coastal and Valley 
Freshwater Marsh 0.07 1:1 0.07 Morrison 


0.07 – 0.07 


Morrison = 0 acres RS/RF restoration 
Zweirstra = 0 acres creation/restoration; 0 acres 
restoration 
Pilgrim = 0 riparian credits 


Uplands 


Coastal sage scrub 32.23 1:1 32.23 
Groves 
preservation 
104.72 – 32.23 


Groves = 72.49 CSS preservation 
Zweirstra = 7.0 upland creation 


Disturbed coastal sage 
scrub 16.59 1:1 16.59 


Groves 
preservation 
72.49 – 16.59 


Groves = 55.9 CSS preservation 
Zweirstra = 7.0 upland creation 


Coast live oak 
woodland 0.67 1:1 0.67 


Groves 
preservation 
10.34 – 0.67 


Groves =  9.67 CLOW preservation 
Zweirstra = 7.0 upland creation 


RS – riparian scrub  RF – riparian forest  FWM – freshwater marsh CLOW – coast live oak woodland 
CSS – coastal sage scrub 
*Long term temporary impacts to healthy southern cottonwood willow riparian forest (14.32 acres) will be mitigated at 1.5:1.  Mitigation will 
occur onsite at 1:1; and offsite at 0.5:1 (7.16 acres).  These impacts will be mitigated at the Groves site, with preservation of coast live oak 
woodland.  The Groves remainder will be 2.51 acres of CLOW, 55.9 acres CSS, and 13.05 NNG. 
 
2.6.7 Reporting 


 
The Caltrans biologist will submit monthly reports during initial grading and clearing, and when 
construction occurs near sensitive biological resources; and provide a final report documenting 
compliance with all measures within 60 days of project completion. 
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3. STATUS OF THE SPECIES 
 
3.1 Bufo californicus (Arroyo toad) 
 
3.1.1 Listing Status 
 
The Service listed the arroyo toad as endangered on December 16, 1994 (Federal Register 59: 
3264) and a recovery plan was published in July 1999 (Service 1999a).  
 
3.1.2 Critical Habitat 
 
Critical habitat was designated for the arroyo toad on February 7, 2001 (66 FR 9414).  On 
October 30, 2002, the U.S. District Court for the District of Columbia vacated the final critical 
habitat designation and remanded the rule to the Service.  The court ordered the Service to 
prepare a new final designation and economic analysis on or before July 30, 2004.  The Service 
re-proposed critical habitat for the arroyo toad on April 28, 2004, with corrections on May 17, 
2004 (69 FR 23254 and 69 FR 27886, respectively).  Final critical habitat was again designated 
on April 13, 2005 (70 FR 19562-19633).  However, all proposed critical habitat in San Diego 
County was excluded from critical habitat designation under section 4(b)(2) of the Act for 
economic reasons. 
 
3.1.3 Species Description 
 
The arroyo toad is a small, dark-spotted arroyo toad of the family Bufonidae.  The parotoid 
glands, located on the top of the head, are oval-shaped and widely separated.  A light/pale area or 
stripe is usually present on these glands and on top of the eyes.  The arroyo toad’s underside is 
buff-colored and usually without spots (Stebbins 1985).  Recently metamorphosed individuals 
will easily blend with the substrate and are usually found adjacent to water.  At the time of 
listing, the arroyo toad was described as the arroyo southwestern toad (Bufo microscaphus 
californicus).  Gergus et al. (1997) recently published genetic justification for the reclassification 
of the arroyo toad as a full species [i.e., arroyo toad (Bufo californicus)]. 
 
3.1.4 Distribution 
 
The current distribution of the arroyo toad in the United States is from the Salinas River Basin in 
Monterey County, south to the Tijuana River and Cottonwood Creek Basin along the Mexican 
Border.  Arroyo toads are also known from a seemingly disjunct population in the Arroyo San 
Simeon River System, about 10 miles (mi) southeast of San Quintín, Baja California (Gergus et 
al. 1997).  Although the arroyo toad occurs principally along coastal drainages, it also has been 
recorded at several locations on the desert slopes of the Transverse range (Patten and Myers 
1992, Jennings and Hayes 1994).  The current elevational range for most arroyo toad populations 
in San Diego County is about 1,000 to 4,600 ft, although they were historically known to extend 
into the lower portions of most river basins (Service 1999a). 
 
3.1.5 Habitat Affinities 
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Arroyo toads require shallow, slow-moving streams, and riparian habitats that have natural 
flooding regimes which maintain areas of open, sparsely vegetated, sandy stream channels and 
terraces (Service 2001).  Stream order, elevation, and floodplain width are important factors in 
determining the size and long-term viability of a population of arroyo toads (Sweet 1992, Barto 
1999, Griffin 1999).  Streams with the greatest potential to support self-sustaining populations 
are typically of a high stream order (i.e., 3rd to 6th order), at low elevations (below 3,000 ft), with 
wide floodplains (Sweet 1992, Barto 1999, Griffin 1999).  Optimal breeding habitat consists of 
low gradient stream reaches that have shallow pools with fine textured substrates (i.e., sand or 
gravel).  Upland habitats used by arroyo toads during both the breeding and nonbreeding seasons 
include alluvial scrub, coastal sage scrub, chaparral, grassland, and oak woodland (Holland 
1995, Griffin et al. 1999, Service 2001).  Arroyo toads have also been found in agricultural fields 
(Griffin et al. 1999). 
 
3.1.6 Life History 
 
Arroyo toad larvae feed on loose organic material such as interstitial algae, bacteria, and 
diatoms.  They do not forage on macroscopic vegetation (Sweet 1992, Jennings and Hayes 
1994).  Juvenile arroyo toads rely on ants almost exclusively (Service 1999a).  By the time they 
reach 17 to 23 mm in length, they take more beetles, along with the ants (Sweet 1992, Service 
1999a).  Adult arroyo toads probably consume a wide variety of insects and arthropods including 
ants, beetles, spiders, larvae, caterpillars, and others. 
 
Breeding typically occurs from February to July on streams with persistent water (Griffin et al. 
1999).  However, at higher elevations and in waters fed by high elevation tributaries, the 
breeding season may start later in the spring and continue through the summer months.  Female 
arroyo toads must feed for a minimum of approximately two months to develop the fat reserves 
needed to produce a clutch of eggs (Sweet 1992).  Eggs are deposited and larvae develop in 
shallow pools with minimal current and little or no emergent vegetation.  The substrate in these 
pools is generally sand or fine gravel overlain with silt.  Arroyo toad eggs hatch in 4 to 5 days 
and the larvae are essentially immobile for an additional 5 to 6 days (Sweet 1992).  They then 
begin to disperse from the pool margin into the surrounding shallow water, where they spend an 
average of 10 weeks (Sweet 1992).  After metamorphosis (June-early September), the juvenile 
arroyo toads remain on the bordering gravel bars until the pool no longer persists (usually from 
eight to twelve weeks depending on site and yearly conditions) (Sweet 1992).  Most individuals 
become sexually mature by the following spring (Sweet 1992). 
 
This species has been observed moving approximately 1 mi within a stream reach and 1.2 mi 
away from the stream, into native upland habitats (Holland 1995, Sweet 1992) or agricultural 
areas (Griffin et al. 1999).  Movement distances may be regulated by topography and channel 
morphology.  Griffin (1999) reported a female arroyo toad traveling more than 300 m (948 ft) 
perpendicular from a stream and Holland (1998) found arroyo toads 0.7 mi from a water course.  
Arroyo toads are critically dependent on upland terraces and the marginal zones between stream 
channels and upland terraces during the non-breeding season, especially during periods of 
inactivity, generally late fall and winter (Sweet 1992). 
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3.1.7 Population Trend 
 
Arroyo toad population numbers and densities are not currently known because insufficient data 
is available on the species’ normal population dynamics and on habitat characteristics that 
correlate with density.  This species was historically found in at least 22 river basins in southern 
California from the upper Salinas River system in Monterey County to San Diego County and 
southward to the vicinity of San Quintín, Baja California, Mexico.  They have been extirpated 
from an estimated 75 percent of their former range in the United States and they now occur 
primarily in small, isolated areas in the middle to upper reaches of streams. 
 
3.1.8 Threats 
 
Because arroyo toad habitats (i.e., broad, flat floodplains in southern California) are favored sites 
for flood control projects, agriculture, urbanization, and recreational facilities such as 
campgrounds and off-highway vehicle parks, many arroyo toad populations were reduced in size 
or extirpated due to extensive habitat loss from 1920 to 1980 (Service 1999a).  The loss of 
habitat, coupled with habitat modifications due to the manipulation of water levels in many 
central and southern California streams and rivers, as well as predation from introduced aquatic 
species, caused arroyo toads to disappear from a large portion of their previously occupied 
habitat in California (Jennings and Hayes 1994).  Sweet (1992, 1993) and Holland and Goodman 
(1998) reported that toads are sensitive to disturbance by artificial lights, particularly single 
males early in the breeding season.  Holland and Goodman (1998) suggest that this may be 
because increase ambient lighting may affect the vulnerability of toads to predation.  Currently, 
the major threats to arroyo toad populations are from stream alteration, exotic species, urban and 
rural development, mining, recreation, grazing, drought, wildfire, and large flood events. 
 
The arroyo toad and its primary habitat (San Luis Rey River) is threatened by transportation 
projects like the widening of SR-76 and the cumulative increases to already present road effects; 
agricultural practices resulting in loss and degradation of habitat; habitat fragmentation caused 
by roads and development; exotic plant species (primarily Arundo donax, Tamarix sp., Brassica 
nigra, and unspecified grass species) and animal species (Argentine ants (Linepithema humile), 
bullfrogs, exotic fish species, crayfish, and opossums) and their resulting changes to native 
habitats and depredation, sand and gravel mining effects on the hydrological regimes of the San 
Luis Rey River; recreational activities (equestrian, golfing, recreational centers, trails); 
residential development and the direct result of loss to habitat along with the ever increasing 
indirect effects from the ambiguous operation of a home; commercial/industrial development; 
wastewater treatment point source discharge of water into the San Luis Rey and the newly 
recognized adverse effects of chemicals (i.e. growth hormones) currently not treated for; water 
supply projects (water extraction for bottling, Lake Henshaw dam, Escondido Diversion Canal); 
urban runoff1; flood control projects which have channelized the lower reach of the San Luis 
                                                 
1 The lower 13 miles of the San Luis Rey River are on the USEPA’s list of impaired waterbodies (a.k.a. 303(d) list) 
for chloride and total dissolved solids.  Water quality monitoring in 2003 found water quality exceedances (i.e., 
outside of predefined acceptable ranges) in the following categories: pH, turbidity, ammonia, oil and grease, 
dissolved copper, diazinon, chlorpyrifos, total coliform, fecal coliform, and enterococcus (San Luis Rey Watershed 
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Rey River and the vegetation being removed to maintain functionality; human influenced shifts 
in fire return intervals; and illegal fills and activities resulting in an unqualitative and 
unquantifiable adverse impact.   
 
Wildfire impacts on the species from fire related effects in 2003 and 2007 have not been 
quantified for this species.  As most arroyo toads were aestivating when the fires occurred, the 
fast moving fire fronts would not have contributed much heat to the soil sub-surface.  Field 
investigations during the 2007 fires by the Department of Interior, Burned Area Emergency 
Response (BAER) team supported this as vegetation in arroyo toad habitat was largely unburned 
or suffered low vegetation mortality (BAER 2007).  Post-fire precipitation during the winter of 
2007 and spring of 2008 did not result in any documented significant debris flows which could 
result in temporal adverse effects to breeding arroyo toads.  The significant post-fire growth of 
exotic and nuisance plants species in arroyo toad habitat may have long-term adverse effects on 
arroyo toad and its habitat. 
 
3.1.9 Rangewide Conservation Needs 
 
Based on the threat analysis above, stabilizing and maintaining populations throughout the range 
of the arroyo toad is necessary for the recovery of the species. 
 


1. Riparian and upland habitats used for breeding, foraging, and wintering should be 
restored and protected from recreational activities, livestock grazing, mining, and other 
agricultural and urban development. 


2. Introduced plant and animal populations should be removed and eliminated from arroyo 
toad habitat.   


3. Activities that negatively alter water flow and quality should be monitored and kept to a 
minimum. 


 
In 1999, a recovery plan for the arroyo toad was prepared by the Service (Service 1999a).  The 
plan describes a strategy for recovery, downlisting, and delisting and identifies five action needs.  
These needs include maintaining populations throughout the range of the arroyo toad in 
California, monitoring the status of the existing populations, identifying and securing additional 
suitable habitat, conducting research for management efforts, and developing and implementing 
an outreach program.  The San Luis Rey River is part of the Southern Recovery Unit and must 
maintain at least 20 self-sustaining metapopulations or subpopulations as part of the recovery 
criteria. 
 
3.2 Polioptila californica californica (Coastal California gnatcatcher) 
 
3.2.1 Listing Status 
 


                                                                                                                                                             
Management Program, FY 2002-2003 Annual Report, Section III 
[http://www.oceansidecleanwaterprogram.org/slrr_w.asp]) 
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The Service listed the gnatcatcher as threatened on March 30, 1993 (58 FR 16742).  In 
conjunction with the listing decision, the Service issued a special rule, pursuant to section 4(d) of 
the Act, defining the conditions under which take of the gnatcatcher would not be a violation of 
section 9 (58 FR 65088-65096).  This special rule recognized the State’s Natural Community 
Conservation Planning (NCCP) program, and several local governments’ ongoing multi-species 
conservation planning efforts (e.g., the Multiple Species Conservation Program [MSCP]) that 
intend to apply Act standards to activities affecting the gnatcatcher.  An interim process was 
established whereby jurisdictions actively involved in NCCP planning would be allowed to 
develop up to five percent of the remaining coastal sage habitat for projects that were consistent 
with the NCCP conservation guidelines (California Department of Fish and Game and California 
Resources Agency 1993). 
 
3.2.2 Critical Habitat 
 
The Service designated critical habitat for the gnatcatcher on December 19, 2007, which became 
effective on January 18, 2008 (72 Federal Register 72010).  Designated critical habitat for the 
gnatcatcher includes 197,303 acres of Federal, state, local, and private land in Los Angeles, 
Orange, Riverside, San Bernardino, and San Diego Counties, and has been divided into 13 
Critical Habitat Units (Service 2007).  Approximately 76,370 acres (or 38.7 percent) of the total 
197,303 acres of gnatcatcher critical habitat, and 5 of the 13 Critical Habitat Units occur within 
San Diego County (Service 2007). 
 
PCEs (as outlined in the final rule) for gnatcatcher are those habitat components that are 
essential for the primary biological needs of providing space for individual and population 
growth, normal behavior, breeding, reproduction, nesting, dispersal and foraging.  PCEs are 
provided in (1) dynamic and successional sage scrub habitats (i.e., Venturan, Diegan, and 
Riversidean coastal sage scrub, Riversidean alluvial fan scrub, southern coastal bluff scrub, and 
coastal sage-chaparral scrub in Ventura, Los Angeles, Orange, Riverside, San Bernardino, and 
San Diego Counties); and, (2) non-sage scrub habitats such as chaparral, grassland, riparian 
areas, in proximity to sage scrub habitats as described for PCE 1 above that provide space for 
dispersal, foraging, and nesting (72 Federal Register 72035). 
 
A total of 13 critical habitat units are identified in both the final rule, although Unit 4 was 
exempted from the revised final designation under section 4(a)(3)(B) of the Act, and all lands in 
Unit 11 were removed.  Several qualitative criteria were used in the selection of specific areas or 
units, including focusing on areas (1) throughout the geographical and elevational range of the 
species; (2) within various occupied plant communities, such as Venturan coastal sage scrub, 
Diegan coastal sage scrub, Riversidean sage scrub, maritime succulent scrub, Riversidean 
alluvial fan scrub, southern coastal bluff scrub, and coastal sage-chaparral scrub; and, (3) in 
documented areas of large, contiguous blocks of occupied habitat, or in areas that link essential 
populations areas (i.e., linkage areas) (72 Federal Register 72036). 
 
3.2.3 Species Description 
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The coastal California gnatcatcher is a small (length:  4.3 in; weight:  six grams), long-tailed 
member of the old-world warbler and gnatcatcher family Sylviidae (American Ornithologists’ 
Union 1998).  The bird’s plumage is dark blue-gray above and grayish-white below.  The tail is 
mostly black above and below.  The male has a distinctive black cap which is absent during the 
winter.  Both sexes have a distinctive white eye-ring. 
 
The coastal California gnatcatcher is one of three subspecies of the California gnatcatcher 
(Polioptila californica) (Atwood 1991).  Prior to 1989, the California gnatcatcher was classified 
as a subspecies of the Black-tailed gnatcatcher (Polioptila melanura).  Atwood (1980, 1988) 
concluded that the species was distinct from P. melanura, based on differences in ecology and 
behavior. 
 
3.2.4 Distribution 
 
The coastal California gnatcatcher occurs on coastal slopes in southern California, from southern 
Ventura southward through Palos Verdes Peninsula in Los Angeles County through Orange, 
Riverside, San Bernardino and San Diego Counties into Baja California to El Rosario, Mexico, 
at about 30 degrees north latitude (Atwood 1991).  In 1990, Atwood reported that 99 percent of 
all gnatcatcher locality records occurred at or below an elevation of 984 ft.  In 1992, Atwood and 
Bolsinger reported that, of 324 sites of recent occurrence, 272 (84 percent) were located below 
820 feet in elevation, 315 (97 percent) were below 1,640 feet, and 324 (100 percent) were below 
2,460 feet.  Since that time, additional data collected at higher elevations shows that this species 
may occur as high as 3,000 feet and that more than 99 percent of the known gnatcatcher 
locations occurred below 2,500 feet (Service 2000). 
 
3.2.5 Habitat Affinity 
 
Gnatcatchers typically occur in or near coastal sage scrub habitat.  Coastal sage scrub is patchily 
distributed throughout the range of the gnatcatcher, and the gnatcatcher is not uniformly 
distributed within the structurally and floristically variable coastal sage scrub vegetation 
community.  Rather, the subspecies tends to occur most frequently within California sagebrush 
(Artemisia californica) -dominated stands on mesas, gently sloping areas, and along the lower 
slopes of the coast ranges (Atwood 1990).  An analysis of the percent gap in shrub canopy 
supports the hypothesis that gnatcatchers prefer relatively open stands of coastal sage scrub 
(Weaver 1998).  The gnatcatcher occurs in high frequency and density in scrub with an open or 
broken canopy while it is absent from scrub dominated by tall shrubs and occurs in low 
frequency and density in low scrub with a closed canopy (Weaver 1998).  Territory size 
increases as vegetation density decreases and with distance from the coast, probably due to food 
resource availability. 
 
Gnatcatchers also use chaparral, grassland, and riparian habitats where they occur adjacent to 
sage scrub (Campbell et al. 1998).  The use of these habitats appears to be most frequent during 
late summer, autumn, and winter, with smaller numbers of birds using such areas during the 
breeding season.  These non-sage scrub habitats are used for dispersal, but data on dispersal use 
are largely anecdotal (Campbell et al. 1998).  Probable dispersing gnatcatchers have been 
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documented in vegetation dominated by such species as Brassica spp. (wild mustard), annual 
grasses, Salsola tragus (Russian thistle), Baccharis salicifolia (mule fat), Salix spp. (willow), 
and Tamarix spp. (salt cedar) (Campbell et al. 1998).  Linkages of habitat along linear features 
such as highways and power-line corridors may be of significant value in linking populations of 
the gnatcatcher (Famolaro and Newman 1998).  Although existing quantitative data may reveal 
relatively little about gnatcatcher use of these other habitats, these areas may be critical during 
certain times of year for dispersal or as foraging areas during drought conditions (Campbell et al. 
1998).  Breeding territories have also been documented in non-sage scrub habitat (Campbell et 
al. 1998).  Campbell et al. (1998) discuss scenarios explaining why habitats other than coastal 
sage scrub are used by gnatcatchers, including food source availability, dispersal areas for 
juveniles, temperature extremes, fire avoidance, and lowered predation rate for fledglings. 
 
3.2.6 Life History 
 
The California gnatcatcher is primarily insectivorous, non-migratory, and exhibits strong site 
tenacity (Atwood 1990).  Diet deduced from fecal samples resulted in leaf- and plant-hoppers 
and spiders predominating in the samples.  True bugs, wasps, bees, and ants were only minor 
components of the diet (Burger et al. 1999).  Gnatcatcher adults selected prey to feed their young 
that was larger than expected given the distribution of arthropods available in their environment.  
Both adults and young consumed more sessile than active prey items (Burger et al. 1999). 
 
The California gnatcatcher becomes highly territorial by late February or early March each year, 
as males become more vocal during this time (Preston et al. 1998a).  In southwestern San Diego 
County, the mean breeding season territory size ranged from 12 to 27 acres per pair and non-
breeding season territory size ranged from 12 to 42 acres per pair (Preston et al. 1998b).  During 
the non-breeding season, gnatcatchers have been observed to wander in adjacent territories and 
unoccupied habitat increasing their home range size to approximately 78 percent larger than their 
breeding territory (Preston et al. 1998b).  The smallest documented home ranges occur near the 
coast and increase in more inland areas (Preston et al. 1998b). 
 
The breeding season of the gnatcatcher extends from mid-February through the end of August, 
with the peak of nesting activity occurring from mid-March through mid-May (Grishaver et al. 
1998).  The gnatcatcher’s nest is a small, cup-shaped basket usually found one to three feet 
above the ground in a small shrub or cactus.  Clutch sizes range between three and five eggs, 
with the average being four.  Juvenile birds associate with their parents for several weeks 
(sometimes months) after fledging (Atwood 1990).  Nest building begins in mid-March with the 
earliest recorded egg date of March 20 (Grishaver et al. 1998).  Post-breeding dispersal of 
fledglings occurs between late May and late November.  Nest predation is the most common 
cause of nest failure (Braden et al. 1997, Sockman 1997, Grishaver et al. 1998).  Gnatcatchers 
are persistent nest builders and often attempt multiple broods, which is suggestive of a high 
reproductive potential.  However, typically this is offset by high rates of nest predation and 
brood parasitism (Atwood 1990, Braden et al. 1997).  Nest site attendance by male gnatcatchers 
was determined to be equal to that of females for the first nest attempt and then declines to 
almost a third of female nest attendance for later nesting attempts due to the male tending to 
fledglings (Grishaver et al. 1998, Sockman 1998). 
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Gnatcatchers typically live for two to three years, although ages of up to five years have been 
recorded for some banded birds (Dudek and Associates 2000).  Observations indicate that 
gnatcatchers are highly vulnerable to extreme cold, wet weather (Mock 1998).  Nest predation 
tends to occur in greater proportion in the upper and lower third of the nest shrub.  Predation is 
lower in nests with full clutch sizes (Sockman 1997).  The species of nest shrub also influences 
predation risk (Grishaver et al. 1998).  Potential nest predators are numerous, and include 
snakes, raccoons, and corvids (Grishaver et al. 1998).  The California gnatcatcher also is known 
to be affected by nest parasitism of the brown-headed cowbird (Molothrus ater) (Braden et al. 
1997).  Nest parasitism has apparently resulted in earlier nesting dates of the gnatcatcher, which 
may partially compensate for the negative effect of parasitism (Patten and Campbell 1998).  
However, the gains in nest success from decreased nest parasitism appear to be negated by 
increased nest abandonment due to predation before cowbirds have migrated into an area 
(Braden et al. 1997). 
 
The natal dispersal, for a non-migratory bird, such as the gnatcatcher, is an important aspect of 
the biology of the species (Mock 1993, Galvin 1998).  The mean dispersal distance of 
gnatcatchers banded in San Diego County is reported at less than 1.9 miles; however, birds were 
also documented moving up to six miles from their natal territory (Bailey and Mock 1998).  The 
longest documented dispersal distance by a juvenile is 10.1 miles (Braden 1992).  Dispersal 
across highly man-modified landscapes, including major highways and residential development, 
is known to occur (Bailey and Mock 1998, Galvin 1998, Lovio 1996, Campbell and Haas 2003, 
Atwood et al. 1998).  Extensive movement by breeding adults is relatively rare (Bailey and 
Mock 1998).  Types of habitat used during dispersal are highly variable (Campbell et al. 1998).  
Although the mean dispersal distances that have been documented above are relatively low, 
dispersal of juveniles is difficult to observe and to document without extensive banding studies.  
Therefore, it is likely that the few current studies underestimate the gnatcatcher’s typical 
dispersal capacity (Bailey and Mock 1998).  Juvenile gnatcatchers are apparently able to traverse 
highly man-modified landscapes for at least short distances (Bailey and Mock 1998).  Natural 
and restored coastal sage scrub habitat along highway corridors is used for foraging and nesting 
by gnatcatchers and may serve important dispersal functions (Famolaro and Newman 1998).  
Typically, however, the dispersal of juveniles requires a corridor of native vegetation, which 
provides foraging, and cover opportunities to link larger patches of appropriate sage scrub 
vegetation (Soulé 1991).  These dispersal corridors facilitate the exchange of genetic material 
and provide a path for recolonization of areas from which the species has been extirpated (Soulé 
1991, Galvin 1998). 
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3.2.7 Population Trend 
 
The gnatcatcher was considered locally common in the mid-1940s, but by the 1960s, this 
subspecies had declined substantially in the United States owing to widespread destruction of its 
habitat (Atwood 1990).  By 1980, Atwood (1980) estimated that no more than 1,000 to 1,500 
pairs remained in the United States.  In 1993, at the time the gnatcatcher was listed as threatened, 
the Service estimated that approximately 2,562 pairs of gnatcatchers occurred in the United 
States.  Of these, 30 pairs occurred in Los Angeles County, 757 pairs occurred in Orange 
County, 261 pairs occurred in Riverside County, and 1,514 pairs occurred in San Diego County 
(Service 1993a).  In October 1996, the total number of gnatcatchers in the United States was 
estimated at 2,899 pairs with two-thirds occurring in San Diego County (Service 1996), after 
subtracting out all gnatcatcher pairs authorized for take under Habitat Loss Permits, approved 
Natural Community Conservation Plans, Habitat Conservation Plans, and section 7 
consultations.  These population estimates were intended to represent a coarse approximation of 
the number of gnatcatchers in southern California.  Confidence intervals have not been 
calculated for these estimates and, therefore, we cannot be sure of their precision. 
 
Population estimates for gnatcatcher populations in the southern portion of the species’ range 
(i.e., Mexico) are unknown.  However, past surveys within northern Baja California, Mexico, 
have not identified gnatcatchers within approximately 15.5 miles south of the border, despite the 
presence of suitable habitat (Service 2003b).  The closest individual gnatcatchers have been 
documented at inland localities 15.5 miles to 52.8 miles south of the border (Mellink and Rea 
1994).  Furthermore, Mellink and Rea (1994) found consistent morphological discontinuity 
between the Southern California and Mexico populations of gnatcatchers, suggesting that 
although the species range extends into Mexico there is limited gene flow between these 
populations and the populations remaining in the United States (Service 2003b).  In addition, the 
populations of gnatcatchers in Mexico are treated very differently than those located within the 
United States.  In Mexico, the gnatcatcher is not regulated or managed by the Mexican 
Government (Diario Official 2000).  Therefore, take of individuals or loss and degradation of 
habitat are not controlled in this portion of the species’ range. 
 
The loss, fragmentation, and adverse modification of habitat are the principal reasons for the 
gnatcatcher’s federally threatened status (Service 1993a).  The amount of coastal sage scrub 
available to gnatcatchers has continued to decrease during the period after the listing of the 
species.  It is estimated that up to 90 percent of coastal sage scrub vegetation has been lost as a 
result of development and land conversion (Westman 1981a, 1981b; Barbour and Major 1977), 
and coastal sage scrub is considered one of the most depleted habitat-types in the United States 
(Kirkpatrick and Hutchinson 1977, O’Leary 1990).  The elimination of nearby habitat may 
artificially increase populations in adjacent preserved habitat; however, these population 
surpluses may be lost in subsequent years due to crowding and lack of resources (Scott 1993).  In 
addition, agricultural use, such as grazing and field crops, urbanization, air pollution, and the 
introduction of non-native plants have all had an adverse impact on extant sage scrub habitat.  A 
consequence of urbanization that is contributing to the loss, degradation, and fragmentation of 
coastal sage scrub is an increase in wildfires due to anthropogenic ignitions.  High fire 
frequencies and the lag period associated with recovery of the vegetation may significantly 
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reduce the viability of affected subpopulations (Dudek and Associates 2000).  Furthermore, nest-
parasitism by the brown-headed cowbird and nest predation threatens the recovery of the 
gnatcatcher (Atwood 1980, Unitt 1984). 
 
Early studies suggested that the California gnatcatcher is highly sensitive to the effects of habitat 
fragmentation and development activity (Atwood 1990; ERCE 1990; Ogden unpublished data).  
The loss of coastal sage scrub vegetation has been associated with an increasing degree of 
habitat fragmentation, which reduces habitat quality and promotes increased levels of nest 
predation and brood parasitism, and ultimately, increased rates of local extinction (Wilcove 
1985, Rolstad 1991, Saunders et al. 1991, Soulé et al. 1988).  Although the published literature 
on this subject is based on studies in forested landscapes, the ecological implications of these 
studies are applicable to other landscape types such as coastal sage scrub. 
 
An important corollary of habitat fragmentation is reduction of opportunity for successful natal 
dispersal.  Dispersal of gnatcatchers is critical to demographic and genetic soundness of the 
population, and to population persistence of gnatcatchers in the fragmented habitat characteristic 
of coastal southern California.  Landscape connectivity enhances population viability for many 
species, and, until recently, most species lived in well-connected landscapes (Beier and Noss 
1998).  Well-designed studies offer strong evidence that corridors provide sufficient connectivity 
to improve the viability of populations in habitats connected by corridors (Beier and Noss 1998).  
For relatively sedentary bird species such as gnatcatchers, connectivity of habitat patches is 
probably the most important landscape feature for maintaining species diversity of native biota 
(Soulé et al. 1988).  Corridors counteract the effects of fragmentation, and should eliminate or 
minimize the attrition of species over time by facilitating dispersal and recolonization (Willis 
1974, Diamond 1975, Brown and Kodric-Brown 1977, Frankel and Soulé 1981, Soulé and 
Simberloff 1986, Noss and Harris 1986, Forman and Godron 1986, Diamond et al. 1987, Noss 
1987).  Linkages that support resident populations of animals are more likely to function 
effectively as long-distance dispersal conduits for those species (Bennett 1990). 
 
In addition to development and land conversion, the recent occurrence of large-scale wildfires 
throughout southern California likely temporally reduced the amount of gnatcatcher habitat 
available throughout the species’ range.  For example, in October 2003, severe wildfires 
throughout southern California resulted in the temporal loss of approximately 24,786 acres (21 
percent) of gnatcatcher designated critical habitat in San Diego County, and approximately 
39,418 acres (10 percent) of gnatcatcher designated critical habitat in the northern extent of the 
species’ range, which includes Orange, Riverside, Los Angeles, San Bernardino and Ventura 
Counties; this loss represents an overall temporal perturbation of 64, 204 acres (12 percent) of 
designated critical habitat across the species’ range.  These fires likely impacted several known 
source populations of gnatcatchers in San Diego County. 
 
Atwood et al. (1998) and Bontrager et al. (1995) found that extensive wildfires (e.g., the 2003 
fires throughout San Diego County) result in adverse impacts to gnatcatcher populations within 
unburned areas, as well as within the burn area, due to increased mortality resulting from 
excessive competitive interactions between resident birds within unburned areas and birds 
displaced by the fires.  Studies conducted after the 1993 Laguna Fire in Orange County (Wirtz et 







Ms. Rush Abrams (FWS-SDG-08B0136-08F0900) 
 


40


 


al. 1995, Bontrager et al. 1995, Beyers and Wirtz 1995, Atwood et al. 1998) suggest that post-
fire gnatcatcher population recovery is likely dependant on the amount of suitable vegetation 
remaining within the burned area, as well as the presence of gnatcatcher source populations in 
close proximity to areas affected by the fire.  Furthermore, Beyers and Wirtz (1995) found that 
following a fire, regrowing coastal sage scrub would not be recolonized by gnatcatchers until 
total shrub cover approaches 50 percent, which is expected to take a minimum of four to five 
years.  Due to the scope and intensity of the recent Southern California fires, the areas affected 
are expected to take several years to recover fully; therefore, any remaining gnatcatcher source 
populations, and remaining gnatcatcher habitat, are important to the survival and recovery of the 
species. 
 
To date, a recovery plan has not been developed for the gnatcatcher.  However, pursuant to the 
Coastal Sage Scrub Natural Communities Conservation Program (CSSNCCP), developed in 
1993, San Diego County was divided into four subareas for conservation/preserve planning for 
the long-term conservation and protection of the coastal sage scrub vegetation community of 
Southern California, and the species, including the gnatcatcher, that it supports (California 
Department of Fish and Game and California Resource Agency 1993).  The four subareas within 
San Diego County include the MSCP (finalized), the MHCP (finalized), the North County 
MSCP Plan (currently in preparation; NCMSCP), and the East County MSCP (initiated; EC 
MSCP).  However, of these four subareas, only three (MSCP, MHCP, and NCMSCP) support 
viable populations of the gnatcatcher.  A recovery plan for the gnatcatcher would describe the 
current threats to the species, the current population trend, the scope of the recovery effort, the 
recovery criteria, necessary recovery actions, and define recovery units.  Without a recovery 
plan, the three subareas that support viable populations of the gnatcatcher, within San Diego 
County (MSCP, MHCP, and NCMSCP), as well as Camp Pendleton and Marine Corps Air 
Station Miramar (which are not a part of the CSS NCCP), serve as "recovery units" for the 
species within San Diego County.  Multiple species plans developed, pursuant to the CSS 
NCCP, within Riverside, Orange, Los Angeles, and San Bernardino counties would similarly 
serve as “recovery units” for the gnatcatcher in the northern/eastern portion of its range. 
 
3.2.8 Threats 
 
The primary threats to the long-term survival and recovery of the gnatcatcher are habitat loss, 
fragmentation, and adverse modification of habitat due to increased urbanization throughout the 
range of the species.  In association with urbanization, the introduction of non-native plants, non-
native predators (i.e., domestic animals and brown-headed cowbirds), and changes in natural fire 
regimes (i.e., fire suppression or increased fire frequency due to anthropogenic ignitions) have 
all had an adverse impact on extant sage scrub habitat.  Therefore, the survival and recovery of 
the gnatcatcher is dependent on:  (1) the protection of large, intact blocks of suitable breeding 
and resident habitat; (2) known source populations of gnatcatchers; and, (3) suitable linkage 
habitat capable of providing for genetic exchange between known source populations and 
dispersal between source populations and smaller populations throughout the species’ range.  In 
addition, recovery units (multiple species preserves) have been defined as geographic, or 
otherwise identifiable, subunits of the species that individually are necessary to conserve the 
genetic diversity, population stability, demographic robustness, important life history stages, or 
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some other feature necessary for the long-term survival of the species in the wild (Service and 
National Marine Fisheries Service 2002).  Therefore, stabilizing and expanding the populations 
of gnatcatchers within the previously described gnatcatcher "recovery units", through the 
development of an effective preserve design, would provide for the species’ conservation needs, 
and preserve the coastal sage scrub vegetation community on which this species depends.  
Because 60 percent of the remaining gnatcatchers within the United States occur within San 
Diego County, the protection of gnatcatcher habitat and the maintenance of gnatcatcher 
population viability within San Diego County are particularly important for the survival and 
recovery of the species as a whole. 
 
In October 2007, large wildfires returned to San Diego County burning approximately 370,000 
acres.  A complete analysis of impacts to this species has not been completed.  Considering only 
Department of the Interior-owned lands in San Diego County, approximately 23,800 acres of 
designated gnatcatcher critical habitat, 19,700 acres of “very high” rated-modeled habitat, and 
18,000 acres of “high” rated-modeled habitat burned.  The actual total acreage of gnatcatcher 
habitat (critical, suitable, modeled) burned during the 2007 fires is likely much higher as non-
Department of the Interior lands containing gnatcatcher habitat also burned.   
 
3.2.9 Rangewide Conservation Needs 
 
Based on the threats analysis above, the gnatcatcher has the following needs to survive and 
recover. 
 


1. Functional habitat should be maintained in large, interconnected blocks sufficient to 
support viable, interconnected populations.  In some cases, such areas may require 
enhancement or creation of new habitat. 


 
2. Gnatcatcher habitat should be protected from changes in natural fire regimes as a result 


of fire suppression or increased fire frequency due to anthropogenic ignitions.  Habitat 
should be managed to adequately mitigate those effects, should they occur. 


 
3. The quality of gnatcatcher habitat should be maintained at high levels to include 


management of exotic plant and animal species (e.g., brown-headed cowbirds, feral cats, 
etc.). 


 
3.3 Vireo bellii pusillus (Least Bell’s vireo) 
 
3.3.1 Listing Status 
 
The least Bell’s vireo was federally listed as endangered on May 2, 1986 (Federal Register 51: 
16474), and State listed as endangered in California on October 2, 1980.  A draft recovery plan 
was prepared for this species in March 1998 (Service 1998).  On October 2, 2006, the Service 
announced completion of a 5-year review for the least Bell’s vireo and recommended that the 
species be downlisted from endangered to threatened status (Service 2006). 
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3.3.2  Critical Habitat 
 
In 1994, the Service designated areas encompassing approximately 38,000 acres in Santa 
Barbara, Ventura, Los Angeles, San Bernardino, Riverside, and San Diego Counties, California, 
as critical habitat for the least Bell’s vireo (Federal Register 59: 4845).  Only those areas with 
PCEs are critical habitat for the vireo.  The PCEs that support feeding, nesting, roosting and 
sheltering are essential to the conservation of the vireo.  These PCEs can be described as riparian 
woodland vegetation that generally contains both canopy and shrub layers, and includes some 
associated upland habitats.  Vireos meet their survival and reproductive needs (food, cover, nest 
sites, nestling and fledgling protection) within the riparian zone in most areas.  In some areas 
they also forage in adjacent upland habitats, which may include sage scrub and grassland 
communities (Service 1994). 
 
3.3.3 Species Description 
 
Vireo bellii pusillus is a small migratory songbird.  It is olive-gray above and whitish on its 
underparts with two dull white wing stripes and dull white to olive narrow margins on the outer 
border of its wings and tail.  Males and females are identical in plumage.  Vireo b. pusillus is 
easily distinguished by its song, a rapid bubbling series of rough notes, increasing in tempo and 
intensity toward a rapid climax.  Phrases of the song are alternatively slurred upward and 
downward.  Eggs are on average 0.7 inch long, and dull white, often with fine brown, black, or 
reddish-brown dots concentrated on the larger end (Brown 1993). 
 
Vireo b. pusillus is in the family Vireonidae, and is one of four subspecies of Vireo bellii (Bell’s 
vireo) that have been recognized.  Although all subspecies are similar in behavior and life 
history, they are isolated from one another in both their breeding and wintering grounds 
(Hamilton 1962). 
 
3.3.4 Distribution 
 
The least Bell’s vireo was historically found in valley bottom riparian habitats from Tehama 
County, California, southward (but locally) to northwestern Baja California, Mexico.  It ranged 
from near the Pacific coast to as far east (inland) as the Owens Valley, Death Valley, and along 
the Mojave River in California (Grinnell and Miller 1944).  More than 99 percent of the 
remaining vireos occurred in southern California (Santa Barbara County and southward) at the 
time of listing in 1986, with San Diego County containing 77 percent of the population.  While 
more than 99 percent still remain in southern California, the populations are now more evenly 
distributed with 54 percent of the total population occurring in San Diego County and 30 percent 
of the population occurring in Riverside County; however, there has been only a slight shift 
northward in the species’ overall distribution.  Least Bell’s vireo breeding pairs currently occur 
in San Diego, Riverside, Orange, San Bernardino, Los Angeles, Ventura, Santa Barbara, Inyo, 
and Stanislaus counties, California (Service 2006).  According to Grinnell and Miller (1944) 
4,000 feet is the upper elevational limit to least Bell’s vireo occurrence in coastal southern 
California. 
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3.3.5 Habitat Affinity 
 
The least Bell’s vireo primarily occupies riparian habitats that typically feature dense cover 
within three to seven feet of the ground and a dense, stratified canopy.  It inhabits low, dense 
riparian growth along water or along dry parts of intermittent streams.  The understory is 
typically dominated by sandbar willow (Salix hindsiana), mule fat (Baccharis salicifolia), 
individuals of other willow species such as arroyo willow (Salix lasiolepis) or black willow 
(Salix gooddingii), and one or more herbaceous species (Salata 1983a, 1983b, Zembal 1984, 
Zembal et al. 1985).  Important overstory species include mature arroyo willows and black 
willows.  Other overstory species that may contribute to vireo habitat include cottonwoods 
(Populus spp.), western sycamore (Platanus racemosa), and coast live oak (Quercus agrifolia).  
It primarily nests in small, remnant segments of vegetation typically dominated by willows and 
mule fat but may also use a variety of shrubs, trees, and vines.  Nests are typically built within 
three feet of the ground in the fork of willows, wild rose (Rosa californica), mule fat, or other 
understory vegetation (Franzreb 1989).  Cover surrounding nests is usually a moderately open 
midstory with an overstory of willow, cottonwood, sycamore, or oak.  Crown cover is usually 
more than 50 percent and contains occasional small openings.  The most critical structural 
component to least Bell’s vireo breeding habitat is a dense shrub layer at two to 10 feet above the 
ground (Franzreb 1989).  The birds forage in riparian and adjoining chaparral habitat (Salata 
1983b). 
 
3.3.6 Life History 
 
The least Bell’s vireo exhibits year-round diurnal activity and is known to be a nocturnal migrant 
(Brown 1993).  This subspecies feeds primarily on insects and spiders, and rarely on fruit 
(Brown 1993).  Insects consumed include true bugs, beetles, bees, wasps, ants, snails, 
grasshoppers, moths, and butterflies (Terres 1980).  The vireo forages primarily within willow 
(Salix spp.) stands or associated riparian vegetation with forays into non-riparian vegetation 
including chaparral and oak woodlands later in the breeding season (Gray and Greaves 1984, 
Salata 1983b, Kus and Minor 1987).  Individuals travel between 10 and 200 feet while foraging, 
with the majority of these destinations occurring within 98 feet of the edge of riparian vegetation 
(Kus and Minor 1987).  Least Bell’s vireo forage in all vertical vegetation layers from zero to 66 
feet but most feeding is concentrated in the lower vegetation layers between zero to 20 feet (Kus 
and Minor 1987, Salata 1983b).  Feeding behavior largely consists of collecting prey from leaves 
or in bark crevices while perched or hovering, and less frequently by capturing prey by aerial 
pursuit (Salata 1983a, 1983b). 
 
Least Bell’s vireo are mainly monogamous, however, some individuals of both sexes are 
sequentially polygamous within the breeding season (Greaves 1987).  Male vireos contest and 
establish breeding territories (Barlow 1962) which range in size from 0.5 to 7.4 ac. (Gray and 
Greaves 1984, Collins et al. 1992) with most averaging between one and three ac. (Service 
1998).  Least Bell’s vireo territories are maintained by threat and physical confrontation early in 
the breeding season, and vocal warnings later in the season (Barlow 1962). 
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The breeding season for least Bell’s vireo extends from mid-March to mid- or late-September 
(Service 1986).  A majority of the birds arrive from the Mexican wintering areas by the end of 
March, and depart by end of August (Zeiner et al. 1990).  Most breeding vireos depart the 
breeding grounds by the third week of September, and only very few are found wintering in the 
United States (Garrett and Dunn 1981, Salata 1983b).  Nests are typically suspended in forked 
branches of many different riparian species with no clear preference for any particular species 
(Nolan 1960, Barlow 1962, Gray and Greaves 1984).  Bell’s vireo nests are usually placed 
between 1.6 and 4.9 feet from the ground with a range between 0.7 and 26.2 feet (Brown 1993).  
Females probably select the nesting sites but both genders participate in nest construction 
(Barlow 1962).  Nests appear to only be used once with new ones constructed after nest failure 
or for successive broods (Greaves 1987).  Between two to five (typically three or 4) eggs are laid 
shortly after nest construction (Service 1998).  A typical clutch is incubated by both parents for 
about 14 days with the young remaining in the nest for another 10 to 12 days (Pitelka and 
Koestner 1942, Nolan 1960, Barlow 1962).  A female least Bell’s vireo may produce two broods 
of young and occasionally up to four per season, although it is thought that most are capable of 
successfully raising only one brood (Franzreb 1989). 
 
3.3.7 Population Trend 
 
No other passerine (perching songbird) species in California is known to have declined as 
dramatically as the least Bell’s vireo (Brown 1993).  The narrow and limited nature of the habitat 
of the least Bell’s vireo makes the subspecies more susceptible to major population reductions 
than the other subspecies of Bell’s vireo.  Intensive surveys of virtually all potential breeding 
habitat were conducted between 1977 and 1985 (Gaines 1977, Goldwasser 1978, Goldwasser et 
al. 1980), resulting in occurrences at only 46 of over 150 former localities.  Once common, the 
vireo populations had decreased substantially by the late 1980’s due to loss and degradation of 
habitat as well as from brown-headed cowbird (Molothrus ater) parasitism (Goldwasser et al. 
1980). 
 
By the time the vireo was federally listed as endangered in 1986, the rangewide population in the 
United States was estimated to be 300 pairs, all of which occurred in California, and a majority 
of which occurred in San Diego County.  The United States population occurs in San Diego, San 
Bernardino, Ventura, Santa Barbara, Santa Ynez, Inyo, Kern, Monterey, Orange, Riverside, and 
Los Angeles counties (Service 1986).  The vireo population in the United States has increased 
10-fold since its listing in 1986, from 291 to 2,968 known territories between 2001 and 2005.  
Population growth has been greatest in San Diego County (621 percent increase) and Riverside 
County (2,997 percent increase), with lesser but significant increases in Orange, Ventura, San 
Bernardino, and Los Angeles counties.  Since its listing in 1986, the vireo population in Santa 
Barbara County has declined by 54 percent and by 79 percent since its post-listing peak in 1986.  
Kern, Monterey, San Benito, and Stanislaus counties have had a few isolated individuals and/or 
breeding pairs since the original listing, but these counties have not supported any sustained 
populations.  The number of individuals in Inyo County has increased to 11 territorial locations; 
however, these birds occur over widely dispersed locations, and there is some uncertainty as to 
whether these individuals are Vireo bellii pusillus or V. b. arizonae (Arizona Bell’s vireo) 
(Service 2006). 
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Within San Diego County, most of the vireo occur within the following areas in order of number:  
Marine Corps Base Camp Pendleton (Camp Pendleton)/Santa Margarita River (827 territories), 
San Luis Rey River (233 territories), Tijuana River (150 territories), Sweetwater River (103 
territories), and San Diego River (66 territories).  Thus, within the 11 Population Units 
designated in the draft recovery plan, the following areas have the greatest number of vireos in 
order of number:  Camp Pendleton/Santa Margarita River (827 territories), Santa Ana River (813 
territories), and the San Luis Rey River (233 territories) (Service 2006). 
 
Vireos on the Santa Margarita River at Camp Pendleton increased from 15 males in 1980 to over 
1000 in 1998.  Similar increases occurred at the Prado Basin on the Santa Ana River where the 
vireo population grew from 12 males in 1985 to 345 pairs in 1998 (Service 1998).  In 2004, 413 
pairs of vireos, 177 unpaired males, and a minimum of 767 fledged young were detected in the 
Prado Basin (Pike et al. 2004).  The Tijuana River population grew from 13 males in 1990 to 
139 males in 1998 (Wells and Turnbull 1998) and to 150 territories during the 2004-2005 
breeding season (Service 2006). 
 
The first breeding pair of vireos detected in the San Joaquin Valley since the listing of the vireo 
successfully bred at the San Joaquin NWR in Stanislaus County in 2005 and 2006 (Service 
2006).  However, preliminary reports from vireo surveys conducted in 2006 indicate that the 
vireo population at two key locations, Camp Pendleton and the Prado Basin on the Santa Ana 
River, may have declined by up to 15 percent.  Possible causes for these reported declines are 
uncertain (Service 2006).  Although single year declines should be viewed with caution when 
evaluating population trends, they indicate population volatility associated with a higher risk of 
extinction (Fagan et al. 1999).  In summary, the United States population from Ventura County 
southward has increased significantly, while the population from Santa Barbara County 
northward has declined (Service 2006). 
 
3.3.8 Threats 
 
Causes for decline of the least Bell’s vireo include destruction of habitat, river channelization, 
water diversions, lowered water tables, gravel mining, agricultural development, and cowbird 
parasitism.  Management programs aimed at reducing numbers of cowbirds have been 
considered very successful at maintaining some local populations (Small 1994).  Infectious 
disease is also a real threat due to the potential for entire bird populations to be killed by diseases 
such as the West Nile Virus.  Although control of giant reed (Arundo spp.) has made great 
progress since the original listing of the vireo, invasions by other exotic species (e.g., Tamarix 
ssp. and perennial pepperweed [Lepidium latifolium]) continue to degrade existing riparian 
habitat and impede recovery efforts (Kus and Beck 1998, Hoffman and Zembal 2006).  Vireos 
are known to be sensitive to many forms of disturbance including noise, night lighting, and 
consistent human presence in an area.  Excessive noise can cause vireos to abandon an area.  
Greaves (1989) hypothesized that the lack of breeding vireos in apparently suitable habitat was 
due to human disturbances (e.g., bulldozers, off-road vehicles, and hiking trails).  He further 
suggested that buffer zones between natural areas and surrounding degraded and disturbed areas 
could be used to increase the suitability of some vireo habitat.  It appears that vireos nesting in 
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areas containing a high proportion of degraded habitat have lower productivity (e.g., hatching 
success) than those in areas of high quality riparian woodland (Pike and Hays 1992). 
 
Widespread habitat losses have fragmented most remaining populations into small, disjunct, 
widely dispersed subpopulations (Franzreb 1989).  More than 90 percent of the original extent of 
riparian woodland in California had been eliminated at the time of listing, and most of the 
remaining 5 percent is in a degraded condition (Smith 1977, Dahl 1990, Service 1998).  
Oberbauer (1990) reported a 61 percent loss of riparian habitat for San Diego County.  Habitat 
fragmentation negatively affects abundance and distribution of neotropical migratory songbirds, 
in part by increasing incidence of nest predation and parasitism (Small and Hunter 1988, Yahner 
and DeLong 1992).  An objective, systematic estimate of the amount of available riparian habitat 
in California does not currently exist, although estimates for smaller regions indicate stable to 
increasing riparian habitat (Faber 2003).  Though some unauthorized and unquantified loss of 
riparian habitat continues to occur (Hays 2006), and no systematic estimate of the State’s 
available riparian habitat exists, riparian habitat in San Diego County appears to have stabilized 
since the listing of the vireo and has improved locally where afforded protection by the Act and 
other federal and State legislation (i.e., Clean Water Act, California Fish and Game Code 
Sections 1600-1616).  It appears that riparian habitat connectivity may also be improving along 
the mainstems of some major rivers in southern California (e.g., on the Santa Margarita and 
Santa Ana Rivers, and to a lesser extent the San Luis Rey River) due to giant reed removal, 
restoration, and the reduction of high impact activities (e.g., sand mining operations) (Service 
1998), but fragmentation may still be occurring on lower order tributary streams due to 
increasing urban development and associated flood control (Kus 2006). 
 
Within the limited range of the vireo, all areas occupied by vireos are threatened by unauthorized 
clearing activities, placement of fill materials, and exotic species.  In addition, all but the 
Sweetwater River, which is already channelized, are threatened by flood control, water transfers, 
and channelization and diversion projects.  More specifically, the Santa Ynez River is threatened 
by water diversions, agricultural and urban development, and wetland draining.  The Santa Clara 
River is most immediately threatened by a 20,000 unit housing development and construction of 
two bridges throughout a majority of this critical habitat area.  The Santa Ana River continues to 
be threatened by two extensive water conservation projects which have periodic impacts by 
flooding the habitat.  One of these, the Prado Basin Water Conservation and Water Control 
Operations Project, was authorized for the incidental take of 90 pair of vireos over the life of the 
project (biological opinion 1-6-99-F-75).  Other projects and/or threats to the vireo on the Santa 
Ana River include the ongoing large Santa Ana River mainstem flood control project, Caltrans 
highway widening and bridge replacement projects, large-scale human recreation (including an 
active airport on Corps-owned lands) and an increasing human population and presence in or 
adjacent to the river.  In San Diego County the upper Santa Margarita River is threatened by 
development and agriculture, the San Luis Rey and San Diego Rivers are threatened by 
agriculture, sand and gravel mining, recreation, residential/commercial/industrial development, 
transportation, wastewater treatment, water supply projects, and flood control projects; the 
Sweetwater River is protected from development but still faces indirect impacts from recreation; 
Jamul-Dulzura Creeks are threatened by sand and gravel mining, water supply projects, and 
flood control projects and channelization; and the Tijuana River is continually threatened by 
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increasing disturbance and destruction of riparian habitat from illegal off-road vehicle activity, 
vehicle activity by border patrol, and horseback riding. 
 
Fire is also an ongoing threat to the vireo throughout its range.  In October and November of 
2003, southern California experienced significant wildfire activity.  The fires were 
distinguishable into 15 areas and burned a total of approximately 743,439 acres in Los Angeles, 
Riverside, San Bernardino, San Diego, and Ventura counties.  It is unclear how much habitat 
occupied by least Bell’s vireo burned in the fires that occurred in 2003 because our location data 
is biased to areas with proposed projects (i.e., those areas where surveys were necessary), could 
represent duplicative data, and/or could be mapped as a large polygon without the detail of 
numbers of individual birds.  However, 111,725 acres of riparian habitat exist within Los 
Angeles, Riverside, San Bernardino, San Diego, and Ventura counties and the fires burned 5,668 
acres (5 percent) of this area.  The most significant impacts occurred in San Diego (3,186 acres), 
San Bernardino (1,304 acres), and Ventura (1,116 acres) counties due to the Cedar, Old, and 
Simi fires.  In the case of the Cedar fire alone, the fire burned 2,314 acres of riparian habitat in 
San Diego County. 
 
In October 2007, large wildfires returned to San Diego County burning approximately 370,000 
acres.  A complete analysis of impacts to this species has not been completed.  Considering only 
Department of the Interior-owned lands in San Diego County, approximately 748 acres of 
designated vireo critical habitat burned.  The actual total acreage of vireo habitat (critical, 
suitable, modeled) burned during the 2007 fires is likely much higher as non-Department of the 
Interior lands containing vireo habitat also burned. 
 
