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CHAPTER IV 

REFUGE PLANS 

This chapter presents discussions . of the land and water resources 
for 'each of the 15 managed wetland areas' investigated. In addition, 
alternative plans to provide water supplies are provided. 
These plans were developed following extensive investigations of 
each area, and using the evaluation criteria provided in the 
previous chapter. 

Selected plans will be presented in the Refuge Water Supply Planning 
Report and will be based on the findings of investigations presented 
in this report, as well as those of the water Contracting EIS's. 

Due to the complexity and amount of information developed under 
this study, 15 separate subchapters were prepared for Chapter IV to 
facilitate their review. The areas are presented in respect to 
their general geographical location, as shown in Figure IV-1. 

o Chapter IV A - Modoc National Wildlife Refuge 

o Chapter IV B - Sacramento National wildlife Refuge 

o Chapter IV C - Delevan National wildlife Refuge 

o Chapter IV D - Colusa National wildlife Refuge 

o Chapter IV E - Sutter National wildlife Refuge 

o Chapter IV F - Gray Lodge wildlife Management Area 

o Chapter IV G - Grassland Resource Conservation District. 

a Chapter IV H - Volta Wildlife Management Area 

o Chapter IV I - Los Banos wildlife Management Area 

o Chapter IV J - Kesterson National wildlife Refuge 

o Chapter IV K - San Luis National wildlife Refuge 

o Chapter IV L - Merced National wildlife Refuge 

o Chapter IV M - Mendota wildlife Management Area 

o Chapter IV N - Pixley National wildlife Refuge 

a Chapter IV 0 - Kern National Wildlife Refuge 
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Conj uncti ve use was evaluated for each of the refuges. Under 
conjunctive use alternatives, surface water would be used for the 
entire refuge water supply during wet years when adequate surface 
water supplies wer~ available.. During drought years, groundwater 
would be used for the entire refuge water supply.. During other 
years, a combination of surface water and groundwater supplies may 
be used. The primary disadvantage of conjunctive use programs is 
that both surface water and groundwater systems must be sized to 
deliver full water needs, resulting in large, less frequently used 
facilities and associated higher costs. Most of the refuges would 
require- construction of wells to provide groundwater to the refuges, 
as well as construction of surface water conveyance system 
improvements. 

One possible method to reduce the size and number of groundwater 
facilities would be to construct regional well-fields and artificial 
recharge facilities in areas where groundwater basin characteristics 
are suitable. The regional basins. would be operated like surface 
water reservoirs with surplus water stored underground during wet 
years for use in dry years. Water pumped from the well field would 
be diverted into regional conveyance facilities, along with 
available surface water, to provide a firm supply to requestors. It 
may be possible to locate well fields strategically with respect to 
conveyance facilities to best use existing capacity and reduce the 
need for additional capacity. Conveyance capacity in regional 
conveyance facilities is normally underutilized during off-peak 
water use periods and would, be utilized to convey intermittent water 
to artificial recharge basins. In addition to recharge basins, 
reregulation storage would be required to deliver water at the time 
and place needed,. 

Another method to reduce the s iz e and number 0 f groundwa ter 
facilities would be to pump groundwater from on-refuge wells on a 
year-round basis. The savings in reservoir releases could be. used 
to provide supplemental surface water to the refuges. 

However, additional planning studies would be required' prior to 
implementation of any of these plans. Therefore, for the purposes 
of this report, the conjunctive use alternatives evaluated the 
number of wells require~ to provide each refuge with peak month 
water demands for each water s~pply level. If regional well fields 
or year-round pumping ·was implemented, the total number of wells 
could be significantly reduced. 
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C~PTER IV A 

MODOC NATIONAL WILDLIFE REFUGE 

Modoc National wildlife Refuge (Refuge) was authorized by the 
Migratory Bird, Conservation commission in 1~59 and is currently 
managed by the Service. The original 5,966-acre tract was acquired 
in 1961 and subsequently expanded to 6, 283-acres. The Refuge is 
located in Modoc County, south of Alturas in the Pit River Valley 
which is part of the Sacramento River Valley hydrologic basin. The 
North and South Forks of' the pit River merge near the northwest 
corner of the Refuge, as shown in Figure IV A-1. 

Historically, the Refuge has been an important area for waterf.owl 
migrating between the Malheur National wildlife Refuge in the 
Harney Basin of Oregon and the Central Valley of California. 

Water applied on the Refuge is used to irrigate grain crops, 
flood ponds and meadows, maintain pond levels, and circulate pond 
water. Typically, grain is planted on about 500 acres to provide 
forage for waterfowl. Cattle graze on part of the Refuge following 
the harvest. Most ponds remain flooded year-round to accommodate 
a large flock of Canada geese and other resident waterfowl. 
Nesting islands are constructed ,and maintained within the ponds. 
Occasionally, the, water levels are withdrawn to allow repairs of 
dikes and water-control structures and rehabilitation of the 
nesting islands. 

A. WATER RESOURCES 

In general, the Refuge receives adequate water supply in' most 
years to maintain existing wetlands. The Refuge receives water ~rom 
the South Fork pit River, Dorris Reservoir, and Pine Creek. The 
Refuge has the right to divert 18,550 acre-feet of water from the 
South Fork pit River, North Fork Pit River, and Pine Creek. Dorris 
Reservoir impounds water from Pine Creek and North Fork Pit River 
via Parker Creek. Water quality is good for irrigation and wildlife. 
H'owever, an adequate water supply is not available during August 
when the ponds need to be flooded, especially in the western portion 
of the Refuge along the South Fork of the pit River. 

1. Surface waters 

The South Fork Pit River flows are regulated ,by west Valley Creek 
Reservoir. The water is diverted to the Refuge at South Fork Dam 
and Sharkey Dam to irrigate the southern portion of the Refuge. 
Most of the water eventually returns to the river. That portion of 
the Refuge adjacent to the South Fork-~' pit River was part of the 
Dorris Ranch. prior to acquisition by the Federal -government. The 
Dorris Ranch was not part of the South Fork pit River Decree No. 
3273 which defines the'water rights; therefore, the water rights are 
undefined. This water has been used on riparian land when water is 
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av'ailable in that portion of the river. All natural flows in the 
South Fork pit River are allocated upstream of the Refuge except 
during the spring high flow period. 

Dorris Reservoir, which is partially located within the Refuge 
boundaries, also provides a significant portion of the Refuge water 
supply.. The reservoir stores water from runoff and snowmelt from 
Parker Creek, Pine Creek, and stockdill Slough watersheds. The 
Refuge has a total storage and diversion right of 11,100 acre-feet 
of surplus water from the reservoir. This water right includes 6,100 
acre-feet from Parker Creek under the North Fork Pit River Decree 
and Application 1321, 800 acre-feet from Stockdill Slough under the 
North Fork pit River Decree and Application 1042, 3,100 acre-feet 
from Pine Creek under the Pine Creek Agreement and Applications 760 
and 1042, and 1,100 acre-feet from Pine Creek under Appropriative 
License 4822 and Application 12263. The water· is generally 
available during any season if the rights of other users have been 
met .. 

Under the North Fork Pit River Decree (Decree 4074), the Refuge has 
the right to .divert 12.66 cfs of fourth class priority water at 
Diversion Point .142 from September 30 to April 1. An additional 
37.98 cfs used. to be diverted whenever the flow in the North Fork 
exceeds 52.08 cfs. However, this additional diversion has been 
withdrawn since Hughes Dam was destroyed in 1939 .. 

Additionally, the Refuge diverts water directly from Pine Creek to 
irrigate 340 acres of refuge land known as the Pine' Creek Field, 
which is located at elevations above the diversion from Dorris· 
Reservoir. Under the Pine Creek Agreement, the Refuge has the right 
to divert 10 cfs of first priority water and 20 cfs of secondo. 
priority water from Pine Creek to irrigate 2, 700-acres of land 
between April 1 and September 30. This agreement also states that 
the Dorris Ranch be allowed to divert 3.78 cfs or one-half of the 
Pine Creek flow, whichever is less, until the amount available from 
the North Fork pit River decreases below 37.98 cfs. At that time, 
the amount ~f water diverted from Pine Creek can be increased up to 
one-half of the flow in Pine Creek. The agreement also gives the 
Refuge the right to divert 0.34 cfs of the first priority water and 
0.45 cfs of second priority water from Pine Creek at Diversion Point 
1 to irrigate 72 acres in the southern· half of the southwestern 
quarter. 

The Refuge· does not have any water rights on the pit River. All 
claims and water rights along the pit River for the 
northwestern portion of the Refuge, also known as the Godfrey 
Tract, were sold in 1919. During ·wet years, surplus water is 
available during July and Augu;t: for storage on the Refuge under th.e 
state Water Resources Control ~J~drd Decision 990. 
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2. water conveyance Facilities 

Water is diverted at various locations from the South Fork of the 
pit River and is used primarily on the west side of the Refuge. 
Land which is located along Pine Creek at elevations abo~e Dorris 
Reservoir is irrigated with water diverted directly from Pine 
Creek. Most of the water from Pine Creek is transported through 
a ditch to Dorris Reservoir from November through April. The 
eastern and central portions of the Refuge receives water 
directly from Dorris Reservoir or from the Dorris Reservoir Canal 
located downstream of the reservoir. All surface waters are 
delivered by gravity flow. 

3. Groundwater 

The Refuge is located in the Alturas Groundwater Basin, which 
consists of volcanic and sedimentary formations. The principal 
water bearing deposits are included within the moderately 
consolidated Alturas Formation, which consists of moderately 
consolidated beds of tuff, ashy sandstone, and diatomite. This 
formation is separated into an upper and lower member by a Plio­
Pleistocene basalt and the Warm Springs tuff member. Buried lava 
flows may yield more groundwater than other formations.' Volcanic 
uplands surrounding the Refuge serve as recharge areas for the 
moderate to highly permeable aquifers of the Alturas Formation. 
Groundwater movement is from the mountains towards the valley floor. 
Groundwater movement along the valley floor is north towards 
Al turas. Groundwater often exists n-ear the land surface. 
Groundwater levels in the vicinity of the Refuge are about 50 feet 
below the ground surface with slightly lower levels north of the 
Refuge towards Alturas. Most wells in the vicinity of the Refuge 
were drilled to depths of 250 to 350 feet (DWR, 1986a). Previous 
investigations have estimated that these wells should produce 300 
to 1,000 gallons of water per minute. The groundwater quality has 
alkaline tendencies, but appears to be adequate for irrigation and 
waterfowl use (SerVice, 1978; DWR, 1986a). 

The Refuge currently has one well. In the past, this well has not 
been used due to high power costs, and as' a result, the pump has 
become inoperable. The pump would need to be rehabilitated to be 
used in the future. Reclamation estimates that the safe yield of 
the Refuge is 2,200 acre-feet. Portions of the 'Refuge in the 
Godfrey Tract' and along the most easterly boundaries may be 
underlain by thinner permeable formations and may have lesser 
amounts of water. 

B. FORMULATION AND EVALUATION ,OF ALTERNATIVE PLANS 

The 'Service estimates that 20,550 acre-feet 'of water would be 
required for full developement and optimum management of the entire 
Refuge. For the purpose of assessing the impacts of water delivery 
alternatives, four levels of'water supply have been identified, as 
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presented in Table IV A-1. Each of the water supply levels provide 
a different volume of water, and are summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 Water supply needed for full use of existing 
developme~t 

Level 4 - Water delivery needed for optimum management 

1. Delivery Alternative for Level 1 (No Action Alternative) (18,550 
acre-feet) , 

since this level represents the existing firm water supply, existing 
facilities would be used to provide a dependable conveyance system 
for the Refuge. Therefore, no alternatives were developed for 
Level 1. Water would not be available for the Godfrey Tract due to 
lack of facilities. During the month of August in all years and 
during drought years water may not be available in the central 
po:z::tion of the Refuge~ 

2. Delivery Alternative for Level 2 (18,550 acre-f'eet) 

Under normal condi tions, the surface waters are adequate to 
supply 18, 550 acre-feet of water each year. However, during 
years which are drier than normal, adequate water is ~ot available 
in the fall. , This alternative would ensure delivery of average 
annual flows ~uring dry years. 

Alternative 2A -Rehabilitate Well. The existing well would be 
rehabilitated and used in dry years at the end of the' surnm,er and 
fall seasons to provide additional water (approximately 490 acre­
feet) to portions of the Refuge when adequate water does not flow in 
the south Fork of the pit River. During years when surplus water is 
available on the south Fork of the pit River, the well would not be 
needed. This alternative~ would not require additional water rights 
or contracts. The location of the existing well is indicated in 
Figure IV A-2. ' 

3. Delivery Alternative for Level 3 (19,500 acre-feet) 

Under this level, existing conveyance facilities would be used to 
fully serve the currently developed portions of the' Refuge. The 
additional water would be used to extend the duration of flooding to 
earlier in the spring and later in the fall. However, 'additional 
water supplies would be required through the aquisition of water 
rights or the use of!,,~":"oundwater. Because aquisition of, new water 
rights may, be difficult, the alternative for Level 3 would be 
similar to Alternative 2A. 
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TABLE IV A-I 

. DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE MODOC NWR 

Supply Levell SU'PEly Level 2 Supply Level 3 
Month ac-ft ac-ft ac-ft 

January 1,030 1,030 1,080 
February 1,130 1,130 1,190 
March 840 840 880 
April 1,990 1,990 2.,090 
May 2,430 2.,430 2.,550 
June 2,600 2.,600 2.,730 
July 2,110 2,110 2,220 
August 2,320 2,320 2,450 
September 1,990 1,990 2,090 
October 920 920 970 
November 590 590 62.0 
December 600 600 630 

Total 18,550 18,550 19,500 

Notes: 

Supply Levell: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Source: Doug Weinrich, Ecological Services, USFWS, 1987 

Sup!!!! Level 4 
ac-ft 

1,140 
1,250 

930 
2.,2.10 
2.,690 
2.,880 
2,340 
2.,570 
2,210 
1,020 

650 
660 

20,550 



Alternative 3A - Rehabilitate Well~ The existing well would be 
rehabilitated and used to extend the duration of flooding and 
increase circulation on the reservoir. The well would provide 950 
acre-feet of water. 

4., Delivery Alternatives for Level .. (20,550 acre-feet) 

New facilities would be constructed to serve the western portion of 
the Refuge (Godfrey Tract) which is currently not developed. Two 
alternatives have been developed to provide water to the western 
portion of the Refuge under Level 4. Both al ternati ves would 
require implementation of Alternative 3A. 

Alternative 4A - Construct Wells and Rehabilitate Dam structure on 
pit River. This alternative would allow diversion of additional 
water from the pit River to the Godfrey Tract. The additional water 
could be obtained from wells or from unappropriated water which is 
only available during wet years. The wells would be located'in the 
central portion of the Refuge, however, the exact location of the 
wells' is not known at this time. During years when surplus water is 
available on the pit River, the wells may not be needed. 

Four 600 gpm wells would be constructed to a depth of 600 feet. The 
new wells would be located in the general vicinity of the existing 
well to reduce the cost of placing the electrical distribution 
facilities underground. The water would be discharged into ditches 
which would transfer the flow to the South Fork Pit River for 
continued flow into the pit River. An existing dam on the pit River 
would be rehabili;tated to allow transfer of water to) the Godfrey 
Tract,as indicated in Figure IV A-2. 

A potential consideration under this alternative would be the use 
of groundwater in the central portion of the Refuge and 'use of 
surface water on the Godfrey Tract. This would require 'transfer of 
the place of diversion from the South Fork pit River water to the 
pit River. However, the transfer of the place of diversion probably 
could not be implemented because the existing water rights are for 
the use of the water on specific 'lands in the central portion of the 
Refuge. 

Alternative 4B - Construct Wells in the Godfrey Tract. Water wells 
would be constructed in the Godfr~y Tract to provide an additional 
2, 000 acre-feet 'per year with a maximum of 280' acre-feet in June. 
However, the water bearing 'formations are not extensive in this area 
and the maximum well production may be limited to 50 gpm 
(DWR,1986a). As a result, the wells may not produce' adequate water 
supplies. In addition, the aquifer may be connected to the surface 
waters. 7h~refore, if large 'amounts of water are withdrawn from the 
Godfrey Tract, the stream flows may decrease. . 
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5. Summary of Alternatives 

The beneficial and adverse effects of each al ternative were 
compared with respect to criteria outlined in Chapter III. 

There are no facilities alternatives necessary for Levell. 

Alternatives 2A and 3A would provide supplemental water for the 
central portion of the Refuge when adequate water is not available 
from the South Fork pit River. 

Alternatives 4A and 4B would supply water to the Godfrey Tract. 
Alternative 4A would require construction ~nd operation of wells and 
a dam structure. In addition, implementation of Alternative 4A 
would require approvals from the state water Resources Control Board 
and state Department of water Resources to convey water through the 
South Fork pit River and Pit River 'to the western portion of 'the 
Refuge. This alternative also would require implementation of 
Alternative 3A. 

Alternative 4B would only require construction and operation of 
wells. However, these wells would be located in areas which may not 
have s~fficient water bearing formations. Therefore, adequate water 
may not be provided under this alternative. This alternative would 
require implementation of Alternative 3A. 

C. COSTS AND ECONOMIC ANALYSIS 

Costs for alternative plans, to provide adequate water supplies under 
water delivery Levels 2 , 3, and 4' are' presented in Table IV A~2. 
The construction costs inc'lude factors to cover engineering, 
conting~ncies, and overhead costs. The operation costs only 
represent the incremental cost to provide additional water. The 
costs do not include the cost to provide water under Levell. 
During the advanced planning phase, these costs 'will be refined 
further. 

Improvements described under the alternatives plans to provide 
Levels 2, 3, or 4 would result in additional money being spent in 
the economy of Modqc County during construction. The 
construction 'could be completed wi thin one summer season by 
construction workers who reside in Modoc County., 

D. WILDLIFE RESOURCES 

The annual bird use on the Refuge is approximately 3,356,_000 
use-days based upon the annual average use from 1981 through 
1985. Approximately 68 and 32 'percent of' the bird use are 'by dU'l:ks 
and geese, respectively, including many species which nest on the 
Refuge. Fish and wildlife resources associated with the Refuge are 
presented in Table IV A-3. The listed threatened and endangered 
species associated with the Refuge are ,the bald eagle, Haliaeetus 
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TABLE IV A-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

MODOCNWR 

Alternatives 
Items ZA 3A 4A 

Additional Water (ac-ft) 490 950 2. ,.000 

Construction Cost 
Wells $ 16,500 $ 16,500 $186,000(a) 
Dams/Diversion Structures 2.0 z000 

Subtotal $ 16,500 $ 16~500 $2.06,000 
Other Costs 16 500(e) , 
Total Cd} $ 16,500 $ 16,500 $2.2.2.,500 

Annualized Construction Costs 
(8.87%, 30 yrs) $ 1,590 $ 1,590 $ 2.1,410 

Additional Annual Costs' 
Operation & Maintenance(e) $ 650 $ 650 $ 2.,600 
Power 1 ,960(f) 3 800 (f) 4,2.00(g) , 
Subtotal $ 2.,610 $ 4,450 $ 6,800 
Other Costs 4

1
450(<:) 

Total (d) $ 2.,610 $ 4,450 $ 11,2.50 

Total Annual Costs $ 4,2.00 $ 6,040 $ 32.,660 

Cost/Additional Acre-Foot $ 8.60 $ 6.40 $ 16.40 

Notes: Alternative 2.A:Rehabilitate Well 
Alternative 3A: Rehabilitate Well 
Alternative 4A: Construct Wells and RehahilitateDam Structure on Pit River 

(a) 
(b) 
(d 
(d) 
(e) 
( f) 
(g) 

;, Alternative 4B: Construct Wells in the Godfrey Tract. 

~~ 4 Wells, 600-feet deep, 40-foot lift. 
43 Wells, 2.00-feet deep, 40-foot lif.t. 
Alternatives 4A and 4B would require implementation of Alternative 3A. 
The cost for Water Supply Levell is not included. 
Basis for 0& M costs are discussed in Appendix F. 
'Unit Pumping Cost = $4/af. 
Unit Pumping Cost:: $2.10/af. 

i~ 

4B 

2.,000 

$963,2.00(b) 

$963,000 
2.6,500(C) 

$979,000 

$ 94,180 

$ 2.7,500 
4,2.00(g) 

$ 31,700 
4 z450(C) 

$ 36,150 

$130,330 

$ 65.2.0 



Common Merganser 
Mallard(a) 
Gadwall(a) 
American Wigeon(a) 
Green-winged Teal(a) 
Blue-winged Teal(a) 

Double-crested Cormorant 
White Pelican 
American Bittern(a) 
Least Bittern 
Great Blue Heron 
Great (Common) Egret(a) 
Snowy Egret 
Black-Crowned Night Heron(a) 
Greater Sandhiil Crane(a) 

TABLE IV A-3 

FISH AND WILDLIFE RESOURCES 

MODOC NWR 

Ducks 

Northern Shoveler(a) 
Pintail(a) 
Wood Duck 
Redhead(a) 
Canvasback(a) 
Lesser Scaup 

Geese and Swans 

Snow Goose 
Ross Goose 
White-fronted Goose 

Coots 

American Coot(a) 

Shore and Wading Birds 

Virginia Rail(a) 
Sora(a) 
Wilson's Phalarope(a) 
American Avocet(a) 
Lesser Sandhill Crane 
Pied-billed Gre be(a) 
Western Grebe(a) _ 
Eared Grebe(a) 
Black-Necked Stilt(a) 

Ring-necked Duck 
Common Golden eye 
Barrow's Golden eye 
Bufflehead, 
Ruddy Duck(a) 
Cinnamon Teal(a) 

Canada Goose(a) 
Cackling Goose 
Tundra Swan 

Common Sn,ipe(a) 
Long-billed'Dowitcher 
Least Sandpiper. 
Greater Yellowlegs 
Solitary Sandpiper 
Willet(a) 
Spotted Sandpiper(a) 

Black-bellied Plover 
Horned Grebe 



Turkey Vulture 
Northern Harrier(a) _ 
Cooper's Hawk 
Red-tailed (Harlan) Hawk(a). 
Bald Eagle 

Bass 
Suckers 
Chubs 

Muskrats 
Skunk 
Badger 

Notes: 

(a) Birds nesting on refuge 

TABLE IV A-3 

FISH AND WILDLIFE RESOORCES 

MODOC NWR 
( Continued) 

Upland Game 

Ring-necked Pheasant(a) - . California Quail(a) 

Raptorial Birds 

-Swainson's Hawk 
Rough-legged Hawk 
American Kestrel (Sparrow Hawk)(a) 
Barn Owl(a) 

Fish 

Long-eared Owl(a) 
Short-eared Owl 
Flammulated Owl 
Great Horned Owl(a) 
Golden Eagle 

Catfish Brown Bullhead 
Brook Trout 
Rainbow Trout 

Mink 
Coyote 
Weasel 

Forbearers 

Beaver 
Raccoon 

Source: USFWS computerized annual printout for NWR Birds, Department of Interior, USFWS (RFl1650-2 9-79) (July 1973 
to June 1974, NWRS Public Use Report (1» and refuge records. 



leucocephalus and the peregrine falcon, Falco peregrinus anatum. 
Candidate species associated with the Refuge include the white-faced 
ibis; Plecradis chichi; tricolored blackbird; Acrelaius tricolori and 
prostrate buckwheat, Erigonumprociduum, as listed in Table IV A-4. 

Alternatives 2A and 3A would improve the viability of the 
vegetation during drought years in the central portion of the 
Refuge. Alternatives 4A and 4B would improve habitat in the western 
portion of the Refuge. -The water would be used to flood an 
additional 70 acres of seasonal wetlands, provide 120 acres of 
seasonal marsh, and improve management of 50 to 80 acres of 
emergents. The improved habitat would increase the number of nesting 
pairs of waterfowl and upland birds. The number of wildlife and 
recreational use days also would increase under Level 3, as 
indicated in Table IV A~5. 

Implementation of any of the alternative plans probably would not 
adversely affect the listed and candidate threatened and endangered 
species of birds and would improve habitat that could be used by the 
white-faced ibis. However" the candidate plant" prostrate 
buckwheat, may be impacted 'under implementation of Alternatives 4A 
or 4B by the flooding of upland areas in the western portion of the 
Refuge. Detailed field investigations would be necessary prior to 
the design phase of the project. Implementation of the alternative 
plans would result in overall beneficial environmental effects. 

,The No Action Alternative would result in the management of the 
Refuge under the current water supply and conditions. The Godfrey 
Tract would'not be developed in accordance with the management plan 
under the No Action Alternative. · 

E. SOCIAL ANALYSIS 

The social consequences of any of the alternatives'would be similar 
because public use would not change. 

F. POWER ANALYSIS 

Pacific Power and Light Company serves the Refug'e. If CVP 
project-use power were determined to be available, the Refuge may 
not be able to receive the CVP power, as Pacific Gas & Electric 
Company (PG&E) has entered into' an agreement with Reclamation to 
convey CVP power to 'CVP customers within a specified area, also 
known as a "wheeling ,area". The Refuge is located outside of this 
area. However, a similar agreement has been negotiated with PG&E 
to convey power to the Truckee-Donner Public utility District 
which also is located outside of the wheeling area and ,the PG&E 
service area. That agreement provided for PG&E to_ supply CVP 
power through the PG&E-Sierra Pacific Power Companr~ intertie. 
Therefore, an agreement would be needed to allow PG&E to convey the 
power through an intertie with Pacific Power and Light Company. A 
more detailed, discussion of project-use power and wheeling 
agreem.ents is provided in the Power Analysis section of Chapter II. 
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TABLE IV A-4 

FEDERAL USTED, PROPOSED, & CANDIDATE, THREATENED & ENDANGERED SPECIES 

MODOCNWR 

Listed Species 

Birds 

Bald eagle, Haliaeetus leucocephalus (E) 
Peregrine Falcon, Falco peregrmus anatum (E) 

Proposed Species 

None 

Candidate Species 

Birds 
White-faced ibis, Plegadis chilli (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Plants 
Prostrate buckwheat, Erig6num procldtium (2) 

Source: USFWS, June 4, 1987 

{E)-Endangered (T)-Threatened (CH)-Critical Habitat 
{I)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2)-Category 2: Taxa for which existing information .indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. ' 



TABLE IV A-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

No Action 
Alternative 

Habitat Acres 

Wetlands 1,2.78 
Uplands 3,403 
Croplands & Others 1,500 

Bird Use Days 

Ducks 1,980,000 
Geese 953,000 
Others 42.3 z000 

Total 3,356,000 

Public Use Days 

Consumptive 6,430 
Non-Consumptive 7 z 870 

Total ' 14,300 

Total Annual Cost 

Incremental Cost/ Additional 
1000 Bird Use Days N/A 

Incremental Cost/Addition 
Public Use Day N/A 

Note: Alternative 2.A: Rehabilitate Well 
Alternative 3A: Rehabilitate Well 

MODOC NWR 

Alternatives 
ZA 3A 4A 

1,2.78 1,478 1,668 
~3 ,403 3,2.03 2.,943 
1,500 1,500 1,570 

1,980,000 2.,080,000 (a) 
953,000 978,000 
42.3 z000 509 2 500 

3,356,000 3,567,500 

6,430 6,430 6,430 
7 2 81.0 7 z 870 7 z870, 

14,300 14,300 14,300 

$ 4,2.00 $ 6,040 $ 32.,660 

N/A $ 2.8.60 (a) 

N/A N/A (a) 

Alternative 4A: Construct Wells and Rehabilitate Darn Structure on Pit River 
Alternative 4B: Construct Wells in the God,frey Tract 

(a) Data not available for Level 4. 

4B 

1,668 
2.,943 
1,570 

(a) 

6,430 
7 z 870 

14,300 

$130,400 

(a) 

(a) 



G. PERM:ITS 

Construction of the wells under Alternative 2A, 3A, 4A, or 4B and 
the rehabilitation of the dam under Alternative 4A· would require 
several permits. Modoc· County would issue permits for well 
construction. 

Rehabilitation of the dam on the Pit River would require approvals 
from Modoc County, DWR, state Water Resources Control Board, DFG, 
and state Lands Commission. Modoc County would issue a permit for 
construction along the banks of the' Pit River and South Fork pit 
River to ensure that. existing drainage facilities would not be 
adversely affected. Alternative 4A also would require approvals 
from DWR and state water Resources Control Board for water transfer 
through the South Fork pit River to the pit River and diversion from 
the Pit. River. A Stream Alteration Permit from DFG and Corps of 
Engineers permits would be required for construction of the dam 
rehabilitation measures. A permit also may be needed from the state 
Lands commission for construction within the banks of the pit River. 
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TABLE S-l 

REFUGE WATER,SUPPLY NEEDS 

Levell Level Z Level 3 Leve14 
Refuge (ae-ft) (ae-ft) (ae-ft) Cae-ft) 

Modoc NWR 18,550 18,550 19,500 2.0,550 
Sacramento NWR ° 46,400 50,000 50,000 
Delevan NWR ° 2.0,950 2.5,000 30,000 
Colusa NWR ° 2.5,000 2.5,000 2.5,000 
Sutter NWR ° 2.3,500 30,000 30,000 
Gray Lodge WMA - 8 ,000 35 z400 41 z000 44 z000 

Total Sacramento Valley 2.6,550 169,800 190,500 199,550 

Grassland RCD(a) 50,000 12.5,000 180,000 180,000 
Volta WMA 10,000 10,000 13,000 16,000 
Los Banos WMA 6,2.00 16,670 2.2.,500 2.5,000 
Kesterson NW,R 3,500 3,500 10,000 10,000 
San Luis NWR ° 13,350 19,000. 19,000 
Merced NWR ° 13,500 16,000 16,000 
Mendota WMA 25,463(b) 18,500 2.i,OOO 2.9,65el 
Pixley NWR ° 1,280 3,000 6,000 
Kern NWR ° 9 z950 15 z050 2.5 z000 

Total San Joaquin Valley 95 z163(b) 2.11 z750 302. z550 32.6 z650 

TOTAL 1Zl,713(b) 381,550 493,050 5206,2000 

Water Supply Level 1: Existing firm water supply 

Water Supply Level 2.: Current average annual water deliveries 

Water Supply Level 3: Full use of existing development 

Water Supply Level 4: Optimum management 

(a) As of 1985, Grassland . Resource Conservation District no longer receives 
agricultural drainage flows due to water quality concerns. 

(b) Only 18,500 ac:-ft can be delivere~l~to Mendota WMA without modifications 
of existing facilities. ' 



Problems 

The importance of the remaining central Valley Wetlands to the 
Pacific Flyway cannot be overstated. Wintering habitat is the 
single most important limiting factor for waterfowl using the 
Flyway. The Fish and wildlife service has ranked Central Valley 
wetland habitat fpurth out of 33 on the national habitat priority 
scale, with a highest priority designation for wintering habitat 
preservation nationally. 

As demands for fresh water increase throughout the Central Valley, 
available supplies of surface water, groundwater, and agricultural 
return flows are expected to diminish. It is a consensus among 
refuge managers and wildlife biologists that without a dependable 
supply of water to maintain central Valley refuge wetland habitat, 
waterfowl numbers could be significantly reduced in the near future. 

Currently, only seven of the 15 refuges studied are receiving a firm 
water supply. Only Mendota Wildlife_ Management Area has a firm 
supply in the amount considered necessary for the proper management 
of' existing wetlands and facilities within the refuge boundaries. 
The remaining refuges must depend on the sources mentioned above and 
run-off available only during wet weather periods to meet refuge 
needs. The amount of water available to the refuges varies each 
year and commonly is not delivered at the time of year 'desired for 
appropriate wetland management. Typically, the refuges receive 
water only after' all the agricultural, municipal and industrial 
demands are fulfilled. The pumping of groundwater could,' in part, 
alleviate the problem of water shortages; however, the costs of 
pumping have been prohibitive: 

Needs 

The refuges of the Central Valley need to obtain dependable supplies 
of good quality water, delivered on a timely basis, to preserve 
critical wetland habitat for the migratory birds of the Pacific 
Flyway. The existing wa ter del i veries and supplemental water 
requirements for each refuge are presented in Table S-l. 

Each refuge has its own unique set of problems and needs. Some 
require' additional water during the fall and winter ,months, some 
need summer supplies, while others need better quality water than is 
currently provided. The alternative plans for water delivery were 
based upon each refuge's needs and represent extensive field 
investigations.. They were developed based upon 'criteria such as, 
availability of water, operational flexibility, conjunctive use 
PQssibilities, ease of implementation, costs, and potential 
environmental impacts. Addition.:;']' alternatives or modifications to 
al ternati y-es presented in this' :;.,-c~ort may be developed during the 
preparation of the Refuge Water Supply Planning Report. 

Table S-2 provides a summary ,of alternatives developed for each 
refuge. 
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Refuge l.eyell 

Modoc NWR None 

Sacramento NWR None 

Delevan NWR(a) None 

Colusa NWn(a' None 

TABLE S-2 

SUMMARY OF DELIVERY ALTERNATIVES 

l.eyelZ 

2A. Rehabilltate Well 

2A. Construct Pipeline from 
Tehama-Colusa Canal. 

2B. Deliver CVP Water through 
Kanawha WD. 

2C. Construct Pipeline to Trans­
port CVP Water from Tehama­
Colusa Canal. 

20. Delivery CVP Wilter from 
Tehama-Colusa Canal to GCID 
Lateral 35-C. 

2E. Implement a Conjunctive Use 
Plan. 

ZA. Convey Water from 
Sacramento NWR. 

2B. Construct Crossover on GCIO 
Lateral 41-1. 

2C. Improve Hunter's Creek No.2 
Diversion Weir. 