It is assumed that no individual vireos were harmed directly by these fires since the birds are 
migratory and were not in the areas that burned when the fires occurred.  However, the loss of 
1,104 acres of suitable habitat may indirectly affect the birds since they are known to be site 
tenacious. 
 
It is expected that these areas would recover and again provide suitable habitat for vireo or 
flycatcher, albeit a longer process to become suitable flycatcher habitat.  However, the degree to 
which this disturbance would increase non-native invasive wetland species such as Arundo and 
tamarisk is unknown.  In addition, due to the lack of vegetation within the watershed, the rivers 
may experience significant debris flows which may also alter the riparian systems.  It is still too 
early to determine the long term effects of the fires; however, there could be a net loss of suitable 
habitat until a restoration program is initiated and successful. 
 
3.3.9 Rangewide Conservation Needs 
 
Based on the nature of the primary threats to the least Bell’s vireo over the majority of its range, 
the survival and recovery needs of the vireo are integrally linked with the following biological 
principles:  (1) the presence of functionally intact riparian communities with structural 
complexity and a dense understory, (2) the absence or control of brown-headed cowbirds, and 
(3) well connected riparian corridors with self-sustaining vireo populations in relatively close 
proximity to one another to facilitate survival and movement. 
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In March 1998, a draft recovery plan for the vireo was prepared by the Service (Service 1998).  
The Plan describes a strategy for reclassification, recovery, and delisting.  Instrumental to this 
strategy is securing and managing riparian habitat within the historical breeding range of the 
vireo, annual monitoring and rangewide surveys, and research activities necessary to monitor 
and guide the survival and recovery of the vireo population range wide.  Criterion 1 of the Plan 
identifies the San Luis Rey River as one of 14 population/metapopulation units that should be 
managed and protected to support stable or increasing vireo populations/metapopulations, 
consisting of several hundred or more breeding pairs.  A Priority 1 recovery task includes 
protecting and managing riparian and adjacent upland habitats within the vireo’s historical range 
and more specifically developing a management plan for the San Luis Rey River which 
addresses the major threats of agriculture, flood control, water supply projects, sand and gravel 
mining, recreation, residential/ commercial/industrial development, transportation, wastewater 
treatment projects, and unauthorized placement of fill materials, clearing, and herbicide activities 
(Service 1998). 
 
Specifically, the draft recovery plan for the vireo indicates that the following criteria must be met 
to consider the vireo recovered: 
 


1. Stable or increasing least Bell’s vireo populations/ metapopulations, each consisting of 
several hundred or more breeding pairs, that are protected and managed at the following 
sites: Tijuana River, Dulzura Creek/Jamul Creek/Otay River, Sweetwater River, San 
Diego River, San Luis Rey River, Camp Pendleton/Santa Margarita River, Santa Ana 
River, an Orange County/Los Angeles County metapopulation, Santa Clara River, Santa 
Ynez River, and an Anza Borrego Desert metapopulation; 


 
2. Stable or increasing least Bell’s vireo populations/metapopulations, each consisting of 


several hundred or more breeding pairs established, protected, and managed for at the 
following sites:  Salinas River, a San Joaquin metapopulation, and a Sacramento Valley 
metapopulation; and 


 
3. Threats are reduced or eliminated so that least Bell’s vireo populations/metapopulations 


listed above are capable of persisting without significant human intervention, or perpetual 
endowments are secured for cowbird trapping and exotic plant (Arundo) control in 
riparian habitat occupied by the least Bell’s vireo.  As noted above, the only areas where 
there are populations of several hundred or more breeding pairs documented is the Prado 
Basin and Marine Corps Base Camp Pendleton. 


 
Only the Camp Pendleton/Santa Margarita River and the Santa Ana River populations have 
clearly met and exceeded the target of “several hundred or more breeding pairs” of vireos at the 
designated site.  However, the general trend has been positive.  While the 11 populations 
designated in the first criterion only represent a portion of the known vireo populations, they 
contain approximately 90 percent of the known vireo locations (Service 2006).   
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3.4 Empidonax traillii extimus (Southwestern willow flycatcher) 
 
3.4.1 Listing Status 
 
The southwestern willow flycatcher was federally listed as endangered on February 27, 1995 (60 
FR 10694) primarily due to extensive habitat loss.  The California Department of Fish and Game 
lists this species as endangered on December 3, 1990.  A final recovery plan for the southwestern 
willow flycatcher was published in the Federal Register on March 5, 2003 (68 FR 10485). 
 
3.4.2 Critical Habitat 
 
Critical habitat for the flycatcher was designated on October 19, 2005, encompassing 
approximately 120,824 acres in Apache, Cochise, Gila, Graham, Greenlee, Maricopa, Mohave, 
Pinal, Pima, and Yavapai counties in Arizona, Kern, Santa Barbara, San Bernardino, and San 
Diego counties in southern California, Clark County in southeastern Nevada, Grant, Hidalgo, 
Mora, Rio Arriba, Socorro, Taos, and Valencia counties in New Mexico, and Washington 
County in southwestern Utah (70 FR  60886).  Fifteen Management Units found in five 
Recovery Units were designated as critical habitat for the flycatcher.  The five Recovery Units 
are:  1) Coastal California; 2) Basin and Mojave in California; 3) Lower Colorado River in 
Nevada, California/Arizona Border, Arizona, and Utah; 4) Gila in Arizona and New Mexico; and 
5) Rio Grande in New Mexico (Service 2005b). 
 
The specific biological and physical features, otherwise referred to as the primary constituent 
elements (PCEs), essential to the conservation of the southwestern willow flycatcher include, but 
are not limited to:  Space for individual and population growth and for normal behavior; food, 
water, air, light, minerals, or other nutritional or physiological requirements; cover or shelter; 
sites for breeding, reproduction, and rearing (or development) of offspring; and habitats that are 
protected from disturbance or are representative of the historic geographical and ecological 
distributions of a species (Service 2005b). 
 
3.4.3 Species Description 
 
The southwestern willow flycatcher, a relatively small, insectivorous songbird, is approximately 
5.75 inches in length.  Both sexes of E. t. extimus have grayish-green back and wings, whitish 
throats, light gray-olive breasts, and pale, yellowish bellies.  The song is a sneezy “fitz-bew” or 
“fitz-a-bew” and the typical call is a breathy “whit” (Unitt 1987).  Empidonax t. extimus is a 
recognized subspecies of the willow flycatcher (Empidonax traillii).  Although previously 
considered conspecific with the alder flycatcher (Empidonax alnorum), E. traillii is 
distinguishable from that species by morphology (Aldrich 1951), song type, habitat use, structure 
and placement of nests (Aldrich 1953), eggs (Walkinshaw 1966), ecological separation (Barlow 
and MacGillivray 1983), and genetic distinctness (Seutin and Simon 1988).  In turn, E. t. extimus 
is one of five subspecies of the willow flycatcher currently recognized (Hubbard 1987, Unitt 
1987, Browning 1993).  The willow flycatcher subspecies are distinguished primarily by 
differences in color and morphology (Unitt 1987).  Unitt (1987) and Browning (1993) concluded 
that E. t. extimus is paler than other willow flycatcher subspecies.  During the 2004 breeding 
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season, Paxton et al. experimented with the use of a Minolta Colorimeter to quantify plumage 
coloration variation in the willow flycatcher.  Although the dataset was limited in terms of 
geographic distribution and sample size, preliminary analysis indicates that the colorimeter can 
detect substantial plumage variation within the willow flycatcher subspecies, and significant 
differences among the subspecies.  Thus, the colorimeter may have the potential to assign 
subspecies status to individuals of unknown origin (i.e., migrants, wintering flycatchers) (Paxton 
et al.  2005).  Sedgwick (2001) determined that the vocal signatures of the primary song form of 
E. t. extimus and the geographically adjacent subspecies, E. t. adastus, are distinctive and that 
regional populations of Empidonax have statistically unique vocal identities. 
 
3.4.4 Distribution 
 
The breeding range of the flycatcher includes most of the southwestern United States (Unitt 
1987, Browning 1993) with data from 1993 to 2005 indicating that flycatcher breeding territories 
ranged from Arizona (40.8 percent), New Mexico (32.4 percent), California (15.7 percent), 
Nevada (5.6 percent), Colorado (5.2 percent), and Utah (0.3 percent) (Durst et al. 2006).  Past 
records of breeding in Mexico are few and confined to extreme northern Baja California and 
Sonora (Howell and Webb 1995).  Flycatchers winter in Mexico, Central America, and northern 
South America (Howell and Webb 1995). 
 
3.4.5 Habitat Affinity 
 
The flycatcher is restricted to willow-dominated riparian habitats, especially areas with abundant 
large trees, frequently in close proximity (i.e., seldom farther than a few dozen meters) to surface 
water or saturated soil (Sogge and Marshall 2000).  Riparian habitat provides both breeding and 
foraging habitat for the species.  The flycatcher nests in thickets of trees and shrubs 
approximately 13 to 23 feet or more in height with dense foliage from approximately zero to 13 
feet above ground.  The nest site plant community is typically even-aged, structurally 
homogeneous and dense (Brown 1988, Sedgewick and Knopf 1992).  This species usually nests 
in the upright fork of a shrub but occasionally nests on horizontal limbs within trees and shrubs 
(Terres 1980).  Historically, the willow flycatcher nested primarily in willows and mule fat with 
a scattered overstory of cottonwood (Grinnell and Miller 1944).  Following more recent changes 
in riparian plant communities in the region, the species still nests in willows where available but 
is also known to nest in thickets dominated by tamarisk and Russian olive (Brown 1988).  
Typically, sites selected as song perches by male willow flycatchers show higher variability in 
shrub size than do nest sites and often include large central shrubs.  Migrating willow flycatchers 
use habitats similar to breeding flycatchers, but would also use desert washes, oases, and open 
canyon woodlands near watercourses (Small 1994). 
 
Fragmented riparian zones with large distances between willow patches and individual willow 
plants are not selected for either nesting or singing (Sedgewick and Knopf 1992).  Flycatchers 
are generally not found nesting in narrow strips of riparian vegetation less than approximately 33 
feet wide (Sogge and Tibbetts 1994, Sogge and Marshall 2000). 
 
3.4.6 Life History 
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The southwestern willow flycatcher is a diurnally active species that begins singing at a predawn 
hour while within the territory (San Diego Natural History Museum 1995).  The flycatcher is an 
insectivore that forages within and above dense riparian vegetation, taking insects on the wing or 
gleaning them from foliage (Service 1995).  This species also forages in areas adjacent to nest 
sites which may be more open (Service 1995). 
 
Males typically arrive in southern California at the end of April and females arrive 
approximately one week later.  The southwestern willow flycatcher has a home range that is 
larger than the defended territory.  This species initiates territorial defense in late May.  Territory 
size varies from 0.59 to 1.33 acres.  Adults depart from the breeding territory in mid-August to 
early September (San Diego Natural History Museum 1995).  Territory size varies greatly, 
probably due to differences in population density, habitat quality, and nesting stage.  Estimated 
breeding territory sizes generally range from approximately 0.25-5.7 ac, with most in the range 
of approximately 0.5-1.2 ac (Service 2002a).  The species has been reported to sing and defend 
winter territories in Mexico and Central America and may defend winter territories in northern 
South America.  Lynn et al. (2003) surveyed a total of 42 locations in El Salvador, Costa Rica, 
and Panama from 1998 to 2000.  They found that occupied winter habitat was characterized by 
four main habitat components:  (1) standing or slow moving freshwater and/or saturated soils; 
(2) patches or stringers of trees; (3) woody shrubs; and, (4) open areas such as pastures, 
savannas, or bodies of water bordering forest edges. 
 
Southwestern willow flycatchers typically raise one brood per year (Service 1995).  The clutch 
size ranges from two to five; the average clutch size is 3.4 eggs in coastal southern California.  
These species usually have a monogamous mating system within one nesting season although 
not all territorial males are mated (San Diego Natural History Museum 1995).  The southwestern 
willow flycatcher fledgling leaves the nest at age 12 to 15 days in early July (Service 1995) and 
usually disperses from the natal territory at age 26 to 30 days.  About 25 percent of adults return 
to their territory from the previous year and at least 20 percent of juveniles return to the natal 
area which is usually 1.2 to 2.5 miles from the natal territory.  Adults usually depart from their 
breeding territory between 12 August and 4 September (San Diego Natural History Museum 
1995). 
 
From 1997 through 2000, 66 percent to 78 percent of flycatchers known to have survived from 
one breeding season to the next returned to the same breeding site; on the other hand, 22 percent 
to 34 percent of returning birds moved to different sites.  Both males and females move within 
and between sites, with males showing slightly more site fidelity.  Within-drainage movements 
are more common than between-drainage movements.  Typical distances moved range from 1.2 
miles to 18 miles; however, long-distance movements of up to 136 miles have been observed on 
the lower Colorado River and Virgin River (Service 2002a). 
 
3.4.7 Population Trend 
 
Although the breeding range extends through six states, Kus and Sogge (2003) noted that 
southwestern willow flycatchers have declined to the point of near extinction as urbanization and 
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burgeoning human populations have resulted in widespread loss and degradation of riparian 
habitat.  In California, there has been a 95 percent reduction of riparian habitat over the last 
century and flycatchers are now absent as a breeding species from the Central Valley of 
California, where they were once common (Harris et al. 1987).  Flycatchers have been 
dramatically reduced in number along the lower Colorado River, which historically probably 
supported one of the largest flycatcher populations in the Southwest (Unitt 1987).  Durst et al. 
(2006) reported 1,214 territories located among 275 sites rangewide within the United States 
using data from 1993 to 2005.  Over the range of the species, most (83 percent) breeding sites 
are small, both in terms of population size (five or fewer territories) and habitat patch size (Durst 
et al. 2006).  Only 17 percent of the sites rangewide have more than five territories.  Seven of 
these sites (populations) consist of 20 or more territories and only two sites have 50 or more 
territories, one of which is the upper San Luis Rey River (near Lake Henshaw) in San Diego 
County, which is outside of the project area and action area (Service, unpub. data).  Not all of the 
275 known sites are surveyed every year.  In 2005, 142 sites were surveyed with 999 territories 
detected (Durst et al. 2006).  Flycatcher territories have disappeared from 133 of the 275 sites 
tracked since 1993.  All but two of these sites where flycatcher territories are no longer detected 
were composed of five or fewer territories (Durst et al. 2006).  The two exceptions were the 
Colorado River inflow to Lake Mead and PZ Ranch on the San Pedro River which were larger 
sites where habitat was destroyed by flooding and fire, respectively (Durst et al. 2006).  This 
indicates that even the "larger" sites of 50 or more territories are vulnerable to catastrophic 
events (e.g., fire, disease, or floods) and flood control/water supply projects. 
 
The primary flycatcher drainages in California are the San Luis Rey River (58 territories), the 
Santa Ana River (34 territories), the Owen’s River (28 territories), the Santa Margarita River (21 
territories), and the Kern River (20 territories) (Durst et al. 2006). 
 
The rangewide population of flycatcher has not experienced a significant increase in numbers as 
the vireo population has.  This may be a byproduct of the flycatchers need for mature vegetation 
(greater than eight years old), their need for nearby open water, and the reduced benefit that 
cowbird trapping provides the flycatcher. 
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3.4.8 Threats 
 
The southwestern willow flycatcher has declined primarily due to loss, alteration, and 
degradation of riparian habitats and brown-headed cowbird nest parasitism (Unitt 1987, Service 
2002a).  Its riparian nesting habitat tends to be uncommon, isolated, and widely dispersed.  
Historically, these habitats have always been dynamic and unstable in place and time, due to 
natural disturbance and regeneration events such as floods, fire, and drought.  With increasing 
human populations and the related industrial, agricultural, and urban developments, these 
habitats have been modified, reduced, and destroyed by various mechanisms.  Riparian 
ecosystems have declined from reductions in water flow, interruptions in natural hydrological 
events and cycles, physical modifications to streams, modification of native plant communities 
by invasion of exotic species, and direct removal of riparian vegetation.  Wintering habitat has 
also been lost and modified for this and other Neotropical migratory birds.  The major 
mechanisms resulting in loss and modification of habitat involve water management and land use 
practices (Service 2002a). 
 
Fire is an imminent threat to occupied and potential southwestern willow flycatcher breeding 
habitat.  Although fires occurred to some extent in some of these habitats historically, many 
native riparian plants are neither fire-adapted nor fire-regenerated.  Thus, fires in riparian 
habitats are typically catastrophic, causing immediate and drastic changes in riparian plant 
density and species composition (Service 2002a). 
 
In October 2007, large wildfires returned to San Diego County burning approximately 370,000 
acres.  A complete analysis of impacts to this species has not been completed.  Considering only 
Department of the Interior-owned lands in San Diego County, approximately 21 acres of 
designated flycatcher critical habitat burned.  The actual total acreage of flycatcher habitat 
(critical, suitable, modeled) burned during the 2007 fires is likely much higher as non-
Department of the Interior lands containing flycatcher habitat also burned. 
 
The Recovery Plan indicates that brood parasitism negatively affects the flycatcher, by reducing 
reproductive performance.  Parasitism typically results in reductions in number of flycatcher 
young fledged per female per year (Service 2002a).  Brown-headed cowbirds have probably 
occurred naturally in much of the flycatcher’s range, for thousands of years (Lowther 1993).  
However, they likely increased in abundance with European settlement, and established in 
southern California only since 1900 (Rothstein 1994).  However, studies have determined that 
nest parasitism has less of an effect on flycatchers than on vireos and that flycatchers have not 
responded to cowbird trapping in the same manner that vireos have (Kus and Whitfield 2005). 
 
3.4.9 Rangewide Conservation Needs 
 
The Service published a final Recovery Plan for the southwestern willow flycatcher on March 5, 
2003, identifying the protection, restoration, and creation of habitat as necessary to conserve this 
species (Service 2003a).  The breeding range of the flycatcher covers six states and the Plan 
specifically identifies six Recovery Units and 32 Management Units that should be managed to 
meet these objectives in a manner sufficient to promote stable or increasing flycatcher 
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populations.  The Recovery Plan states that the Coastal California Recovery Unit had 19 percent 
of the known flycatcher territories rangewide.  The Recovery Plan lists the Gila Recovery Unit 
as having 46 percent of the known flycatcher territories, which is the highest of all of the units.  
The other four units range from less than one percent (Upper Colorado) to 15 percent of the 
known flycatcher territories.  Based on this information, the Coastal California Recovery Unit 
has the second highest number of known flycatcher territories identified in the Recovery Plan. 
 
Each Recovery Unit is expected to serve as a metapopulation for the flycatcher.  In functioning 
metapopulations, increases or decreases in one population may affect other populations.  Thus, it 
is important to meet and maintain recovery objectives in each Recovery and Management unit, 
each of which may influence adjacent units (Service 2002a). 
 
The Recovery Plan identifies guidelines that should be applied to projects to ensure recovery of 
the flycatcher.  These guidelines include preventing the loss of flycatcher habitat; however, if 
such temporary impacts, permanent loss, or degradation is imminent, the guidelines recommend 
habitat replacement, permanent protection, and management within the same Management Unit.  
It states that loss of flycatcher habitat should be replaced with creation of habitat at a relatively 
high ratio since there is a high degree of uncertainty flycatchers would colonize created habitat.  
The Recovery Plan also states that cowbird trapping should not be used to offset actions that may 
result in loss, fragmentation, or modification of occupied or potential habitat.   
 
The Recovery Plan requires a minimum number of territories for each management unit in order 
to down-list the flycatcher as threatened.  The Coastal California Recovery Unit extends across 
10 southern California counties.  The Recovery Plan requires a minimum of 275 territories in 
this Recovery Unit for reclassification of the flycatcher (there were 186 known territories 
between 1993 and 2001) (Service 2002a).  Nearly half (i.e., 125 of the 275 territories) are to be 
in the San Diego Management Unit.  The San Diego Management Unit is expected to provide the 
majority of territories throughout all of the areas with flycatcher in the State of California.  This 
is the third highest goal rangewide with the Gila River (625) and the Lower Colorado River 
(525) having the highest recovery goals (Service 2002a).  In 2005, the Coastal California 
Recovery Unit had the fourth largest number of territories (135) and San Diego Management 
Unit had the fifth largest number of territories (86) of any one management unit throughout 
the29 management units.  Three of the top were within the Gila Recovery Unit and the fourth 
was in the Rio Grande Recovery Unit (Durst et al. 2006). 
 
A Population Viability Analysis (PVA) was conducted as part of the Recovery Plan for the 
flycatcher.  The PVA found that metapopulations appear to be the most stable and secure in 
those areas where a large number of sites of substantial size are highly connected.  There are 
only three such areas throughout the species’ range that meet these criteria:  Coastal California, 
Gila, and Rio Grande.  In addition, the PVA found that the greatest benefit within a 
metapopulation should occur if sites are less than nine miles apart, each with 10 to 25 territories.  
Sites that are less than nine miles apart assure a high likelihood of connectivity.  Once a 
threshold of about 25 territories/sites is reached, the benefit of increasing the number of birds 
diminishes.  This risk-spreading strategy reduces the likelihood that catastrophic events (e.g., 
fire, flood, disease) would negatively impact all sites (Service 2002a).  Such a strategy may be 
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even more important with the likely risk to avian species from infectious diseases such as West 
Nile Virus. 
 
3.5 Ambrosia pumila (San Diego ambrosia) 
 
3.5.1 Listing Status 
 
San Diego ambrosia was listed as endangered on July 2, 2002 (67 FR 44372).  This species is 
also on the California Native Plant Society’s list 1B with an R-E-D (Rarity-Endangerment-
Distribution) code of 3-3-2, and a California Natural Diversity Data Bank ranking of G1S1.1 
 
3.5.2 Critical Habitat 
 
Critical Habitat has not been proposed or designated for this species. 
 
3.5.3 Species Description 
 
San Diego Ambrosia is a clonal, perennial herb in the Asteraceae (sunflower) family.  They arise 
from a branched system of rhizome-like roots (Service 1999b).  This rhizomatous perennial habit 
results in groupings of aerial stems, often termed clones, that are, or at least were at one time, all 
attached to one another.  The aerial stems are 0.5 to 3 decimeters (2 to 12 inches) rarely to 5 
decimeters (20 inches) tall and densely covered with short hairs.  The leaves are 3 to 4 times 
pinnately divided into many small segments and are covered with short, soft, gray-white, 
appressed hairs.  The fruiting heads are enclosed by cup-like structures that have no spines, 
although some reports note a few vestigial spines.  A. pumila may be distinguished from other 
species of Ambrosia in the area by its leaves which are twice divided, involucres (cup-like 
structures) lacking hooked spines, and lack of longer stiff hairs on the stems and leaves (Service 
1999b). 
 
3.5.4 Distribution 
 
San Diego ambrosia is distributed from western Riverside County and western San Diego 
County, California, south in widely scattered populations along the west coast of Baja California, 
Mexico, to the vicinity of Cabo Colonet (Munz 1974, Reiser 1996).  Additional populations 
occur in the central highlands of Baja California in the vicinity of Laguna Chapala near 
Catavinia (Reiser 1996).  Some remnant populations have been found in urbanized places such 
as National City (Reiser 1996).  It has also been reported from two areas in Oceanside (near El 
Camino Real and near Mission Boulevard in east Oceanside). 
 
3.5.5 Habitat Affinities  
 
San Diego ambrosia occurs in open habitats in coarse substrates near drainages, and in upland 
areas on clay slopes or on the dry margins of vernal pools.  It also occurs in a variety of 
associations that are dominated by sparse grasslands or marginal wetland habitats such as river 
terraces, pools, and alkali playas (Munz 1974, Reiser 1996).  Reiser (1996) noted that San Diego 
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ambrosia may also occur in creek beds and willow woodlands lacking tree canopies.  Dudek and 
Associates (1999) found Ambrosia pumila in sandy loam textured soils, that were moderately 
acidic (pH ranging from 4.48 to 5.77) and low in salinity.  San Diego ambrosia has been reported 
from 0-9 percent slopes on sandy or clay loams (Boling 1988).  At Mission Trails Regional Park 
in San Diego, Ambrosia pumila occurred upon slope angles ranging from 0 to 18 percent with 
the vast majority of plants occurring at slope angles of less than 5 percent (Dudek & Associates, 
Inc. 1999).  San Diego ambrosia generally occurs at low elevations (i.e., less than 180 meters in 
San Diego County) (Payne 1996).  Commonly associated species include Nasella spp., Avena 
spp., Bromus spp., Centaurea melitensis, Ambrosia psilostachya, Hemizonia fasciculata, 
Holocarpha virgata, Distichlis spicata, Eremocarpus setigerus, and several vernal pool species. 
 
3.5.6 Life History 
 
Sexual reproduction and seed-set are not considered to be common in this taxon suggesting that 
propagation and dispersal by seed is limited.  Because pollen is contained in the downward 
facing male cluster and is positioned above female flower heads, Ambrosia pumila may self-
pollinate.  Perennial Ambrosia species generally produce fewer seeds than annual species and 
invest more reproductive resources in below-ground root structures.  Several biotechnical reports 
from transplantation efforts offer support for the lack of or low seed reproduction in the species 
(Dudek and Associates 2000).  Ambrosia species are probably primarily wind pollinated, but 
other vectors (e.g. crawling insects) are a possibility (Payne, pers. Comm. 1998).  Propagation is 
primarily through extensions of rhizomes indicating that each population could be a single plant 
and restricted to the immediate habitat.  The species propensity to reproduce asexually suggests 
that the most common form of dispersal may be movement of rhizome-like structures either short 
distances by growth or longer distance by flood disturbance (Boling 1988, Marquez 1991-1993, 
and RECON 1993).  Ambrosia pumila also partially relies on animal vectors for seed dispersal.  
Ambrosia pumila is sensitive to seasonal conditions and variation resulting in fluctuations in the 
above ground biomass.  Flowers are generally present from June through September (Munz 
1974). 
 
3.5.7 Population Trend 
 
This species has been reported from 49 occurrences in the United States (CDFG 2004).  Four 
were combined with other occurrences, six were based on misidentified specimens, and two that 
were based on old collections have not been documented since 1936 (CDFG 2004).  Three 
occurrences consist of transplanted plants from other occurrences that were subsequently 
partially or totally eliminated (CDFG 2004).  There are, therefore, 34 verifiable native reported 
occurrences of this species.  Twenty of these (59 percent) have been extirpated since the 1930’s, 
nearly all by commercial development and activities associated with highway construction 
(Service 1999b).  One occurrence, with a single stem in 1996, is considered non-viable due to 
the small size of the occurrence and the high level of disturbance of the site (CDFG 2004).  
Subtracting this non-viable occurrence, there are currently 15 extant native occurrences of this 
species.  Twelve occurrences are in San Diego County, and three are in western Riverside 
County (City of Lake Elsinore 2000). 
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3.5.8 Threats 
 
The primary threat to San Diego ambrosia is habitat loss due to urbanization, habitat 
fragmentation, isolation, and associated impacts from non-native species competition.  Nearly all 
U.S. populations occur in sites that are disturbed and frequently affected by secondary impacts 
(e.g., trampling, non-native plant competition) due to proximity of development and 
infrastructure (e.g., roads and utilities). 
 
3.5.9 Rangewide Conservation Needs 
 
Ambrosia does not have a Recovery Plan developed.  Nonetheless, to promote the long term 
survival and conservation of this species, the further loss and degradation of ambrosia habitat 
should be prevented.  This would include reducing direct, indirect and cumulative effects.  To 
avoid further loss of the species, populations should be permanently preserved and managed and 
new populations created. 
 
4. ENVIRONMENTAL BASELINE 
 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as the 
past and present impacts of all Federal, State, or private actions and other human activities in the 
action area.  Also included in the environmental baseline are the anticipated impacts of all 
proposed Federal projects in the action area that have undergone section 7 consultation, and the 
impacts of State and private actions which are contemporaneous with the consultation in 
progress. 
 
4.1 Site Characteristics and Surrounding Land Uses 
 
The proposed SR-76 Melrose Drive to South Mission Highway Improvement project is located 
along the existing SR-76 from approximately 0.5 mile west of the SR-76/Melrose Drive 
intersection to approximately 0.6 mile east of the SR-76/South Mission Road intersection (Post-
Mile 7.5-13.1).  Native upland and riparian vegetation communities within this stretch of the 
river are known to support several federally listed species including arroyo toad, vireo, 
flycatcher, toad, gnatcatcher, and ambrosia. 
 
The BSA consisted of the footprint of the proposed project and the Southern Alternative, all 
areas lying between the two alignments, and a 500-foot limit from the outer edges of the 
proposed shoulder (Figure 2).  The BSA includes a portion of the San Luis Rey River, its 
associated floodplain, and other adjacent lands.  The overall topography consists of a broad, 
level floodplain and valley floor bordered by steep hillsides divided by lesser tributaries.  The 
San Luis Rey River and its floodplain are the dominant topographic features in the BSA.  The 
historical floodplain of the San Luis Rey River can be considered relatively wide (approximately 
1,000 ft wide) at the eastern terminus of the BSA but becomes much narrower (approximately 
500 ft wide) at the western terminus.  Portions of the historical floodplain have been converted to 
agricultural fields, ranches and the San Luis Rey Downs Country Club Golf Course.  Elevation 
in the BSA ranges from approximately 100 ft above mean sea level (AMSL) along the San Luis 
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Rey River at the western terminus of the BSA to approximately 350 ft AMSL on the slopes 
above the San Luis Rey River in the eastern half of the BSA.  Although existing within a 
semiarid region and exhibiting a braided channel at points along its reach, the San Luis Rey 
River is a perennial river.  The source of water originates from its perennial tributaries:  Little 
Gopher Canyon Creek, Bonsall Creek, Moosa Canyon Creek, Ostrich Farms Creek, and several 
unnamed tributaries.  In addition, a substantial amount of water originates as urban runoff, 
particularly from the San Luis Rey Downs Country Club Golf Course, as well as agricultural 
irrigation runoff. 
 
Soils within the BSA are dominated by sandy loams and riverwash.  The riverbed at this location 
is composed of an alluvial deposit of riverwash (U.S. Department of Agriculture [USDA] 1973).  
The alluvium in the floodplain and valley floor can provide suitable substrate (friable) for 
burrowing animals, including arroyo toad. 
 
Eighteen vegetation types were identified within the project’s BSA (Table 1, Figures 12 and 13), 
including riparian, wetlands, uplands and other vegetation types (EDAW, 2007). 
 
4.2 Relationship to Regional Preserves 
 
The highway widening would occur in an area covered under the California Department of Fish 
and Game’s NCCP program.  The NCCP, which began in 1991, is a cooperative effort between 
public and private entities to protect habitats and species.  The program’s primary objective is to 
conserve local and regional biological diversity while accommodating compatible land use.  The 
NCCP attempts to prevent/resolve issues related to species' listings by concentrating on the long-
term stability of wildlife and plant communities, and including key interests in the process. 
 
The project falls within the NCMSCP and Oceanside Subarea Multiple Habitat Conservation 
Plan; both plans are under development.  These programs are comprehensive habitat 
conservation planning programs that address multiple species needs and the preservation of 
native vegetation communities.  The programs propose a preserve system that would replace the 
approach of using project-specific biological mitigation, which by itself does not contribute 
adequately to the continued existence of sensitive species, or to the maintenance of natural 
biodiversity.  Within the study corridor, pre-approved mitigation areas and preserve areas are 
associated with the San Luis Rey River Linkage along the river corridor.  The San Luis Rey  
River Linkage extends east from the City of Ocean side boundary across Interstate 15 and the 
Rice Canyon Linkages and towards the Palomar Mountain foothills. 
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Figure 12.  Vegetation Communities 
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Figure 13.  Vegetation Communities 
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4.3 Species and Critical Habitats within the Project Area 
 
4.3.1 Arroyo Toad 
 
The San Luis Rey River is one of the few remaining occupied drainages that has habitat 
conditions conducive to supporting a large, robust population.  The largest populations of arroyo 
toads in San Diego County can be found here.  Key features distinguishing it from most other 
occupied drainages are:  high stream order (4th to 5th order), low elevation (below 1,000 feet), 
and broad stream terraces.  The only other drainages that support similar conditions, to any 
extent, are the San Antonio River (Monterey County), San Juan Creek (Orange County), San 
Mateo Creek (Orange/San Diego Counties), the Santa Margarita River (San Diego/Riverside 
Counties), Santa Ysabel Creek (San Diego County), and the Sweetwater River (San Diego 
County) (J. Stephenson, Service, pers. com.).  Yet the amount of such high-quality habitat is 
small on most of these drainages; the San Luis Rey River has the longest stretch of intact high-
quality habitat.  Its geographic position is also highly significant, lying between the Santa 
Margarita River and Santa Ysabel Creek.  Overland movement between these drainages is still 
possible and is likely critical to maintaining genetic interchange and metapopulation viability (J. 
Stephenson, Service, pers. com.).  The connection of the San Luis Rey River population to the 
closest existing population (Santa Margarita River) is slowly being severed by development 
along the I-15 corridor.  Loss of the San Luis Rey population would effectively sever 
connectivity between key populations to the north (i.e., San Juan, San Mateo, Santa Margarita) 
and the south (i.e., Santa Ysabel, Sweetwater). 
 
Arroyo toads initially were found in the San Luis Rey River on May 23-24, 1927, when J. R. 
Slevin collected a large series of specimens on the river 4.8 kilometers (3 miles) west of Bonsall 
(California Academy of Science 62908-62915, San Francisco).  Historically, arroyo toads were 
noted from near the mouth of the San Luis Rey River (L. M. Klauber, unpubl. field notes, April 
2, 1932) to Indian Flats Campground in the Cleveland National Forest (California Academy of 
Science 173699-173700, San Francisco), a distance of about 32 kilometers (20 miles) and an 
elevational range of 25 to 1,280 meters (80 to 4,200 feet).  Today, arroyo toads have scattered 
breeding sites within the main river down to the City of Bonsall, and another disjunct breeding 
site above Lake Henshaw at Barker Valley and Indian Flats Campground (elevation 825 to 1,280 
meters [2,700 to 4,200 feet]). 
 
Development has resulted in the direct loss of most of the arroyo toad upland habitat along the 
lower San Luis Rey River (Pacific Ocean to I-15).  The channelization of far eastern portion of 
the lower San Luis Rey River and associated feeder streams with rip-rap likely precludes usage 
of the banks for burrowing, protection, and forage as well as make the migration of arroyo toads 
from the channel into the uplands a difficult if not impossible task.  Many factors within the 
lower San Luis Rey River have also precluded the most likely avenue for arroyo toad movement 
between the San Luis Rey River and Santa Margarita River (i.e., the coastal plain where the 
elevation change is small and where, in flood years, the estuaries may have been in close 
proximity). 
 







Ms. Rush Abrams (FWS-SDG-08B0136-08F0900) 
 


62


 


Arroyo toads are not currently known to occupy the lower 7.2-mile channelized stretch, which 
was surveyed in 1996, 1997, and 1998 and occupancy is very unlikely if the river remains 
channelized.  Upstream of the channelized stretch arroyo toad breeding habitat is partially 
connected to upland burrowing areas, primarily east of I-15.  However, the presence of SR-76 
immediately adjacent to the river has vast impacts on dispersal and burrowing outside of the 
floodplain (primarily on the north side of the river).  Arroyo toads are currently believed to 
occupy the majority of the river between Bonsall and Pala.  Given the numerous positive surveys 
from Bonsall to Pala over the past several years, viable populations appear to exist in these areas.  
However, there has been no rigorous qualitative or quantification evaluation of the population 
size or trends and that merely observing that a species is present over several years does not, by 
itself indicate a prognosis for long-term persistence. 
 
No arroyo toads were documented within the BSA during surveys conducted by either AMEC in 
2002 or URS in 2003 .  Potential arroyo toad breeding habitat may have been greatly reduced in 
quantity and quality during the 2002 survey period.  Because of the extremely dry year, the flow 
level of the San Luis Rey River was greatly reduced during the normal rainy season and many of 
the potentially suitable breeding pools previously observed did not form.  Many of the areas that 
had previously been considered good quality breeding habitat for the species were overgrown 
with dense vegetation. 
 
However, arroyo toads were previously observed breeding in the northern end of the BSA in the 
mid-1990s up to 2001, in the vicinity of the San Luis Rey Downs Golf and Country Club course, 
starting about 1,000 ft below the Camino Del Rey Bridge crossing and extending about 1 mile 
downstream.  At the downstream end of the BSA, a breeding population of arroyo toads was 
documented in 1998.  Breeding pools supporting approximately 18 arroyo toads (approximately 
14 males and 4 females) were observed at this location.  The upland habitat consisting of coastal 
sage scrub east of Old River Road and north of Dentro de Lomas was also known to support 
arroyo toads in 1998.  This area was completely overgrown with invasive aquatic and riparian 
plant species during the 2002 surveys, probably due to the lack of scouring action (Figures 14 
and 15). 
 
Arroyo toad was detected during protocol surveys in 2006 for the future SR-76 East project 
between Bonsall and Interstate 15.  During those surveys, two arroyo toad sightings were 
recorded in the western portion of the BSA, while seventy three (73) arroyo toad sightings were 
documented from Via Monserate to Interstate 15 (EDAW 2006). 
 
Arroyo toads have been observed moving approximately 1.6 kilometers within a stream reach 
and 1 kilometer away from the stream, into native upland habitats containing friable, sandy soils 
(Holland 1995, Sweet 1992) or agricultural areas (Griffen et al. 1999).  Griffin (1999) reported a 
female arroyo toad traveling more than 300 meters perpendicular from a stream and Holland 
(1998) found arroyo toads 1.08 kilometers from a water course.  Therefore, it is possible that 
arroyo toads move between the San Luis Rey River and the uplands within the project area. 
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Figure 14.  Listed Species 
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Figure 15.  Listed Species 
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The project area occurs in excluded arroyo toad critical habitat Unit 14.  Essential lands in Unit 
14 include portions of the San Luis Rey River and adjacent upland areas below the La Jolla 
Indian Reservation, as well as sections of Pala and Keys Creeks in the lower and middle San 
Luis Rey River Basin.  The unit encompasses approximately 8,669 ac (3,508 ha), of which 84 
percent is private land, 10 percent is on the Pala Indian Reservation, and 5 percent is on the 
Rincon Indian Reservation.  Approximately 30 mi (48 km) of the San Luis Rey River from the 
western edge of the La Jolla Indian Reservation downstream to the confluence with Guajome 
Creek near the City of Oceanside are designated as critical habitat.  Unit 14 also includes 
approximately 3.4 mi (5.5 km) of Pala Creek and 1.7 mi (2.7 km) of Keys Creek upstream from 
their confluence with the San Luis Rey River.  Unit 14 contains an indispensable arroyo toad 
population in the San Luis Rey River Basin.  This unit was known to be occupied at the time of 
listing in 1994.  This long, low elevation [all below 1,000 ft (305 m) in elevation] unit is situated 
in a broad, flat valley with a low-gradient river that supports all the primary constituent 
elements, such as shallow pools for breeding and sandy substrates in adjacent upland terraces for 
foraging, burrowing, and aestivating.  This unit is necessary for the conservation of the arroyo 
toad because it supports one of the largest contiguous river reaches that is occupied by the 
species and has the ability to support a viable population.  Special management considerations 
that are required in this unit include addressing issues regarding dams and water diversions in the 
upper end of the unit and minimizing impacts from intensive urbanization, agriculture, exotic 
predators, and invasive plant species. 
 
4.3.2 Least Bell’s Vireo 
 
In the early 1900’s, and even as late as the 1940’s, the vireo was considered a common bird in 
the riparian plant communities of California.  By 1984, cowbird parasitism and habitat 
destruction had reduced vireo numbers in the lower San Luis Rey River to approximately eight 
breeding pairs.  The virtual elimination of cowbird parasitism since 1991 has played a key role in 
the population increase in the lower San Luis Rey River, which numbered 117 territories and 110 
breeding pairs in 20032.  Another factor in increasing the vireo population had been the regrowth 
of riparian vegetation primarily within the Corps flood control channel area, which has 
subsequently been impacted by the removal of habitat to retain the functionality of the levee 
system.  The population of vireo in the lower San Luis Rey River (Table 9) extends upstream of 
the flood control channel where 130 male vireos were observed in 2002, with at least 49 
confirmed breeding pairs (Peterson et al. 2002).  The lower San Luis Rey River, with a total of 
159-245 vireo pairs, now represents the third largest vireo population throughout the species 
range within the United States (Marine Corps Base Camp Pendleton and the Prado Basin are the 
largest two populations). 
 
Monitoring of the vireo (and flycatcher) in the lower San Luis Rey River has occurred since the 
1980’s.  Vireo territory sizes have been reported ranging from 0.5 to 7 acres (Service 1998).  
Within the channelized stretch of the San Luis Rey, territory sizes ranged from 0.59 - 5.79 acres 
with an average of 1.9.  Productivity of vireos had been high in the channelized stretch.  From 


                                                 
2 Cowbirds still remain a significant threat in the area with an average of 500-600 cowbirds captured each year in 
the lower San Luis Rey. 
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1989 to 2003 the number of fledglings per pair ranged from 1.7 to 3.3, with an average of 2.4.  In 
the channelized stretch, vireos had an average of 2.6 fledglings per pair whereas upstream of the 
channelized stretch, vireos had an average of 1.8 fledglings per pair.  This represents a 25 
percent difference in productivity and is likely due, in large part, to the Corps’ ongoing cowbird 
trapping and nest monitoring.   
 
Table 9.  Least Bell’s vireo territory numbers for the San Luis Rey 
 Number of Territories 
Location 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
 I5-College 11 9 26 31 54 52 50 70 69 86 80   82 117   
 College-I15 43 39 59 76 99 114 90       137 132 130     


 
The upper San Luis Rey River does not have the same extensive monitoring records as the lower 
and is not currently available for analysis.  Vireo have been reported by the Forest Service on the 
upper San Luis Rey River, however the individuals are believed to have been migrants without 
evidence of regular breeding in the area.   
 
The majority of suitable habitat within the BSA is occupied (Figures 14 and 15).  A total of 28 to 
29 locations within the BSA were occupied by least Bell's vireo in 2002 (USGS 2005 and 
AMEC 2004) and a total of 44 territories (and 242 point locations) were identified within the 
BSA during the 2003 surveys (URS 2004). 
 
The project site occurs within the San Luis Rey Area of designated critical habitat for the vireo 
(Figure 16).  Approximately 6,000 acres of critical habitat exist on the San Luis Rey River.  
Critical habitat is designated from I-5 to Pala Road. 
 
4.3.3 Southwestern Willow Flycatcher 
 
Nearly the entire San Luis Rey River provides foraging, dispersal, and migratory habitat.  
Flycatchers were not observed nesting in the lower San Luis Rey River until 1999; however, 
flycatchers are difficult to identify except during a small window in the spring when they 
vocalize.  Therefore they may have been present in the lower San Luis Rey River, but 
unobserved prior to 1999. 
 
Surveys for the Rosemary Mountain Quarry project during 2003 and 2004 detected a trio 
(polygynous pair) of flycatchers, nine individual flycatchers, and one pair of flycatchers within 
the portion of the San Luis Rey River that is directly south of Rosemary’s Mountain. 
 
Surveys related to the San Luis Rey Flood Control project documented, between 2000 and 2004, 
a growing population of flycatchers.  Starting in 2000 there were 3 territories within the lower 
San Luis Rey River.  By 2003 between 10 and 13 territories had been documented from within 
the channelized stretch of the San Luis Rey River to approximately two miles upstream of I-15.  
This population is separate from the population of flycatchers near Lake Henshaw.  The lower 
San Luis Rey River flycatcher locations are spread out along the river and are associated with 
permanent water sources and large wide mature riparian vegetation near Whalen Lake and 
Guajome Lake. 
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Figure 16.  Critical Habitat in the Project Area 
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There is a very large and successful population of flycatcher near the Forest Service’s San Luis 
Rey Picnic Area.  The area is located along the San Luis Rey River and SR-76 immediately 
downstream of Lake Henshaw.  Historically, between 40 and 50 pairs occupy this stretch with 
approximately 12 pairs on Forest Service land.  One focused survey along the Cleveland 
National Forest stretch in 2008, located numerous flycatcher, including one nest (Roblek, 
Service, unpublished data).  This population is the only known population of flycatcher on the 
Cleveland National Forest.  Cowbird trapping has occurred in this area without evidence that the 
trapping effort was benefiting the flycatcher based on the lack of nest-parasitism with and 
without trapping.  A survey of cowbirds on the adjacent Lusardi grazing allotment found no 
evidence of cowbird foraging.  The same stretch of river has been designated critical habitat and 
is comprised of approximately 22 acres. 
 
Flycatchers were documented at a total of 17 localities within the BSA during the protocol 
surveys conducted by AMEC in 2002 and URS in 2003 (Figure15 and 16).  Five (5) of the 
sightings most likely represented migrants, one sighting was a pair, and the remaining sighting 
was a single male.  The pair observed during the breeding season was located along the San Luis 
Rey River in the northern portion of the BSA.  In 2003, URS documented the presence of 
migrating, solitary flycatchers at three localities within the BSA.  The habitat was not occupied 
for more than a single survey (URS 2004). 
 
The project site occurs within the San Diego Management Unit of designated critical habitat for 
the flycatcher.  This management unit encompasses approximately 4,804 acres (1944 ha) that 
contains essential features for breeding, non breeding, territorial, migrating, and dispersing 
southwestern willow flycatchers and helps provide metapopulation stability, population growth, 
gene flow, connectivity, and protection against catastrophic losses.  A total of eight flycatcher 
breeding sites (seven on the San Luis Rey River and one on Pilgrim Creek) are known to occur 
within this Unit (Service 2005b).  Breeding sites have been detected since 1994.  Durst et al. 
(2005) reported 67 territories from the San Luis Rey River drainage with a single site on the 
upper San Luis Rey holding 44 territories. 
 
4.3.4 Coastal California Gnatcatcher 
 
The proposed project area contains areas of undisturbed native upland habitat areas, including 
areas suitable for the gnatcatcher (i.e., coastal sage scrub).  The majority of the BSA, 909.57 
acres, is located within designated critical habitat for the gnatcatcher, Units 3 and 5 (Service 
2007).  These lands consist of designated core gnatcatcher populations and sage scrub habitats 
identified as high or moderate value. 
 
Unit 3 encompasses approximately 17,325 ac (7,011 ha) within the MHCP planning area in 
northwestern San Diego County.  Included are lands within the cities of Encinitas, Escondido, 
Oceanside, San Marcos, Solana Beach, and Vista.  This unit provides for connectivity and 
genetic interchange among core populations, contains large blocks of high-quality habitat 
capable of supporting persistent populations of gnatcatchers, and contains the last significant 
gnatcatcher populations remaining south of MCB Camp Pendleton abutting the coast. 
 







Ms. Rush Abrams (FWS-SDG-08B0136-08F0900) 
 


69


 


Unit 5 encompasses approximately 34,705 ac (14,045 ha) within the planning area for the 
NCMSCP.  Lands designated/proposed for critical habitat within this unit contain several core 
gnatcatcher populations and intervening linkage areas of sage scrub.  This unit constitutes the 
primary inland linkage along the I–15 corridor between San Diego populations and those in 
southwestern Riverside County (Unit 10). 
 
Gnatcatchers were documented at 10 locations within the BSA during the protocol surveys 
conducted by AMEC in 2002.  One gnatcatcher pair was located south of SR-76 and southwest 
of the creek along East Vista Way, on the northern and western facing slopes.  One pair of 
gnatcatcher, with one begging juvenile, was observed in the northern portion of the BSA on a 
hill west of SR-76.  The juvenile was not detected during subsequent visits to this survey patch.  
Three separate pairs of gnatcatcher were observed on the western side of SR-76, near the 
northern portion of the BSA.  In addition, gnatcatcher was documented in this same location in 
2002 (Service unpublished data).  Four pairs of gnatcatchers were observed northwest of SR-76, 
near the northern-central portion of the BSA (AMEC 2004).  One pair of gnatcatchers was 
observed east of SR-76, in the central portion of the BSA.  One pair of gnatcatchers was also 
detected within the BSA during the protocol surveys conducted by URS in 2003 and is presumed 
to be one of the same pairs observed by AMEC in 2002.  The pair was detected approximately 
300 ft west of the intersection of SR-76 and Camino Del Rey/Olive Hill Road, using 
approximately 6 ac of coastal sage scrub habitat.  Additional gnatcatcher localities were 
observed in the BSA, south of SR-76 and southwest of East Vista Way, during other surveys 
related to the project. 
 
4.3.5 San Diego Ambrosia 
 
The northernmost known natural occurrences of ambrosia in San Diego County occur along the 
San Luis Rey River.  Natural occurrences along the project corridor are known at Jeffries Ranch 
(150-200 plants) and the Groves properties.  There are two additional occurrences, but are 
unnatural as they were translocated as a result of widening SR-76 and constructing the Bonsall 
Bridge.  One population was planted along Pilgrim Creek and the other at the Marron Mitigation 
site.   
 
In 2005, approximately 200 one-gallon ambrosia plants were planted at the Marron Mitigation 
site.  The transplanted ambrosia appear to be proliferating on-site (Roblek personal observation, 
Service 2007).  Surveys in 2008 indicated there the ambrosia now covers approximately 1.11 
acres.   
 
In addition, there are plants currently being held in a nursery from impacts during a San Diego 
Gas and Electric project along the San Luis Rey River. 
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4.4 Proposed Off-site Compensation Locations 
 
The proposed compensation sites have been identified in regional planning efforts as important 
to the conservation of the aforementioned species and to the build out of the preserve within the 
NCMSCP and the City of Oceanside Subarea Plan within the MHCP area (Figure 17). 
 
4.4.1 The Groves 
 
The Groves property consists of total of 286 acres located at the southwest corner of SR-76 and 
Olive Hill Road in the community of Bonsall (Figures 18 and 19).  A majority of the area 
contains designated critical habitat for gnatcatcher.  Numerous gnatcatchers have been recorded 
on site during formal and informal surveys.  There are no significant data available to estimate 
the size of this metapopulation.  Approximately, 180 acres of coastal sage scrub occurs on site 
with about 82 acres categorized as disturbed.  The site is occupied by gnatcatcher and ambrosia.  
The property also consists of approximately 11 acres of coast live oak woodland, and 50 acres of 
non-native grassland.  The Groves is located in close proximity to the San Luis Rey River, which 
supports a significant arroyo toad population.  Although the Groves property does not provide 
breeding habitat for the arroyo toad, it does contain upland habitat appropriate for burrowing, 
dispersing and foraging.  Access control has been built at this site. 
 
4.4.2 Morrison Property 
 
The Morrison property, totaling about 121 acres, is located southeast of Gird Road and SR-76 in 
Bonsall (Figures 20-23).  The San Luis Rey River crosses the southern portion of the property.  
Both arroyo toad and vireo have been documented on site.  The property has approximately 2.8 
acres of freshwater marsh, 38.7 acres riparian forest, 74 acres of riparian scrub, 3.6 acres of 
disturbed habitat, and 5.3 acres of non-native grassland.  Due to the presence of riparian habitat, 
the flycatcher potentially may use the site. 
 
4.4.3 Singh Property 
 
The 60-acre Singh property is located southeast of Sleeping Indian Road and North River Road 
and is bisected by the San Luis Rey River in the northeastern area of the city of Oceanside 
(Figure 24 and 25).  The property is currently used for growing row crops (tomatoes).  No listed 
species are known to occur on this site.  Future mitigation plans would dictate creation and 
restoration of the site. 
 
4.4.4 Zweirstra Property 
 
The 19.38-acre Zwierstra property is located along the north side of the SR-76 Melrose to 
Mission project between Melrose and East Vista Way.  Its northwestern corner abuts the Singh 
property’s southeastern corner.  Four acres are currently riparian forest with the remainder in use 
as a dairy farm and residence.  Vireo and arroyo toad were historically documented within the 
stretch of the river adjacent to this property. 







Ms. Rush Abrams (FWS-SDG-08B0136-08F0900) 
 


 


71


Figure 17.  Mitigation Sites 
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Figure 18.  The Groves Vegetation 
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Figure 19.  The Groves Sensitive Species and Critical Habitat 
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Figure 20.  Morrison Vegetation 
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Figure 21.  Morrison Sensitive Species and Critical Habitat 
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Figure 22.  Morrison Exotic Species Removal and Planting Areas 
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Figure 23.  Morrison Proposed Dethatch and Irrigated Areas 
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Figure 24.  Singh Existing Vegetation 
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Figure 25.  Singh Proposed Creation/Enhancement 
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4.4.5 Pilgrim Creek Mitigation Bank 
 
The Pilgrim Creek Mitigation Site is located along Pilgrim Creek, a tributary to the San Luis Rey 
River.  The site is bordered to the west by Marine Corps Base Camp Pendleton, to the south by a 
golf course, and on the remaining sides by Douglas Drive and residential developments.  The 
stretch of Pilgrim Creek on the site supports approximately 9.8 acres of willow-dominated 
riparian habitat along a narrow channel.  Coastal sage scrub, including 34.6 acres of restored 
habitat, covers the slopes bordering the site to the west, and the center of the site supports 
riparian vegetation planted in 1996 within a 49.8 acre restoration area, as well as 1.5 acres of 
freshwater marsh.  An additional small cell of planted riparian vegetation lies between Pilgrim 
Creek and Douglas Drive on the east side of the creek.  This bank has 4.9 acres of available 
wetland mitigation credit. 
 
4.4.6 Marron Mitigation Site 
 
The 10.5-acre Marron Mitigation Site is located north and parallel to SR-76 from Post Mile 8.9 
to Post Mile 9.2 (Figures 26 and 27).  The San Luis Rey River runs parallel to the site directly 
north.  The property is bordered to the north and northeast by agricultural and to the west by the 
Feck (City of Oceanside) Mitigation Site.  It was selected as off-site mitigation for the San 
Mateo Creek Bridge Emergency Repair Project to provide habitat for the vireo and arroyo toad.  
In addition to the riparian and coastal sage scrub created on site, ambrosia was planted.  
Approximately 200, 1-gallon container plants that were salvaged from the SR-76 West extension 
were planted out on February 15, 2005.  The ambrosia has expanded rapidly and now covers 
approximately 438,430 square feet (1.11 acre). 
 
4.5 Projects and Land Uses Affecting Species and Critical Habitats 
 
A long list of historical projects and land uses along the San Luis Rey River, and the adjacent 
uplands, have degraded vireo, flycatcher, arroyo toad, gnatcatcher, and ambrosia habitat in this 
area.  In addition, there is a long history of illegal fills and activities within the San Luis Rey 
River.  Some of these have resulted in enforcement actions by the U.S. Army Corps of Engineers 
(Corps) and the Environmental Protection Agency, but many unauthorized activities go 
undetected.  These types of activities all have the potential to impact the vireo, flycatcher, 
gnatcatcher, and toad either directly through mortality or indirectly due to loss or degradation of 
habitat. 
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Figure 26.  Marron Mitigation Site Location 
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Figure 27.  Marron Ambrosia pumila Location 
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4.5.1 Geotechnical Borings along State Route 76 
 
On December 20, 2007, the Service consulted informally on geotechnical borings at four 
locations along SR-76 in preparation for a new San Luis Rey River Bridge as part of the SR-76 
Melrose Drive to South Mission Highway Improvement project.  During this informal 
consultation, the Service determined that the proposed boring activity would have no effect on 
the arroyo toad; however, the proposed activity may affect, but is not likely to adversely affect, 
the flycatcher, gnatcatcher, and vireo.  The proposed boring sites are located within designated 
flycatcher, gnatcatcher, and vireo critical habitat; however, through implementation of the 
avoidance and minimization measures, the proposed activity will not adversely affect designated 
critical habitat.  On January 18, 2008, the Service issued a biological opinion for seven 
additional geotechnical boring locations along SR-76 in preparation for a new San Luis Rey 
River Bridge on arroyo toad, flycatcher, gnatcatcher, and vireo.  The Service determined that, 
provided the description of the proposed action and conservation measures are implemented, the 
proposed project may affect, but is not likely to adversely affect the flycatcher and vireo, and 
will have no effect on the gnatcatcher.  Take was authorized for no more than five (5) arroyo 
toad.  The 22.5-acre action area includes seven boring sites (Piers 5-10 and Abutment 11), SR-
76, access routes to these sites that are located east of SR-76 and the San Luis River Bridge, and 
a staging area that is located immediately north of the intersection at SR-76 and North River 
Road. 
 
4.5.2 Small Projects and Storm Water Operations along State Route 76 
 
On August 29, 2007, the Service issued a draft programmatic biological opinion (FWS-SDG-
3946.7) for project related effects from various small projects and storm water operations along 
SR-76 on arroyo toad, vireo and its designated critical habitat, flycatcher and its designated 
critical habitat, gnatcatcher and its designated critical habitat, the endangered light-footed 
clapper rail (Rallus longirostris levipes), and ambrosia.  Drainage improvements and 
maintenance project activities for storm water facilities are conducted by the Caltrans along SR-
76 within the San Luis Rey River watershed.  The biological opinion also provides guidance for 
emergency repairs.  Drainage improvements and maintenance projects, covered by the biological 
opinion would occur within 200 feet from the paved road surface, or up to but not beyond 
Caltrans' ROW fence or unmarked ROW boundary, whichever is less.  Individual drainage and 
maintenance projects would not exceed one (1) acre of total area impacted.  Projects that exceed 
one (1) acre of total impacts and/or extend beyond the Caltrans ROW would be reviewed on a 
case-by-case basis and require a project specific tiered biological opinion appended to the 
programmatic opinion.  In a given calendar year, total project impacts (permanent and 
temporary) would not exceed 10 acres, of which up to 5 acres would be permanent. 
 
4.5.3 San Luis Rey River Flood Control 
 
Construction of the flood control project from 1988-2000 resulted in the confinement of the San 
Luis Rey River and the permanent loss of 1,985 acres of the 100-year floodplain and an 
additional 1,209 acres of 500 year floodplain (total 500 year loss is 3,194 acres).  This action 
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consequentially resulted in the loss of arroyo toad populations and reduced the carrying capacity 
of the channel for vireo and flycatcher, by reducing the amount of available habitat.  
Furthermore, the construction of the levees acts to constrict floodwaters, and to increase both its 
velocity and force, making the remaining riparian habitat more susceptible to washing out during 
a flood. 
 
In December 2005, the Corps began removing vegetation within the channelized stretch of the 
San Luis Rey River to alleviate flood concerns by regaining the functionality and capacity of the 
river.  Exotic plants have been and will continue to be removed.  Implementation of the project 
will clear approximately 55 acres of exotic plant species, mostly Arundo donax and Tamarix sp., 
from a maximum 100-foot swath of vegetation along an approximately 5-mile reach of the flood 
control channel between Benet Road and College Boulevard.  Additional clearing, consisting of 
native vegetation will occur in phases with an overall goal of providing 71,200 cubic feet per 
second of flow in channelized stretch of the river.  An unquantified amount of sediment may be 
removed to achieve desired flow. 
 
4.5.4 Rosemary’s Mountain Quarry 
 
The proposed Rosemary’s Mountain Quarry and associated SR-76 improvements project areas 
are located on the north side of SR-76, approximately 1.25 miles east of I-15.  The proposed 
quarry site and the proposed road improvement area are located north of the San Luis Rey River.  
Native upland and riparian vegetation communities within this stretch of the river are known to 
support several federally-listed species including, vireo, flycatcher, arroyo toad, and gnatcatcher.  
Vireo surveys detected 22 vireo territories, one transient, and 2 dispersing vireos.  The 22 
territories included five in Horse Ranch Creek and 17 in the San Luis Rey River. 
 
The project would permanently impact approximately 15.2 acres of arroyo toad upland habitat.  
Impacts to 14.6 acres of suitable upland arroyo toad habitat would be offset by the perpetual 
preservation and management of 14.6 acres of suitable arroyo toad upland habitat.  The 
remaining 0.6 acre would be offset by the restoration of the 14.6 acres.  The proposed project 
would result in direct impacts to 1.6 acres of vireo/flycatcher habitat.  The 1.6 acres of impact 
include 1.5 acres of designated critical habitat for the flycatcher and 1.3 acres of designated 
critical habitat for the vireo.  Creation/ restoration/enhancement of 4.8 acres of riparian habitat 
within designated vireo/flycatcher critical habitat in the San Luis Rey River would be used to 
offset this impact.  Impacts to 40 acres of gnatcatcher habitat (including critical habitat) would 
be off-set through the on-site preservation and management of 12.6 acres of coastal sage scrub 
and 3.9 acres of coastal sage-chaparral, and the off-site purchase, preservation, and management 
of 63.59 acres of coastal sage scrub within Critical Habitat Unit 5 on and adjacent to the Sangra 
Ranch property. 
 
4.5.5 Unauthorized Dredge and Fill 
 
The Environmental Protection Agency issued an administrative order to Brown Bulk 
Transportation Inc. and Valley Material and Supply Company on August 10, 2000, with regard 
to an unpermitted aggregate mining operation within the San Luis Rey River.  According to the 
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EPA, on numerous days between January 1997 and January 2000, heavy equipment such as 
bulldozers, front-end loaders, excavators, and dump trucks discharged dredged and fill materials, 
primarily consisting of earthen materials such as sand, gravel, dirt and rocks, into the San Luis 
Rey River.  The parties also stockpiled and sorted aggregate within the boundaries of the San 
Luis Rey River, constructed an earthen levee (which altered the hydrology at the confluence of 
Pala Creek and the San Luis Rey River), removed hundreds of thousands of cubic yards of 
aggregate from the main channel of the River, and excavated a pit in the main channel of the San 
Luis Rey which measures approximately 800 feet in length, by 500 feet in width, by 20 feet in 
depth.  At least 3 arroyo toad males were located in the San Luis Rey River, downstream of its 
confluence with Pala Creek in the spring of 2001 (Jesse D’Elia, Service, personal observation).  
However, the pit that was created has provided more habitat for bullfrogs (Rana catesbeiana) 
which utilize deep standing water to complete their life cycle.  In fact, several bullfrogs were 
found within a few meters of all 3 calling male arroyo toads (Jesse D’Elia, Service, personal 
observation) and 1 bullfrog was found within inches of a calling arroyo toad. 
 
4.5.6 Sand Mining 
 
In 1986, J.W. Sand and Materials, Inc. began mining sand from a 42-acre site in the San Luis 
Rey River channel approximately 1 mile east of I-15.  The County of San Diego Major Use 
Permit for the project permitted excavation to a depth of 10 feet within approximately 40 acres 
of the 42-acre site.  As part of the permit conditions, J.W. Sand and Materials was required to 
prepare and implement a revegetation/reclamation plan for the 40-acre impact area.  Mining 
activities have concluded and the revegetation plan has been implemented. 
 
4.5.7 Pala Casino 
 
A casino was built on the Pala Indian Reservation in 2000 and 2001 directly to the west of Pala 
Creek, just north of the San Luis Rey River floodplain.  This project resulted in the loss of 
approximately 20 acres of low quality upland arroyo toad habitat.  As part of the gaming facility 
project, the Tribal water system and wastewater system for the Reservation was upgraded to 
provide water and sewer services to the casino.  This upgrade included two new water supplies 
wells which were each able to produce 200 gallons per minute.  To compensate for these 
impacts, the Pala Tribe has designated a 40-acre parcel of land upstream along the San Luis Rey 
River as a preserve for arroyo toads. 
 
4.5.8 Rincon Casino 
 
The project resulted in the loss of approximately 53 acres of high quality upland arroyo toad 
habitat and the translocation of 143 arroyo toads.  To off-set the impacts to arroyo toad upland 
habitat, the Rincon Tribe has committed to purchase and preserve 53 acres of suitable arroyo 
toad upland habitat along the San Luis Rey River.  In addition, the Tribe has committed to the 
preparation and implementation of a long-term management plan on the portion of the San Luis 
Rey River, and adjacent upland habitat, located on the Rincon Reservation. 
 
4.5.9 Wildfires 
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In October and November of 2003, southern California experienced significant wildfire activity.  
The fires were distinguishable into 15 areas and burned a total of approximately 743,439 acres in 
Los Angeles, Riverside, San Bernardino, San Diego, and Ventura counties.  It is unclear how 
much habitat for arroyo toad, vireo, and flycatcher burned in the fires as pre and post fire surveys 
were not completed across the range of these species where the fires burned.  However, 111,725 
acres of riparian habitat exists within Los Angeles, Riverside, San Bernardino, San Diego, and 
Ventura counties and the 2003 fires burned 5,668 acres (5 percent) of this area.  The most 
significant impacts occurred in San Diego (3,186 acres), San Bernardino (1,304 acres), and 
Ventura (1,116 acres) counties due to the Cedar, Old, and Simi fires.  In the case of the Cedar 
fire alone, the fire burned 2,314 acres of riparian habitat in San Diego County. 
 
In October 2007, large wildfires returned to San Diego County burning approximately 370,000 
acres.  A complete analysis of impacts to these species has not been completed.  Considering 
only Department of Interior owned lands in San Diego County, approximately 24,600 acres of 
habitat for vireo, flycatcher and gnatcatcher burned.  The actual total acreage of species habitat 
(critical, suitable, modeled) burned during the 2007 fires is likely much higher as non-
Department of Interior lands containing species habitat also burned.  
 
It is assumed that no individual vireo or flycatcher were killed or harmed directly by the 
wildfires as they are migratory species and were not present when the fires occurred.  
Gnatcatcher were very likely harmed or killed during the wildfires as they are a resident species.  
Temporal loss of habitat and habitat type conversion are additional adverse effects these species, 
whether migratory or not, must cope with. 
 
It is very difficult to quantify the impacts the wildfires have had on arroyo toad and there are 
potential impacts from the fire itself, as well as numerous scenarios that could adversely affect 
arroyo toad post-fire.  Wildland fires change run-off and sedimentation patterns and severe fires 
may result in significant leaching of post-fire ash and releases of nutrients into stream water 
(Wright and Bailey 1982).  Large deposits of sediment in the river channel following fires can 
affect the amount of habitat available for amphibian breeding and rearing, reducing reproductive 
output and recruitment (Gamradt and Kats 1997).  Several fires have occurred in the recent past 
that has deposited post-fire ash in arroyo toad breeding areas of the San Luis Rey River.  We 
believe that these events likely caused arroyo toads to find alternate breeding sites or may have 
prevented them from breeding in the spring following the fires because it is doubtful that arroyo 
toad breeding pools would form in the area affected by the fire-induced sedimentation deposits. 
 
4.5.10 Groundwater Pumping 
 
Individual landowners, private water bottling companies, municipalities, and Tribes along the 
San Luis Rey River continue to pump unknown quantities of water from the river, as this activity 
is largely unregulated. 
 
Oceanside currently pumps 8 percent of its water supply from the San Luis Rey River aquifer 
(http://www.oceansidecleanwaterprogram.org/slrr_w.asp).  The Pala Tribe also pumps a 
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significant amount of groundwater to meet the needs of the town as well as its hotel/casino.  
Water for private bottling is ongoing on top of Palomar Mountain with an unquantifiable impact 
to the headwaters of the San Luis Rey River.  In the San Luis Rey River watershed, surface 
water and groundwater are an integrated system (PBS&J 2003).  Groundwater pumping in the 
1950s and 1960s caused the San Luis Rey River to become ephemeral.  After construction of the 
San Diego aqueduct in 1947, imported Colorado River water become available and groundwater 
pumping in the San Luis Rey River declined.  Nevertheless, groundwater pumping is ongoing.  
Groundwater pumping has the potential to change the hydrology (amount and timing of flows) 
within the San Luis Rey River which can reduce or eliminate habitat for all species associated 
with the river. 
 
4.5.11 Vector control 
 
The County of San Diego has been conducting vector control activities in the San Luis Rey 
River during the bird and amphibian breeding seasons.  Activities involve hand-broadcasting and 
helicopter drops of larvacide (Bacillus sp.) into breeding pools along the corridor.  Impacts to 
federally-listed species from these activities are unknown and could involve impacts to diets and 
breeding behavior. 
 
5. EFFECTS OF THE ACTION 
 
This section presents an analysis of the direct and indirect effects of the proposed action on the 
arroyo toad, flycatcher, vireo, gnatcatcher, and ambrosia and their designated critical habitats, 
including interrelated and interdependent actions (Figure 28-31).  The degree to which any of 
these activities affect the above species is described in terms of modification of suitable habitat 
and surface disturbance.  These effects are discussed with respect to the conservation needs of 
the arroyo toad, vireo, flycatcher, gnatcatcher, and ambrosia and their designated critical habitats 
within the action area and within the larger conservation strategy for these species. 
 
Effects of the action refer to the direct and indirect effects of an action on the species or critical 
habitat, together with the effects of other activities that are interrelated and interdependent with 
that action that would be added to the environmental baseline.  Interrelated actions are those that 
are part of a larger action and depend on the larger action for their justification.  Interdependent 
actions are those that have no independent utility apart from the action under consideration.  
Indirect effects are those that are caused by the proposed action and are later in time, but are still 
reasonably certain to occur. 
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Figure 28.  SR-76 Middle Impacts to Vegetation 
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Figure 29.  SR-76 Middle Impacts to Vegetation 
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Figure 30.  SR-76 Middle Impacts to Species 
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Figure 31.  SR-76 Middle Impacts to Species 
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This biological opinion does not rely on the regulatory definition of “destruction or adverse 
modification” of critical habitat at 50 CFR 402.02.  Instead, we have relied upon the statute and 
the August 6, 2004, Ninth Circuit Court of Appeals decision in Gifford Pinchot Task force v. 
U.S. Fish and Wildlife Service (No. 03-35279) to complete the following analysis with respect to 
critical habitat. 
 
Effects to habitats located within the alignment footprint are considered permanent direct effects, 
and impacts to habitat located between the alignment and limits of disturbance (for construction 
access and grading) were assessed as temporary direct effects.  Construction and operation of the 
SR-76 Melrose Drive to South Mission Highway Improvement project will result in permanent 
impacts to arroyo toad, vireo, flycatcher, and gnatcatcher habitat.  Approximately 22.66 acres of 
riparian and wetlands, 24.36 acres of Diegan coastal sage scrub, 13.28 acres of disturbed Diegan 
coastal sage scrub, and 43.17 acres of non-native grassland would be removed by construction 
(see Table 1).  Another 7.86 acres of combined coastal sage scrub and disturbed coastal sage 
scrub, 15.87 acres of riparian and wetlands, and 10.66 acres of non-native grassland would be 
temporarily disturbed.For purposes of evaluation, the areas located within 300 feet of the 
proposed alignment’s edge of traveled way, as well as anticipated traffic noise at or above 60 
dBA, were considered as the area of indirect effects.  Traffic noise associated with the project 
may have a permanent indirect effect on listed and sensitive species.  Because birds are 
dependent upon sound and can be sensitive to noise, Caltrans analyzed the potential effects of 
the project’s noise on those birds within the project area that are federal or state listed as 
threatened or endangered.  Caltrans study used a value of 60 decibels on the A-scale (dBA) as 
the level at which potential effects could occur to sensitive avian wildlife (see Table 2). 
 
5.1 Proposed Compensation 
 
Permanent direct impacts to the vegetation communities listed in Table 1 would be offset 
through the implementation of one of the two options in Tables 3-8 and as discussed below. 
 
Temporary disturbance to both upland and riparian habitats, within the project area, would be 
offset through native revegetation of the area (1:1 ratio) upon completion of construction.  All 
seeding/planting will occur on site within the temporarily disturbed habitat and involve 
replacement with in kind/similar native species, to the maximum extent practicable.  Temporary 
disturbance to cottonwood willow riparian forest, where this habitat contains the primary 
constituent elements for arroyo toad, vireo, and flycatcher, would be offset though native 
revegetation of the area, as above, and will include restoration of similar habitat at the Morrison 
property at an additional 0.5:1 ratio, for a total of 1.5:1 ratio.  All indirect impacts (with the 
exception of arundo/disturbed wetland) will be offset at a 1:1 ratio through 
restoration/enhancement at the Morrison property or preservation at the Groves.  Indirect effects 
to arundo/disturbed wetland will be offset at 0.5:1 through restoration of riparian scrub/riparian 
forest at Morrison. 
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5.1.1 Option A (Tables 3-5) 
 
Option A proposes to offset permanent direct impacts to riparian and wetland communities 
through the creation of wetland communities (1:1 ratio) at the Singh and/or Zweirstra properties, 
purchase of 4.94 acres of wetland creation credits at the Pilgrim Creek Mitigation Bank, and the 
restoration/enhancement of riparian forest and riparian scrub at the Morrison Property (2:1 ratio), 
for a total compensation ratio of 3:1.  Permanent direct impacts to upland habitats would be 
offset through off-site preservation at the Groves at a 2:1 ratio for coastal sage scrub (including 
disturbed), 3:1 ratio for coast live oak woodland, 1:1 ratio for non-native grassland arroyo toad 
habitat, and 0.5:1 ratio for non-toad habitat non-native grassland.  All mitigation sites would 
have a restoration/creation/enhancement plan for short term and habitat management plan to 
further ensure all habitat types are self-sustaining over the long term.   
 
At the Singh location, located near the southern end of the project, approximately 37.9 acres of 
riparian scrub/riparian forest creation and 5.5 acres of freshwater marsh/riparian scrub 
restoration would be created/restored and preserved.  At the Morrison site, located along the San 
Luis Rey River north of the project area, an estimated 148.28 acres of riparian scrub/riparian 
forest would be restored and preserved with additional ambrosia translocation occurring on the 
property.  The Zweirstra site has the potential for 3.4 acres of riparian scrub/riparian forest 
creation and 3.3 acres of riparian scrub/riparian forest restoration.  In addition, approximately 
13.6 acres of coastal sage scrub creation/buffer could occur on the Singh property and 7 acres of 
coastal sage scrub creation/buffer could occur on the Zweirstra property.  This proposed upland 
creation would be available to offset impacts from future projects (e.g., SR-76 East).  The 
Groves property, located just west and adjacent to the current SR-76, would be utilized to 
compensate for permanent impacts to upland habitats.  The Groves site contains upland areas 
consisting of approximately 180 acres of coastal sage scrub, 50 acres of non-native grassland, 
0.5 acres elderberry scrub, and 11 acres of coast life oak woodland.   
 
Through a combination of preservation, restoration, creation, and enhancement, habitat for the 
arroyo toad, gnatcatcher, vireo, flycatcher, and ambrosia would be managed and preserved in 
perpetuity. 
 
5.1.2 Option B (Tables 6-8) 
 
Option B proposes to offset permanent direct impacts to riparian and wetland vegetation types 
through restoration/enhancement at Morrison, creation at Zweirstra, and the purchase of wetland 
creation credits at the Pilgrim Creek Mitigation Bank (Tables 6, 7, and 8).  Permanent direct 
impacts to upland habitats would be offset through off-site preservation at the Groves using the 
ratios shown in Tables 7 and 8.  The approximately 7 acres of upland creation at Zweirstra would 
be available to offset impacts from future projects (e.g., SR-76 East).  See Tables 7 and 8 for 
more details.  All mitigation sites would have a restoration/creation/enhancement plan for short 
term and habitat management plan to further ensure all habitat types are self-sustaining over the 
long term. 
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This option would offset permanent direct impacts to 1.11 acres of mulefat scrub, 0.13 acre of 
southern willow scrub, 3.09 acres of southern coast live oak riparian forest, and 9.99 acres of 
southern cottonwood willow riparian forest at a 5:1 ratio.  Impacts to 4.94 acres of Corps 
jurisdictional southern cottonwood willow riparian forest would be offset at a 1:1 ratio through 
the purchase of creation credits at the Pilgrim Creek Mitigation Bank.  Impacts to an addition 3.4 
acres of southern cottonwood willow riparian forest would be offset at a 3:1 ratio through a 
combination of 1:1 creation at Zweirstra (3.4 acres) and 2:1 restoration at Zweirstra (3.3 acres) 
and Morrison (3.5 acres).  Arundo/disturbed wetland would be offset at a 1:1 ratio through the 
restoration of 0.003 acre at Morrison (Table 7 and 8). 
 
Caltrans would restore approximately 148.28 acres of native riparian scrub/forest habitat for 
vireo and arroyo toad to mitigate for impacts to riparian forest/scrub.  In addition to the restored 
habitat, approximately 27 acres of degraded habitat, within the Caltrans right of way along SR-
76, would be enhanced through exotic removal; however, some of this area may be impacted by 
the future widening of SR-76.  Within the 149 acre restoration area, approximately 6.53 acres of 
non-native grass and mustard degraded meadow would be de-thatched to open up this habitat for 
use by arroyo toads.  These restoration activities would create additional arroyo toad habitat and 
restore vireo habitat along the corridor. 
 
5.2 Wildlife Corridors 
 
Impacts to wildlife corridors due to habitat loss would be compensated by mitigation discussed 
above and shown in Tables 3-8.  Loss of habitat connectivity would be addressed by the 
placement of wildlife crossings and directional fencing at suitable locations. 
 
The wildlife crossings assessment conducted by Caltrans determined suitable wildlife crossings 
as part of the SR-76 Melrose Drive to South Mission Highway Improvement project.  The 
assessment was performed by:  utilizing GIS mapping to illustrate the spatial extent of the 
linkage zone and any recognized areas of high conservation value; conducting site assessments 
to identify existing and potential crossing locations for large and medium-bodied mammals, 
including mule deer, mountain lion, coyotes and bobcats; prioritizing wildlife crossing locations 
and developing design alternatives that maintain or enhance the functionality of this linkage.  In 
addition to large mammals, species occurrences include medium-bodied mammals such as 
raccoon, gray fox, striped skunk, long tailed weasel, desert cottontail and gray squirrel.  Small 
mammals, such as mice species, as well as toad and frog species, lizards, and snakes are present 
in the project vicinity and are known to utilize wildlife crossings.  The assessment identified 
specific factors relating to wildlife crossings, including habitat linkages that corresponded to 
designated open space areas, preservation areas and areas under public ownership.  Existing 
connectivity at roads was evaluated, including culverts, undercrossings and bridges.  Specific 
landscape features were assessed, including ravines, riparian areas, wetlands and tributaries of 
the San Luis Rey River, and locations at which these resources where separated by roads and/or 
developed areas.  A determination was made of intersecting locations where the proposed project 
had the potential for retrofitting existing or adding new crossing structures (University of 
California, Davis and Department of Transportation, 2007).  Wildlife movement across the 
roadway will be discouraged; traffic along this stretch of SR-76 is unlikely to allow successful 
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crossings.  Further, wildlife crossings will be discouraged where suitable habitat does not exist 
on the other side of the road. 
 
Wildlife fencing would consist of 8-foot tall chain link fence buried 1 foot underground.  
Beginning at the Singh eastern property line, wildlife fencing will be placed along the north side 
of the alignment until just past the southern San Luis Rey Bridge abutment.  Wildlife fencing 
would be constructed along the south side of the alignment beginning at the eastern edge of 
Jefferies Ranch development and continue to East Vista Way.  North of the bridge, wildlife 
fencing would also include permanent 0.25-inch hardware cloth toad fencing that would be 
buried 1 foot underground and extend 2 feet above ground.  This fencing would funnel wildlife 
of all sizes to crossings.  Fencing would continue along the southern side of the alignment to the 
northern project limit.  Toad and wildlife fencing would also be placed along the north side of 
the alignment from Via Montellano until the road grading begins along the edge of the Groves 
property.  Wildlife fencing would continue until Olive Hill Road.  Toad and wildlife fencing 
would also be placed along the north side of the road alignment where it borders the Bonsall 
Preserve. 
 
Suitable wildlife crossings were found at the following sites (see Figure 11). 
 
1. South of the river near the Oceanside/Bonsall boundary, directional fencing and a wildlife 


under crossing would benefit wildlife by enhancing connectivity, and will limit incidences of 
roadkill.  This wildlife under crossing will be a RCB culvert measuring 8 ft high, 14 ft wide 
and 180 feet long within a corridor that consists of a strip of oak forest and leads to and from 
rural residential, agricultural vacant lands and open water.  The Marron mitigation parcel lies 
immediately northeast of this location.  Directional fencing would be provided along both 
sides of the proposed highway project and would extend northeast to East Vista Way, and 
southwest to the Jeffries Ranch subdivision south of SR-76; the north side would continue to 
the Singh mitigation parcel. 


 
2. At Ostrich Farms Creek, a bridge will be constructed that will allow wildlife to pass 


underneath the alignment.  It would be approximately 5 feet high, 46.19 feet wide and 140.75 
feet long.  The exact height is still to be determined.  Design features include a soft bottom 
channel to increase wildlife movement.  This crossing would allow movement between the 
Bonsall Preserve and the San Luis Rey River.  This larger structure would provide greater 
opportunity for wildlife to cross the roadway than currently exists. 


 
3. Two locations along the proposed project and adjacent to the Groves mitigation site would be 


fitted with box culverts.  This would provide wildlife movement between the site and the San 
Luis Rey River.  At the western location, box culvert measuring 12 feet high, 26.65 feet wide 
and 111.25 feet long would be constructed, allowing movement to and from upland habitats.  
Culverts with appropriate substrate may provide connectivity for most small and medium 
mammals, reptiles, amphibians, and possibly large mammals.  At the eastern location, a box 
culvert measuring 10 feet high, 13.98 feet wide and 173.88 feet long would be constructed, 
providing a connection between upland habitat at the Groves mitigation site and San Luis 
Rey River riparian areas. 
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5.3 Arroyo Toad 
 
No construction activities are proposed during the arroyo toad breeding season (March 15-July 
31) within suitable arroyo toad breeding habitat; therefore, no impacts are anticipated to occur to 
breeding arroyo toads, arroyo toad eggs, and/or arroyo toad larvae.  However, adult and juvenile 
arroyo toads may still remain after translocation efforts are completed and may be burrowed 
within the impact area(s) or moving through the active construction site. 
 
5.3.1 Direct Impacts 
 
The proposed project would cause direct effects to the arroyo toad from excavating, filling, or 
driving on arroyo toads burrowed into the soil or moving within the project footprint, or 
trampling of arroyo toads by work crews.  In addition, the effects related to the translocation of 
arroyo toads are unknown.  Handling procedures are detailed in the Declining Amphibian 
Population Task Force’s Code of Practice (proposed for revision).  Following these procedures 
is a conservation measure of this Opinion and should reduce or eliminate direct death or injury if 
followed and arroyo toads react uniformily.  However, eliciting the emergence of arroyo toads 
and translocating them could result in currently unknown physiological, ecological and 
biological impacts, as it could conceivably occur anytime of the year including mid-aestivation. 
 
Direct impacts would result in the permanent loss of 22.66 acres of riparian and wetland habitat 
types that are potential breeding habitats for the arroyo toad.  Temporary disturbance would 
impact an additional 15.87 acres of riparian and wetland vegetation.   
 
Potential aestivation areas within 3,000 feet of known arroyo toad populations were evaluated; 
permanent impacts to these areas include 0.005 acre of coastal sage scrub (including disturbed 
coastal sage scrub), 30.72 acres of non-native grassland, and 37.52 acres of agricultural land.  
Temporary impacts would occur to 2.61 acres coastal sage scrub (including disturbed), 11.75 
acres of non-native grassland, and 2.30 acres of agricultural land that provide potential arroyo 
toad aestivation habitat3. 
 
Approximately 148.28 acres on the Morrison property and adjacent Caltrans right-of-way would 
be impacted through the restoration/enhancement of riparian scrub/forest.  The majority of this 
area would be planted with cottonwood, oak, sycamore, and other riparian species to fill gaps 
after the removal of exotic species (e.g., arundo).  This acreage includes approximately 6.53 
acres of non-native grassland and degraded meadow on Morrison that would be dethatched and 
replanted with a mixture of native grasses, forbs, and upland or upland/riparian transitional 
species to enhance the area for arroyo toads. 
 
5.3.2 Indirect Impacts 
 


                                                 
3 Upland habitats, which the arroyo toad may use for aestivation, include coastal sage scrub, non-native grassland, 
and agricultural land.   
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Indirect effects likely would occur to approximately 75.63 acres of riparian and wetland habitat, 
1.26 acres of coastal sage scrub, 17.01 acres of non-native grassland, and 2.39 acres of 
agricultural land. 
 
Indirect effects, including increased invasive flora and fauna and increased predation, are 
expected to occur as a result of the proposed project.  Invasive species are now recognized as a 
threat to biodiversity in native plant communities, second only to direct habitat loss and 
fragmentation (Pimm and Gilpin 1989, Scott and Wilcove 1998).  Non-native, weedy species 
often out-compete and exclude native species, potentially altering the structure of the vegetation, 
degrading or eliminating upland habitat utilized by the arroyo toad, and providing food and 
cover for undesirable non-native animals (Bossard et al 2000).  Furthermore, the increased 
irrigation required by many common landscaping species may provide suitable conditions for the 
establishment of introduced Argentine ants (Linepithema humile) within the on-site and adjacent 
biological open space areas.  Argentine ants can build up to large colonies and eliminate the 
native ant fauna that is a major food source of the arroyo toad (Holway 1995, Human and 
Gordon 1997).  In addition, human activity in the project area, during construction and 
throughout the life of the proposed project, may result in accumulation of trash and food, 
attracting predators that prey on arroyo toads, as well as increased frequency of intrusion into 
on-site and adjacent biological open space areas by humans and domestic animals.  
 
Overspray or over-application of herbicide is a concern as immediate contact or delayed contact 
(leaching) with arroyo toads may be lethal or result in adverse effects. 
 
In addition to the indirect effects described above, arroyo toads have the potential to cross SR-76 
when moving between the San Luis Rey River and upland habitats.  Undocumented breaches in 
the permanent arroyo toad barrier fencing are likely to occur over the life of the project.  Arroyo 
toads that enter the SR-76 roadway have a very high potential of being struck by motor vehicles 
as the project would result in increased vehicle capacity and volume.  It is likely that the SR-76 
would represent a complete barrier to arroyo toads.   
 
5.3.3 Conservation Measures to Offset Impacts to Arroyo Toad 
 
Compensation for permanent direct impacts to riparian and wetland habitats would occur at 
either a 3:1 or 5:1 ratio, depending on which option is chosen (see Tables 3-8).  Permanent 
impacts to upland habitat would offset at 2:1 for coastal sage scrub (including disturbed) and 3:1 
for coast live oak woodland.  Where non-native grassland provides potential habitat for arroyo 
toad aestivation, impacts would be offset at a 1:1 ratio.  Non-toad grassland impacts would be 
offset at a 0.5:1 ratio. 
 
To avoid and minimize direct effects to the arroyo toad, exclusionary fencing would be installed. 
The area within the barrier fence would be surveyed by a Service-approved biologist prior to 
construction.  If climatic conditions are not appropriate for arroyo toad movement during the 
clearance surveys, the biologist would attempt to illicit a response from the arroyo toad by 
irrigating the area to simulate a rain event.  Any arroyo toads detected within the barrier fencing 
would be picked up by a biologist and placed on the outside of the barrier fence within the 
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nearest suitable habitat.  All fencing materials would be removed following construction.  
Ingress and egress of construction equipment and personnel would be kept to a minimum, but 
when necessary, equipment and personnel would use a single access point to the site.  This 
access point would be as narrow as possible and would be closed off by exclusionary fencing 
when personnel are not on the project site.   
 
Utilizing an experienced arroyo toad biologist for translocation efforts and oversight of the 
exclusionary fencing would greatly increase capture rates of arroyo toads and ensure further 
exclusion from the impact areas. 
 
Directional fencing and a wildlife undercrossing placed at the south side of the San Luis Rey 
River near the Oceanside/Bonsall boundary would enhance connectivity for wildlife species and 
limit incidences of roadkill and at the Bonsall Preserve/Ostrich Farms Creek crossing a bridge is 
planned to provide wildlife movement where none currently exists.  In addition, strategically 
placed wildlife crossings from the San Luis Rey River to drainages at the Groves property would 
provide additional wildlife movement opportunities.  Therefore, the widening of SR-76 is not 
anticipated to preclude connectivity between arroyo toad breeding areas and suitable upland 
habitat or result in the fragmentation of suitable arroyo toad upland habitat.  To minimize road 
mortality, a permanent arroyo toad barrier fence would be installed between the San Luis Rey 
River and SR-76 to prevent arroyo toads from attempting the dangerous crossing where 
movement into the upland is not possible or beneficial. 
 
To avoid and minimize impacts to arroyo toads currently using portions of the Morrison 
property, no grading is proposed during restoration.  Exotic plant species would be removed 
from the entire site outside the arroyo toad breeding season and natives would be replanted to 
enhance the habitat on site for both the arroyo toad and vireo. 
 
Temporary disturbance to potential arroyo toad habitat would be offset through native 
revegetation of the impacted area (1:1 ratio) upon completion of the project.  Indirect impacts 
would be offset at 1:1 for all potential arroyo toad habitats except disturbed wetland/giant reed 
that would be offset at a 0.5:1 ratio.  Other measures to avoid/reduce adverse effects on the 
arroyo toad would involve restricting vegetation clearing from occurring during the breeding 
season (working from July 1 through March 1), except for a minimal amount of cutting 
vegetation to increase detection during the clearance surveys, having a Service-approved 
restoration plan, as well as other measures designed to avoid or minimize impacts. 
 
5.3.4 Summary of Impacts to Arroyo Toad 
 
Direct impacts would result in permanent impacts to approximately 22.66 acres of riparian and 
wetland habitat types which are potential breeding habitats for the arroyo toad and 0.005 acre of 
coastal sage scrub (including disturbed coastal sage scrub), 30.72 acres of non-native grassland, 
and 37.52 acres of agricultural land that may provide aestivation habitat.  Temporary impacts 
would occur to 2.61 acres coastal sage scrub (including disturbed), 11.75 acres of non-native 
grassland, and 2.30 acres of agricultural land that provide potential arroyo toad aestivation 
habitat.  Non-native habitats impacted would be restored with natives. 
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Conservation measures require an arroyo toad exclusion fence and all arroyo toads appropriately 
removed from within the impact area(s) and translocated.  No direct impacts to breeding arroyo 
toads, their nests, eggs, or young are expected from construction activities related to the 
proposed project.  Direct and indirect effects would be avoided and/or minimized through 
implementation of the conservation measures in this biological opinion. 
 
The project would impact approximately 1.05 percent of the 8,669 acres of habitat that occurs 
within excluded critical habitat unit 14.  The loss of this small percentage of habitat is not 
expected to reduce the function or connectivity of this unit should it be reconsidered and 
designated in the future. 
 
5.4 Southwestern Willow Flycatcher and Least Bell’s Vireo and Critical Habitat 
 
The proposed action is likely to result in adverse effects to the vireo and flycatcher, through 
temporal and permanent removal of habitat and road-related indirect effects.  Vegetation clearing 
and grubbing associated with the project would occur outside of the vireo and flycatcher 
breeding season (March 15 through September 15) to avoid the potential for direct impacts to 
individual vireos and flycatchers, nests, eggs, or young along the road realignment. 
 
5.4.1 Direct Impacts 
 
The project would result in permanent direct impacts to approximately 22.66 acres of riparian 
and wetland vegetation that is suitable vireo habitat.  Included in this total are approximately 
18.33 acres of southern cottonwood willow riparian forest and 0.13 acres of southern willow 
scrub that is also potential nesting habitat for the flycatcher.  Temporary impacts to 
approximately 15.87 acres of riparian and wetland areas, including 14.32 acres of southern 
cottonwood willow riparian forest, would affect vireo and flycatcher nesting and breeding 
habitat.  No temporary impacts are expected in the southern willow scrub. 
 
A total of 44 vireo territories were identified in the BSA during the 2003 surveys.  Of this total, 
portions of approximately 4 territories and 5 individuals would be permanently impacted by the 
proposed project.  Approximately 7 pairs and 6 individual vireos may be temporarily impacted.  
One pair of flycatchers, observed in the southern cottonwood willow riparian forest along the 
San Luis Rey River in the northern portion of the BSA, may be affected by the proposed project. 
 
Both permanent and temporary project impacts would occur immediately adjacent to SR-76 
within the Caltrans' right-of-way.  Generally, vireo and flycatcher territories would extend up to 
the road and not beyond due to the high vehicle capacity of SR-76, associated road edge effects 
(fragmentation, noise, car collisions), and the absence of vireo or flycatcher habitat on the other 
side of the road.  Existing fragmentation and road effects would be exacerbated from project 
related increases to the road capacity and volume.  Implementation of project would primarily 
impact the edges of territories and not complete territories.     
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Approximately 148.28 acres on the Morrison property and adjacent Caltrans right-of-way would 
be impacted through the restoration/enhancement of riparian scrub/forest.  The majority of this 
area would be planted with cottonwood, oak, sycamore, and other riparian species to fill gaps 
after the removal of exotic species (e.g., arundo).  The application of herbicide is not expected to 
result in adverse effects to the vireo or flycatcher, because the application would occur to 
individual plants and would be greater than 100 feet from a given nest. 
 
5.4.2 Indirect Impacts 
 
For purposes of evaluation, the areas located within 300 feet of the proposed alignment’s edge of 
pavement, as well as anticipated traffic noise at or above 60 dBA, were considered as the area of 
indirect effects.  Potential vireo and flycatcher habitat within this 300-foot band was assessed as 
being indirectly affected by project-related road effects such as lighting, dust, increased non-
native species plant intrusion, resulting in potential loss of individual vireos or flycatchers or the 
habitats necessary to support these species.  Indirect effects could impact up to 75.63 acres of 
riparian habitat, including vireo and flycatcher nesting habitat.  Based on the noise analyses 
conducted by Merkel and Associates in 2006, the project would have the net effect of increasing 
exposure to 60 dBA traffic noise across 29.66 acres of habitat suitable for the vireo, including 
27.17 acres of habitat potentially suitable for the flycatcher.  When noise effects are combined 
with the 300-foot area of indirect effects, the project would have the net effect of increasing 
exposure to 60 dBA of traffic noise across 16.72 acres of habitat suitable for the vireo and 
flycatcher. 
 
Increased noise poses an indirect, potential threat to vireo within the project action area (e.g., 
RECON 1988, Pike and Hays 1992).  Noise is thought to be potentially harmful to a variety of 
bird species (Gunn and Livingston 1974, RECON 1988, Pike and Hays 1992).  Many birds have 
acute senses of hearing (Dooling 1980, Knudsen 1978, Fay and Feng 1983) and researchers have 
documented and described the negative effects of noise on birds.  For instance, Fletcher et al. 
(1971) reported that few, if any, of the reported or suggested effects of noise on wildlife would 
benefit them or increase their chances for survival, whereas known, detrimental noise effects 
may decrease their chances for survival or even lead to their death.  In the extreme, the apparent 
effects of noise can be devastating to wildlife populations. 
 
Dufour (1980) of the Environmental Protection Agency (EPA) identified four major categories 
of noise effects on wildlife:  1) auditory physiological, 2) nonauditory physiological, 
3) behavioral, and 4) masking.  Although masking (i.e., interference with the reception of 
auditory signals because of interfering environmental noise) and behavioral considerations are of 
primary concern in this instance, Dr. R. J. Dooling (1980), bioacoustics expert from the 
University of Maryland, stated and documented that “as studies with humans have shown, noise 
has other deleterious effects (other than masking) and there is no reason to think that noise would 
not effect animals in the same way.”  For instance, Gunn and Livingston (1974) reported that a 
bird population exposed to helicopter disturbances and human activity suffered (in contrast to the 
control population) lower hatching and fledging success and increased rates of nest abandonment 
and the premature disappearance of nestlings.  Woolf et al. (1976) concluded that prenatal 
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auditory stimulation can affect the development (and, therefore, the physiology) of an avian 
embryo inside an egg. 
 
“Masking,” however, may be most detrimental to small perching birds, like the vireo and 
flycatcher.  In essence, “excess sound can interfere with the perception of important, relevant 
auditory signals” (Miller 1974).  Whether a vireo or flycatcher receives potentially vital auditory 
information depends on such noise parameters as environmental attenuation, signal to noise 
ratios, and discrimination of the receiver given the background noise.  The pertinent biological 
literature suggests that birds utilize their sense of hearing to locate their young and mates, to 
establish and defend territories, and to locate and evade predators (Scherzinger 1970, Shen 
1983).  The life of a vireo or flycatcher may well depend upon its detection of an alarm call 
given by another vireo or flycatcher (or other source) that warns of the approach of potential 
predators. 
 
Masking noise may also affect the breeding behaviors of affected birds.  Dooling (1980) 
concluded that, if “noise masks vireo song for the human (at some given distance) then it 
probably also significantly masks vireo song for the vireo.”  Dooling continued that “the human 
almost certainly does better than the vireo in hearing a signal in noise around 2 to 4 kilohertz 
(probably about twice as good).”  Given Dooling’s remarks concerning the relative acuities of 
human and vireo hearing and the aforementioned dependence of the vireo and flycatcher on their 
sense of hearing, unabated, masking noise could adversely affect vireo and flycatcher pairs or 
individuals that are present in, or adjacent to, the subject action area. 
 
In addition to noise impacts, the project has the potential to degrade designated vireo and 
flycatcher critical habitat through introduction of exotic plants from landscaping.  In some cases, 
exotic plants can out-compete and supplant native plants, changing the structure and floristics of 
the plant community upon which vireos and flycatchers depend.  Furthermore, the increased 
irrigation required by many common landscaping species may provide suitable conditions for the 
establishment of introduced Argentine ants within the on-site and adjacent biological open space 
areas.  In addition, human activity in the project area, during construction and throughout the life 
of the proposed project, may result in accumulation of trash and food, attracting predators that 
may prey on vireos and flycatchers, as well as increased frequency of intrusion into on-site and 
adjacent biological open space areas by both humans and domestic animals.  Habitat 
degradation, as described above, would reduce the quality of designated vireo and flycatcher 
critical habitat. 
 
5.4.3 Least Bell’s Vireo Critical Habitat 
 
Direct effects to designated vireo critical habitat with primary constituent elements for the vireo 
are expected from the permanent removal of approximately 22.66 acres of riparian vegetation.  
The proposed impacts would occur within the San Luis Rey River critical habitat area.  Vireo 
critical habitat stretches from near Lilac Road in Pala, southwestward along the San Luis Rey 
River nearly to I-5 in the west, totaling approximately 656.1 acres within the entire length of the 
BSA.  A total of approximately 114.16 acres of designated vireo critical habitat would be 
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affected directly or indirectly by the proposed project.  This loss could reduce the amount of 
habitat available to vireos for breeding and foraging activities. 
 
5.4.4 Southwestern Willow Flycatcher Critical Habitat 
 
Direct effects to designated flycatcher critical habitat with primary constituent elements are 
expected from the permanent removal of approximately 18.33 acres of cottonwood willow 
riparian forest.  The proposed impacts would occur within San Diego Management Unit of 
designated critical habitat.  A total of approximately 337.32 acres of the segment of San Luis 
Rey River within the BSA is located in designated critical habitat for the flycatcher.  A total of 
approximately 96.87 acres of designated flycatcher critical habitat would be directly or indirectly 
impacts by the proposed project.  This loss could reduce the amount of habitat available for 
breeding and foraging activities. 
 
5.4.5 Conservation Measures to Offset Impacts to Vireo and Flycatcher 
 
Disturbance to riparian and wetland habitats would be offset through restoration/enhancement of 
riparian and wetland habitat at the Morrison parcel, creation at the Zweirstra property, and/or 
riparian creation/restoration at the Singh parcel.  Depending on the option chosen, compensation 
would occur at either a 3:1 ratio (1:1 creation, 2:1 restoration/enhancement) or 5:1 for riparian 
and wetland vegetation.  Under Option A, impacts to riparian and wetland vegetation would be 
offset at a 3:1 ratio through creation of riparian habitat at the Singh property and 
restoration/enhancement at Morrison.  However, under Option B, 4.94 acres of impacts to 
cottonwood willow riparian forest would be offset at a 1:1 ratio through the purchase of credits 
at Pilgrim Creek, 3.4 acres would be offset at a 3:1 ratio through the 1:1 creation (3.4 acres) of 
habitat at Zweirstra, and 2:1 (6.8 acres) restoration/enhancement at Zweirstra (3.3 acres) and 
Morrison (3.5 acres).  Impacts to 1.11 acres of mulefat, 0.13 acre of southern willow scrub, and 
3.09 acres of coast live oak riparian forest would be offset through restoration/enhancement at 
Morrison.  An additional 9.9 acres of permanent direct impacts would be offset at a 5:1 ratio 
through restoration/enhancement of 49.95 acres of riparian habitat at Morrison.  Permanent 
direct impacts to 0.003 acre of disturbed wetland/giant cane would be offset at a 1:1 ratio 
through the restoration/enhancement of native habitat species at Morrison. 
 
Potential indirect impacts to 16.72 acres of vireo and flycatcher habitat would be compensated at 
a 1:1 ratio (Table 3 and Table 8).  A mitigation plan, outlining the details of the entire wetland 
and riparian preservation effort would be prepared and submitted to the appropriate resource 
agencies for review, with implementation following finalization of the document. 
 
Temporary disturbance to 15.87 acres of vireo and flycatcher habitat would be offset through 
native revegetation of the impacted area (1:1 ratio) upon completion of the project.  Temporary 
disturbance to cottonwood willow riparian forest, where this habitat contains the primary 
constituent elements for vireo, flycatcher and arroyo toad, would be offset though native 
revegetation of the area, as above, and would include restoration of similar habitat at the 
Morrison property at an additional 0.5:1 ratio, for a total 1.5:1 ratio.  All seeding/planting would 
occur on-site and involve replacement with in-kind/similar, native species.  Any graded habitat 
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(e.g., slopes, ROW) adjacent to the wildlife corridor would be revegetated with an appropriate, 
native plant mix.  The proposed seed mix would be reviewed and approved by a qualified 
biologist prior to application in the field.  The best methods of revegetation would be determined 
during design and could include hydroseeding, cuttings, planting, and possibly temporary 
irrigation.  Riparian vegetation would require irrigation.  Other measures to avoid/reduce project 
effects upon the vireo and flycatcher would involve restricting vegetation clearing from 
occurring during the breeding season. 
 
All vegetation within the construction limits would be cleared outside the vireo/flycatcher 
breeding season (March 15 to September 15) to avoid/minimize impacts to breeding birds.  If 
activities occur during the breeding season, then a pre-construction survey would be conducted 
to ensure that no nesting birds are present within the proposed work area.  Should a bird nest site 
be located, then appropriate measures may include (but are not limited to) monitoring during 
grading and construction to ensure no impacts to the occupied site, designation of the location as 
an Environmentally Sensitive Area (ESA), and delaying/restricting project activities until nesting 
and fledging are complete.  Pile driving would only be conducted between October 1 and 
February 14 to reduce noise affects to nesting/breeding birds within the project vicinity.  During 
night construction, all project lighting would be directed onto the roadway or construction site 
and away from sensitive habitat.  Light glare shield may also be used to reduce the extent of 
illumination into adjoining areas.  Other direct and indirect impacts to flycatchers and/or vireos 
would be avoided and/or minimized through the implementation of conservation measures in this 
biological opinion. 
 
To avoid and minimize impacts to vireo currently using portions of the Morrison property, no 
grading is proposed during restoration.  Exotic plant species would be removed from the entire 
site outside the vireo and flycatcher breeding seasons and natives would be replanted to enhance 
the habitat on site for both vireo and flycatcher. 
 
5.4.6 Summary of Impacts to Vireo and Flycatcher 
 
Direct impacts to flycatcher and vireo and their designated critical habitats would occur as a 
result of the permanent loss of 22.66 acres of riparian and wetland vegetation suitable for vireo 
and flycatcher.  An additional 15.87 acres of riparian and wetland vegetation would be 
temporarily impacted and approximately 75.63 acres would be affected by indirect impacts.  No 
direct impacts to breeding flycatchers and vireos, their nests, eggs, or young are expected from 
construction activities.  Direct and indirect effects would be avoided and/or minimized through 
implementation of the conservation measures in this biological opinion.  A total of up to 23 pairs 
of vireo, 23 single vireos, and 1 migrant flycatcher may be harmed through direct and indirect 
affects to breeding and nesting habitat. 
 
Impacts to designated vireo and flycatcher critical habitat would be off-set per the ratios set forth 
in the conservation measures and Tables 3-8 through the creation/restoration/enhancement of 
riparian habitat.  Therefore, the ecological function of designated vireo and flycatcher critical 
habitat is expected to continue to provide connectivity and genetic interchange between 
significant vireo and flycatcher populations along the San Luis Rey River. 
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5.5 Coastal California Gnatcatcher and Critical Habitat 
 
In general, the proposed actions are likely to result in adverse effects to the gnatcatcher through 
temporal and permanent removal of habitat and construction related noise.  Vegetation clearing 
and grubbing associated with the project would occur outside of the gnatcatcher breeding season 
(February 15 through August 31) to avoid the potential for direct impacts to individual 
gnatcatchers. 
 
5.5.1 Direct Impacts 
 
The project would permanently impact approximately 37.64 acres and temporarily impact 
approximately 7.86 acres of gnatcatcher habitat within up to 3 territories (Tables 1-2).  
Disturbance would occur from project grading, pile driving, construction staging, 
equipment/materials storage, and vehicle access and parking. 
 
5.5.2 Indirect Impacts 
 
The proposed alignment may have approximately 48.82 acres of indirect effects on gnatcatcher 
habitat.  For purposes of analysis, habitat within approximately 300 feet of the proposed 
alignment was assessed as being indirectly affected by noise, dust, increased artificial night 
lighting chemical and fuel leaks, soil erosion, increased non-native species plant intrusion, and 
excessive dust/noise levels could accidentally occur and reduce the quality of the native 
communities available to the gnatcatcher or cause harm/harassment to the species. 
 
Noise and visual disturbance associated with construction activities may adversely affect 
gnatcatchers by disrupting breeding and foraging if activities occur during the breeding season.  
This could cause birds to frequently flush from the nest and endanger eggs, chicks, and adults.  
Flight from predators incurs an implicit cost in lost foraging time, where birds confronted with a 
predator at a nest face an explicit choice between loss of current reproduction versus total 
reproductive loss (Burhans and Thompson 2001).  Noise from construction and road activities is 
a concern if it is at such a level that it masks intraspecific communication (Awbrey 1993, 
Awbrey et al. 1995).  This level is generally accepted to be greater than 60 dBA hourly Leq.  
Based on the noise analyses conducted (EDAW 2006), the project would have the net effect of 
increasing exposure to 60 dBA traffic noise across 32.29 acres of habitat suitable for the coastal 
California gnatcatcher.   
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5.5.3 Coastal California Gnatcatcher Critical Habitat 
 
Approximately 162.53 acres of designated gnatcatcher critical habitat, including 94.32 acres of 
coastal sage scrub, would be affected directly or indirectly by the proposed project.  This loss 
could reduce the amount of habitat available to gnatcatchers for breeding and foraging activities.  
The area to be directly disturbed as a result of the proposed action is approximately 0.17 percent 
(29.95 acres) of the approximately 17,325 acres of critical habitat unit 3 and approximately 0.38 
percent (132.58 acres) of the approximately 34,705 acres within critical habitat unit 5. 
 
Indirect effects, including increased invasive flora and fauna and increased human activity, are 
expected to occur to designated gnatcatcher critical habitat as a result of the proposed project.  In 
some cases, exotic plants can out-compete and supplant native plants, changing the structure and 
floristics of the plant community upon which gnatcatchers depend.  Furthermore, the increased 
irrigation required by many common landscaping species may provide suitable conditions for the 
establishment of introduced Argentine ants within the on-site and adjacent biological open space 
areas.  In addition, human activity in the project area, during construction and throughout the life 
of the proposed project, may result in accumulation of trash and food, attracting predators that 
may prey on gnatcatchers, as well as increased frequency of intrusion into on-site and adjacent 
biological open space areas by humans and domestic animals.  Habitat degradation, as described 
above, would reduce the quality of designated gnatcatcher critical habitat. 
 
5.5.4 Conservation Measures to Offset Impacts to Gnatcatcher and its Critical Habitat 
 
Compensation for permanent direct impacts to 24.36 acres of coastal sage scrub and 13.28 acres 
of disturbed coastal sage scrub would occur at a 2:1 ratio through preservation of 75.28 acres of 
coastal sage scrub.  Permanent direct impacts to other native vegetation types (e.g., non-native 
grassland) within designated gnatcatcher critical habitat would be offset at the ratios specified in 
Tables 3-8.  Potential indirect impacts to gnatcatcher habitat would be compensated at a 1:1 ratio 
through preservation of an additional 48.82 acres of coastal sage scrub.  A total of approximately 
124.10 acres of the approximately 180 acres of coastal sage scrub habitat at the Groves property 
would be preserved for this portion of the SR-76 realignment.  The remaining approximately 
55.9 acres of coastal sage on the Groves property would be available to offset impacts resulting 
from future projects (e.g., SR-76 East). 
 