20. Implement a Conjunctive Use 
Plan. 

2A. Construct Weir on 2047 Drain 
and replace Davis Weir. 

lB. Conv~y CVP Water through 
Zumwalt Farms and Glenn­
Colusa Hi. 

lC. Implement a Conjunctive Use 
Plan. 

Leyel3 

3A. Rehabilitate Well 

3A. Construct Pipeline from 
Tehaf!la-Colusa Canal. 

3B. Deliver CVP Water through 
Kanawha WO. 

3C. Construct Pipeline to 
Transport CVP Water from 
Tehama-Colusa Canal. 

3D. Deliver CVP Water from 
Tehama-Colusa Canal to GCID 
Lateral 35-C. 

3E. Implement a Conjunctive Use 
Plan. 

3A. Convey Water from 
Sacramento NWR 

3B. Construct Crossover on GCID" 
Lateral 41-1. 

3C. Improve Hunter's Creek No.2 
Diversion Weir. 

3~. Implement a Conjunctive Use 
Plan. 

3A. Construct Weir on 2047 Drain 
and replace Davis Weir. 

3B. Convey CVP Water through 
Zumwalt Farms and Glenn­
C:olusa 10. 

3C. Implement a Conjunctive Use 
Plan. 

Leyel4 
., 
4A. Construct Wells, Rehabilitate 

Dam on Pit River. 

4B. Construct Wells in the 
Godfrey Tract. 

4A. Construct Pipeline from 
Tehama-Colusa Canal. 

4B. Deliver CVP Water t.hrough 
Kanawha WD. 

4C. Construct Pipeline to 
Transport CVP Water from 
Tehama-Colusa Canal. 

4D. Deliver CVP Water from 
Tehama-Colusa Canal to GCID 
Lateral 35-C. 

4E. Implement a Conjunctive Use 
Plan. 

4A. Construct Pump StatilOn on 
2041 Drain 

"4B. Construct Siphons Under the 
MID Canal 

4C. Implement a Conjunctive Use 
Plan. 

4A. Construct Facilities to Serve 
Tracts 4, 7, 9, and 11. 

4B. Implement a Conjunctive Use 
Plan. 



Refuge 

Sutter NWR 

Gray Lodge WMA 

Grassland Resource 
Conservation District 

Volta WMA 

None 

None 

None 

None 

TABLE S-Z 

SUMMARY OF DELIVERY ALTERNATIVES 
(Continued) 

lA. Deliver Waler' from Therma­
lito Afterbay through Butte 
Creek. 

lB. Delivery Water from Therma­
lito Afterbay through Wads­
worth Canal. 

lC. Obtain Water from Sutter 
Extension Water District. 

lD. Implement a Conjunctive Use 
Plan. 

lA. Construct Ditch from 
Cherokee Canal. 

lB. Construct Canal from 
Thermalito Afterbay. 

lC. Improve BWGID System. 

ZD. Implement a Conjunctive Use 
Plan. 

lA. Convey Water Under the 
Zahm-Sa,nsoni-Nelson Plan. 

lB. Utilize the Wolfson Bypass. 

lC. Implement a Conjunctive Use 
Plan. 

None 

Leyell 

3A. Deliver Waler from Therma­
lito Afterbay through Butte 
Creek. 

3B. Delivery Water from Therma­
lito Afterbay through Wads­
worth Canal. 

3C. Obtain Water from Sutter 
Extension Water District. 

3D. Implement a Conjunctive Use 
Plan. 

3A. Construct Ditch from 
Cherokee Canal. 

3B. Construct Canal from 
-Thermalito Afterbay. 

3C. Improve BWGIDSystem. 

3 D. Implement a' Conjunctive Use 
Plan. 

3A. Construct Turnouts on Delta­
Mendota Canal at Almond 
Drive and Russell A venue. 

3B. Implement a Conjunctive Use 
Plan. 

3A. Construct Turnouts at Main 
Canal and Upgrade Outtakes. 

3B. Implement a Conjunctive Use 
Plan. 

4A. Deliver Water from Therma­
lito Afterbay through Butte 
Creek. 

4B. Delivery Water from Therma­
Uta Afterbay through Wads­
worth Canal. 

4C. Obtain Water from Sutter 
Extension Water District. 

40. Implement a Conjunctive Use 
Plan. 

4A. Construct Ditch from 
Cherokee Canal. 

4B. Co~truct Canal from 
Thermallto Afterbay. 

4C. Improve BWGID System. 

40. Implement a Conjunctive Use 
Plan. 

4A. Construct Turnouts on Delta­
Mendota Canal at Almond 
Drive and Russell Avenue. 

-iB. Implement a Conjunctive Use 
Plan. 

4A. Construct Turnouts at Main 
Canal and Upgrade Outtakes. 

4B. Implement a Conjunctive Use 
Plan. 



Refuge (.eyell 

Mendola WMA None 

Pixley NWR None 

Kern NWR None 

TABLE S-1 

SUMMARY OF DELIVERY ALTERNATIVES 
(CoDtiDued) 

(.eyel1 

None 

None 

lA, Transport CVP Water through 
lhe BVWSO Facilities. 

lB. Transport Slate Water Project 
WaleI' through the LHWSO 
Facilities. 

lC. Transport CVP Water through 
the Friant-Kern Canal and 
Poso Creek. 

lO. Implement a Conjunctive· Use 
Plan. 

(a) All of the alternatives for these refuges require implementation of Alternatives·lA. lB, lC, lO, or 
lE for Sacramento NWR. 

(b) All of the alternatives for these refuges require implementation of Alternatives lA or lB for 
Grassland Resource Conservation District. 

Leyel3 

3A. Change Operation of Mendota 
Pool 

3B. Extend WWD Laterals 4 and 6 
to Refuge 

3C. Implement a Conjunctive Use 
Plan. 

3A. Obtain Friant-Kern Canal 
Water via Deer Creek. 

3B. Utilize Mid-Valley Canal 
Water via Deer Creek. 

3 C. Obtain CVP Water via the 
California Aqueduct. 

3 D. Implement a Conjunctive Use 
Plan. 

3A. Transport CVP Water through 
the BVWSD Facilities. 

3B. Transport State Water Project 
Water through the LHWSD 
Facilities. 

3C. Transport CVP Water through 
the Friant-Kern Canal and 
Poso Creek. 

3D. Implement a Conjunctive Use 
Plan. 

" 

4A. Change Operation of Mendota 
Pool 

4B. Extend WWD Laterals 4 and 6 
to Refuge 

4C. Implement a Conjunctive Use 
Plan. 

4A. Obtain Friant-Kern Canal 
Water via Deer Creek. 

4B. Utilize Mid-Valley Canal 
Water via Deer Creek. 

4C. Obtain CVP Water via the 
Callfomia Aqueduct. 

40. Implement a Conjunctive Use 
Plan. 

4A. Transport CVP Water through 
the BVWSD Facilities. 

4B. Transport State Water Project 
Water through the LHWSO 
FacUlties. 

4e. Transport CVP Water through 
the Friant-Kern Canal and 
Poso Creek. 

4D. Implement a Conjunctive Use 
Plan. 



Refuge Lewd 1 

Los Banos WMA (b) None 

Kesterson NWR(b) None 

San Luis NWR(b) None 

MercedNWR None 

TABLE S-Z 

SUMMARY OF DEUVERY ALTERNATIVES 
(CODtinUed) 

Len1 Z 

lA. Reconstruct SLCC Facilities. 

lB. Implement a Conjunctive Use 
Plan. 

lA. Rehabilitate Santa.Fe Canal. 

lA. Enlarge and I=.ine SLCC 
Facilities. 

lB. Construct LUt Pumps to 
Utilize San Joaquin River 
Water. 

lC. Implement a Conjunctive Use 
Plan. 

lA. Utilize the East Side Bypass 

lB. Implement a Conjunctive Use 
Plan 

Leyel3 

3A. Reconstruct SLCC Facilities. 

3B. Implement a Conjunctive Use 
Plan. 

3A. Extend Eagle Ditch into 
Refuge. 

3B. Extend West Side Ditch to 
Eagle Ditch. 

3C. Convey Water from Garza. 
Creek to Los Banos Creek. 

3 D. Utilize Mud Slough. 

3E. Extend Santa Fe Canal. 

3F. Implement a Conjunctive Use 
Plan. 

3 A. Enlarge and Line SLCC 
Facilities. 

.3B. Construct Lift Pumps to 
Utilize San Joaquin, River 
Water. 

3C. Implement a Conjunctive Use 
Plan. 

3A. Extend Casebeer Lateral to 
Refuge Boundary. 

3B. Extend Casebeer Lat.eral to 
Deadman Creek. 

3 C. Implement a Conjunctive Use 
Plan. 

3D. Utilize Treated Wastewater 
from the Merced Treatment 
Plant. 

·f 
Lewel4 

4A. Reconstruct SLCC Facilities. 

4B. Implement a Conjunctive Use 
Plan. 

4A. Extend Eagle Ditch into 
Refuge. 

4B. Extend West Side Ditch to 
Eagle Ditch. 

4C. Convey Water from Ganas 
Creek to Los Banos Creek. 

40. Utilize Mud Slough. 

4E. Extend Santa Fe Canal. 

4F. Implement a Conjunctive Use 
Plan. 

4A. Enlarge and Line SLCC 
Facilities. 

4B. Construct Lift. Pumps to 
Utilize Sao Joaquin River 
Water. 

4C. Implement a Conjunctive Use 
Plan. 

4A. Extend Casebeer Lateral to 
Refuge Boundary. 

4B. Extend Casebeer Lateral to 
Deadman Creek. 

4C. Implement a Conjunctive Use 
Plan. 

40. Utilize Treated Wastewater 
from the Merced Treatment 
Plant. 



CHAPTER IV B 

,SACRAMENTO NATIONAL WILDLIFE REFUGE 

Sacramento National wildlife Refuge (Refuge) was established in 1937 
through the purchase of 10,776 acres. Funds were provided by the 
Emergency Conservation Fund Act of 1933 and Emergency Relief 
Appropriations for the purpose of providing a refuge and breeding 
grounds for migratory birds and resident wildlife, as prescribed 
under Executive Order 7562. The Refuge is located about five miles 
south of the City of willows. The Refuge, managed by the Service, 
provides wintering and resting areas for ducks, geese, and swans; 
and reduces waterfowl damage to crops on neighboring farms. 

The Refuge is part of a group of' refuges located in the Colusa 
'Basin. The Colusa Basin is a drainage area extending from stony 
Creek in the north to Cache Creek, in the south, and between the 
Sacramento River on the east and the Coast Range Mountains on the 
west. Historic~lly, flood waters from the Sacramento River and the 
east side of the Coast Range Mountains flooded the marshes in the 
Colusa Basin during the winter and spring. Flood control proj,e~ts 
have minimized the flooding;" however, wetland ~abitat does occur 
within the IIColusa Trough" and within flooded rice fields. Only 
small marsh areas occur near agricultural sumps that collect 
agricultural run-off. The Colusa Basin also includes Delevan NWR, 
and Colusa NWR, as well as numerous private hunting clubs. The 
clubs flood the marshes primarily during the hunting se~son. 

The Refuge consists of permanent ponds, seasonal marshes, rice 
fields, and millet fields. Rice and millet are grown and left ,in 
the fields to be used as waterfow~ food. The marshes also support 
sources of waterfowl food such as swamp timothy and invertebrate 
populations. The upland areas of the Refuge provide habitat for 
geese, upland birds, and other wildlife species. The amount of 
land used for fields, ponds, and upland uses varies depending 
upon the amount of water available each year. 

A. WATER RESOURCES 

The Refuge holds four appropriative water licenses to divert up to 
60 cfs from Logan Creek. However, the rights are subject to 
depletion by other rights with higher priorities. 

The Refuge also receives surplus Central Valley Project (CVP) water 
on an as-available basis from the Sacramento River. The CVP water 
is delivered through facilities owned and operated by Glenn-Colusa 
Irrigation District (GCID). 

l~ Surface Waters 

Surplus CVP water is transported from the Sacramento River at the 
Red Bluff Diversion Dam through the Tehama-Colusa Canal (TCe) to 
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the western Sacramento Valley. Diversions from the TCC provide 
water to the Wasteway Cross Channel and the Williams Outlet. The 
GCrD conveys surplus CVP water through exchange agreements with 
the CVP to the Colusa Basin refuges. 

Natural flows and surplus CVP water from the TCC or . Black Butte 
Reservoir are conveyed to the Refuge by GelD. Black Butte 
Reservoir, located on Stony Creek· approximately nine miles 
upstream of Orland, was constructed by the Corps of Engineers for 
flood control purposes. Water from Black Butte Reservoir is 
conveyed by GCID through Stony Creek which has high conveyance 
losses. 

stony Creek is not recognized under Contract No. 14-06-200-8181A 
with Reclamation as a point of delivery from the TCC. Reclamation 
has the option of providing that water from stony Creek or from the 
Sacramento River via the TCCo 

Under contract 14-06-200-8181A, GCID conveys a maximum of 
50,000 acre-feet/year of surplus CVP water to the Refuge. The 
contract allows up to a 25 percent conveyance loss. A pumping 
station at Hamilton City pumps water from the Sacramento River into 
the GCID Main Canal. - Due to the configuration of the GCID lateral 
system, a portion of the water supplied by GCID is from 
agricultural return flows. 

Agricultural return flows are currently diverted from Logan Creek 
under appropriative water rights acquired by the Refuge~ The Refuge 
has four licenses that permit the diversion of up to 60 cfs from 
Logan ~reek to supply 4,575 acres of the Refuge. The rights are 
subject to· depletion by other water rights with earlier priority-­
dates, and therefore, are not considered to be a dependable water 
supply. In addition, water may not be available from Logan. Creek 
during July and August. Water quality in Logan Creek may be poorer 
during the late agricultural season due to 'the presence of 
agricultural return flows. 

winter water supply problems at the Refuge are affected by operation 
of the Red Bluff Diversion Dam, the TCC, and the GCrD canals. The 
TCC has been used to provide surplus CVP water ,to GClD Main Canal 
during the winter months. During the paS?t 'two years, the gates at 
the Red Bluff Diversion Dam have been raised from December through 
March to improve fish passage at the Red Bluff Diversion Dam. The 
gates at the Red Bluff Diversion Dam were raised' to allow unimpeded 
movement of winter-run chinook salmon adul ts and downstream 
migration of juveniles. The opening of the gates is presently a 
year-to-year experiment with no commitment to a long-term operation. 
A study has been conducted by the Service (funded by Reclamation) to 
identify methods to im~~ove passage of salmon and steelhead trout at 
the Red Bluff Diversion Dam. The Service is scheduled to submit a 
final report on the study to Reclamation by september 30, 1988. 
Reclamation will evaluate this study and release a report in 1989 
detailing the actions to be taken. 
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Without use of the TCC, surplus CVP water must be pJ;'ovided to 
the GCID Main Canal from other sources, such as Black Butte 
Reservoir. Under existing contracts, surplus water must be first 
used to meet agricultural contracts 0 During the past two years when 
the Red Bluff Diversion Dam gates have. been opened, all surplus 
water has beeri allocated to agricultural users. 

2. water conveyance Facilities 

The GCID Main Canal supplies water to the Refuge through Lateral 
26-2 and Lateral 35-1C. The GCID Lateral 26-2 provides water by 
gravity flow to the northwest corner of the Refuge where the 
Refuge's west canal distributes water to the western and northern 
portions of the Refuge. However, the GCID Main Canal is dewatered 
at the end of November for maintenance. 

Water also can be provided to the Refuge from the GCID Main Canal 
via Lateral 35-1C, as shown in Figure IVB-l.Water in L~teral 35-lC 
can be pumped into the Refuge's west canal or diverted to the Refuge 
at Dam 3. During previous winter seasons when water was proVided 
through the TCC, the GCID has created a 10-mile long backwater pool 
in the GCID Main Canal to gain sufficient elevation to allow 
diversions into the lateral. 

Water also can be supplied from Logan Creek through diversions at 
Diversion Dam 1 to serve the eastern portion of the Refuge when the 
GelD canals are dewatered or when insufficient natural flows occur. 
The flows in Logan Creek depend upon precipitation and upstream 
agricultural return flows and may vary significantly throughout the 
year. Additional diversions could be made ~rom Logan Creek during 
the winter if Diversion Dams 2 and 3 were modified. Currently, these 
diversion dams are removed during flood periods and cannot be 
replaced until after the -wet weather season ends .. 

The Refuge reuses water to maximize its water use and maintain 
circulation in the ponds. However, re-circulation is difficult 
without construction of several lift stations, return canals, and 
underground power lines to serve the lift stations. The water flows 
through three' to four ponds prior to discharge to Logan Creek or 
other drainage facilities. Water that returns to Logan Creek from 
the northern portion of the Refuge can be re-diverted at Diversion 
Dams 2 and 3 for reuse on the southern portion. The Refuge receives 
a seven percent return-flow and water right cred-i t from GCID to 
compensate for re-diverted flows. This credit is generally between 
2,800 and 3,300 acre-feet per year. . 

3. GroundWater 

The Refuge is located in low-lying alluvial plains and fans of the 
Coast Range Mountains underlain by the Tehama Formation. The 
southeastern portion is located within flood plain deposits of the 
Sacramento River flood basin. The groundwater is located within 10 
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to 25 feet of the ground surface. Based upon existing data i the 
water quality appears to be suitable for irrigation and waterfowl 
needs. The safe yield of the aquifer under the Refuge has been 
estimated by Reclamation to be 12,900 acre-feet. . 

Because of high power costs, groundwater is not currently used for 
water supply s Two wells were drilled on the Refuge in 1978 e 

One well was drilled·to a depth of 260 feet and produced 1,200 gpm. 
The other well was drilled to a depth of 195 feet and produced less 
than 500 gpm. . 

B. FORMULATZON & EVALUATZON OF ALTERNATZVE PLANS 

The Service estimates that 50,000 acre-feet of water would be 
required for full development and optimum management of the entire 
Refuge. For the purposes of assessing the impacts of water 
delivery. alternatives, four levels of water supply have been 
identified, as presented in Table IVB-l. Each of the water supply 
levels provide a different volume of water, and are summarized as 
follows: -

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water- supply needed for full use of existing 
development 

Level 4 - Water supply needed for optimum management 

1. Delivery Alternative for Level 1 (No Action Alternative) (0 acre­
feet) 

Because the Refuge does not have a firm water supply, no facilities 
are required. 

2. Delivery Alternatives for Level 2 (46,400 acre-feet) 

Alternatives developed for Level 2 would provide more reliable water 
conveyance facilities throughout the year. Alternatives 2A, 2B, and 
2C would provide water if the GCID Main Canal is dewatered. 
Alternative 2D provides facilities to improve the reliability of 
winter water deliveries from GCID. Alternative 2E would provide 
wells to be used in a conjunctiv~ use program. 

Alternative 2A - Construct Pipeline from Tehama-Colusa Canal. A 
five-mile, 100 cfs pipeline would be constructed from the TC·C to '-l1e 
northwest corner of the Refuge. This canal would be used ·to con'~-ol 
both summer and winter water. If water was available from Black 
Butte Reservoir, water would be conveyed through the Orland 
Project's South Canal and Lateral 40 to the TCe. 
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TABLE IV B-1 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE SACRAMENTO NWR 

S!!EEly Level 1 Supply Level Z S!!El!ly Level 3 
Month ac-ft ac-ft ac-ft 

January 0 1,ZOO 1,Z50 
February ° 1,ZOO 1,Z50 
March ° 300 1,Z50 
April 0 300 300 
May 0 Z,lOO Z,Z50 
June 0 Z,600 Z,750 
July 0 4,000 4,ZOO 
August 0 6,300 6,700 
September 0 7,500 7,900 
October 0 9,300 9,850 
November 0 8,300 8,800 
December 0 3,300 3,500 

Total 0 46,400 50,000 

Notes: 

Supply Level 1: Existing firm water supply 
Supply Level Z: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Sources: USBR, 1986a; USFWS, 1986d 

SupplI Level 4 
ac-ft 

1,Z50 
1,Z50 
1,Z~0 

300 
Z,Z50 
Z,750 
4,ZOO 
6,700 
7,900 
9,850 
8,800 
3,500 , 

50,000 



Alternative 2B - Deliver CVP water through Kanawha Water District. 
CVP water.would be delivered from the TCC through the Kanawha water 
District Laterals 5-5 and 6-5 to the north branch of Logan Creek 
which would convey the water under Interstate Highway 5, the 
frontage road, and the Southern Pacif ic Railr~ad tracks ~ A 
pipeline would be constructed from the terminus of the north branch 
of Logan Creek to the northwest corner of the Refuge, as shown in 
Figure IV B-2. six turnouts would be enlarged on the ,Kanawha Water 
District laterals and a pump station would be constructed at the 
Refuge. This alternative would provide winter water to the Refuge 
when the GClD Main Canal is dewatered,' and would require a 
conveyance agreement with Kanawha Water District for winter water 
deliveries. During the summer, the Refuge would receive water from 
GClD. 

Alternative 2C Construct pipeline to Transport CVP water 
from Tehama-Colusa Canal. CVP water would be conveyed through the 
Kanawha Water District Lateral 6-5 which would discharge to a new 
pipeline and pump station which would convey water to the refuge. A 
pump station would be constructed to transport water onto the 
Refuge. This alternative would provide winter water to the Refuge 
when the GCrD Main Canal is dewatered, and would require a 
conveyance agreement with Kanawha Water District for. winter water 
deliveries. During the summer; the Refuge would receive water from 
GCID .. 

Alternative 2D - Deliver CVP water from Tehama-Colusa Canal to 
Glenn-Colusa Irrigation District Lateral 35-1C.· CVP water 
would be conveyed from TCC through the GerD Main Canal to the 
GCID Lateral 35-1C.· IThe water requirements for this alternative 
would be higher than for the other alternative plans because the­
total volume of water must include a 10-mile long backwater pool 
in the GCID Main Canal that would allow gravity diversion of 
water into the GCID Lateral 35-IC. . 

Water would flow by gravity from the GCID Lateral 35-IC to serve the 
southeastern portions. Water would be pumped from the GClD Lateral 
35-IC to the Refuge's west canal to serve the southwestern portions 
of the Refuge. The capacity of the GCID Lateral 35-IC would be 
increased from 25 cfs to 90 cfs. To increase the capacity of the 
GCID Lateral 35-1C, a 30-inch diameter reinforced concr~te pip.e 
P{(. .• :L..I) culvert ana two 36-inch diameter RCP culverts· at road 
crossings would be replaced with 42-inch diam.eter culverts to 
eliminate the hydraulic restrictions, as shown in: Figure IV B-2. 
In addition, the lower portions of the GClD Lateral 35-1C would 
be cleaned. ' 

This alternative would provide winter water to the Re~4~e when th~ 
GCID Main Canal is dewatered ~ During the summer, the ~:~,-fuge would 
also would receive water from GClD. 

Alternative 2E - Implement a Conjunctive Use Plan. Fifty-nine 
wells would be constructed on the Refuge to deliver the maximum 
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month water demand. The exact locations of the wells on the Refuge 
would be determined in a future study. The wells would be developed 
as part of a conjunctive use program. During dry years, water 
demands would be supplied by wells, as discussed in Chapter III. 
During wet years, the wells would probably not be needed if CVP 
water is provided. Implementation of this alternative also would 
require implementation of Alternatives 2A, 2B, 2C, or 20. 

3. Delivery Alternatives for Level 3 (50,000 acre-feet) 

Water deliveries· under Level 3 are similar to Level 2. Therefore, 
the same alternatives considered for Level 2 were evaluated for 
Level 3. 

Alternative 3A - Construct Pipeline from Tehama-Colusa Canal. This 
alternative is identical to Alternative 2A. 

Alternative 3B - Deliver CVP water through Kanawha Water District. 
This alternative is identical to Alternative 2B. 

Alternative 3C Construct Pipeline to Transport CVP water 
from Tehama-Colusa Canal. This alternative is identical to 
Alternative 2C. 

Alternative 3D - Deliver CVP water from Tehama-Colusa Canal to 
Glenn-Colusa Irrigation District Lateral 35-1C. This 
alternative is identical to Alternative 20. 

Alternative 3E - Implement a Conjunctive Use Plan. .' Sixty-two 
wells' would be constructed on the Refuge to deliver the maximum 
month water demand. This alternative would be similar. to 
Alternative 2E. 

4. Delivery Alternatives for Level 4 (50,000 acre-feet) 

Water Supply Level 4 is equal to Level 3. 
alternatives for Level 4 would· be the same as 
Levels 3 and 4. 

Therefore, the 
discussed under 

Alternative 4A - Construct Pipeline from.Tehama-Colusa Canal. This 
alternative is identical to Alternative 2A. 

Alternative 4B - Deliver CVP water throuqh Kanawha water District. 
This alternative is identical to Alternative 2B. 

Alternative 4C Construct Pipeline to Transport CVP Water 
from Tehama-Colusa Canal. This alternative is identical to 
Alternative 2C. 

Alternative 4-0 - Deliver CVP Water. from Tehama-Colusa Canal to 
Glenn-Colusa Irriqation District Lateral 35-1C. This 
alternative is identical to Alternative 2D. 
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Alternative 4E - Implement a conjunctive Use Plan. Sixty-two wells 
would be constructed on the Refuge to deliver the maximum month 
water demande This alternative would be similar to Alternative 2E. 

5. summary of Alternatives 

The beneficial and adverse effects of each al ternative were 
compared with respect to the criteria listed in -Chapter III. 

There are no alternatives for Level 1 because no firm water supply 
exists. 

Alternatives 2A, 3A, and 4A would provide water throughout the year 
without pumping and through Refuge-owned facilities. Alternatives 2B 
and 2C, Alternatives 3B and 3C, and Alternatives 4B and 4C would 
convey water to the Refuge during the winter through Kanawha Water 
District- facilities and during the summer through GCID facilities. 
These alternatives would require pumping of the wat'er onto the 
Refuge. Alternatives 2D, 3D, and 4D would convey water to the 
Refuge through GCID facilities during both summer and winter. 
Alternatives 2A through 2D, Alternatives 3A through 3D, and 
Alternatives 4A through 4E would convey winter water from Tce. The 
winter water would be pumped from the Sacramento River at Red Bluff 
or possibly surplus water from Black Butte Reservoire 

Alternatives 2E, 3E, and 4E would provide well-s to be used during 
during dry years when CVP water may not be available. This 
alternative would cause overdraft conditions because the water needs 
would exceed the safe yield under the Refuge. These alternatives 
also would require implementation of surface water alternatives 
(Alternatives 2A, 2B, 2C, and 2D; Alternatives 3A, 3B, 3C, and 3D; 
and Alternatives 4A, 4B, 4C, and 4D). 

Alternatives 2B, 2C, and 20; Alternatives 3B p 3C,' and 3D; and 
Alternatives 4B, 4C, and 4D would require long-term conveyance 
agreements with irrigation districts to transport water to the 
Refuge. Alternatives 2B and 2C, Alternatives 3B and 3C, and 
Alternatives 4B and 4C would require winter operation of Kanawha 
Water District facilities. Alternatives 2D, 3D, and 4D would 
require winter operation of the GCID facilities. 

C. COST & ECONOMIC ANALYSIS 

Costs for -the alternative plans to provide adequate water 
supplies under Levels 2, 3 , and 4 are presented in Table IV B-2. 
The construction costs include factors to cover engineering, 
contingencies, and overhead. Annual operation and maintenance 
(O&M) costs include only the local cost of delivering water. The 
annual O&M costs do not include costs to purchase CVP water. During 
the advanced planning phase, these costs will be refined further. 

Construction of the facilities under all of the alternatives would 
result in additional money being spent in the economy of Glenn and 
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Items 

Additional Water (ac-ft) 

Construction Cost 

Wells 
Diversion Structures 
Pipelines/Canals 
Pump Stations 
Subtotal 
Other Costs 
Total 

Annualized Construction 
Cost (8.87%, 30 yrs) 

Additional Annual Costs 
Operation & Maintenance(k) 
Power 
Local Conveyance Cost(o) 

. ~i .. 
Subtotal" 
Other Costs 
Total 

Total Annual Costs 

Cost/Additional Acre-Foot 

TABLE IV B-Z 

SUMMARY OF ESTDdATED COSTS OF ALTERNATIVES 

SACRAMENTO NWR 

Alternatives 
ZA ZB ZC ZD 

46,400 46,400 46,400 46,400 

$ $ 
60,OOO(c) 

$ $ 
17,000(a) 

1,923,500(b) 100,300(d) 448,300 (f) 6S,500(g) 
161 aooo(e) 161.000(e) 10S.000(h) 

$1,940,500 $321,300 $609,300 170,500 

$1,940,500 $321,300 $609,300 $170,500 

$ 186,680 $ 30,900 $ 58,620 $ 16,400 

$ 10,000 $ 3,500 $ 3,600 $ 2,500 
14,300 (I) 14,300(1) 14,300(1) 
69.600 69 1600' 69.600 

$ 10,000 $ 87,400 87,500 86,400 

$ 10,000 $ 87,400 87,500 86,400 

$ 196,680 $1}8,300 $146,120 $102,800 

$ 4.30 $ 2.60 $ 3.20 $ 2.20 

ZE 

46,400 

$3,304,000 (i) 

$3,304,000 
·1.940 a500(j) 

$5,244,500 

$ 504,520 

$ 112,000.(n) 
278,400 (m, Ii) 

390,400 
5

1
000(j,m) 

$ 395,400 

$ 899,920 

$ 19.40 



Items 

Additional Water (ac-ft) 

Construction Costs 

Wells 
Diversion Strl:1ctures 
Pipelines/Canals 
Pump Stations 
Subtotal 
Other Costs 
Total 

Annualized Const~::-... tion 
Cost (8.81%, 3C )TS) 

Additional Annual Costs 

Operation & Maintenance(k) 
Power 
Local Conveyance Cost(o) 
·Subtotal 
Other Costs 
Total 

Total Annual Costs 

Cost/ Additional Acre-Foot 

TABLE IV B-:-2 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

SACRAMENTO NWR 

(Continued) 

Alternatives 
3A &: 4B 3B &: 4B 3C &: 4C 

50,000 50,000 50,000 

$ $ $ 
11 OOO(a) 60 OOO( c) 

1,92,3:500(b) 100:300(d) 448,300(f) 
-161 z000(e) 161 z000(e) 

$1,940,500 $32.1,300 $609,300 

3D &4D-

50,000 

$ 

655,500(g) 
105 z000(h) 

$160,500 

$1,940,500 $321,300 $609,300 .$160,500 

$ 186,680 $ 30,900 $ 58,62,0 $ 15,440 

$ 10,000 $ 3,500 $ 3,600 $ 2,500 
16,050 0 ) 16,0500) 16,050(1) 

--- 15 z000 75 z000 75 z000 
$ 10,000 $ 94,550 94,650 93,550 

$ 10,000 $ 94,550 $ 94,650 $ 93,550 

$ 196,680 $125-,450 $153,210 $108,990 

$ 3.90 $ 2~50 $ 3.10 $ 2.20 

3E &: 4E 

50,000 

$3,472,,000(p) 

$3,472,000 
l z940 z500(j) 

$5,412,500 -

$ 52,0,680 

$- 118,000(m) 
300,000(m,n) 

$ 418,000 
5 z0000,rn) 

$ 42.3,000 

$ 943,680 

$ 18.90 



TABLE IV B-2 

SUMMARY OF ESTDIATEDCOSTS OF ALTERNATIVES 

SACRAMENTO NWR 

(Continued) 

Notes: Alternatives ZA, 3 A, 4A: 
Alternatives 2B, 3 B, 4B: 

Construct Pipeline from Teham a - Colusa Canal 
Deliver CVP Water through Kanawha Water District 

Alternatives 2C, 3 C, 4C: 
Alternatives 2D, 3D, 4D: 
Alternatives 'ZE, 3E, 4E: 

(a) 100 cfs turnout on TCC. 

Construct Pipelines to Transport GVP Water from Tehama - Colusa Canal 
Deliver CVP Water from Tehama - Colusa Canal to GCID Lateral 35-IC 
Implement a Conjunctive Use Plan 

(b) 26,400-feet, ,54-inch diameter pipeline. 

(c) Six turnouts on Kanawha Water District laterals. 

(d) 3,800 feet long, I8-inch diameter pressure pipeline. 

(e) 60 cfs, 7 -foot lift pump. 

(f) 13,200 foot, 24-inch diameter pressure pipeline. 

(g) Enlarge 6,600-feet of Lateral 35-1C to 60 cfs, including three 42-inch diameter siphons. 

(h) 20 cfs, 10-foot lift pump to lift water into GCID Lateral 35 -IC. 

U) 59 wells, 4QO-feet deep, 100-foot lift. 

(j) Alternative 2E assumes implementation of Alternative 2A, Alternative 3E assumes implementation of Alternative 3A, and 
Alternative,4E assumes implementation of Alternative 4A. 

(k) Basis for O&M costs are discussed in Appendix F. 

(I) Unit Pumping Cost = $l.OO/af; only for winter water. 

(m) Values were' multiplied by 0.5 because facilities are assumed to be used only 5 out of 10 years. 

(n) Unit Pumping Cost = 12.00/af. 

(0) Unit Conveyance Co~t = $1.50/af. 

(p) 62 wells, 400-feet deep, 100-foot lift. 



Colusa Counties' during the construction periodo The construction 
could be completed within one summer season by construction workers 
who reside within the area. 

Because all of the Refuge is d.eveloped, the additional water 
would not increase publ"ic use levels significantly. Therefore, 
the economy of the surrounding communities would not be impacted by 
the alternatives. However, if'no water is provided (Levell) the 
existing vegetation will die and the waterfowl use will decrease, 
therefore public use will decrease significantly. 