Temporary disturbance to potential gnatcatcher habitat would be offset through native 
revegetation of the area (1:1 ratio) upon completion of the project.  All seeding/planting would 
occur on-site and involve replacement with in-kind/similar, native species, to the maximum 
extent practicable.  Any graded habitat (e.g., slopes, ROW) adjacent to the wildlife corridor 
would be revegetated with an appropriate, native plant mix.  The proposed seed mix would be 
reviewed and approved by a qualified biologist prior to application in the field.  The best 
methods of revegetation would be determined during design and could include duff, 
hydroseeding, planting, and/or possibly irrigation. 
 
All vegetation within the construction limits would be cleared outside the gnatcatcher breeding 
season (February 15 to August 31) to avoid/minimize impacts to breeding birds.  If activities 
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occur during the breeding season, then a pre-construction survey would be conducted to ensure 
that no nesting birds are present within the proposed work area.  Should a bird nest site be 
located, then appropriate measures may include (but are not limited to) monitoring during 
grading and construction to ensure no impacts to the occupied site, designation of the location as 
an ESA, and delaying/restricting project activities until nesting and fledging is complete.  Pile 
driving would only be conducted between October 1 and February 14 to reduce noise affects to 
nesting/breeding birds within the project vicinity.  During night construction, all project lighting 
would be directed onto the roadway or construction site and away from sensitive habitat.  Light 
glare shield may also be used to reduce the extent of illumination into adjoining areas.  Other 
direct and indirect impacts to gnatcatchers would be avoided and/or minimized through the 
implementation of conservation measures in this biological opinion. 
 
5.5.5 Summary of Impacts to the Gnatcatcher and its Critical Habitat 
 
Permanent direct impacts to gnatcatcher would affect approximately 37.64 acres of suitable 
habitat with temporary impacts to 7.86 acres and indirect impacts to 48.82 acres of gnatcatcher 
breeding and foraging habitat.  No direct impacts to individual gnatcatchers, their nests, eggs, or 
young are expected from activities associated with the proposed project.  Direct and indirect 
effects would be avoided and/or minimized through implementation of the conservation 
measures this biological opinion.  A total of up to 6 pairs of gnatcatcher may be harmed through 
direct and indirect affects to potentially suitable breeding, nesting and foraging habitat. 
 
Impacts to designated gnatcatcher critical habitat would be off-set per the ratios set forth in the 
conservation measures and Tables 3-8 through the preservation of upland habitat at the Groves 
property.  Therefore, the ecological function of unit 3 and unit 5 of designated gnatcatcher 
critical habitat is expected to continue to provide connectivity and genetic interchange between 
significant gnatcatcher populations at MCB Camp Pendleton (adjacent to Unit 5), MSCP reserve 
areas in unit 1, and populations in northern San Diego County. 
 
5.6 San Diego Ambrosia 
 
5.6.1 Direct 
 
Direct effects would occur from the removal of ambrosia from Caltrans’ Marron Mitigation site 
for transplantation onto the Morrison site.  Approximately 20 percent (approximately 9,686 
square feet) of the 48,430 square foot ambrosia population on Marron would be harvested and 
transplanted to the Morrison property.  The plants would be transplanted into an area of the 
Morrison property that has been dethatched and that is currently unoccupied by ambrosia but has 
the appropriate ecological characteristics. 
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5.6.2 Indirect 
 
No indirect effects are expected to occur. 
 
5.6.3 Conservation Measures to Offset Impacts to San Diego Ambrosia 
 
Impacts to ambrosia would be avoided and ESA fencing installed around the locations to further 
ensure avoidance of the plants. 
 
The translocation and long term management of ambrosia from the Marron Mitigation site to the 
Morrison property would follow a Service-approved plan.  The translocation effort is beneficial 
to the species as it would expand the number of occupied and preserved ambrosia locations.   
 
5.6.4 Summary of Impacts to San Diego Ambrosia 
 
Impacts to ambrosia from translocation efforts would result in a net benefit to species by 
expanding its distribution into currently vacant habitat.  Ambrosia would otherwise not be 
affected by the proposed project. 
 
6. CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion.  Future 
Federal actions that are unrelated to the proposed action are not considered in this section 
because they require separate consultation pursuant to section 7 of the Act and, therefore, are not 
considered cumulative in the proposed project. 
 
A wide range of activities, including urban development, flood control, highway, utility projects, 
and agricultural habitat conversions, will continue to affect the arroyo toad, vireo, flycatcher and 
gnatcatcher, and designated vireo, flycatcher, and gnatcatcher critical habitat in the future. 
 
6.1 Illegal Grading 
 
In recent years, there have been several incidents of illegal grading of gnatcatcher and arroyo 
toad upland habitat within northern coastal San Diego County communities.  Illegal grading is 
expected to continue to occur, thereby affecting species, such as the gnatcatcher and arroyo toad, 
residing in the area.  Unauthorized grading and filling of habitat would continue to affect the 
long-term viability of the species consulted on in this opinion. 
 
6.2 Homeless Encampments 
 
Human habitation is common in riparian areas, such as the San Luis Rey River, in urban and 
suburban San Diego County.  As surrounding development and economic growth creates more 
demand for unskilled labor, it is anticipated that people who cannot afford conventional housing 
would continue to establish camps in native vegetation.  This has the potential to impact arroyo 
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toads, vireo, flycatchers, gnatcatchers, and ambrosia through direct human disturbance, 
disturbance by pets, destruction of vegetation, attraction of scavengers that may prey on avian 
nests, and increased risk of fire. 
 
6.3 San Luis Rey River Arson Fires 
 
Between January and July 2007, approximately 40 arson related fires were set along the San Luis 
Rey River corridor.  The fires were in the Fallbrook/Bonsall area between Loretta Street and 
Canyon Drive.  Though fire is part of the natural system, unnatural fires occurring just before 
and during of the breeding season could have adverse effects on all the species being consulted 
on in this Opinion.  Subsequently, post-fire pioneer plant species observed in 2007 appear to be 
dominated by giant reed (Roblek, Service, pers. obs.). 
 
7. CONCLUSION 
 
After reviewing the current status of the arroyo toad, flycatcher, vireo, gnatcatcher, and 
ambrosia, the environmental baseline for the action area, the effects of the proposed action, and 
the cumulative effects, it is the Service’s biological opinion that the activities, as proposed, are 
not likely to jeopardize the continued existence or recovery of these species or result in the 
destruction or adverse modification of designated critical habitat for the gnatcatcher, vireo, or 
flycatcher for the following reasons. 
 
7.1 Arroyo Toad 
 
1. The arroyo toads that are likely to be harmed by the proposed action represent a very small 


portion of the range-wide population of this species.  The project would impact 
approximately one (1) percent of the 8,669 acres of habitat that occurs within excluded 
critical habitat unit 14.  The loss of this small percentage of habitat is not expected to reduce 
the function or connectivity of this unit should it be reconsidered and designated in the 
future. 


 
2. The permanent loss of suitable upland is not large relative to the extent of habitat remaining 


over the arroyo toad’s range and is not expected to significantly decrease the long-term 
viability of the arroyo toad. 


 
3. Impacts to the arroyo toad would be avoided and minimized through the implementation of 


the conservation measures, as described in the project description. 
 
7.2 Least Bell’s Vireo and Southwestern Willow Flycatcher 
 
1. The proposed action could harm up to 12 pairs and 12 individual vireos and 1 pair of 


flycatchers, a small portion of the range-wide populations of these species. 
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2. The permanent loss of 22.66 acres of vireo/flycatcher habitat is not large relative to the 
extent of habitat remaining over the vireo and flycatcher’s range and is not expected to 
significantly decrease the long-term viability of the vireo and/or flycatcher. 


 
3. Impacts to the vireo and flycatcher and their designated critical habitat would be minimized 


through the implementation of the conservation measures, as described in the project 
description. 


 
7.3 Coastal California Gnatcatcher 
 
1. The proposed action could harm up to 3 pairs of gnatcatcher, a small portion of the range-


wide populations of this species. 
 
2. The permanent loss of 37.64 acres of gnatcatcher habitat is not large relative to the extent of 


habitat remaining over the gnatcatcher’s range and is not expected to significantly decrease 
the long-term viability of the gnatcatcher. 


 
3. Impacts to gnatcatcher critical habitat would be minimized through the implementation of the 


conservation measures, as described in the project description. 
 
7.4 San Diego Ambrosia 
 
1. No more than 20 percent of the population at the Marron site would be harvested for 


transplantation to the Morrison site.  Ambrosia at the Marron site has increased significantly 
since its transplantation. 


 
2. Establishment of a new population on the Morrison property would increase the number of 


extant populations along the San Luis Rey River. 
 
3. The Morrison property would be preserved and managed in perpetuity. 
 
8. INCIDENTAL TAKE STATEMENT 
 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take 
of endangered and threatened species, respectively, without special exemption.  Take is defined 
as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, collect, or to attempt to engage 
in any such conduct.  Harm is further defined by the Service to include significant habitat 
modification or degradation that results in death or injury to listed species by significantly 
impairing essential behavior patterns, including breeding, feeding, or sheltering.  Harass is 
defined by the Service as intentional or negligent actions that create the likelihood of injury to 
listed species to such an extent as to significantly disrupt normal behavior patterns which 
include, but are not limited to, breeding, feeding, or sheltering.  Incidental take is defined as take 
that is incidental to, and not the purpose of, the carrying out of an otherwise lawful activity.  
Under the terms of section 7(b)(4) and 7(o)(2), taking that is incidental to and not intended as 
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part of the agency action is not considered to be prohibited taking under the Act provided that 
such taking is in compliance with the terms and conditions of this Incidental Take Statement. 
 
The measures described below are non-discretionary and must be undertaken by Caltrans so that 
they become binding conditions of any grant or permit issued to the applicant, as appropriate, for 
the exemption in section 7(o)(2) to apply.  Caltrans has a continuing duty to regulate the activity 
that is covered by this incidental take statement.  If Caltrans (1) fails to assume and implement 
the terms and conditions or (2) fails to require to adhere to the terms and conditions of this 
incidental take statement through enforceable terms that are added to the permit or grant 
document, the protective coverage of section 7(o)(2) may lapse.  To monitor the impact of 
incidental take, Caltrans must report the progress of the action and its impact on the species to 
the Service as specified in the incidental take statement [50 CFR §402.14(i)(3)]. 
 
8.1 Amount or Extent of Take 
 
The Service anticipates that it would be difficult to quantify the number of arroyo toads that 
would be affected by the proposed action for the following reasons: 
 
1. The exact distribution and population size is difficult to estimate due to the dynamic 


conditions associated with their habitat.  Suitable habitat may change during a given year or 
from year to year depending on climatic conditions, flooding, or other natural or human-
related events (Service 1999a), which in turn influence female reproductive success and 
juvenile survival.  Therefore, over the life of the project it is anticipated that the arroyo toad 
population subject to impacts from the proposed project would experience dynamic changes 
and population functions making it difficult to determine the number of arroyo toads that 
could be adversely affected at any given time. 


 
2. Except during the early juvenile stage (first 4-5 weeks), arroyo toads forage at night and 


burrow during the day.  Nocturnal activity is usually associated with rainfall and moderate 
temperatures and some nights of very high relative humidity (Service 1999a).  Arroyo toads 
may be found in upland habitat up to 1 km (0.62 mi) from a known breeding area.  Therefore, 
detection of arroyo toads outside of the breeding season is very difficult, with limited 
opportunities for anticipating when the species may be active.  In addition, we currently do 
not have a reliable survey method for determining the locations or densities of arroyo toads 
that may be burrowed within upland habitat. 


 
3. Finding dead or injured arroyo toads within the construction area is unlikely as the 


individuals may be underground during construction activities. 
 
Nevertheless, we anticipate that no more than twenty (20) arroyo toads would be handled during 
translocation efforts and no more than five (5) arroyo toads taken as a result of project 
construction and operation.  Due to the constraints described above, we acknowledge that the 
anticipated level of take in this biological opinion is not based on detailed arroyo toad population 
size/density information for the project area.  However, we have identified this limit to provide 
for reinitiation of consultation per 50 CFR §402.16.  The incidental take is expected to be in the 
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form of capture/collect for those found and relocated to outside of the project footprint and in the 
form of wound or kill (injury or death) for those that are not detected and remain in the project 
footprint. 
 
The Service anticipates the following levels of take for the vireo and flycatcher could occur as a 
result of the proposed action: 
 


Up to 12 pairs and 12 individual vireos and 1 pair of flycatcher likely would be harmed 
by permanent direct impacts to 22.66 acres of vireo/flycatcher habitat, temporary direct 
impacts to 15.87 acres of vireo/flycatcher habitat, and indirect impacts to 75.63 acres of 
vireo/flycatcher habitat.  We expect a portion of those birds affected to expand into other 
areas while the others may perish.  


 
The Fish and Wildlife Service would not refer the incidental take of any migratory bird or bald 
eagle for prosecution under the Migratory Bird Treaty Act of 1918, as amended (16 U.S.C. '' 
668-668d), if such take is in compliance with the terms and conditions (including amount and/or 
number) specified herein. 
 
Sections 7(b)(4) and 7(o)(2) of the Act generally do not apply to listed plant species.  However, 
limited protection of listed plants from take is provided to the extent that the Act prohibits the 
removal and reduction to possession of Federally listed endangered plants or the malicious 
damage of such plants on areas under Federal jurisdiction, or the destruction of endangered 
plants on non-Federal areas in violation of State law or regulation or in the course of any 
violation of a State criminal trespass law. 
 
The Service retains the right to access and inspect the project site for compliance with the 
proposed project description of this biological opinion.  If any federally listed species is 
determined to be present within the proposed activities footprint once construction has 
commenced, results should be disclosed immediately to the Service for possible reinitiation of 
consultation.  In addition, any habitat destroyed that is not in the identified project footprint 
should be disclosed immediately to the Service for possible reinitiation of consultation.  
Compensation for such habitat loss would be requested at a minimum ratio of 5:1. 
 
8.2 Effect of the Take 
 
The Service anticipates that up to five arroyo toads, 12 pairs and 12 individual vireos, 1 pair of 
flycatchers, and 3 pairs of gnatcatchers could be taken as a result of the proposed action.  In 
addition up to 20 arroyo toads could be handled/harassed during translocation efforts.  In the 
accompanying biological opinion, the Service determined that this level of anticipated take is not 
likely to result in jeopardy to the arroyo toad, vireo, flycatcher, gnatcatcher, or destruction or 
adverse modification of vireo, flycatcher, and gnatcatcher critical habitat.  If, during the course 
of the action, this level of incidental take is exceeded, such incidental take represents new 
information requiring reinitiation of consultation and review of the reasonable and prudent 
measures provided.  Caltrans must immediately provide an explanation of the causes of the 
taking and review with the Service the need for possible reinitiation of consultation. 
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8.3 Reasonable and Prudent Measures 
 
The following reasonable and prudent measure is necessary and appropriate to minimize take of 
arroyo toad, gnatcatcher, vireo, and flycatcher: 
 


Take of arroyo toad, gnatcatcher, vireo, and flycatcher shall be avoided and minimized to 
the extent possible by project design and implementation of the conservation measures, 
as described in the project description of this biological opinion. 


 
8.4 Terms and Conditions 
 
To be exempt from the prohibitions of section 9 of the Act, Caltrans must comply with the 
following terms and conditions, which implements the reasonable and prudent measure 
described above.  This term and condition is non-discretionary. 
 
The following term and condition implements the reasonable and prudent measure: 
 


Caltrans shall ensure implementation and compliance with all conservation measures 
described in this biological opinion, which are hereby incorporated as terms and 
conditions of this biological opinion. 


 
8.5 Monitoring Requirements 
 
To be consistent with 50 CFR 402.14(i)3, Caltrans “…must report the progress of the action and 
its impact on the species to the Service as specified in the incidental take statement.”  The 
reporting requirements are established in accordance with the conservation measures in the 
project description and 50 CFR 13.45 and 18.27.  To receive coverage under this biological 
opinion, Caltrans must provide monthly reports and a project completion report of the estimated 
take that may have occurred in relation to the amount of take that is identified in this Incidental 
Take Statement.  Annual reports are due prior to March 1st of each year for the duration of this 
project. 
 
8.6 Reporting Requirements 
 
The Service's Carlsbad Fish and Wildlife Office is to be notified within three working days 
should any endangered or threatened species be found dead or injured during this project.  
Notification must include the date, time, and location of the carcass, and any other pertinent 
information.  Dead animals may be marked in an appropriate manner, photographed, and left on 
site.  Injured animals should be transported to a qualified veterinarian.  Should any treated 
animals survive, the Service should be contacted regarding the final disposition of the animals.  
The Service contact persons are Kurt Roblek and Janet Stuckrath.  They may be contacted at the 
letterhead address or at (760) 431-9440. 
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Due to recent concerns and outbreaks associated with West Nile Virus or avian influenza, we 
recommend the following (adapted from guidelines4 developed in consultation with the Centers 
for Disease Control and Prevention):  Field biologists handling wild birds should at a minimum 
wear protective clothing, including coveralls, rubber boots, and latex or rubber gloves that can be 
disinfected or disposed.  Wash hands with soap and water often and disinfect work surfaces and 
equipment between sites.  Do not eat, drink, or smoke while handling animals.  We recommend 
minimizing exposure to mucosal membranes by wearing protective eyewear (i.e., goggles) and a 
particulate surgical mask (NIOSH N95 respirator/mask is preferable).  Decontaminate and 
properly dispose of potentially infectious material including carcasses. 
 
9. CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the 
purposes of the Act by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to 
help implement recovery plans or to develop information.  The recommendations provided here 
do not necessarily represent complete fulfillment of the agency's 7(a)(1) responsibility for these 
species. 
 


1. Provide informational signs to educate the public about conserving land for the arroyo 
toad, gnatcatcher, vireo, flycatcher, and ambrosia. 


 
2. Provide bat roosting structure along other suitable structure in the Caltrans ROW within 


the San Luis Rey River floodplain. 
 
For our office to be kept informed of actions that either minimize or avoid adverse effects or that 
benefit listed species or their habitats, we request notification of the implementation of any 
conservation recommendations. 
 
10. REINITIATION NOTICE 
 
This concludes formal consultation on the SR-76 Melrose Drive to South Mission Highway 
Improvement project.  As provided in 50 CFR §402.16, reinitiation of formal consultation is 
required where discretionary Federal agency involvement or control over the action has been 
retained (or is authorized by law) and if (1) the amount or extent of incidental take is exceeded; 
(2) new information reveals effects of the agency action that may affect listed species or critical 
habitat in a manner or to an extent not considered in this opinion; (3) the agency action is 
subsequently modified in a manner that causes an effect to the listed species or critical habitat 


                                                 
4 These guidelines and recommendations are advisory in nature and intended to provide guidance for field 
biologists and others working with or handling wild birds with specific reference to highly pathogenic avian 
influenza.  The guidance reflects information available as of August, 2005 and may be updated as more information 
becomes available.  For more information, see USGS Field Guide to Wildlife Diseases:  
http://www.nwhc.usgs.gov/publications/field_manual/chapter_4.pdf 
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not considered in this opinion; or, (4) a new species is listed or critical habitat designated that 
may be affected by the action.  In instances where the amount or extent of incidental take is 
exceeded, any operations causing such take must cease pending reinitiation. 
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GLOSSARY OF HIGHWAY-RELATED
DRAINAGE TERMS


G. 1 INTRODUCTION


This Glossary is divided into three parts:


• Introduction,
• Glossary, and
• References.


It is not intended that all the terms in this Glossary be
rigorously accurate or complete. Realistically, this is
impossible. Depending on the circumstance, a particular
term may have several meanings; this can never change.


The primary purpose of this Glossary is to define the
terms found in the Highway Drainage Guidelines and
ModelDrainage Manual in a manner that makes them
easier to interpret and understand. A lesser purpose is to
provide a compendium of terms that will be useful for
both the novice as well as the more experienced
hydraulics engineer. This Glossary may also help those
who are unfamiliar with highway drainage design to
become more understanding and appreciative of this
complex science as well as facilitate communication
betweenthe highway hydraulics engineer and others.


Where readily available, the Source of a definition
has been referenced. For clarity or format purposes,
cited definitions may have some additional verbiage
contained in double brackets [ ].Conversely, three
"dots" (...) are used to indicate where some parts of a
cited definition were eliminated. Also, as might be
expected, different sources were found to use different
hyphenation and terminology practices for the same
words. Insignificant changes in this regard were made to


~ some cited references and elsewhere to gain uniformity
for the terms contained in this Glossary: as an example,
"groundwater" vice "ground-water" or "ground water,"
and "cross section area" vice "cross-sectional area."


Cited definitions were taken primarily from two
sources: W.B. Langbein and K.T. Iseri's "General
Introduction and Hydrologic Definitions" (37) and a
draft of a Glossary being developed by the Interagency
Hydrology Committee. A few cited definitions were
considered to be partially outdated; corrections are sug
gested where this occurred. Future plans of the AASH
TO Task Force on Hydrology and Hydraulics are to inte
grate the current American Society of Civil Engineers
Glossary of hydrologic terms with this Glossary.


Many terms are explained and defined in several


ways-sometimes with considerable detail. This was
done intentionally for several reasons:


• to facilitate understanding for those who respond
better to a particular written format or detail of


explanation,
• to highlight actual or apparent contradictions in


current terminology,
• to avoid or minimize litigation problems from


overly restrictive definitions, and
• to selectively augment certain subject matter in the


AASHTO Highway Drainage Guidelines and


Model Drainage Manual.


Some terms included in this Glossary will.h~v.e limit
ed application to highway drainage design. They have
been included for several reasons:


• to facilitate communication with other, related sci


ences; and
• to preclude confusion with similar, but different


hydraulics-related terms.


As often happens in any science, some practitioners
have different names for the same thing. Every attempt
has been made to sort out these colloquialisms and syn
onyms and assign all the definitions to one term. Cross
referencing of these terms was attempted, but is unlike
ly to ever be complete or to satisfy all practitioners. It is
anticipated that errors and oversights will be resolved
with revisions of this Glossary. The reader is encour
aged to submit their experience with this Glossary to the
AASHTO Task Force on Hydrology and Hydraulics, In
particular, the following information is solicited:


• proposed terms and definitions,
• proposed revisions of present terms to include rea


sons where appropriate, and
• problems (particularly legal) with the present defi


nitions.


In cross-referencing, two terms are used: "See" and
"Compare with." The term "see" usually means one of
two things: (I) The definition is provided under a dif
ferent term; (2) The cross-referenced term provides
additional information. The term "compare with" infers
that the cross-referenced term may be at variance with
or an antonym ofthe defined term; judgmental decisions


may be needed in such cases.
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This Glossary also attempts to "package" like terms
having two or more words. This provides the added
advantage of facilitating a comparison of terms without
flipping back and forth between pages. As an example,
see the section of this Glossary that :addresses
"Streams," "Gages," "Probability Distribution," or
"Weir." In some instances this might prove inconvenient
and add some length to the Glossary, but it was felt the
advantages outweighed the disadvantages. An exception
was made where a particular term might best be left with
another, smaller grouping of like terms.


The scientific, and in particular the regulatory, world
is inundated with acronyms and abbreviations. This
Glossary attempts to define some of the more familiar
acronyms and abbreviations likely to be encountered by
the highway hydraulics engineer. In a few instances,
they have different meanings (See TW, for instance). A
few hydraulic variables and equations are also included.


And finally, since this is a Glossary oftransportation
related hydraulic terms, an attempt has been made to
provide this unique focus without distorting a term's
meaning.


G.2 GLOSSARY


- The following terms are provided to facilitate the
application of the AASHTO Highway Drainage
Guidelines and ModelDrainage Manual.


AASHTO Acronym for American Association of State
Highway Transportation Officials.


ABLATION The process by which ice and snow waste
away from melting and evaporation or by which land
wears away by the action of surface water.


~ ABRASION Removal of stream bank material due to
entrained sediment, ice, or debris rubbing against the
bank. Compare with Erosion, Scour, and Mass Wasting.


ABSORPTION The assimilation or taking up of water
or other solutions by soil or other material; i.e., the
entrance of water into the soil or rocks by all natural
processes. It includes the infiltration of precipitation or
snowmelt, gravity flow ofstreams into the valley alluvi
um (see Storage, Bank), sinks, or other large openings,
and the movement ofatmospheric moisture. The process
by which substances in gaseous, liquid, or solid form
dissolve or mix with other substances. Compare with
Adsorption.


ABSTRACTION That portion of rainfall which does
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not become runoff. It includes interception, infiltration,
and storage in depressions. It is affected by land use,
land treatment and condition, and antecedent soil mois
ture.


ABUTMENT The superstructure support at either end
ofa bridge ~r similar type structure: usually classified as
spillthrough or vertical. Considered part of the bridge
substructure. See SpiIlthrough Abutment and Vertical
Abutment.


ACCRETION Build-up of beach due to wave and wind
action.


ACRE-FOOT The quantity of water required to cover 1
acre to a depth of I foot and equal to 43,560 cubic feet
or about 326,000·gallons or 1233 m', Abbreviated asAF.
See Hectare-meters.


ACT (ACTS) Written law, such as an Act of Congress.


ACT OF GOD In law, a direct, sudden. or. irresistible
action of natural forces that could not reasonably have
been foreseen and prevented.


ACTION (HIGHWAY) A highway action as it pertains
to drainage design is any construction, reconstruction,
rehabilitation, repair, or improvement in a watershed or
on the transportation system that measurably changes
such things as floodplain limits, established flood pat
terns,and runoff characteristics or that requires a design
or review storm system to accommodate storm runoff.


ADSORPTION The adhesion in an extremely thin layer
of molecules (such as gases, solutions, or liquids) to the
surface of solid bodies or liquids with which they are in
contact. Compare with Absorption.


ADVERSE SLOPE See Slope, Adverse.


AERATION ZONE See Zone ofAeration.


AEROBIC A condition in which molecular oxygen is a
part of the environment.


AF Acronym for Acre-Foot. Common abbreviation is
ac.-ft.


AFFLUX Backwater or height by which water levels
are raised at a stated point, owing to presence of a con
striction or obstruction, such as a bridge.


AGGRADATION General and progressive upbuilding
of the longitudinal profile of a channel or within a
drainage facility by the deposition of sediment.
Compare with Sedimentation. Permanent or continuous
aggradation is an indicator that a change in the stream's
discharge and sediment load characteristics is taking
place.
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The mean of all hourly ocean elevations over a 19-year
period (33).


MEAN TIDE LEVEL Mean Tide Level is simply equal
to the average of the observed high and low waters, and
it is considered a poor substitute [for the mean sea level]
in many cases because of the appreciable influence of
short-period tides (14). Compare with Mean Sea Level.


MEAN VELOCITY Two definitions are provided: 1.
the velocity at a given section of a stream obtained by
dividing the discharge of the stream by the cross section
area at that section; 2. mean velocity may also apply to
a reach of a stream by dividing the. discharge by the
average area of the reach.


MEAN-SQUARE ERROR Sum of the squared differ
ences between the true and estimated values of a quan
tity divided by the number of observations. It can also
be defined as the bias squaredplus the variance of the
quantity (34).


MEANDER The winding ofa stream channel (37). The
changes in direction and winding of flow, usually in an
alluvial channel which is sinuous in character. Any
reverse or letter-S channel pattern fashioned in alluvial
materials by erosion of the concave bank, which is free
toshift its location and adjust its shape as part ofa stage
in the migratory movement of the channel as a whole
down an erodible, alluvial valley. Ameander is charac-


'" terized by curved flow patterns and alternating shoals
and bank erosion.


MEANDER AMPLITUDE Distance between points of
maximum curvature of successive meanders ofopposite


. phase in a direction normal to the general course ofthe
meander belt, measured between center lines of chan
nels (37).


MEANDER BELT Area between lines drawn tangential
tp the extreme limits offully developed meanders (37).


MEANDER BREADTH The distance between the lines
used to define the meander belt (37).


MEANDER LENGTH Twice the distance between suc
cessive points of inflection of the meander wave (42).


.Distance, following the general, sinuous course of the
meanders, between corresponding points of successive
meanders of the same amplitude.


MEANDER LOOP An individual loop of a meandering
or sinuous channel lying between inflection points with
adjoining loops.


MEANDER PHASE See Meander Amplitude.


MEANDER PLUGS Deposits of cohesive materials in
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old channel bendways due to a cutoff. These plugs,
sometimes termed "clay plugs," are sufficiently resistant
to erosion to serve as essentiaIly semipermanent geo
logical controls to advancing channel migrations. See
Clay Plug.


MEANDER SCROLL Topographical markings on old
floodplains resembling a cross section of the edge pat
tern of a partly unrolled sheet of paper or having a spi
ral or coiled form, which have been left on a floodplain
as a result of the historic migratory movement of the
channel. Stated another way, low concentric ridges and
swales on a floodplain, marking the successive positions
of former meander loops.


MEANDERING CHANNEL A channel exhibiting a
characteristic process of bank erosion, crossover and
point bar deposition associated with systematically
shifting meanders. See Meander and Meander Belt.


A channel having a sinuosity greater than some arbitrary
value, herein placed at 1.25. The term also implies a
moderate degree of pattern symmetry, imparted by reg
ularity of size and repetition of meander loops.


MEANDERING STREAM See Meandering Channel.


MEASURABLE Computing or measuring a change that
is more than the inherent error encountered in accepted
hydraulics practices but exclusive of such errors found
in flood predicting methods.


MEASURED SCOUR See Scour, Measured.


MEASURING POINT An arbitrary, permanent refer
ence point from which the distance to the water surface
in a well is measured to obtain the water level (52).


MEASURING WEIR See Weir, Measuring.


MEDIAN DIAMETER See D50.


MEROMICTIC LAKE See Lake, Meromictic.


MESOTROPHIC LAKE See Lake, Mesotrophic.


METEOR BURST Radio transmission uses the phe
nomenon of meteors entering the upper atmosphere to
bounce signals back to earth (33).


METEOROLOGICAL SENSOR DATA CoIlected
weather data such as rainfaIl, humidity, temperature, and
wind (33).


METER, CURRENT See Current Meter.


METERS PER SECOND, mls Velocity of flow.


METHOD OF MOMENTS A standard statistical com
putation for estimating the moment of a distribution
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accretions. The legal right of a riparian owner to use the
water on his riparian land originated in the common law,
which permitted him to require that the waters of a
stream or river reach his land undiminished in quantity
and unaffected in quality except for minor domestic
uses. Compare with Riparian Doctrine or Rule and
Water Right.


RIPARIAN SPUR DIKE See Dike, Riparian Spur.


RIPARIAN WATER Water which is below the highest
line ofnormal flow ofa river or stream, as distinguished
from floodwaters. Compare with Floodwaters.


RIPPLE Two definitions may apply: 1. the light fretting
or ruffling of a water surface caused by a breeze; 2.
undulating ridges and furrows, or crests and troughs
formed by action of the flow.


RIPRAP Stones, masonry, or similar constructed mater
ial such as broken concrete placed in a loose assemblage
along such things as the banks and becl of a channelor
the shore of a lake, pond, gulf, bay, or ocean to inhibit
erosion and scour. Broken stone or concrete placed on
earth surfaces for their protection against the erosive
action of water; also, sometimes applied to brush or pole
mattresses, or brush and stone, or other similar materi
als used for protection. In the restricted sense, layer or
facing of broken rock or concrete dumped or placed to
protect a structure or embankment from erosion and
scour; also, the broken rock or concrete suitable for such
use. The term "riprap' has also been applied toalmost
all kinds of armor, including such things as wire-en
closed riprap, grouted riprap, sacked concrete and con
crete slabs. Compare with Riprap, Stone; Riprap, Wire
Enclosed; and Riprap, Plated.


RIPRAP,PLATED A dense layer of riprap which results
from the successive dropping of'a heavy, steel plate onto
the riprap from a position above the riprap. The plate is
raised into dropping position by a crane or similar


~ machine.


RIPRAP, STONE Natural cobbles, boulders, or rock
preferablyof'a specified gradation dumped or placed on
a channel bank and/or channel bed (commonly with an
underlying filter) as protection against erosion.
Compare with Riprap, Blanket, and Mattress.


RIPRAP, WIRE-ENCLOSED Relatively flat mat
tresses, cylindrical wire cages, or baskets filled with
stone or other suitable material of a specified gradation
and placed on a stream bank or bed, often with an under
lying filter and used as protection against erosion and
scour. Sometimes staked in-place with steel pipe or rail
that passes through the mattresses, cages or baskets into
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the underlying embankment. Usually used as a mattress
(see Mattress) rather than in combinations to construc
tion stream and river structures using gabions. Compare
with Gabion.


RISE Terminology used with culverts (and similar type
openings) as the vertical height dimension of a box,
pipe-arch, and arch structure, as in Span X Rise.
Compare with Span. Can also mean the increase in river
stage; a flood; a peak.


RISING LIMB The rising portion of a hydrograph pre
ceding a crest (33).


RIVER Natural stream ofwaterofconsiderable volume.
Depending on local usage, a larger form ofa stream. See
Channel. .


RIVER, CONTROLLED A river and attendant flood
plain that is regulated by such constructed devices as
dams, flood control measures, navigational locks and
diversions. Occasionally natural controls may~ist such
as natural diversions, sinks, deep sand beds, porous
geology strata, etc. that also exert some measure ofcon
trol or regulation ofa river. Sometimes a controlled river
is referred to as a regulated river. Compare with River,
Regulated.


RIVER FORECAST CENTERS The organizational
units within the National Weather Service that forecast
floods (33).


RIVER MECHANICS Term for the practices that relate
the physical laws governing channels, streams, and
rivers to practicable engineering applications. Compare
with Potomology,


RIVER, REGULATED A river and attendant floodplain
that is subject to such things as governmental regula
tions and/or interstate compacts. May also be a river that
is controlled by constructed or natural measures.
Compare with River, Controlled.


RIVER TRAINING The practice ofemploying structur
al measures to try and force a stream or river channel to
perform in a specified manner. See Channelization and
River Training Structures. Compare with Non
Structural Measures.


RIVER TRAINING STRUCTURE Any configuration
of structural measures constructed in a channel or
placed on, adjacent to, or in the vicinity of a channel
bank that is intended to deflect currents, induce sedi
ment deposition, induce scour, or in some other way
alter the flow arid sediment regimes ofa stream, or river
channel.
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that may range in size from a large river to a small rill
flowing in a channel. See Rill. By extension, the term is
sometimes applied to a natural channel or drainage
course formed by flowing water whether it is occupied
by water or not. A body of flowing water, whether in an
open or closed conduit, a jet ofwater as from a nozzle;
the term is incorrectly used to designate the conduit in
which the stream flows.


Streams in natural channels may be classified as follows
(48) [these and other stream types are defined in more
detail on subsequent pages]:


relation of a stream (or river) to time:


• perennial-one which flows continuously or


• ephemeral-one that flows only in direct response to
precipitation and whose channel is at all times above
the water table;


relationof a stream (or river) to space:


• continuous-one that does not have interruptions in
space or


• interrupted-one which contains alternating reaches,
that are either perennial, intermittent, or ephemeral;
and


relation of a stream (or river) to groundwater:


• gaining-a reach that receives water from the zone of
saturation,


• losing-a reach that contributes water to the zone of
saturation"


• insulated-a reach that neither contributes water to
the zone of saturation nor receives water from it; it is
separated from the zones of saturation by an imper
meable bed, or


1i
• perched-a reach that is either a losing or insulated


and is separated from the underlying groundwater by
a zone of aeration.


See Channel and River. Compare with Canal and Ditch.


STREAM, ANABRANCHED A stream or river whose
flow is divided at normal and lower stages by large
islands or, more rarely, by large bars; the width of indi
vidual islands or bars is greater than about three times
the average bankfullwater surface width, and the chan
nels are more widely and distinctly separated than those
of a braided stream or river. Compare with Stream,
Braided; and Stream, Anastomosing. See Anabranch
and Braid.
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STREAM, ANASTOMOSING Successive division and
rejoining (of riverflow) with accompanying islands is
the important characteristic denoted by the synonymous
terms, braided or anastomosing stream (42). Not a com
mon term. A braided stream is composed of anabranch
es. Compare with Stream, Braided; and Stream,
Anabranched. See Anabranch and Braid.


STREAM BANK See Bank.


STREAM BED See Bed.


STREAM, BRAIDED A stream whose surface is divid
ed at normal stage by small middle bars or small islands.
The individual width of bars, and islands is less than
three times the water width. A braided stream has the
aspect of a single large channel within which are subor
dinate channels.' The visual signature of an unstable
channel. Braided streams have multiple subordinate
channels, which are within the main stream channel.
Anabranched streams have more than one channel.
Compare with: Stream, Anabranched; '~nd "Stream,
Anastomosing. See Anabranch and Braid.


STREAM, CONTINUOUS A stream that does not have
interruptions in space (37).


STREAM CONTRACTION A narrowing of a natural
channels waterway. Usually in reference to a drainage
facility installed in the roadway embankment.


STREAM CONSTRICTION See Stream Contraction.


STREAM, EFFLUENT See Stream, Gaining.


STREAM, ENTRENCHED Stream or river cut into
bedrock or consolidated deposits.


STREAM, EPHEMERAL A stream [or river] that flows
only in direct response to precipitation and whose chan
nel is at all times above the water table (37). A stream or
reach of a stream that does not flow continuously for
most of the year. A stream or reach of a stream that does
not flow for parts of the year. As used here, the term
includes intermittent streams or rivers whose flow is
less than perennial but more then ephemeral.


STREAM, FLASHY Stream characterized by a rapidly
rising and falling stage, as indicated by a sharply peaked
hydrograph. Most flashy streams are ephemeral but
some are perennial.


STREAM FLOW DEPLETION The amount of water
that flows into a valley or onto a particular land area,
minus the water that flows out the valley or off from the
particular land area (8).


STREAM GAGE See Gage, Stream; and Stream
Gaging Station.
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STREAM GAGING The process and art of measuring
the depths, areas, velocities and rates of flow in natural
or artificial channels (17).


STREAM, GAINING Astream or reach ofa stream that
receives water from the zone of saturation (37). A
stream or reach of a stream whose flow is being
increased by inflow ofgroundwater (22). Also known as
an effluent stream (20).


STREAM, GRADED See Regime of a Stream.


STREAM, INCISED A stream or river that flows in an
incised channel with high banks; say, banks that stand
above the 50-year to 100-year water surface stage are
arbitrarily regarded as high. Sometimes termed an
entrenched stream or river. See Incised Channel and
Incised Reach.


STREAM, INFLUENT See Stream, Losing.


STREAM, INSULATED A stream or reach of a stream
that neither contributes water to the zone of saturation
nor receives water from it. It is separated from the zones
of saturation by an impermeable bed (37).


STREAM, INTERMITTENT A stream which flows
only at certain times of the year when it receives water
from springs or from some surface source such as melt
ing snow in mountainous areas (37).


STREAM, INTERRUPTED A stream which contains
alternating reaches,that are either perennial, intermit
tent, or ephemeral (37).


STREAM, LOSING A stream or reach of a stream that
contributes water to the zone of saturation (37). A
stream or reach of a stream in which water flows from
the channel bed into the ground (22). A stream or reach
of a stream that is losing water by seepage into the
ground; also known as an Influent Stream. .


STREAM, MEANDERING See Meandering Channel.


STREAM ORDER A method of numbering [ordering]
streams as part of a drainage basin network. The small
est, unbranched, mapped tributary is called first order,
the stream receiving the tributary is called second order
and so on. It is usually necessary to specify the scale of
the map used. A first-order stream on a 1:62 500 map,
may be a third-order stream on a I: 12 000 map (41).


Tributaries which have no branches are designated as of
the first order, streams which receive only first-order
tributaries are of the second order, larger branches
which receive only first-order and second-order tribu
taries are designated third order and so on. The main
stream being always of the highest order (26).


Glossary


Highway Drainage Guidelines


STREAM, PERCHED A perched stream is either a los:
ing stream or an insulated stream that is separated from
the underlying groundwater by a zone of aeration:
"General Introduction and Hydrologic Definitions"
(37).


STREAM, PERENNIAL A stream or reach of a stream
that flows continuously for all or most of the year.


STREAM, POISED A term used by river engineers as
applying to a stream that over a period oftime is neither
degrading nor aggrading its channel. A stream nearly in
equilibrium as to sediment transport and supply. See
Regime Theory; Regime Channel; Channel, Stable; and
Stream, Graded.


STREAM POWER An expression used in predicting
bed forms and hence bed load transport in alluvial chan
nels-a parameter comprised of the mean velocity, the
specific weight of the water-sediment mixture, the nor
mal depth of flow and the channel slope. A parameter
that reflects the ability of a stream to distort its bed to
produce such things as bed forms, scour, or deposition.


STREAM REACH A length of stream channel selected
for use in hydraulic or other computations (51).


STREAM REGIME See Regime of a Stream.


STREAM RESPONSE Changes in the dynamic equilib
rium of a stream by anyone, or combination of various
causes.


STREAM, STABLE See Channel, Stable.


STREAM, SEASONAL See Stream, Intermittent.


STREAM-GAGING STATIONA gaging station where
a record of discharge of a stream [or river] is obtained.
Generally, this term is used only for those gaging sta
tions where a continuous record of discharge is
obtained: "General Introduction and Hydrologic
Definitions" (37).


STREAM BANK EROSION Removal of soil particles
or a mass of particles from a bank surface due primari
ly to water action. Other factors such as weathering, ice
and debris abrasion, chemical reactions and land use
changes may also directly or indirectly lead to stream
bank erosion. Compare with Mass Wasting and
Sloughing.


STREAM BANK FAILURE See Mass Wasting and
Sloughing.


STREAM BANK PROTECTION Any technique used
to prevent erosion or failure of a channel bank. See and
compare with Armor, Apron, Blanket, Channel Lining,
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TAPERED ENTRANCE See Inlet, Tapered.


T.EMPORARY SNOWLINE See Snowline, Temporary.


TERRACE A berm or discontinuous segments of a
berm, in a valley at some height above the floodplain,
representing a former abandoned floodplain of the
stream (37).


TEST OF SIGNIFICANCE A [statistical] test made to
determine the probability that a result is accidental or
that a result differs from another result. For all the many
types of tests there are standard formulas and tables. In
making a test it is necessary to choose a "level of sig
nificance," the choice being arbitrary but generally not
less than the low level of ten percent nor more than the
high level of one percent (34).


TETRAHEDRON Component of river training works
made of six steel or concrete struts fabricated in the
shape of a pyramid.


TETRAPOD Bank protection component of precast
concrete consisting of four legs joined at a central joint,
with each leg making an angle of 109.5° with the other
three.


TEXAS CROSSING A low class road crossing of a
channel designed to pass low, frequently occurring
flows through a relatively small culvert type opening
with large, more rare floods being conveyed over the
road with little or no road damage; such damage often
being precluded by: 1. an erosion protection blanket on
the downstream fillslope of the road (keyed into the
floodplain and channel bottom); and 2. the blanket being
monolithic with the shoulder.


THALWEG The line or path (such as a rill) connecting
the lowest flow points along the bed of a channel. The
line does not include local depressions. The path very
low flows would follow in proceeding down a stream,


~river, swale, or channel. The line extending along a
channel profile that follows the lowest elevation of the
bed.


THALWEG, WANDERING A thalweg whose position
in the channel shifts during floods and typically serves
as an inset channel (or rill) that transmits all or most of
the channel flowat normal or lower stages.


THERMAL STRATIFICATION Vertical temperature
stratification [in a lake or pond] that shows the follow
ing: 1. the upper layer of the lake, known as the epil
imnion, in which the water temperature is virtually uni
form; 2. a stratum next below, known as the thermo
cline, in which there is a marked drop in temperature per
unit of depth; and 3. the lowermost region or stratum,


Glossary


Highway Drainage Guidelines


known as the hypolimnion, in which the temperature
from its upper limit to the bottom is nearly uniform (70).


THREAT, SURFACE WATERS See Surface Waters
Threat.


THERMOCLINE A central layer of rapid temperature
transition that is located between the epilimnion and the
hypolimnion of a lake or pond. See Thermal
Stratification.


THRESHOLD VALUE The value beyond which a sig
nificant, adverse effect or impact would probably occur;
generally a term applicable to the quality of surface
waters.


THROUGHFALL In a vegetated area, the precipitation
that falls directly to the ground or the rainwater or
snowmelt that drops from twigs or leaves (24). See
Interception. Compare with Stemflow.


THROUGHFLOWThelateral m-ovement.of~it~rin an
unsaturated zone during and immediately after a precip
itation event. The water from throughflow seeps out at
the base ofslopes and then flows across the ground sur
face as return flow, ultimately reaching a stream or lake
(20).


TIDAL AMPLITUDE Generally, halfof the tidal range.


TIDAL CYCLE One complete rise and fall of the tide.


TIDAL INLET A body of water with an opening to the
sea, but otherwise enclosed.


TIDAL PASSAGE A tidal channel connecting with the
sea at both ends.


TIDAL PERIOD Duration of one complete tidal cycle.


TIDAL PRISM Volume of water contained in a tidal
inlet or estuary, between low and high tide levels.


TIDAL RANGE Vertical difference between specified
low and high tide levels.


TIDES, ASTRONOMICAL Variations in sea level due
to the motion of heavenly bodies.


TIEBACK Structure connected to such things as a
retard, or revetment paralleling a bank, or a blanket
located on a bank. Tiebacks extend into or are otherwise
tied to the bank to prevent flanking by streamflow.


TIMBER OR BRUSH MATTRESS Such things as a
revetment, blanket, or armor made of such things as
brush, poles, logs, or lumber interwoven or otherwise
lashed together. The completed mattress is then placed
on the bank of a stream or river and weighted with bal-
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Table 4. Summary of Discharges (Cont'd)


Flooding Source and Location
Drainage Area


(Square Miles)
Peak Discharges (cfs)


10-Year 50-Year 100tYear 500-Year


Samagutuma Creek
At Mouth


San Clemente Canyon Creek
Upstream of Confluence with Rose Canyon Creek
Upstream of Genesee Avenue
Upstream of Interstate Highway 805


San Diego River
At Confluence with Murphy Canyon Creek
Just Downstream of Confluence of
San Vicente Creek


San Dieguito River
Upstream of Camino Del Mar Bridge
Upstream of Atchison, Topeka & Santa
Fe Railway Bridge


Upstream of Jimmy Durante Bridge
Upstream of U.S. Interstate Highway 5 Bridge


San Elijo Creek
0.1 Mile Upstream of El Camino Road


San Luis Rey River
At Mouth
Downstream of Confluence with Moosa Canyon
Downstream of Confluence with Keys Canyon
Upstream of Confluence with Keys Canyon
Downstream of Palma
Downstream of Confluence with Puma Creek
Upstream of Confluence with Puma Creek


6.4


18.4
15.3
12.5


420.0


290.0


5.4


560.0
355.6
252.3
180.4
167.3
126.7


71.5


900


1,400
1,200
1,000


3,100


2,500


5,700


5,700
5,800
5,900


500


6,600
6,200
5~000
4,0002
4,0002
4,0002
5,000


2,600


4,200
3,600
3,100


17,000
__1


31,400


31,400
32,100
32,500


1,600


31,000
30,000
25,000
20,000
18,000
16,800
15,000


4,000


6,900
5,600
4,900


36,000


31,000


41,800


41,800
42,400
42,800


2,100


51,000
48,000
41,000
33,000
30,000
28,000
24,500


7,000


16,000
12,000
11,000


112,000 .
__1


90,000


90,000
90,000
90,000


5,500


120,000
110,000
98,000
85,000
78,000
72,800
64,000


1Dat a Not Available
2Discharge Decreases With Increasing Area Due to Breakouts From the Low Flow Channel
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USGS Mean Daily Flow Rates (cfs) 







USGS
MEAN DAILY FLOW RATES (cfs)


Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
1912 1912 1912 1913 1913 1913 1913 1913 1913 1913 1913 1913 1913 1913 1913 1914 1914 1914 1914 1914 1914 1914 1914 1914 1914 1914 1914 1915 1915 1915 1915 1915 1915 1915 1915 1915 1915 1915 1915 1916 1916 1916 1916


1 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 74 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 130 A 102 A 72 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
2 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 40 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 45 A 151 A 55 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
3 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 43 A 124 A 41 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
4 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 41 A 102 A 29 A 35 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
5 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 41 A 102 A 41 A 29 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
6 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 41 A 82 A 41 A 29 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
7 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0 A 4.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 35 A 72 A 48 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
8 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 72 A 41 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
9 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 0.80 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 72 A 29 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---


10 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 0.80 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 55 A 35 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
11 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 72 A 35 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
12 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 55 A 29 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
13 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 55 A 29 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
14 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 41 A 29 A 2.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
15 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 15 A 41 A 19 A 2.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
16 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 41 A 15 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
17 0.00 A 0.00 A 0.00 A 7.0 A 0.00 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 29 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
18 0.00 A 0.00 A 0.00 A 2.0 A 0.00 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 29 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
19 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 408 A 29 A 4.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
20 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1,310 A 19 A 2.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
21 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2,650 A 19 A 2.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
22 0.00 A 0.00 A 0.00 A 0.00 A 18 A 20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3,260 A 19 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
23 0.00 A 0.00 A 0.00 A 0.00 A 198 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1,410 A 19 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
24 0.00 A 0.00 A 0.00 A 0.00 A 95 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 295 A 11 A 55 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
25 0.00 A 0.00 A 0.00 A 0.00 A 74 A 40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 180 A 11 A 55 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
26 0.00 A 0.00 A 0.00 A 0.00 A 290 A 40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 165 A 29 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
27 0.00 A 0.00 A 0.00 A 0.00 A 125 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1,460 A 137 A 29 A 35 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
28 0.00 A 0.00 A 0.00 A 0.00 A 125 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 610 A 124 A 41 A 29 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
29 0.00 A 0.00 A 0.00 A 0.00 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 230 A 72 A 29 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
30 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 150 A 102 A 29 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
31 0.00 A 0.00 A 0.00 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 140 A 180 A 0.00 A 0.00 A 0.00 A --- --- --- --- --- --- --- --- --- --- ---


COUNT 31 28 31 30 31 28 31 30 31
MAX 7 290 74 10 1,460 3,260 180 72 41
MIN 0 0 6 0 0 15 11 2 0


  A 
  P 
  e 


DATE


Explanation


Approved for publication -- Processing and review completed.
Provisional data subject to revision.
Value has been estimated.
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USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
1916 1916 1916 1916 1916 1916 1916 1916 1917 1917 1917 1917 1917 1917 1917 1917 1917 1917 1917 1917 1918 1918 1918 1918 1918 1918 1918 1918 1918 1918 1918 1918 1919 1919 1919 1919 1919 1919 1919 1919 1919 1919 1919


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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1
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COUNT
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MIN


DATE Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
1919 1920 1920 1920 1920 1920 1920 1920 1920 1920 1920 1920 1920 1921 1921 1921 1921 1921 1921 1921 1921 1921 1921 1921 1921 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922 1923 1923 1923 1923 1923 1923


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
1923 1923 1923 1923 1923 1923 1924 1924 1924 1924 1924 1924 1924 1924 1924 1924 1924 1924 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1925 1926 1926 1926 1926 1926 1926 1926 1926 1926 1926 1926 1926 1927


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1927 1927 1927 1927 1927 1927 1927 1927 1927 1927 1927 1928 1928 1928 1928 1928 1928 1928 1928 1928 1928 1928 1928 1929 1929 1929 1929 1929 1929 1929 1929 1929 1929 1929 1929


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
1930 1930 1930 1930 1930 1930 1930 1930 1930 1930 1930 1930 1931 1931 1931 1931 1931 1931 1931 1931 1931 1931 1931 1931 1932 1932 1932 1932 1932 1932 1932 1932 1932 1932 1932 1932 1933 1933 1933 1933 1933 1933 1933


1 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.9 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.60 A 18 A 212 A 41 A 23 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 74 A 18 A 10 A 37 A 0.00 A 0.00 A


2 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 122 A 183 A 44 A 20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 58 A 18 A 9.5 A 30 A 0.00 A 0.00 A


3 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.60 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 267 A 183 A 46 A 17 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 49 A 18 A 9.5 A 25 A 0.00 A 0.00 A


4 0.00 A 0.00 A 0.00 A 0.00 A 28 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 125 A 188 A 44 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 45 A 17 A 10 A 20 A 0.00 A 0.00 A


5 0.00 A 0.00 A 0.00 A 0.00 A 191 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 77 A 172 A 41 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 42 A 16 A 8.5 A 18 A 0.00 A 0.00 A


6 0.00 A 0.00 A 0.00 A 0.00 A 263 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 62 A 166 A 35 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 40 A 16 A 7.5 A 16 A 0.00 A 0.00 A


7 0.00 A 0.00 A 0.00 A 0.00 A 148 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 55 A 141 A 31 A 23 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 36 A 16 A 6.5 A 15 A 0.00 A 0.00 A


8 0.00 A 0.00 A 0.00 A 0.00 A 108 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 137 A 132 A 26 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 15 A 6.0 A 15 A 0.00 A 0.00 A


9 0.00 A 0.00 A 0.00 A 0.00 A 84 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1,580 A 132 A 23 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 15 A 4.8 A 12 A 0.00 A 0.00 A


10 0.00 A 0.00 A 0.00 A 0.00 A 75 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1,030 A 113 A 21 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 32 A 15 A 3.6 A 14 A 0.00 A 0.00 A


11 0.00 A 0.00 A 0.00 A 0.00 A 66 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 444 A 100 A 20 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 15 A 2.3 A 15 A 0.00 A 0.00 A


12 0.00 A 0.00 A 0.00 A 0.00 A 56 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 264 A 96 A 18 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 15 A 1.4 A 16 A 0.00 A 0.00 A


13 0.00 A 0.00 A 0.00 A 0.00 A 48 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 212 A 89 A 16 A 9.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 28 A 14 A 0.80 A 14 A 0.00 A 0.00 A


14 0.00 A 0.00 A 0.00 A 0.00 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 692 A 77 A 17 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 16 A 0.00 A 14 A 0.00 A 0.00 A


15 0.00 A 0.00 A 0.00 A 0.00 A 38 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 874 A 93 A 17 A 7.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 16 A 0.00 A 16 A 0.00 A 0.00 A