D. WILDLIFE RESOURCES 

The annual bird use on the Refuge is approximately 56,024,000 
use-days based upon census data from 1987. Approximately 77 and 18 
percent of the bird use are by ducks and geese, respectively. 
Fish and wildlife resources associated with the Refuge are presented 
in Table IV B-3. The listed threatened and endangered species 
associated with the Refuge are the bald eagle, Haliaeetus 
leucocephalus; peregrine falcon, Falco peregrines anatumi Aleutian 
Canada goose, Branta canadensis leucopareia; and valley elderberry 
longhorn beetle, Desmocerus californicus dimorphus. Candidate 
species associated with the Refuge include the white-faced ibis, 
Plegadis chichi; tricolored blackbird, Agelaius tricolo~ i and 
California hibiscus, Hibiscus californicus, as listed in Table IV 
B-4. 

The alternative plans would provide a dependable water supply 
throughout the Refuge which is nearly totally developed. Therefore, 
the water, would be used to' improve habitat, and. not to develop 
additional wetlands. The improved habitat would increase' the-­
number of bird use-days, as indicated in Table IV B-5. 

Implementation of any of the alternative plans' probably would not 
adversely affect the listed and candidate threatened and 
endangered species of birds and would improve habitat that could be 
used by the white-faced ibis and Aleutian Canada goose. No 
additional lands would be floodedi therefore, upland ~pecies would 
probably not be adversely affected. Detailed field investigations 
would be required during the advanced planning phase of the 
project. Implementation of a plan would result in overall 
beneficial environmental effects. The No Action Alternative 
would result in the loss of habitat and associated recreation and 
wildlife use. Additional regional environmental analyses will be 
completed as part of the. Water Contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences o'f constru.cti,ng and operating the 
facilities under any of the alternatives would be positive due to 
continued public use. 
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Hooded Merganser 
Mallard(a) . 
Gadwall(a) 
European Wigeon 
American Wigeon 
Green winged Teal(C:l) 
Cinnamon Teal(a) 

'Snow Goose 
Ross' Goose 
Tundra Swan 

Western Grebe(a)· 
Eared· Gre be 
Pied-billed Grebe{a) 
Double-crested Cormorant 
Whi te Pelican 
American Bittern{a) 
Least Bittern(a) 
Great Blue Heron{a) 
Great (common) Egret(a) 
Snowy Egret(a) 

TABLE IV B-3 

FISH AND WILDLIFE RESOURCES 

SACRAMENTO NWR 

Ducks 

Blue-Winged Teal{a) 
Northern Shoveler(a) 
Pintail(a) 
Wood Duck(a) 
Redhead(a) 
Canvasback 
Ruddy Duck(a) 

Geese and Swans 

Whi te-fron ted Goose 
Canada Goose 

Coots 

American Coot(a) 

Shore and Wading Birds 

Virginia RaU(a) 
Sora(a) 
Common Gallinule(a) 
Ring-billed Gull 
Caspian Tern(a) 
Forster's Tern 
Black Tern(a) 
Wilson's Phalarope­
Green-backed Heron(~ 
American Avocet 
Black-Necked Stilt 

Common Merganser(a) 
Ring Necked Duck 
Common Goldeneye 
Greater Scaup 
Lesser Scaup 
Buffle Head 

Cackling Canada Goose 
Lesser Canada Goose 

Common Snipe 
Long-billed Dowitcher 
Least Sandpiper 
Dunlin 
Western Sandpiper 
Greater Yellow legs 
Long-billed Curlew 
Killdeer(a) 

Grea ter Sandhill Crane 
Black-crowned Night Heron(a) 



Ringed-necked Pheasant(a) 
California QuaU(a) 

Turkey Vulture .: 
Sharp-shinned Hawk(a) 
Rough-legged Hawk 
Great Horned Owl(a) 

Steelhead Trout 
Catfish 

Opossum 
Raccoon 
Skunk 

Black-tailed Deer 

Notes: 

(a) Birds nesting on refuge 

TABLE IV B-3 

FISH AND WILDLIFE RESOURCES 

SACRAMENTO NWR 
( Continued) 

Upland Game 

Rock Dove 

Raptorial Birds 

Black-shouldered Kite(a) 
Cooper's Hawk(a) 
American Kestrel(a) 
Red Shouldered Hawk(a) 

Fish 

Salmon 
Black Crappie 

Forbearers 

Gray Fox 
Beaver 
Muskrat 

Others 

Mourning Dove(a) 

Marsh Hawk 
Red-tailed Hawk(a) 
Barn Owl(a) 
Golden Eagle 

Largemouth Bass 

Coyote 
Mink 

Source: USFWS computerized annual printout for NWR Birds, Department of Interior, USFWS (RFl1650~2 9-79) (July 1973 
to June 1974, NWRS Public Use Report (I)) and refuge recot-ds. 



TABLEIVB-4 

FEDERALLY USTED, PROPOSED, 8t CANDIDATE, THREATENED &: ENDANGERED SPECIES 

SACRAMENTO NWR 

Listed Species 

Birds 

Aleutian Canada goose, Branta canadensis leucopareia (E) 
Bald Eagle, Haliaeetus leucocephalus (E) 
Peregrine Falcon, Falco peregrines (E) 

Inverte brates 

Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(1') 

Proposed Species 

None 

Candidate Species 

Birds 
Whi te-faced ibis, Plegadis £h!!:i (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Plants 
California hibiscus, Hibiscus californicus (2) 

Source: USFWS, June 4, 1987 

(E)-Endangered (T)-Threatened (CH)-Critical Habitat 
(I)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2)-Category 2: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 



TABLE IV B-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

SACRAMENTO NWR 

No Action Alternatives 
Alternative 2A 2B . 2C In 

Habitat Acres 

Permanent Pond 115 115 115 115 
Seas·onal Marsh 6,180 6,180 6,180 6,180 
Watergrass 565 565 565 565 
Rice 2.87 2.87 2.87 2.87 

Bird Use Days 

Ducks 41,789,000 41,789,000 41,789,000 . 41, 789,000 
Geese 1Z,Z47,000 12.,2.47,000 1Z,Z47,000 2.,2.47,000 
Waterbirds 1,988,000 1,988,000 1,988,000 1,988,000 
Endangered Species 300 300 300 300 
Total 56,02.4,300 56,02.4,300 ·56,02.4,300 56,02.4,300 

Public Use Days 

Consumptive 6,300 6,300 6,300 6,300 
Non-Consumptive 32,900 32,900 32 1 900 3Z z900 
Total 39,2.00 39,ZOO 39,2.00 39,2.00 

Total Annual Cost $-- $ 196,680 $ 118,300 $ 146,120 $ 102,800 

Incremental Cost/ Additional 
1000 Bird Use Days N/A $ 3.50 $ 2.1.0 $ 2.60 $ 1.80 

Incremental Cost/ Additional 
Public Use Day N/A $ 5.00 $ 3.00 $ 3.70 $ 2.60 

2E 

115 
6,180 

565 
2.87 

41,789,000 
12.,2.47,000 
1,988,000 

300 
56;024,300 

6,300 
32. z900 
39,2.00 

$ 899,9Z0 

$ 16.10 

$ Z3.00 



TABLE IV B-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

SACRAMENTO NWR 
( Continued) 

Alternatives 
3A&4A 3B &4B 3C8l4C 3D&4D 

Habitat Acres 

Permanent Pond 12.5 12.5 12.5 12.5 
Seasonal Marsh 6,2.00 6,2.00 6,2.00 6,2.00 
Watergrass . 600 600 600 600 
Rice 300 300 300 300 

Bird Use Days 

Ducks 42.,450,000 42.,450,000 42.,450,000 42.,450,000 
Geese 12.,380,000 12.,380,000 12.,380,000 12.,380,000 
Waterbirds 2.,020,000 2.,02.0,000 2.,02.0,000 2.,02.0,000 
Endangered~Species 300· 300 300 300 

"oj) 

Total 56,850,300 56,850,300 56,850,300 56,850,300 

Public Use Days .. 
Consumptive 6,500 6,500 6',500 6,500 
Non-Consumptive 33 1°°0 33 1°°0 33 1°00 33 z000 
Total 39,500 39,500 39,500 39,500 

Total Annual Cost $ 196,680 $ 12.5,450 $ 153,2.70 $ 108,990 

Incremental Cost/ Additional 
1 OO~ Bird Use Days .$ 3.50 $ 2..2.0 $ 2.70 $ 1.90 

Incremental Cost/Additional 
Public Use Day $ 5.00 $ 3.20 $ 3.90 $ 2.80 

l'lotes: 

. Alternatives 2.A, 3A, 4A: 
Alternatives 2.B, 3B, 4B: 

Construct Pipeline from Tehama - Colusa Canal. 
Deliver CVP water through Kanawha Wate~ District. 

3E&4E 

12.5 
6,2.00 

600 
300 . 

42.,450,000 
12.,380,000 

2.,02.0,000 
300 

56,850,300 

6,500 
33 1°00 
39,500 

$ 943,680 

$ 16.60 

$ 2.3.90 

Alternatives 2.C, 3C, 4C: 
Alternatives lD, 3 D, 4D: 
Alternatives'lE, 3E, 4E: 

Construct Pipeline to transport CVP water from Tehama - Colusa Canal. 
Deliver CVP water from Tehama - Colusa Canal to GCID Lateral 35-C. 
Implement a Conjunctive: Use Plan. 



F. POWER ANALYSIS 

The Pacific Gas' & Electric Company serves the Refuge under the 
PA-l rate schedule for agricultural users. ,A facility must be 
an authorized function of the CVP to receive project-use power. The 
authority to deliver the CVP project-use power to the Refuge is 
currently being examined and will be detailed in the Refuge Water 
Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is provided in the 'Power Analysis 
section of Chapter II. 

G. PERMITS 

Construction under any of the alternatives would require 
several permits.. Glenn and Colusa Counties would issue permits 
for construction of wells under Al ternati ves 2E, 3E, and 4E. The 
counties also would issue permits for construction along streams 
and roads to ensure that existing drainage facilities would not be 
adversely affected. If water is transferred through the north 
branch of Logan Creek under Alternatives 2B or 2C, Alternatives 3B 
or 3C, or Alternatives 4B or 4C, approvals woul,d be required from 
the California Department of Water Resources, state Water Resources 
Control Board, and DFG. A Corps of Engineers permit would be 
required for construction in wetlands. Approvals from GCrD would 
be required for construction under Alternatives 2D, Alternatives 3D, 
and Alternatives 4D. . 
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CHAPTER IV C 

DELEVAN NATIONAL WILDLIFE REFUGE 

Delevan National wildlife Refuge (Re~uge) was authorized in 1962 
under the Migratory Bird Conservation Commission. Initially, 
5,583 acres were purchased with Migratory Bird Hunting stamp 
Act funds. In 1963, an additional 80 acres were acquired with 
the same funds. The land was purchased as a refuge and 
breeding ground for migratory birds and wildlife. The 
Refuge is located about seven miles east of Maxwell in Colusa 
County, to' the east of Interstate Highway 5 and to the 
west of the Sacramento River. The Refuge, which is managed by 
the service, is part of a group of refuges located in the Colusa 
Basin, as discussed in Chapter IV B. The Refuge is located midway 
between the Sacramento and Colusa NWR's, and provides wintering 
and resting areas for ducks and geese and reduces waterfowl 
damage to crops on neighboring farms. 

The Refuge consists of permanent ponds, rice, millet fields, 
seasonal marshes, ~nd irrigated pasture. The irrigated pasture is a 
feeding area for geese. The wetlands also support sources of 
waterfowl food such as swamp timothy and invertebrate 
populations. The upland areas of the Refuge provide habitat 
for :·geese, upland birds, and other wildlife species. The 
amount of land used for fields, ponds, and upland uses varies each 
year depending upon water availability. 

A. WATER RESOURCES I 

The Refuge has no firm water supply, and currently only receives 
surplus Central Valley Project (CVP) water. 

1. Surface Waters 

The Refuge receives surplus CVP water through Glenn-Colusa 
Irrigation District (GCID). The Refuge used to receive surplus water 
from Maxwell Irrigation District; however, this water supply has not 
been used since 1979 due to poor water quality. 

The GCID conveys CVP water to the Colusa Basin refuges, as 
discussed in Chapter IVB. A portion of the water supplied by GCID 
is from agricultural return flows. Under Contract 14-06-200-8181A 
with Reclamation, GClD conveys a,maximum of 30,000 acre-feet to 
the Refuge. The contra'cts provide for a 25 percent conveyance 
loss. Quality of the water delivered by GCID appears to be suitable 
for refuge irrigation under most conditions. Agricultural return 
flows are generally of poorer 'quality than fresh water especially 
when flows are reused several times before being delivered to the 
Refuge. 
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) When GCrD dewaters their system in the winter, CVP water is 
~ transported through the Tehama-Colusa Canal (TtC) to the wasteway 
'\' Cross Channel. The wasteway Cross Channel is used to divert 

water to the GCrD facilities that serve the Refuge. 

-<. 
, --

Reclamation District 2047 was formed in 1919 to construct ,a 
master drain, known as the Colusa Basin Drainage Canal or the 
2047 Drain. The 2047 Drain conveys agricultural return flows 
to an area south of willows making refuge deliveries possible. rn 
the winter,· the 2047 Drain transports stormwater runoff from the 
Colusa Basin. 

The Refuge could apply to the state Water Resou~ces Control Board 
for a permit to divert water from the 2047 Drain from September 
through June; however, the appropriation would be subject to 
prior appropriations. Therefore, only surplus water would be 
available. Quality of water in the 2047 Drain in the summer is 
influenced by the quality of agricultural return flows. Previous 
water quality analyses have detected DDT and toxaphene at 
concentrations above National Academy of Science action levels 
(SWRCB, 198.4). During the winter, the quality of the 2047 Drain 
water appears to be adequate for the Refuge. 

~--_~ater supply problems also occur due to the shutdown of the TCC, and 
:--ithe GCrD Main Canal during the winter, as discussed in Chapter IV B. 

Without the water from the TCe, water must be provided to the7'GCID 
Main Canal from other sources, such as Black Butte Reservoir. 
Winter water could be provided to the Refuge from the 2047 Drain 
,if unappropriated water could be obtained and a pump was 
constructed. 

2. water Conveyance Facilities 

During most of the year, GCrD conveys water from the GCrD Hamilton 
City Pumps through the GCID Main Canal to the Refuge. The water 
is tranferred from the GCrD Main Canal to Hunters Creek and 
diverted . into ,the Refuge near the northwest corner through 
Hunters Creek No. 2 Weir, as shown in Figure IV C-1. This weir is 
used to back-up water in Hunters Creek for diversion to the Refuge. 
During irrigation season, Hunters Creek also conveys agricultural 
return flows 0 

In the winter when the GCrD Main Canal is dewatered, water from the 
TCC has'been conveyed through the wasteway Cross Channel to the GCID 
Main Canal. The water is transferred to Hunters Creek and diverted 
to the Refuge through the No. 2 Weir. During floods, GCIDmay 
remove the weir structure to allow passage of the floodwaters. The 
weir is generally not replaced until the spring when the water 
levels have receded. 

Approximately 385 acres of land along the southeastern 
boundaries (Tracts 25, 31, 35, and 41) are hydraulically separated 
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from the rest of the Refuge water delivery system by the Maxwell 
Irrigation District Canal. This area is currently undeveloped due to 
lack of a water supply and distribution facilities. 

The Refuge conveyance system is in relatively good c'ondition, but 
allows for little reuse of water. The main delivery ditches on 
the northern' and eastern boundaries need to be improved to 
increase conveyance capacity. Additional maintenance work is 
needed to repair levees and ditches which are damaged 
during periodic flooding. 

3. Groundwater 

The Refuge is located on flood plain deposits of the Sacramento 
River flood basin which is underlain by the T~hama Formation. No 
wells currently exist on the Refuge. However, shallow wells in the 
vicinity of the Refuge' have produced less ,than 400 gpm and have 
experienced significant drawdowns. Wells drilled to depths of 
more than 400 feet may enter the Tehama Formation aquifer and 
could produce up to 1,000 gpm. Based upon existing data, the water 
quality appears to' be suitable for irrigation and 
waterfowl needs. The safe yield of the aquifer under the Refuge has 
been estimated by Reclamation to be 6,800 acre-feet. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The Service estimates that 30,000 acre-feet of water would be 
required for full development and optimum management of ~he entire 
Refuge. For the purposes of assessing the impacts of water delivery 
alternatives, four le~els of water supply have been identified by 
the Service, as presented in Table IV C-1. Each of the water 
supply levels provide a different rate and volume of water, and 
are summarized as follows: 

Level 1 Existing firm water supply 

Level 2 - Current ave~age annual water deliveries 

Level 3 - Water supply needed for full use of existing 
development . 

Level 4 - Water delivery needed for optimum management 
) 

'! 1. Delivery Alternative for Levell (No Action Alternative) (0 acre-
feet) 

Because the Refuge does not have a firm water 
facilities are required. 

2. Delivery Alternatives for Level 2 (20,950 acre-feet) 

supply, no 

Alternatives 2A, 2B, and 2C have been developed to increase the 
dependability of the GCID water deliveries, especially during 
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TABLE IV C-l 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR 'THE DELEVAN NWR 

SupplI Levell S!!E~ly Level Z ' S!!E~II Level 3 
Month ac-ft ac-ft 

January 0 1,650 
February 0 1,300 
March 0 450 
April 0 100 
May 0 450 
June 0 900 
July 0 1,550 
August 0 2,200 
September 0 3,050 
October 0 4,350 
November 0 3,050 
December 0 2,,900 

Total 0' 20,950 

Notes: 

Supply Levell: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Sources: USBR, 1986a; USFWS, 1986d and 1986e 

ac-ft 

1,200 
600 
600 
800 

'1,000 
2,400 
3,200 
3,200 
4,000 
2,000 
2,000 
4,000 

25,000 

SupplI Level 4 
ac-ft 

2.,375 
1,875 

625 
125 
625 

1;250 
2,250 
3,125 
4,325 
4,375 
4,375 
4,675 

30,000 



the winter months. Alternatives 2B and 2C were developed assuming. 
that winter water would be provided to the' GCID Main Canal. 

Alternative 2A - convey water from Sacramento NWR. A pump· station 
and 13, 200-foot long pipeline would be constructed from the 
Sacramento NWR to the Refuge. Water would be conveyed to the 
Sacramen~o NWR as discussed in Chapter IV B. The pipeline would be 
constructed across agricultural fields. Rights-of-ways would be 
required for the pipeline alignment. 

Alternative 2B - Construct Cross-over on Glenn-Colusa irrigation 
District Lateral 41-1. A cross-over~ or crosstie, ditch would be 
constructed to allow delivery. of water to the northwestern 
corner of the Refuge from the GCID Main Canal when the flashboards 
:in the Hunters Creek No. 2 Weir are removed. Water would be 
diverted from the TCC through the Wasteway Cross Channel to the GCID 
Main Cana~ and into GClD Lateral 41-1. A 5,250-foot long ditch 
and two siphons would be constructed from the GCID Lateral 41-1 to 
the existing ditch that conveys water from Hunters Creek No. 2 
Diversion Canal to the Refuge, as shown in Figure IV C-2. The 
new ditch would bypass the Hunters Creek ·No. 2 Diversion Canal. 
This alte'rnative also would redUCE;! the need for use of waters in 
Hunters Creek during the late summer and fall months. 

Alternative 2C - Improve Hunters Creek No. 2 Diversion weir. Water 
would be delivered to the GClD Main Canal and diverted to Hunters 
Creek. A radial gate would be installed at Hunters Creek No. 2 
Weir to allow continued operation of the weir during the winter. 
The radial gate could be easily openedt.o allow passage of flood' 
flows and then closed even if water is present in the canal. This 
alternative also may be implemented if GCI.D dewaters the Main Canal 
because water can be diverted directly from the TCC to Hunters 
Creek if a turnout is constructed. 

Alternative 2D - Implement a Conjunctive U~e Plan. Twenty-eight 
wells would be constructed on the Refuge to deliver the maximum 
month water demand. The exact locations of the wells on the Refuge 
would be determined in a future study. The wells would be developed 
as part of a conjunctive use program. During dry years, water 
demands would be supplied by wells, as discussed in Chapter III. 
During. wet yea,rs, the wells would probably not be needed if CVP 
water is provided. Implementation of this alternative also would 
require implementation'of Alternatives 2A, 2B, or 2C. 

Delivery Alternatives for. Level 3 (25,000 acre-feet) 

Water deliveries under Level 3 are similar 
deliveries. The same altern~tives considered 

to the Level 2 
for Level 2 were 

evaluated for Level 3. 

Alternative 3A - convey Water f~om the Sacramento NWR. 
alternative is identical to Alternative 2A. 
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Alternative 3B - Construct ,Cross-over on Glenn-Colusa Irrigation 
District Lateral 41-1 This alternative is identical to Alternative 
2B. 

Alternative 3C '- Improve Hunters Creek No. 2 
This alternative is identical to Alternative 2C. 

Diversion Weir 0 

Alternative 3D - Implement a conjunctiva Use Plan. Twenty-eight 
wells would be constructed on the Refuge to deliver the maximum 
month water demand. This alternative is similar to Alternative 2D, 
and would require implementation of Alternatives 3A, 3B, or 3C. 

4. Delivery Alternatives for Level 4 (30,000 acre-feet) 

Surface drainage from the .main portion of the Refuge to Tracts 
25, 31, 35, and 41 is blocked by the Maxwell Irrigation District 
Canal. Due to a lack of water, this southeast,ern portion of the 
Refuge is currently not developed. The alternatives for Level 4 
provide for conveyance of water to this, undeveloped area. 

Alternative 4A - Construct Pump station-on the 2047 Drain. A 25 
cfs pump station would be const~cted on the Reclamation District 
2047 Drain. The pump station would transfer water from the 2047 
Drain directly to the southeastern portion of the Refuge. A 
weir also would be required to ensure pump operation during low flow 
periods. The water delivered under this alternative WOUld, consist 
of CVP water' co-mingled with agricul tural return flows. 
Therefore, the water would be of lesser quality than lOO-percent 
CVP water, but' ade,quate for the refuge us'es. 

Alternative 4B - Construct Siphons Under the Maxwell Irrigation-­
District Canal. To allow water to flow to the southeastern 
portion, of the Refuge, three siphons would be constructed 
under ,the Maxwell Irrigation District Canal at the natural 
drainage courses. This alternative would maximize reuse of flows 
from the northern portions of the Refuge. Under this alternative, 
CVP water would be provided to the Refuge in the winter through 
facilities described in Alternatives A or B. 

Al~ernative 4C - Implement a Conjunctive Use 'Plan. Thirty wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. This alternative is similar to Alternative 20", and 
would require implementation of Alternatives, 3A, 3B, or 3C and 
Alternatives 4A, 4B, or' 4C. 

s. summary of Alternatives 

The be'~eficial 
compare~. with 

and advers,e effects of each al ternative wer:e 
respect to the criteria listed in Chapter III. 

There are no alternatives for Level 1 because the Refuge does not 
have a firm water supply_ -
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Alternatives 2A and 3A would maximize the use of water allocated to 
Sacramento NWR and minimize the need to use GCID facilities during 
the winter. Alternatives 2B and 2C and Alternatives 3B and 3C 
would provide winter water when the Hunters Creek No. 2 Weir 
is opened. All of these alternatives assume that winter water will 
be provided to the TCC from the Red Bluff Diversion Dam or surplus 
water from Black Butte Reservoir. Alternatives 2B and 2C and 
Alternatives 3B and 3C would require long-term contracts with GCID. 

Alternatives 4A and 4B would provide water to the undeveloped 
southeastern portion of the Refuge. Alternative 4B would have 
lower operating costs than Alternative 4A because Alternative 4B 
would not require construction and operation of additional lift 
stations. Alternative 4B also would allow water from the main part 
of the Refuge to be reused in the southeastern portion. The 
quality of water from the main part of the Refuge (Alternative 4B) 
may be of a better quality than water from the 2047 Drain 
(Alternative 4A) which contains agricultural return flows during 
portions of the year. Alternatives 4A and 4B would require 
implementation of Al~ernatives 3A, 3B, or 3C. 

Alternatives 2D, 3D, and 4C would provide wells to be used during 
during dry years when CVP water may not be available. This 
alternative would cause overdraft conditions because the water needs 
would exceed the safe yield under the Refuge. Alternative 20 would 
require implementation of Alternatives 2A, 2B, or 2C. Alternative 3C 
would require implementation of Alternatives 3A, 3B, or 3C. 
Alternative 4C would require implementation of Alternativ~s 3A, 3B, 
or 3C as well as Alternatives 4A or 4Bo 

C. COSTS AND ECONOMICS ANALYSIS 

Costs for the alternative plans to provide adequate water supplies 
under Levels 2, 3, and 4 are. presented in Table IV C-2. The 
construction costs include factors to cover engineering, 
contingencies, and overhead costs. Annual operation and maintenance 
(O&M) costs include only the local cost of delivering water. The 
O&M costs do not include costs to purchase CVP water. During the 
advanced planning phase, these'costs will be refined further. 

construction of the facilities under all of the alternatives would 
result in additional money being spent in the economy of Colusa 
County during the construction period. The construction could be 
completed within one summer season by construction workers who 
reside within the area. . 

Currently, the annual public use (Level 2) at the Refuge is about 
7,800 visits per year. If additional water is provided the 
public~use levels are not anticipated to increase. 

D. WILDLIFE RESOURCES 
, . 

The annual bird use on the Refuge is approximately 

IV C-6 



TABLE IV C-Z 

SU .... ARy OF ESTIMATED COSTS OF ALTERNATIVES 

DELEVAN NWR 

A ltunatl YU 

Item. ZA Is IC iD lA 

A.LlItloa&I Water (ae-It) 20,950 20,950 20,950 20,950 25,000 
Con.tructloa Ca.la 

Well. $ $' $ $1 ,419,ZOO(d) $ 
Dlveralon Structure. 225,000(c) 
PlpelinellCanals 567,200(a) 153,400(b) 567,zoo(a) 
Pump StaUons 
Subtotal ffi'f';'i'Oo $153,400 $225,000 $1,439,200 Ss67,ZOO 
Other Costs 567

1
2.00(e) 

Total(J} ffi'f';'i'Oo $153,400 $2.2.5,000 $2.,006,400 $567,ZOO 

ADDUaU.ed CooatrucUoa $54,570 $ 14,760 $ 21,650 S 193,020 S 54,570 
Ca.t (3.17%. ]0 rn) 

, Operation & Maint,lk) $ 2,850 $ 3,010 $ 1,100 $ 48,900 $ 2.,850 
Power 500(m) 125,100(0,0) 
Local Conveyance Cost (q)' 31 1430 31 1420 
Subtotal $ 2,850 $ 34,500 $ 33,020 $ 174,600 $ 2,850 
Other Costs 11 430 (e,0) 
Total(1) $ 2,850 $ 34,500 $ 33,020 $ 176,030 $ 2,850 

Total ADuual Ca.t. $57,420 $ 49,260 $ 54,670 $ 369,050 $ 57,420 

Ca.t/ AcldJtloa.al Acre/F 001 $ 2.80 $ 2.40 $ 2.60 $ 17.70 $ 2.30 

Notel: AlternaUves 2A and 1A - Convey Water from Sacramento NWR. 
Alternatives 2B and 3B - Conllrucl Cross-ever 00 Glenn-Colusa Irrigation Dlltrlcl Lateral 41-1. 
Alternatives 2C and 1C 20, 3D, 4C -Implement a Conjunctive Use Plan. 
Alternative 4A - Construct Pump Statlon on 2047 Drain. 
Alternative 4B -: Construct Siphoni under the ~axwelllrrigation District Canal. 

JB 3C JD 4A 4B 4C 

25,000 25,000 25,000 30,000 30,000 30,000 

$1,545,000 (l) $ $ $1 ,439,200(·1) $ $ 
225,000(c) 

SI53,400(b) 
1201°00(1) 

21,000(h) 

$153,400 h25,OOO $I ,439,2.00 $IZ0,OOO $21,000 1,545,000 
567.2.00(.) 567 12.00(1') 567

I
Z00(g) 588

I
Z00(j) 

$153,400 $Zl5,OOO $Z,006,400 687 ,zoo 588,WO 2,131,WO 

$ 14,760 $ ZI,650 $ 193,02.0 $ 66,110 $56,590 $ Z05,ZW 

$ 3,070 $ 1,100 $ 48,900 $ 1,100 $ 2,110 $ 52.,500 
500(m) $ 150,000(D,0) 5,000(P) 180,ooo(n,o) 

37 1500 37 500 7.500 -s+.m $ 40,570 ~ $ 198,900 S 13,600 $ 23Z,SOO 
S II,nOO,o) 2. 1850(g) -..hli!!lh) 6 I Zl0I e ,0) 

$ 40,560 $ 39,100 $ 200,330 $ 16,450 $12,460 $ 2.38,730 

$ 55,310 $ 60,750 $ 393,350 $ 82,560 $69,050 $ 443,950 

$ 2.20 $ 2.40 $ 15.80 $ 2..80 $ 2.30 $ 14.80 



TABLE IV C-Z 

SU ..... ARy OF ESTIYATED COSTS OF ALTERNA11VES 

DELEVAN NWR 

( Coallaued) 

(~ 13,200-foot long, lO-lnch diameter pre •• ure pipeline I 3 .Iphon. 

(b) 5,250-foot canal, I ZO cfs; Including eight 48-lnch diameter, 80-foot long .Iphons. 

(c) Radial gate. 

(d) 28 welLJ, SOO-leet deep, 100-foot lift. 

(e) Alternative 2C assumes Impl~mentatlon of Alternative 2A, and Alternative lC assume. implementalionof Alternative 3A. 

(0 25 ef., 10-100t 11ft pump. 

(g) Alternatives 4A and "B would require Implementation of Alternative lA. 

(ta) Three 36-lnch, 80-100t long .Iphons. 

(I) )0 wella, SOO-reet deep, 100-foot Uft. 

(j) Alternatlye 4C assume. implementation of Alternative 4B. 

Ud Ba.la for OS.M cosll are discussed In Appendix F • 

• (1) Co.ts have not been Included in this analysl. to fund 'adUlie. described In Chapter IV-B to provide winter water .uppUes. 

(m) Power Cost ror moving radial gate.ls $500/year. 

(n) Unit Pumping Cost = $IZ.OO/af. 

(0) Values were multiplied byO.S because facUiUe. are assumed to be used only 5 out of 10 years. 

(p) Unit Pumping Cost = SI.OO/a{. 

(q, Unit Conveyance Cost = SI.SO/aC. 
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35,478,000 use-days based upon census data from 1987. 
Approximately 71 and 26 percent of the waterfowl use are by ducks 
and geese, respectively, including many species which nest on the 
Refuge., wildlife and fishery resources associated with the 
Refuge are presented in Table IV C-3. The listed threatened 
and endangered. species associated wi th the Refuge are: 
bald eagle, Haliaeetus leucocephalus; peregrine falcon, Falco 
peregrines ana tum;. Aleutian Canada Goose, Branta Canadens is 
Leucopareia; and the valley elderberry longhorn beetle, Desmocerus 

- Californicus Dimorphus. Candidate species associated with the 
Refuge include the white-faced ibis, Plegadis chichi; tricolored 
blackbird, Agelaius tricolor; and California hibiscus, Hibiscus 
californicus, as listed in Table IV C-4. 

Facilities discussed under any of the alternatives would provide a 
more reliable water supply and additional water to improve habitat 
and develop additional ponds, seasonal marsh, and watergrass areas. 
The improved habitat would increase the number of bird-use days, as 
indicated in Table IV c-s. 

Implementation of the "plans. probably would not adversely affect 
the listed candidate, threatened and endangered species of birds, 
and would improve habitat that could be used by' the white-faced 
ibis and Aleutian Canada goose. Detailed field investigations will 
be completed during the advanced planning phase of the proj ect. 
'Implementation of any of the alternatives would result in overall 
beneficial environmental effects. The No Action Alternative would 
result in the loss of habitat and associated recreation'and wildlife 
use. Additional regional environmental analyses will be cornple~ed 
as part of the Water Contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the ditches 
and siphons, or new wells would be positive due to the potential 
public use. 

F. POWER ANALYSIS 

The Pacific Gas & Electric Company (PG&E) serves the Refuge 
under the PA-l rate schedule for agricultural users. A facility 
"must be an authorized function of the CVP to receive project-use 
power. The authority to deliver CVP project-use ,power to the Refuge 
is currently being examined and will be detailed in the Refuge Water 
Supply Planninq Report. A detailed discussion of proj ect-use 
power and wheeling agreements is provided in Chapter II. 