16 0.00 A 0.00 A 0.00 A 0.00 A 35 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.3 A 2,150 A 96 A 14 A 7.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 17 A 0.00 A 14 A 0.00 A 0.00 A


17 0.00 A 0.00 A 0.00 A 0.00 A 33 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.7 A 2,190 A 96 A 12 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 26 A 18 A 0.00 A 11 A 0.00 A 0.00 A


18 0.00 A 0.00 A 0.00 A 0.00 A 33 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.7 A 1,200 A 96 A 12 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 25 A 18 A 0.00 A 9.0 A 0.00 A 0.00 A


19 0.00 A 0.00 A 0.00 A 0.00 A 35 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.6 A 886 A 100 A 10 A 4.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 17 A 0.00 A 8.0 A 0.00 A 0.00 A


20 0.00 A 0.00 A 0.00 A 0.00 A 31 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.7 A 710 A 100 A 9.0 A 3.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 31 A 24 A 17 A 0.00 A 7.0 A 0.00 A 0.00 A


21 0.00 A 0.00 A 0.00 A 0.00 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.7 A 563 A 96 A 9.0 A 2.4 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 74 A 23 A 16 A 0.00 A 6.5 A 0.00 A 0.00 A


22 0.00 A 0.00 A 0.00 A 0.00 A 24 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.8 A 476 A 85 A 7.5 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 44 A 22 A 14 A 0.00 A 7.5 A 0.00 A 0.00 A


23 0.00 A 0.00 A 0.00 A 0.00 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.8 A 420 A 70 A 7.0 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 41 A 21 A 12 A 0.00 A 6.0 A 0.00 A 0.00 A


24 0.00 A 0.00 A 0.00 A 0.00 A 15 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.7 A 396 A 66 A 7.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 41 A 21 A 12 A 0.00 A 5.5 A 0.00 A 0.00 A


25 0.00 A 0.00 A 0.00 A 0.00 A 12 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.0 A 319 A 60 A 9.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 40 A 19 A 12 A 0.00 A 3.0 A 0.00 A 0.00 A


26 0.00 A 0.00 A 0.00 A 0.00 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.2 A 291 A 52 A 21 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 40 A 20 A 10 A 0.00 A 1.3 A 0.00 A 0.00 A


27 0.00 A 0.00 A 0.00 A 0.00 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.5 A 284 A 46 A 35 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 37 A 19 A 11 A 0.00 A 0.60 A 0.00 A 0.00 A


28 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.8 A 257 A 44 A 35 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 19 A 9.5 A 0.00 A 0.00 A 0.00 A 0.00 A


29 0.00 A 0.00 A 0.00 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 48 A 4.0 A 224 A 46 A 28 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 36 A 9.5 A 0.70 A 0.00 A 0.00 A 0.00 A


30 0.00 A 0.00 A 0.00 A 4.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 86 A 4.5 A 44 A 28 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 104 A 10 A 15 A 0.00 A 0.00 A 0.00 A


31 0.00 A 0.00 A 3.1 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.7 A 5.0 A 41 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 111 A 10 A 0.00 A 0.00 A


COUNT 31 30 31 31 29 31 30 31 31 28 31 30 31
MAX 263 1.9 86 5 2,190 212 46 23 111 74 18 15 37
MIN 0 0 0 0 18 41 7 0 0 19 9.5 0 0


DATE


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
1933 1933 1933 1933 1933 1934 1934 1934 1934 1934 1934 1934 1934 1934 1934 1934 1934 1935 1935 1935 1935 1935 1935 1935 1935 1935 1935 1935 1935 1936 1936 1936 1936 1936 1936 1936 1936 1936 1936 1936 1936 1937 1937
0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 16 A 12 A 4.3 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 9.5 A 9.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 450 A 34 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 42 A 11 A 4.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 8.0 A 17 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 190 A 31 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 40 A 10 A 7.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 102 A 29 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.2 A 34 A 11 A 4.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 5.0 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 67 A 29 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 35 A 29 A 10 A 3.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.4 A 26 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 52 A 28 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 108 A 26 A 9.5 A 2.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.1 A 43 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 75 A 1,150 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 259 A 31 A 10 A 2.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.4 A 31 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 216 A 7,930 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 186 A 51 A 14 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.4 A 25 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 143 A 1,000 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 121 A 46 A 13 A 1.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.0 A 21 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 95 A 800 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 97 A 36 A 22 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.4 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 69 A 600 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 84 A 30 A 20 A 0.60 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.90 A 17 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 60 A 500 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 65 A 27 A 20 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.30 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 57 A 450 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 58 A 26 A 19 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 90 A 404 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 52 A 26 A 17 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 82 A 2,570 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 49 A 23 A 15 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 9.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 64 A 1,890 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 44 A 22 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 11 A 0.00 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 59 A 1,000 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.9 A 39 A 20 A 12 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 84 A 0.00 A 6.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 55 A 700 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 35 A 19 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 41 A 0.00 A 5.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 52 A 570 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 34 A 17 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 49 A 0.00 A 4.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 500 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 11 A 32 A 17 A 9.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 39 A 0.00 A 3.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 48 A 460 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.5 A 29 A 17 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 30 A 0.00 A 2.4 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 45 A 400 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.7 A 26 A 17 A 7.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 0.00 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 42 A 380 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.8 A 23 A 18 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 21 A 0.00 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 38 A 384 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.4 A 20 A 16 A 4.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 26 A 0.00 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 37 A 387 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.7 A 17 A 16 A 3.9 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 25 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 35 A 390 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.80 A 16 A 14 A 3.9 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 390 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.30 A 16 A 14 A 3.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 32 A 387 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.30 A 16 A 14 A 3.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 32 A 352 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.30 A 13 A 3.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 31 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.40 A 13 A 3.8 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.3 A 32 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 700 A 34 A


31 28 31 30 31 29 31 30 31 31 28
24 259 51 22 7 84 9.5 43 700 450 7,930
0 0.1 13 3.5 0 0 0 0 0 31 28


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1937 1937 1937 1937 1937 1937 1937 1937 1937 1937 1938 1938 1938 1938 1938 1938 1938 1938 1938 1938 1938 1938 1939 1939 1939 1939 1939 1939 1939 1939 1939 1939 1939 1939 1940 1940 1940 1940 1940 1940 1940 1940 1940
335 A 408 A 97 A 40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.2 A 38 A 2,000 A 122 A 72 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 42 A 94 A 53 A 63 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 63 A 172 A 12 A 0.00 A 0.00 A 0.00 A 0.00 A


278 A 373 A 81 A 37 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.5 A 44 A 2,860 A 113 A 91 A 15 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 45 A 79 A 53 A 57 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 59 A 57 A 264 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A


234 A 371 A 76 A 34 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 5.0 A 38 A 11,300 A 113 A 87 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 59 A 97 A 53 A 81 A 12 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 170 A 51 A 150 A 8.5 A 0.00 A 0.00 A 0.00 A 0.00 A


194 A 345 A 78 A 33 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.8 A 51 A 2,650 A 110 A 72 A 9.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 49 A 264 A 51 A 72 A 8.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 376 A 45 A 108 A 7.0 A 0.00 A 0.00 A 0.00 A 0.00 A


185 A 330 A 78 A 34 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.8 A 85 A 1,480 A 117 A 61 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 222 A 49 A 55 A 7.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 176 A 42 A 83 A 6.5 A 0.00 A 0.00 A 0.00 A 0.00 A


178 A 296 A 78 A 33 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 5.0 A 70 A 1,060 A 117 A 56 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 143 A 172 A 44 A 49 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.20 A 139 A 39 A 67 A 5.5 A 0.00 A 0.00 A 0.00 A 0.00 A


172 A 270 A 76 A 31 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 5.5 A 47 A 798 A 98 A 49 A 6.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 117 A 143 A 39 A 39 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.4 A 117 A 36 A 55 A 4.2 A 0.00 A 0.00 A 0.00 A 0.00 A


168 A 253 A 76 A 26 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.0 A 40 A 674 A 80 A 45 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 86 A 164 A 40 A 37 A 5.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 36 A 102 A 36 A 49 A 2.7 A 0.00 A 0.00 A 0.00 A 0.00 A


159 A 225 A 76 A 22 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 7.0 A 38 A 568 A 66 A 40 A 4.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 61 A 204 A 42 A 34 A 4.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 74 A 83 A 36 A 44 A 1.9 A 0.00 A 0.00 A 0.00 A 0.00 A


149 A 206 A 78 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 9.5 A 44 A 465 A 64 A 38 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 57 A 136 A 94 A 37 A 5.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 86 A 72 A 34 A 39 A 1.3 A 0.00 A 0.00 A 0.00 A 0.00 A


143 A 195 A 74 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 52 A 390 A 66 A 36 A 4.4 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 55 A 111 A 99 A 36 A 4.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 65 A 65 A 33 A 34 A 0.80 A 0.00 A 0.00 A 0.00 A 0.00 A


183 A 181 A 65 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 20 A 81 A 1,160 A 69 A 34 A 1.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 53 A 105 A 74 A 36 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 57 A 30 A 31 A 0.40 A 0.00 A 0.00 A 0.00 A 0.00 A


585 A 161 A 57 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 8.0 A 88 A 1,140 A 91 A 34 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 94 A 63 A 34 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 61 A 53 A 30 A 27 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A


420 A 151 A 51 A 14 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 8.0 A 65 A 613 A 110 A 36 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 49 A 81 A 65 A 36 A 6.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 53 A 29 A 24 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A


300 A 154 A 49 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 15 A 55 A 462 A 95 A 38 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 79 A 63 A 39 A 9.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 42 A 57 A 26 A 22 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


2,700 A 168 A 43 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 54 A 402 A 87 A 47 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.9 A 49 A 83 A 59 A 37 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 47 A 25 A 21 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


1,000 A 168 A 40 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 17 A 57 A 421 A 77 A 53 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 14 A 49 A 81 A 59 A 34 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 31 A 40 A 25 A 17 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


900 A 157 A 38 A 9.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 17 A 52 A 421 A 69 A 58 A 0.60 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 30 A 44 A 76 A 59 A 27 A 8.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 30 A 39 A 26 A 15 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


740 A 151 A 34 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 20 A 55 A 391 A 61 A 56 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 154 A 42 A 74 A 57 A 27 A 5.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 36 A 25 A 13 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


729 A 148 A 32 A 6.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 61 A 330 A 53 A 56 A 0.60 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 200 A 45 A 72 A 55 A 26 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 25 A 34 A 24 A 11 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


696 A 145 A 32 A 5.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 55 A 301 A 51 A 51 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 292 A 59 A 67 A 51 A 26 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 34 A 22 A 12 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


778 A 140 A 37 A 4.8 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 46 A 262 A 51 A 45 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 192 A 129 A 63 A 47 A 25 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 22 A 37 A 22 A 10 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A


813 A 137 A 47 A 4.1 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 23 A 38 A 213 A 51 A 42 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 129 A 94 A 63 A 44 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 24 A 42 A 21 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


690 A 115 A 51 A 2.9 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 21 A 35 A 193 A 53 A 29 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 97 A 72 A 65 A 44 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 101 A 45 A 19 A 10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


746 A 102 A 47 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 34 A 166 A 84 A 25 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 83 A 57 A 61 A 47 A 26 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 55 A 47 A 19 A 9.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


685 A 97 A 47 A 0.90 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 18 A 32 A 200 A 102 A 22 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 72 A 53 A 61 A 51 A 22 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 42 A 76 A 18 A 20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


655 A 109 A 48 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 57 A 161 A 69 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 63 A 53 A 57 A 108 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 37 A 94 A 20 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


576 A 134 A 49 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 347 A 151 A 53 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 59 A 55 A 53 A 180 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 33 A 72 A 20 A 26 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


531 A 134 A 49 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 161 A 51 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 59 A 59 A 123 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 30 A 65 A 20 A 19 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


495 A 115 A 50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 26 A 156 A 61 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 51 A 65 A 99 A 18 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 26 A 17 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


459 A 52 A 0.00 A 0.00 A 0.00 A 0.80 A 26 A 137 A 16 A 0.00 A 0.00 A 0.00 A 45 A 83 A 79 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 25 A 24 A 0.00 A 0.00 A 0.00 A


31 30 31 30 31 31 28 31 30 31 30 31 31 28 31 30 31 31 29 31 30 31
2,700 408 97 40 0.8 29 347 11,300 122 91 16 292 143 264 180 81 16 101 376 63 264 12
143 97 32 0 0 3.2 32 137 51 16 0 0 42 53 39 18 0 0 29 17 9 0


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
1940 1940 1940 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1941 1942 1942 1942 1942 1942 1942 1942 1942 1942 1942 1942 1942 1943 1943 1943 1943 1943 1943 1943 1943 1943 1943 1943 1943 1944 1944 1944 1944
0.00 A 0.00 A 0.00 A 58 A 32 A 906 A 1,130 A 305 A 38 A 5.5 A 0.00 A 0.00 A 0.00 A 19 A 29 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 48 A 30 A 976 A 1,020 A 253 A 37 A 7.0 A 0.00 A 0.00 A 0.00 A 19 A 29 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 44 A 28 A 660 A 582 A 222 A 37 A 8.0 A 0.00 A 0.00 A 0.00 A 19 A 31 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 37 A 26 A 937 A 488 A 209 A 37 A 6.0 A 0.00 A 0.00 A 0.00 A 19 A 35 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 36 A 25 A 1,310 A 586 A 201 A 37 A 6.0 A 0.00 A 0.00 A 0.00 A 19 A 34 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 34 A 33 A 862 A 462 A 181 A 37 A 6.0 A 0.00 A 0.00 A 0.00 A 17 A 31 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 32 A 38 A 610 A 372 A 159 A 38 A 2.8 A 0.00 A 0.00 A 0.00 A 16 A 28 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 30 A 34 A 500 A 315 A 135 A 38 A 1.0 A 0.00 A 0.00 A 0.00 A 17 A 28 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 29 A 30 A 409 A 280 A 114 A 35 A 0.10 A 0.00 A 0.00 A 0.00 A 16 A 35 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 32 A 29 A 343 A 315 A 111 A 32 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 69 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 33 A 34 A 282 A 524 A 105 A 27 A 0.00 A 0.00 A 0.00 A 0.00 A 17 A 116 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 30 A 74 A 422 A 548 A 100 A 26 A 0.00 A 0.00 A 0.00 A 0.00 A 83 A 82 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 29 A 76 A 651 A 628 A 94 A 24 A 0.00 A 0.00 A 0.00 A 0.00 A 102 A 67 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 33 A 65 A 1,250 A 562 A 92 A 24 A 0.00 A 0.00 A 0.00 A 0.00 A 67 A 61 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 30 A 139 A 1,320 A 534 A 92 A 24 A 0.00 A 0.00 A 0.00 A 0.00 A 52 A 54 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 26 A 144 A 890 A 494 A 92 A 24 A 0.00 A 0.00 A 0.00 A 0.00 A 45 A 52 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.10 A 22 A 104 A 658 A 436 A 89 A 22 A 0.00 A 0.00 A 0.00 A 0.00 A 40 A 48 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 25 A 93 A 576 A 366 A 89 A 17 A 0.00 A 0.00 A 0.00 A 0.00 A 37 A 45 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 30 A 84 A 507 A 320 A 79 A 16 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 43 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 34 A 108 A 442 A 295 A 69 A 15 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 43 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 37 A 313 A 403 A 258 A 61 A 13 A 0.00 A 0.00 A 0.00 A 0.00 A 34 A 42 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 0.00 A 48 A 328 A 354 A 235 A 52 A 9.5 A 0.00 A 0.00 A 0.00 A 0.00 A 32 A 40 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 16 A 56 A 326 A 300 A 218 A 46 A 7.0 A 0.00 A 0.00 A 0.00 A 0.00 A 31 A 40 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 1,190 A 84 A 322 A 258 A 201 A 46 A 6.0 A 0.00 A 0.00 A 0.00 A 30 A 31 A 42 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 783 A 62 A 391 A 218 A 192 A 46 A 5.5 A 0.00 A 0.00 A 0.00 A 22 A 31 A 42 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 298 A 52 A 343 A 192 A 205 A 45 A 4.7 A 0.00 A 0.00 A 0.00 A 20 A 32 A 48 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 167 A 50 A 310 A 174 A 205 A 42 A 4.0 A 0.00 A 0.00 A 0.00 A 18 A 32 A 56 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 114 A 45 A 290 A 162 A 185 A 40 A 4.7 A 0.00 A 0.00 A 0.00 A 19 A 31 A 54 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 84 A 38 A 237 A 174 A 42 A 5.5 A 0.00 A 0.00 A 0.00 A 19 A 28 A 205 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 0.00 A 65 A 37 A 262 A 196 A 43 A 6.0 A 0.00 A 0.00 A 0.00 A 19 A 29 A 192 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
0.00 A 71 A 34 A 246 A 42 A 0.00 A 0.00 A 19 A 181 A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---


31 31 28 31 30 31 30 31 31 30 31
1,190 84 391 1,320 1,130 305 38 8 30 102 205


0 22 25 162 174 40 4 0 0 16 28


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
1944 1944 1944 1944 1944 1944 1944 1944 1945 1945 1945 1945 1945 1945 1945 1945 1945 1945 1945 1945 1946 1946 1946 1946 1946 1946 1946 1946 1946 1946 1946 1946 1947 1947 1947 1947 1947 1947 1947 1947 1947 1947 1947


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1947 1948 1948 1948 1948 1948 1948 1948 1948 1948 1948 1948 1948 1949 1949 1949 1949 1949 1949 1949 1949 1949 1949 1949 1949
0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
1950 1950 1950 1950 1950 1950 1950 1950 1950 1950 1950 1950 1951 1951 1951 1951 1951 1951 1951 1951 1951 1951 1951 1951 1952 1952 1952 1952 1952 1952 1952 1952 1952 1952 1952 1952 1953 1953 1953 1953 1953 1953 1953


1 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


2 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


3 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


4 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


5 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


6 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


7 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


8 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


9 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


10 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


11 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


12 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


13 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


14 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


15 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.90 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


16 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.60 A 0.00 A 205 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


17 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 242 A 0.40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


18 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 0.00 A 49 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


19 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.50 A 0.00 A 3.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


20 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


21 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


22 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


23 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


24 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


25 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


26 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


27 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


28 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


29 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


30 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


31 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


COUNT 31 31 30 30
MAX 19 242 0.4 0.1
MIN 0 0 0 0


DATE


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
1953 1953 1953 1953 1953 1954 1954 1954 1954 1954 1954 1954 1954 1954 1954 1954 1954 1955 1955 1955 1955 1955 1955 1955 1955 1955 1955 1955 1955 1956 1956 1956 1956 1956 1956 1956 1956 1956 1956 1956 1956 1957 1957
0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1957 1957 1957 1957 1957 1957 1957 1957 1957 1957 1958 1958 1958 1958 1958 1958 1958 1958 1958 1958 1958 1958 1959 1959 1959 1959 1959 1959 1959 1959 1959 1959 1959 1959 1960 1960 1960 1960 1960 1960 1960 1960 1960
0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 172 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 71 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 399 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 662 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 45 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 11 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.4 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.90 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A
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EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
1960 1960 1960 1961 1961 1961 1961 1961 1961 1961 1961 1961 1961 1961 1961 1962 1962 1962 1962 1962 1962 1962 1962 1962 1962 1962 1962 1963 1963 1963 1963 1963 1963 1963 1963 1963 1963 1963 1963 1964 1964 1964 1964
0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
1964 1964 1964 1964 1964 1964 1964 1964 1965 1965 1965 1965 1965 1965 1965 1965 1965 1965 1965 1965 1966 1966 1966 1966 1966 1966 1966 1966 1966 1966 1966 1966 1967 1967 1967 1967 1967 1967 1967 1967 1967 1967 1967
0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 4.7 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 2.4 A 0.00 A 0.70 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 3.8 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 1.2 A 0.00 A 1.2 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.4 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 1.5 A 0.00 A 1.4 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.2 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 2.6 A 0.00 A 0.80 A 0.40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.6 A 1.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 1.2 A 0.00 A 0.70 A 0.40 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.6 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 191 A 0.00 A 0.70 A 0.00 A 0.70 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.6 A 3.8 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1,700 A 0.00 A 0.40 A 0.00 A 0.60 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.4 A 5.3 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 57 A 0.00 A 0.30 A 0.00 A 0.60 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.2 A 3.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 0.00 A 0.20 A 0.00 A 0.50 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.80 A 1.8 A 2.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 11 A 0.00 A 0.10 A 0.00 A 0.40 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.4 A 1.6 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 12 A 0.00 A 0.10 A 0.00 A 4.8 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.7 A 1.5 A 1.4 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.8 A 0.00 A 0.10 A 0.00 A 24 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.7 A 1.4 A 0.90 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.0 A 0.00 A 0.00 A 0.10 A 6.3 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 5.0 A 1.2 A 0.60 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.4 A 0.00 A 0.00 A 4.6 A 3.2 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 7.3 A 1.2 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.6 A 0.00 A 0.00 A 6.3 A 2.3 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 15 A 1.1 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.0 A 0.00 A 0.00 A 2.8 A 1.4 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 16 A 1.0 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.90 A 0.00 A 0.00 A 1.9 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 12 A 0.90 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.70 A 0.00 A 0.10 A 1.5 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 8.9 A 0.90 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.50 A 0.00 A 0.10 A 1.0 A 1.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.9 A 1.1 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.40 A 0.00 A 0.00 A 0.70 A 4.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.7 A 1.2 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.30 A 0.00 A 0.00 A 0.40 A 3.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 4.4 A 1.1 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.20 A 0.10 A 0.00 A 0.30 A 4.1 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.2 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 139 A 3.6 A 1.1 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 21 A 0.20 A 0.30 A 8.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 3.8 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 46 A 2.8 A 1.1 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 17 A 0.40 A 0.20 A 3.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.9 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 12 A 2.6 A 0.90 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 195 A 0.20 A 0.20 A 2.1 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.50 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 5.8 A 2.0 A 0.70 A 0.10 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 22 A 0.20 A 0.20 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 2.8 A 1.6 A 0.60 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 12 A 0.10 A 0.20 A 1.2 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.0 A 1.4 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 7.6 A 0.00 A 0.20 A 1.0 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.60 A 1.5 A 0.20 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 5.2 A 0.20 A 0.80 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.40 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.30 A 3.4 A 0.50 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 4.4 A 0.10 A 0.70 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 1.5 A


0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 6.2 A 1.5 A 0.00 A 0.00 A 0.00 A 0.00 A 0.00 A 0.10 A 3.6 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A


30 31 31 28 31 31 28 31 30 31 30
139 16 4.7 5.3 1,700 195 2.6 6.3 24 0.5 3.8


0 0 0.2 0 0 0 0 0 0.4 0 0


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1967 1968 1968 1968 1968 1968 1968 1968 1968 1968 1968 1968 1968 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
4.6 A 3.1 A 2.1 A 2.2 A 2.8 A 2.6 A 1.8 A 5.0 A 1.4 A 0.40 A 1.3 A 1.9 A 1.5 A 2.6 A 30 A 82 A 20 A 5.8 A 3.4 A 2.5 A 1.9 A 1.1 A 0.32 A 0.32 A 1.5 A


2.1 A 2.9 A 2.1 A 2.1 A 5.4 A 2.6 A 1.7 A 3.6 A 1.4 A 0.30 A 1.4 A 1.9 A 1.5 A 2.6 A 28 A 66 A 18 A 5.6 A 3.3 A 2.5 A 1.9 A 1.1 A 0.32 A 0.23 A 1.8 A


1.6 A 2.8 A 2.1 A 2.1 A 8.0 A 2.6 A 1.6 A 3.0 A 1.4 A 0.30 A 1.4 A 1.9 A 1.5 A 2.4 A 27 A 60 A 35 A 5.4 A 3.3 A 2.5 A 1.8 A 1.0 A 0.32 A 0.23 A 2.1 A


1.0 A 2.8 A 2.1 A 2.0 A 4.6 A 2.6 A 1.5 A 2.6 A 1.4 A 0.30 A 1.4 A 1.9 A 1.5 A 2.3 A 27 A 58 A 20 A 5.2 A 3.2 A 2.4 A 1.8 A 1.0 A 0.23 A 0.11 A 2.5 A


0.90 A 2.7 A 2.1 A 2.0 A 3.8 A 2.6 A 1.5 A 2.3 A 1.4 A 0.30 A 1.4 A 1.9 A 1.5 A 2.4 A 27 A 56 A 18 A 5.0 A 3.2 A 2.4 A 1.8 A 0.97 A 0.16 A 0.42 A 2.1 A


1.2 A 2.6 A 2.0 A 2.0 A 3.2 A 2.6 A 1.4 A 2.0 A 1.3 A 0.30 A 1.4 A 2.0 A 1.6 A 2.6 A 105 A 55 A 23 A 4.9 A 3.2 A 2.4 A 1.8 A 0.94 A 0.16 A 0.54 A 2.1 A


1.4 A 2.5 A 2.0 A 2.0 A 3.2 A 2.6 A 1.4 A 1.9 A 1.3 A 0.40 A 1.4 A 2.0 A 1.5 A 2.4 A 197 A 54 A 18 A 4.7 A 3.1 A 2.4 A 1.7 A 0.91 A 0.85 A 1.8 A 2.1 A


1.2 A 2.5 A 1.9 A 36 A 3.2 A 2.6 A 1.4 A 1.8 A 1.2 A 0.40 A 1.4 A 2.0 A 1.4 A 2.4 A 76 A 53 A 17 A 4.6 A 3.1 A 2.4 A 1.7 A 0.90 A 1.8 A 6.9 A 2.1 A


0.80 A 2.4 A 1.9 A 77 A 3.2 A 2.6 A 1.3 A 1.7 A 1.2 A 0.40 A 1.4 A 2.0 A 1.2 A 2.4 A 59 A 52 A 16 A 4.6 A 3.0 A 2.4 A 1.7 A 0.87 A 2.8 A 8.4 A 2.8 A


0.70 A 2.4 A 2.0 A 36 A 3.2 A 2.6 A 1.3 A 1.6 A 1.1 A 0.50 A 1.4 A 2.0 A 1.1 A 2.4 A 52 A 51 A 15 A 4.5 A 3.0 A 2.4 A 1.7 A 0.84 A 3.3 A 7.6 A 2.8 A


0.70 A 2.4 A 2.0 A 30 A 3.2 A 2.7 A 1.3 A 1.6 A 1.1 A 0.50 A 1.5 A 2.0 A 1.2 A 2.4 A 48 A 50 A 14 A 4.5 A 3.0 A 2.3 A 1.6 A 0.81 A 3.3 A 3.3 A 2.5 A


0.70 A 2.3 A 1.9 A 26 A 3.2 A 2.7 A 1.3 A 1.5 A 1.0 A 0.50 A 1.5 A 2.0 A 1.2 A 2.4 A 42 A 50 A 13 A 4.5 A 2.9 A 2.3 A 1.6 A 0.77 A 2.1 A 3.3 A 2.5 A


1.0 A 2.3 A 2.5 A 21 A 3.2 A 2.7 A 1.2 A 1.5 A 1.0 A 0.60 A 1.5 A 2.0 A 1.6 A 2.4 A 40 A 65 A 12 A 4.4 A 2.9 A 2.3 A 1.6 A 0.75 A 1.8 A 4.3 A 2.1 A


1.0 A 2.3 A 2.7 A 18 A 3.2 A 2.7 A 1.2 A 1.5 A 0.90 A 0.60 A 1.5 A 2.0 A 1.8 A 3.5 A 38 A 117 A 12 A 4.3 A 2.9 A 2.3 A 1.6 A 0.73 A 2.5 A 4.3 A 1.8 A


1.5 A 2.3 A 3.5 A 12 A 3.2 A 2.7 A 1.2 A 1.5 A 0.90 A 0.60 A 1.5 A 2.0 A 1.8 A 3.0 A 37 A 34 A 12 A 4.2 A 2.8 A 2.3 A 1.5 A 0.70 A 3.8 A 4.9 A 1.8 A


1.9 A 2.3 A 3.2 A 7.3 A 3.2 A 2.7 A 1.2 A 1.5 A 0.90 A 0.70 A 1.6 A 2.0 A 1.8 A 2.5 A 36 A 25 A 11 A 4.2 A 2.8 A 2.3 A 1.5 A 0.67 A 4.3 A 4.9 A 2.5 A


2.8 A 2.3 A 3.2 A 5.4 A 3.2 A 2.7 A 1.2 A 1.5 A 0.90 A 0.70 A 1.6 A 1.9 A 1.8 A 2.5 A 37 A 20 A 11 A 4.1 A 2.8 A 2.3 A 1.5 A 0.65 A 3.8 A 3.8 A 2.5 A


12 A 2.3 A 3.1 A 11 A 3.2 A 2.7 A 1.1 A 1.5 A 0.80 A 0.70 A 1.6 A 1.8 A 1.6 A 3.1 A 46 A 20 A 10 A 4.0 A 2.8 A 2.2 A 1.5 A 0.62 A 4.9 A 3.8 A 2.1 A


74 A 2.3 A 3.0 A 4.1 A 3.2 A 2.7 A 1.1 A 1.5 A 0.80 A 0.80 A 1.6 A 1.7 A 1.6 A 4.8 A 66 A 17 A 10 A 4.0 A 2.8 A 2.2 A 1.4 A 0.59 A 4.3 A 4.3 A 2.1 A


52 A 2.2 A 2.9 A 4.0 A 3.2 A 2.7 A 1.1 A 1.5 A 0.80 A 0.80 A 1.6 A 1.7 A 1.6 A 3.9 A 93 A 17 A 10 A 3.9 A 2.7 A 2.2 A 1.4 A 0.56 A 3.8 A 4.3 A 2.1 A


25 A 2.2 A 2.8 A 3.8 A 3.0 A 2.8 A 1.1 A 1.4 A 0.70 A 0.90 A 1.7 A 1.6 A 1.8 A 3.4 A 61 A 48 A 9.4 A 3.9 A 2.7 A 2.2 A 1.4 A 0.54 A 3.8 A 4.3 A 2.5 A


18 A 2.1 A 2.7 A 3.7 A 3.0 A 2.8 A 1.1 A 1.4 A 0.70 A 0.90 A 1.7 A 1.6 A 1.8 A 3.0 A 129 A 164 A 8.8 A 3.8 A 2.7 A 2.1 A 1.4 A 0.52 A 2.5 A 4.3 A 2.8 A


14 A 2.1 A 2.6 A 3.6 A 3.0 A 2.8 A 1.1 A 1.4 A 0.70 A 1.0 A 1.7 A 1.6 A 1.9 A 2.9 A 106 A 67 A 8.4 A 3.7 A 2.7 A 2.1 A 1.3 A 0.50 A 1.8 A 4.3 A 2.5 A


8.0 A 2.0 A 2.5 A 3.5 A 3.0 A 2.8 A 1.1 A 1.4 A 0.60 A 1.0 A 1.7 A 1.6 A 2.1 A 3.1 A 1,280 A 53 A 8.0 A 3.7 A 2.6 A 2.1 A 1.3 A 0.47 A 2.1 A 2.8 A 2.1 A


5.7 A 2.0 A 2.4 A 3.4 A 3.0 A 2.8 A 1.0 A 1.4 A 0.60 A 1.1 A 1.7 A 1.5 A 2.3 A 491 A 2,340 A 34 A 7.5 A 3.6 A 2.6 A 2.1 A 1.3 A 0.45 A 3.3 A 2.8 A 2.1 A


4.8 A 2.0 A 2.4 A 3.3 A 2.9 A 2.8 A 1.0 A 1.4 A 0.60 A 1.1 A 1.8 A 1.5 A 2.6 A 738 A 3,340 A 28 A 7.2 A 3.6 A 2.6 A 2.0 A 1.2 A 0.42 A 3.8 A 2.5 A 2.1 A


4.3 A 2.5 A 2.3 A 3.2 A 2.8 A 2.8 A 1.0 A 1.4 A 0.50 A 1.2 A 1.8 A 1.5 A 2.6 A 184 A 202 A 27 A 6.8 A 3.5 A 2.6 A 2.0 A 1.2 A 0.40 A 3.3 A 2.5 A 2.5 A


4.0 A 2.5 A 2.2 A 3.1 A 2.7 A 2.7 A 1.0 A 1.4 A 0.50 A 1.2 A 1.8 A 1.5 A 2.8 A 71 A 117 A 25 A 6.5 A 3.5 A 2.6 A 2.0 A 1.2 A 0.38 A 2.1 A 2.1 A 2.1 A


3.7 A 2.4 A 2.2 A 3.0 A 2.7 A 2.6 A 1.0 A 1.4 A 0.50 A 1.3 A 1.8 A 1.5 A 3.0 A 40 A 23 A 6.3 A 3.5 A 2.5 A 2.0 A 1.2 A 0.36 A 1.8 A 1.8 A 1.5 A


3.5 A 2.3 A 2.9 A 2.7 A 2.3 A 1.0 A 1.4 A 0.40 A 1.3 A 1.8 A 1.5 A 2.8 A 35 A 23 A 6.0 A 3.4 A 2.5 A 2.0 A 1.1 A 0.34 A 0.85 A 1.5 A 2.5 A


3.3 A 2.2 A 2.8 A 2.0 A 1.4 A 0.40 A 1.8 A 2.8 A 32 A 22 A 3.4 A 1.9 A 1.1 A 0.42 A 3.3 A


31 31 29 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31
74 3.1 3.5 77 8 2.8 1.8 5 1.4 1.3 1.8 2 3 738 3,340 164 35 5.8 3.4 2.5 1.9 1.1 4.9 8.4 3.3
0.7 2 1.9 2 2.7 2 1 1.4 0.4 0.3 1.3 1.5 1.1 2.3 27 17 6 3.4 2.5 1.9 1.1 0.34 0.16 0.11 1.5


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
1970 1970 1970 1970 1970 1970 1970 1970 1970 1970 1970 1970 1971 1971 1971 1971 1971 1971 1971 1971 1971 1971 1971 1971 1972 1972 1972 1972 1972 1972 1972 1972 1972 1972 1972 1972 1973 1973 1973 1973 1973 1973 1973


1 3.8 A 2.1 A 45 A 2.8 A 2.8 A 3.6 A 4.3 A 2.5 A 3.0 A 3.3 A 4.2 A 10 A 7.5 A 7.0 A 6.2 A 4.7 A 5.3 A 4.9 A 4.4 A 4.2 A 3.3 A 4.0 A 4.6 A 5.1 A 12 A 6.2 A 7.6 A 5.1 A 4.0 A 3.2 A 4.2 A 4.0 A 4.6 A 4.6 A 5.7 A 7.1 A 6.6 A 8.2 A 22 A 28 A 9.3 A 6.6 A 5.4 A


2 3.3 A 2.1 A 264 A 2.8 A 2.5 A 3.7 A 3.3 A 2.5 A 3.0 A 3.3 A 4.2 A 9.0 A 7.5 A 7.0 A 5.5 A 4.7 A 5.1 A 4.7 A 4.4 A 4.2 A 3.3 A 4.0 A 4.9 A 5.1 A 10 A 6.4 A 7.3 A 4.9 A 4.6 A 3.4 A 4.0 A 4.2 A 4.4 A 4.6 A 5.9 A 7.2 A 6.6 A 8.1 A 24 A 27 A 9.0 A 6.5 A 5.3 A


3 3.3 A 2.5 A 67 A 3.3 A 2.1 A 3.8 A 2.5 A 2.5 A 3.0 A 3.3 A 4.2 A 8.0 A 7.7 A 6.8 A 5.5 A 4.9 A 4.9 A 4.4 A 4.4 A 4.2 A 3.3 A 3.6 A 5.1 A 5.3 A 9.0 A 6.4 A 7.3 A 4.7 A 5.1 A 3.4 A 3.8 A 4.4 A 4.0 A 4.7 A 6.1 A 7.1 A 6.7 A 7.8 A 22 A 26 A 9.0 A 6.0 A 5.3 A


4 3.3 A 2.8 A 16 A 2.8 A 1.8 A 4.3 A 2.5 A 2.5 A 3.0 A 3.3 A 3.5 A 7.2 A 7.7 A 6.8 A 5.9 A 4.6 A 4.9 A 4.2 A 4.4 A 4.2 A 3.2 A 3.2 A 4.9 A 5.5 A 8.4 A 6.2 A 7.3 A 4.6 A 4.6 A 3.4 A 3.6 A 4.6 A 3.8 A 4.9 A 6.1 A 7.4 A 7.1 A 7.8 A 21 A 24 A 8.6 A 5.9 A 5.2 A


5 3.3 A 3.3 A 53 A 2.5 A 1.8 A 3.3 A 2.8 A 2.5 A 3.0 A 3.3 A 3.7 A 6.4 A 6.6 A 6.8 A 5.7 A 4.6 A 5.3 A 4.2 A 4.4 A 4.4 A 2.9 A 3.1 A 4.9 A 5.3 A 7.1 A 5.7 A 7.1 A 4.7 A 4.4 A 3.4 A 3.8 A 4.6 A 3.6 A 4.6 A 5.9 A 8.7 A 7.4 A 7.6 A 22 A 22 A 7.8 A 6.0 A 5.2 A


6 3.3 A 3.3 A 66 A 3.3 A 1.9 A 3.3 A 3.3 A 2.6 A 3.1 A 3.3 A 4.0 A 5.7 A 6.2 A 6.7 A 5.7 A 4.6 A 5.7 A 4.4 A 4.0 A 4.6 A 2.9 A 3.1 A 4.7 A 5.3 A 6.6 A 6.9 A 7.1 A 4.6 A 4.4 A 3.8 A 4.2 A 4.4 A 3.8 A 4.6 A 5.7 A 9.0 A 7.4 A 8.0 A 24 A 21 A 7.2 A 6.1 A 5.2 A


7 3.3 A 3.8 A 39 A 3.3 A 1.9 A 3.3 A 3.8 A 2.6 A 3.1 A 3.3 A 3.8 A 5.5 A 5.9 A 6.6 A 5.7 A 4.6 A 5.9 A 4.4 A 3.8 A 3.8 A 2.9 A 3.4 A 3.8 A 5.5 A 6.9 A 6.9 A 8.1 A 4.7 A 4.2 A 4.4 A 4.6 A 4.2 A 4.2 A 4.6 A 5.5 A 8.8 A 7.2 A 8.2 A 27 A 19 A 7.0 A 6.1 A 5.2 A


8 3.3 A 3.8 A 13 A 2.8 A 2.0 A 3.8 A 4.3 A 2.6 A 3.1 A 3.3 A 3.7 A 5.3 A 6.4 A 6.6 A 5.7 A 4.6 A 6.2 A 4.6 A 3.8 A 3.5 A 2.9 A 3.6 A 4.0 A 5.3 A 6.9 A 6.9 A 7.6 A 4.6 A 4.0 A 4.9 A 4.4 A 4.4 A 4.6 A 4.4 A 5.8 A 8.7 A 7.2 A 8.6 A 30 A 19 A 7.2 A 6.1 A 5.1 A


9 3.3 A 3.8 A 12 A 2.8 A 2.1 A 3.8 A 4.9 A 2.6 A 3.1 A 3.3 A 3.5 A 5.5 A 6.6 A 5.9 A 5.5 A 4.7 A 7.2 A 4.9 A 3.8 A 3.3 A 3.0 A 3.6 A 4.7 A 5.3 A 6.4 A 7.3 A 7.3 A 4.4 A 4.2 A 5.3 A 4.0 A 4.7 A 5.1 A 4.5 A 6.1 A 8.7 A 7.2 A 8.7 A 44 A 18 A 7.4 A 5.9 A 5.4 A


10 3.8 A 8.4 A 11 A 3.3 A 2.2 A 4.3 A 4.3 A 2.6 A 3.1 A 3.3 A 4.0 A 5.5 A 6.4 A 6.2 A 5.1 A 4.4 A 6.6 A 5.3 A 3.8 A 3.5 A 3.3 A 3.6 A 4.7 A 5.3 A 6.0 A 7.6 A 7.1 A 4.2 A 4.6 A 4.9 A 4.0 A 4.7 A 5.1 A 4.6 A 6.1 A 8.4 A 7.6 A 8.7 A 96 A 18 A 7.4 A 5.8 A 5.5 A


11 5.5 A 12 A 10 A 3.3 A 2.2 A 4.3 A 4.3 A 2.7 A 3.1 A 3.2 A 4.4 A 5.7 A 6.2 A 6.6 A 4.9 A 4.9 A 6.2 A 5.3 A 3.7 A 3.3 A 3.5 A 3.4 A 5.1 A 5.3 A 5.7 A 7.1 A 6.9 A 4.2 A 4.6 A 4.4 A 4.0 A 4.7 A 4.9 A 4.6 A 6.6 A 8.0 A 7.8 A 9.7 A 62 A 18 A 7.4 A 5.6 A 5.4 A


12 6.2 A 11 A 9.4 A 2.5 A 2.3 A 4.3 A 3.8 A 2.7 A 3.1 A 3.3 A 4.2 A 5.5 A 6.6 A 6.6 A 4.9 A 5.1 A 6.2 A 5.1 A 3.5 A 3.3 A 3.3 A 4.0 A 5.3 A 5.1 A 6.2 A 7.1 A 6.9 A 4.6 A 5.1 A 4.2 A 4.4 A 4.7 A 4.7 A 4.8 A 6.7 A 7.4 A 7.8 A 41 A 100 A 17 A 7.1 A 5.8 A 5.4 A


13 4.9 A 10 A 13 A 2.8 A 2.4 A 3.8 A 3.3 A 2.7 A 3.1 A 3.5 A 4.6 A 5.1 A 6.8 A 6.4 A 5.1 A 4.9 A 6.4 A 5.1 A 3.3 A 3.3 A 3.2 A 4.0 A 5.1 A 5.3 A 7.6 A 6.9 A 6.9 A 5.1 A 5.1 A 4.2 A 4.6 A 4.6 A 5.1 A 4.9 A 6.5 A 7.4 A 7.8 A 113 A 132 A 16 A 7.0 A 5.9 A 5.6 A


14 4.3 A 8.4 A 9.4 A 3.3 A 2.5 A 3.8 A 3.8 A 2.7 A 3.1 A 3.7 A 3.8 A 4.9 A 6.8 A 6.4 A 5.5 A 6.6 A 6.2 A 5.1 A 3.3 A 3.3 A 3.2 A 4.0 A 3.8 A 5.3 A 7.3 A 6.9 A 6.9 A 5.1 A 4.4 A 4.6 A 4.7 A 4.4 A 4.9 A 4.9 A 7.1 A 7.5 A 7.6 A 126 A 93 A 15 A 6.8 A 6.0 A 6.2 A


15 4.3 A 6.9 A 7.6 A 3.3 A 2.5 A 3.8 A 3.8 A 2.7 A 3.1 A 3.7 A 3.2 A 4.7 A 7.0 A 6.2 A 5.9 A 8.0 A 5.7 A 4.9 A 3.7 A 3.3 A 3.2 A 4.4 A 4.6 A 5.5 A 6.4 A 6.9 A 7.1 A 4.7 A 3.8 A 4.7 A 4.7 A 4.2 A 4.2 A 4.9 A 8.8 A 7.5 A 7.6 A 91 A 64 A 16 A 7.0 A 5.8 A 5.4 A


16 4.9 A 6.9 A 6.9 A 3.8 A 2.6 A 4.3 A 3.8 A 2.8 A 3.2 A 3.8 A 3.5 A 4.9 A 7.5 A 6.4 A 6.2 A 8.0 A 5.7 A 4.7 A 3.3 A 3.3 A 3.2 A 4.6 A 4.7 A 5.5 A 6.2 A 7.1 A 7.1 A 4.6 A 3.6 A 4.6 A 4.2 A 4.6 A 4.4 A 4.7 A 9.5 A 7.5 A 8.2 A 62 A 42 A 16 A 7.1 A 5.5 A 5.3 A


17 12 A 6.9 A 6.2 A 4.3 A 2.7 A 4.3 A 3.3 A 2.8 A 3.2 A 4.0 A 3.5 A 6.6 A 7.7 A 9.0 A 5.9 A 6.8 A 5.7 A 4.9 A 3.7 A 3.3 A 3.5 A 5.1 A 4.9 A 5.5 A 7.1 A 7.3 A 7.1 A 4.6 A 4.0 A 4.7 A 3.8 A 4.9 A 4.4 A 4.9 A 11 A 7.5 A 9.3 A 39 A 35 A 15 A 7.2 A 5.5 A 5.4 A


18 22 A 6.9 A 4.9 A 2.8 A 2.7 A 4.3 A 1.8 A 2.8 A 3.2 A 4.2 A 3.5 A 7.7 A 8.0 A 10 A 5.9 A 5.9 A 4.6 A 4.9 A 3.7 A 3.3 A 3.5 A 4.7 A 5.3 A 5.5 A 7.3 A 7.6 A 6.9 A 4.6 A 4.2 A 4.9 A 3.4 A 4.9 A 4.4 A 5.5 A 11 A 7.2 A 11 A 44 A 32 A 16 A 7.2 A 5.4 A 5.3 A


19 13 A 4.9 A 4.3 A 2.5 A 2.8 A 4.3 A 1.8 A 2.8 A 3.2 A 4.4 A 3.5 A 17 A 7.6 A 9.3 A 5.7 A 5.3 A 4.6 A 4.9 A 4.0 A 3.3 A 3.3 A 4.4 A 5.5 A 5.3 A 7.1 A 7.1 A 6.4 A 4.9 A 3.8 A 5.3 A 4.4 A 4.6 A 4.6 A 6.0 A 10 A 7.0 A 21 A 30 A 31 A 15 A 7.1 A 5.5 A 5.3 A


20 7.6 A 4.9 A 3.8 A 4.3 A 2.8 A 4.3 A 1.8 A 2.8 A 3.2 A 4.4 A 3.5 A 20 A 7.4 A 8.2 A 5.5 A 6.6 A 5.1 A 4.9 A 3.8 A 3.3 A 3.2 A 4.7 A 5.3 A 5.3 A 7.1 A 7.1 A 6.0 A 5.1 A 3.4 A 4.6 A 5.1 A 4.0 A 4.9 A 6.1 A 9.0 A 7.1 A 23 A 29 A 37 A 14 A 7.6 A 5.6 A 5.3 A


21 4.3 A 4.9 A 2.8 A 4.3 A 2.9 A 3.8 A 2.1 A 2.9 A 3.2 A 4.4 A 3.5 A 19 A 7.4 A 7.5 A 5.1 A 6.6 A 5.3 A 4.9 A 3.7 A 3.3 A 3.3 A 4.7 A 4.9 A 5.1 A 7.1 A 7.1 A 5.7 A 4.9 A 3.2 A 4.4 A 5.1 A 4.0 A 5.5 A 6.0 A 8.4 A 7.1 A 27 A 25 A 59 A 13 A 6.7 A 5.5 A 5.3 A


22 3.8 A 4.9 A 3.3 A 3.8 A 2.9 A 2.8 A 2.5 A 2.9 A 3.2 A 4.6 A 3.5 A 20 A 7.2 A 7.2 A 4.7 A 5.7 A 5.3 A 4.9 A 3.3 A 3.3 A 3.7 A 4.7 A 4.7 A 6.2 A 6.6 A 6.9 A 5.7 A 5.1 A 3.4 A 4.2 A 4.7 A 4.0 A 5.5 A 5.7 A 8.1 A 7.1 A 19 A 22 A 88 A 12 A 6.8 A 5.3 A 5.2 A


23 3.8 A 4.9 A 2.8 A 3.3 A 3.0 A 3.3 A 2.5 A 2.9 A 3.2 A 4.6 A 3.6 A 24 A 7.2 A 8.0 A 4.9 A 5.1 A 5.1 A 4.7 A 3.3 A 3.5 A 3.7 A 4.9 A 4.6 A 7.9 A 6.4 A 6.9 A 5.7 A 4.4 A 3.8 A 4.0 A 4.6 A 4.2 A 5.5 A 5.4 A 8.1 A 7.1 A 15 A 22 A 79 A 12 A 6.8 A 5.2 A 5.1 A


24 3.3 A 3.8 A 2.8 A 3.3 A 3.1 A 3.3 A 2.5 A 2.9 A 3.2 A 4.4 A 3.6 A 18 A 7.0 A 7.2 A 5.5 A 5.1 A 5.1 A 4.4 A 3.7 A 3.2 A 3.7 A 4.7 A 4.6 A 17 A 6.2 A 7.3 A 6.0 A 4.2 A 4.4 A 3.6 A 4.4 A 4.6 A 5.3 A 5.4 A 8.1 A 7.0 A 13 A 21 A 67 A 12 A 6.8 A 5.0 A 5.1 A


25 2.5 A 3.8 A 2.8 A 3.8 A 3.1 A 3.8 A 2.1 A 2.9 A 3.2 A 4.2 A 4.3 A 13 A 7.0 A 7.0 A 5.9 A 5.1 A 5.1 A 4.6 A 3.8 A 3.7 A 3.7 A 4.0 A 4.7 A 38 A 6.2 A 7.8 A 6.0 A 4.2 A 4.4 A 3.2 A 4.4 A 4.7 A 4.9 A 5.5 A 7.8 A 6.7 A 12 A 19 A 42 A 12 A 6.8 A 5.1 A 5.3 A


26 2.5 A 4.3 A 2.8 A 4.3 A 3.2 A 3.8 A 2.1 A 3.0 A 3.3 A 4.2 A 5.7 A 10 A 7.0 A 6.8 A 5.7 A 5.1 A 5.1 A 4.6 A 4.0 A 3.5 A 3.5 A 3.8 A 4.6 A 38 A 6.4 A 8.1 A 5.5 A 4.6 A 4.2 A 3.1 A 4.7 A 4.7 A 4.7 A 5.5 A 7.4 A 6.6 A 11 A 21 A 38 A 11 A 6.8 A 5.3 A 5.3 A


27 2.5 A 4.3 A 2.5 A 4.3 A 3.3 A 3.3 A 2.5 A 3.0 A 3.3 A 4.0 A 4.9 A 9.0 A 7.0 A 6.6 A 5.3 A 5.1 A 5.1 A 4.4 A 3.7 A 3.5 A 3.3 A 4.6 A 4.9 A 26 A 6.4 A 7.8 A 5.3 A 4.6 A 3.8 A 3.1 A 6.0 A 4.4 A 5.1 A 5.1 A 6.8 A 6.6 A 10 A 22 A 35 A 10 A 6.8 A 5.5 A 5.3 A


28 2.5 A 5.6 A 1.8 A 3.8 A 3.4 A 3.3 A 2.5 A 3.0 A 3.3 A 4.2 A 4.3 A 8.2 A 7.0 A 6.2 A 5.3 A 5.1 A 5.1 A 4.4 A 3.8 A 3.3 A 3.5 A 4.7 A 5.3 A 27 A 6.6 A 7.8 A 5.1 A 4.0 A 3.4 A 3.4 A 4.7 A 4.2 A 5.3 A 5.8 A 6.6 A 7.0 A 9.5 A 24 A 34 A 9.7 A 6.8 A 5.6 A 5.0 A


29 2.5 A 3.8 A 3.3 A 3.4 A 2.8 A 2.5 A 3.0 A 3.3 A 4.4 A 8.9 A 8.0 A 7.0 A 5.3 A 5.1 A 5.5 A 4.4 A 3.7 A 3.3 A 3.8 A 4.7 A 5.3 A 32 A 6.9 A 7.8 A 5.3 A 4.2 A 3.2 A 4.2 A 4.7 A 4.0 A 5.3 A 5.8 A 6.6 A 7.1 A 8.8 A 32 A 9.5 A 6.8 A 5.5 A 5.0 A


30 2.1 A 3.8 A 2.8 A 3.5 A 3.3 A 2.5 A 3.0 A 3.3 A 4.4 A 6.9 A 7.7 A 7.0 A 5.3 A 5.1 A 5.7 A 4.4 A 3.7 A 3.0 A 3.8 A 4.6 A 5.3 A 21 A 6.4 A 5.5 A 4.0 A 3.1 A 4.6 A 4.4 A 4.2 A 5.3 A 5.7 A 7.0 A 7.0 A 8.7 A 31 A 9.5 A 6.6 A 5.6 A 5.0 A


31 2.1 A 2.8 A 3.5 A 2.5 A 3.0 A 4.0 A 7.2 A 7.0 A 5.1 A 5.5 A 4.0 A 3.3 A 4.6 A 15 A 6.2 A 5.3 A 3.2 A 3.8 A 3.8 A 5.5 A 6.8 A 8.2 A 31 A 6.5 A 5.0 A


COUNT 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31
MAX 22 12 264 4.3 3.5 4.3 4.9 3 3.3 4.6 8.9 24 8 10 6.2 8 7.2 5.3 4.4 4.6 3.8 5.1 5.5 38 12 8.1 8.1 5.1 5.1 5.3 6 4.9 5.5 6.1 11 9 27 126 132 28 9.3 6.6 6.2
MIN 2.1 2.1 1.8 2.5 1.8 2.8 1.8 2.5 3 3.2 3.2 4.7 5.9 5.9 4.7 4.4 4.6 4.2 3.3 3 2.9 3.1 3.8 5.1 5.7 5.7 5.1 4 3.1 3.1 3.4 3.8 3.6 4.4 5.5 6.6 6.6 7.6 21 9.5 6.5 5 5


DATE


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
1973 1973 1973 1973 1973 1974 1974 1974 1974 1974 1974 1974 1974 1974 1974 1974 1974 1975 1975 1975 1975 1975 1975 1975 1975 1975 1975 1975 1975 1976 1976 1976 1976 1976 1976 1976 1976 1976 1976 1976 1976 1977 1977
5.1 A 5.8 A 5.6 A 6.0 A 9.3 A 9.0 A 21 A 16 A 20 A 4.6 A 3.2 A 1.8 A 1.5 A 1.0 A 2.7 A 3.5 A 1.7 A 4.2 A 3.5 A 12 A 17 A 23 A 5.3 A 4.2 A 1.7 A 2.7 A 2.2 A 2.2 A 8.2 A 4.9 A 5.6 A 22 A 14 A 10 A 3.0 A 1.8 A 1.3 A 0.91 A 1.4 A 1.1 A 2.1 A 18 A 27 A


5.2 A 5.9 A 5.5 A 5.3 A 9.8 A 9.2 A 21 A 20 A 22 A 4.8 A 3.4 A 2.0 A 1.5 A 1.0 A 1.8 A 4.8 A 1.6 A 3.8 A 6.0 A 16 A 12 A 21 A 5.2 A 3.7 A 1.8 A 2.8 A 2.2 A 2.0 A 5.5 A 8.7 A 5.5 A 42 A 13 A 9.8 A 3.0 A 1.7 A 1.2 A 0.85 A 1.4 A 1.1 A 2.1 A 27 A 27 A


5.2 A 5.9 A 5.4 A 4.8 A 9.7 A 9.2 A 19 A 23 A 20 A 4.8 A 3.5 A 1.8 A 1.2 A 1.0 A 1.3 A 5.1 A 1.5 A 5.2 A 10 A 12 A 12 A 19 A 4.8 A 3.5 A 2.0 A 2.6 A 2.5 A 2.2 A 3.6 A 5.9 A 5.9 A 65 A 13 A 9.4 A 2.8 A 1.7 A 1.2 A 0.85 A 1.3 A 1.1 A 2.2 A 40 A 27 A


5.2 A 5.8 A 5.3 A 5.9 A 9.7 A 11 A 19 A 23 A 21 A 4.4 A 4.1 A 1.8 A 1.0 A 1.1 A 1.2 A 4.7 A 6.1 A 5.1 A 13 A 9.3 A 13 A 18 A 4.8 A 3.5 A 2.1 A 2.6 A 2.5 A 2.4 A 3.2 A 4.0 A 8.5 A 81 A 14 A 9.1 A 2.7 A 1.7 A 1.2 A 0.97 A 1.1 A 1.1 A 2.3 A 38 A 26 A


5.0 A 5.8 A 5.4 A 5.6 A 9.3 A 17 A 21 A 25 A 22 A 4.4 A 3.1 A 1.8 A 0.95 A 1.1 A 1.6 A 3.7 A 6.9 A 9.6 A 14 A 9.6 A 18 A 18 A 4.4 A 3.5 A 2.1 A 2.6 A 2.5 A 2.6 A 3.0 A 3.9 A 13 A 84 A 15 A 8.7 A 2.7 A 1.9 A 1.2 A 0.97 A 1.1 A 1.1 A 2.4 A 51 A 25 A


5.1 A 5.8 A 5.5 A 5.6 A 8.8 A 14 A 22 A 25 A 21 A 4.8 A 3.7 A 2.0 A 1.0 A 1.1 A 4.1 A 3.0 A 3.5 A 8.2 A 14 A 16 A 25 A 17 A 4.2 A 3.5 A 2.1 A 2.7 A 2.5 A 2.6 A 2.9 A 3.8 A 18 A 66 A 14 A 8.7 A 2.7 A 1.9 A 1.2 A 1.0 A 1.1 A 1.1 A 2.5 A 81 A 25 A


5.1 A 5.9 A 5.3 A 6.0 A 8.7 A 30 A 18 A 25 A 19 A 5.5 A 4.2 A 2.2 A 1.1 A 1.0 A 3.6 A 3.6 A 3.2 A 7.8 A 14 A 22 A 25 A 16 A 3.8 A 3.5 A 2.2 A 2.6 A 2.6 A 2.7 A 2.9 A 3.9 A 27 A 49 A 14 A 8.8 A 2.7 A 2.0 A 1.2 A 0.97 A 1.0 A 1.0 A 2.5 A 178 A 24 A


5.2 A 5.9 A 5.3 A 6.2 A 8.7 A 110 A 17 A 51 A 18 A 5.9 A 3.9 A 1.6 A 0.95 A 1.5 A 3.1 A 3.4 A 3.2 A 8.4 A 12 A 37 A 34 A 16 A 3.7 A 3.5 A 2.4 A 2.6 A 2.5 A 2.7 A 3.0 A 4.0 A 44 A 43 A 14 A 7.8 A 2.5 A 1.9 A 1.3 A 0.91 A 1.0 A 1.0 A 2.6 A 194 A 24 A


5.3 A 5.5 A 5.6 A 6.2 A 8.2 A 349 A 16 A 73 A 16 A 5.7 A 3.8 A 2.2 A 0.95 A 1.4 A 2.2 A 3.6 A 3.0 A 6.3 A 12 A 77 A 104 A 16 A 3.5 A 3.4 A 2.4 A 2.7 A 2.0 A 2.9 A 3.2 A 5.0 A 75 A 38 A 14 A 7.2 A 2.4 A 1.7 A 1.2 A 0.85 A 1.1 A 1.0 A 2.6 A 108 A 24 A


5.4 A 5.4 A 5.6 A 6.1 A 8.0 A 130 A 15 A 90 A 15 A 5.9 A 3.4 A 1.8 A 0.95 A 1.8 A 1.9 A 5.5 A 3.1 A 6.2 A 16 A 64 A 132 A 16 A 3.4 A 3.1 A 2.4 A 2.8 A 2.0 A 2.7 A 3.3 A 4.2 A 123 A 35 A 13 A 7.1 A 2.4 A 1.7 A 1.2 A 5.1 A 0.95 A 1.1 A 2.6 A 78 A 25 A


5.3 A 6.1 A 5.8 A 5.9 A 8.4 A 80 A 14 A 68 A 15 A 5.9 A 3.2 A 1.8 A 0.95 A 2.2 A 1.7 A 4.1 A 2.8 A 7.2 A 19 A 90 A 123 A 16 A 3.1 A 3.0 A 2.5 A 2.9 A 2.6 A 2.7 A 3.3 A 4.1 A 120 A 32 A 12 A 6.9 A 2.3 A 1.7 A 1.1 A 4.0 A 0.91 A 1.1 A 2.7 A 67 A 24 A


5.3 A 8.1 A 5.9 A 5.8 A 9.2 A 58 A 16 A 52 A 14 A 5.9 A 3.2 A 1.7 A 0.95 A 1.8 A 1.8 A 4.2 A 2.7 A 8.8 A 22 A 85 A 95 A 14 A 3.2 A 3.0 A 4.6 A 3.0 A 2.7 A 2.5 A 3.4 A 4.2 A 83 A 30 A 12 A 6.8 A 2.3 A 1.7 A 1.2 A 3.5 A 0.95 A 1.5 A 2.5 A 59 A 23 A


5.3 A 7.4 A 5.6 A 5.3 A 9.5 A 44 A 16 A 43 A 14 A 6.0 A 2.9 A 1.4 A 0.95 A 1.7 A 3.5 A 5.0 A 2.7 A 6.0 A 27 A 100 A 75 A 12 A 3.2 A 3.0 A 4.1 A 3.0 A 2.6 A 2.2 A 4.9 A 4.3 A 62 A 28 A 16 A 6.5 A 2.4 A 1.7 A 1.1 A 3.1 A 1.0 A 1.7 A 2.6 A 53 A 22 A


5.3 A 6.7 A 5.6 A 5.9 A 9.3 A 42 A 16 A 39 A 13 A 5.3 A 2.6 A 1.4 A 0.95 A 1.2 A 3.2 A 2.6 A 3.1 A 5.8 A 21 A 76 A 59 A 10 A 4.2 A 3.0 A 2.5 A 3.0 A 2.6 A 2.2 A 7.6 A 4.4 A 45 A 27 A 17 A 6.4 A 2.3 A 1.6 A 1.1 A 2.9 A 1.1 A 1.5 A 2.7 A 47 A 22 A


5.4 A 6.2 A 5.6 A 5.4 A 8.8 A 31 A 15 A 35 A 13 A 5.5 A 2.7 A 1.8 A 0.95 A 1.5 A 3.0 A 2.0 A 5.9 A 4.6 A 14 A 51 A 43 A 9.9 A 5.1 A 3.0 A 2.2 A 3.0 A 2.3 A 2.2 A 8.1 A 4.4 A 37 A 26 A 19 A 5.9 A 2.2 A 1.6 A 1.0 A 2.7 A 1.2 A 1.5 A 3.0 A 43 A 22 A


5.5 A 6.0 A 5.9 A 5.4 A 8.7 A 31 A 16 A 32 A 13 A 5.0 A 2.8 A 1.6 A 0.95 A 1.6 A 1.9 A 2.1 A 6.2 A 3.5 A 17 A 51 A 38 A 10 A 5.5 A 3.0 A 2.6 A 2.9 A 2.2 A 2.5 A 6.1 A 4.2 A 32 A 24 A 28 A 5.3 A 2.3 A 1.7 A 1.0 A 2.6 A 1.2 A 1.5 A 3.1 A 40 A 21 A


5.5 A 6.0 A 6.1 A 7.0 A 9.0 A 36 A 17 A 30 A 13 A 5.1 A 2.9 A 1.5 A 0.95 A 1.7 A 1.4 A 2.1 A 6.0 A 3.4 A 18 A 47 A 41 A 10 A 5.1 A 2.8 A 3.0 A 2.9 A 2.1 A 2.7 A 3.5 A 4.3 A 29 A 24 A 23 A 4.8 A 2.2 A 1.8 A 0.97 A 2.5 A 1.2 A 1.5 A 3.3 A 38 A 20 A


6.5 A 6.0 A 6.0 A 11 A 9.5 A 30 A 17 A 27 A 12 A 4.2 A 3.1 A 1.4 A 1.2 A 1.8 A 1.3 A 2.1 A 6.3 A 3.5 A 14 A 31 A 40 A 9.9 A 4.7 A 2.6 A 2.8 A 2.8 A 1.9 A 2.7 A 3.2 A 4.4 A 27 A 24 A 27 A 4.9 A 2.2 A 1.7 A 0.97 A 2.2 A 1.3 A 1.5 A 3.7 A 36 A 19 A


7.0 A 5.9 A 5.8 A 10 A 8.7 A 29 A 17 A 26 A 11 A 4.1 A 3.2 A 1.3 A 1.2 A 1.4 A 1.6 A 2.1 A 6.3 A 5.2 A 11 A 26 A 44 A 9.7 A 7.5 A 2.6 A 2.8 A 2.7 A 1.9 A 2.5 A 3.1 A 4.7 A 26 A 22 A 27 A 4.7 A 2.1 A 1.6 A 0.91 A 2.2 A 1.3 A 1.6 A 4.4 A 35 A 19 A


6.3 A 5.9 A 5.6 A 8.1 A 8.8 A 28 A 19 A 24 A 11 A 3.9 A 2.9 A 1.2 A 1.0 A 1.2 A 3.6 A 2.3 A 5.2 A 8.8 A 10 A 24 A 44 A 10 A 5.8 A 2.4 A 2.9 A 2.7 A 1.9 A 2.5 A 3.4 A 4.9 A 25 A 21 A 21 A 4.2 A 2.1 A 1.5 A 0.97 A 2.2 A 1.4 A 1.7 A 4.3 A 33 A 18 A


6.6 A 5.9 A 5.8 A 8.6 A 9.0 A 28 A 18 A 23 A 12 A 3.9 A 2.9 A 1.2 A 0.95 A 1.8 A 2.1 A 2.4 A 3.5 A 7.8 A 9.7 A 22 A 36 A 10 A 7.4 A 2.3 A 3.0 A 2.8 A 1.9 A 2.7 A 4.8 A 5.0 A 29 A 20 A 21 A 3.9 A 2.2 A 1.6 A 0.91 A 2.1 A 1.4 A 1.7 A 4.4 A 33 A 18 A


6.2 A 6.0 A 5.8 A 8.6 A 10 A 26 A 17 A 22 A 10 A 3.9 A 3.1 A 1.2 A 0.95 A 3.2 A 1.8 A 2.4 A 3.6 A 4.2 A 9.0 A 29 A 30 A 8.5 A 9.4 A 2.3 A 3.2 A 2.8 A 2.0 A 2.6 A 3.7 A 5.1 A 32 A 19 A 21 A 3.6 A 2.1 A 1.6 A 0.80 A 2.0 A 1.4 A 1.7 A 4.7 A 32 A 19 A


6.1 A 5.9 A 5.6 A 15 A 9.3 A 25 A 17 A 21 A 9.6 A 4.1 A 3.2 A 1.3 A 0.95 A 3.1 A 4.2 A 2.0 A 3.1 A 3.6 A 8.2 A 34 A 26 A 8.4 A 9.4 A 2.3 A 3.2 A 2.8 A 2.1 A 2.4 A 3.7 A 5.3 A 28 A 19 A 16 A 3.5 A 2.0 A 1.5 A 0.80 A 2.0 A 1.4 A 1.7 A 4.8 A 30 A 19 A


5.8 A 5.9 A 5.9 A 9.8 A 9.0 A 24 A 16 A 21 A 7.9 A 3.8 A 3.1 A 1.3 A 0.95 A 2.0 A 5.0 A 1.9 A 2.6 A 4.8 A 15 A 28 A 24 A 12 A 5.9 A 2.3 A 3.1 A 2.4 A 1.9 A 2.4 A 3.5 A 5.3 A 21 A 18 A 15 A 3.4 A 1.9 A 1.5 A 0.80 A 1.9 A 1.3 A 1.6 A 5.1 A 29 A 20 A


5.6 A 6.0 A 6.0 A 9.3 A 9.0 A 23 A 16 A 20 A 6.3 A 3.8 A 2.9 A 1.2 A 1.1 A 1.5 A 4.6 A 1.9 A 4.6 A 6.0 A 12 A 24 A 26 A 14 A 4.2 A 2.3 A 3.0 A 2.1 A 3.4 A 2.5 A 5.6 A 5.1 A 19 A 17 A 14 A 3.2 A 2.0 A 1.5 A 0.85 A 1.9 A 1.2 A 1.7 A 5.1 A 29 A 22 A


5.6 A 5.9 A 5.6 A 9.3 A 9.7 A 22 A 17 A 20 A 5.2 A 3.8 A 2.6 A 1.7 A 1.2 A 1.6 A 4.6 A 2.1 A 7.7 A 9.1 A 9.3 A 22 A 33 A 12 A 3.8 A 2.2 A 3.0 A 1.8 A 5.5 A 2.6 A 9.0 A 5.0 A 19 A 17 A 14 A 3.1 A 2.1 A 1.6 A 0.91 A 1.9 A 1.3 A 1.8 A 5.1 A 28 A 22 A


5.6 A 5.8 A 5.6 A 8.8 A 9.3 A 22 A 17 A 23 A 4.8 A 3.7 A 2.2 A 1.6 A 1.0 A 1.4 A 4.7 A 2.9 A 5.1 A 7.7 A 8.7 A 19 A 28 A 8.2 A 3.7 A 2.0 A 3.0 A 1.8 A 4.7 A 2.7 A 6.7 A 5.3 A 19 A 16 A 13 A 3.0 A 2.0 A 1.7 A 0.91 A 1.8 A 1.1 A 1.8 A 5.3 A 27 A 24 A


5.6 A 5.8 A 5.4 A 8.7 A 9.3 A 20 A 16 A 22 A 5.1 A 4.2 A 3.2 A 1.7 A 1.0 A 1.6 A 5.5 A 3.1 A 5.0 A 5.8 A 8.4 A 18 A 26 A 7.1 A 5.2 A 1.8 A 2.8 A 2.0 A 3.6 A 4.8 A 5.5 A 5.4 A 18 A 17 A 12 A 3.0 A 2.0 A 1.7 A 0.85 A 1.8 A 1.0 A 1.8 A 5.8 A 27 A 24 A


5.6 A 5.6 A 5.5 A 9.2 A 9.3 A 21 A 20 A 4.8 A 3.8 A 2.7 A 1.4 A 1.0 A 2.7 A 10 A 2.2 A 12 A 3.7 A 16 A 25 A 6.6 A 6.6 A 1.7 A 2.5 A 2.1 A 2.2 A 7.3 A 5.1 A 5.4 A 18 A 15 A 11 A 2.9 A 1.9 A 1.6 A 0.91 A 1.7 A 1.0 A 1.9 A 6.0 A 30 A


5.8 A 5.6 A 5.5 A 9.3 A 10 A 21 A 20 A 4.4 A 3.7 A 2.0 A 1.2 A 1.0 A 2.9 A 7.1 A 1.9 A 8.7 A 3.5 A 20 A 24 A 5.9 A 5.6 A 1.7 A 2.6 A 2.2 A 2.0 A 9.1 A 4.6 A 5.3 A 15 A 10 A 2.8 A 1.9 A 1.5 A 0.85 A 1.8 A 1.1 A 2.0 A 7.3 A 28 A


5.6 A 5.8 A 8.8 A 22 A 20 A 3.4 A 1.1 A 1.0 A 2.7 A 6.2 A 4.2 A 22 A 5.6 A 1.7 A 2.7 A 2.2 A 3.8 A 5.5 A 14 A 2.9 A 1.3 A 0.85 A 1.1 A 15 A 26 A


31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30 31 30 31 31 30 31 30 31 31 28
7 8.1 6.1 15 10 349 22 90 22 6 4.2 2.2 1.5 3.2 10 5.5 12 9.6 27 100 132 23 9.4 4.2 4.6 3 5.5 9.1 9 8.7 123 84 28 10 3 2 1.3 5.1 1.4 2 15 194 27
5 5.4 5.3 4.8 8 9 14 16 4.4 3.4 2 1.1 0.95 1 1.2 1.9 1.5 3.4 3.5 9.3 12 5.6 3.1 1.7 1.7 1.8 1.9 2 2.9 3.8 5.5 14 10 2.8 1.9 1.3 0.8 0.85 0.91 1 2.1 18 18


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1977 1977 1977 1977 1977 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 1979 1979 1979 1980 1980 1980 1980 1980 1980 1980 1980 1980
23 A 23 A 7.8 A 10 A 3.6 A 1.8 A 2.6 A 1.2 A 3.0 A 2.6 A 16 A 106 A 2,020 A 280 A 120 A 201 A 144 A 3.9 A 2.4 A 5.0 A 7.8 A 36 A 92 A 1,500 A 940 A 690 A 295 A 55 A 10 A 7.0 A 6.2 A 3.6 A 20 A 21 A 25 A 650 A 1,000 A 570 A 410 A 345 A 280 A 202 A 221 A


22 A 23 A 7.6 A 8.2 A 3.6 A 1.7 A 2.6 A 1.2 A 2.9 A 2.6 A 15 A 91 A 1,010 A 250 A 100 A 200 A 146 A 3.8 A 2.5 A 5.1 A 7.9 A 61 A 105 A 1,000 A 1,020 A 600 A 292 A 55 A 10 A 6.9 A 6.2 A 4.3 A 20 A 22 A 25 A 460 A 1,100 A 650 A 390 A 335 A 285 A 206 A 215 A


21 A 27 A 7.4 A 6.3 A 3.6 A 1.5 A 2.5 A 1.2 A 2.8 A 2.1 A 15 A 84 A 495 A 240 A 90 A 200 A 148 A 3.7 A 2.6 A 5.2 A 8.2 A 49 A 105 A 600 A 600 A 540 A 290 A 55 A 10 A 6.9 A 6.1 A 4.0 A 21 A 23 A 25 A 430 A 1,890 A 520 A 390 A 320 A 280 A 212 A 206 A


20 A 27 A 7.2 A 9.7 A 3.4 A 1.5 A 2.5 A 1.2 A 2.6 A 1.8 A 38 A 79 A 290 A 250 A 80 A 197 A 148 A 3.5 A 2.7 A 5.2 A 8.4 A 41 A 108 A 300 A 210 A 500 A 290 A 56 A 9.8 A 6.8 A 6.1 A 4.0 A 19 A 24 A 25 A 330 A 1,100 A 510 A 420 A 305 A 270 A 206 A 196 A


19 A 22 A 7.2 A 12 A 3.3 A 1.5 A 2.3 A 1.2 A 2.4 A 2.0 A 134 A 84 A 2,540 A 350 A 64 A 191 A 152 A 3.4 A 2.9 A 5.3 A 8.8 A 38 A 235 A 140 A 185 A 490 A 290 A 59 A 9.6 A 6.8 A 6.1 A 4.0 A 18 A 23 A 25 A 300 A 1,070 A 522 A 430 A 325 A 260 A 196 A 190 A


17 A 20 A 7.1 A 11 A 3.3 A 1.6 A 2.3 A 1.3 A 2.4 A 1.9 A 281 A 186 A 304 A 490 A 58 A 189 A 160 A 3.1 A 3.2 A 5.4 A 8.6 A 49 A 2,600 A 122 A 170 A 490 A 290 A 64 A 9.5 A 6.8 A 6.0 A 4.5 A 24 A 22 A 25 A 275 A 1,790 A 389 A 400 A 315 A 255 A 199 A 185 A


17 A 19 A 6.7 A 8.5 A 3.1 A 1.5 A 2.2 A 1.3 A 2.4 A 2.0 A 133 A 305 A 560 A 300 A 54 A 188 A 156 A 2.9 A 3.0 A 5.4 A 10 A 48 A 980 A 118 A 150 A 540 A 290 A 64 A 9.4 A 6.7 A 6.0 A 4.3 A 26 A 20 A 30 A 250 A 1,380 A 376 A 380 A 290 A 250 A 200 A 190 A


18 A 17 A 8.9 A 7.8 A 3.0 A 1.5 A 2.1 A 1.2 A 2.4 A 1.9 A 95 A 301 A 500 A 250 A 50 A 193 A 150 A 2.7 A 2.8 A 5.5 A 10 A 36 A 220 A 120 A 143 A 525 A 290 A 32 A 9.2 A 6.6 A 6.0 A 4.5 A 25 A 21 A 35 A 240 A 1,210 A 412 A 385 A 285 A 245 A 200 A 182 A


18 A 16 A 23 A 7.4 A 3.0 A 1.5 A 2.0 A 1.2 A 2.0 A 1.8 A 81 A 405 A 440 A 220 A 50 A 189 A 144 A 2.5 A 2.7 A 5.6 A 11 A 42 A 150 A 128 A 137 A 415 A 290 A 27 A 9.0 A 6.6 A 6.0 A 6.0 A 24 A 23 A 50 A 225 A 1,220 A 452 A 390 A 300 A 235 A 200 A 170 A


17 A 17 A 20 A 6.1 A 3.0 A 1.5 A 2.0 A 1.2 A 1.9 A 1.8 A 137 A 884 A 530 A 210 A 80 A 187 A 144 A 2.4 A 2.7 A 5.6 A 41 A 46 A 96 A 115 A 130 A 415 A 285 A 23 A 8.9 A 6.6 A 6.0 A 4.0 A 21 A 26 A 250 A 215 A 1,230 A 418 A 425 A 310 A 230 A 200 A 70 A


16 A 16 A 44 A 6.1 A 2.9 A 1.5 A 1.9 A 1.2 A 2.0 A 1.9 A 630 A 1,060 A 600 A 210 A 130 A 193 A 143 A 2.3 A 2.8 A 5.7 A 130 A 44 A 85 A 108 A 128 A 390 A 160 A 20 A 8.8 A 6.6 A 6.0 A 3.8 A 22 A 27 A 1,050 A 200 A 1,290 A 447 A 435 A 310 A 225 A 200 A 50 A


23 A 15 A 51 A 6.1 A 2.9 A 1.5 A 1.9 A 1.3 A 2.2 A 1.9 A 266 A 516 A 840 A 205 A 200 A 200 A 142 A 2.2 A 2.8 A 5.8 A 270 A 42 A 93 A 108 A 125 A 385 A 122 A 19 A 8.7 A 6.6 A 6.0 A 3.6 A 20 A 27 A 450 A 180 A 1,150 A 410 A 290 A 290 A 230 A 200 A 45 A


27 A 17 A 37 A 6.0 A 2.9 A 1.6 A 1.8 A 1.3 A 2.2 A 2.1 A 141 A 807 A 600 A 200 A 170 A 191 A 128 A 2.2 A 2.9 A 5.9 A 175 A 40 A 89 A 130 A 129 A 380 A 103 A 19 A 8.6 A 6.5 A 6.0 A 4.0 A 20 A 27 A 300 A 200 A 1,120 A 400 A 280 A 285 A 220 A 210 A 43 A


23 A 17 A 29 A 5.8 A 2.8 A 1.7 A 1.7 A 1.4 A 2.4 A 2.4 A 119 A 556 A 540 A 200 A 140 A 189 A 45 A 2.1 A 3.0 A 6.0 A 98 A 41 A 96 A 230 A 158 A 370 A 91 A 18 A 8.4 A 6.5 A 6.0 A 5.7 A 20 A 27 A 250 A 2,300 A 1,120 A 425 A 270 A 320 A 220 A 210 A 41 A


16 A 15 A 25 A 5.5 A 2.7 A 1.7 A 1.7 A 1.8 A 2.4 A 2.6 A 1,320 A 252 A 450 A 190 A 160 A 185 A 10 A 2.1 A 3.1 A 6.2 A 54 A 42 A 910 A 200 A 135 A 360 A 82 A 17 A 8.3 A 6.4 A 6.0 A 6.6 A 20 A 27 A 220 A 3,250 A 1,130 A 410 A 250 A 290 A 135 A 210 A 40 A


15 A 19 A 24 A 5.3 A 2.7 A 1.8 A 1.6 A 1.9 A 2.4 A 2.4 A 528 A 198 A 430 A 210 A 180 A 180 A 6.0 A 2.1 A 3.3 A 6.2 A 40 A 110 A 1,200 A 118 A 620 A 350 A 72 A 17 A 8.2 A 6.4 A 6.0 A 6.3 A 20 A 25 A 200 A 3,400 A 1,100 A 420 A 230 A 270 A 110 A 210 A 38 A


18 A 22 A 21 A 5.2 A 2.6 A 15 A 1.6 A 2.0 A 2.4 A 2.4 A 3,000 A 182 A 400 A 250 A 180 A 176 A 5.3 A 2.1 A 3.4 A 6.3 A 33 A 880 A 650 A 100 A 250 A 340 A 67 A 16 A 8.0 A 6.4 A 6.0 A 8.5 A 20 A 25 A 190 A 4,210 A 1,060 A 430 A 210 A 265 A 134 A 210 A 37 A


16 A 18 A 20 A 5.1 A 2.6 A 12 A 1.5 A 2.0 A 2.4 A 3.7 A 256 A 169 A 390 A 300 A 190 A 174 A 4.9 A 2.1 A 3.6 A 6.3 A 31 A 1,280 A 860 A 99 A 450 A 340 A 61 A 15 A 8.0 A 6.4 A 6.0 A 9.0 A 20 A 25 A 250 A 8,390 A 1,100 A 410 A 260 A 270 A 244 A 210 A 36 A


16 A 13 A 18 A 5.0 A 2.6 A 7.1 A 1.5 A 2.0 A 2.7 A 3.5 A 183 A 159 A 390 A 190 A 190 A 170 A 4.6 A 2.1 A 3.7 A 6.4 A 29 A 1,450 A 560 A 98 A 1,580 A 330 A 55 A 15 A 8.0 A 6.4 A 6.0 A 12 A 20 A 24 A 450 A 3,850 A 1,110 A 390 A 330 A 280 A 226 A 215 A 36 A


17 A 11 A 17 A 4.8 A 2.6 A 5.5 A 1.5 A 2.0 A 2.4 A 2.8 A 196 A 154 A 380 A 210 A 190 A 168 A 4.4 A 2.1 A 3.8 A 6.4 A 28 A 640 A 200 A 98 A 660 A 330 A 53 A 14 A 7.8 A 6.4 A 6.0 A 27 A 20 A 25 A 200 A 6,120 A 1,070 A 410 A 360 A 280 A 210 A 220 A 35 A


17 A 10 A 16 A 4.7 A 2.5 A 4.7 A 1.4 A 1.8 A 2.4 A 2.9 A 146 A 149 A 380 A 240 A 190 A 162 A 4.3 A 2.1 A 3.8 A 6.4 A 29 A 120 A 160 A 1,100 A 1,480 A 325 A 49 A 14 A 7.8 A 6.3 A 6.0 A 39 A 20 A 30 A 165 A 9,080 A 1,040 A 390 A 350 A 280 A 100 A 220 A 35 A


17 A 9.8 A 15 A 4.7 A 2.6 A 4.4 A 1.4 A 1.9 A 2.4 A 3.0 A 128 A 146 A 370 A 280 A 190 A 157 A 4.2 A 2.2 A 3.9 A 6.5 A 145 A 98 A 132 A 1,220 A 580 A 320 A 47 A 13 A 7.7 A 6.3 A 6.0 A 48 A 20 A 55 A 150 A 1,920 A 1,110 A 410 A 360 A 290 A 90 A 220 A 35 A


16 A 9.7 A 14 A 4.4 A 2.5 A 3.7 A 1.4 A 2.0 A 2.6 A 3.2 A 118 A 142 A 350 A 270 A 190 A 154 A 4.1 A 2.2 A 3.9 A 6.6 A 210 A 89 A 132 A 1,320 A 160 A 315 A 46 A 13 A 7.6 A 6.3 A 6.0 A 42 A 19 A 35 A 123 A 1,500 A 1,130 A 390 A 350 A 275 A 130 A 220 A 35 A


15 A 8.9 A 15 A 4.4 A 2.3 A 3.4 A 1.3 A 2.1 A 2.6 A 3.1 A 109 A 139 A 320 A 260 A 190 A 150 A 4.0 A 2.2 A 4.0 A 6.6 A 85 A 87 A 132 A 600 A 156 A 310 A 44 A 12 A 7.5 A 6.3 A 5.9 A 33 A 19 A 25 A 110 A 1,200 A 992 A 390 A 350 A 275 A 190 A 230 A 35 A


27 A 8.5 A 14 A 4.6 A 2.2 A 3.1 A 1.3 A 2.1 A 2.4 A 3.3 A 103 A 134 A 300 A 250 A 190 A 146 A 4.0 A 2.3 A 4.0 A 6.6 A 125 A 88 A 115 A 270 A 160 A 308 A 45 A 12 A 7.4 A 6.2 A 5.9 A 31 A 19 A 25 A 100 A 1,000 A 903 A 390 A 375 A 260 A 190 A 230 A 35 A


24 A 7.9 A 14 A 4.3 A 2.2 A 3.1 A 1.3 A 2.4 A 2.4 A 6.9 A 99 A 131 A 290 A 240 A 200 A 140 A 4.0 A 2.3 A 4.0 A 6.6 A 65 A 92 A 102 A 142 A 270 A 300 A 48 A 12 A 7.3 A 6.2 A 5.9 A 27 A 19 A 25 A 100 A 950 A 900 A 390 A 350 A 270 A 190 A 230 A 35 A


28 A 7.6 A 13 A 4.6 A 2.1 A 3.0 A 1.2 A 2.4 A 2.6 A 8.6 A 96 A 131 A 270 A 230 A 191 A 144 A 4.0 A 2.4 A 4.0 A 6.8 A 42 A 97 A 96 A 120 A 660 A 300 A 52 A 11 A 7.3 A 6.2 A 5.9 A 26 A 21 A 25 A 100 A 900 A 842 A 390 A 340 A 280 A 190 A 234 A 35 A


35 A 7.2 A 12 A 5.0 A 2.0 A 2.8 A 1.2 A 2.4 A 2.6 A 7.1 A 94 A 143 A 260 A 220 A 201 A 142 A 4.0 A 2.4 A 4.0 A 6.9 A 36 A 110 A 110 A 123 A 3,800 A 300 A 55 A 11 A 7.2 A 6.2 A 5.9 A 26 A 22 A 25 A 250 A 900 A 800 A 390 A 330 A 280 A 196 A 228 A 35 A


31 A 7.2 A 12 A 4.3 A 1.9 A 2.8 A 1.2 A 2.4 A 2.7 A 11 A 91 A 400 A 190 A 202 A 141 A 3.9 A 2.4 A 4.0 A 7.0 A 34 A 100 A 116 A 2,200 A 298 A 55 A 11 A 7.2 A 6.2 A 5.9 A 26 A 22 A 25 A 5,270 A 950 A 763 A 410 A 340 A 295 A 193 A 234 A 35 A


27 A 7.6 A 11 A 4.0 A 1.8 A 2.8 A 1.2 A 3.0 A 2.6 A 14 A 90 A 580 A 150 A 202 A 143 A 3.9 A 2.4 A 4.0 A 7.3 A 33 A 94 A 108 A 1,200 A 297 A 55 A 10 A 7.1 A 6.2 A 5.9 A 22 A 20 A 25 A 2,500 A 650 A 430 A 335 A 290 A 193 A 224 A 35 A


24 A 11 A 1.8 A 2.7 A 3.3 A 16 A 111 A 350 A 202 A 3.9 A 2.4 A 7.5 A 90 A 1,920 A 980 A 55 A 7.0 A 6.2 A 20 A 25 A 1,050 A 610 A 325 A 199 A 218 A


31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30 31 30 31 31 30
35 27 51 12 3.6 15 2.6 3.3 3 16 3,000 1,060 2,540 490 202 201 160 3.9 4 7.5 270 1,450 2,600 1,500 3,800 690 295 64 10 7 6.2 48 26 55 5,270 9,080 1,890 650 435 345 285 234 221
15 7.2 6.7 4 1.8 1.5 1.2 1.2 1.9 1.8 15 79 260 150 50 140 3.9 2.1 2.4 5 7.8 36 85 98 125 297 44 10 7 6.2 5.9 3.6 18 20 25 180 610 376 210 260 90 196 35


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
1980 1980 1980 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1983 1983 1983 1983 1983 1983 1983 1983 1983 1983 1983 1983 1984 1984 1984 1984
36 A 30 A 48 A 57 A 63 A 357 A 87 A 41 A 29 A 5.8 A 6.3 A 6.3 A 4.2 A 11 A 35 A 117 A 89 A 78 A 534 A 61 A 34 A 17 A 5.2 A 5.2 A 14 A 15 A 499 A 70 A 144 A 2,320 A 395 A 576 A 145 A 40 A 25 A 16 A 251 A 26 A 94 A 130 A 78 A 57 A 28 A


36 A 32 A 45 A 54 A 63 A 552 A 101 A 46 A 26 A 5.8 A 6.3 A 6.3 A 5.5 A 10 A 33 A 311 A 80 A 81 A 604 A 56 A 33 A 18 A 5.4 A 4.7 A 12 A 15 A 110 A 58 A 146 A 3,300 A 432 A 460 A 122 A 42 A 24 A 17 A 211 A 30 A 80 A 109 A 74 A 57 A 28 A


36 A 32 A 45 A 51 A 63 A 191 A 83 A 46 A 26 A 5.8 A 6.3 A 5.8 A 7.7 A 9.8 A 31 A 153 A 74 A 83 A 302 A 58 A 30 A 17 A 4.7 A 4.4 A 12 A 13 A 59 A 59 A 176 A 5,380 A 432 A 423 A 114 A 42 A 23 A 16 A 93 A 27 A 84 A 97 A 72 A 57 A 26 A


36 A 34 A 67 A 54 A 63 A 107 A 64 A 46 A 23 A 5.3 A 5.8 A 5.8 A 9.5 A 9.1 A 28 A 80 A 69 A 78 A 218 A 61 A 28 A 16 A 4.6 A 4.3 A 11 A 11 A 51 A 64 A 149 A 2,380 A 432 A 451 A 110 A 42 A 21 A 15 A 53 A 26 A 105 A 106 A 72 A 57 A 29 A


34 A 34 A 102 A 51 A 74 A 192 A 64 A 44 A 21 A 5.8 A 5.3 A 5.8 A 13 A 8.4 A 27 A 110 A 63 A 76 A 176 A 62 A 30 A 16 A 4.3 A 4.5 A 11 A 9.4 A 48 A 64 A 129 A 1,490 A 349 A 406 A 110 A 44 A 23 A 15 A 40 A 26 A 86 A 120 A 72 A 55 A 28 A


36 A 38 A 87 A 43 A 71 A 155 A 64 A 41 A 20 A 6.3 A 5.3 A 6.3 A 13 A 7.8 A 26 A 151 A 58 A 74 A 166 A 59 A 29 A 15 A 4.6 A 4.5 A 11 A 8.6 A 47 A 56 A 122 A 1,050 A 349 A 365 A 110 A 40 A 27 A 15 A 39 A 29 A 80 A 120 A 72 A 55 A 45 A


36 A 38 A 97 A 43 A 63 A 106 A 64 A 41 A 17 A 6.3 A 5.3 A 4.8 A 13 A 7.3 A 26 A 92 A 58 A 72 A 161 A 58 A 28 A 15 A 4.1 A 4.5 A 12 A 9.7 A 46 A 59 A 139 A 725 A 349 A 349 A 114 A 37 A 25 A 15 A 47 A 31 A 76 A 122 A 70 A 50 A 39 A


36 A 45 A 92 A 36 A 93 A 96 A 71 A 37 A 14 A 6.3 A 5.8 A 4.4 A 13 A 7.3 A 25 A 73 A 58 A 71 A 158 A 55 A 27 A 14 A 4.1 A 4.5 A 10 A 12 A 61 A 56 A 926 A 664 A 349 A 349 A 110 A 36 A 21 A 15 A 61 A 29 A 72 A 117 A 66 A 45 A 32 A


34 A 48 A 71 A 43 A 385 A 83 A 79 A 33 A 14 A 6.3 A 5.8 A 4.0 A 12 A 7.3 A 24 A 64 A 59 A 69 A 159 A 56 A 26 A 13 A 4.3 A 4.9 A 8.8 A 18 A 55 A 54 A 684 A 606 A 349 A 349 A 98 A 36 A 25 A 15 A 44 A 28 A 72 A 112 A 65 A 45 A 29 A


34 A 45 A 67 A 51 A 170 A 75 A 61 A 31 A 14 A 6.9 A 5.3 A 4.4 A 12 A 7.0 A 23 A 61 A 126 A 70 A 160 A 55 A 25 A 12 A 4.3 A 6.1 A 9.1 A 35 A 46 A 54 A 232 A 598 A 342 A 335 A 98 A 36 A 29 A 14 A 43 A 29 A 76 A 107 A 68 A 45 A 22 A


34 A 45 A 79 A 54 A 151 A 75 A 58 A 26 A 13 A 8.9 A 5.8 A 4.0 A 13 A 7.3 A 24 A 65 A 600 A 71 A 163 A 56 A 26 A 11 A 4.5 A 7.2 A 7.7 A 18 A 48 A 54 A 177 A 560 A 367 A 307 A 91 A 30 A 22 A 14 A 45 A 32 A 72 A 104 A 67 A 45 A 22 A


34 A 46 A 87 A 54 A 124 A 79 A 55 A 25 A 13 A 7.5 A 6.3 A 4.0 A 14 A 7.7 A 24 A 61 A 304 A 76 A 164 A 70 A 26 A 11 A 4.4 A 7.5 A 7.0 A 24 A 45 A 50 A 121 A 545 A 365 A 296 A 95 A 28 A 24 A 14 A 55 A 249 A 68 A 104 A 65 A 45 A 20 A


32 A 46 A 97 A 54 A 112 A 79 A 52 A 21 A 12 A 7.5 A 6.3 A 3.7 A 14 A 8.4 A 24 A 55 A 176 A 75 A 164 A 63 A 26 A 12 A 4.5 A 7.4 A 6.2 A 31 A 49 A 48 A 102 A 508 A 357 A 291 A 85 A 26 A 27 A 13 A 44 A 405 A 66 A 104 A 65 A 47 A 20 A


34 A 47 A 102 A 60 A 102 A 91 A 52 A 20 A 11 A 8.2 A 5.8 A 4.0 A 13 A 8.4 A 25 A 53 A 142 A 112 A 132 A 56 A 23 A 11 A 4.9 A 7.0 A 5.7 A 36 A 46 A 49 A 88 A 545 A 342 A 278 A 72 A 26 A 18 A 13 A 41 A 239 A 66 A 108 A 66 A 45 A 17 A


32 A 47 A 87 A 57 A 102 A 87 A 52 A 25 A 8.9 A 6.9 A 5.8 A 4.0 A 13 A 8.4 A 25 A 51 A 124 A 255 A 125 A 50 A 22 A 11 A 4.9 A 7.8 A 5.8 A 38 A 43 A 49 A 72 A 508 A 300 A 234 A 61 A 26 A 21 A 13 A 39 A 158 A 66 A 104 A 64 A 45 A 16 A


43 A 48 A 83 A 63 A 83 A 79 A 52 A 26 A 5.8 A 8.2 A 5.8 A 3.7 A 13 A 9.5 A 25 A 50 A 113 A 156 A 120 A 48 A 21 A 10 A 5.2 A 9.3 A 5.7 A 38 A 44 A 50 A 63 A 454 A 296 A 234 A 55 A 24 A 32 A 12 A 38 A 110 A 66 A 103 A 62 A 41 A 16 A


38 A 48 A 74 A 63 A 74 A 83 A 55 A 26 A 5.3 A 7.5 A 6.9 A 3.0 A 13 A 10 A 24 A 50 A 110 A 724 A 115 A 55 A 23 A 11 A 5.4 A 11 A 7.5 A 36 A 41 A 51 A 56 A 545 A 296 A 231 A 53 A 24 A 110 A 14 A 43 A 98 A 66 A 112 A 60 A 43 A 16 A


32 A 49 A 74 A 67 A 71 A 83 A 61 A 25 A 5.3 A 7.5 A 6.3 A 2.8 A 13 A 10 A 24 A 49 A 106 A 3,210 A 110 A 45 A 27 A 10 A 5.5 A 13 A 7.9 A 35 A 41 A 51 A 53 A 1,250 A 389 A 231 A 53 A 24 A 48 A 14 A 48 A 109 A 64 A 107 A 62 A 44 A 14 A


32 A 49 A 71 A 67 A 71 A 100 A 83 A 25 A 5.8 A 7.5 A 6.3 A 2.8 A 12 A 10 A 23 A 49 A 96 A 925 A 105 A 41 A 30 A 10 A 5.4 A 13 A 8.0 A 15 A 43 A 54 A 51 A 982 A 389 A 215 A 53 A 21 A 49 A 11 A 46 A 84 A 64 A 101 A 62 A 40 A 26 A


32 A 50 A 67 A 71 A 67 A 281 A 91 A 25 A 4.0 A 6.3 A 6.9 A 2.3 A 12 A 9.9 A 23 A 238 A 88 A 354 A 99 A 39 A 28 A 9.6 A 5.2 A 12 A 8.4 A 9.7 A 44 A 55 A 50 A 342 A 510 A 210 A 51 A 18 A 43 A 13 A 49 A 173 A 62 A 99 A 56 A 38 A 28 A


30 A 48 A 60 A 63 A 57 A 155 A 91 A 23 A 4.4 A 4.8 A 7.5 A 2.5 A 11 A 9.5 A 24 A 656 A 86 A 315 A 84 A 39 A 28 A 8.6 A 5.2 A 11 A 8.6 A 14 A 40 A 55 A 49 A 516 A 802 A 200 A 51 A 15 A 36 A 15 A 49 A 366 A 64 A 98 A 56 A 37 A 23 A


32 A 44 A 51 A 60 A 54 A 106 A 79 A 23 A 5.3 A 5.8 A 7.5 A 2.8 A 11 A 9.5 A 23 A 341 A 84 A 224 A 84 A 39 A 27 A 8.1 A 4.9 A 9.5 A 9.3 A 18 A 40 A 54 A 48 A 423 A 597 A 196 A 49 A 19 A 28 A 18 A 46 A 222 A 65 A 95 A 56 A 38 A 18 A


32 A 41 A 54 A 54 A 51 A 96 A 67 A 21 A 4.8 A 5.3 A 7.5 A 2.3 A 11 A 9.5 A 23 A 232 A 76 A 196 A 83 A 41 A 27 A 7.5 A 5.2 A 8.5 A 9.7 A 19 A 125 A 66 A 47 A 577 A 490 A 194 A 51 A 17 A 27 A 21 A 41 A 80 A 70 A 94 A 55 A 34 A 20 A


32 A 38 A 54 A 60 A 51 A 90 A 58 A 23 A 5.3 A 5.3 A 8.2 A 2.0 A 11 A 10 A 22 A 196 A 81 A 206 A 66 A 45 A 28 A 7.0 A 5.2 A 7.7 A 9.9 A 23 A 115 A 70 A 47 A 1,950 A 451 A 190 A 49 A 18 A 28 A 21 A 39 A 78 A 80 A 91 A 55 A 34 A 16 A


32 A 34 A 57 A 74 A 59 A 85 A 52 A 23 A 5.8 A 5.8 A 8.2 A 2.0 A 11 A 11 A 22 A 164 A 83 A 201 A 63 A 41 A 29 A 6.9 A 5.7 A 6.6 A 11 A 24 A 85 A 81 A 46 A 1,050 A 423 A 186 A 53 A 19 A 24 A 20 A 33 A 875 A 1,590 A 91 A 54 A 34 A 19 A


32 A 34 A 57 A 74 A 228 A 80 A 46 A 25 A 6.3 A 6.3 A 8.2 A 2.0 A 11 A 11 A 22 A 148 A 82 A 287 A 68 A 41 A 27 A 6.6 A 6.1 A 14 A 12 A 26 A 75 A 70 A 56 A 540 A 406 A 184 A 45 A 19 A 25 A 19 A 28 A 268 A 783 A 89 A 52 A 32 A 16 A


36 A 32 A 54 A 71 A 158 A 78 A 46 A 25 A 6.3 A 6.3 A 7.5 A 2.5 A 11 A 17 A 22 A 134 A 80 A 268 A 73 A 41 A 23 A 5.8 A 6.2 A 18 A 13 A 27 A 70 A 117 A 441 A 441 A 414 A 184 A 44 A 18 A 22 A 18 A 25 A 134 A 513 A 84 A 52 A 39 A 22 A


34 A 32 A 54 A 144 A 118 A 76 A 46 A 26 A 5.8 A 6.9 A 7.5 A 3.3 A 11 A 49 A 22 A 130 A 79 A 249 A 68 A 43 A 19 A 5.2 A 6.3 A 18 A 15 A 27 A 65 A 147 A 1,900 A 406 A 381 A 172 A 44 A 15 A 18 A 20 A 25 A 128 A 357 A 80 A 50 A 35 A 27 A


32 A 32 A 57 A 174 A 75 A 44 A 31 A 5.8 A 6.9 A 7.5 A 3.3 A 12 A 64 A 22 A 136 A 224 A 67 A 41 A 19 A 5.5 A 5.8 A 16 A 15 A 18 A 67 A 407 A 397 A 490 A 131 A 42 A 17 A 18 A 19 A 24 A 124 A 241 A 79 A 52 A 33 A 21 A


32 A 40 A 60 A 218 A 75 A 41 A 33 A 5.8 A 6.9 A 7.5 A 3.3 A 12 A 48 A 34 A 120 A 205 A 68 A 38 A 18 A 5.5 A 5.7 A 16 A 16 A 352 A 78 A 238 A 342 A 703 A 145 A 42 A 21 A 17 A 20 A 25 A 112 A 182 A 76 A 29 A 24 A


32 A 63 A 118 A 83 A 29 A 6.3 A 6.9 A 12 A 49 A 104 A 190 A 36 A 5.2 A 5.6 A 16 A 78 A 171 A 389 A 122 A 25 A 16 A 27 A 155 A 76 A 24 A


31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30
43 50 102 218 385 552 101 46 29 8.9 8.2 6.3 14 64 49 656 600 3,210 604 70 34 18 6.3 18 16 352 499 407 1,900 5,380 802 576 145 44 110 21 251 875 1,590 130 78 57 45
30 30 45 36 51 75 41 20 4 4.8 5.3 2 4.2 7 22 49 58 69 63 36 18 5.2 4.1 4.3 5.7 8.6 40 48 46 342 296 122 42 15 16 11 24 26 62 76 50 24 14


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
1984 1984 1984 1984 1984 1984 1984 1984 1985 1985 1985 1985 1985 1985 1985 1985 1985 1985 1985 1985 1986 1986 1986 1986 1986 1986 1986 1986 1986 1986 1986 1986 1987 1987 1987 1987 1987 1987 1987 1987 1987 1987 1987
26 A 13 A 8.6 A 2.5 A 0.79 A 4.2 A 8.7 A 21 A 93 A 59 A 57 A 50 A 22 A 9.8 A 4.9 A 2.0 A 2.0 A 1.7 A 2.2 A 124 A 37 A 71 A 89 A 102 A 51 A 25 A 14 A 11 A 7.8 A 23 A 17 A 26 A 36 A 40 A 53 A 39 A 22 A 17 A 9.9 A 5.7 A 6.0 A 4.7 A 14 A


27 A 13 A 8.6 A 2.9 A 0.95 A 4.8 A 9.1 A 19 A 87 A 68 A 56 A 47 A 21 A 9.9 A 4.6 A 2.0 A 1.2 A 1.6 A 2.1 A 96 A 37 A 61 A 87 A 100 A 49 A 25 A 13 A 10 A 7.4 A 22 A 17 A 26 A 36 A 41 A 51 A 36 A 22 A 16 A 9.5 A 5.4 A 5.6 A 4.7 A 15 A


30 A 14 A 8.1 A 3.7 A 0.52 A 3.9 A 9.1 A 21 A 81 A 89 A 59 A 45 A 21 A 10 A 4.7 A 2.0 A 1.2 A 1.7 A 2.1 A 126 A 38 A 50 A 84 A 98 A 48 A 25 A 15 A 10 A 7.8 A 21 A 18 A 25 A 36 A 41 A 48 A 35 A 22 A 15 A 9.9 A 5.4 A 5.0 A 4.3 A 14 A


28 A 14 A 8.3 A 3.6 A 0.72 A 5.0 A 10 A 23 A 75 A 90 A 58 A 42 A 21 A 9.1 A 4.3 A 2.1 A 0.97 A 1.6 A 2.2 A 119 A 37 A 46 A 79 A 96 A 47 A 23 A 13 A 11 A 7.8 A 21 A 17 A 25 A 42 A 41 A 46 A 42 A 21 A 15 A 10 A 5.2 A 4.8 A 4.0 A 14 A


29 A 14 A 8.3 A 2.5 A 0.51 A 5.0 A 11 A 22 A 73 A 95 A 57 A 39 A 21 A 9.8 A 4.0 A 2.0 A 1.1 A 1.6 A 2.2 A 93 A 36 A 41 A 77 A 93 A 47 A 23 A 14 A 11 A 7.8 A 20 A 16 A 24 A 79 A 41 A 45 A 39 A 20 A 16 A 10 A 5.3 A 4.7 A 4.0 A 19 A


27 A 17 A 8.3 A 2.6 A 0.88 A 4.8 A 12 A 23 A 66 A 87 A 56 A 39 A 20 A 9.4 A 3.8 A 1.9 A 0.89 A 1.7 A 2.4 A 80 A 36 A 42 A 75 A 125 A 46 A 22 A 14 A 11 A 7.7 A 20 A 17 A 37 A 93 A 40 A 50 A 37 A 19 A 16 A 11 A 5.2 A 4.7 A 4.0 A 22 A


26 A 20 A 8.3 A 2.6 A 0.88 A 6.6 A 13 A 23 A 66 A 78 A 55 A 37 A 19 A 9.0 A 4.0 A 1.9 A 1.3 A 1.8 A 2.3 A 72 A 37 A 43 A 75 A 128 A 45 A 21 A 13 A 11 A 7.7 A 19 A 16 A 81 A 145 A 39 A 53 A 35 A 19 A 16 A 10 A 5.3 A 4.7 A 4.0 A 22 A


24 A 17 A 8.3 A 2.3 A 0.65 A 6.6 A 14 A 36 A 84 A 75 A 55 A 37 A 19 A 8.3 A 4.2 A 1.9 A 1.2 A 1.9 A 2.4 A 67 A 34 A 94 A 84 A 107 A 43 A 21 A 12 A 11 A 8.1 A 19 A 16 A 77 A 146 A 39 A 53 A 34 A 19 A 16 A 11 A 6.5 A 4.7 A 4.0 A 23 A


22 A 17 A 8.3 A 2.1 A 0.60 A 5.2 A 15 A 33 A 97 A 107 A 55 A 35 A 19 A 8.6 A 4.2 A 1.7 A 1.2 A 2.0 A 2.6 A 63 A 34 A 133 A 131 A 98 A 43 A 21 A 11 A 12 A 8.4 A 19 A 17 A 62 A 95 A 37 A 51 A 33 A 19 A 16 A 11 A 6.5 A 4.7 A 4.0 A 23 A


19 A 13 A 7.1 A 1.7 A 0.76 A 5.0 A 13 A 28 A 81 A 195 A 54 A 32 A 19 A 8.6 A 3.9 A 1.6 A 2.0 A 1.9 A 2.5 A 58 A 35 A 88 A 156 A 98 A 43 A 21 A 11 A 11 A 8.2 A 29 A 18 A 55 A 79 A 36 A 48 A 31 A 19 A 16 A 9.4 A 6.4 A 4.7 A 4.0 A 23 A


16 A 13 A 7.0 A 1.5 A 0.99 A 4.4 A 11 A 38 A 73 A 161 A 52 A 32 A 19 A 8.5 A 3.7 A 1.5 A 2.0 A 1.8 A 13 A 98 A 36 A 73 A 236 A 98 A 42 A 20 A 12 A 11 A 6.8 A 29 A 18 A 50 A 71 A 37 A 48 A 31 A 19 A 16 A 9.4 A 6.1 A 4.6 A 4.5 A 23 A


15 A 12 A 7.0 A 1.5 A 1.2 A 5.9 A 12 A 56 A 68 A 131 A 53 A 31 A 18 A 8.6 A 3.8 A 1.4 A 1.5 A 1.7 A 57 A 86 A 36 A 65 A 194 A 97 A 40 A 19 A 12 A 11 A 8.7 A 29 A 17 A 48 A 65 A 36 A 47 A 31 A 20 A 16 A 9.4 A 5.8 A 4.4 A 14 A 22 A


16 A 12 A 5.1 A 1.5 A 1.5 A 6.3 A 13 A 49 A 62 A 113 A 49 A 29 A 19 A 8.5 A 3.9 A 1.5 A 1.5 A 1.7 A 59 A 67 A 36 A 65 A 241 A 95 A 38 A 19 A 12 A 10 A 9.1 A 27 A 17 A 47 A 62 A 36 A 46 A 30 A 20 A 14 A 9.4 A 5.7 A 4.5 A 17 A 21 A


15 A 10 A 3.7 A 1.2 A 1.9 A 4.9 A 11 A 38 A 60 A 100 A 51 A 30 A 18 A 8.3 A 3.8 A 1.4 A 1.3 A 1.9 A 31 A 60 A 37 A 65 A 382 A 92 A 37 A 19 A 12 A 9.6 A 9.0 A 25 A 17 A 46 A 59 A 43 A 46 A 29 A 20 A 14 A 9.1 A 5.9 A 4.6 A 9.7 A 21 A