G. PERMITS 

Construction of the ditches, siphons, or wells would require 
several permits. Colusa County would require approvals for 
construction along stream banks and within natural drainage 
courses to ensure that existing drainage facilities would not 
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Hooded Merganser 
Mallard(a) 
GadwaU(a) 
European Wigeon 
American Wigeon 
Green winged Teal(a) 
Cinnamon Teal(a) 

Snow Goose 
Ross' Goose 

Western Gre beta) 
Eared Grebe 
Pied-billed Grebe(a) 
Double-crested Cormorant 
Whi te Pelican 
American Bittern(a) 
Least Bittern(a) 
Great Blue Her'on(a) 
Great (common) Egret(a) 
Snowy Egret(a) 
Green-backed Heron (a) 

TABLE IV C-3 

FISH AND Wll..DLIFE RESOURCES 

DELEVAN NWR 

~ Ducks 

Blue Winged Teal(a) 
Northern Shoveler(a) 
Pintail(a) 
Wood Duck(a) 
Redhead(a) 

. Canvasback 
Ruddy Duck(a) 

Geese and Swans 

White-fronted Goose 
Canada Goose 

Coots 

American Coot(a) 

Shore and Wading Birds 
~ 

Virginia Rail(a) 
Sora(a) 
Common Gallinule(a) 
Ring-billed Gull 
Caspian Tern(a) 
Forster's Tern 
Black Tern(a) 
Wilson's Phalarope 
American Avocet 
Black-Necked Stilt 

Ring Necked. Duck 
Common Goldeneye 
Greater Scaup 
Lesser Scaup 
Bufne Head 
Common Merganser(a) 

Cackling Canada Goose 
Lesser Canada Goose 
Tundra Swan 

Common Snipe 
Long-billed Dowitcher 
Least Sandpiper 
Dunlin 
Western Sand piper. 
Greater Yellowlegs 
Long-billed Cur lew 
Killdeer(a) 
Black- crowned Night Heron(a) 
Greater Sandhill Crane 



Ringed-necked Pheasant(a) 
California Quail (a) 

Turkey Vulture 
Sharp-shinned Hawk(a) 
Rough-legged Hawk 
Great Horned Owl(a) 
Bald Eagle 

Steelhead Trout 
Catfish 

Opossum 
Raccoon 
Skunk 

Black-tailed Deer 

Notes: 

(a) Birds nesting on refuge 

TABLE IV C-3 

FISH AND WILDLIFE RESOURCES 

DELEVAN NWR 
(Con tinued) 

Upland Game 

Rock Dove 

Raptorial Birds 

Black-Shouldered Kite(a) 
Cooper's Hawk(a) 
American Kestrel(a) 
Red Shouldered Hawk(a) 

Fish 

Salmon 
Black Crappie 

Forbearers 

Gray Fox 
Beaver 
Muskrat 

Others 

Mourning Dove(a) 

Northern Harrier 
Red-tailed Hawk(a) 
Barn Owl(a) 
Golden Eagle 
Peregrine Falcon 

Largemouth Bass 

Coyote 
Mink 

Source: USFWS computerized annual printout for NWR Birds, Department of Interior, USFWS (RFl1650-Z 9-79) (July 1973 
to June 1974, NWRS Public Use Report (1» and refuge records. 



TABLE IV C-4 

FEDERALLY LISTED, PROPOSED, &: CANDIDATE THREATENED 8c ENDANGERED SPECIES 

DEi..EV AN NWR 

Listed Species 

Birds 

Aleutian Canada goose, Branta canadensis leucopareia (E) 
Bald Eagle, Haliaeetus leucocephalus (E) 
Peregrine Falcon, Falco peregrines anatum (E) 

Invertebrates 

Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(1') 

Proposed Species 

None 

, Candidate Species 

Birds 
White-faced ibis, Plegadis chihi (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Plants 
California hibiscus, Hibiscus californicus (2) 

Source: USFWS, June 4, 1987 

(E) -Endangered (1') -Threatened (CH) -Critical Habitat 

(I)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 
biological information to support a proposal to list as endangered or 
threatened. 

(2)-Category 2: Taxa for which existing information indicated may warrant 
listing, but for 'which substantial biological information. to support a 
proposed rule is lacking. 



TABLE IV C-S 

Wll.DUFE RECREATIONAl. BENEFITS AND RSOURCE IMPACTS 
DELEVAN NWR 

No ActioD Alternatiwea 
Alteraatlwe ZA 1-8 ZC 10 3A 

Habitat Acre. 

Permanent Pond 53 53 53 53 70 
Seasonal Marsh 3,407 3,407 3,4067 3,407 3,150 
Watergrass 316 316 116 116 116 
Rice 204 Z04 lO4 2.04 2.04 

BLrd UM Da,.. 

Duck. 25,165,000. 2.5,165,000 Z5,I65,OOO Z5,165,OOO Z7,440,OOO 
Geese 9,172.,000 9,172.,000 9,In,OOO 9, 172. ,ilOO 10,000,000 
Waterbirds 1,141,000 1,1~I,OOO 1,141,000 1,141,000 1,2.40,000 
E rdar1gered Species 100 100 100 100 100 

Total 35,478,100 35,418,100 35,478,100· 35,478,100 38,680,100 

PubUc U-.e Day. 

Consumptive 5,600 5,600 5,600 5,600 5,900 
Non-Con.umptive 2..2.00 2..Z00 2..WO Z.ZOO 2.. laO 
Total 7,800 7,800 7,800 7,800 8,100 

Tolal ADDUaJ Coat $ 57,4Z0 $ 49,Z60 $ 54,670 $ 369,050 $ 57,4Z0 

lDc:remeatai C~t/ A ddJ tlooaJ 
1000 BUd UM Dill,.. NIA $ 1.60 $ 1.40 $ 1.50 $ 10.40 $ 1.50 

lDaemeDtaJ Co.t/ AddltioDai 
PubUc U.e DillJ NIA $ 7.40 $ 6.30 7.00 $ 47.30 $ 7.10 

Note.: Alternatives ZA and 3A - Convey water from Sacramento NWR 
Alternatlvea Z8 and 38 - Construct cro •• -over on Glen-Colu.a Irrigation Dhitrlct Lateral41-1 
Alternativea ZC and 3C - Improve Hunter'. Cre.elt No.2 Diversion Weir 

Alternatives 2.0, 3 D. and .(~_ Implement ill Conjunctive Uae Plan 
Alternative 4A - COnstrUclllump Station on 20.7 Drain 
Alternative 48 - Construct Siphon. under the Maxwell Irrigation District Canal 

38 

70 
3,750 

116 
W4 

2.7, .... 0,000 
10,000,000 

1,2.40,000 
100 

38,680,100 

5,900 
2.. laO 
8,100 

$ 55,BO 

$ 1.40 

$ 6.80 

3C 3D fA 4B 4C 

., 

70 70 86 86 86 
3,750 3,150 . 4,000 4,000 4,000 

316 316 450 450 450 
·2.04 Z04 204 Z04 Z04 

Z7,4(O,OOO 27,440,000 Z9,970,000 Z9,970,000 Z9,970,000 
10,000,000 10,000,000 10,92.0,000 10,92.0,000 10,92.0,000 

1,2.40,000 1,240,000 1,355,000 1,355,000 1,355,000 
100 100 100 100 100 

38,680,100 38,680,100 42,245,100 42 8 2.45,100 42.,245,100 

5,900 5,900 6,2.00 6,2.00 6,ZOO 
Z.ZOO Z.ZOO 2..2.00 2. 1 2.00 2 1 2.00 
8,100 8,100 8,400 8,400 8,400 

$ 60,750 $ 393,350 $ 82.,560 $ 69,050 $ 443,950 

$ 1.60 $ 10.2.0 $ z.oo $ 1.60 $ 10.50 

$ 7.50 $ 48.60 $ 9.80 $ 8.Z0 $ 5Z.90 



be adversely affected by the new ditches and siphons. colusa 
County also would issue permits for well construction under 
Alternatives 2D, 3D, or 4C. Construction of Alternative 4B 
facilities under the Maxwell Irrigation District Canal would 
re,quire approvals from Maxwell Irrigation District. Construction 
within streams would require stream Alteration Permits from DFG 
and possibly Corps of Engineers permits for construction in 
wetlands or riparian corridors. 
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CHAPTER IV D 

COLUSA NATIONAL WILDLIFE REFUGE 

Colusa National Wildlife Refuge (Refuge) was established in 1944 
under the Lea Act, which authorized and appropriated funds 
for the purchase. of land for migratory waterfowl refuges in 
the Sacramento Valley. Additional land was acquired in 1949 and 
1952 with Migratory Bird Huntihg stamp Act funds. The Refuge covers 
4042 acres and is located about one-half mile southwest of Colusa in 
Colusa County. The Refuge is bordered on the north by state Highway 
20 and on the South by Ware Road. The Refuge provides wintering and 
resting areas for ducks and geese, and reduces waterfowl damage to 
crops on neighboring farms. The Refuge is part of a group of 
refuges located in the Colusa Basin, as discussed in Chapter IV B. 

The Refuge consists of permanent ponds, seasonal marshes, millet 
and moist soil fields, and upland areas. A portion of the crops 
remain in the field to serve as food for waterfowl. The wetlands 
support sources of waterfowl food such as swamp timothy and 
invertebrate popUlations. The upland areas of the Refuge provide 
habitat for geese, upland birds, and other wildlife species. The 
amount of land used for fields, ponds, and upland uses varies each 
year depending upon the amoQnt of water available. 

A. WATER RESOURCES 

The Refuge has no firm water supply and receives surplus runoff 
flows from the Reclamation District 2047 Drain, and surplus Central 

. Valley Project . (CVP) water through Glenn-Cb1usa Irrigation 
District (GCID) facilities. 

1. Surface Waters 

The Refuge obtains most of its water from the Reclamation 
District 2b47 Drain. As discussed in Chapter IV C, most of the water 
in the 2047 Drain during the irrigation season is from agricultural 
return flows which are of poorer quality"than CVP water, but 
acceptable for refuge use. The· 2047 Drain also transports ·storm 
water runoff. The Refuge has one appropriative right "for diversion 
from the 2047 Drain under License 4197. However, due to prior 
appropriations, water is generally not available for the Refuge 
during July and August from the 2047 Drain. The Refuge also receives 
agricultural return flows from fields outside of the Refuge through 
the IIJII Drain. 

The Refuge receives surplus CVP water from the Sacramento River via 
the Tehama-Colusa Canal (TCCr·.· ':';Water from the TCC flows into the 
Williams outlet which conveys water to the· GCID Main Canal. Water 
flows from the GCID Main Canal through Fresh Water Creek to the 
Refuge (USBR, 1986a). 
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As discussed in Chapter IV B, GCID conveys CVP water or 
provides GClD water through· exchange agreements with the CVP. to 
the Colusa Basin refuges. A portion of the water supplied by 
GClD is from agricultural return flows. Under Contract . 14-06-
200-8181A and Contract 14-06-0001-78021 with Reclamation~ GeID 
conveys a maximum of 25,000 acre-feet to the Refuge. The quality 
of the water delivered by GClD appears to be suitable for refuge 
irrigation under most conditions. 

Additional water may be obtained from GCID Powell Slough or the 
2047 Drain. Use of wastewater effluent from the Colusa wastewater 
treatment plant has been suggested for use as a supplemental water 
supply. However, the total amount of available water is less 
than 1,000 acre-feet per year and may not be available during the 
irrigation season due to previous contracts. 

For the purpose of this' analysis, it was assumed that winter water 
would be provided to the TCC from the Sacramento River through the 
Red Bluff Diversion Dam or surplus water would be available in the 
w·inter from Black Butte Reservoir, as discussed in Chapter IV B. 
winter water also could be provided from the 2047 Drain. 

'2. water conveyance Facilities 

Approximately 60 percent of the Refuge is located north of Abel Road 
and receives water from the 2047 Drain. Three pumps provide water 
for a portion of this area, which is known as the Q'Hair Tract. 
Another pump provides water to a portion of the Refuge,known as the 
Lynn Tract. The Davis weir is located on the 2047 Drain downstream 
of the Refuge, as shown in Figure IV D-1. The Dav±s Weir is operated 
by GClD and creates a backwater pool in the 2047 Drain that allows-' 
operation of the refuge pumps. Low water levels in the 2047 Drain 
frequently prevent the pumps from providing adequate flows .to the 
Refuge. The weir structure is removed from· the Davis Weir in 
october as the rice fields are drained. Removal of the weir makes 
the operation of the Refuge pumps difficult. even with normal winter 
flows. 

The GClD H-l Canal conveys water to a pump on the central-west side 
of the Refuge. The pumps lift water from the H-l Canal to 
the Refuge's main canal. Water for portions of the Refuge located 
to the south of Abel Road is provided by the Reclamation· District 
2047 IIJ1I Drain and GelD Laterals 64-1, 64-C, and .64-2A. 

Tracts 7, 8, and 11 in the northeastern portion of the Refuge CQuld 
receive water .from the 2047 Drain if a lift station were 
constructed. 

The existing conveyance"'/'~ ystem on the developed portions of the 
Refuge is adequate. Periodically, the Refuge is subj ected to 
flooding. Following flood events, additional maintenance work 
is needed to repair levees and ditches. Tracts 9 and 4 
requi~e an internal conveyance system. 
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TABLE IV D-I 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE COLUSA NWR ' 

S!!E:elv Levell Sup~II Level Z S~:eII Level 3 
Month ac-ft ac-ft ac-ft 

January 0 1,200 1,2,00 
February 0 800 800 
March 0 350 350 
April 0 770 770 
May 0 1,440 1,440 
June 0 2,,500 2,,500 
July 0 2,,880 2,,880 
August 0 2,,880 2,,880 
September 0 3,840 3,840 
October 0 3,840 3,840 
November 0 2,,400 2,,400 
December 0 2,,100 2,,100 

Total 0 25,000 2,5,000 

Notes: 

Supply Level 1: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4':, Optimum management 

Sources: USBR, 1986a; USFWS, 1986c, 1986d, and 1986e 

S~:eII Level 4 
ac-ft 

1,2,00 
800 
350 
770 

1,440 
2,,500 
2,,880 
2,,8,80 
3,840 
3,840 
2,',400 
2,100 

25,000 



3. Groundwater 

The Refuge is located in flood plain deposits of the Sacramento 
River flood basin which is underlain by the Tehama Formation. 
Wells drilled to depths of more than' 400 feet may enter the 
Tehama Formation aquifer and could produce 1,000 to 4,000 gpm. The 
quality appears to be suitable for irrigation and waterfowl' needs. 
The safe yield of the aquifer under the Refuge has been estimated 
by Reclamation to be 4,850 acre-feet. The Refuge·has one existing 
well, with a production capacity of 3,300 gpm. 

B. FORMULATION , EVALUATION OF ALTERNATIVE PLANS 

The Service estimates that 25,000 acre-feet of water would be 
required for full development and optimum management of the entire 
Refuge. For the purposes of assessing the impacts of water delivery 
alternat;,ives, four levels of water supply have been identified by 
the Service, as presented in T~ble IV 0-1. Each ·of the water 
supply leve.ls provide a different· volume of water, and are 
summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use of 
existing development 

Level 4 - Water'delivery needed for optimum 
management 

1. Delivery Alternative for Level 1 (No Action Alternative) (0 acre­
feet) 

Because the Refuge does not have a firm water 
facilities are required. 

2. Delivery Alternatives for Level 2 (25,000 acre-feet) 

supply, no 

The alternatives developed for Level 2 were developed to improve 
water deliveries, especially during the winter. Alternatives 2A and 
2B were developed based on the assumption that winter water would be 
provided to GClD facilities or 2047 Drain. Alternative 2C was 
developed to provide for a conjunctive use program. 

Alternative 2A - Construct New Weir on the 2047 Drain and Replace 
Davis Weir. Th!..~ alternative would include two separate facilitie,s 
to provide wate:::'- to both the northern and southern portions of the 
Refuge. A low weir would be constructed on the ·2047 Drain to· 
provide adequate water levels for pumping into the northern portion 
of the Refuge, as shown in Figure IV 0-2. The weir would be 
constructed immediately downstream of an existing southern 
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pumphouse. . The 3-foot high, 60-foot long weir structure would 
create a 4-foot deep pool in the 20.47 Drain to improve 
pumping capabilities following removal of the weir boards at Davis 
Weir. 

This' alternative also would include replacement of the Davis 
Weir to provide adequate water for the southern portions of the 
Refuge. The new radial weir structure woUld be 8 feet high and 60 
feet long and would create a pool in the 2047 Drain. 

Alternative 2B Convey CVP water Through Zumwalt Farms and 
Glenn-Colusa Irrigation District Canals. CVP water would be 
transported from the TCC to the GClD Main Canal through existing 
canals operated by GClD a~d Zumwalt Water District~ A JOO-foot, 
JO-inch diameter pipeline, control gate, road crossing, connecting 
ditch, and siphon would be constructed to transport water by 
gravity from GClD 64-lC Lateral to the Refuge. 

Alternative 2C - Implement a Conjunctive Use Plan. Twelve wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. The exact locations of the wells on the Refuge would 
be determined in a future study. The wells would be developed as 
part of a conjunctive use program. During dry years, water demands 
would be supplied by wells, as discusseq in Chapter III. During wet 
years, the wells would probably not be needed if CVP water is 
provided. This alternative also would require implementation of 
Alternative 2A or 2B·. 

3. Delivery Alternatives for Level 3 (25,000 acre-feet) 

Water Supply Level 3 
facilities alternatives 
considered for Leve~ 3. 

is equal to Level 2. Therefore, the 
discussed under Level 2 also would be 

Alternative 3A - Construct New Weir on the 2047 Drain and Replace 
Davis weir. This alternative is identical to Alternative 2A. 

Alternative 3B Convey CVP water Through Zumwalt Farms and 
Glenn-Colusa Irrigation District Canals. This alternative is 
identical to Alternative 2B. 

Alternative 3C - Implement a Conjunctive Use Plan. This alternative 
is identical to Alternative·2C. This alternative also would require 
implementation of Alternative JA or 3B. . 

4. Delivery Alternatives for Level .. (25,000 acre-feet) 

Water Supply Level 4 is equal to Level 2. 
would be distributed differently throughout 
to develop Tracts 4, 7, 8, 9 , and 11. 
provide the facilities to serve these tracts. 
provide wells for a conjunctive use program. 

lVD-4 

However, the water 
the Refuge in order 
Alternative 4A would 
Alternative 4B would 



Alternative 4A - Construct Facilities to Serve Tracts 4, 7, 8, 9, 
and 11. This alternative would require two separate facilities to 
be constructed. A new 25 cfs pump st'ation would be constructed on 
the 2047 Drain at the Refuge bridge to serve Tracts 7, 8, and 11. A 

'15 cfs siphon would be constructed· under Powell S~ough to allow 
water to flow from the western portions of the Refuge into Tracts 4 
and 9. This alternative would require implementation of 
Alternatives 3A or 3B. 

A1ternative 4B --Implement a Conjunctive Use Plan. This alternative 
is identical to Alternative 3C. Implementation of this alternative 
also would require implementation of Alternative 3A or 3B, as well 
as Alternative 4A. 

5. Summary of Alternatives. 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter II. 

There are no alternatives for Level 1 because the Refuge has no firm 
water supplies at this time. 

Alternatives 2A and 2B and Alternatives 3A and 3B would provide 
winter water when the Davis Weir is opened. These alternatives 
would require a dependable supply of surface water during the summer 
and long-term conveyance agreements,with GelD and Reclamation 
District 2047. Alternatives 2B and 3B also would require long-term 
conveyance agreements with Zumwalt Water District. 

Al~ernatives 2C and 3C and Alternative '4B would provide wells' to be 
used during dry years whenCVP water may not ,be available. 'These-­
alternatives would cause overdraft conditions because the water 
needs would exceed the safe yield under the Refuge. Alternative 2C 
would require implementation of surface water alternatives, 
Alternatives 2A or 2B. Alternative 3C would require implementation 
of Alternatives 3A or 3B. 

Alternative 4A would require implementation of Alternatives 3A or 
3B. Alternative 4B would require implementation of Alternatives 3A 
or 3B, as well as 4A. 

C. COSTS AND ECONOMZC ANALYSIS 

Costs for the alternative plans for Levels 2, 3, and 4 are 
presented in Table IV 0-2. The construction costs include factors 
to cover engineering, contingencies, and overhead. Annual 
operation and maintenance (O&M) costs include only the local cost of 
delive·~tng water. The annual O&M costs do not include costs to 
purcha.~·e· CVP water. During the advanced planning phase, these 
costs will be refined further. . 

construction of facilities under all of the alternatives would 
result in additional money being spent in the economy of Colusa 
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Items 

Additional Water (ac-ft) 

Construction Costs 
Wells 
Diversion Structures 
Pipelines/Canals 
Pump Stations 
Subtotal 
Other· Costs 
Total (h) 

Annualized Construction Costs 
(8.87%, 30 yrs) 

Additional Annual Costs 
Operation & Maintenance(i} 
Power 
Local Conveyance Cost (n) 
Subtotal 
Other Costs 
,Total (h) 

Total Annual Cost ;'" 

Cost/ Additional Acre-Foot 

TABLE IV D-2 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

COLUSA NWR 

Alternatives 
2A& 3A ZB & 3B ZC & 3C 

2.5,000 2.5,000 2.5,000 

897,000(C) $ $ $ 
2.60,000 (a) 10,350 

9,650{b) 

$Z60,000 $ ZO,OOO $ 897,000 
2.60 z000(d) 

$Z60,000 .$ ZO,OOO $1,157,000 

$ Z5,000 $ 1,9Z0 $ 111,300 

$ 1,500 $ 50 $ 30,500 
500 (j) 166,2.50(k,U 

37 z500 37 1 500 
$ 39,500· $ 37,550 $ 196,750 

19 z750(d,U 
$ 39,500 $ 37,550 $ 2.16,500 

$ 64,500 $ 39,470 $ 327,800 
~ 

$ l.60 $ 1.60 $ 13.10 

4A 4B 

2.5,000 2.5,000 

$ $ 897,000(C) 

3,600 (e) 
. 84 z000( f) 

$ 87,600 
2.60 aOOO(d) 

$ 897,000 
347 z600(g) 

$347,600 $1,Z44,600 

33,440 119,730 

$ 1,2.50 $ 30,500 
2.,loo(m) 166,2.50(k,I) 

$ 3,350 $ 196,750 
39 z500(d) .Zl z425(g,l) 

$ 42.,850 $ 2.18,175 

$ 76,2.90 $ 337,905 

$ 3.10 $ 13.50 



TABLE IV D-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

COLUSA NWR 

(Continued) 

Notes: Alternatives ZA and 3A - Construct New Weir on the 2047 Drain and Replace Davis Weir. 
Alternatives ZB and 3B - Convey CVP Water through ?umwalt Farms and Glenn-Colusa Irrigation District Canals. 
Alternatives ZC and 3C - Implement a Conjunctive Use Plan. 
Alternative 4A - Construct Facilities to Serve Tracts 4, 7, 8, 9 and 11. 
Alternative 4B - Implement a ConjWlctive Use Plan. 

(a) New 3-£00t high, 60-£00t wide weir; and a new 8-£00t high, 60-foot wide radial weir. 

(b) 300-feet, 30-inch diameter pipeline; one siphon, and one turnout. 

(c) lZ wells, 750 feet deep, 110-foot lift. 

(d) Alternative ZC assumes implementation of Alternative 2A, Alternative 3C assumes implementation of Alternative 3A, and 

Alternative 4A assumes implementation of Alternative 3 A. 

(e) 80-feet, Z4-inch diameter siphon. 

(f) 15 cfs, 8-foot lift pump station. 

(g.) Alternative 4B assumes implementation of Alternative 3A and 4A. 

(h) Costs have not, ·'tJeen included in this analysis for funding facilities described in Chapter IVB to provide winter water supply. 

(0 Basis for O&M costs are discussed in Appendix Fe 

(j) Power cost for moving radial gate is $500/year. 

(k) Unit Pumping Cost = $13.30/af .. 

(I) Values were multiplied by 0.5 because facilities· are assumed to be used only 5 out of 10 years. 

(m) Unit Pumping Cost = $1.00/af. 

(n) Unit Conveyance Cost = $1.50/af. 



county during construction. The construction could be completed 
within one summer season· by construction workers who reside within 
the area. 

Currently, the annual public use (Level 2) at the Refuge is about 
7,200 visits per year. If additional water is provided the public 
use days are not anticipated to increase. 

D. WILDLIFE RESOURCES 

The annual bird use on the Refuge is approximately 28,106,000 use­
days. based upon census data from 1987. Approximately 90 and 5 
percent of the bird use are by ducks· and geese , respectively. 
wildlife and fishery resources associated with the Refuge are 
presented in Table IV 0-3. The listed threatened and endangered 
species associated with the Refuge are the Aleutian Canada goose, 
Branta canadensis leucopareiai bald eagle, Haliaeetus 
leucocephalus i peregrine falcon, Falco peregrines anatumi, and 
the Valley elderberry longhorn beetle, Desmocerus californicus 
dimorphus. Candidate threatened and endangered species associated 
with the Refuge "include the white-faced ibis, Plegadis chichi; 
tricolored blackbird, Agelaius tricolor; and California hibiscus, 
Hibiscus californicus, as listed in Table IV 0-4. 

The alternative plans would provide a more reliable water supply 
to maintain habitat in the Refuge and develop additional ponds, 
seasonal marsh, and watergrass areas. The number of bird"':use days 
and recreational-use days would increase if a more reliable water 
supply is provided, as indicated in Table IV 0-5. 

Implementation of the alternative plans probably would not adversely· 
affect the listed and candidate threatened and endangered species. 
Detailed field investigations will be completed during the advanced 
planning phase of the project. Implementation of the plan would 
result in overall beneficial environmental effects. The No Action 
Alternative would result in the loss of habitat. Additional 
regional environmental analyses will be completed as part of the 
Water Contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the 
facilities under all of the alternatives would be positive due to 
the continued public use. 

F. POWER ANALYSIS 

The Pacitic Gas & Electric Company serves the Refuge under the PA-l 
rate schedule 'for agricul tural users. A facili ty must be an 
authorized function of the CVP to receive project-use power. The 
authority to deliver CVP proj ect;..us-e power to the Refuge is 
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TABLE IV D-4 

FEDERALLY LISTED, PROPOSED, & CANDIDATE THREATENED & ENDANGERED SPECIES 

COLUSANWR 

Listed Species 

Birds 

Aleutian Canada goose, Branta canadensis leucopareia (E) 
Bald Eagle, Haliaeetus leucocephalus (E) 
Peregrine Falc.9n, Falco peregrines anatum (E) 

Invertebrates 

Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
('l1 

Proposed Species 

None 

Candidate Species 

Birds 
White-faced ibis, Plegadis chihi (Z) 
Tricolored blackbird, Agelaius tricolor (Z) 

Plants 
California hibiscus, Hibiscus californicus (2) 

Source: USFWS, June 4, 1987 

(E) -Endangered (11-Threatened (CH)-Critical Habitat 
(I)-Category 1: Taxa for which the Fish and \Vildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. . 

(Z)-Category Z: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 



Habitat Acres 

Permanent Pond 
Seasonal Marsh 
Watergrass 
Rice 

Bird Use Days 

Ducks 
Geese 
Waterbirds 
Endangered Species 

Total 

Public Use Days 

Consumptive 
Non-Consumptive 

Total 

Total Annual Cost 

Incremental Cost/Additional 
1000 Bird Use Days 

Incremental Cost/Additional 
Public Use Day 

TABLE IV D-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOORCE IMPACTS 

COLUSA NWR 

No Action 
Alternative 

N/A 

N/A 

ZA& 3A 

455 
2,280 

535 
86 

23,316,000 
3,000,000 
1,790,000 

100 

28,106,100 

4,100 
3 z100 

7,200 

$ 64,500 

$ 2.30 

$ 9.00 . 

ZB& 3B 

455 
2,280 

535 ' 
86 

23,316,000 
3,000,000 
1,790,000 

100 , 

28,106,100 

4,100 
3 2 100 

7,2.00 

$ 39,470 

$ 1.40 

$ 5.50 

Alternatives 
ZC &3C 

455 
2,2.80 

535 
86 

23,316,000 
3,000,000 
1,790,000 

100 

28,106,100 

4,100 
3 2100 

7,2.00 

$ 327,800 

$ 11.70 

$ 45.50 

Notes: Alternatives 2A and 3A: Construct New Weir on the 2047 Drain and Replace Davis Weir 

4A 

4'95 
2.,2.80 

535 
86 

26,300,000 
3,000,000 
1,790,000 

100 

31,090,100 

4,100 
3 z100 

7,200 

$ 76,,290 

$ 2.50 

$ 10.60 

Alternatives 2B and 3B: Convey Water through ZUl)lwalt Farms and Glenn-Colusa Irrigation District Canals 
Alternatives 2C and 3C: Implement a Conjunctive Use Plan 
Alternative 4A: Construct Facili ties t'o Serve Tracts 4, 7, 8, 9, and 11 
Alternative 4B: Implement a Conjunctive Use Plan 

4B 

495 
2. ,2.80 

535 
86 

26,300,000 
3,000,000 
1,790,000 

100 

31,090,100 

4,100 
3 2 100 

7,200 

$ 337,905 

$ 12..00 

$ 46.90 



currently being examined and will be detailed in the Refuge water 
Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is provided in Chapter II. 

G. PERMITS 

construction of the weirs, siphons, pump stations, and wells 
would require several permits. Colusa County would issue permits 
for facilities along stream b~nks and in natural drainage courses 
to ensure that the existing drainage wou-Id not be adversely 
affected. The County also would issue permits for construction of 
the wells. Construction of the facilities under Alternatives 2A, 
3A, and Alternative 4A would require approvals and permits or 
easements from the' Reclamation District 2047 and GelD. 
Construction of siphons under Powell Slough and construction of 
weirs and pump stations in 2047 Drain would require a Stream 
Alteration Permit from DFG and may require a Corps of Engineers 
permit for construction in wetlands. 
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CHAPTER IV E 

SUTTER NATIONAL WILDLIFE REFUGE 

Sutter National wildlife Refuge (Refuge) was established in 1944 
under the Lea Act which authorized and appropriated funds for the 
purchase of land for migratory waterfowl in ·the Sacramento 
Valley. The Refuge was originally established to reduce crop 
losses due to waterfowl. Additional lands were acquired in 1953 
and 1956 with funds provided by the Duck Stamp Act. The Refuge is 
managed by the Service and is loc;ated in sutter county eight miles 
southwest. of Yuba City. Most of the Refuge is within the Sutter 
Bypass, north of the confluence with the Tisdale Bypass, as shown 
in Figure IV E-1. The Refuge is the only publicly-owned wildlife 
management area in the Sutter Basin. 

Sutter Basin extends from the sutter Buttes on the no~th to the 
confluence of the Feather and Sacramento Rivers. The basin drains 
north to south. Historically, flood flows from the Sacramento 
River, Butte Sink, and Feather River have inundated large portions 
of the 57,OOO-acre Sutter Basin year-round. However, most of the 
land has since been develop~d for agricultural uses. Most of the 
rice fields are also used as private hunting clubs. 

The Refuge consists of ponds, moist soil plant and millet 
fields, and uplands. The natural ponds support sources of 
waterfowl food such as swamp timothy and invertebrate populations. 
Moist soil plants and millet are raised for waterfowl food. The 
upland areas of the Refuge provide habitat for geese, upland birds, 
and other wildlife species. . 

A. WATER RESOURCES 

The Refuge receives water from the East a~d West Borrow Ditches in 
the Sutter Bypass and the Sutter Extension Water District. 

1. Surface Waters 

Surface water supplies for the Refuge are provided through the 
Sutter Bypass or from Thermalito Afterbay via the Sutter-Butte Canal 
or Butte Creek. Over 85 percent of the water supply for the Refuge 
is obtained from the East and West Borrow Ditches of the Sutter 
Bypass. During the irrigation season, most of the water in the 
Bypass is agricultural return flows. Flood flows are conveyed in 
the Bypass during the winter. 

The Refuge holds three water rights in the Bypass. License 4590, 
obtained in 1946 with priority No. 24, allocates 25 cfs fr6m June 1 
to October 30 to be diverted from the East Borrow pit for 
irrigation of 1000 acres inside of the Bypass. License 3149, 
obtained in 1946 with Priority No. 25, appropriates 5 cfs from 
April 15 to October 1 to be diverted from the East Borrow pit for 
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irrigation of 27Q acres inside of the Bypass. License 6996, 
obtained in 1957, ,appropriates 10 cfs of water from the main 
drainage canal on the east side of the East sutter Bypass levee 
between October 1 and January 1 for irrigation of 450 acres. These 
water rights do not have a high priority number. ,Therefore, only 
surplus water is available to the Refuge. Due to the lack of 
available water during most of the the year, these sources cannot be 
considered to be dependable water sources. The water right under 
License 6996 is not used due to poor water quality and limited 
availability. 

Water has been purchased by the Refuge and cooperative farmers from 
sutte~ Extension Water District for portions of the Refuge located 
outside of the sutter Bypass (Tracts 18, 19, and 20). The sutter 
Extension Water District is a member of the Sutter-Butte Joint 
Water District which owns and operates the Sutter-Butte Canal that 
conveys water from the Thermal ito Af~erbay. 

The Western Canal Water Users Association (WCWUA) was formed in 1985 
when the PG&E canal facilities were purchased. The WCWVA canal 
facilities div.ert water from Thermalito Afterbay and are operated 
year-round to deliver water to duck clubs in the Butte Sink. The 
WCWUA could convey water to Butte Creek for conveyance to the Sutter 
Bypass. However, the additional water in Butte Creek could be 
illegally diverted upstream of the Refuge. 

Another potential source of water is the Oroville-Wyandotte 
Irrigation District which obtains water from the Thermali to 
Afterbay. The water could be conveyed through the Sutter-Butte 
Joint Water District facilities. 

2. Water Conveyan'ce Facilities 

The east channel of the sutter Bypass, or the East Borrow Pit, 
provides most of the water to the Refuge. water flows by gravity 
through the DWR Weir Number 2 which allows gravity flooding via the 
Refuge's main canal to most of the southern portion of the Refuge. 
Water for the northern portion of the Refuge is pumped from the 
Refuge's main canal at the north end of the Refuge. A replacement 
weir structure has been proposed by the DWR which would be one-foot 
lower than the existing weir. Therefore, the Refuge pumping costs 
would be increased. Water also is diverted from the West Borrow 
pit at a dam near the southwest corner of the ,Refuge. 

water is pumped from the sutter Extension Water District Lateral F2 
to serve portions of the Refuge outside of the sutter Bypass. 

3. Groundwater 

The Refuge is located along the margin of the Sacramento River 
flood basin deposits and the low alluvial plain deposits of streams 
that drain the Sierra Nevada Mountains. Two aquifers of different 
quality occur under the Refuge.. High quality water is located at 
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depths of 100 to 350 feet. Water with high specific conductivities 
is located at depths of 350 to 750 feet. If the better quality water 
is pumped at high rates, the water with the high specific 
conductivities may rise and conta~inate the good quality water. 

The best well production is' anticipated to occur in the southwestern 
corner of the Refuge which. is underlain by deep lenses of 
sand and gravel. In this area, high quality groundwater is 
located within 200 feet of the ground surface. The average 
discharge rate for pumps in the southwestern portion of the 
Refuge is estimated to be 2,500 gpm. 

The Refuge has four wells which could be used to supplement 
water flows in a conjunctive use program. The pumping capacity 
of the 'wells . ~ange from 1,800 to 3,000 gpm. The groundwater 
quality is good for irrigation and wildlife uses. A deep well 
is used by the areas outside of the Sutter Bypass (Tracts 18, 19, 
and 20) when water is not available from sutter Extension Water 
District. The safe yield of the aquifer under the Refuge has 
been estimated by Reclamation to be 3,110 acre-feet. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The Service estimates that 30,000 acre-feet of'water would be 
required for full development and optimum management of the entire 
Refuge. For the purposes of assessing the impacts of .. water delivery 
alternatives, four levels of water supply. have been identified, as 
presented in Table IV E-1. Each of the water supply levels 
provide a different volume of water and are summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 Current average annual water deliveries 

Level 3 - Water supply needed for full use of existing 
development 

Level'4 - Water delivery needed for optimum management 

1. Delivery Alternative for Level 1 (No Action Alternative) (0 acre­
feet) 

The Refuge does not have a firm water supply; therefore, no 
facilities w.ere considered. 

2. Delivery Alternatives for Level 2 (23,500 acre-feet) 

This lev.el of water delivery represents the current average water' 
delivery. Although existing facilities are capable of ,~ ... -
transporting flows from the East and West Borrow Ditches and 
through the Sutter Extension Water District, these current water 
supplies are not considered to be dependable water supplies. The 
following alternatives have been developed to improve the 
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· TABLE IV E-I 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE SUTIER NWR 

S1IP1)ly Level 1 Supply Level Z Supply Level 3 Supply Level 4: 
Month ac-ft ac-ft 

January 0 950 
February 0 1,000 
March 0 1,000 
April 0 950 
May 0 1,100 
June 0 1,300 
July 0 1,300 
August 0 3,800 
September 0 4,500 
October 0 3,800 
November 0 1,900 
December 0 1,900 

Total 0 2.3,500 

Notes: 

Supply Levell Existing firm water supply 
Supply Level 2. Current average annual water deliveries 
Supply Level 3 Full use of existing development 
Supply Level 4 Optimum management 

Source: USBR, 1986a; USFWS, 1986d 

ac-ft ac-ft 

1,200 1,2.00 
1,300 1,300 
1,300 1,300 
1,2.00 1,2.00 
1,440 1,440 
1,680 1,680 
1,680 1,680 
4,800 4,800 
5 ,.~OO 5,800 
4;800 4,800 
2.,400 2.,400 
2,400 2.,400 

30,000 30,000 



reliability and quality of water provided to the Refuge. These 
alternatives assume that a long-term agreement will be negotiated 
between DWR' and Reclamation to exchange CVP water for water from 
Thermalito Afterbay. 

Alternative' 2A - Deliver water from Thermalito Afterbay through 
Butte Creek. Water from Thermalito Afterbay or Oroville-Wyandotte 
Irrigation District would be delivered by theWCWUA to Butte Creek. 
The water would flow down Butte Creek and Butte Slough, as shown in 
Figure IV E-2, to the Sutter Bypass and would be diverted from the 
East and West Borrow Ditches. Both of these systems would have 
adequate capacity to convey water to the Refuge. During this 
study, the WCWUA indicated that the maintenance shutdown period 
could be reduced to allow water delivery to the Refuge. This 
conveyance plan was used during the 1977 drought period to convey 
water to the Refuge. IllegaL upstr~am diversions may occur under 
this alternative. 

Alternative 2B - Deliver Water from Thermalito Afterbay through 
W·adsworth Canal. Water would be conveyed directly from 'the 
Thermalito Afterbay to the Wadsworth Canal, or from Thermalito 
Afterbay through the Sutter-Butte Canal to the Wadsworth Canal. 
Water would flow from the Wadsworth Canal into the Sutter Bypass 
and would be diverted from the East Borrow Ditch. Adequate capacity 
is available for conveyance of water to the main portion Refuge 
which is located within the Sutter Bypass.' Sutter-Butte Canal and 
Wadsworth Canal are operated by Sutter Extension Water District, a 
member of Sutter-Butte Joint Water District. Illegal upstream 
diversions may occur under this alternative. 

Alternative 2C Obtain water from sutter Extension water 
District. A long-term agreement with Sutter Extension Water 
District would be developed to provide a dependable water 
supply for areas of the Refuge located outside of the Sutter Bypass 
(Tracts 18, 19, and 20). The water supply for these tracts is 
currently being provided by Sutter' Extension Water District on an 

,as-available basis. Water .would"be supplied to the remaining 
portions of the Refuge as described under Alternative 2B. 

Alternative 2D - Implement a conjunctive Use Plan. The existing 
four wells and nine new wells would be used to deliver the maximum 
month water demand. The exact locations of the new wells" on the 
refuge would be determined in a future study. The wells would be 
used as part of a conjunctive use program. During dry years, water 
demands would be supplied by wells, as discussed in Chapter III. 
During wet years, the wells would probably not be needed if CVP 
water is provided. This alternative would require implementation of 
Alternative 2A, 2B,.or 2C.-
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3. Delivery Alternatives for Level 3 (30,000 acre-feet) 

water delive~ies under Level 3 
deliveries. The same alternatives 
evaluated for Level 3. 

are similar 
considered 

to 
for 

the Level 2 
Level 2 were 

Alternative 3A - Deliver Water from Thermalito Afterbay through 
Butte Creek. This alterriative is identical to Alternative 2A. 

Alternative 3B - Deliver Water from Tbermalito Afterbay through 
Wadsworth Canal. This alternative is identical to Alternative 2B. 

Alternative 
District. 

3C Obtain water from sutter Extension 
This alternative is ·identical to Alternative 2C. 

water 

Alternative 3D - "J:mplement a conjunctive Use Plan. The existing 
4 wells and 15 new wells would be used to deliver the maximum month 
water demand. This alternative is similar to Alternative 20 and 
would require implementation of Alternative 3A, 3B, or 3C. 

4. Delivery Alternatives for Level 4 (30,000 acre-feet) 

The water deliveries under Level 4 would be equal to the 
deliveries under Level 3~ Therefore, the alternatives for Level 4 
would be the same as discussed under Levels 2 and 3. 

Alternative 4A -Deliver water from Tbermalito Afterbay through 
Butte Creek. This alternative is identical to Alternative 3A. 

Alternative 4B - Deliver Water from Thermalito Afterbay through-­
Wadsworth _Canal. This alternative is identical to Alternative 3B. 

Alternative 
District. 

4C Obtain Water from sutter Extension 
This alternative is -identical to Alternative 3C. 

Water 

Alternative 4D - J:mp"iement a Conjunctive Use Plan. The existing 
wells and 15 new wells would be used to deliver the maximum month 
water demand. This alternative is identical to Alternative 3D and 
would require implementation of-Alternative 4A, 4B, or 4C. 

5. summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter III. 

There are no alternatives for Level 1 because the Refuge does not 
have a firr water supply. 

The alternatives were developed to provide a dependable summer and 
winter supply of good quality water to the Refuge. All of the 
alternatives were developed assuming that a long-term agreement 
would be negotiated between DWR and Reclamation to allow an exchange 
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of CVP water for SWP water from the Thermalito Afterbay. 
Alternatives 2A, 3A, and 4A would require Icing-term conveyance 
agreements with WCWUA. Alternatives 2B, 3B, and 4B would require 
long-term agreements wit~ the sutter-Butte Joint Water District and 
Sutter Extension Water District. Alternatives 2C, 3C, and 4Cwould 
require long-term agreements with sutter Extension Water Distrie,t. 
None of the alternatives would require construction of additional 
facilities. 

Alternatives 2C, 3C, and 4C would need to be implemented in 
conjunction with Alternatives 2A or 2B, 3A or 3B, or 4A or 4B, 
respectively. 

Alternatives 20, 3D, and 40 would provide wells to be used during 
dry years when CVP water may not be available. This alternative may 
cause overdraft conditions because the water needs would exceed the 
safe yield under the Refuge. These alternatives would require 
implementation of the surface water alternatives (Alternatives 2A, 
2B, or 2C; Alternatives 3A, 3B, or 3C; or Alternatives 4A, 4B, or 
4C) . 

c. COSTS & ECONOMIC ANALysts 

Costs for the alternative plans to provide adequate water supplies 
under Levels 2, 3, and 4 are presented in Table IV E-2. Annual 
operation and maintenance (O&M) costs include only the local cost of 
delivering water. The annual O&M costs do not include costs to 
purchase CVP water. The construction costs include factors to 
cover engineering, contingencies, and overhead. During the advanced 
planning·phase, these costs will be refined further .. , 

Construction of the facilities under Alternatives 20, 3D, and 40 
would result in additional money being spent in the economy of 
Sutter County. The construction could be completed within one 
summer season by construction workers who reside in the area. 

Currently, the annual public use (Level 2) at the Refuge is about 
3,100 visits per year. If additional water is provided, the public 
use levels are not anticipated to increase significantly. 

D. WILDLIFE RESOURCES 

The average annual bird use on the Refuge is over 
15,817,000. wildlife and fishery resources· associated with the 
Refuge are presented in Table IV E-3. The only listed 
threatened and endangered species associated with the Refuge are 
the bald eagle, Haliaeetus lecicocephalus; peregrine . falcon, Falco 
peregrines anatum; Aleutian Canada goose, Branta· canadensis 
Leucoparei~a .. ; and the Valley elderberry longhorn· beetle, 
Desmocerus californicus dimorphus. Candidate threatened and 
endangered species associate~ with the Refuge include the white-



Items ZA 

Additional W~ter (ac-ft) 23,500 

Construction Costs 

Wells $ 
Diversion 
Pipelines/Canals 
Pump Station 
Subtotal 
Other Costs 
Total 

Annualized Construction 
Costa (8.81%, 30 pa) 

Additional Annual Costa 

Operation & Maintenance(c) $ 
Power 
Local Conveyance Cost(f) 105 1150 

Subtotal $105,150 
Otber Costs 

Total $105,150 

Total Annual Costs $105,750 

Costl A.ddi~lonal Acre-Foot $ 4~50' 

TABLE IV E-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

SUITER NWR 

Altematiyes 
ZB ZC ZD 3A& 4A 

23,500 23,500 23,500 30,000 

$ $ $612,150(a) $ 

$612,750 

$612,150 

$ 64,120 

$ $ $ zz., 900 
293,1S0(d,e) 

$ 

105 1150 105.150 135.000 
$105,150 $105,750 $316,650 

52.815(e,g) 
$135,000 

$105,750 $105,150 $369,525 $135,000 

$105,150 $105,750 $434,2.45 $135,000 

$ 4.50 $ 4.50 $ 18.50 $ 4.50 

3B & 4B 3C&4C 30& 40 

30,000 30,000 30,000 

$ $ $l,121,250(b) 

$1, Ill, 250 

$1,121,250 

$ 101,810 

$ $ $ 38,100 
'375,000(d,e) 

135.000 135 1°°0 
.$135,000 $135,000 $ 413,100 

61
1
500(e,g} 

$135,000 $135,000 $ 480,600 

$135,500 $135,000 $ 588,410 

$ 4.50 $ 4.50 $ 19.60 



TABLE IV £-z 

SUMMARY OF ESTIUATED COSTS OF ALTERNATIVES 

SUITER N1fR 
(CoutiDued) 

Notes: Alternatives lA, 3 A, and 4A - Dellver water from Thermalito Afterbay through Butte Creek. 
Alternatives lB, 3B, and 4B - Delivery water from ThermaUto Afterbay t~ough Wadsworth Canal. 
Alternatives lC, 3C, and 4C - Obtain Water .from Sutter Extension Water District. 
Alternatives lD, 3D, and 40 - Implement a ConjucUve Use Plan. 

(a) 9 wells, 7S0-feet deep, ISO-foot lift. 

(b) 15 wells, 7S0-feet deep, ISO-foot lift. 

(c) Basis for O&M costs are discussed In Appendix F. 

(d) Unit Pumping Cost = $l5/af. 

(e) Values were multiplied by 0.5 because facilities are assumed to be used only 5 out of 10 years. 

U) Unit Conveyance Cost = $4.50/af. 

(g) Alternative lD assumes implementation of Alternative lA, lB,or lC; Alternative 3D assumes implementation of Alternative lA, lB, or 3Cj 

and Alternative 40 assumes implementation of 4A, 4B, or 4C. 



Hooded Merganser 
Mallard(a) 
Gadwal1(a) 
European Wigeon 
American Wigeon 
Green. winged Teal(a) 
Cinnamon Teal(a) 

Snow Goose 
Ross' Goose 

Western Gre be(a) 
Eared Grebe 
Pied-billed Grebe(a) 
Double-crested Cormorant 
Whi te Pelican 
American Bittern(a) 
Least Bittern(a) 
Great Blue Heron(a) 
Great (common) Egret(a) 
Snowy Egret<a) . 
Green-backed Heron(~ 

TABLE IV E-3 

FISH AND WlLDUFE RESOURCES 

SUITER NWR 

Ducks 

Blue Winged !feal(a) 
Northern Shoveler(a) 
Pintail(a) 
Wood Duck(a) 
Redhead(a) 
Canvasback 
Ruddy Duck(a) 

Geese and Swans 

Whi te-fron ted Goose 
Canada Goose 

Coots 

American Coot(a) 

Shore and Wading Birds 

Virginia Ranta) 
Sora(a) 
Common Gallinule(a) 
Ring-billed Gull . 
Caspian Tern(a) 
Forester's Tern 
Black Tern(a) 
Wilson's Phalarope 
American Avocet 
Black-Necked Stilt 

Ring Necked Duck 
Common Goldeneye 
Greater Scaup 
Lesser Scaup 
Bufne Head 
Common Merganser(a) 

Cackling Goose 
Lesser Canada Goose 
Tundra Swan 

Common Snipe 
Long-billed Dowitcher 
Least Sandpiper 
Dunlin 
Western Sandpiper 
Greater YeUowlegs 
Long-billed Cur lew· 
Killdeer(a) 
Black- crowned Night Heron(a) 

Grea ter Sandhill Crane 



Ringed-necked Pheasant(a) 
California Quail(a) 

Turkey' Vulture 
Sharp-shinned Hawk(a) 
Rough-legged Hawk 
Great Horned Owl(a) 
Bald Eagle 

Steelhead Trout 
Catfish 

Opossum 
Raccoon 
Skunk 

Black-tailed Deer 

Notes: 

(a) Birds nesting on refuge 

TABLE IV E-3 

FISH AND RESOURCES 

SOTIERNWR 
(Continued) 

Opland Game 

Rock Dove 

Raptorial Birds 

Black-shouldered Kite(a) 
Cooper's Hawk(a) 
American Kestrel(a) 
Red Shouldered Hawk(a) 

Fish 

Salmon 
Black Crappie 

Furbearers 

Gray Fox 
Beaver 
Muskrat 

Others 

Mourning Dove(a) 

Northern Harrier 
Red-tailed Hawk(a) 
Barn Owl(a) 
Golden Eagle 
Peregrine Falcon 

Largemouth Bass 

Coyote 
Mink 

Source: USFWS computerized annual printout for NWR Birds, Department of Interior, USFWS (RFl1650-2 9-79) (July 1973 
to June 1974,' NWRS Public Use Report (1» and refuge' records. 



faced ibis, Plegadis chichi; tricolored blackbird, Agela ius 
tricolor; and California hibiscus, Hibiscus californicus, as 
listed in Table IV E-4. 

The alternative plans would provide a dependable water supply. 
As all portions of the Refuge have developed water transportation 
systems, additional water would be used to improve habitat rather 
than to develop additional wetlands. The improved habitat would 
increase the number of bird-use days, as indicated in Table IV E-S. 

Implementation of alternative plans probably probably would not 
adversely affect the listed and candidate threatened and 
endangered species of wildlife. Detailed field investigations 
will be completed during the advanced planning phase of the 
proj ect. Implementation of the .plan would resul t in overall 
beneficial environmental effects. The No Action Alternative would 
result in the loss of habitat. Additional regional environmental 
analyses will be completed. as part of the Water Contracting EIS's8 

E. SOCIAL ANALYSIS 

The social consequences of operating the facilities of the 
se~ected plans would be positive due to the continued public use. 

F. POWER ANALYSIS 

The Refuge is served by PG&E under the PA-1 rate schedule for 
agricultural users. A facility must be an authorize~ function of 
the cvp to receive project-use power. The authority to deliver the 
CVP project-use pow~r to the Refuge is currently being ~xamined and 
will be detailed in the Refuge Water Supply Planning Report. A more­
detailed discussion of project-use power and wheeling agreements is 
provided in Chapter II. . 

G. PERMITS 

To obtain State Water Proj ect water, approvals from DWR would be 
required. sutter County would issue permits for construction of the 
wells under Alternatives 2D, 3D, and 4D. 
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TABLE IV E-4 

FEDERALLY LISTED, PROPOSED, & CANDIDATE. ... THREATENED·& ENDANGERED SPECIES 

SUTTERNWR 

Listed Species 

Birds 

Aleutian Canada goose, Branta canadensis leucopareia (E) 
Bald Eagle, Haliaeetus leucocephalus (E) 
Peregrine Falcon, Falco peregrines anatum (E) 

Invertebrates 

Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
en 

Proposed Species 

None 

Candidate Species 

Birds . 
White-faced ibis, Plegadis chihi (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Plants 
'California hibiscus, Hibiscus californicus (2) 

Source: USFWS, June 4, 1987 

(E) -Endangered ('Ii -Threatened' (Cm-Critical Habitat 

(1)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 
biological information to support a' proposal to list as endangered or 
threatened. 

(2)-Category 2: Taxa for which existing information indicated may warrant. 
listing, but for which substantial biologicaL/information to support a 
proposed rule is lacking. 



Habitat Acres 

Permanent Pond 
Seasonal Marsh 
Watergrass 

Bird Use D.,... 

Ducks 
Geese 
Waterbirds 
Endange~ed Species 

Total 

Public Use Daya 

Consumptive 
Non-Consumptive 

Total 

No Action 
AltemaUye 

Total Alllngl Cost 

lDcremental Cost/Atlditiooal 
1000 Bird Use D~ N/A 

IDcremental Cosl/Atlditiooal 
Public Use Day N/~ 

Notes: Alternatives ZA, 3A and 4A: 
Alternatives 2,B, 3B, and 4B: 
Alternatives 2C, 3C, and 4C: 
Alternatives 20,30, and 40: 

TABLE IV £-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IUPACfS 

SOTTER NWR 

A1leruatiYe8 
2A 2B 2C 2D lA& 4A 

73 73 7l 73 85 . 
1,047 1,047 1,047 1,047 1,250 

865 865 865 865 1,100 

13 ,2,03,000 13,2,03,000 13,2,03,000 13,2,03,000 16,2,00,000 
1,432 ,000 1,432,000 1,432,,000 1,432,,000 1,760,000 
1,182.,000 1,182,,000 1,182,,000 1,182,,000 1,450,000 

100 100 100 100 100 
15,817,100 15,817,100 15,817,100 15,817,100 19,410,100 

3,100 3,100 3,100 3,100 3,600 

3,100 3,100 3,100 3,100 3,600 

$ 105,750 $ 105,750 $ 105,750 $ 434,245 $ 135,000 

$ 6.70 $ 6.70 $ 6.70 $ 2,7.50 $ 7.00 

$ 34.10 $ 34.10 $ 34.10 $ 140.10 $ 37.50 

Deliver Water from Thermalito Afterbay through Butte Creek 
Deliver Water from Thermalito Afterbay through WadswodhCanal 
Obtain Water from Sutter Extension Water District 
Implement a Conjuntive Use PIal -

lB&.B lC.4C lD •• D 

85- 85 85 
1,250 1,2,50 1,2,50 
1,100 1,100 1,100 

16,200,000 16,200,000 16,200,000 
1,760,000 1,760,000 1,760,000 
1,450,000 1 ;450,000 1,450,000 

100 100 100 
19,410,100 19,410,100 19,410,100 

3,600 3,600 3,600 

3,600 3,600 3,600 

$ 135,000 $ 135,000 $ 588,470 

$ 7.00 $ 7.00 $ 30.30 

$ 37.50 $ 37.50 $ 163.50 



CHAPTER IV F 

GRAY LODGE WILDLIFE MANAGEMENT. AREA PLAN 

In 1931 the state Division' of Fish and Game purchased the 2,540-acre 
Gray Lodge Gun Club to establish the first Sacramento Valley 
wildlife refuge. The club was. purchased with Governor's 
Conservation Fund monies. In i971, the refuge area was increased 
to 8,400 acres under the authority of the cooperative state and 
Federal Pittman-Robertson Federal Aid to wildlife Restoration Act 
which provides funds to acquire and develop wetlands. The Gray 
Lodge wildlife Management Area (Refuge) is located within an 
intensively developed agricultural farming area in sutter and Butte 
Counties about 10 miles southwest of Gridley. The Refuge is 
located adjacent to the Butte Sink which is an overflow area of 
Butte Creek and the Sacramento River8 

Butte Basin extends from the city of Red Bluff in the north to 
Butte and Morrison Sloughs and Sutter Buttes in. the south. The 
Butte Basin is bounded by the Sacramento River on the west and 
the Feather River on the east. Part of the Butte Sink 
still remains comparatively unchanged from its original 
condition, although water developments have reduced flooding. 
Water for wetlands in the Butte Sink is derived from flood 
waters, Butte Creek, Sacramento River, and agricultural return 
flows from rice fields. During wet winters, Butte Basin flood 
waters flow into the sutter Bypass flood control area ·and then 
into the Sacramento River, or directly into the Sacramento Riv~r. 
Within the Butte Basin, 67 o~ganized hunting clubs maintain ove~ 
52,000 acres of habitat including over 22,000 acres of flooded 
lands. The Butte sink frequently contains more than one million 
ducks and thousands of geese, although normal waterfowl 
populations are about 550,000. 

The Refuge consists of marshlands, ponds, whea t fields, and 
uplands. The wetlands support sources of waterfowl food such as 
swamp timothy and invertebrate populations. The upland areas of 
the Refuge provide habitat for geese, upland birds, and other 
wildlife species. The Refuge is managed by the DFG. 

A. WATER RESOURCES 

The Refuge receives 8,000 acre-feet of dependable water from the 
Biggs-west Gridley Irrigation District (BWGID) and Reclamation 
Districts 833 and 2054. Over 40 percent of water supply is from 
wells. 

1. Surface Waters 

Approximately 2,600 acres of the Refuge is located .within the BWGID. 
The BWGID is a member of the Sutter-Butte Joint Water District which 
owns and operates the Sutter-Butte Canal' that conveys water from 
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Thermali to Afterbay. During some years, the BWGID does not 
receive adequate water supplies and must purchase water from other 
districts~ The BWGID has allocated 12,000 acre-feet of water per 
year to the Refuge. However, only 8, 000 acre~feet is 
available during the irrigation season from April to November. The 
Refuge turnouts are located at the end of the BWGID system and 
therefore, cannot receive water following dewatering of the BWGID 
canals in November. Improvements of the BWGID canals, Sutter­
Butte Canal, and the· Reclamation District drainage system would 
be needed to maintain year-round water supplies. 

The Refuge also diverts water from the Reclamation District 833 
Drain "and Reclamation District 2054 Drain. These canals convey 
agricultural return flows. The return flows are only available 
during the summer and early fall when the rice fields are drained. 
The Reclamation Districts do not use or claim the· agricultural 
return flows which are diverted by the Refuge under appropriative 
rights. Based upon existing data, water quality appears to be 
adequate for refuge management. 

Additional water potentially may be obtained from Thermalito 
Afterbay and conveyed through BWGID facilities, the Cherokee Canal, 
or Western Canal Water Users Association (WCWUA) facilities. The 
Cherokee Canal, an old mining drainage channel, is operated by 
Richvale Irrigation District, a member of the Sutter-Butte Joint 
Water District. Water from the Cherokee Canal could be diverted 
to BWGID for delivery to. the Refuge. The WCWUA facilities divert 
water from Therm~lito Afterbay and are operated year-round to 
deliver water to hunting clubs in the Butte Sink. 

2. water conveyance Facilities 

The BWGID delivers water to the Refuge through four . supply 
ditches: Rising River Ditch, Cassidy Ditch, Justeson Ditch, and 
Lateral C, "as shown in Figure IV F-l. Water flows by gravity 
onto the Refuge from the Rising River, Cassidy, and Justeson 
Ditches and is available from April to November. Water from 
Lateral C is diverted into ~ ditch on the western portion of 
the Refuge and is pumped onto the Refuge. Lateral C is operated 
year-round. 

"Water can be diverted year-round from the Reclamation District 
833 Drain through the Refuge. However, water may not be available 
in the 833 Drain· after rice fields are drained in the" fall. 
water is available by gravity flow from the 2054 Drain from April to 
November. 

The Refuge internal conveyance system is in good condition and only 
requires minor improvements. The improvements would reduce energy 
costs by diverting water onto the Refuge at the highest elevations 
and allowing distribution by gr~vity flow or low-lift pumps. 
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3. Groundwater 

The Refuge is located on the Butte Creek floodplain and 
uplands. The area is underlain by fine grained materials wi th 
sand lenses which may be part of or derived from the Tuscan 
Formation. The groundwater is located within 100 feet of the ground 
surface. Based upon existing dat~, the quality appears to be 
suitable for irrigation and waterfowl needs. 'The safe yield of the 
aquifer under the Refuge based upon operational records has been 
estimated to be 12,000 acre-feete 

B. FORMULATION , EVALUATION OF ALTERNATIVE PLANS 

The DFG estimates that 44,000 acre-feet ~f water would be required 
for full development and optimum management of the entire Refuge. 
For the purposes of assessing the impacts' of water supply 
alternatives, four levels of water supply ha~e been identified, as 
presented in Table IV F-1'. Each ,of the water supply levels 
provide a different volume of water, and are summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use' of 
existing development 

Level 4 - Water delivery needed for optimum 
management 

1. Delivery Alternative for Level 1 (No Action Alternative) (8,000 
acre-feet) 

The existing facilities are adequate to deliver 8,000 acre-feet of 
water from BWGID. This 8, 000' acre-feet of water is the maximum 
amount available to the Refuge on a dependable basis. If the 
agricul tural return flows are reduced in the future, this amount 
could be reduced. 

2. Delivery Alternatives for Level 2 (35,400 acre-feet) 

The following alternatives would improve water conveyance 
facilities, reduce the reliance on groundwater, improve the quality 
of circulated water, and increase, the reliability of winter water 
supplies. All of the alternatives were developed to provide both 
winter and summer water. Alternatives 2A, 2B, and 2C assume that 
water can be obtained from Thermalito Afterbay. This would require 
a long-term agreement between Reclamation and DWR to exchange CVP 
water for water from Thermalito Afterbay. Because the Refuge has 
existing wells, additional wells would not need to be constructed to 
implement a conjunctive, use program. 

IV F-3 



TABLE IV F-l 

DEPENDABLE WATER SUPPLY NEEDS' 

ALTERNATIVE SUPPLY LEVELS FOR THE GRAY LODGE WMA 

S~:eII: Level 1 Supply Level Z Supply Level 3 
Month ac-ft ac-ft ac-ft 

January 2.40 1,050 1,2.30 
February 2.40" 1,050 1,2.30 
March 2.40 1,050 1,2.30 
April 2.40 1,050 1,2.30 
May 560 2.,500 2.,870 
June 800 3,500 4,100, 
July 560 2.,500 2.,870 
August 640 2.,850 3,280 
September 1,600 7,100 8,200 
October 1,52.0 6,750 7,790 
November 1,040 4,600 5,330 
December 32.0 1,400 1,640 

Total 8,000 35,400 41,000 

Notes: 

Supply Levell: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

. Source: USBR, 1986a 

Supply Level 4 
ac-ft 

1,32.0 
1,32.0 
1,32.0 
1,32.0 
3,080 
4,400 
3,080 
3,520 
8,800 
8,360 
5,72.0 
1,760 

44,000 



/ \./" 1 
" Of.~~"" ,< " \ ,. /~~~~\~ ALTERNA~:VES 2B, 3B"' "Il 

<;:..,<f!-:.. _ _ _ _______ -'-~_ .J:r... _ -" __ . ______ ,CONSTRUCT-CANAL. FROM, ,....-. ' .. 

7 o .- - ALTE-RNAT('iES 2-A, 3A & 4A: x t; THERMAUTO AFTERBAY 
, CONSTRUCT CANAL FROM -

CHEROKEE CANAL 0 

.~" -. . 02 8WGlD 
: JUSTESON, . X';'~t'<' 8WGID DITCH J ~~~~E DAM 4"'r· LATERAL' C' 

--'11--- «-~v .. ~J.IIIIIIIII HI~'t{<f19; III H 
~ - ~'~ - :~ CASSIDY DITCH . rH~ 

°i~IIM 
'~ :~/ I " BWGID 

2054~, RISING RIVER 

/"ot DRAIN 0 ~" 
( "'!if: U.(O \ 

ALTERNATIVES 2C,' 3C & 4C: I 

..... ~ 

.. ' . - ; ~I; 
~~ ___ ,J-- ~ 

.,J' _ "." ...... ..;, .... : 

o 
I- -: ~ 

"'0 
t, • I 

-' 

IMPROVE BWGlO SYSTEM 
. . 0:.. 

: 1~ 

". \\ ! 
.,-: 

.I--"·-~; 
o 

o 

j. 