16 A 8.8 A 2.6 A 1.2 A 2.0 A 4.8 A 11 A 34 A 60 A 87 A 47 A 29 A 18 A 7.9 A 4.4 A 1.4 A 1.9 A 1.9 A 21 A 58 A 38 A 1,360 A 268 A 88 A 38 A 19 A 11 A 9.5 A 8.4 A 24 A 17 A 45 A 56 A 41 A 51 A 29 A 20 A 14 A 9.4 A 5.6 A 5.0 A 6.7 A 21 A


14 A 7.8 A 2.3 A 1.0 A 1.8 A 4.4 A 11 A 41 A 59 A 77 A 49 A 28 A 18 A 7.5 A 4.4 A 1.4 A 2.1 A 1.9 A 18 A 56 A 36 A 842 A 869 A 84 A 38 A 18 A 11 A 9.5 A 9.1 A 23 A 17 A 43 A 55 A 38 A 54 A 28 A 20 A 13 A 9.4 A 5.4 A 4.4 A 5.8 A 21 A


13 A 8.1 A 2.5 A 1.2 A 2.3 A 6.7 A 12 A 40 A 59 A 72 A 44 A 25 A 18 A 7.4 A 4.1 A 1.4 A 1.5 A 1.7 A 16 A 52 A 37 A 323 A 772 A 83 A 38 A 17 A 10 A 9.8 A 9.2 A 23 A 21 A 42 A 53 A 35 A 52 A 27 A 20 A 13 A 11 A 5.4 A 4.2 A 5.6 A 19 A


13 A 8.5 A 2.3 A 1.4 A 2.1 A 7.3 A 12 A 42 A 59 A 69 A 47 A 24 A 17 A 7.1 A 4.1 A 1.2 A 2.2 A 1.8 A 15 A 50 A 37 A 221 A 420 A 81 A 39 A 17 A 9.8 A 9.8 A 9.7 A 23 A 86 A 41 A 53 A 35 A 49 A 26 A 20 A 13 A 11 A 5.4 A 4.2 A 5.6 A 18 A


12 A 8.5 A 2.2 A 1.5 A 3.0 A 7.1 A 13 A 79 A 59 A 68 A 47 A 24 A 17 A 7.0 A 3.8 A 1.7 A 4.1 A 1.8 A 14 A 47 A 37 A 182 A 274 A 78 A 38 A 17 A 9.7 A 9.2 A 9.7 A 23 A 83 A 41 A 50 A 34 A 48 A 26 A 19 A 12 A 10 A 5.4 A 3.9 A 6.4 A 18 A


13 A 8.0 A 2.3 A 2.6 A 3.7 A 7.2 A 13 A 177 A 59 A 66 A 44 A 23 A 17 A 6.7 A 3.5 A 1.8 A 2.8 A 1.9 A 13 A 47 A 38 A 166 A 221 A 74 A 34 A 16 A 10 A 8.4 A 9.2 A 23 A 63 A 51 A 48 A 34 A 47 A 26 A 19 A 13 A 10 A 5.2 A 3.8 A 8.2 A 18 A


13 A 8.0 A 3.1 A 3.1 A 4.4 A 7.4 A 12 A 134 A 59 A 68 A 43 A 22 A 16 A 6.0 A 3.8 A 1.5 A 2.9 A 2.0 A 13 A 45 A 40 A 146 A 190 A 71 A 33 A 16 A 10 A 8.1 A 9.6 A 23 A 51 A 49 A 48 A 35 A 49 A 25 A 19 A 13 A 10 A 4.4 A 3.8 A 8.3 A 19 A


13 A 7.3 A 2.6 A 2.3 A 4.1 A 7.2 A 13 A 85 A 60 A 69 A 45 A 24 A 15 A 5.8 A 4.2 A 1.4 A 2.9 A 2.4 A 13 A 44 A 40 A 136 A 174 A 68 A 32 A 17 A 10 A 7.8 A 11 A 22 A 44 A 44 A 48 A 35 A 58 A 23 A 18 A 13 A 9.0 A 4.3 A 3.8 A 8.4 A 19 A


12 A 7.6 A 2.4 A 1.9 A 3.9 A 6.6 A 14 A 70 A 60 A 65 A 42 A 24 A 15 A 5.8 A 3.8 A 1.3 A 2.9 A 2.2 A 13 A 44 A 40 A 125 A 152 A 65 A 30 A 17 A 11 A 8.1 A 12 A 21 A 39 A 41 A 47 A 35 A 58 A 23 A 17 A 12 A 7.6 A 4.0 A 4.0 A 9.4 A 19 A


12 A 8.3 A 2.6 A 1.6 A 3.8 A 6.6 A 17 A 62 A 57 A 62 A 41 A 25 A 13 A 6.0 A 3.5 A 1.4 A 1.8 A 2.0 A 13 A 44 A 48 A 114 A 143 A 62 A 30 A 17 A 10 A 8.7 A 34 A 20 A 35 A 41 A 46 A 48 A 56 A 22 A 17 A 12 A 6.6 A 4.5 A 4.0 A 9.3 A 19 A


13 A 9.0 A 2.8 A 1.5 A 3.6 A 6.6 A 31 A 57 A 54 A 60 A 39 A 22 A 12 A 6.2 A 3.2 A 1.4 A 1.6 A 2.0 A 46 A 41 A 43 A 107 A 133 A 60 A 30 A 17 A 11 A 8.5 A 48 A 20 A 33 A 41 A 45 A 60 A 55 A 21 A 18 A 11 A 6.9 A 5.0 A 4.0 A 9.3 A 19 A


14 A 9.5 A 2.6 A 1.5 A 4.2 A 6.4 A 29 A 55 A 54 A 60 A 37 A 22 A 12 A 5.8 A 3.2 A 1.5 A 1.6 A 2.1 A 100 A 40 A 39 A 100 A 125 A 59 A 31 A 17 A 12 A 7.8 A 42 A 22 A 30 A 40 A 44 A 66 A 53 A 21 A 18 A 11 A 7.5 A 5.1 A 4.0 A 9.3 A 19 A


14 A 9.0 A 2.2 A 1.3 A 3.7 A 6.6 A 24 A 124 A 54 A 58 A 42 A 22 A 12 A 5.9 A 2.7 A 1.2 A 1.9 A 2.1 A 60 A 39 A 38 A 96 A 119 A 59 A 30 A 16 A 12 A 8.2 A 36 A 21 A 29 A 40 A 42 A 63 A 50 A 22 A 18 A 11 A 8.0 A 5.3 A 4.0 A 9.3 A 19 A


15 A 8.6 A 3.0 A 1.1 A 3.8 A 7.3 A 21 A 327 A 58 A 57 A 51 A 22 A 11 A 5.8 A 2.3 A 1.0 A 1.9 A 2.2 A 38 A 39 A 39 A 91 A 114 A 57 A 28 A 15 A 12 A 7.9 A 29 A 20 A 28 A 39 A 41 A 55 A 48 A 21 A 17 A 11 A 7.5 A 5.8 A 4.1 A 9.3 A 19 A


14 A 8.3 A 3.8 A 0.95 A 4.0 A 7.6 A 21 A 189 A 66 A 59 A 22 A 11 A 5.4 A 2.2 A 1.1 A 1.9 A 2.1 A 120 A 40 A 39 A 119 A 54 A 26 A 15 A 12 A 7.6 A 26 A 19 A 27 A 37 A 40 A 45 A 21 A 17 A 11 A 7.7 A 6.0 A 4.3 A 9.7 A 19 A


14 A 8.3 A 4.1 A 0.97 A 3.9 A 8.0 A 20 A 131 A 66 A 59 A 23 A 9.8 A 5.0 A 2.3 A 1.2 A 2.0 A 2.3 A 407 A 38 A 56 A 107 A 51 A 25 A 15 A 12 A 7.2 A 24 A 19 A 27 A 36 A 41 A 43 A 21 A 17 A 10 A 7.3 A 6.0 A 4.6 A 10 A 19 A


14 A 4.6 A 0.91 A 8.5 A 113 A 63 A 54 A 10 A 2.1 A 1.4 A 2.3 A 38 A 72 A 105 A 24 A 11 A 7.2 A 17 A 36 A 41 A 41 A 17 A 6.6 A 6.0 A 13 A


31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30
30 20 8.6 3.7 4.4 8.5 31 327 97 195 59 50 22 10 4.9 2.1 4.1 2.4 407 126 72 1,360 869 128 51 25 15 12 48 29 86 81 146 66 58 42 22 17 11 6.5 6 17 23
12 7.3 2.2 0.91 0.51 3.9 8.7 19 54 57 37 22 9.8 5 2.1 1 0.89 1.6 2.1 38 34 41 75 51 24 15 9.7 7.2 6.8 17 16 24 36 34 41 21 17 10 6.6 4 3.8 4 14


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1987 1988 1988 1988 1988 1988 1988 1988 1988 1988 1988 1988 1988 1989 1989 1989 1989 1989 1989 1989 1989 1989 1989 1989 1989
19 A 42 A 48 A 43 A 23 A 34 A 15 A 8.9 A 6.9 A 5.2 A 4.6 A 4.8 A 11 A 38 A 26 A 29 A 28 A 14 A 10 A 6.3 A 4.6 A 2.6 A 2.6 A 2.4 A 3.3 A


19 A 41 A 88 A 46 A 23 A 32 A 14 A 8.9 A 6.7 A 4.7 A 4.6 A 5.1 A 11 A 35 A 27 A 29 A 26 A 14 A 10 A 6.2 A 4.6 A 2.6 A 2.5 A 2.4 A 3.3 A


19 A 39 A 131 A 46 A 22 A 31 A 14 A 8.9 A 6.4 A 4.6 A 4.6 A 5.1 A 11 A 33 A 27 A 31 A 25 A 14 A 10 A 6.1 A 4.3 A 2.5 A 2.3 A 2.4 A 3.2 A


19 A 39 A 126 A 45 A 22 A 29 A 14 A 8.9 A 6.2 A 4.4 A 4.6 A 5.3 A 11 A 32 A 28 A 31 A 23 A 13 A 10 A 6.1 A 4.1 A 2.4 A 2.4 A 2.4 A 3.2 A


38 A 45 A 105 A 43 A 22 A 28 A 14 A 8.6 A 6.3 A 4.2 A 4.7 A 5.4 A 11 A 31 A 31 A 31 A 22 A 13 A 9.5 A 6.1 A 3.9 A 2.4 A 2.4 A 2.4 A 3.5 A


36 A 57 A 94 A 43 A 22 A 27 A 13 A 9.1 A 6.1 A 4.1 A 4.7 A 5.4 A 11 A 35 A 31 A 30 A 21 A 13 A 9.2 A 5.8 A 3.8 A 2.4 A 2.5 A 2.4 A 3.8 A


36 A 56 A 86 A 42 A 21 A 27 A 18 A 9.5 A 6.1 A 4.0 A 4.7 A 5.7 A 11 A 39 A 31 A 30 A 20 A 12 A 9.3 A 5.5 A 3.8 A 2.4 A 2.5 A 2.4 A 3.8 A


34 A 44 A 82 A 40 A 21 A 26 A 17 A 9.2 A 6.1 A 4.0 A 4.7 A 6.3 A 11 A 44 A 32 A 29 A 19 A 13 A 9.6 A 5.5 A 4.1 A 2.4 A 2.4 A 2.4 A 3.8 A


32 A 42 A 77 A 38 A 20 A 25 A 16 A 9.2 A 6.1 A 4.0 A 4.6 A 7.6 A 10 A 43 A 34 A 28 A 19 A 13 A 9.3 A 5.4 A 4.0 A 2.3 A 2.3 A 2.4 A 3.8 A


31 A 41 A 75 A 38 A 20 A 24 A 15 A 9.2 A 5.9 A 4.1 A 4.6 A 7.2 A 9.5 A 42 A 38 A 27 A 18 A 12 A 9.3 A 5.4 A 3.9 A 2.3 A 2.3 A 2.6 A 4.1 A


29 A 40 A 71 A 37 A 20 A 23 A 14 A 9.1 A 5.9 A 4.2 A 4.6 A 6.8 A 9.5 A 40 A 36 A 27 A 18 A 13 A 9.0 A 5.7 A 3.7 A 2.3 A 2.3 A 2.8 A 4.5 A


28 A 37 A 68 A 36 A 19 A 24 A 14 A 8.7 A 5.7 A 4.1 A 4.5 A 6.9 A 9.5 A 36 A 36 A 27 A 18 A 12 A 9.2 A 5.2 A 3.4 A 2.4 A 2.2 A 2.9 A 4.5 A


28 A 37 A 67 A 36 A 19 A 22 A 14 A 8.3 A 5.7 A 4.1 A 4.5 A 6.8 A 9.7 A 33 A 35 A 26 A 19 A 12 A 9.3 A 4.9 A 3.3 A 2.4 A 2.2 A 2.9 A 4.5 A


26 A 37 A 66 A 35 A 23 A 21 A 14 A 7.8 A 5.6 A 4.1 A 4.5 A 12 A 9.8 A 32 A 33 A 25 A 19 A 14 A 9.3 A 5.2 A 3.2 A 2.4 A 2.3 A 2.9 A 4.5 A


25 A 36 A 63 A 33 A 43 A 21 A 14 A 7.5 A 5.6 A 4.3 A 4.6 A 11 A 11 A 32 A 32 A 24 A 19 A 17 A 9.1 A 5.0 A 3.2 A 2.4 A 2.3 A 2.9 A 4.5 A


39 A 36 A 59 A 33 A 36 A 20 A 13 A 7.9 A 5.7 A 4.2 A 4.6 A 9.5 A 22 A 32 A 31 A 23 A 19 A 17 A 9.0 A 4.8 A 3.1 A 2.4 A 2.3 A 2.9 A 5.0 A


111 A 64 A 57 A 32 A 33 A 20 A 11 A 8.0 A 5.7 A 4.1 A 4.6 A 8.6 A 20 A 31 A 34 A 22 A 18 A 15 A 8.9 A 5.0 A 3.0 A 2.7 A 2.3 e A 2.9 A 5.1 A


104 A 153 A 56 A 31 A 31 A 20 A 7.7 A 7.8 A 5.5 A 4.3 A 4.7 A 8.1 A 20 A 31 A 34 A 23 A 18 A 15 A 8.6 A 5.1 A 2.8 A 2.7 A 2.0 A 3.0 A 5.2 A


88 A 288 A 55 A 31 A 28 A 19 A 10 A 7.7 A 5.2 A 4.3 A 4.7 A 7.6 A 30 A 30 A 34 A 22 A 17 A 14 A 8.6 A 5.1 A 2.7 A 2.7 A 2.0 A 2.9 A 5.3 A


77 A 169 A 54 A 30 A 42 A 19 A 11 A 7.4 A 5.0 A 4.8 A 4.7 A 7.4 A 24 A 29 A 34 A 22 A 17 A 14 A 8.4 A 5.0 A 2.7 A 3.0 A 2.0 A 2.9 A 5.3 A


71 A 107 A 53 A 30 A 65 A 18 A 11 A 7.4 A 4.7 A 4.7 A 4.7 A 7.5 A 35 A 29 A 33 A 21 A 16 A 14 A 8.0 A 4.8 A 2.7 A 2.7 A 2.0 A 2.9 A 5.3 A


66 A 88 A 52 A 29 A 70 A 18 A 10 A 7.5 A 4.3 A 4.6 A 4.6 A 7.8 A 43 A 28 A 33 A 21 A 15 A 14 A 7.6 A 4.5 A 2.7 A 2.6 A 3.1 A 2.9 A 5.5 A


63 A 77 A 50 A 28 A 70 A 18 A 10 A 7.4 A 4.6 A 4.6 A 4.6 A 7.8 A 38 A 28 A 33 A 20 A 15 A 13 A 7.4 A 4.3 A 2.7 A 2.6 A 2.8 A 2.9 A 5.5 A


68 A 75 A 48 A 28 A 63 A 17 A 9.9 A 7.2 A 6.2 A 4.6 A 4.6 A 8.2 A 35 A 28 A 32 A 19 A 15 A 12 A 7.0 A 4.3 A 2.7 A 2.8 A 2.5 A 3.0 A 5.6 A


66 A 71 A 48 A 27 A 53 A 17 A 9.5 A 7.2 A 6.1 A 4.6 A 4.6 A 21 A 92 A 28 A 30 A 26 A 14 A 12 A 6.8 A 4.6 A 2.7 A 2.7 A 2.5 A 3.3 A 5.8 A


63 A 68 A 47 A 27 A 47 A 17 A 8.9 A 7.5 A 5.6 A 4.5 A 4.6 A 22 A 78 A 27 A 29 A 37 A 14 A 12 A 6.5 A 4.6 A 2.7 A 2.7 A 2.4 A 3.7 A 6.1 A


63 A 66 A 47 A 27 A 41 A 16 A 9.2 A 7.2 A 5.3 A 4.5 A 4.7 A 15 A 70 A 27 A 29 A 35 A 15 A 12 A 6.5 A 4.5 A 2.7 A 2.9 A 2.4 A 4.4 A 6.1 A


60 A 64 A 46 A 26 A 38 A 16 A 9.2 A 7.0 A 5.1 A 4.6 A 4.7 A 13 A 62 A 27 A 29 A 32 A 15 A 11 A 6.4 A 4.5 A 2.6 A 2.9 A 2.4 A 3.8 A 6.2 A


45 A 57 A 45 A 25 A 37 A 16 A 8.9 A 7.0 A 5.2 A 4.7 A 4.6 A 12 A 52 A 27 A 32 A 15 A 11 A 6.3 A 4.6 A 2.6 A 2.9 A 2.4 A 3.8 A 6.5 A


49 A 50 A 24 A 36 A 16 A 8.9 A 7.0 A 5.3 A 4.6 A 4.6 A 11 A 45 A 27 A 31 A 14 A 11 A 6.1 A 4.6 A 2.6 A 2.7 A 2.4 A 3.4 A 6.5 A


44 A 45 A 24 A 15 A 7.0 A 5.3 A 4.6 A 41 A 26 A 30 A 10 A 4.6 A 2.7 A 2.4 A 6.2 A


31 31 29 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31
111 288 131 46 70 34 18 9.5 6.9 5.2 4.7 22 92 44 38 37 28 17 10 6.3 4.6 3 3.1 4.4 6.5
19 36 45 24 19 15 7.7 7 4.3 4 4.5 4.8 9.5 26 26 19 14 10 6.1 4.3 2.6 2.3 2 2.4 3.2


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
1990 1990 1990 1990 1990 1990 1990 1990 1990 1990 1990 1990 1991 1991 1991 1991 1991 1991 1991 1991 1991 1991 1991 1991 1992 1992 1992 1992 1992 1992 1992 1992 1992 1992 1992 1992 1993 1993 1993 1993 1993 1993 1993


1 6.5 A 20 A 26 A 19 A 14 A 12 A 8.6 A 4.2 A 2.9 A 2.3 A 1.8 A 3.0 A 6.6 A 10 A 1,880 A 171 A 42 A 22 A 13 A 10 A 6.0 A 4.1 A 3.3 A 9.3 A 22 A 20 A 48 A 82 A 31 A 22 A 11 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
2 9.5 A 18 A 26 A 18 A 14 A 11 A 8.4 A 4.3 A 3.0 A 2.4 A 1.8 A 3.0 A 6.9 A 10 A 1,390 A 156 A 43 A 21 A 13 A 7.1 A 5.9 A 4.1 A 3.6 A 9.1 A 20 A 21 A 66 A 84 A 29 A 23 A 11 e A 9.1 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
3 10 A 17 A 25 A 18 A 13 A 11 A 9.7 A 4.1 A 3.0 A 2.5 A 1.8 A 3.0 A 7.7 A 10 A 318 A 144 A 40 A 21 A 12 A 8.0 A 5.7 A 3.9 A 3.6 A 9.8 A 20 A 21 A 156 A 82 A 28 A 21 A 11 e A 9.0 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
4 9.0 A 19 A 25 A 23 A 13 A 11 A 7.9 A 4.2 A 3.0 A 2.4 A 1.8 A 2.9 A 11 A 11 A 176 A 130 A 39 A 21 A 12 A 7.7 A 5.7 A 3.9 A 3.6 A 9.5 A 21 A 21 A 135 A 73 A 28 A 21 A 11 e A 8.9 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
5 8.2 A 20 A 25 A 22 A 13 A 11 A 7.6 A 3.9 A 3.0 A 2.5 A 1.9 A 2.8 A 9.4 A 11 A 128 A 121 A 37 A 20 A 12 A 7.9 A 6.0 A 3.9 A 3.8 A 11 A 30 A 21 A 98 A 68 A 27 A 23 A 11 e A 8.9 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
6 7.9 A 20 A 24 A 20 A 12 A 10 A 7.3 A 4.0 A 3.0 A 2.7 A 2.0 A 2.8 A 8.2 A 11 A 102 A 113 A 36 A 20 A 12 A 7.9 A 5.6 A 3.8 A 4.0 A 12 A 158 A 32 A 79 A 65 A 28 A 23 A 11 e A 8.7 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
7 7.8 A 19 A 24 A 19 A 12 A 9.9 A 7.5 A 3.8 A 2.9 A 2.7 A 2.0 A 2.8 A 7.7 A 11 A 84 A 110 A 35 A 19 A 12 A 8.0 A 5.4 A 3.9 A 4.1 A 11 A 132 A 71 A 72 A 62 A 26 A 21 A 11 e A 8.8 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
8 8.0 A 20 A 24 A 19 A 12 A 9.6 A 7.0 A 3.3 A 2.8 A 2.6 A 1.9 A 2.8 A 7.6 A 11 A 72 A 107 A 34 A 19 A 12 A 7.7 A 5.4 A 3.9 A 4.8 A 9.7 A 159 A 78 A 91 A 58 A 25 A 18 A 11 e A 9.1 A 7.5 e A --- --- --- --- --- --- --- --- --- ---
9 8.1 A 20 A 24 A 19 A 12 A 10 A 6.5 A 3.8 A 2.8 A 2.4 A 1.9 A 2.8 A 9.7 A 11 A 63 A 102 A 33 A 19 A 12 A 7.5 A 5.6 A 3.9 A 5.1 A 8.3 A 92 A 59 A 120 A 55 A 26 A 15 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---


10 8.5 A 19 A 24 A 19 A 11 A 16 A 6.5 A 4.0 A 2.7 A 2.3 e A 1.9 A 2.9 A 11 A 11 A 56 A 97 A 32 A 19 A 12 A 7.4 A 5.5 A 3.6 A 4.8 A 9.2 A 67 A 55 A 94 A 55 A 26 A 14 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
11 8.8 A 19 A 24 A 19 A 11 A 15 A 6.3 A 4.1 A 2.7 A 2.3 e A 1.9 A 3.0 A 7.7 A 12 A 50 A 90 A 31 A 18 A 12 A 7.3 A 5.7 A 3.6 A 5.1 A 11 A 54 A 56 A 72 A 51 A 27 A 15 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
12 9.3 A 18 A 25 A 18 A 11 A 13 A 5.9 A 4.0 A 2.7 A 2.2 e A 2.0 A 3.3 A 6.4 A 12 A 46 A 83 A 31 A 18 A 12 A 6.8 A 6.4 A 3.6 A 4.0 A 11 A 45 A 59 A 45 A 49 A 28 A 14 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
13 9.5 A 18 A 25 A 18 A 11 A 11 A 5.7 A 3.7 A 2.7 A 2.2 e A 2.1 A 3.6 A 5.7 A 12 A 43 A 74 A 30 A 18 A 11 A 6.9 A 5.8 A 3.5 A 3.9 A 8.8 A 41 A 212 A 36 A 49 A 27 A 15 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
14 13 A 18 A 25 A 17 A 11 A 11 A 5.8 A 4.0 A 2.5 A 2.1 e A 2.2 A 4.3 A 5.5 A 12 A 42 A 70 A 30 A 17 A 11 A 7.5 A 4.8 A 3.4 A 4.7 A 5.6 A 40 A 137 A 35 A 48 A 27 A 17 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
15 12 A 18 A 25 A 17 A 11 A 10 A 5.8 A 4.1 A 2.5 A 2.0 e A 2.2 A 4.8 A 5.4 A 12 A 42 A 70 A 30 A 16 A 10 A 7.6 A 4.6 A 3.3 A 6.4 A 4.3 A 36 A 116 A 33 A 61 A 28 A 17 A 10 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
16 12 A 18 A 24 A 17 A 10 A 9.6 A 5.6 A 3.8 A 2.5 A 1.8 e A 2.2 A 5.3 A 5.9 A 12 A 40 A 69 A 29 A 16 A 10 A 7.3 A 4.6 A 3.3 A 6.8 A 4.0 A 35 A 351 A 31 A 69 A 27 A 20 A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
17 20 A 23 A 24 A 20 A 10 A 9.6 A 5.5 A 3.6 A 2.5 A 1.7 e A 2.3 A 5.5 A 6.2 A 12 A 39 A 65 A 28 A 15 A 10 A 6.6 A 4.5 A 3.2 A 6.9 A 6.2 A 34 A 164 A 30 A 70 A 27 A 18 A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
18 19 A 44 A 24 A 20 A 9.9 A 10 A 5.3 A 3.8 A 2.5 A 1.6 e A 2.4 A 5.7 A 6.4 A 11 A 38 A 59 A 27 A 15 A 10 A 6.6 A 4.6 A 3.1 A 7.0 A 7.9 A 33 A 91 A 30 A 69 A 25 A 16 A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
19 17 A 44 A 23 A 19 A 9.8 A 9.7 A 5.2 A 3.4 A 2.4 A 1.6 e A 2.5 A 6.2 A 6.9 A 11 A 69 A 55 A 28 A 15 A 9.5 A 6.2 A 4.4 A 3.3 A 7.0 A 8.7 A 31 A 72 A 55 A 67 A 25 A 16 A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
20 17 A 42 A 22 A 18 A 9.2 A 9.9 A 5.2 A 3.2 A 2.5 A 1.6 A 11 A 8.3 A 7.6 A 11 A 168 A 56 A 27 A 14 A 9.4 A 6.4 A 4.4 A 3.5 A 7.1 A 6.5 A 30 A 63 A 69 A 61 A 24 A 12 A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
21 18 A 40 A 22 A 17 A 9.2 A 9.5 A 5.2 A 3.2 A 2.4 A 1.5 A 7.9 A 7.7 A 7.8 A 11 A 479 A 55 A 26 A 14 A 9.1 A 6.4 A 4.4 A 3.5 A 7.6 A 7.6 A 27 A 57 A 191 A 55 A 23 A 11 A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
22 18 A 36 A 22 A 17 A 9.2 A 9.3 A 4.8 A 3.2 A 2.4 A 1.5 A 5.3 A 7.3 A 8.3 A 11 A 323 A 54 A 26 A 14 A 9.7 A 6.5 A 4.2 A 3.3 A 9.6 A 8.2 A 27 A 53 A 200 A 59 A 23 A 12 e A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
23 18 A 33 A 21 A 17 A 9.3 A 9.5 A 4.9 A 3.1 A 2.4 A 1.5 A 4.1 A 6.7 A 8.4 A 11 A 191 A 53 A 25 A 14 A 13 A 6.5 A 4.2 A 3.3 A 12 A 8.2 A 29 A 52 A 185 A 56 A 24 A 12 e A 9.0 e A 9.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
24 18 A 31 A 21 A 17 A 9.3 A 9.3 A 4.7 A 3.1 A 2.3 A 1.6 A 3.6 A 6.3 A 8.6 A 10 A 153 A 51 A 24 A 13 A 11 A 6.4 A 4.3 A 3.3 A 12 A 8.1 A 29 A 51 A 217 A 49 A 23 A 11 e A 9.0 e A 8.5 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
25 17 A 29 A 21 A 16 A 9.1 A 9.0 A 4.5 A 3.0 A 2.3 A 1.6 A 3.3 A 6.2 A 9.0 A 10 A 173 A 51 A 24 A 12 A 9.8 A 6.4 A 4.3 A 3.2 A 12 A 7.9 A 26 A 51 A 139 A 44 A 23 A 12 e A 9.0 e A 8.5 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
26 17 A 28 A 21 A 16 A 8.8 A 9.0 A 4.5 A 3.0 A 2.3 A 1.6 A 3.4 A 6.2 A 9.2 A 10 A 351 A 50 A 24 A 13 A 9.8 A 5.9 A 4.3 A 3.4 A 12 A 7.9 A 26 A 52 A 109 A 44 A 23 A 12 e A 9.0 e A 8.5 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
27 16 A 27 A 20 A 16 A 8.3 A 8.9 A 4.5 A 3.0 A 2.2 A 1.6 A 3.3 A 6.2 A 9.6 A 16 A 2,100 A 48 A 24 A 13 A 9.2 A 6.3 A 4.3 A 5.0 A 13 A 7.9 A 25 A 51 A 196 A 41 A 22 A 12 e A 9.0 e A 8.5 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
28 16 A 27 A 20 A 16 A 15 A 8.5 A 4.8 A 3.0 A 2.1 A 1.7 A 3.2 A 6.3 A 9.9 A 53 A 829 A 48 A 24 A 13 A 9.2 A 6.2 A 4.2 A 4.0 A 11 A 11 A 27 A 51 A 171 A 38 A 21 A 12 e A 9.0 e A 8.0 e A 7.5 e A --- --- --- --- --- --- --- --- --- ---
29 16 A 20 A 15 A 19 A 8.1 A 4.5 A 2.9 A 2.1 A 1.7 A 3.1 A 6.4 A 10 A 337 A 46 A 23 A 12 A 9.2 A 5.3 A 4.1 A 3.6 A 11 A 13 A 26 A 49 A 115 A 35 A 21 A 12 e A 9.0 e A 8.0 e A 7.5 e A --- --- --- --- --- --- --- --- ---
30 15 A 19 A 14 A 15 A 8.2 A 4.4 A 2.9 A 2.2 A 1.7 A 3.0 A 6.4 A 10 A 240 A 44 A 23 A 12 A 8.1 A 5.6 A 4.1 A 3.4 A 11 A 49 A 16 A 96 A 33 A 23 A 12 e A 9.0 e A 8.0 e A 7.5 e A --- --- --- --- --- --- --- --- ---
31 20 A 19 A 13 A 4.3 A 2.9 A 1.7 A 6.4 A 10 A 196 A 23 A 10 A 6.2 A 3.3 A 25 A 19 A 87 A 22 A 9.0 e A 8.0 e A --- --- --- --- --- ---


COUNT 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30 31 30 31 31 30
MAX 20 44 26 23 19 16 9.7 4.3 3 2.7 11 8.3 11 53 2,100 171 43 22 13 10 6.4 5 13 49 159 351 217 84 31 23 11 9.1 7.5
MIN 6.5 17 19 14 8.3 8.1 4.3 2.9 2.1 1.5 1.8 2.8 5.4 10 38 44 23 12 8.1 5.3 4.1 3.1 3.3 4 16 20 30 33 21 11 9 8 7.5


DATE


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
1993 1993 1993 1993 1993 1994 1994 1994 1994 1994 1994 1994 1994 1994 1994 1994 1994 1995 1995 1995 1995 1995 1995 1995 1995 1995 1995 1995 1995 1996 1996 1996 1996 1996 1996 1996 1996 1996 1996 1996 1996 1997 1997


--- 10 A 6.0 e A 16 A 28 A 22 A 34 A 36 A 47 A 63 A 23 A 10 A 4.0 e A 1.1 A 0.34 A 0.68 A 4.8 A 11 A 135 A 90 A 279 A 181 A 72 A 30 A 16 A 8.7 A 9.1 A 9.0 A 9.6 A 17 A 116 A 61 A 34 A 8.6 A 9.5 A 1.8 e A 1.1 A 0.00 A 0.00 A 0.00 A 10 A 23 A 123 A


--- 10 A 5.9 A 15 A 20 A 23 A 34 A 35 A 45 A 57 A 22 A 8.2 A 3.6 e A 0.82 A 0.37 A 0.50 A 4.9 A 11 A 126 A 89 A 273 A 172 A 72 A 30 A 17 A 9.5 A 8.7 A 10 A 9.8 A 17 A 107 A 52 A 33 A 7.6 A 8.5 A 1.6 e A 0.69 A 0.00 A 0.00 A 0.00 A 10 A 23 A 111 A


--- 8.1 A 6.2 A 13 A 21 A 24 A 34 A 33 A 43 A 52 A 21 A 9.3 A 3.4 A 1.1 A 0.44 A 0.71 A 5.1 A 18 A 119 A 106 A 261 A 162 A 71 A 29 A 18 A 9.1 A 7.9 A 11 A 9.7 A 16 A 68 A 47 A 31 A 7.5 A 7.3 A 1.5 e A 0.42 A 0.00 A 0.00 A 0.00 A 10 A 51 A 102 A


--- 8.6 A 6.5 A 12 A 23 A 24 A 129 A 30 A 42 A 51 A 21 A 9.2 A 3.4 A 1.2 A 0.39 A 0.56 A 5.3 A 581 A 113 A 132 A 251 A 153 A 70 A 29 A 17 A 8.9 A 7.6 A 12 A 10 A 16 A 57 A 46 A 29 A 7.3 A 6.8 A 1.3 e A 0.27 A 0.00 A 0.00 A 0.00 A 10 A 79 A 95 A


--- 9.1 A 7.5 A 12 A 24 A 25 A 127 A 25 A 41 A 47 A 20 A 8.4 A 3.3 A 1.2 A 0.24 A 0.71 A 5.5 A 1,900 A 107 A 3,340 A 243 A 147 A 68 A 29 A 17 A 8.4 A 7.0 A 13 A 11 A 16 A 49 A 52 A 27 A 6.9 A 6.5 A 1.2 e A 0.21 A 0.00 A 0.00 A 0.00 A 10 A 57 A 88 A


--- 9.3 A 7.7 A 13 A 23 A 24 A 78 A 32 A 40 A 45 A 18 A 7.9 A 5.9 A 1.1 A 0.14 A 0.73 A 5.0 A 293 A 103 A 7,990 A 242 A 148 A 67 A 29 A 17 A 7.8 A 6.9 A 13 A 13 A 16 A 44 A 63 A 24 A 6.1 A 6.0 A 1.1 e A 0.13 A 0.00 A 0.00 A 0.00 A 18 A 43 A 83 A


--- 8.1 A 7.7 A 16 A 23 A 25 A 90 A 105 A 40 A 44 A 17 A 7.6 e A 3.4 A 0.84 A 0.07 A 0.76 A 4.7 A 172 A 97 A 2,080 A 238 A 155 A 62 A 28 A 18 A 7.0 A 7.1 A 12 A 13 A 16 A 42 A 58 A 22 A 5.6 A 5.4 A 1.0 e A 0.08 A 0.00 A 0.00 A 0.00 A 19 A 33 A 79 A


--- 7.5 A 8.7 A 16 A 23 A 27 A 244 A 126 A 39 A 44 A 17 A 8.0 e A 3.1 A 1.0 A 0.19 A 0.70 A 4.7 A 660 A 91 A 1,850 A 240 A 141 A 58 A 26 A 17 A 6.9 A 6.6 A 11 A 13 A 15 A 40 A 53 A 21 A 5.6 A 5.1 A 1.0 e A 0.04 A 0.00 A 0.00 A 0.00 A 18 A 28 A 76 A


--- 8.0 A 9.3 A 16 A 24 A 27 A 199 A 78 A 40 A 41 A 16 A 7.8 e A 2.9 A 0.99 A 0.85 A 0.70 A 4.6 A 290 A 91 A 1,720 A 239 A 135 A 53 A 25 A 16 A 6.3 A 6.8 A 11 A 13 A 15 A 37 A 48 A 20 A 5.6 A 5.0 A 0.95 e A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 26 A 74 A


--- 8.2 A 9.2 A 16 A 24 A 26 A 107 A 60 A 44 A 40 A 17 A 7.8 e A 2.8 A 0.95 A 0.58 A 1.0 A 4.9 A 272 A 86 A 1,670 A 240 A 128 A 50 A 24 A 16 A 6.1 A 7.1 A 11 A 12 A 16 A 36 A 43 A 21 A 5.4 A 4.7 A 0.90 e A 0.00 A 0.00 A 0.00 A 0.00 A 38 A 24 A 74 A


--- 8.3 A 9.3 A 19 A 27 A 25 A 81 A 51 A 42 A 38 A 14 A 7.6 A 2.7 A 1.0 A 0.60 A 1.4 A 4.9 A 860 A 82 A 5,300 A 228 A 121 A 49 A 22 A 16 A 6.5 A 7.4 A 8.1 A 12 A 16 A 35 A 40 A 20 A 4.9 A 4.4 A 0.82 e A 0.00 A 0.00 A 0.00 A 0.00 A 105 A 24 A 95 A


--- 8.9 A 12 A 25 A 40 A 25 A 65 A 47 A 40 A 39 A 16 A 7.6 e A 2.6 A 0.85 A 0.64 A 1.4 A 4.9 A 875 A 79 A 2,700 A 225 A 117 A 46 A 22 A 15 A 6.9 A 7.8 A 7.8 A 12 A 15 A 37 A 40 A 18 A 4.7 A 4.4 A 0.67 A 0.00 A 0.00 A 0.00 A 0.00 A 227 A 69 A 89 A


--- 9.2 A 11 A 24 A 36 A 24 A 56 A 45 A 37 A 39 A 20 A 7.8 e A 2.5 A 0.50 A 0.58 A 1.4 A 5.6 A 603 A 86 A 1,430 A 225 A 122 A 44 A 22 A 14 A 6.9 A 7.6 A 8.4 A 13 A 15 A 41 A 71 A 18 A 4.4 A 4.2 A 0.62 A 0.00 A 0.00 A 0.00 A 0.00 A 102 A 678 A 77 A


--- 9.5 A 12 A 22 A 32 A 24 A 52 A 45 A 38 A 43 A 19 A 7.6 e A 2.5 A 0.42 A 0.44 A 1.4 A 5.8 A 308 A 341 A 1,050 A 223 A 121 A 42 A 21 A 15 A 6.9 A 6.8 A 8.8 A 16 A 16 A 46 A 136 A 17 A 4.3 A 4.0 A 0.55 A 0.00 A 0.00 A 0.00 A 0.00 A 57 A 496 A 71 A


--- 9.0 A 12 A 20 A 39 A 24 A 47 A 43 A 37 e A 45 A 14 A 7.4 e A 2.3 A 0.50 A 0.51 A 1.5 A 5.8 A 220 A 1,230 A 761 A 221 A 115 A 40 A 20 A 14 A 6.8 A 6.2 A 9.2 A 20 A 17 A 40 A 116 A 16 A 4.2 A 4.0 A 0.49 A 0.00 A 0.00 A 0.00 A 0.00 A 35 A 306 A 68 A


--- 9.2 A 13 A 17 A 33 A 23 A 46 A 38 A 37 e A 41 A 17 A 7.6 e A 2.0 A 0.59 A 0.36 A 1.9 A 5.7 A 195 A 382 A 601 A 294 A 110 A 49 A 20 A 14 A 7.3 A 7.3 A 9.3 A 17 A 19 A 38 A 89 A 15 A 4.2 A 4.1 A 0.45 A 0.00 A 0.00 A 0.00 A 0.00 A 27 A 448 A 66 A


16 A 9.6 A 14 A 18 A 30 A 22 A 88 A 35 A 37 A 38 A 13 A 7.2 e A 1.9 A 0.64 A 0.48 A 2.1 A 5.9 A 203 A 223 A 524 A 302 A 108 A 61 A 20 A 14 A 7.1 A 7.8 A 9.4 A 15 A 28 A 36 A 75 A 15 A 4.1 A 4.0 A 0.40 A 0.00 A 0.00 A 0.00 A 0.00 A 23 A 234 A 63 A


16 A 9.9 A 14 A 19 A 27 A 23 A 166 A 28 A 44 A 36 A 11 A 7.0 e A 1.8 A 0.71 A 0.27 A 2.4 A 5.9 A 160 A 169 A 438 A 381 A 106 A 55 A 18 A 14 A 7.4 A 7.1 A 9.7 A 15 A 33 A 35 A 67 A 25 A 3.8 A 4.1 A 0.30 A 0.00 A 0.00 A 0.00 A 0.00 A 20 A 151 A 60 A


13 A 8.7 A 14 A 20 A 27 A 22 A 136 A 84 A 45 A 34 A 13 A 6.9 e A 1.8 A 0.63 A 0.08 A 2.4 A 5.2 A 135 A 146 A 394 A 457 A 105 A 48 A 18 A 13 A 7.5 A 7.3 A 10 A 14 A 28 A 35 A 64 A 30 A 3.9 A 4.1 A 0.28 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 119 A 56 A


12 A 8.5 A 13 A 20 A 28 A 22 A 110 A 179 A 46 A 33 A 13 A 6.5 e A 1.9 A 0.44 A 0.49 A 2.5 A 4.8 A 121 A 128 A 363 A 372 A 104 A 45 A 18 A 13 A 7.7 A 7.5 A 9.6 A 14 A 25 A 36 A 59 A 27 A 4.1 A 4.0 A 0.24 A 0.00 A 0.00 A 0.00 A 0.00 A 19 A 102 A 54 A


11 A 7.7 A 12 A 19 A 27 A 21 A 106 A 147 A 48 A 31 A 12 A 6.2 e A 1.9 A 0.37 A 1.1 A 2.4 A 6.5 A 143 A 114 A 408 A 342 A 100 A 42 A 18 A 13 A 7.6 A 8.1 A 9.6 A 15 A 26 A 52 A 53 A 21 A 4.1 A 3.9 A 0.18 A 0.00 A 0.00 A 0.00 A 0.04 A 17 A 87 A 58 A


11 A 8.7 A 12 A 21 A 25 A 20 A 85 A 87 A 53 A 30 A 12 A 5.7 e A 1.6 A 0.28 A 0.82 A 2.7 A 6.5 A 128 A 108 A 519 A 316 A 97 A 41 A 18 A 13 A 7.3 A 8.9 A 9.7 A 15 A 39 A 70 A 50 A 18 A 4.0 A 3.8 A 0.13 A 0.00 A 0.00 A 0.00 A 117 A 16 A 81 A 56 A


9.6 A 12 A 12 A 29 A 24 A 21 A 66 A 64 A 55 A 29 A 11 A 5.3 e A 1.5 A 0.14 A 0.77 A 3.0 A 7.6 A 114 A 103 A 678 A 289 A 96 A 40 A 19 A 12 A 7.3 A 8.1 A 10 A 17 A 53 A 64 A 46 A 16 A 3.8 A 3.5 e A 0.05 A 0.00 A 0.00 A 0.00 A 77 A 16 A 93 A 53 A


13 A 14 A 13 A 27 A 23 A 23 A 59 A 59 A 53 A 28 A 10 A 5.3 e A 1.1 A 0.33 A 0.65 A 3.3 A 8.1 A 142 A 101 A 695 A 268 A 92 A 39 A 20 A 12 A 7.8 A 7.3 A 10 A 19 A 46 A 54 A 43 A 14 A 3.9 A 3.3 e A 0.07 A 0.00 A 0.00 A 0.00 A 34 A 18 A 137 A 51 A


14 A 13 e A 13 A 25 A 23 A 64 A 53 A 156 A 54 A 29 A 11 A 4.9 e A 1.2 A 0.44 A 0.66 A 3.6 A 17 A 231 A 101 A 498 A 252 A 90 A 39 A 19 A 12 A 7.9 A 7.3 A 10 A 19 A 42 A 54 A 41 A 13 A 25 A 3.0 e A 0.13 A 0.00 A 0.00 A 0.00 A 22 A 19 A 106 A 50 A


11 A 12 e A 14 A 24 A 24 A 78 A 47 A 141 A 63 A 29 A 10 A 4.5 e A 1.3 A 0.38 A 0.60 A 5.4 A 16 A 855 A 99 A 424 A 245 A 88 A 38 A 19 A 11 A 7.9 A 7.6 A 10 A 18 A 44 A 77 A 39 A 12 A 24 A 2.8 e A 0.22 A 0.00 A 0.00 A 0.00 A 16 A 17 A 448 A 48 A


8.8 A 10 e A 15 A 22 A 25 A 53 A 44 A 92 A 94 A 29 A 9.4 A 4.4 e A 1.5 A 0.24 A 0.57 A 5.3 A 14 A 508 A 97 A 392 A 229 A 83 A 37 A 18 A 10 A 8.4 A 7.3 A 11 A 18 A 41 A 92 A 37 A 12 A 17 A 2.6 e A 0.36 A 0.00 A 0.00 A 0.00 A 13 A 19 A 577 A 49 A


10 A 8.5 e A 14 A 23 A 22 A 55 A 40 A 70 A 88 A 28 A 9.0 A 4.4 e A 1.5 A 0.15 A 0.49 A 4.9 A 14 A 269 A 92 A 370 A 220 A 81 A 36 A 17 A 9.8 A 7.9 A 7.2 A 10 A 17 A 42 A 90 A 35 A 11 A 14 A 2.4 e A 0.44 A 0.00 A 0.00 A 0.00 A 12 A 30 A 357 A 75 A


10 A 7.2 e A 14 A 23 A 23 A 49 A 59 A 86 A 26 A 8.8 A 4.2 e A 1.4 A 0.24 A 0.54 A 4.8 A 13 A 201 A 337 A 205 A 79 A 34 A 17 A 9.2 A 7.8 A 7.3 A 10 A 17 A 40 A 84 A 34 A 11 A 12 A 2.2 e A 0.69 A 0.00 A 0.00 A 0.00 A 11 A 36 A 234 A


9.7 A 6.5 e A 14 A 33 A 23 A 39 A 54 A 70 A 25 A 8.7 A 4.2 e A 1.2 A 0.38 A 0.58 A 4.8 A 11 A 167 A 313 A 193 A 77 A 32 A 18 A 8.8 A 7.9 A 7.7 A 9.6 A 17 A 38 A 34 A 9.7 A 11 A 2.0 e A 1.8 A 0.00 A 0.00 A 0.00 A 11 A 30 A 177 A


9.9 A 15 A 23 A 36 A 49 A 25 A 4.0 e A 1.0 A 0.73 A 11 A 148 A 289 A 73 A 17 A 8.7 A 7.6 A 17 A 56 A 34 A 10 A 1.8 A 0.00 A 0.00 A 26 A 143 A


15 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30 31 30 31 31 30 31 31 28
16 14 15 33 40 78 244 179 94 63 23 10 5.9 1.2 1.1 5.4 17 1,900 1,230 7,990 457 181 72 30 18 9.5 9.1 13 20 56 116 136 34 25 9.5 1.8 1.1 117 227 678 123
8.8 6.5 5.9 12 20 20 34 25 37 25 8.7 4 1 0.14 0.07 0.5 4.6 11 79 89 193 73 32 17 8.7 6.1 6.2 7.8 9.6 15 35 34 9.7 3.8 2 0.05 0 0 10 23 48


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 2000 2000 2000 2000 2000 2000 2000 2000 2000
58 A 19 A 9.4 A 3.5 A 0.95 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 112 A 78 A 32 e A 9.6 A 2.9 A 4.5 e A 6.4 e A 25 e A 22 e A 40 A 25 A 24 A 18 A 3.5 A 3.3 A 0.17 e A 0.04 A 0.00 A 0.00 A 0.06 A 0.06 A 4.9 A 37 A 18 A 14 A 3.8 A 2.3 A 1.0 A 0.00 A


51 A 19 A 9.2 A 3.5 A 0.92 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 108 A 74 A 31 e A 9.4 A 2.8 A 4.8 e A 6.5 e A 24 e A 22 e A 33 A 24 A 29 A 18 A 7.0 A 3.9 A 0.15 e A 0.04 A 0.00 A 0.00 A 0.06 A 0.06 A 5.1 A 33 A 17 A 13 A 4.1 A 2.7 A 1.2 A 0.00 A


52 A 19 A 8.9 A 3.4 A 0.60 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 108 A 69 A 30 e A 9.1 A 3.0 A 5.0 e A 6.6 e A 24 e A 21 e A 31 A 24 A 32 A 19 A 4.7 A 3.0 A 0.14 e A 0.05 A 0.00 A 0.00 A 0.06 A 0.07 A 5.4 A 31 A 17 A 12 A 3.5 A 2.5 A 1.1 A 0.00 A


51 A 27 A 8.7 A 3.3 A 0.48 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 113 A 64 A 29 e A 9.0 A 2.9 A 5.0 e A 6.5 e A 24 e A 21 e A 45 A 25 A 34 A 19 A 6.0 A 2.7 A 0.15 e A 0.37 A 0.00 A 0.00 A 0.06 A 0.06 A 5.4 A 30 A 16 A 12 A 3.4 A 1.7 A 1.2 A 0.00 A


48 A 27 A 8.0 A 3.3 A 0.42 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 135 A 61 A 28 e A 8.8 A 2.8 A 5.2 e A 6.5 e A 28 e A 20 e A 104 A 25 A 31 A 19 A 4.6 A 2.5 A 0.12 e A 1.4 A 0.00 A 0.00 A 0.06 A 0.07 A 5.4 A 45 A 16 A 12 A 3.4 A 1.6 A 1.3 A 0.00 A


45 A 23 A 7.4 A 3.2 A 0.36 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 186 A 61 A 26 e A 8.3 A 2.7 A 5.5 e A 6.6 e A 35 e A 20 e A 99 A 23 A 29 A 19 A 4.7 A 2.3 A 0.10 e A 1.6 A 0.01 A 0.00 A 0.06 A 0.06 A 5.4 A 71 A 16 A 12 A 3.5 A 1.5 A 1.2 A 0.00 A


43 A 22 A 7.0 A 3.2 A 0.31 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 174 A 59 A 24 e A 8.5 A 2.7 A 5.6 e A 6.6 e A 30 e A 20 e A 78 A 26 A 32 A 18 A 5.1 A 2.3 A 0.09 e A 1.3 A 0.00 A 0.00 A 0.06 A 0.06 A 5.4 A 75 A 15 A 11 A 3.0 A 1.5 A 0.85 A 0.00 A


40 A 21 A 6.8 A 3.6 A 0.25 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 142 A 58 A 23 A 8.0 A 2.8 A 5.8 e A 25 e A 29 e A 22 A 64 A 25 A 36 A 17 A 4.8 A 2.2 A 0.09 e A 0.77 A 0.00 A 0.08 A 0.06 A 0.06 A 5.7 A 63 A 15 A 11 A 3.4 A 1.4 A 0.69 A 0.00 A


38 A 21 A 6.8 A 3.2 A 0.19 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 132 A 57 A 22 A 7.6 A 2.7 e A 6.0 e A 18 e A 29 e A 25 A 58 A 24 A 39 A 17 A 4.4 A 2.2 A 0.09 e A 0.72 A 0.00 A 0.21 A 0.06 A 0.06 A 5.8 A 56 A 14 A 10 A 2.8 A 1.5 A 0.59 A 0.00 A


35 A 20 A 7.3 A 3.0 A 0.15 e A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- 129 A 55 A 21 A 7.4 A 2.8 e A 6.0 e A 16 e A 28 e A 24 A 56 A 24 A 35 A 16 A 4.2 A 2.0 A 0.10 e A 0.74 A 0.00 A 0.20 A 0.06 A 0.06 A 6.2 A 52 A 14 A 9.4 A 2.7 A 1.5 A 0.54 A 0.00 A


33 A 20 A 8.0 A 3.1 A 0.10 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 122 A 54 A 20 A 7.2 A 2.8 e A 6.1 e A 15 e A 27 e A 24 A 52 A 27 A 34 A 16 A 4.0 A 1.9 A 0.10 e A 0.57 A 0.00 A 0.14 A 0.06 A 0.06 A 10 A 47 A 14 A 8.6 A 2.6 A 1.5 A 0.41 A 0.00 A


31 A 20 A 8.4 A 3.1 A 0.07 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 144 A 55 A 19 A 6.6 A 2.9 e A 6.2 e A 15 e A 28 e A 23 A 49 A 31 A 91 A 15 A 3.6 A 1.8 e A 0.11 e A 0.38 A 0.00 A 0.12 A 0.06 A 0.06 A 17 A 40 A 13 A 7.6 A 2.6 A 1.4 A 0.30 A 0.00 A


31 A 19 A 8.4 A 3.1 A 0.04 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 429 A 54 A 19 A 6.3 A 2.9 e A 6.3 e A 14 e A 28 e A 23 A 45 A 30 A 93 A 15 A 3.4 A 1.6 e A 0.11 e A 0.23 A 0.00 A 0.12 A 0.06 A 0.06 A 21 A 36 A 13 A 6.0 A 3.0 A 1.3 A 0.27 A 0.00 A


33 A 19 A 7.9 A 2.9 A 0.01 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 405 A 52 A 18 A 6.2 A 3.0 e A 6.3 e A 14 e A 27 e A 22 A 44 A 28 A 74 A 14 A 3.5 A 1.4 e A 0.10 e A 0.23 A 0.00 A 0.10 A 0.06 A 0.06 A 23 A 33 A 13 A 6.0 A 2.9 A 1.3 A 0.22 A 0.00 A


31 A 18 A 7.1 A 2.7 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 256 A 50 A 18 A 5.9 A 3.1 e A 6.4 e A 15 e A 26 e A 22 A 39 A 29 A 59 A 13 A 3.4 A 1.1 e A 0.10 e A 0.16 A 0.00 A 0.08 A 0.06 A 0.06 A 21 A 31 A 15 A 6.1 A 2.3 A 1.2 A 0.15 A 0.00 A


31 A 18 A 6.3 A 2.7 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 181 A 49 A 17 A 5.7 A 3.2 e A 6.1 A 15 e A 27 e A 22 A 36 A 31 A 48 A 12 A 3.2 A 1.0 e A 0.11 e A 0.06 A 0.00 A 0.09 A 0.06 A 0.06 A 19 A 29 e A 14 A 7.2 A 2.6 A 1.2 A 0.12 A 0.00 A


30 A 17 A 6.0 A 2.8 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 158 A 49 A 16 A 5.6 A 3.2 e A 5.8 A 14 e A 27 e A 22 A 43 A 30 A 40 A 11 A 3.1 A 0.92 e A 0.11 e A 0.17 A 0.00 A 0.11 A 0.06 A 0.06 A 18 A 28 e A 13 A 6.4 A 2.0 A 1.2 A 0.07 A 0.00 A


27 A 17 A 5.8 A 2.6 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 150 A 46 A 16 A 6.0 A 3.3 e A 5.7 A 14 e A 27 e A 21 A 40 A 30 A 33 A 11 A 3.1 A 0.80 e A 0.10 e A 0.30 A 0.00 A 0.08 A 0.06 A 0.06 A 16 A 27 e A 22 A 5.6 A 1.8 A 1.2 A 0.04 A 0.00 A