A
~~~-~'· 
'! . .,-"--

.' ~"" 
... j:;~--

·1 

:-, 
"'1 

! 

LEGEND 
REFUGE BOUNDARY 

WATER COURSE 
-+- DIRECTION OF FLOW 
o WELL 

III1II11111111111 PROPOSED CONVEYANCE FACIl:-ITIeS 

SCALE IN FEET 

o 1250 2500 SOOO 

FIGURE IV F-2 

GRAY LODGE WILDLIFE MANAGEMENT AREA 

ALTERNATIVE WATER SUPPLY FACILITIES 





Alternative '2A - Construct Ditch from Cherokee Canal. To deliver 
water from Cherokee Canal to the Refuge, an ll,OOO-foot ditch would 
be . constructed from the Cherokee Canal to the Refuge, as shown in 
Figure IV F-2. Water would be delivered from the Thermoli to 
Afterbay by Richvale Irrigation District to the Cherokee Canal. Due 
to the location of the Cherokee Canal, the water would be delivered 
to the lowest elevation on the Refuge and would require pumping ·to 
distribute water on the Refuge. 

Alternative 2B - Construct Canal from Thermolito Afterbay. A canal 
would be constructed from Thermalito Afterbay to the Refuge. The 
63,360-foot canal would include siphons under state Highway 99, 
Southern Pacific Railroad tracks, and at four local roads. 

Alternative 2C Improve. Biggs-west Gridley Irrigation District 
System. BWGIDcannot deliver water to the Refuge in the winter due 
to maintenance on the canals. This plan was developed so that 
improvements would be completed on portions of the BWGID conveyance 
system which would reduce the need to dewater th€t canals. The 
improvements would include construction of a larger culvert at Evans 
Reimer Road to increase the capacity of the Cassidy Ditch from 25 
cfs to ove~ 60 cfs, as well as other improvements to 4,750 feet of 
the Cas,sidy Ditch. This alternative would require implementation of 
Alternative 2A or 2B. 

Alternative 2D - Implement a conjunctive Use Plan. Existing wells 
would be used to deliver the maximum month water demand. The wells 
would be operated as part of a conjunctive use program. During dry 
years, water demands would be supplied by, wells, as discussed in 
Chapter III. Dllring wet years, the wells would probably not. be 
needed if CVP exchange water is provided. Implementation of this 
alternative also would require implementation of Alternative 2A, 2B, 
or 2C. . 

3. Delivery Alternatives for Level 3 (41,000 acre-feet) 

Water deliveries under Level 3 are similar to 
deliveries. The same alternatives considered for 
evaluated for Level 3. 

the Level 2 
Level 2 were 

Alternative 3A - Construct Ditch from Cherokee Canal. 
alternative is identical to Alternative 2A • 

. Alternative 3B - Construct Canal from Thermolito Afterbay. 
alternative is identical to AI,ternative 2B. 

This 

This 

Alternative 3C Improve Biggs-west .Gridley Irrigation District ~. 
system. This alternative is identical to Alternative 2C. This 
alternative would require implementation of Alternative 3A or 3B. 

Alternative 3D - Implement a conjunctive Use Plan. Existing wells 
would be used to deliver the maximum month 'water demand. This 
alternative is identical to Alternative 2D. Implementation of this 
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alternative also would require implementation of Alternative 3A, 3B, 
or 3C. 

4. Delivery Alternatives for Level. 4 (44,000 acre-feet) 

Under Level 4, a portion of the uplands would be flooded to improve 
refuge management. However, the water supply alternatives proposed 
under ° Levels 2 and 3 would be adequate to provide water supplies 
under Level 4. Therefore, the alternatives for Level 4 would be the 
same as for Levels 2 or 3. 

Alternative 4A - Construct Ditch from Cherokee Canal. 
alternative is identical to Alternative 2A. 

Alternative 4B - Construct Canal from Thermolito Afterbay. 
alternative is identical to Alternative 2B. 

This 

This 

Alternative 4C Improve Biggs-West Gridley Irrigation District 
system. This alternative is identical too_ Alternative 2C. This 
alternative would require implementation of Alternative 4A or 4B. 

Alternative 4D - Implement a Conjunctive Use Plan. Existing wells 
would be used to deliver the maximum month water demand. This 
alternative is identical to Alternative 2D. Implementation of this 
alternative also would require implementation of Alternative 41\, 4B, 
or 4C. ° 0 

5. summary of Alternatives 

The beneficial 'and adverse effects of each alternative were compa~ed 
with respect to the criteria listed in Chapter III. 

There are no alternatives for Level 1. 

Alternatives 2A, 3A, and 4Awould require long-term agreements with 
Richvale IrrigaOtion District. Alternatives 2C, 3C, and 4C would 
require long-term conveyance agreements with BWGID to transport 
additional water to the Refuge. Alternatives· 2B, 3B, and 4B may be 
difficult to implement due to the need to aquire eOasements along the 
12-mile alignment. 

Alternatives 2C, 3e, and 4C would require implementation of 
Alternatives 2A or 2B, 3A or 3B, and 4A or 4B, respectively, to 
provide summer water supplies. 

Alternatives 2D, 3D, and 40 may result in overdraft conditions 
because the amount of water needed would exceed the safe yield of 
the Refuge. These alternatives would require implementat.i.:"1n o~ 
surface water alternatives (Alternatives 2A, 2B, or 2C; Alterl1cicives 
3A, 3B, or 3C; and Alternatives 4A, 4B, or 4C) to provide water 
during wet years. 
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C. COSTS & ECONOMIC ANALYSIS 

Costs for the alternative plans to provide adequate water supplies 
under Levels 2, 3 , and 4 are presented in Table IV F-2. The 
construction costs include factors to cover engineering, 
contingencies, and overhead. Annual operation and maintenance 
(O&M) costs include only the local cost of delivering water. The 
annual O&M costs do not include costs to purchase" CVP e~change 
water. During the advanced planning phase, these costs will be 
refined further. The costs do not include the costs to provide 
water under Level 1. 

Construction of the facilities under the alternative plans would 
result in additional money being spent in the economy of sutter 
and Butte Counties during construction. The construction could be 
completed within one summer season by construction workers who 
reside within the area. 

Currently, the annual public use (Level 2) at the Refuge is about 
165,200 visits per year." If additional water is provided, the 
public use levels are anticipated to increase. 

D. WILDLIFE RESOURCES 

The average annual bird use on the Refuge is over 58,300,000. 
Butte Basin is one of the most important wintering areas for the 
endangered Aleutian Canada goose. Wildlife .and fishery resources 
associated with the Refuge are presented in Table IV'F-3. The 
only federally listed threatened and endangered species associated" 
with the Refuge are the Aleutian Canada goose, Branta canadensis 
Leucopareia and the Valley elderberry longhorn beetle, Desmocerus 
californicus dimorphus. Candidate threatened and endangered species 
associated with the Refuge include the white-faced ibis, Pleqadis 
chichi; tricolored blackbird, Agelaius tricolor; Sacramento 
anthicid beetle, Anthicus Sacramento; and California hibiscus, 
Hibiscus californicus, as listed in Table IV F-4. 

Implementation of alternative plans probably would not adversely 
affect the listed and candidate threatened and endangered species 
of wildlife. The improved habitat would increase the number of 
public-use days, as indicated in Table IV F-5. Detailed field 
investigations will be completed during the advanced planning phase 
of the project. Implementation of the plan would r~sult in overall 
beneficial environmental effects. The No Action Alternative could 
result in the loss of habitat and associated recreational 
benefits. Additional regional environm~ntal analyses will be 
completed as part of the Water Contracting EIS's. 
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Additional Water (ac-ft) 

Construction Costs 

Wells 
Pipelines/C anals 
Pump Station 
Subtotal 
Other Costs 
Total (g) 

Annualized Construction 
Costs (8.87%, 30 yrs) 

Additional Annual Costs 

Operation & Maintenance(h) 
Power 
Local Conveyance CastO) 
Subtotal 
Other Costs 
Total (g) 

Total Annual Cost 

Cost/ Additional Acre-Foot 

TABLE IV F-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

GRAY LODGE WMA 

Alternatives 
ZA ZB ZC ZD 

27,400 27,400 27,400 27,4~0 

$ $ $ $ 
59,500(a) 948,300(C) 34,000(d) 

216 z000(b) 

$275,500 $948,300 $ 34,000 $ --
275 z500(e) 275

2
500(£) 

$275,500 $948,300 $309,500 $275,500 

$ 26,500 $ 91,230 $ 29,780 $ 26,500 

$ 4,200 $ 18,500 $ 1,100 $ 37,000 
41,1000) 130,150{j,k) 
49 1320 __ (m) 

$ 94,620 $ 18,500 $ 1,100 $167,150 
94,620(e) 47 310(£,k) 

2 

$ 94,620 $ 18,500 $ 95,720 $214,460 

$121,120 $109,730 $125,500 $240,960 

$ 4.40 $ 4.00 4.60 $ 8.80 

3A 3B 

33,000 33,000 

$ $ 
59,500 (a) 948,300(C) 

216 z000(b) 

$275,500 $948,300 

$275,500 $948,300 

$ 26,500 $91,230-

$ 4,200 $ 18,500 
49,5000) 
59 1400 

$113,100 $ 18,500 

$113,100 $ 18,500 

$139,600 $109,730 

$ 4.20 $ 3.30 



Additional Water (ac-ft} 

Construction Costs 

Wells 
Pipelines/Canals 
Pump Station 

Subtotal 
Other Costs 

Total {g} 

Annualized Construction 
Costs (8.87%,30 yrs) 

Additional Annual Costs 

Operation & Maintenance 
Power 
Local Conveyance Cost(k) 

Subtotal 
Other Costs 

Total {g} 

,Total Annual Cost 

- Costl Additional Acre-Foot 

TABLE IV F-2 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

GRAY LODGE WMA 

( Continued) 

Alternatives 
3C 3D 4A 4B 

33,000 33,000 36,000 36,000 

$ $ $ $ 
34,000(d) 59,50'0 (a) 948,300(C) 

216
1
000(b) 

$ 34,000 
275

1
000(e) 

$ 
275

1
500 ( f) 

$2.75,500 $948,300 

$309,000 $2.75,500 $2.75,500 $948,300 

$ 29,750 $ 2.6,500 $ 2.6,500 $ 91,230 

$ 1,100 $ 37,000 $ 4,200 $ 18,500 
156,750(i,j) 54,000(h) 

-- (1) 64 z 800 

$,1,100 
113 z100(e) 

$193,750 
56

1
550 (f,j) 

$12.3,000 $ 18,500 

$114,2.00 $2.50,300 $1~3,000 $ 18,500 

, $143,950 $276,800 $149,500 $109,730 

$ 4.40 $ 8.40. $ 4.2.0 $ 3.tO 

4C 4D 

36,000 36,000 

$ 
34,000(d) 

$ 

$ 34,000 
275 z000(e) 

$ 
275 z500(f)-

$309,000 $2.75,500 

$ 29,730 $ 26,500 

$ 1,100 $ 37,000 
171,000(i,j) 

--( 1) 

$ 1,100 $2.08,000 
123 z000(e) 61 z 500 (f,j) 

$12.4,100 $2.69,500 

$153,830 $2.96,000 

$ 4.30 $ 8.2.0 



TABLE IV F-2 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

GRAY LODGE WMA 

(Continued) 

Notes: Alternatives 2.A, 3 A, and 4A: Construct Ditch from Cherokee Canal. 
Alternatives 2.B, 3B, and 4B: Construct Canal from Thermalito Afterbay. 
Alternatives 2.C, 3C, and 4C: Improve Biggs-West Gridley Irrigation District System. 
Alternatives 2.D, 3 D, and 4D: Implement a Conjunctive~Use Plan. 

(a) 11,000-foot, 36 cfs unlined canal; three 80-ft siphons. 

(b) 36 cfs, 20-foot lift pump station. 

(c) 63,360-foot, 140 cfs unlined canal; seven 80-ft siphons. 

(d) 4,750-foot, 60 cfs unlined canal; 66-inch diameter crossing. 

(e) Alternative 2C assumes implementation of 'lA, Alternative 3C assumes implementation of 3A, Alternati,ve 4C assumes 
implementation of 4A • 

. (f) Alternative 2D assumes implementation of lA, Alternative 3D assumes implementation of 3A, 
Alternative 40 assumes implementation of 4A. 

(g) The cost for Water Supply Levell is not included. 

(h) . Basis for O&M cost are discussed in Appendix F. 

(i) Unit Pumping Cost = $1.50/af. 

(j) Unit Pumping C~U it = $9.50/af. 

(k) Values multiplied by 0.5 because facilities are- assumed to be u~ed only 5 out of 10 years. 

(1) Unit Conveyance Cost = $1.80/af. 

(m) Cost included with conveyance costs for Alternatives lA, 3 A, or 4A, respectively. 



Hooded t.1erganser 
Mallard(a) 
Canvasback 
European Wigeon 
American Wigeon 
Com mon Merganser 
Green-winged Teal 

Ross' Goose 
Cackling Canada Goose 
Tundra Swan 

Common Gallinule{a) 
Great Blue Heron(a) 
Great (Common) Egret{a) 

TABLE IV F-3 

FISH AND WILDLIFE RESOURCES 

GRAY LODGE WMA 

Ducks 

Cinnamon Teal(a) 
Blue-winged Teal 
Northern Shoveler 
Wood Duck(a) 
GadwaU(a) 
Pintail(a) 
Redhead(a) 

Geese and Swans 

Snow Goose 
Canada Goose 

Coots 

American Coot(a) 

Shore and Wading Birds 

American Avocet(a) 
Green-backed Heron(a) 
Common Snipe 

Upland Game 

Ring-necked Pheas~nt 
Jackrabbit 

Dove 
Cottontail 

Scaup 
Ring-necked Duck 
Common Goldeneye 
Bufflhead 
Ruddy Duck(a) 
Red-breasted Merganser 

White-fronted Goose 
Lesser Canada Goose 

Black-necked Stilt(a) 
Snowy Egret(a) 



American Kestrel(a) 
Great Horned Owl(a) 
Red-tailed Hawk(a) 

Largemouth Bass 
Carp 

Opossum 
Mink 
Muskrat 

Mule Deer 

Notes: 

(a) Birds nesting on re fuge 

TABLE IV F-3 

FISH AND WILDLIFE RESOURCES 

GRAY LODGE WMA 
( Continued) 

Raptorial Birds 

Northern Harrier(a) 
Burrowing Owl(a) 
Turkey Vulture 

Catfish 
Pan Fish 

Raccoon 
Beaver" 

Fish 

~ 

Furbearers 

Others 

Screech Owl(a) 
Black-shouldered 'Kite(a) 
Golden Eagle 

Coyote 
Skunk 

Source: Environmental Assessment Reports, Gray Lodge Wildlife Area, and Refuge records 



TABLEIVF-4 

FEDERALLY USTED, PROPOSED, lit CANDIDATE THREATENED & ENDANGERED SPECIES 

GRAY LODGE WMA 

Listed Species 

Invertebrates 

Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(n 

Proposed Species 

None 

Candidate Species 

Birds 
White-faced ibis, Plegadis chihi (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Invertebrates 
Sacramento anthicid beetle, Anthicus sacramento (Z) 

Plants 
California hibiscus, Hibiscus californicus (2) 

Source: USF~NS, June 4, 1987 

(E)-Endangered (T)-Threatened {CH)-Critical Habitat 

(1) -Category 1: Taxa for which the Fish m.d Wildlife Service has sufficient 
biological information to support a proposal to list as endangered or 
threatened. 

(Z)-Category Z: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 



TABLE IV F-5 

WB.OUFE RECREATIONAL BENEFITS AND RESOURCE INPACTS 

GRA Y LODGE WUA 

No AclioD Allernatl.es 
AllerDAU.e ZA IB 2C 20 jA 3B Jc 3D 4B 4C .. n 

Habilal Ac:rea 

Permanent Pond 0 2,200 2,200 2,200 2,200 2,200 2,200 2,200 2,200 2,100 2,100 2,700 2.700 
Native Mush 2,600 3,800 3.800 3,800 3,800 3,800 3,800 3,800 3.800 3,800 3,800 3,800 3,800 
Cere.1 Grains 300 300 300 300 ,300 300 300 300 300 300 300 300 300 
Upland 1,700 1.700 1.700 1,100 1.700 1,700 1.100 1,700 1,700 1,200 1,200 1.200 1,200 
Administration 400 400 400 ' 400 400 400 400 400 400 400 400 400 400 

BiN Uae Oa,. 

Ducks and Geese 13,100,000 57,100.000 57.100,000 57,100,000 57,100,000 66,200,000 66,200,000 66,200,000 66,200,000 70,800,000 10,800,000 .70,800,000 70,800,000 
Other Waterbirds 30°1°00 1,200,000 1,200,000 1,200,000 1,200,000 1,400,000 1,400,000 1,400,000 1,400,000 1,500,000 1,500,000 I,SOOIOOO 1,500,000 

Total 13,400,000 58,300,000 58,300,000 58,300,000 58,300,000 61,600,000 67,600,000 61,600,000 61,600,000 72,300,000 72,300,000 12,300,000 n,300,OOO 

PubUc: Uae Oil,. 

Consumptive lO,800 29,800 29,800 29,800 29,800 31,100 31,100 31,100 31,100 32,500 32,500 n,500 32,500 

Non-Consumptive 83 1 300 135 1400 135,400 13S 1400 13S,400 151,000 151,000 IS1,000 157,000 168,000 168,000 168.000 168.000 

Tolal 104,100 165,200 165,200 165,200 16S,200 188,100 188,100 188,100 188,100 200,500 200,500 ioo,sOO 200,500 

Total AJuwal Cost $ 121,120 $ 109,730 $ 125,SOO $ 240,960 $ 139,600 $ 109,730 $ 143,9S0 $ 216,800 $ 149,500 $ 109,730, S IS3,830 $ 296,000 

lDaemeDtal Co.tl AcldltloDAl 
1000 Bird U.e Oa,. NfA $ l.70 $ 2.50 $ 2.80 $ 5.40 $ 2.60 $ 2.00 $ 2.10 $ S.10 $ l.50 $ 1.90 $ 2.60 $ 5.00 

lDaemeutal CoatI Acidltlo,DAl 
PubUc: Uae Day NfA $ l.OO $ 1.80 $ 2.10 $ 4.00 $ 1.70 1.30 1.10 $ 3.30 $ 1.60 $ 1.20 $ 1.60 $ 3.10 

Notes' Alterna tives 2A, 3A, and ' A' Construct Ditch from Cherokee Canal. 
Alternallves 2B, 3B, and ~~, Construct Canal from Tbermallto Afterbay. 
Alternatives 2C, 3C, and 4C: Improve Biggs-West Gridley Irrigation District System. 
Alternatives lD, 3D, and 40: Implement a Conjunctive Ule Plan. 



E. SOCIAL ANALYSIS 

The s6cial consequences of operating the facilities of the 
selected plans ~ould be positive due to the potential increase in 
public use. 

F. POWER ANALYSIS 

The Pacific Gas & Electric Company serves the Refuge under the PA-l 
rate schedule for agricultural users. The power is used for the 
wells and on-refuge conveyance system pumps. Timers have been 
installed on many pumps to increase the use of off-peak pump 
operations. 

A facility must be an authorized function of the CVP to" receive 
project-use power. The authority to deliver the CVP project-use 
power to the Refuge is currently being examined and will be detailed 
in the Refuge Water Supply Planning Report. A more deta~,led 
discussion of project-use power and wheeling agreements is provided 
in Chapter II. 

G. PERMITS 

Construction of the facilities would require several permits. Butte 
County would issue approvals for construction of 'the new canals to 
ensure that existing d:rainage facilities would not be adversely 
affected~ Construction under Alternatives 2B, 3B, 4B, 26, 3C, and 
4C may require a stream Alteration Permit fromDFG and a Corps of 
Engineers permit' for construction in wetlands or riparian corridors. 
Alternatives 2B, 3B, and 4B also would require permits from' CalTrans 
to cross state Highway 99, from Butte County to cross local ro~ds, 
and from Southern Pacific Railroad to cross the railroad property. 
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CHAPTER IV G 

GRASSLAND RESOURCE CONSERVATION DISTRICT 

The Grassland Resource Conservation District (GRCD) is comprised 
of 75,000 acres of land which contains the Grassland Water District 
(GWD), including 165" hunting clubs; Kesterson National wildlife 
Refuge (NWR); "Volta Wildlife Management Area (WMA); Los. Banos WMA; 
and privately owned wetlands, as shown in Figure IV G-l. The GRCD 
includes 60,000 acres of privately-owned hunting clubs, 12,000 acres 
of land owned by the Federal and state governments, and 3,000 acres 
of cropland. The GRCD is presided over by the Grassland Resource 
Conservation Board whose members are elected by the people who 
reside within the boundaries of GRCD~ 

This area, commonly referred to as the West Grasslands, 
represents the largest contiguous block of wetlands rema1n1ng in 
the Central Valley and 1S a major wintering ground for the 
migratory waterfowl of the Pacific Flyway. Up to 30 percent of the 
Pacific Flyway wintering population of duck species use this area. 

These wetlands' are the remnants of a much larger seasonal 
wetlands complex that historically extended throughout the 
Central Valley. The wetlands are characterized as shallow 
wetlands that maintain standing" waters during the rainy season 
but are depleted of soil moisture during the summer. The Service 
ranked the habitat provided by the GRCD as the most important 
wetlands in the San Joaquin V~lley. 

Management of portions of the- GRCD wetland habitat has been assisted 
since 1972 through the Water Bank Program which provides 
financial incentive to participating landowners to maintain their 
land as wetland habitat, as well as providing technical assistance 
from various state and Federal agencies. Recently, the program has 
been broadened to encourage increased production of food plants 
for waterfowl (ESA, 1987)". Because of limited funding, an average 
of 15,000 acres have historically been allowed to participate in the 
program each year. "In addition, severely restricted supplies of 
uncontaminated water have further reduced the landowner's ability to 
take advantage of the program since 1985. 

Al though an overall management plan does not exist, the GRCD 
management objectives encourage food plant and habitat production, 
primarily swamp timothy "and wild millet. Land uses within GRCD 
included se~sonally flooded inland marshes, permanent pasture, 
seasonally flooded native pasture, and agricultural crops. 

To preserve waterfowl habitat, perpetual easements on about 
26,000 acres within the GRCD'have been purchased by the Service. 
These easements authorize the Service to restrict land uses that 
would diminish waterfowl habitat. The purpose of the easement 
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acquisition is to assure that wintering habitat will continue to be 
preserved and managed for migratory waterfowl (GWD, 1987).' 
Participation in the easement program does ,not guarantee or provide 
the landowner with a water supply to manage the property for 
waterfowl habitat. 

A. WATER RESOURCES 

within the non-refuge portions of GRCD, 70 to SO percent of the 
acreage is managed to provide habitat for wintering waterfowl. The 
agricultural lands only receive drain water and are managed for 
permanent pasture and other agricultural crops such as sugar 
beets, alfalfa, and cotton. Any wetland areas within GWD which are 
converted to agriculture uses are not eligible to use CVP water 
available from GWD. 

Approximately 70 to SO percent of the lands in GWD and other non­
refuge areas are flooded from mid-September to January ,15 to an 
average depth of 1S_inches. Some owner~ drain their land shortly 
after the hunting season ends in mid-January. However, recognizing 
the need to provide later winter habitat, GWD has encouraged the 
landowners to retain the water beyond the end of the hunting season. 
As a result, there are an increasing number of owners who do not 
release the water until mid-March or the first of April. Around May 
15 of each year, a few areas with unc6ntaminated water supplies are 
flood 'irrigated with about six to eight inches of water for five to 
ten days to stimulate the growth of waterfowl food plants. If water 
is available, some owners also irrigate in June or July. 

1. Surface waters 

In 1953, as settlement of a water rights claim by Grasslands area 
interests, 50, 000 acre-feet per year of CVP water was, made 
available for use in GWD. The GWD was formed under the California 
Water Code in 1953 to provide a legal entity to contract for the 
50,000 acre-feet per year and to assume responsibility for the 
distribution of water and maintenance of facilities within the 
district. '-The contract limits delivery of this water to the period 
between September 15 and November 30. 

In 1963, GWD initiated a successful protest of the Reclamation's 
water right for the Los Banos Creek project and received an 
additional 3,500 acre-feet ofCVP water annual+y. By subsequent 
agr~ements, GWD's water was made available from Reclamation at no 
cost with the following, conditions: 1) that GWD maintain at least 80 
percent of the district land in wildlife habitat (GWD, '1987), and 2) 
that GWD supply to the Service not less than 3500 acre-feet of water 
during the period from October 1 ':':hrough November 30 of each year. 
Consequently, the total am6unt jf firm water available to th~ 
private wetlands, was again reduced to 50,000 acre-feet annually. 

To supplement,this supply and to provide water for the balance of 
the year, the'GRCD has used agricultural return flows, operational 
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spill flows from upslope irrigation-and water districts, and wells 
to a very limited extent. Private wetlands within GRCD but outside 
of boundaries of GWD, are ,totally dependent upon the receipt, of 
agricul turalreturn flows from neighboring farm lands, water from 
deep wells, or where feasible, have contracted for the delivery of 
water from other local water agencies. 

The Kesterson Problem., During the spring and summer of 1983, 
serious waterfowl reproductive problems were observed involving 
the twelve lOa-acre ponds on t.he Keste~son NWR, which is 
within the GRCD boundary. Studies revealed that selenium 
toxicity was a suspected cause of these problems. 

The Kesterson ponds served as the terminus for Reclamation's San 
Luis Drain. The San Luis Drain was designed to remove 
subsurface irrigation drainage waters from portions of San 
Joaquin Valley farmlands. An undetermined acreage of these 
irrigated lands is thought to be the source of the selenium 
contamination that is causing the toxicity at the Kesterson ponds. 

In 1984, shortly after reproductive problems 'were identified at 
the refuge, a hazing operation was initiated"to discourage waterfowl 
from using the area. In 1985, the State Water Resources 
Control Board issued a cleanup and abatement order, which was 
followed by a cleanup and closure order from the Secretary of 
the Interior. Al though complete· implementation of these orders 
may take up to several years, the value of the Kesterson 
pond habitat to waterfowl has been lost. 

The Kesterson.problem has created an uncert~in future for other 
projects 'in the Valley that involve using subsurface irrigation 
drainage waters to create waterfowl habitat. In the Grassland 
area, 148,000 acre-feet of drainage water had been used annually 
for maintaining waterfowl habitat (USBR, 1986d). However, upon the 
discovery that much of the subsurface drain waters entering the 
area contain harmful amounts of selenium and other contaminants, 
the use of this water has I been discontinued. This has caused 
perhaps as much as two-thirds of the former water supply to no 
longer be useable for waterfowl habitat. 

Beginning in 1986, a series of one year temporary contracts was 
implemented with Reclamation to provide a supplemental water supply 
of up to 100, 000 acre-feet annually to lands within GWD. However, 
the cost ($12/acre-foot) precluded use of the water on a widespread 
basis. More significantly the unavailability of capacity in the DMC 
has hampered efforts to deliver this ~ater on a continuing basis. 

2. water Conveyance Facili ti'es 

The GRCD is divided into the northern and southern areas, as shown 
in Figure IV G-1. Water supplies to the northern area are delivered 
by Garzas Creek on the northwest, Volta wasteway and San Luis 
wasteway on the. southwest side, the GWD Santa Fe Canal and Eagle 
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Ditch in the central portion, . and the San Luis Canal on the east 
side. CVP water can be delivered from the DMC through the Mendota 
Pool or Wolfsen Bypass to' the ccro ·Main Canal which flows into 
Garzas Creek. Water also can be diverted from the OMC to the Volta 
wasteway. 

Water supplies for the southern GRCD area are routed through the 
ccro Main Canal and ccro Helm Canal. The primary conveyance 
facilities in the southern division of the GWD are the Camp 13.and 
Agatha/Geis systems. As noted above, CVPwater from the OMC can be 
diverted into the ccro Main Canal and then to the Agatha Canal and 
Camp 13 Ditch. 

Water supply problems have occurred when the ccro facilities are 
used to transport agricultural return flows which may not be 
suitable for refuge management. However, with the aid of funding 
from the state Resources Agency and the wildlife Conservation 
Board, facilities to allow for the separation of flows have been 
and are being constructed. Additional flow separation projects 
would further improve management, as discussed below. 

The Porter-Blake Bypass· has been ·constructed to divert unusable 
agricultural drain flows which pass through the Camp 13 and Agatha 
Canals into Mud Slough. The flows are conveyed in Mud Slough to 
Salt Slough for continued conveyance to the San Joaquin River. This 
bypass currently allows freshwater·deliveries to be made via the San 
Luis Canal into northern GRCD area. However, use of the bypass was 
and is intended to be only a temporary means of deal.ing with the 
contamination problem. By agreement with the San· Luis Canal Company 
(SLCC). ,the operation of this system is scheQuled to be discontinued 
by 1990. At that time, unless an alternate means of separating-­
drainage flows from fresh water supplies is implemented, such as the 
al ternatives discussed in this chapter, portions of the northern 
GRCD service area may become contaminated. -

The GWD also has completed the first two phases of a three-phase 
project to separate/fresh water supplies from drain water for the 
southern GRCD area. This separation project when completed will 
allow GWD to al~ernate the conveyance of fresh water between 
the Agatha·and Camp 13 Canal Systems. When fresh water is flowing 
in one system, adjacent marshlands can be flooded and irrigated, 
while agricultural drainage water is bypassed to Mud Slough through 
the other system. By alternating the type of water carried by each 
system, all of the southern portion of the GR,CD wetlands can receive 
water of suitable quality. However, drain water would be present in 
one or the other of the systems at all times, therefore the wetlands 
cannot be assured of receiving fresh water at the precise time of 
need. . 

Another conveyance problem is related to the dewatering of the ccrD 
Main Canal and Reclamation IS Mendota Pool . for maintenance between 

. mid-November and February.. The loss of water delivery capabilities 
in November· constrains management of waterfowl habitat and the 
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availability of the area for public use. The Mendota Pool is not 
completely dewatered every year, however, CCL~ uO-~ lower the water 
level in the ccrD canals every winter. Refuge manageTO.Ql"\.t would be 
improved if the lowering of the water level was delayed until early 
December. Negotiations have been completed between GWD and CCID to 
convey water which may be available at other times during the year 
when and if ceIn has excess capacity in its canal system. . . 

-
The lands within the GRCD are subject to flooding from several of 
the natural streams which traverse the area. However, operational 
modifications on the Los Banos Creek Detention Dam have reduced the 
frequency and extent of flooding in that watershed. The 
northernmost portions of the GRCD continue to be impacted by 
uncontrolled run-off in Garzas Creek (GWD, 1985, 1987). 

3. Groundwater 

Most of the GRCD is located on land deposits created from overflow 
of the. San Joaquin River. Portions of the GRCD on the eastern side 
lie within the San Joaquin River floodplain and in channel deposits. 

Two water bearing zones are present under the surface and are 
separated by t.he Corcoran Clay, an approximately 100-foot thick 
layer of clay at about a 200-foot depth. Records from wells in 
the ge·neral area of the GRCD show that pump yields range from 675 
to 2,100 gallons per minute. Existing well data indicates that 
dissolved solids concentrations in the groundwater are generally 
high above the Corcoran Clay. Water below· the . Corcora·n Clay is 
generally of better quality with total dissolved solids below 2,000 . 
ppm (USFWS, 1978). 

Groundwater pumping facilities are present on approximately 15 of 
the . 165 hunting clubs within GWD. Excessive pumping costs' and 
generally· poor quality· groundwater preclude the ·use of these 
wells for anything other than a supplemental supply (GWD, 1987). 
Some of these wells have not been kept fully operational because of 
poor yield. Reclamation estimates that the safe yield for the GRCD 
areas not within the NWRs and WMAs is 71,500 acre-feet. This safe 
yield assumes·that the water would be pumped from below the Corcoran 
Clay. 

4. Offstream storaqe 

There is a need for additional CVP yield within the San Joaquin 
Valley to relieve the groundwater overdraft and to provide 
additional water needed for agricultural, municipal, and fish and 
wildlife purposes. Surplus water could be pumped from the 
Sacramento River or the Delta during times when the system is 
operating at less than maximum capacity, stored at an offstream site 
until needed, and then delivered during times when canal capacity is 
available. 
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Reclamation bega~ investigating various potential offstream 
storage :itcs ~::ith~n the San Joaquin Valley in october 1985.. In 
J q~,,;' I the California Waterfowl Association reques~ed that the. GRCD 
Le included as a potential offstream storag.e site, whereby wetlands 
could be enhanced for the benefit of waterfowl and'at the same time 
increase project yield. 

An evaluation of GRCD lands for offstream storage on wetland 
habitat was conducted by Reclamation. The results of this 
evaluation (USBR, 1987k). indicated that an opportunity for offstream 
storage within the GRCD does exist. However, the exact amount of 
return flow varied according to water operatitins. The report 
pointed out that more information is needed relative to seepage, 
evaporation, water quality and impacts on wildlife to determine the 
viability of an 'offstream storage program within the GRCD. 

In October, 1987, Reclamation entered into a cooperative agreement 
with the GWD to perform, on a cost-sharing basis, a pilot 
study to assess the potential for the use of wetlands within the 
GRCD as an offstream storage site. The primary purpose of this 
one year study was to obtain additional data on seepage,' 
evaporation, and water quality. Reclamation provided 20,680' acre­
feet and local water districts provided 3570 acre-feet of water to 
GWD during the fall for distribution on approximately 17,000 acres 
in the northern portion of GWD. The ponded water was released 
during the spring of 1988 and monitored for quality and quantity. 
Although weather conditions were extremely dry duririg the study 
period and abnormal evaporation rates were experienced, return f.low 
from the ponded' area was calculated to be 24 perceht of the total_ 
applied water. The quality values were determined to be acceptable 
when blended with other water in the San Joaquin River. Based on 
the favorable results, a second year of the program was initiated in 
th~ fall of 1988~ 

As information relative to' the 1988-89 off-stream storage program in 
GRCD becomes available, it will be appropriately incorporated into 
the Refuge Water Supply Planning Report. If the data from the study 
continues to be favorable, off-stream storage may become a component 
of a plan to provide the GRCD with dependable water supplies. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The Service, GRCD, and GWD estimate that 180,000 acre-feet of water 
would be required for full development and optimum management of the 
GRCD, not including the NWRs and WMAs. For· the purposes of 
assessing the impacts of water delivery alternatives, four levels of 
water supply have been identified, as presented in Tab~e IV G-] .:. 
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TABLE IV G-l 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE GRASSLAND ReD 

Supply Level 1 SupplI Level Z S!!EEII Level 3 
Month ac-ft ac-ft 

January ° 3,000 
February ° ° March ° ° April 0 5,000 
May ° 12,000 
June ° 12,000 
July' ° ° August ° 4',000 
September 10,000 25,000 
October 30,000 36,000 
November 10,000 19,000 
December' ° 9,000 

Total 50,000 125,000 

Notes: 

Supply Level I: Existing firm water supply 
Supply Level Z: Current average annual water deliveries 
Supply Le'vel 3: Full use of existing development 
Supply Level 4: Optimum mangement 

Source: USFWS, 1986g 

ac-ft 

5,200 
6,000 
5,800 
9,100 

25,700 
20,800 
5,800 
8,200 

25,800 
38,600 
19,300 
9,700 

180,000 

SupplI Level 4 
ac-ft 

5,200 
6,000 
5,800 
9,100 

25,700 
20,800 

5,800 
8,200 

25,800 
38,600 
19,300 
9,700 

180,000 



Each of the water supply levels provide a 
volume of water, summarized as follows: 

Level 1 - Existing firm water supply 

different 

Level 2 - Current average ann~al wate~ deliveries 

rate 

Level 3 - water supply needed for full use of existing 
development 

Level 4 -Water delivery needed for optimum management 

and 

1. Delivery Alternative for Level 1 (No Action Alternative) (50,000 
acre-feet) 

Adequate facilities 
supply to the GRCD. 
Levell. 

exist to 
Therefore, 

deliver the current firm water 
no facilities were developed for 

2. Delivery Alternatives for Level 2 (125,000 acre-feet) 

water from the CVP would be conveyed to the GRCD through existing 
canals following modifications to separate the fresh water from the 
agricultural return flows.' The Level 2 alternatives would modify 
existing canals to provide a reliable and good quality water supply'. 
The improved water quality would' allow GRCD to increase wildlife 
habitat such as brood ponds and nesting cover, and increase 
areas with smartweed and watergrass. 

Alternative 2A - convey Water Under the Zahm-Sansoni-Nelson Plan. 
The Zahm~Sansoni-Nelson Plan has been revised several times. Under 
the most recent revision, the San Luis Drain would convey water to 
the Mendota Pool from CVP facilities, surplus water from the San 
Joaquin River, and/or surplus water from the Kings River through an 
intertie in Fresno county (near Bass Avenue). This would allow the 
GRCD to use flood' flows during wet years and reduce capaci ty 
problems which occur when CCID cannot use .the Wolfson Bypass during 
flood periods. Water would be diverted from the San Luis Drain near 
Mallard Road to serve a large portion of the southern GRCD. 

The water would flow in the San Luis Drain to the junction of the 
GWD Santa Fe Canal and the GWD Camp 13 - Mud Siough Bypass. Several 
new valves and a siphon would be constructed to divert CVP water 
into the GWD Santa Fe Canal. The CVP water would be mixed with 
usable agricultural return flows from the SLCC Arroyo Canal which 
also contains flows from the Agatha Canal Extension. The water 
would flow through the GWD Santa Fe Canal and be diverted to the 
SLCC San Luis C ... ~al and Eag).e Ditch for delivery to the GRCD and 
other refuges. 

Currently, the GWD Santa Fe Canal conveys a mixture of useable 
agricul tural return water from the SLCC· Arroyo Canal and poorer 
quality return water from Mud Slough. The water quality of the 
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combined flows is too poor to be used for refuge management. Under 
1::his plan, flows from the Camp 13 Canal would be prevented from 
entering the GWD Santa Fe Canal by a new valve. Instead, the poorer 
quality water would enter the San Luis Drain, as shown in Figure IV 
G-2. 

This plan would allow GRCD to make use 40 to 120 cfs of useable 
agricultural return flows available from April to September without 
using the Porter-Blake Bypass. However, use of the San Luis Drain to 
convey fresh water would require prior cleaning of toxic sediments, 
such as selenium. 

Alternative 2B - utilize the Wolfson Bypass. The CCID Wolfson 
Bypass provides CVP. water from the DMC to the CCID outside. Canal, as 
shown in Figure IV G-2. Water in the CCIn outside Canal can flow 
to the north or the south. When water is conveyed through the 
Wolfson Bypass, water in the CCID·Qutside.Canal flows south. 

The Wolfson Bypass would be used to transfer CVP water to the CCID 
outside Canal. Water would be diverted from the CCID outside Canal 
to the CCID Main Canal through an existing cross-tie. From this 
point, CVP water would be conveyed through the CCID Main Canal to 
the SLCC San Luis Canal for delivery to the refuges. A lift pump 
would be constructed on the CCID Main Canal to transfer water 
through the Helm Extension to the Agatha Canal. 

'Use of this alternative is limited to times when CCID allows water 
to flow to the south in the outside Canal. This plan also may be 
useful when the Mendota 'Pool is dewatered. 

Alternative 2C - Implement a Conjunctive Use Plan. Ninety-five 
wells would be constructed within the non-refuge portion of GRCD to 
deliver the maximum month water demand. The exact locations of " the 
wells would be determined in a future study. The wells would be 
developed as part of a conjunctive use program. During dry years, 
water demands would be supplied by wells, as discussed in Chapter 
III. During wet years, the wells would probably not be needed if 
CVP water is provided. Implementation of this alternative also 
would require implementation of Alternative 2A or 2B. 

3. Delivery Alternatives for Level 3 (180,000 acre-feet) 

The following alternatives would provide facilities to deliver the 
increased water supply level from the DMC to the southern portion of· 
the GRCD. Alternative 3A would require implementation of 
Alternative 2A or 2B. Alternative 3B would require implementation 
of Alternative 3A or 3B. 

Alternative 3A Construct Turnouts on the Delta-Mendota Canal 
at Almond Drive and Russell Avenue. Water would be diverted from 
the DMC at two new turnouts under this plan. The first turnout 
would be located near Almond Drive. A new 12,600-foot unlined canal 
would be constructed parallel to Almond Drive from the turnout to 
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the existing Almond Drive Ditch. Approximately 10,400 feet of the 
Almond Drive Ditch would be rehabilitated to convey the increased 
flows. Water would flow through the Almond Drive Ditch to,Flyway 
Ditch and Gadwall Canal which would serve about 2,000 acres of GRCD 
and eight privat~ hunting clubs. 

The new canal along Almond Drive would include siphons under the 
outside Canal and the Main Canal. During construction these two 
canals would probably be dewatered. Another siphon would be 
constructed under Mercey Spring Road. During construction a detour 
would be required. 

An over-the-liningturnout and pump station would be constructed on 
the DMC near Russell Avenue. water would flow directly into an 
existing ditch that parallels Russell Avenue. The existing ditch 
woulq convey water to a point near the ccrD outside Canal. Water 
would be conveyed in a new lSO-foot siphon under the ccrD outside 
Canal. A new 6000-foot canal would be constructed to convey water 
to the Main Canal upstream of an existing dam for diversion to the 
Helm Canal. Portions of the existing ditch along Russell Avenue 
would be rehabilitated. During construction of the siphon, the 
CCID outside Canal would ~eed to be dewatered. 

Alternative 3B - Implement a conjunctive Use Plan. On the non­
refuge portion of the GRCD, 126 wells wOl.,lld' be' constructed to 
deliver the maximum month water demand. The exact locations of the 
wells would be determined in a future study. The wells would be 
developed as part of a conjunctive use program. During dry years, 
water demands would be supplied by wells, as discussed in Chapter 
III. During wet years ,i the wells would probably 'not be needed if 
CVP water is provided. Implementation of this alternative' also-­
would require implementation of Alternative 3A. 

4. Delivery Alternatives for Level 4 (180,000 acre-feet) 

Water Supply Level 4 is equal to Level 3. Therefore, the 
alternatives for Level 4 would be the same as -discussed for Level 3. 
Alternative 4A would require implementation of Alternative 2A or 2B. 
Alternative 4B would require implementation of Alternative 4A. 

Alternative 4A construct Turnout on the Delta-Mendota Canal 
at Almond Drive and Russell Avenue. This alternative is identical 
to Alternative JA. 

Alternative 4B Implement a Conjunc;::tive Use Plan. This 
alternative is identical to Alternative JB. 

5. Summary of Alternatives 

The beneficial and adverse effects of each alternative to provide 
additional water were compared with respect to criteria listed in 
Chapter III. 
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There were no alternatives for Levell because the existing 50,000 
acre-feet of water· can be delivered in existing facilities. 

Alternative 2A would require reconfiguration of the existing canal 
system. Alternative 2B would use existing facilities. However, 
Alternative 2A would prov~de more operational flexibility than 
Alternative 2B which can only be effective when the. CCID outside 
Canal is flowing to the south. Whenever CCID operates the outside· 
Canal in a northerly flow. pattern, GRCD would ·not receive water 
under Alternative 2B. Both Alternatives 2A and 2B would provide 
better quality water than water that is delivered through the 
Mendota Pool. In addition, conveyance losses would be decreased by 
at least 10 percent if CVP water is not delivered through the 
Mendota Pool. 

Al ternatives 3A and 4A would require long-term conveyance 
agreements as well as extensive improvements to existing canal 
structures. Alternatives 3A and 4A also would require 
implementation of Alternative 2A or 2B. 

Alternatives· 2C, 3B, and 4B would cause an overdraft situation 
during dry years because the wells would withdraw more water than 
the safe yield of the GRCD. These alternative also would require 
implementation of Alternatives 2A or 2B, Alternative 3A, or 
Alternati~e 4A to deliver surface water during wet years. 

C. COSTS AND ECONOMIC ANALYSIS 

Costs of the alternative plans for providing adequate 
water supplies under . the Water Delivery· Levels 2, 3, and 
·4 are presented in Table IVG-2.

1 

The construction costs include 
factors to cover engineering, contingencies, and overhead. 
Annual operation and maintenance (O&M) costs only include the local 
cost of delivering water. The annual O&M costs do not include costs 
to purchase· CVP water. During the advanced planning phase, these 
costs will be refined further. 

construction of the facilities under all of the alternatives would 
result in· additional money being spent in the economy of Merced 
County during the construction period. The construction could be 
completed within one suriuner season by construction workers who 
reside in the area. 

If the total amount of water supplied is equal to· Levell, pUblic 
use will decline from current average annual values of 109, 000 
visits per year (Level 2). Therefore, the local economy that relies. 
upon the public use also would decline. If the total amount of 
water supplied is equal to Levels 3 or 4, the public use and the 
associated economy ·would increase. . 
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Items 

Additional Water (ae-ft) 

Construction Costs 
Wells 
Diversion Structures 
Pipelines/Canals 
Pump Stations 
Subtotal 
Other Costs 
Total (j) 

. Annualiz ed Construction 
Cost (8.87%, 30 yrs) 

Additional Annual Cost 

Operation & Maintenance(i} 
Power 
Local Conveyance Cost 
Subtotal 
Other Costs 
Total(j) 

Total Annual Costs 

Costl Additional Acre-Foot 

$ 

$ 

$ 

$ 

$ 

TABLE IV G-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

GRASSLAND RESOURCE CONSERVATION DISTRICT 

Alternatives 
ZA ZB ZC 3A&4A 

75,000 75,000 75,000- 130,000 

$ $5,84Z,500(C) $ 
540,ooo(e) 

675,000(a) 
175 z000(b) 

2,020,000(£) 
2z300 z000(g) 

675,000 $ 175,000 $5,842,500 
675 z000(d) 

$4,860,000 
675

1
000(n) 

675,000 $ 175,000 $6,517,000 $5,535,000 

64,940 $ 16,840 $ 626,990 $ 532,470 

$ $ 198,700 $ 
75,0000) 300 OOO( m,n) 40, 000 (j) 

825
1
000(k) 56

1
300 (1) 

, 

$ . 825,000 $ 131,300 $ 498,700 
412 z500(d,n) 

$ 40,000 
825 z000(O) 

$ 825,000 $ 131,300 $ 911,200 $ 865,000 

$ 889,940 $ 148,140 $1,538,190 $1,397,470 

$ 11.90 $ 2.00 $ 20.50 $ 10.80 

3B & 4B 

130,000 

$ 7,749,000(h) 

$ 7,749,000 -
5z535 z000(d) 

$13,2.84,000 

$ 1,277,920 

$ 263,500 
520,000 (m, n) 

$ 783,500 
432 z500(d,n) 

$ 1,216,000 

$ 2,493,920 

$ 19.20 



TABLE IV G-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

GRASSLAND RESOURCE CONSERVATION DISTRICT 

Notes: Alternatives lA - Convey water under the Zahm-Sansoni-Nelson Plan. 
Alternatives lB - Utilize the Wolfson Bypass. 
Alternatives lC, 3B and 4B - Implement a Conjuctive Use Plan. 
Alternatives 3A and 4A - Construct Turnouts on the Delta-Mendota Canal at Almond Drive and Russell Avenue. 

(a) 1 siphon, 4 valves, and connecting canal/pipeline, and enlarge existing canals. Cost estimate provided by Reclamation. Does 

not include cost to remove contaminated deposits from San Luis Drain. 

(b) 100 cfs, 5-foot liftpump. 

(c) 95 wells, 600 feet deep, 70-foot lift. 

(d) Alternative lC assumes implementation of Alternative lA, and Alternatives 3B and 4B assume implementation of Alternatives 

3A and 4A. 

(e) Two lOO cfs turnout. 

(f) 18,600 feet of unlined canal, 16,400 feet 6f rehabilitated canal, 5 siphons, relocated bridge, and l crossings. 

(g) 1,000 cfs, IS-foot lift pump. 

(h) 126 wells, 600 feet deep, 70-foot lift. 

(0 Basis for O&M costs are discussed in Appendix F. 

(j) Unit Pumping Cost = $l/af. 

(k) Unit Conveyance Cost = $ll/af ($lO/af by SLC and $l/af by GWD) 

(1) Unit Conveyance Cost = $0.75/af. 

(m) Unit Pumping Cost = $8/af. 

(n) Values are multiplied by 0.5 because facilities are assumed to be used only 5 out of 10 years. 

(0) Alternatives 3A and 4A assumes implementation of Alternative ZA. 



D. WILDLIFE RESOURCES 

The annual bird use in the GRCD is approximately 127,210 ,000 
use-days. Approximately 63 and 5 percent of the bird use. are by 
ducks and geese, respectively. wildlife and fishery resources 
associated with the GRCD are listed in Table IV G-3. The federally 
listed, proposed, and candidate threatened and endangered species 
are the San Joaquin kit fox, Vulpes macrotis mtitica; the Valley· 
elderberry longhorn beetle, Desmocerus californicus dimorphus; 
bald .~gle, Haliaeetus "leucocephalus; peregrine falcon, Falco 
peregrines anatum; and Aleutian Canada goose, Branta .canadensis 
leucopareia, as listed in Table IV G-4. The improved habitat 
would increase the number of wildlife-use days and recreational 
benefits, as presented in T~ble IV G-S. 

Implementation of the alternative plans may not adverse.ly affect the 
listed and candidate threatened and endangered species of birds. 
Detailed field investigations would be completed during the 
advanced planning phase of the project. Implementation of the 
plans may resul t in overall beneficial· environmental effects. 
The No Action Alternative would result in the loss of habitat 
and associated recreation and" wildlife use if supplemental water is 
not available. Additional regional environmental analyses will be 
completed as part·of the Water ContractingEIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the 
facilities under any of the alternatives would be positive due to 
l~he potential increase in public us~. 

F. POWER ANALYSIS 

The Pacific Gas and Electric serves the GRCD under the PA-l rate 
schedule for agricultural users. A facility must be an authorized 
function of the CVP to receive project-use power. The authority to 
deliver CVP proj ect-use power to the GRCD is currently being 
examined and will be detailed in the Refuge Water Supply Planning 
Report. A more detailed discussion of proj ect-use power and 
wheeling agreements is provided in the Power Analysis section of 
Chapter II. 

G. PERMITS 

construction under any of the alternatives would require several 
permits. Merced County would issue permits for construction along 
drainage courses and under roads to ensure that the existing 
drainage facilities would not be adversely affected. CCID would 
Issue permits and approvals for all alternatives. Stream Alteration 
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Permits would be required from the DFG for Alternatives 2A, 2B, 3A, 
and 4A. An Army Corps of Engineers permit would be required for 
construction activities in wetlands or riparian corridors under 
all alternatives. Approvals would be needed from the Regional Water 
Quality Control Board and other state agencies before the San Luis 
Drain could be used to convey CVP water under Alternative 2A. 

IV G-l2 



Pintail(a) 
GadwaU(a) 
Ring-necked Duck 

Ross' Goose 
Snow Goose 

American Coot(a) 

Pied-billed Grebe 
White-faced Ibis 
Lesser Sandhill Crane 
Common Snipe 
Long-billed Curlews 
Great Blue Heron 
Common Egret 

Ring-necked Pheasant(a) 
Cottontail Rabbits 

TABLE IV G-3 

~ 

FISH AND WILDLIFE RESOURCES 

GRASSLAND RESOURCE CONSERVATION DISTIUCT 

Mallard(a) 
Shoveler(a) 
Canvasback 

Ducks 

Geese and Swans 

Cackling Goose 
Tundra Swan 

Coots 

Shore and Wading Birds 

Snowy Egret 
American Bittern 
Black-crowned Night Herons 
American Avocet 
Black-necked Stil t(a) 
Dowitchers· 

Upland Game 

Black-tailed Jackrabbits 
Dove 

Green-winged Teal 
Cinnamon Teal(a) 
Ruddy Duck(a) 
Widgeon 

White-fronted Goose 

Great Yellowlegs 
Sandpiper 
Killdeer(a) 
RaU(a) 
Sora(a) 
Gallinule(a) 



Northern Harrier(a) _ 
·Black-shouldered Kite(a) 
Sparrow Hawk(a) 

Brown Bullhead 
Carp 

Coy"otes 
Opossum 
Beaver 
Spotted Skunk 

Notes: 

(a) Birds nesting on refuge 

TABLE IV G-3 

FISH AND Wll.DUFE RESOURCES 

GRASSLAND RESOURCE CONSERVATION DISTRICT 
( Continued) 

Raptorial Birds 

Red-tailed Hawk(a) 
Cooper's Hawk 
Golden Eagle 

Fish 

Channel Catfish 
Largemouth Bass 

Furbearers 

Muskrats 
Striped Skunk 
Mink 

American Kestrel 
Turkey Vulture 

Striped Bass 

Raccoon 
Grey Fox 
Badger . 

Source: Environmental Assessment Reports, Los Banos Wildlife Area, and Refuge records 



TABLENG-4 

FEDERAL LISTED, PROPOSED, &.CANDIDATE, THREATENED & ENDANGERED SPECIES 

GRASSLAND RESOURCE CONSERYATION DISTRICT 

Listed Species 

Mammals 

Birds 

San Joaquin kit fox, Vulpes macrotismutica (E) 

Aleutian Canada goose, Branta canadensis leucopareia (E) 
Bald Eagle, Haliaeetus leucocephalus (E) 
Peregrine Falcon, Falco peregrines anatu'm (E) 

Invertebrates 
Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(T) 

Proposed Species 

None 

Candidate Species 

Birds 
· Swainsonrs hawk, Buteo swainsoni(Z) 

Tricolored blackbird, Agelaius tricolor (2) 
White-faced ibis, Plegadis chihi (2) 
Western Snowy Plover, Charadrus alaxandrinus 

Reptiles 
Giant garter snake, Thamnophis couchi ~ (2) 
California tiger salamander, Ambystoma tigrinium californiense (2) 

Invertebrates 
Molestan blister beetle, Lytta molesta (2) 

Plants 
Hispid bird's-beak, Cordy Ian thus moilis subsp. hfspidus (2) 
Delta coyote-thistle, Eryngium racemosum (1) 
Bearded allocarya, Plagiobothrys hystriculus (2) 
Valleyspearscale, Atriplex patula subsp. spicata (2) 

Source: USFWS, June 4, 1987 

(E)-Endangered (T)-Threatened (CH)-Critical Habitat 
(I)-Category I: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as' endangered or 
threatened. ' 

(2)-Category 2: Taxa for which existing information indicated may warrant 
. listing, but for which substantial biological information to support a 
propOsed rule is lacking. 



TABLE IVG-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

GRASSLAND RCD 

No Action Alternatives 
Alternative ZA ZB ZC 

Habitat Acres 

Permanent Water 2.00 2.,000 2.,000 2.,000 
Seasonal Marsh 54,800 51,000 51,000 51,000 
Smartweed & Watergrass 1,000 3,000 3,000 3,000 

Bird Use Days 

Ducks 60,000,000 80, OOO~, 000 80,000,000 80,000,000 
Geese 5,000,000 7,000,000 7,000,000 7,000,000 
Waterbirds 30,000,000 40,000,000 40,000,000 40,000,000 
Endangered Species 180 z000 2.10 z000 2.10 z000 2.10 z000 

Total 95,180,000 12.7,2.10,000 12.7,2.10,000 12.7,2.10,000 

Public Use Days 

Consumptive 60,000 70,000 70,000 70,000 
Non-consumptive 31 z 000 39 z 000 39 z 000 39 2°00 
Total 91,000 109,000. 109,000 109,000 

. Total Annual Cost $ $ 889,940 $ 148,140 $ 1 ,538,190 

Incre men tal Cost/ Additional 
1000 Bird Use Days N/A $ 27.80 $ 4.60 $ 48.00 

Incremental Cost/ Additional 
Public Use Day N/A $ 49.50 $ 8.2.0 $ 85.50 

Notes: Alternatives 2.A - Convey water under the Zahm,-Sansoni-Nelson Plan. 
Alternatives 2,B - Utilize the Wolfson Bypass. 
Alternatives 2C, 3B and 4B - Implement a Conjuctivepse Plan. 

3A &: 4A 

4,000 
46,000 

6,000 

100,000,000 
9,000,000 

50,000,000 
2.50 z000 

159,2.50,000 

80,000 
56 z000 

136,000 

$ 1,397,470 

$ 2,1.80 

$ 31.10 

Alternatives 3A and 4A - Construct Turnouts on the Delta-Mendota Canal at Almond Drive and Russell Avenue. 

3B&4B 

4,000 
46,000 

6,000 

100,000,000 
9,000,000 

50,000,000 
2.50 z000 

159,2.50,000 

80,000 
56 z000 

136,000 

$ 2.,493,920 

$ 38.90 

$ 55.40 



E. SOCIAL ANALYSIS 

The social consequences of ,constructing and operating the 
facilities under any of the alternatives would be positive due to 
the potential increase in public use. 

F. POWER ANALYSIS 

The Pacific Gas and Electric serves the GRCD under the PA-l rate 
schedule for agricultural users. A facility must be' an authorized 
function of the CVP to receive project-use power. The authority to 
deliver CVP proj ect-usepower to the GRCD is currently being· 
examined and will be detailed in the Refuge water Supply Planning 
Report e A more detailed discussion of proj ect-use p·ower· and 
wheeling agreements is provided in the Power Analysis section of 
Chapter II. 

G. PERMITS 

construction under any of the alternatives would require several 
permits. Merced County would issue permits for construction along 
drainage courses and under roads to ensure that the existing 
drainage facilities would not be adversely affected. ccrD would 
issue permits and approvals for all alternatives. stream Alteration 
Permits would be required from the DFG for Alternatives 2A, 2B, 3A, 
and 4A. An Army Corps of Engineers permit would be'required for 
construction activities in wetlands or riparian corridors under 
all alternatives. Approvals would be needed from the Regional Water 
Quality and other state agencies before the San Luis Drain could be 
used to convey CVP water under Alternative 2A. 
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CHAPTER IV H 

VOLTA WILDLIFE MANAGEMENT AREA 

Volta wildlife Management Area (Refuge) is owned by Reclamation and 
has been, operated by" DFG since 1952 under a lease agreement. 
The Refuge consists of approximately 3,000 acres of primarily 
large alkali ponds wi th waterfowl areas containing aquatic 
communities, predominantly swamp timothy, bulrush, sprangletop, 
watergrass, and smartweed. The Refuge is located approximately 
six miles northwest of the city of Los Banos and within the 
Grassland Resource Conservation District (GRCD), described in 
Chapter IV' G. The Refuge serves as a control area for ongoing 
selenium studies. 

A. WATER RESOURCES 

The Refuge has a firm contract with Reclamation for '10,000 acre-feet 
of Central Valley Project (CVP) water. The water management plan 
for the Refuge requires flooding to begin on July 15. This early 
flooding provides feeding and resting areas for early arriving 
waterfowl. The Refuge is the first and usually the only area in 
GRCD to be flooded early in the year (CDFG, 1986b). The Refuge needs 
additional dependable water supplies to provide optimum management 
levels. 

1. Surface Waters 

ThelCVP water is delivered from the San ILuis Reservoir and O'Neill 
Forebay via the Delta-Mendota Can"al (DMC) or Reclamation's Volta 
wasteway, as shown in Figure IV'H-1. The Refuge also receives water 
from Volta Lake when the lake water levels are high. Volta Lake is 
supplied by artesian wells. 

2. water Conveyance Facilities 

The Volta Wasteway enters the Refuge at the southwest corner and 
passes through the center. The water is lifted into two ditches by 
low lift pumps near Ingomar Grade Road. The ditches convey water to 
the eastern and western sections of the Refuge. Water flows from 
the boundary ditches to internal ditches by gravity. The ditch 
along the southern boundary contains runoff from an 'adjacent dairy. 

Water also is diverted from the Volta Wasteway via outtake pipes 
located near a check dam in the center of the Refuge. These 18-
inch diameter pipes frequently cause hydraulic constric~ions. 

Grassland Water District (GWD) routes water through the Refuge in 
the GWD San Luis Wasteway/Mosquito Ditch, which sometimes causes 
management problems for the Refuge due to fluctuating water 
ievels. 
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3. Groundwater 

Groundwater levels are usually within 25 feet of the _ land 
surface. The groundwater has relatively high boron concentrations 
and would require surface water for dilution. Although groundwater 
has not been used as a water supply at the Refuge, the safe 
yield of the Refuge has been estimated by Reclamation to be 4,200 
acre-feet. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The DFG estimates that 16,000· acre-feet of water would be required 
for full development and optimum management of the entire refuge. 
For the purposes of assessing the impacts of water delivery 
alternatives, four levels of water supply have been identified and 
are presented in Table IV H-1.. Each of the water supply levels 
provides a different volume of water, and are summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use. of existing 
development 

Level 4 -- Water delivery needed for optimum management 

1. Delivery. Alternative for Levell (No Action Alternative) (J.O,OOO 
acre-feet) 

No additional facilities would be -required to provide the existing 
firm water supply. 

2. Delivery Al ternati va for Level 2 (10·, 000 acre-feet) 

Water Supply Level 2 is equal to Levell. As discussed above, 
no facilities would be required to provide the existing firm water 
supply. 

3. Delivery Alternatives for Level 3 (13,000 acre-feet) 

Al ternati ve 3A would increase the capacity of t.he Volta Wasteway. 
Alternative 3B involves establishment of a conjunctive use program. 
Alternative 3B also would require implementation of 3A to deliver· 
surface-waters during the wet years. 

Al ternati ve 3A . - Construct Turnout at Main Canal and Upgrade 
Outtakes. A turnout on the Central California Water District 
(CCrO) Main Canal and a canal to convey water to the Volta 
Wasteway would be constructed. Water would be supplied to the CCID 
Main Canal· through the Wolfson Bypass which was described in Chapter 
IV G. 
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TABLE. IV H-I 

DEPENDABLE WA~R SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE VOLTA WMA 

Supply Level I S!:!.EEly Level Z Supply Level 3 
Month ac-ft ac-ft 

January 200 200 
February 200 200 
March 200 200 
April 200 200 
May 1,000 1,000 
June 1,200 1,200 
July 600 600.· 
August 1,400 1,400 
September 1,800 1,800 
October 2,000 2,000 
November 600 600 
December 600 600 

Total 10,000 10,000 

Notes: 

Supply Level 1: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum mangement 

Source: USFWS, 1986g 

ac-ft 

200 
200 
200 
200 

2,000 
2,000 

800 
1,400 
1,800 
2,000 
1,100 
1,100 

13,000 

Supply Level 4 
ac-ft 

500 
500 
500 
500 

2,000 
2,000 
1,800 
2,400 
1,800 
2,000 
1,000 
1,000 

16,000 



The IS-inch diameter corrugated metal pipe (CMP) outtake located 
near the check dam in the Volta wasteway would be replaced by a 
24-inch diameter. outtake, as shown in Figure IV H-2. 

Alternative 3B - Implement a conjunctive Use Plan. Four wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. The exact locations of the wells would be determined 
in a future study. The wells would be developed as part of a 
conjunctive use program. During dry years, water demands would be 
supplied by wells, as. discussed in Chapter III. During wet years, 
the wells would probably not be needed if CVP water is provided. 
The groundwater contains relatively high concentrations of boron, 
therefore, surface water may be required to dilute the groundwater. 

4. Delivery Alternatives for Level 4 (16,000 acre-feet) 

water deliverie~ under Level 4 are similar to deliveries under Level 
3. The same alternatives conside~ed for Level 3 would be considered 
for Level 4 ,,' 

Alternative 4A Construct Turnout at Main Canal and upgrade 
Outtakes. Alternative 4A is identical to Alternative 3A. 

Alternative 4B - Imple~~~t:.~ oco.nOjunctive ~se Plan. Five wells 
would be· constructed on. 'b1:le-.• ~Re£l!ge. to del~ ver the maximum month 
water demand. This alternative would be similar to Alternative·3B. 

5. summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to criteria listed in Chapter III. There were no 
alternatives for Levels I and 2, the existing firm water supply. 

Alternatives 3B and 4B would cause a groundwater overdraft because 
the water needs would exceed the safe yield under the Refuge .. 
In addition, surface water would be required to dilute the boron 
concentrations in the groundwater. Alternatives 3B and· 4B would 
require implementation of Alternatives· 3A and 4A to provide surface 
water during the wet years. 

C. COSTS AND ECONOMIC ANALYSIS 

Costs for the alternative plans to provide adequate water 
supplies under Levels 2, 3, and 4 are presented in Table IV H-2. 
The construction costs include factors to cover engineering, 
contingencies, and overhead. Annual operation and maintenance (O&M) 
costs incltide only the local.costs to deliver water. The annual O~M 
costs do not include costs to purchase CVP water. During thE: 
advanced planning phase, these costs will be refined further. 

construction of the facilities under all of the alternatives would 
result in additional money being spent in Merced County 
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TABLE IV B-2 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

VOLTA WMA 

Alternatives 
Items 3A 3B 4A 

Additional Water (ac-ft) 3,000 3,000 6,000 

Construction Costs 
Wells $ $Z46,000(b) $ 
Diversion'Structures 23,000(a) 23 000 (a) , , 

Pipelines/Canals 
Pump Stations 

Subtotal $ 23,000 $2.46,000 $ 23,000 
Other' Costs 2.3,OOO{C) 

Total $ 2.3,000 $269,000 $ 2.3,000 

Annualized Construction Costs 
(8.87%, 30 yrs) $ Z,2.00 ~ 

$ 25,900 $ 2.,210 

Additional Annual Cost 
Operation & Maintenance(e) $ 500 $ 8,400 $ 500 
Power 12,000{g,h) 
Local Conveyance Cost 2 z2.50(f) 4 z 500 ef) 

Subtotal $ 2.,750 $ 2.0,400 $ 5,000 
Other Costs 1 z400(c,h) 
Total $ 2.,750 $ 21,800 $ 5,000 

Total Annual Costs $ 4,950 $-47,700 $ 7,Z10 

Cost/ Additional Acre-Foot $ 1.70 $ . 15.90 $ 1.20 

, I 

4B 

6,000 

$307 , 500 (d) 

$307,500 
Z3 z000{C) 

$330,500 

$ 31,800 

$ 10,500 
24,000(g,h) 

$ 34,500 
Zj500(c,h) 

$ 37,000 

$ 68,800 

$ 11~50 



TABLE IV B-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

VOLTA WMA 

(Continued) 

Notes: Alternatives 3A and 4A - Construct Turnout at Main Canal and Upgrade Outtakes. 
Alternatives 3B and 4B - Implement a Conjunctive Use Plan. 

(a) Two turnouts, two 24-inch diameter outtake. 

(b) 4 wells, 600 feet deep, 70-foot lift. 

(c) Alternative 3B would require implementation of Alternative 3A, and Alternative 4B would require 

implementation of Alternative 4A. 

(d) 5 wells, 600 feet deep, 70-foot lift. 

(e) Basis for O&M costs are discussed in Appendix F. 

(f) Unit Conveyance Cost = $0.75/af. 

(g) Unit Pumping Cost = $8/af. 

(h) Value is multiplied by 0.5 because facilities are assumed to be used only 5 'out of 10 years. 



during construction. The construction could be completed within 
one summer season by construction workers who reside within the 
area. 

Currently, the annual public use is about 7,000 visits per year. If 
additional water is provided, the attendance levels would increase. 

D. WILDLIFE RESOURCES 

The annual bird use in the Refuge is approximately 25,000,000 
use-days. The listed threatened and endangered species are the San 
Joaquin kit fox, Vulpes macrotis mutica; the Valley elderberry 
longhorn beetle, Desmocerus californicusdimorphus, bald eagle, 
Haliaeetus leucocephalus; peregrine falcon, Falco peregrines 
anatum; and Aleutian Canada goose, Branta canadensis leucopareia, 
as listed in Table IV H-3. Numerous candidate species may occur 
in this area, as presented in Table IV H-4. 

Alternatives 3A and 3B and Alternatives 4A and 4B would improve 
habitat on the Refuge. The improved habitat would increase the 
number of wildlife-use days and recreational benefits, as presented 
in Table IV H-S. 

Implementation of any of the alternative plans probably. would not 
adversely affect the listed and candidate threatened and 
endangered species. Detailed field investigations would be 
completed during the advanced planning phase of the project. 
Implementation of the plan would result 'in overall beneficial 
environmental effects. The No Action Alternative would result 
in the management of the refuge under the current water supply 
conditions. Addi tional regional environmental analyses would be 
completed as part of the Water Contracting EIS's. 

E. SOCIAL ANALYSI'S 

f The social consequences of constructing and operating the 
f; plans would be positive due to the potential increase in wildlife 

use and subsequently public use. 

F. POWER ANALYSIS 

The Pacific Gas & Electric Company serves the Refuge under the PA-l 
rate schedule for agricul tural users. A facili ty must be an 
authorized function of the CVP to receive project-use power. The 
authority to deliver CVP project-use power to the Refuge is 
currently being examined and will be detailed in the Refuge Water 
Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is provided in the Power Analysis 