26 A 17 A 6.0 A 2.3 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 142 A 45 A 15 A 5.5 A 3.4 e A 5.9 A 14 e A 28 e A 21 A 38 A 29 A 28 A 10 A 3.0 A 0.65 e A 0.09 e A 0.27 A 0.00 A 0.03 A 0.06 A 0.06 A 17 A 26 e A 27 A 7.2 A 1.7 A 0.94 A 0.01 A 0.00 A


25 A 16 A 5.5 A 2.2 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 129 A 43 A 14 A 4.8 A 3.5 e A 5.8 A 14 e A 31 e A 26 A 36 A 27 A 24 A 9.3 A 3.1 A 0.60 e A 0.07 e A 0.11 A 0.00 A 0.05 A 0.06 A 0.06 A 24 A 25 e A 27 A 7.0 A 2.0 A 0.81 A 0.00 A 0.00 A


24 A 16 A 5.1 A 2.1 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 124 A 41 A 14 A 4.6 A 3.5 e A 5.9 e A 15 A 28 e A 29 A 33 A 26 A 23 A 8.8 A 3.0 A 0.56 e A 0.06 e A 0.02 A 0.00 A 0.06 A 0.06 A 0.06 A 53 A 24 A 24 A 6.6 A 1.8 A 0.81 A 0.00 A 0.00 A


22 A 15 A 4.8 A 1.9 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 121 A 39 A 14 A 4.5 A 3.6 e A 6.0 e A 15 A 27 e A 26 A 33 A 25 A 22 A 8.0 A 3.0 A 0.53 e A 0.06 e A 0.00 A 0.00 A 0.03 A 0.06 A 0.11 A 124 A 23 A 22 A 6.2 A 2.2 A 0.79 A 0.00 A 0.00 A


22 A 14 A 4.5 A 1.7 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 115 A 38 A 14 A 4.4 A 3.7 e A 6.0 e A 14 A 27 e A 24 A 33 A 24 A 22 A 10 A 3.0 A 0.51 e A 0.05 e A 0.00 A 0.00 A 0.00 A 0.06 A 0.29 A 123 A 23 A 20 A 4.8 A 1.6 A 0.72 A 0.00 A 0.00 A


22 A 13 A 4.3 A 1.6 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 111 A 38 A 14 A 4.2 A 3.7 e A 5.9 e A 15 e A 26 e A 22 A 32 A 23 A 20 A 9.1 A 3.2 A 0.50 e A 0.06 e A 0.00 A 0.00 A 0.01 A 0.06 A 0.57 A 124 A 23 A 19 A 5.1 A 2.5 A 0.69 A 0.00 A 0.00 A


21 A 12 A 4.2 A 1.5 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 107 A 36 A 13 A 4.0 A 3.8 e A 8.0 e A 15 e A 26 e A 37 A 31 A 32 A 19 A 8.0 A 3.2 A 0.46 e A 0.10 e A 0.00 A 0.00 A 0.03 A 0.06 A 0.96 A 83 A 22 A 18 A 6.5 A 2.8 A 0.66 A 0.00 A 0.00 A


20 A 11 A 4.1 A 1.4 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 105 A 34 A 12 A 3.8 A 3.9 e A 7.2 e A 14 e A 25 e A 72 A 29 A 45 A 19 A 7.1 A 3.2 A 0.42 e A 0.17 A 0.02 A 0.00 A 0.06 A 0.06 A 2.0 A 60 A 21 A 17 A 5.6 A 2.9 A 0.64 A 0.00 A 0.00 A


20 A 10 A 4.0 A 1.3 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 102 A 33 A 12 A 3.5 A 4.0 e A 6.8 e A 15 e A 25 e A 180 A 26 A 37 A 19 A 6.0 A 3.2 A 0.41 e A 0.14 A 0.09 A 0.00 A 0.05 A 0.06 A 2.7 A 48 A 20 A 16 A 4.8 A 2.1 A 0.63 A 0.00 A 0.00 A


19 A 10 A 4.0 A 1.2 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- --- --- 97 A 33 A 11 A 3.4 A 4.2 e A 6.5 e A 40 e A 24 e A 140 A 25 A 32 A 19 A 5.6 A 3.1 A 0.41 e A 0.12 A 0.04 A 0.00 A 0.04 A 0.06 A 2.7 A 44 A 21 A 15 A 4.6 A 1.5 A 0.64 A 0.00 A 0.00 A


19 A 9.8 A 3.8 A 1.1 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- 115 A 91 A 33 A 11 A 3.2 A 4.4 e A 6.3 e A 32 e A 23 e A 82 A 26 A 18 A 5.0 A 3.1 A 0.33 e A 0.10 A 0.00 A 0.00 A 0.06 A 0.06 A 3.0 A 39 A 22 A 15 A 4.5 A 1.8 A 0.66 A 0.00 A 0.00 A


19 A 9.3 A 3.7 A 0.98 A 0.00 e A 0.00 e A 0.00 e A 0.00 e A --- --- --- --- 111 A 86 A 33 e A 11 A 3.0 A 4.5 e A 6.3 e A 29 e A 23 e A 53 A 22 A 18 A 4.2 A 3.1 A 0.26 e A 0.09 A 0.00 A 0.00 A 0.06 A 0.06 A 3.4 A 19 A 14 A 4.5 A 1.4 A 0.84 A 0.00 A 0.00 A


19 A 3.6 A 0.00 e A 0.00 e A 0.00 e A --- --- --- 82 A 10 A 2.9 A 6.4 e A 22 e A 46 A 22 A 3.8 A 0.20 e A 0.09 A 0.00 A 0.06 A 4.1 A 19 A 5.1 A 0.96 A 0.00 A


31 30 31 30 31 2 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30 31 30 31 31
58 27 9.4 3.6 0.95 115 429 78 32 9.6 4.5 8 40 35 180 104 45 93 19 7 3.9 0.17 1.6 0.01 0.21 0.06 4.1 124 75 27 14 4.1 2.7 1.3
19 9.3 3.6 0.98 0 111 82 33 10 2.9 2.7 4.5 6.4 22 20 25 22 18 3.8 3 0.2 0.05 0 0 0 0.06 0.06 4.9 19 13 4.5 1.4 0.63 0


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
2000 2000 2000 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2003 2003 2003 2003 2003 2003 2003 2003 2003 2003 2003 2003 2004 2004 2004 2004
0.00 A 0.99 A 0.12 A 0.31 A 21 A 221 A 42 A 27 A 12 A 5.2 A 0.70 A 3.1 A 1.5 P 4.7 P 3.5 P 6.7 P 9.7 P 15 P 13 P 8.7 P 3.2 P 2.1 P 2.2 P 5.1 P 2.4 P 1.6 P 2.5 P 13 P 9.9 P 242 P 64 P 46 P 19 P 12 P 4.5 P 1.2 P 0.61 A 0.08 A 8.3 A 24 A 19 A 111 A 23 A


0.00 A 0.74 A 0.12 A 0.46 A 18 A 184 A 40 A 26 A 12 A 5.1 A 0.65 A 3.2 A 1.4 P 4.7 P 3.2 P 6.7 P 11 P 14 P 12 P 8.5 P 3.2 P 2.1 P 2.2 P 5.1 P 2.4 P 1.6 P 2.5 P 13 P 9.9 P 176 P 60 P 43 P 18 P 12 P 4.3 P 1.1 P 0.46 A 0.24 A 8.2 A 24 A 19 A 109 A 32 A


0.00 A 0.82 A 0.12 A 0.56 A 17 A 159 A 37 A 24 A 12 A 5.1 A 0.58 A 3.3 A 1.4 P 4.5 P 3.2 P 7.3 P 11 P 12 P 12 P 8.2 P 3.1 P 2.2 P 2.1 P 5.1 P 2.2 P 1.6 P 2.2 P 13 P 9.2 P 141 P 57 P 46 P 17 P 12 P 4.3 P 0.98 P 0.40 A 0.20 A 8.3 A 34 A 29 A 97 A 34 A


0.00 A 0.59 A 0.09 A 0.69 A 16 A 152 A 35 A 21 A 12 A 5.0 A 0.57 A 3.4 A 1.3 P 4.8 P 7.1 P 7.6 P 11 P 13 P 11 P 8.1 P 3.0 P 2.4 P 2.2 P 5.3 P 2.1 P 1.5 P 2.0 P 13 P 8.7 P 123 P 55 P 49 P 18 P 11 P 4.2 P 0.83 P 0.33 A 0.34 A 8.8 A 28 A 29 A 96 A 31 A


0.00 A 0.48 A 0.06 A 1.2 A 15 A 137 A 32 A 19 A 12 A 4.8 A 0.53 A 2.6 A 1.3 P 4.9 P 4.0 P 7.6 P 11 P 7.8 P 11 P 8.0 P 3.1 P 2.5 P 2.2 P 5.9 P 1.9 P 1.5 P 2.0 P 13 P 9.0 P 113 P 52 P 49 P 19 P 10 P 4.1 P 0.75 P 0.30 A 0.62 A 8.8 A 28 A 31 A 87 A 28 A


0.00 A 0.46 A 0.01 A 1.3 A 14 A 140 A 29 A 17 A 12 A 4.4 A 0.45 A 2.5 A 1.3 P 4.6 P 3.5 P 7.8 P 11 P 7.8 P 11 P 7.6 P 3.3 P 2.6 P 2.2 P 6.0 P 1.8 P 1.5 P 2.0 P 13 P 8.9 P 104 P 50 P 49 P 18 P 10 P 4.0 P 0.60 P 0.30 A 0.89 A 9.0 A 27 A 30 A 77 A 25 A


0.00 A 0.39 A 0.05 A 1.2 A 14 A 144 A 45 A 15 A 13 A 3.9 A 0.42 A 3.1 A 1.2 P 4.4 P 3.2 P 8.4 P 12 P 8.2 P 11 P 7.8 P 3.2 P 2.7 P 2.1 P 6.2 P 1.8 P 1.6 P 1.9 P 12 P 8.7 P 96 P 48 P 48 P 19 P 9.6 P 3.9 P 0.54 P 0.36 A 1.0 A 9.1 A 27 A 28 A 70 A 23 A


0.00 A 0.30 A 0.01 A 1.3 A 13 A 137 A 96 A 14 A 11 A 3.5 A 0.45 A 3.3 A 1.1 P 4.5 P 2.8 P 8.9 P 13 P 8.4 P 10 P 7.8 P 3.3 P 2.7 P 2.1 P 6.1 P 1.9 P 5.7 P 1.9 P 12 P 8.9 P 89 P 46 P 48 P 20 P 9.4 P 3.7 P 0.59 P 0.44 A 1.2 A 9.9 A 25 A 26 A 66 A 22 A


0.00 A 0.30 A 0.01 A 1.6 A 12 A 122 A 95 A 13 A 14 A 3.3 A 0.49 A 3.5 A 1.2 P 4.5 P 3.0 P 9.3 P 14 P 8.0 P 9.6 P 7.5 P 3.1 P 2.6 P 2.2 P 6.0 P 1.9 P 13 P 1.8 P 12 P 8.6 P 84 P 44 P 49 P 20 P 9.1 P 3.5 P 0.56 P 0.67 A 1.5 A 9.3 A 24 A 24 A 61 A 21 A


0.00 A 0.28 A 0.04 A 1.7 A 12 A 135 A 79 A 12 A 13 A 3.2 A 0.41 A 3.7 A 1.3 P 4.5 P 11 P 9.1 P 12 P 8.1 P 9.3 P 6.9 P 3.0 P 2.4 P 2.2 P 5.6 P 2.1 P 6.3 P 1.8 P 11 P 9.1 P 80 P 43 P 47 P 20 P 9.0 P 3.2 P 0.50 P 0.70 A 1.8 A 9.5 A 25 A 23 A 58 A 19 A


0.00 A 0.26 A 0.05 A 16 A 12 A 149 A 63 A 12 A 12 A 3.0 A 0.42 A 3.9 A 2.6 P 4.4 P 5.3 P 8.9 P 12 P 8.6 P 9.2 P 6.5 P 2.8 P 2.5 P 2.3 P 3.5 P 2.0 P 4.6 P 1.8 P 11 P 26 P 77 P 41 P 44 P 20 P 8.8 P 3.0 P 0.44 P 0.57 A 2.0 A 10 A 24 A 22 A 55 A 19 A


0.00 A 0.22 A 0.05 A 47 A 14 A 145 A 57 A 11 A 9.4 A 2.9 A 0.40 A 3.8 A 3.8 P 4.4 P 3.9 P 8.8 P 11 P 8.9 P 8.9 P 6.1 P 2.6 P 2.4 P 2.3 P 4.6 P 1.8 P 3.7 P 1.6 P 10 P 72 P 75 P 38 P 43 P 19 P 8.4 P 3.2 P 0.44 P 0.28 A 2.9 A 9.9 A 24 A 22 A 51 A 18 A


0.00 A 0.18 A 0.00 A 57 A 40 A 127 A 53 A 11 A 9.1 A 2.7 A 0.34 A 2.9 A 4.0 P 5.9 P 3.4 P 9.3 P 11 P 9.4 P 9.0 P 5.8 P 2.5 P 2.5 P 2.4 P 3.6 P 1.9 P 3.1 P 1.5 P 10 P 176 P 72 P 38 P 41 P 19 P 8.0 P 3.2 P 0.57 P 0.16 A 3.9 A 9.4 A 23 A 21 A 49 A 17 A


0.00 A 0.18 A 0.00 A 44 A 180 A 110 A 48 A 11 A 8.7 A 2.6 A 0.39 A 2.9 A 3.9 P 4.9 P 3.8 P 9.9 P 10 P 9.9 P 8.9 P 5.7 P 2.5 P 2.4 P 2.4 P 5.3 P 2.0 P 2.9 P 1.5 P 11 P 183 P 69 P 98 P 40 P 17 P 7.9 P 3.2 P 0.49 P 0.10 A 4.0 A 9.6 A 22 A 20 A 47 A 16 A


0.00 A 0.17 A 0.00 A 33 A 144 A 102 A 45 A 11 A 8.6 A 2.5 A 0.75 A 2.8 A 4.0 P 2.8 P 4.2 P 10 P 9.7 P 10 P 9.5 P 5.7 P 2.3 P 2.2 P 3.6 P 5.6 P 1.9 P 2.7 P 1.5 P 11 P 138 P 77 P 270 P 38 P 17 P 7.7 P 3.9 P 0.51 P 0.09 A 4.0 A 10 A 22 A 20 A 45 A 15 A


0.00 A 0.18 A 0.00 A 26 A 88 A 96 A 42 A 11 A 8.2 A 2.3 A 1.1 A 2.8 A 4.1 P 2.2 P 3.6 P 9.8 P 9.5 P 11 P 9.5 P 5.5 P 2.2 P 2.2 P 3.6 P 5.7 P 1.9 P 2.4 P 1.9 P 11 P 120 P 237 P 321 P 37 P 16 P 7.7 P 3.2 P 0.49 P 0.06 A 4.6 A 10 A 21 A 20 A 44 A 14 A


0.00 A 0.16 A 0.00 A 22 A 60 A 90 A 40 A 11 A 7.8 A 2.0 A 1.3 A 2.6 A 4.2 P 2.1 P 3.3 P 9.5 P 13 P 13 P 8.4 P 5.1 P 2.2 P 2.3 P 3.5 P 3.6 P 1.9 P 2.3 P 8.7 P 11 P 101 P 525 P 195 P 41 P 16 P 7.3 P 2.9 P 0.35 P 0.05 A 4.8 A 10 A 20 A 20 A 43 A 14 A


0.00 A 0.12 A 0.00 A 19 A 46 A 85 A 39 A 10 A 7.5 A 1.9 A 1.5 A 2.0 A 4.3 P 2.0 P 3.3 P 9.4 P 14 P 24 P 7.8 P 5.1 P 2.2 P 2.2 P 3.5 P 3.0 P 1.8 P 2.2 P 6.8 P 11 P 87 P 340 P 137 P 39 P 16 P 7.0 P 2.6 P 0.28 P 0.00 A 5.0 A 11 A 20 A 20 A 42 A 15 A


0.00 A 0.12 A 0.00 A 18 A 39 A 82 A 39 A 9.4 A 7.2 A 1.8 A 1.7 A 1.7 A 5.0 P 1.9 P 3.4 P 9.6 P 11 P 24 P 7.5 P 5.1 P 2.2 P 2.2 P 3.4 P 2.9 P 1.8 P 2.0 P 4.9 P 11 P 77 P 234 P 112 P 37 P 15 P 6.8 P 2.3 P 0.25 P 0.00 A 5.4 A 11 A 20 A 21 A 39 A 14 A


0.00 A 0.12 A 0.01 A 17 A 46 A 79 A 38 A 9.3 A 6.7 A 1.7 A 1.8 A 1.6 A 4.9 P 1.9 P 3.3 P 9.6 P 9.9 P 23 P 7.1 P 5.2 P 2.3 P 2.3 P 3.2 P 4.9 P 1.9 P 1.9 P 18 P 12 P 71 P 189 P 95 P 36 P 15 P 6.5 P 2.1 P 0.29 P 0.06 A 5.6 A 11 A 20 A 21 A 38 A 15 A


0.00 A 0.11 A 0.00 A 16 A 48 A 75 A 42 A 9.6 A 6.7 A 1.6 A 1.9 A 1.7 A 5.0 P 2.1 P 5.0 P 9.6 P 9.9 P 23 P 7.0 P 5.0 P 2.4 P 2.2 P 2.9 P 5.2 P 1.9 P 1.7 P 26 P 12 P 67 P 152 P 85 P 35 P 15 P 6.3 P 2.1 P 0.35 P 0.26 A 5.9 A 11 A 20 A 22 A 36 A 15 A


0.00 A 0.11 A 0.00 A 15 A 42 A 71 A 47 A 9.9 A 6.5 A 1.5 A 1.8 A 1.7 A 4.7 P 2.1 P 7.1 P 9.9 P 11 P 21 P 6.8 P 4.8 P 2.2 P 2.2 P 2.9 P 5.3 P 1.8 P 1.6 P 30 P 11 P 65 P 131 P 78 P 33 P 15 P 6.3 P 2.0 P 0.36 P 0.65 A 6.3 A 11 A 19 A 45 A 36 A 14 A


0.00 A 0.10 A 0.01 A 15 A 40 A 68 A 51 A 9.8 A 6.1 A 1.4 A 1.8 A 1.8 A 4.7 P 2.1 P 4.5 P 9.8 P 11 P 19 P 6.9 P 4.7 P 2.2 P 2.2 P 3.2 P 5.1 P 1.7 P 1.7 P 29 P 11 P 61 P 118 P 73 P 31 P 16 P 6.2 P 1.8 P 0.45 P 0.81 A 6.3 A 12 A 19 A 101 A 35 A 13 A


0.00 A 0.21 A 0.03 A 13 A 45 A 65 A 50 A 9.4 A 5.8 A 1.3 A 1.9 A 1.8 A 4.7 P 2.5 P 4.4 P 9.0 P 11 P 19 P 7.5 P 4.4 P 2.2 P 2.3 P 3.2 P 2.9 P 1.7 P 1.7 P 25 P 11 P 59 P 107 P 68 P 26 P 16 P 5.9 P 1.6 P 0.36 P 0.72 A 6.5 A 12 A 20 A 78 A 33 A 12 A


0.00 A 0.25 A 0.04 A 12 A 65 A 62 A 44 A 9.7 A 5.5 A 1.2 A 2.0 A 1.7 A 4.6 P 9.1 P 4.6 P 8.7 P 12 P 19 P 8.7 P 4.3 P 2.2 P 2.1 P 2.8 P 2.5 P 1.8 P 1.9 P 20 P 11 P 286 P 99 P 61 P 24 P 17 P 5.7 P 1.6 P 0.24 P 0.59 A 7.1 A 19 A 21 A 64 A 31 A 11 A


0.00 A 0.25 A 0.00 A 17 A 170 A 59 A 38 A 9.8 A 5.2 A 1.1 A 2.1 A 1.6 A 4.6 P 5.7 P 4.8 P 8.8 P 11 P 17 P 9.9 P 4.2 P 2.1 P 2.1 P 3.0 P 2.3 P 1.9 P 1.8 P 16 P 10 P 475 P 94 P 57 P 24 P 15 P 5.5 P 1.5 P 0.25 P 0.40 A 7.3 A 28 A 21 A 156 A 33 A 11 A


0.07 A 0.22 A 0.00 A 33 A 261 A 56 A 35 A 10 A 5.1 A 1.0 A 2.1 A 1.6 A 4.7 P 4.0 P 5.1 P 8.8 P 10 P 17 P 10 P 4.1 P 2.2 P 2.1 P 3.4 P 2.2 P 1.6 P 1.7 P 15 P 10 P 354 P 89 P 53 P 24 P 14 P 5.3 P 1.4 P 0.32 P 0.08 A 7.2 A 23 A 20 A 236 A 30 A 10 A


0.13 A 0.18 A 0.01 A 30 A 244 A 54 A 33 A 11 A 5.2 A 0.89 A 2.1 A 1.7 A 4.7 P 3.3 P 5.4 P 8.7 P 12 P 16 P 9.5 P 3.7 P 2.2 P 2.1 P 3.5 P 2.2 P 1.5 P 1.8 P 13 P 10 P 293 P 81 P 52 P 24 P 13 P 5.3 P 1.3 P 0.63 P 0.04 A 7.4 A 25 A 21 A 203 A 29 A 9.6 A


0.46 A 0.13 A 0.04 A 28 A 52 A 30 A 11 A 5.3 A 0.85 A 2.2 A 1.7 A 4.6 P 3.9 P 6.1 P 11 P 15 P 8.9 P 3.7 P 2.1 P 2.0 P 5.4 P 2.6 P 1.6 P 1.8 P 15 P 10 P 75 P 51 P 23 P 13 P 5.2 P 1.3 P 0.84 P 0.03 A 7.7 A 26 A 20 A 141 A 27 A 9.0 A


4.1 A 0.12 A 0.08 A 26 A 49 A 28 A 11 A 5.3 A 0.81 A 2.2 A 1.6 A 4.7 P 4.5 P 6.2 P 10 P 13 P 8.8 P 3.7 P 2.1 P 2.1 P 3.5 P 2.5 P 1.6 P 2.2 P 15 P 9.6 P 70 e P 48 P 21 P 12 P 5.1 P 1.2 P 0.73 P 0.13 A 7.9 A 27 A 19 A 25 A 8.7 A


2.0 A 0.10 A 23 A 45 A 11 A 0.74 A 2.9 A 4.7 P 6.6 P 9.3 P 13 P 3.5 P 2.1 P 4.9 P 1.6 P 13 P 9.5 P 67 P 19 P 4.6 P 1.2 P 0.05 A 26 A 19 A 24 A


31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 29 31 30
4.1 0.99 0.12 57 261 221 96 27 14 5.2 2.9 3.9 5 9.1 11 11 14 24 13 8.7 3.3 2.7 5.4 6.2 2.4 13 30 13 475 525 321 49 20 12 4.5 1.2 0.81 7.9 28 34 236 111 34
0 0.1 0 0.31 12 45 28 9.3 5.1 0.74 0.34 1.6 1.1 1.9 2.8 6.7 9.5 7.8 6.8 3.5 2.1 2 2.1 2.2 1.5 1.5 1.5 9.5 8.6 67 38 19 12 4.6 1.2 0.24 0 0.08 8.2 19 19 24 8.7


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
2004 2004 2004 2004 2004 2004 2004 2004 2005 2005 2005 2005 2005 2005 2005 2005 2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007
8.4 A 3.0 A 0.28 A 0.00 A 0.00 A 0.00 A 114 A 35 A 407 A 172 A 485 A 147 A 121 A 46 A 25 A 14 A 7.9 A 12 A 21 A 22 A 38 A 32 A 131 A 60 A 46 A 26 e A 7.9 A 2.6 A 2.3 A 2.2 A 2.0 A 4.4 A 18 A 42 A 43 A 15 A 15 A 5.4 A 1.9 A 1.3 A 1.4 A 1.2 A 1.7 A


8.1 A 2.6 A 0.18 A 0.00 A 0.00 A 0.00 A 85 A 33 A 295 A 161 A 443 A 142 A 108 A 43 A 25 A 14 A 7.9 A 12 A 20 A 24 A 55 A 33 A 107 A 54 A 45 A 23 e A 7.4 A 2.5 A 2.3 A 2.1 A 2.1 A 4.6 A 18 A 39 A 45 A 15 A 15 A 5.4 A 1.8 A 1.3 A 1.3 A 1.1 A 1.8 A


7.5 A 2.4 A 0.08 A 0.00 A 0.00 A 0.00 A 69 A 31 A 372 A 151 A 409 A 139 A 100 A 42 A 24 A 14 A 7.9 A 13 A 20 A 28 A 99 A 33 A 79 A 51 A 43 A 21 A 6.9 A 2.7 A 2.3 A 2.1 A 2.4 A 4.9 A 17 A 32 A 40 A 14 A 14 A 5.4 A 1.9 A 1.3 A 1.3 A 1.1 A 1.9 A


8.2 A 2.0 A 0.02 A 0.00 A 0.00 A 0.00 A 61 A 31 A 880 A 146 A 388 A 135 A 94 A 41 A 23 A 14 A 7.8 A 13 A 20 A 27 A 114 A 32 A 67 A 56 A 43 A 21 A 6.5 A 2.7 A 2.2 A 2.1 A 2.4 A 5.0 A 17 A 29 A 35 A 14 A 13 A 5.0 A 1.9 A 1.3 A 1.2 A 1.2 A 2.0 A


9.6 A 2.1 A 0.00 A 0.00 A 0.00 A 0.00 A 52 A 39 A 889 A 142 A 411 A 130 A 91 A 40 A 23 A 13 A 7.9 A 13 A 19 A 26 A 85 A 33 A 60 A 124 A 43 A 19 A 6.2 A 2.5 A 2.1 A 2.1 A 2.3 A 5.3 A 18 A 26 A 33 A 13 A 12 A 4.8 A 2.0 A 1.2 A 1.3 A 1.2 A 2.0 A


8.9 A 2.0 A 0.34 A 0.00 A 0.00 A 0.00 A 44 A 50 A 544 A 139 A 403 A 124 A 95 A 40 A 23 A 13 A 7.9 A 13 A 20 A 28 A 67 A 32 A 55 A 209 A 42 A 20 A 5.9 A 2.4 A 2.2 A 1.9 A 2.2 A 5.5 A 17 A 25 A 33 A 13 A 12 A 4.4 A 1.9 A 1.2 A 1.2 A 1.1 A 2.1 A


8.0 A 1.9 A 0.41 A 0.00 A 0.00 A 0.00 A 40 A 55 A 394 A 138 A 355 A 118 A 100 A 39 A 22 A 12 A 7.9 A 12 A 21 A 28 A 59 A 33 A 53 A 164 A 40 A 19 A 5.7 A 2.3 A 2.3 A 1.9 A 2.2 A 5.7 A 17 A 24 A 31 A 13 A 11 A 4.0 A 1.8 A 1.2 A 1.1 A 1.0 A 1.8 A


7.7 A 1.9 A 0.10 A 0.00 A 0.00 A 0.00 A 42 A 52 A 579 A 137 A 324 A 114 A 90 A 37 A 21 A 13 A 7.5 A 12 A 21 A 27 A 54 A 32 A 50 A 114 A 40 A 19 A 5.5 A 2.3 A 2.3 A 1.9 A 2.3 A 5.8 A 17 A 22 A 28 A 13 A 11 A 3.9 A 1.8 A 1.2 A 1.2 A 1.1 A 1.8 A


7.5 A 1.7 A 0.00 A 0.00 A 0.00 A 0.00 A 59 A 47 A 1,640 A 134 A 296 A 113 A 80 A 37 A 21 A 12 A 7.6 A 12 A 21 A 27 A 52 A 33 A 47 A 92 A 40 A 19 A 5.4 A 2.3 A 2.2 A 2.0 A 2.4 A 6.0 A 17 A 21 A 26 A 13 A 10 A 3.7 A 1.8 A 1.2 A 1.2 A 1.1 A 2.0 A


7.1 A 1.6 A 0.00 A 0.00 A 0.00 A 0.00 A 60 A 43 A 11,700 A 130 A 281 A 112 A 77 A 38 A 20 A 12 A 7.7 A 12 A 22 A 26 A 50 A 34 A 50 A 81 A 38 A 17 A 5.2 A 2.3 A 2.3 A 1.9 A 2.4 A 12 A 17 A 21 A 25 A 13 A 9.7 A 3.6 A 1.8 A 1.2 A 1.1 A 1.2 A 2.0 A


6.8 A 1.4 A 0.00 A 0.00 A 0.00 A 0.00 A 49 A 41 A 11,400 A 218 A 264 A 108 A 74 A 38 A 20 A 12 A 7.9 A 13 A 22 A 26 A 47 A 34 A 65 A 75 A 37 A 16 A 5.1 A 2.3 A 2.4 A 1.9 A 2.5 A 9.6 A 17 A 26 A 24 A 13 A 9.3 A 3.7 A 1.7 A 1.3 A 1.1 A 1.4 A 2.1 A


6.6 A 1.3 A 0.00 A 0.00 A 0.00 A 0.00 A 42 A 38 A 5,030 A 610 A 247 A 107 A 71 A 40 A 20 A 12 A 8.0 A 13 A 23 A 26 A 46 A 33 A 85 A 69 A 35 A 15 A 4.9 A 2.2 A 2.4 A 2.0 A 2.5 A 8.8 A 17 A 27 A 22 A 12 A 9.1 A 3.7 A 1.7 A 1.2 A 1.1 A 1.5 A 2.1 A


6.4 A 1.3 A 0.00 A 0.00 A 0.00 A 0.00 A 38 A 36 A 1,480 A 742 A 234 A 102 A 68 A 40 A 20 A 11 A 8.4 A 13 A 23 A 26 A 45 A 33 A 90 A 64 A 35 e A 16 A 4.6 A 2.3 A 2.4 A 2.0 A 2.5 A 8.8 A 16 A 25 A 21 A 12 A 8.7 A 3.5 A 1.6 A 1.2 A 1.1 A 1.9 A 1.9 A


6.2 A 1.1 A 0.00 A 0.00 A 0.00 A 0.00 A 35 A 34 A 914 A 439 A 225 A 99 A 64 A 39 A 20 A 11 A 8.4 A 13 A 25 A 26 A 44 A 32 A 68 A 63 A 34 e A 15 A 4.5 A 2.2 A 2.4 A 6.8 A 2.7 A 8.9 A 15 A 29 A 21 A 11 A 8.6 A 3.4 A 1.6 A 1.2 A 1.1 A 2.2 A 1.9 A


6.0 A 1.3 A 0.00 A 0.00 A 0.00 A 0.00 A 32 A 33 A 658 A 312 A 215 A 99 A 63 A 39 A 19 A 11 A 8.5 A 13 A 24 A 26 A 44 A 31 A 63 A 68 A 33 e A 14 A 4.3 A 2.3 A 2.3 A 4.1 A 2.8 A 9.4 A 15 A 27 A 20 A 11 A 8.0 A 3.1 A 1.6 A 1.3 A 1.2 A 2.0 A 1.9 A


5.6 A 1.3 A 0.00 A 0.00 A 0.00 A 0.00 A 29 A 31 A 530 A 251 A 200 A 98 A 61 A 38 A 18 A 11 A 8.8 A 15 A 23 A 27 A 43 A 31 A 58 A 72 A 32 e A 13 A 3.9 A 2.2 A 2.2 A 2.9 A 2.7 A 9.4 A 16 A 25 A 19 A 11 A 8.0 A 3.0 A 1.7 A 1.2 A 1.2 A 2.0 A 1.9 A


5.2 A 1.3 A 0.00 A 0.00 A 0.00 A 0.00 A 28 A 30 A 453 A 220 A 192 A 96 A 60 A 37 A 18 A 11 A 9.0 A 21 A 22 A 27 A 42 A 30 A 54 A 68 A 32 e A 13 A 3.9 A 2.2 A 2.2 A 2.6 A 2.7 A 13 A 16 A 23 A 18 A 10 A 7.7 A 2.9 A 1.7 A 1.2 A 1.2 A 1.7 A 2.0 A


5.0 A 1.3 A 0.00 A 0.00 A 0.00 A 0.01 A 27 A 28 A 400 A 300 A 190 A 94 A 59 A 35 A 18 A 11 A 9.4 A 31 A 21 A 27 A 40 A 33 A 54 A 63 A 32 e A 12 A 3.8 A 2.2 A 2.1 A 2.3 A 2.7 A 12 A 17 A 22 A 17 A 10 A 7.6 A 2.9 A 1.5 A 1.2 A 1.1 A 1.7 A 2.1 A


4.7 A 1.00 A 0.00 A 0.00 A 0.00 A 1.7 A 26 A 27 A 357 A 803 A 203 A 93 A 57 A 33 A 18 A 11 A 9.9 A 30 e A 20 A 27 A 40 A 43 A 55 A 60 A 31 e A 12 A 3.7 A 2.2 A 2.0 A 2.1 A 2.6 A 13 A 18 A 29 A 17 A 10 A 7.6 A 2.7 A 1.5 A 1.1 A 1.2 A 1.7 A 2.1 A


4.6 A 1.0 A 0.00 A 0.00 A 0.00 A 71 A 26 A 27 A 318 A 879 A 236 A 88 A 56 A 32 A 18 A 10 A 13 A 31 e A 19 A 27 A 39 A 43 A 54 A 57 A 34 e A 11 A 3.5 A 2.2 A 2.0 A 2.0 A 2.6 A 13 A 19 A 29 A 16 A 18 A 7.7 A 2.5 A 1.5 A 1.1 A 1.2 A 1.7 A 2.1 A


4.4 A 1.00 A 0.00 A 0.00 A 0.00 A 233 A 31 A 27 A 288 A 1,280 A 223 A 86 A 54 A 32 A 17 A 10 A 11 A 29 e A 19 A 27 A 38 A 41 A 61 A 54 A 36 e A 11 A 3.4 A 2.2 A 2.1 A 2.0 A 2.6 A 13 A 19 A 30 A 17 A 31 A 7.3 A 2.5 A 1.5 A 1.3 A 1.2 A 1.6 A 2.1 A


4.1 A 1.3 A 0.00 A 0.00 A 0.00 A 224 A 36 A 27 A 264 A 2,680 A 202 A 85 A 52 A 31 A 16 A 10 A 11 A 28 e A 19 A 27 A 37 A 39 A 70 A 53 A 48 e A 11 A 3.3 A 2.2 A 2.2 A 2.0 A 2.7 A 14 A 19 A 29 A 17 A 28 A 7.4 A 2.5 A 1.5 A 1.4 A 1.4 A 1.2 A 2.0 A


4.0 A 1.3 A 0.00 A 0.00 A 0.00 A 127 A 48 A 26 A 243 A 3,670 A 257 A 86 A 51 A 30 A 16 A 10 A 11 A 27 e A 19 A 27 A 37 A 37 A 65 A 51 A 44 e A 10 A 3.2 A 2.1 A 2.1 A 2.0 A 2.9 A 14 A 18 A 36 A 17 e A 26 A 7.1 A 2.4 A 1.6 A 1.3 A 1.4 A 1.4 A 2.0 A


3.9 A 1.1 A 0.00 A 0.00 A 0.00 A 77 A 45 A 25 A 226 A 1,850 A 342 A 85 A 50 A 30 A 17 A 11 A 11 A 26 e A 20 A 27 A 37 A 36 A 55 A 52 A 41 e A 9.9 A 3.2 A 2.2 A 2.0 A 2.1 A 3.1 A 15 A 18 A 35 A 17 e A 22 A 7.0 A 2.4 A 1.5 A 1.2 A 1.3 A 1.5 A 2.0 A


3.8 A 1.1 A 0.00 A 0.00 A 0.00 A 51 A 41 A 25 A 211 A 1,110 A 259 A 88 A 50 A 29 A 17 A 10 A 11 A 25 e A 20 A 27 A 36 A 35 A 50 A 52 A 39 e A 10 A 3.2 A 2.2 A 2.1 A 2.0 A 3.2 A 15 A 19 A 35 A 17 e A 20 A 6.6 A 2.2 A 1.4 A 1.2 A 1.3 A 1.4 A 1.8 A


3.7 A 0.72 A 0.00 A 0.00 A 0.00 A 36 A 37 A 25 A 203 A 790 A 224 A 84 A 48 A 28 A 16 A 9.4 A 13 A 25 e A 21 A 27 A 34 A 34 A 48 A 50 A 36 e A 9.8 A 3.1 A 2.3 A 2.1 A 1.9 A 3.4 A 15 A 19 A 33 A 17 e A 19 A 6.3 A 2.2 A 1.4 A 2.5 A 1.3 A 1.4 A 1.8 A


3.5 A 0.54 A 0.00 A 0.00 A 0.00 A 355 A 34 A 25 A 225 A 635 A 200 A 79 A 47 A 27 A 16 A 8.9 A 13 A 25 e A 21 A 27 A 33 A 35 A 46 A 50 A 34 e A 9.5 A 2.7 A 2.3 A 2.1 A 1.7 A 3.8 A 18 A 18 A 38 A 17 A 18 A 6.1 A 2.1 A 1.3 A 2.9 A 1.4 A 1.5 A 1.8 A


3.5 A 0.65 A 0.00 A 0.00 A 0.00 A 575 A 37 A 77 A 217 A 549 A 184 A 135 A 47 A 27 A 15 A 8.9 A 13 A 24 e A 21 A 28 A 32 A 91 A 46 A 49 A 32 e A 9.1 A 2.7 A 2.3 A 2.1 A 1.9 A 4.2 A 18 A 18 A 40 A 16 A 16 A 6.1 A 2.1 A 1.3 A 2.0 A 1.5 A 1.6 A 1.8 A


3.7 A 0.63 A 0.00 A 0.00 A 0.00 A 488 A 38 A 344 A 236 A 175 A 220 A 47 A 26 A 15 A 8.5 A 13 A 23 A 21 A 29 A 32 A 71 A 48 A 31 e A 8.8 A 2.9 A 2.4 A 2.2 A 2.0 A 4.0 A 17 A 18 A 16 A 16 A 5.9 A 2.1 A 1.3 A 1.7 A 1.4 A 1.6 A 1.9 A


3.5 A 0.38 A 0.00 A 0.00 A 0.00 A 273 A 37 A 860 A 226 A 167 A 151 A 46 A 26 A 14 A 8.5 A 13 A 22 A 21 A 30 A 32 A 75 A 47 A 30 e A 8.2 A 2.8 A 2.3 A 2.2 A 2.2 A 3.9 A 17 A 19 A 16 A 16 A 5.6 A 1.9 A 1.4 A 1.5 A 1.3 A 1.6 A 39 A


3.0 A 0.00 A 0.00 A 172 A 656 A 191 A 157 A 47 A 14 A 8.2 A 22 A 32 A 32 A 71 A 28 e A 2.7 A 2.3 A 2.1 A 17 A 47 A 16 A 5.5 A 1.4 A 1.4 A 1.6 A


31 30 31 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30 31 31 28 31 30 31 30 31 31 30 31 30
9.6 3 0.41 575 114 860 11,700 3,670 485 220 121 46 25 14 13 31 25 32 114 91 131 209 48 26 7.9 2.7 2.4 6.8 4.2 18 47 42 45 31 15 5.4 2 2.9 1.5 2.2 39
3 0.38 0 0 26 25 191 130 157 79 46 26 14 8.2 7.5 12 19 22 32 30 46 47 28 8.2 2.7 2.1 2 1.7 2 4.4 15 21 16 10 5.5 1.9 1.3 1.1 1.1 1 1.7


EXHIBIT C







USGS
MEAN DAILY FLOW RATES (cfs)


1
2
3
4
5
6
7
8
9


10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31


COUNT
MAX
MIN


DATE Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2007 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2008 2009 2009 2009 2009 2009
142 A 24 A 185 A 110 A 38 A 13 A 9.8 A 3.1 A 2.0 A 2.2 A 1.7 P 1.5 P 2.5 P 32 P 23 P 46 P 21 P 13 P


34 A 23 A 148 A 101 A 37 A 13 A 9.3 A 2.9 A 2.0 A 2.2 A 1.7 P 1.7 P 2.3 P 30 P 25 P 44 P 22 P 13 P


107 A 23 A 154 A 94 A 37 A 13 A 9.1 A 3.0 A 2.1 A 2.4 A 1.8 P 1.8 P 2.3 P 32 P 23 P 45 P 22 P 14 P


84 A 23 A 541 A 88 A 36 A 13 A 9.2 A 2.9 A 2.0 A 2.3 A 1.9 P 2.1 P 2.3 P 31 P 23 P 44 P 22 P 13 P


51 A 95 A 807 A 83 A 36 A 13 A 8.7 A 2.8 A 1.9 A 2.3 A 2.0 P 1.9 P 2.2 P 29 P 25 P 43 P 21 P 14 P


38 A 170 A 354 A 77 A 35 A 12 A 8.2 A 2.7 A 1.8 A 2.4 A 2.2 P 1.8 P 2.3 P 27 P 35 P 43 P 20 P 14 P


44 A 943 A 244 A 74 A 34 A 12 A 8.0 A 2.6 A 1.8 A 2.4 A 2.1 P 1.7 P 2.5 P 27 P 74 P 43 P 20 P 13 P


57 A 2,230 A 194 A 71 A 34 A 13 A 7.7 A 2.7 A 1.8 A 2.2 A 1.9 P 1.7 P 2.5 P 27 P 109 P 42 P 20 P 13 P


71 A 621 A 164 A 68 A 33 A 12 A 7.3 A 2.6 A 1.8 A 2.1 A 2.0 P 1.8 P 2.3 P 27 P 129 P 42 P 20 P 12 P


68 A 300 A 140 A 65 A 32 A 12 A 7.2 A 2.5 A 1.9 A 2.1 A 2.0 P 1.7 P 2.4 P 26 P 141 P 39 P 20 P 12 P


58 A 202 A 123 A 63 A 30 A 11 A 7.0 A 2.4 A 1.9 A 2.2 A 1.8 P 1.6 P 2.6 P 25 P 141 P 38 P 20 P 12 P


48 A 152 A 111 A 60 A 28 A 11 A 6.7 A 2.3 A 2.0 A 2.3 A 1.7 P 1.6 P 2.7 P 25 P 105 P 36 P 20 P 12 P


41 A 123 A 102 A 58 A 27 A 11 A 6.2 A 2.3 A 2.0 A 2.2 A 1.6 P 1.7 P 3.0 P 24 P 79 P 35 P 20 P 12 P


37 A 102 A 99 A 57 A 25 A 10 A 6.0 A 2.2 A 1.9 A 2.1 A 1.6 P 1.7 P 3.0 P 24 P 74 P 36 P 21 P 12 P


33 A 88 A 121 A 56 A 24 A 10 A 6.0 A 2.2 A 1.8 A 2.2 A 1.9 P 1.5 P 43 P 24 P 68 P 35 P 20 P


32 A 80 A 150 A 55 A 22 A 9.6 A 5.8 A 2.1 A 1.8 A 2.3 A 1.9 P 1.4 P 128 P 23 P 70 P 33 P 18 P


30 A 72 A 125 A 55 A 21 A 9.3 A 5.4 A 2.1 A 1.8 A 2.2 A 1.9 P 1.4 P 178 P 24 P 85 P 33 P 17 P


28 A 64 A 108 A 53 A 21 A 9.1 A 5.6 A 2.2 A 1.9 A 2.0 A 2.0 P 1.4 P 278 P 23 P 119 P 32 P 17 P


37 A 59 A 98 A 52 A 20 A 9.0 A 5.6 A 2.3 A 2.0 A 1.7 A 2.0 P 1.4 P 214 P 22 P 100 P 33 P 16 P


35 A 55 A 95 A 50 A 20 A 8.8 A 5.4 A 2.1 A 2.1 A 1.5 A 2.0 P 1.6 P 128 P 22 P 81 P 32 P 16 P


37 A 53 A 92 A 49 A 19 A 8.7 A 5.0 A 2.0 A 2.0 A 1.5 A 2.1 P 1.6 P 83 P 22 P 69 P 31 P 15 P


34 A 53 A 308 A 48 A 18 A 8.3 A 4.7 A 2.0 A 2.0 A 1.4 A 1.9 P 1.6 P 72 P 24 P 61 P 32 P 15 P


31 A 52 A 357 A 47 A 18 A 8.1 A 4.5 A 2.0 A 1.9 A 1.4 A 1.8 P 1.6 P 71 P 26 P 56 P 33 P 15 P


29 A 67 A 288 A 45 A 17 A 9.0 A 4.2 A 2.0 A 1.9 A 1.2 A 1.8 P 1.6 P 55 P 26 P 54 P 31 P 15 P


28 A 81 A 239 A 44 A 17 A 11 A 4.0 A 2.1 A 2.0 A 1.2 A 1.8 P 1.7 P 50 P 25 P 51 P 29 P 15 P


27 A 71 A 218 A 43 A 16 A 11 A 4.0 A 2.1 A 2.0 A 1.4 A 1.9 P 7.9 P 48 P 23 P 50 P 28 P 14 P


26 A 137 A 178 A 42 A 16 A 11 A 3.9 A 1.9 A 2.0 A 1.7 A 1.9 P 18 P 52 P 26 P 48 P 27 P 14 P


25 A 522 A 145 A 41 A 15 A 11 A 3.4 A 1.9 A 2.1 A 1.8 A 1.9 P 8.0 P 49 P 27 P 47 P 26 P 14 P


25 A 917 A 125 A 40 A 14 A 11 A 3.2 A 2.0 e A 2.2 A 1.9 A 1.7 P 3.9 P 43 P 26 P 26 P 14 P


25 A 480 A 39 A 14 A 10 A 3.4 A 2.1 A 2.2 A 2.1 A 1.7 P 3.0 P 38 P 25 P 26 P 13 P


24 A 256 A 38 A 10 A 2.0 A 2.2 A 1.6 P 35 P 24 P 23 P


31 31 29 31 30 31 30 31 31 30 31 30 31 31 28 31 30 14
142 2,230 807 110 38 13 9.8 3.1 2.2 2.4 2.2 18 278 32 141 46 22 14
24 23 92 38 14 8.1 3.2 1.9 1.8 1.2 1.6 1.4 2.2 22 23 23 13 12
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EXHIBIT D 
 


USGS Peak Stream Flow Rates (cfs) 







USGS Surface Water for California: Peak Streamflow


 


 
USGS Home  


Contact USGS  


Search USGS 


National Water Information System: Web Interface


  USGS Water Resources     
Data Category: Geographic Area: 


 


News: Recent changes


Peak Streamflow for California
USGS 11042000 SAN LUIS REY R A OCEANSIDE CA


  Available data for this site     


San Diego County, California
Hydrologic Unit Code 18070303
Latitude  33°13'05", Longitude 117°
21'34" NAD27
Drainage area 557  square miles
Gage datum 20.00 feet above sea level 
NGVD29


Output formats


Table 


Graph 


Tab-separated file 


peakfq (watstore) format 


Reselect output format 


Water 
Year Date


Gage 
Height 
(feet)


Stream- 
flow 
(cfs)


1913 Feb. 26, 1913  340
1914 Feb. 21, 1914  6,300
1915 Feb. 11, 1915  7,000


1916 Jan. 27, 1916  6 95,6007


1930 May 06, 1930 4.62 3306


1931 1931  0.006


1932 Feb. 16, 1932 6.72 4,0306


1933 Jan. 30, 1933 4.97 1466


1934 1934  0.006


1935 Feb. 07, 1935 5.36 3256


1936 Feb. 17, 1936 4.73 97.06


1937 Feb. 07, 1937 12.00 16,5006


Water 
Year Date


Gage 
Height 
(feet)


Stream- 
flow 
(cfs)


1969 Feb. 26, 1969  11,5006


1970 Mar. 02, 1970 7.53 5306


1971 Dec. 19, 1970 4.37 29.06


1972 Dec. 25, 1971 5.40 42.06


1973 Mar. 12, 1973 7.66 1556


1974 Jan. 09, 1974 9.78 5066


1975 Apr. 10, 1975 7.44 1546


1976 Feb. 10, 1976 8.74 1546


1977 Jan. 07, 1977 8.75 2636


1978 Jan. 17, 1978 15.48 9,7806


1979 Mar. 28, 1979 18.60 5,1006


1980 Feb. 21, 1980 14.00 25,0006


file:///P|/11-08010/A_Users/Hydraulics/Specs/USGS%2...%20Water%20for%20California%20Peak%20Streamflow.htm (1 of 3) [5/28/2009 11:20:07 AM]



http://www.usgs.gov/

http://www.usgs.gov/

http://www.usgs.gov/ask/

http://www.usgs.gov/search/

http://water.usgs.gov/

http://nwis.waterdata.usgs.gov/nwis/news?Access=0

http://nwis.waterdata.usgs.gov/ca/nwis/peak?site_no=11042000&agency_cd=USGS&format=html

http://nwis.waterdata.usgs.gov/ca/nwis/peak?site_no=11042000&agency_cd=USGS&format=gif

http://nwis.waterdata.usgs.gov/ca/nwis/peak?site_no=11042000&agency_cd=USGS&format=rdb

http://nwis.waterdata.usgs.gov/ca/nwis/peak?site_no=11042000&agency_cd=USGS&format=hn2

http://nwis.waterdata.usgs.gov/ca/nwis/peak?site_no=11042000&agency_cd=USGS&format=brief_list
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USGS Surface Water for California: Peak Streamflow


  


1938 Mar. 03, 1938 10.75 16,5006


1939 Dec. 21, 1938 5.50 5706


1940 Feb. 03, 1940 6.20 7456


1941 Dec. 24, 1940 8.21 2,6806


1942 Jan. 02, 1942 6.70 3006


1947 1947  0.006


1948 1948  0.006


1949 1949  0.006


1950 1950  0.006


1951 1951  0.006


1952 Mar. 16, 1952 9.34 4686


1953 Nov. 30, 1952 6.85 1.006


1954 1954  0.006


1955 1955  0.006


1956 1956  0.006


1957 1957  0.006


1958 Apr. 08, 1958 12.68 1,7606


1959 1959  0.006


1960 1960  0.006


1961 1961  0.006


1962 1962  0.006


1963 1963  0.006


1964 1964  0.006


1965 1965  0.006


1966 Nov. 23, 1965 13.31 6246


1967 Dec. 07, 1966 16.69 4,6806


1968 Mar. 08, 1968 9.63 1476


1981 Mar. 02, 1981 7.86 9716


1982 Mar. 18, 1982 10.786 5,7306


1983 Mar. 03, 1983 14.23 9,3506


1984 Dec. 25, 1983 13.25 4,1306


1985 Dec. 28, 1984 13.12 4276


1986 Feb. 15, 1986 14.99 2,4106


1987 Jan. 08, 1987 13.40 1956


1988 Jan. 19, 1988 13.69 3216


1989 Dec. 25, 1988 13.39 1026


1990 Feb. 18, 1990 13.31 51.06


1991 Mar. 01, 1991 17.17 4,6106


1992 Feb. 16, 1992 15.15 4536


1993 Jan. 16, 1993 21.70 25,7006


1994 Feb. 08, 1994 8.58 3046


1995 Mar. 06, 1995 19.97 19,5006


1996 Feb. 01, 1996 7.442 1686


1997 Jan. 13, 1997 8.54 8976


1998 Feb. 23, 1998   6,B


1999 Jan. 27, 1999 7.51 1986


2000 Feb. 22, 2000 8.51 1566


2001 Feb. 27, 2001 9.53 2786


2002 Mar. 18, 2002 6.632 286


2003 Mar. 18, 2003  6076,C


2004 Feb. 26, 2004 8.99 2626,C


2005 Jan. 11, 2005 20.68 21,8006,C


2006 Apr. 06, 2006 8.23 2356,C


2007 Jan. 31, 2007 7.05 736,C


2008 Jan. 08, 2008 12.73 3,4006,C


 Peak Gage-Height Qualification Codes. 


●     2 -- Gage height not the maximum for the year 
●     6 -- Gage datum changed during this year 


 Peak Streamflow Qualification Codes. 


●     6 -- Discharge affected by Regulation or Diversion 
●     7 -- Discharge is an Historic Peak 
●     B -- Month or Day of occurrence is unknown or not exact 


file:///P|/11-08010/A_Users/Hydraulics/Specs/USGS%2...%20Water%20for%20California%20Peak%20Streamflow.htm (2 of 3) [5/28/2009 11:20:07 AM]



http://nwis.waterdata.usgs.gov/ca/nwis/peak?help#gageht_qual_cd

http://nwis.waterdata.usgs.gov/ca/nwis/peak?help#flow_qual_cd
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USGS Surface Water for California: Peak Streamflow


●     C -- All or part of the record affected by Urbanization, Mining, Agricultural changes, 
Channelization, or other 


Questions about sites/data? Top
Feedback on this web site Explanation of terms
 Subscribe for NWISWeb changes
Automated retrievals 


Accessibility FOIA Privacy Policies and Notices 


U.S. Department of the Interior | U.S. Geological Survey 
Title: Surface Water for California: Peak Streamflow  
URL: http://waterdata.usgs.gov/ca/nwis/peak? 
 
Page Contact Information: California NWISWeb Maintainer 
Page Last Modified: 2009-05-28 14:18:15 EDT 
1.36   1.37 nadww01 


file:///P|/11-08010/A_Users/Hydraulics/Specs/USGS%2...%20Water%20for%20California%20Peak%20Streamflow.htm (3 of 3) [5/28/2009 11:20:07 AM]



http://nwis.waterdata.usgs.gov/ca/nwis/feedback/?to=California NWISWeb Data Inquiries

http://nwis.waterdata.usgs.gov/ca/nwis/peak?site_no=11042000&agency_cd=USGS&format=html#top_of_page

http://nwis.waterdata.usgs.gov/ca/nwis/feedback/?to=California NWISWeb Maintainer

http://ga.water.usgs.gov/edu/dictionary.html

http://nwis.waterdata.usgs.gov/nwis/help/help?form=email

http://nwis.waterdata.usgs.gov/nwis/news/?automated_retrieval_info

http://www.usgs.gov/accessibility.html

http://www.usgs.gov/foia/

http://www.usgs.gov/privacy.html

http://www.usgs.gov/policies_notices.html

http://www.takepride.gov/

http://usa.gov/

http://www.doi.gov/

http://www.usgs.gov/

http://nwis.waterdata.usgs.gov/ca/nwis/feedback/?to=California NWISWeb Maintainer
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