section of Cha~ter II. . 
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TABLE IV H-4 

FEDERAL LISTED, PROPOSED, & CANDIDATE, THREATENED & ENDANGERED SPECIES 

VOLTA WMA 

Listed Species 

Mammals 

Birds 

San Joaquin kit fox, Vulpes macrotis mutica (E) 

Bald eagle, Haliaeetus leucocephalus (E) 
American peregrine falcon, Falco pe:regrinus anatum (E) 
Aleutian Canada goose, Branta canadensis leucopareia (E) 

Invertebrates 
Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(T) 

Proposed Species 

None 

Candidate Species 

Birds 
Swainson's hawk, Buteo swainsoni (2) 
White-faced iqis, Plegadis chihi (2) , 
Western snowy plover, Charadrius alexandrinus nivosus (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Reptiles 
Giant garter sncike, Thamnophis couchi gigas (2) 
California tiger salamander, Ambystoma tigrinium californiense (2) 

Invertebrates 
Molestan blister beetle, Lytta molesta (2) 

Plants 
Hispid bird's-beak, Cordylanthus moilis subsp. hispidus (2) 
Delta coyote-thistle, Eryngium racemosum (1) 
Bearded allocarya, Plagiobothrys hystriculus (2)' 
Valley spearscale, Atriplex patula subsp. spicata (2) 

Source: USFWS, June 4, 1987 

(E)-Endangered (T)-Threatened .(.( H)-Critical Habitat 
(I)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. . , 

(2)-Category 2: Taxa for which existing information indicated may warrant 
listing, but for which substantial biolo'gical information to support a 
proposed rule is lacking. . 



TABLE IV H-5 

Wll.DLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

VOLTA WMA 

No Action Alternatives 
Alternative 3A 3B 4A 

Habitat Acres 

Permanent Water ZOO 225 225 250 
Brood Water 150 200 200 250 
Watergrass 50 600 600 850 
Aquatics 600 550 550 500 
Un-Irrigated· Native 

Marsh 1,650 1,175 1,175 1,000 
Uplands 350 250 250 150 

Bird Use Days 

Coots 1,000,000 1,000,000 1,000,000 1,000,000 
Ducks 3,500,000 5,000,000 5,000,000 6,500,000 
Geese 300,000 300,000 300,000 300,000 
Wading Birds 2.00,000 2.50,000 250,000 300,000 
Shore Birds 2.0 2°00 2000 2°20°°2000 20 Z 000. 2 000 20 2OOO ZOOO 
Total· 25,000,000 26,550,000. 26,550,000 28,100,000 

Public Use Days 

Consumptive 3,900 5,600 5,600 7,400 
Non-Consumptive 3 2 100 4 2300 4 z300 5 2600 
Total 7,000 9,900 9,900 13,000 

Total Annual Cost $ 4,950 $ 47,700 $ 7,210 
Incremental Costl Additional 

1000 Bird Use Days N/A $ 3.2.0 $ 30.80 $ 2.30 
Incremental Costl Additional 

Public Use Day N/A $ 1.70 $ 16. SO $ 1.20 

Notes: Alternatives 3A and 4A - Construct Turnout at Main Canal and Upgrade Outtakes. 
Alternatives 3B and 4B - Implement a Conjunctive Use Plan. 

4B 

250 
250 
850 
500 

1,000 
150 

1,000,000 
6,500,000 

300,000 
300,000 

20 Z000 2OOO 
2.8,100,000 

7,400 
5 2 600 

13,000 

$ 68,800 

$ 22.20 

$ 11.50 



G.PERMITS 

construction activities would require several penni ts. Merced 
County would issue approvals for construction of wells. If the CCIO 
facilities are utilized, their approval would be required.. stream 
Alteration Permits would be required from the OFG for Alternatives 
3A and 4A. An Army Corps of Engineers permit would be required for 
construction activities in wetlands or riparian corridors under all 
alternatives. 
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CHAPTER IV I 

LOS BANOS WILDLIFE MANAGEMENT AREA 

Los Banos wildlife Management Area (Refuge) was purchased in 1929 
and originallY called the Los Banos state Game Refuge. The 5,586 
acre refuge was. the first· in a series of waterfowl refuges 
established throughout California. The DFG manages the Refuge which 
is located approximately four miles northeast of the City of Los 
Banos. The Refuge is centrally located in the San Joaquin River 
floodplain and is included' within ·the Grassland Resource 
Conservation District (GRCD), as discussed in Chapter IV G. The 
management of the Refuge is oriented toward the maintenance' of 
native marsh habitat (USBR~1986a)~ 

A. WATER RESOURCES 
, ;~.r{.~' 

The Re~uge receives 6,200 acre-feet:;f?,B',CVP water through an exchange 
contract for water rights lost fro'ril the San Joaquin River. The 
Grassland Water District (GWD) delivers 2,200 acre-feet of firm 
water. The Refuge also receives 4000 acre-feet of CVP water through 
the San Luis Canal Company (SLCC). This water cannot be supplied 
when the Mendota Pool is dewatered for periodic maintenance. 

The Refuge also can obtain up to 6,500 acre-feet of agricultural 
return flows when available in the GWD Boundary Drain. Water from 
the GWD Boundary Drain is of poorer quality than the ,CVP water 
supplies due to high salt content. Selenium has not been identified 
at high concentrations in the Boundary Drain. 

The Refuge also has 2,000 ·acre-feet of riparian water rights on Mud 
Slough. Mud Slough is a natural drain that flows through the area 
joining the GWD Boundary Drain at't,he middle of the Refuge. At 
times, the Mud Slough has high f~ows and could be used to create 
ponds through the western sections·of the Refuge. However, recent 
studies have shown high selenium ·l~y.els in Mud Slough. Therefore, 
this water would not be used on the··Refuge until the w'ater quality 
improves (DFG, 1987d). 

The Refuge purchased additional land in october 1987 and January 
1988. Through these purchases, the Refuge obtained ~ater rights on 
Salt Slough for 18 and 20 cfs. The Refuge also obtained a water 
contract through these purchases for 15 cfs of Salt Slough water. 
However, Salt Slough has unusable agricultural return flows north of 
the junction with Mud Slough. Because of the water contamination, 
water deliveries under the contracts only can be made during a 
limited period of time. 

1. Surface Waters 

The GWD delivers 
through the SLeC 

the 2,200 
San Luis 

acre-feet of 
Canal, shown 
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water in the winter 
in Figure IV 1-1. 



Approximately 1,400 acre-feet of water is delivered between 
September 15 and November 1. The remaining 800 acre-feet is 
delivered between November 1 and December 31. 

In the past, the SLCC San Luis Canal was used to convey poor quality 
agricultural return water. However, the Po~ter-Blake Bypass which 
was recently constructed, as described in Chapter IV G, allows 
freshwater deliveries to be made via the SLCC San Luis Canal into 
the Refuge. 

In addition, SLCC delivers 4,000 acre-feet of exchange water through 
the SLCC San Pedro and·West Delta Canals. 

2. water conveyance Facilities 

The main source of water to the west side of ·the Refuge is the San 
Luis Canal. Water is diverted at several points ·along the western 
boundary of the Refuge to ·supply the lakes and marsh areas west of 
Mud Slough. This system provides an adequate means for water 
delivery to the west side provided the water· delivered is of 
acceptable quality. 

The eastern area of the Refuge is served through the SLCC San 
Pedro and West Delta Canals and the GWD Boundary Drain. The water 
supply for the San Pedro and West Delta Canal is the SLCC Arroyo 
Canal which receives usable agricultural return flows from GWD. 
The San Pedro Canal can deliver 15 to 20 cfs, and the West Delta 
Canal can deliver approximately 10 cfs. The capacity of these 
facilities are less than required for maximum month flows. In 
addition, these 50-year old systems require extensive maintenance to 
maintain maximum capacity'(DFG, 1987d). I 

The GWD Boundary Drain is a deep agricultural drain which ·enters 
the Refuge from the southeast. This is the primary water source 
for the east-central portion cif the Refuge. The water is lifted by 
20 cfs low-lift pumps and conveyed through a pipe across private 
land to the eastern area of the Refuge. At one time, water from 
the GWD Boundary Drain and Mud Slough was lifted into Ruth Lakes at 
the north end of Lower Ruth Lake. The water. was then lifted from 
the lakes to supply water to the southeast area of the Refuge. 
However, SLCC has dredged the GWD Boundary Drain and Mud Slough 
system three feet deeper than the original depth, and removed all 
structures in the ditch. Therefore, water cannot always· be backed 
up for diversion by the low-lift pumps (DFG, 1987d). 

3. Groundwater 

Groundwater levels are generally within ~~ feet of the land surface. 
The Refuge has similar geologicconditiol~~' to the GRCD, as described 
in Chapter IV G of this report. 
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In 1981, a small dam was removed from the GWD Boundary Drain which 
caused the groundwater level to drop due to decreased seepage. 
This lowering of the water level resulted in an increase in 
refuge water requirements (USBR, 1986a). 

Historically the Refuge has used five wells. High power costs, well 
cave~ins, and poor water quality due to high boron content have 
caused the groundwater system to be abandoned. The Reclamation 
estimates that the safe yield of the Refuge is 6,800 acre-feet 
(USBR, 1986c). . 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The DFG estimates that 50,000 acre-feet of water would be required 
for full development and optimum management of the entire Refuge. 
For the purposes of assessing the impacts of water delivery 
alternatives, four ·levels of water supply have been 
identified, as presented - in Table IV I-I. Each of the water 
supply levels provides a different volume of water, and are 
summarized as follows: . 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use of existing 
development 

Level 4 - Wa~er delivery needed for optimum manag~ment 

1. Delivery Alternative for Levell (No Action Alternative) (6,200 
acre-feet 

No new facilities would be required to deliver the existing firm 
water supply. However to ensure that good quality water is provided 
to the Refuge through the SLCC San Luis Canal, the Zahm-Sansoni­
Nelson Plan would need to be implemented. The Zahm-Sansoni-Neison 
Plan was described in Chapter IV G. 

2. Delivery Alternatives for Level 2 (16,700 acre-feet) 

Alternative 2A was developed to provide an additional diversion 
point and conveyance facilities for the southeastern portion of the 
Refuge. Alternative 2B would provide a conjunctive use program for 
the Refuge. Both of these alternatives assume that the Zahm­
Sansoni-Nelson Plan would be implemented to provide good quality 
water to the Refuge. 

Alternative 2A - Reconstruct San Luis Canal Company Facilities. An 
abandoned diversion ditch was used to convey water from the SLCC 
West Delta Canal to the southeast corner of the Refuge. Under this 
alternative, this 7,500-foot canal would be reconstructed, as shown 
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TABLE IV I-I 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE LOS BANOS WMA 

S!!E:21y Level 1 S!!El!ly Level Z S!!El!ly Level 3 
Month ac-ft ac-ft 

January 200 500 
February 0 500 
March ° 1,000 
April 0 1,000 
May 700 2,000 
June 500 1,500 
July 0 1,500 
August 0 1,670 
September 1,500 2,000 
October 2,000 3,000 
November 1,000 1,500 
December i 300 500 

Total 6 2200 16 2 670 

Notes: 

Supply Level 1: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum mangement 

Source: USBR, 1986a; CDFG, 1986c; USFWS, 1986g 

ac-ft 

500 
500 

1,000 
1,000 
3,000 
4,000 
3,000 
2,000 
2,000 
3,000 
1,500 
1 f OOO 

22 2 500 

Supply Level 4 
ac-ft 

500 
50.0 

1,500 
1,500 
3,000 
4,000 
3,000 
2,500 
2,500 
3,000 
2,000 
1,000 

25 2°°0 



in Figure IV I-2. Portions of the the West Delta Canal also would 
be rehabilitated to reduce maintenance, increase capacity, and 
improve reliability. 

Alternative 2B - Implement a conjunctive Use Program. Eight wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. The exact locations of the wells would be determined 
in a future study. The wells would, be developed as part' of a 
conjunctive use program. During dry years, water demands would be 
supplied by wells, as discussed in Chapter III. During wet years, 
the wells would probably not be needed if CVP water is provided. 
Adequat'e surface water would need to be provided when groundwater is 
use'd to dilute the boron concentrations. Implementation of this 
alternative also would require implementation of Alternative 2A and 
the Zahm-Sansoni-Nelson Plan. 

3. Delivery Alternatives for Level 3 (22,500 acre-feet) 

The alternatives considered for Water Level 3 are similar to those 
considered for Water Level 2. 

Alternative 3A - Reconstruct San Luis Canal Company Facilities. 
This alternative is identical to Alternative 2A. 

Alternative 3B - Implement a conjunctive Use Program. This 
alternative would be similar to Alternative 2B, except that 13 wells 
would be constructed on the Refuge.' The exact locations of the 
wells would be determined in a future study. Implementation of this 
alternative also would, require implementation of Alternative 3A and 
the Zahm-Sansoni~Nelson Plan. 

4. Delivery Alternatives for Level 4 (25,000 acre-feet) 

The alternatives considered for Water Level 4 are similar to those 
considered for Water Level 2. 

Alternative 4A '- Reconstruct San Luis Canal Company Facilities. 
This alternative is identical to Alternative 2A. 

Alternative 4B - Implement a conjunctive Use Program. This 
alternative would be similar to Alternative 2B, except that 13 wells 
would be constructed on the Refuge. The exact locations of the 
wells would be determined in a future study. Impleltlentation of'this 
alternative also would require implementation of Alternative 4A and 
the Zahm-Sansoni-Nelson Plan. 

5. summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter III. 
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There are no alternatives for Level 1i however to ensure that good 
quality water is provided, the Zahm-Sansoni-Nelson Plan described in 
Chapter IV. G would need to be implemented. 

Alternatives 2A, 3A, and 4A would improve operations and decrease 
maintenance of existing facilities, as ·well as increasing 
operational flexibility. 

Alternatives 2B, 3B, and 4B would provide a conjunctive use program. 
Implementation of a conjunctive use program would result in a 
groundwater overdraft because the amount of water needed during dry 
years will exceed the safe yield of the Refuge. During dry years 
when groundwater is used, 'adequate surface water is needed to dilute 
the boron concentrations . These alternatives would require 
implementation of Alternatives 2A, 3A, and 4A to deliver surface 
'water during the wet years. 

C. COSTS AND ECONOMIC ANALYSIS 

Costs for· the alternative plans to provide adequate water 
supplies under Water Supply Levels 2, 3, and 4 are presented in 
Table IV 1-2. The construction costs include factors to cover 
engineering, contingencies, and overhead. Annual operation and 
maintenance (O&M) costs include only the local costs of delivering 
water. The annual O&M costs do not include costs to purchas~ CVP 
water. During the advanced planning phase, these costs will be 
refined further .. 

Construction of the facilities under all of the alternatives 
would result 'in additional money being spent in Merced County 
during construction. The construction could be completed within 
one summer season by construction workers who reside in Merced, 
Madera or Fresno County. 

Currently (Level 2), the annual public use at the Refuge is 
about 34,400 visits per year. If additional water is provided, the 
attendance levels would increase. If the water supply is decreased 
to Level 1, public use would decrease significantly. 

D. WILDLIFE RESOORCES 

The annual bird use in the Refuge is appro~imately 23,768,000 
use-days. wildlife and.fishery resources associated with the Refuge 
are presented in Table IV 1-3. There are no listed threatened or 
endangered species at the Refuge. Numerous candidate species may 
occur in this area and are summarized in Table IV 1-4. 

The alternative plans would' provide additional water to improve 
habitat in the Refuge. ·The improved habitat would increase the 
number of wildlife-use days and recreational benefits as 
presented in Table IV 1-5. 
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Pintai1(a) 
GadwaU{al. 
Ring-necked Duck 

Ross' Goose 
Snow Goose 

Pied-billed Grebe 
White-faced Ibis 
Lesser Sandhill Crane 
Common Snipe , 
Long-billed Curlew' :'~., 
Great Blue Heron 
Common Egret r.:· 

Ring-necked' Pheasant(a) 
Cottontail Rabbits 

TABLE IV 1-3 

FISH AND Wll.DUFE RESOURCES 

LOS BANOS WMA 

Mallard(a) 
Shoveler(a) 
Canvasback 

Ducks 

Geese and Swans 

Cackling Goose 
Tundra Swan ~ 

Coots 

American Coot(a) 

Shore and Wading Birds 

Snowy Egre t .... 
American Bittern 
Black-crowned Night Herons 
American Avocet 
Black-necked Stilt (a) 
Dowitchers 

Upland Game 

Black-tailed Jackrabbits 
Dove 

Green-winged Teal 
Cinnamon Teal(a) 
Ruddy Duck(a) 
Widgeon 

White-fronted Goose 

Great Yellow legs 
Sandpiper 
Killdeer(a) 
Ran(a) 
Sara(a) 
Gallinule(a) 





Northern Harrier(a) 
Black-Shouldered Ki te(a) 
Sparrow Hawk(a) 

Brown Bullhead 
Carp 

Coyotes 
Opossum 
Beaver 
Spotted Skunk 

Notes: 

(a) Birds nesting on refuge 

TABLE IV 1-3 

FISH AND WILDLIFE RESOURCES 

LOS BANOS WMA 
( Continued) 

Raptorial Birds 

Red-tailed Hawk(a) 
Cooper's Hawk 
Golden Eagle 

Fish 

Channel Catfish 
Large Mouth Bass 

Forbearers 

Muskrats 
Striped Skunk 
Mink 

American Kestrel 
Tur key Vulture 

Striped Bass 

Raccoon 
Grey Fox 
Badger 

Source: Environmental Assessment Reports, Los Banos Wildlife Area, and Refuge rec.ords 



TABLE IV 1-4 

FEDERAL LISTED,. PROPOS~D, tAt CANDIDATE, THREATENED tAt ENDANGERED SPECIES 

LOS BANOS WMA 

Listed SpeCies 

Mammals 

Birds 

San Joaquin kit fox, Vulpes macrotis mutica (E) 

Bald eagle, Haliaeetus leucocephalus (E) 
American peregrine falcon, Falco peregrinus anatum (E) 
Ale':ltian Canada goose, Branta canadensis leucopareia (E) 

Invertebrates 
Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(T) 

Proposed Species 

None 

Candidate Species 

Birds 
Swainson'shawk, Buteo swainsoni (2) 
White-faced ibis, Plegadis chihi'(z') 
Western snowy plover, Charadrius alexandrinus nivosus (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Reptiles 
Giant garter snake, Thamnophis couchi gigas (2) 
California tiger salamander, Ambystoma tigrinium californiense (2.) 

Invertebrates 
Molestan blister beetle, Lytta molesta (2) 

Plants 
Hispid bird's-beak, Cordylanthus moUis subsp. hispidus (2)· 
Delta coyote-thistle, Eryngium racemosunl (1) . 
Bearded allocarya, Plagiobothrys hystriculus (2) 
Valley spearscale, Atriplex patula subsp. spicata (2) 

Source: USFWS, June 4, 19~7 

(E)-Endangered (T)-Threatened (CH)--Critical Habitat 
(I)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2.)-Category 2.: Taxa for which existirig information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 



CHAPTER IV J 

KESTERSON NATIONAL WILDLIFE REFUGE 

Kesterson National Wildlife Refuge (Refuge) was ~urchased by 
Reclamation in 1969 as part of the San Luis Drain Project. 
Originally, the S,900-acre refuge was to be used as a regu~ating 
reservoIr for drain water. The Refuge consists of natural 
marshlands and grassland/vernal pool habitat. The Refuge is located 
four miles east of Gustine, as shown in Figure IV J-l. 

As discussed in Chapter IV G, a portion of. the refuge was 
contaminated due to high selenium concentrations. These areas are 
currently managed by Reclamation under the Kesterson Cleanup Program 
and are not discussed in this document. The' Service manages the 
remainder of the Refuge. 

The management obj ectives of the portion of the Refuge managed 
by the service are to provide habi tat for migratory waterfowl 
and shorebirds, and to maintain habitats and populations of 
endangered species, native plants, and animals. From October to 
April,· the Refuge provides flooded wetlands for loafing, 
nesting, and feeding waterfowl. Flooded wetlands are available in 
closed areas to provide sanctuary for waterfowl and in hUnting areas 
to provide h~nting opportunities. 

Management activities are directed at providing J;l1arsh food 
plants through moist soil management practices. Swamp 
timothy, smartweed, spikerush, and alkali bulrush are the major 
food producing species. Production of thes'e species require--
drawdown of the waters in the spring and irrigation during the 
summer (USBR, 1986a). 

At full development , additional wetlands would be pr.ovided and 
food production would be less intensive with swamp timothy and 
alkali bulrush being the maj or species managed . T.his would 
provide a more open marsh. The eastern side of the Refuge would 
have some permanent water and thicker stands of cattail and 
bulrush to partially compensate for the loss of the 
contaminated Kesterson Reservoir and to provide nesting habitat 
for critical species such as the tri-colored blackbird. Periodic 
flushings would occur in the fall and winter to maintain acceptable 
salt balances. 

A. WATER RESOURCES 

The Refuge receives 3,50.0 acre-feet of firm CVPwater each year 
through the Grassland Water District (GWO). Drain. water is not used­
for refuge management due to unacceptable levels of selenium. As 
discussed in Chapter IV G of this report, water quality has been a 
problem at the Refuge. 

IV J-l 



1. Surface waters 

The GWD conveys water to the Refuge from September 15 to November 15 
through the San Luis Canal Company (SLCC) San Luis Canal and the GWD 
Santa Fe Canale 

The San Luis Drain terminates in the central area of the Refuge at 
the GWD Mud Slough. Water from the San Luis Drain and the GWD Mud 
Slough is not used due to selenium contamination. 

2. Wate~ conveyance Facilities 

The GWD delivers water to the east side of the Refuge through 
the San Luis Canal and a deep well. The capacity of the SLCC San 
Luis Canal is limited- to 20 cfs due to the size of control 
structures and shape of the canal. Cleaning and reshaping of the 
SLCC San Luis Canal, rehabilitation of levees, and improvements to 
drainage channels are n~eded t~ assure. adequate water delivery 
capacities. 

Water is delivered to the west side of the Refuge through the GWD 
Santa Fe Canal and Eagle Ditch. The GWD Santa Fe Canal is located 
near the southwestern end of the Refuge and drains into the GWD 
Mud Slough and the wetlands outside of the Refuge. TheGWD Santa Fe 
Canal has adequate capacity to deliver water to the Refuge. 

Eagle Ditch is located just outside the west-central' side of the 
Refuge. ,The Eagle Ditch receives water from ,the GWD Santa Fe Canal. 
Water from the Eagle Ditch must be conveyed to the Refuge ·through 
private wetlands within Grassland Resource Conservation District 
,(GRCD) . 

Conveyance system problems within the Refuge are due to the lack of 
f~cilitiesto supply water to the Refuge boundaries. For example, 
there is no·. adequate means of delivering water through Eagle 
Ditch to the northwest portion the Refuge. 

3. Groundwater 

Groundwater levels are generally within 25 feet of the land 
surfaces. The Refuge has similar geologic conditions as the 
GRCD described in Chapter IV G." 

One well on the Refuge has been reactivated and provides water to a 
portion of the east side. The reactivated well produces 20,000 
gpm. The well produces water with a fairly high salt content, 
therefore, surf?~\~ water with a low salt level is added .periodically 
for dilution. Reclamation estimates 'the safe yield to be 11,900 
acre-feet per year. 
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TABLE IV 1-5 

waDLlFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

LOS BANOS WMA 

No Action AlternatiYes 
Alternative ZA ZB 3A 3B 

Habitat Acres 

Permanent Water 100 484 484 484 484 
Watergrass 500 500 700 700 
Aquatics 2.00 2.00 
Native Marsh 1,500 1,500 1,2.00 1 ,2.00' 
Un-irrigated Native Marsh 1,000 
Uplands 2.,108 724 724 62.4 62.4 

Bird Use Days 

Coots 2.00,000 1,000,000 1,000,000 1,000,000 1,000,000 
Ducks 4,000,000 12,000,000 12.,000,000 12.,000,000 12.,000,000 
Geese 1,000,000 2,500,000 2.,500,000 2.,500,000 2,500,000 
Cranes 1,000 18,000 18,000 19,000 19,000 
Wading Birds 80,000 2.50,000 250,000 300,000 300,000 
Shorebirds 2 2°°0 2°°0 8 t OOO zOoo 8 z000 zooo 8z500 2 OOO 8 2 500 z000 
Total 7,2.81,000 23,768,000 2.3,768,000 24,319,000 24,319,000 

Public Use Days 

Consumptive 2,2.00 3,400 3,400 3,800 3,800 
N on-Consumpti ve 11 2600 31 z 000 ~ 31 z 000 33 z000 33 z000 
Total 13,800 34,400 34,400 ': 36,800 36,800 

Total Annual Cost $ $ 116,480 $ 162,730 $ 165,480 $ 2.48,550 

Incremental Cost/ Additional 
1000 Bird Use Days N/A $ 7.10 $ 9.90 $ 9.70 14.60 

Incremental Cost/ Additional 
Public Use Day N/A $ 5.70 $ 7.90' $ 7.2.0 $ 10.80 

Notes: Alternati ves 2A, 3 A, and 4A - Reconstruct San Luis Canal Company Facilities. 
Alternatives lB, 3B, and 4B - Implement a Conjunctive Use Plan. 

4A 4B 

600 600 
850 850 
300 300 

1,000 1,000 

458 '458 

1,000,000 1,000,000 
14,500,000 14,500,000 
2,500,000 2,500,,000 

19,000 19,000 
350,000 350,000 

8 z500 z000 8 z500 z000 
26,869,000 26,869,000 

4,200 4,200 
35 z000 35 z000 
39,2.00 39,2.00 

$ 190,480 $ 2.72.,610 

$ 9.70 $ 13.90 

$ 7.50 $ 10.70 



I~plementation of any of the alternative plans probably would not 
adversely affect the. candidate threatened· and endangered 
species. Detailed field investigations would be necessary 
during the advanced planning phase of the project. Implementation 
of a plan would resul t in overall benef icial environmental 
effects. The No Action Alternative would result in loss of marsh 
habitat. Additional regional environment~l analyses would be 
completed as part af the Water Contracting EIS.'s. 

E. SOCIAL ANALYSIS 

The social consequences of constructing 
alternatives would be positive due to the 
wildlife use and subsequently public use. 

F. POWER ANALYSIS 

and aperatil?-g the 
potential increase in 

The Pacific Gas and Electric serves the Refuge under the PA-l 
rate· schedule for agricultural users. A facility must be an 
authorized function of the CVP to receive project-use power. The 
authority to deliver CVP project-use power to the Refuge is 
currently being examined and will be detailed in the Refuge Water 
Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is provided in the Power Analysis 
section of Chapter II. 

G. PERMITS 

construction under any of the alternatives would require several 
permits. Merced County would issue aPf>rovals for construction 
along 'roads and drainage courses to ensure that the existing 
drainage facilities would not be adversely affected. In addition, 
Merced County would issue permits fqr wells. stream Alteration 
Permits would be required from the DFG for Alternatives 2A, 3A, and 
4A. An Army Corps of Engineers permit would be required for 
construction activities in wetlands or riparian corridors under 
Alternatives 2A, 3A, and 4A. 
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TABLE IV I-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

LOS BANOS WMA 

Items 

Additional Water (ac-ft) 

Construction Costs 
Wells 
Pipelines/Canals 
Subtotal 
Other Costs 
Total (e) 

Annualized Construction 
Cost (8.87%, 30 yrs) 

Additional Annual Cost 

ZA 

10,500 

$ 
15,300(a) 

$ 15,300 

$ 15,300 

$ 1,480 

Operation & Maintenance(f) $ 1,000 
Power, ,::.) 
Local Conveyance Cost{i) 105,000 
Subtotal $106,000 
Other Costs 
Total (e) $106,000 

Total Annual Costs $107,480 

Cost/Additional Acre-Foot $ 7.00 

ZB 

10,500 

$424,000(b) 

$424,000 
15,300(C) 

$439,300 

$ 42"Z60 

$ 14,400 
48,570(g,h) 

$ 62,970 
53,000(c,h) 

-$115,970 

$158,230 

$ 15.10 

Alternatives 
3A 3B 

16,30fr 16,300 

$ --
15,300(a) 

$ 15,300 

$ 15,300 

$ 1,480 

$ 1,000 

i63,000 
$164,000 

$164,000 ' 

$165,480 

$ 10.20 

$689,000(d) 

$689,000 
15,300(C) 

$704,300 

$ 67,760 

$ 23,400 
75,390(g,h) 

$ 98,790 
82,000(c,h} 

$180,790 

$248,550 

$ 15.30 

4A 

18,800 

$ --
15,300(a) 

$ 15,300 

$ 15,300 

$ 1,480 

$ 1,000 

188,000 
$189,000 

$189,000 

$190,480 

$ 10.20 

4B 

18,800 

$689,000(d) 

$689,000 
15,300 

$704,300 

$ 67,760 

$ 23,400 
86,950(g,h) 

$110,350 
94,500(c,h) 

$204,850 

$272.,610 

$ 14.50 



TABLE IV I-Z 

SUMMARY OF ESTWATED COSTS OF ALTERNATIVES 

LOS BANOS WMA 

(Continued) 

Notes: Alternatives lA, 3A, and 4A - Reconstruct San L4is Canal Company Facilities. 
Alternatives lB, 3B, and 4B - Implement a Conjunctive Use Plan. 

(a) Reconstruct 7,500 feet of unlined canal and portions of W{!st Canal. 

(b) 8 wells, 500 feet deep, 80-foot lift. 

(c) Alternative lB would require implementation' of Alternative lA, Alternative 3B would require 'implementation of Alternative 3A, 

and Alternative 4B would require implementation of Alternative 4A. 

(d) 13 wells, 500 fe~t deep, 80-foot lift. 

(e) Does not include cost for Zahm-Sansoni-N elson Plan which is discussed in Chapter IVG. 

(f) Basis for O&M cost,s are discussed in Appendix F. 

(g) Unit Pumping Cost = $9.l5/af. 

(h) Values multiplied by 0.5 because facilities are assumed to be used only 5 out of 10 years. 

(0 Unit Conveyance Cost = $IO/af. 



B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS. 

The Service estimates that 10,000 ac~e-feet of water would be 
required for full development and optimum management of the entire 
Refuge. For the purposes of assessing the impacts of water delivery 
alternatives, four levels of water supply have been identified, a~ 
are presented in Table IV J-l. Each of the water supply 
levels provides a different volume of , water, and are summarized 
as follows: 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 ~ water supply needed for full use of existing 
development 

Level 4 - water delivery needed for optimum management 

1. Delivery Alternative for Level 1. (No Action. Alternative) (3,500 
acre-feet) 

No new facilities would be required to deliver the existing firm 
water supply. However to ensure that good quality water is provided 
to the Refuge through the SLCC San Luis Canal, the Zahm-Sansoni­
Nelson Plan would need to be. implemented. The Zahm-Sansoni-Nelson 
Plan was described under Alternative' 2A for the Grassland Resource 
Conservation District in Chapter IV G. 

2. Delivery Alternative for Level 2 (3,500 acre-feet) 

Alternative 2A would increase water delivery efficiency on the 
Refuge. This alternative would require implementation of the Zahm­
Sansoni-Nelson Plan to provide good quality water to the Refuge. 

Alternative 2A - Rehabilitate Santa Fe Canal. To maximize water 
delivery efficiency, the existing terminals of the GWD Santa Fe 
Canal would be rehabilitated and extended, and a weir would be 
replaced or rehabilitated, as shown in Figure IV J~2. 

3. Delivery Alternatives for Level 3 (10,000 acre-feet) 

Alternatives 3A, 3B, 3e, and 3D would increase the water supplies 
available to developed areas of the Refuge. Alternative 3E would 
provide a conjunctive use program. All of these alternatives would 
require implementation of the Zahm-Sansoni-Nelson Plan and 
Alternative 2A. ~. 

Alternative 3A - Extend Eagle Ditch into the Refuge. Eagle Ditch 
w011ld be extended northward through the Lone Tree Duck Club to Teal 
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TABLE IV J-l 

DEPENQABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE KESTERSON NWR 

SlIP1)l:I Level 1 S!!EEI:I Level Z SS!ElT Level 3 S~EI:I Level 4: 
Month ac-ft ac-ft 

January ° ° February O' 0 
March 0 ° April ° ° May ° 0 
June ° 0 
July ° ° August ° ° September 500 500 
October 1,500 1,500 
November 1,500 1,500 
December .0 ° 
Total 3 z500 3 z500 

Notes: 

Supply Level 1: Existing firm water supply 
Supply Level Z: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum mangement 

Source: USFWS, 1986 

ac-ft ac-ft 

500 500 
500 500 
750 750 

1,000 1,000 
1,000 1,000 

600 600 
600 600 
800 800 

1,000 1,000 
1,500 1,500 
1,000 1,000 

750 750 

10 z000 10z000 



water. During the advanced planning phase I these costs will be 
refined further. 

Construction of the facilities under all of the alternatives 
would result in additional money being spent in Merced County 
during construGtion. The construction could be completed within one· 
summer season by construction workers who reside in the area. 

Currently, the annual public use to Kesterson NWR averages 2,100 
visits per year (Level 2). If additional water is provided, the 
attendance levels would increase. 

D. WILDLIFE RESOURCES 

The annual bird use on the Refuge is approximately 3,757,900 use­
days. Wildlife and fishery resources associated with the Refuge are 
presented in Table IV J-3. The listed threatened and endangered 
species associated with the Refuge are the San Joaquin kit fqx, 
Vulpes macrotis mutica; the bald eagle, Haliaeetus leucocephalus; 
the American peregrine. falcon, Falco peregrinus anatum, and the 
Aleutian Canada goose, Branta canadens is leucopare ia. Numerous 
candidate species may occur in this area and are also presented in 
Table IV J-4. 

The Refuge may have the highest populations of the endangered San 
Joaquin kit fox in the GRCD area. It "also has the largest 
associations of native plants' of any San Joaquin Valley refuge. A 
nesting colony of snowy egrets and black crowned night· herons use 
the. bulrushes in Sprig Lake, a deep water marsh. The Refuge has 
one of the'best remaining native prairie/vernal 'pool association? in 
the area. These vernal pools are the homes of rare plants and are 
used by waterfowl and resident species. 

Implementation of any of the alternatives probably would not 
adversely affect listed, proposed, and candidate threatened and 
endangered species. Detailed field investigations will be necessary 
during the advanced planning phase of the project. Implementation 
of any of the alternatives would improve habitat, increase bird Use, 
and result in overall beneficial environmental effects, as 
indicated in Table· IV J-5. Additional regional environmental 
analyses will be completed as part of the W·ater Contracting EIS' s. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the 
alternative plans would be positive due to the potential increase 
in public, use. 
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Mallard(a) 
Green-winged Teal(a) 
Pintail(a) . 
Ruddy Duck(a) 
Redhead(a) 
Cinnamon Teai(a) 

Snow Goose 
Ross' Goose 

American Coot 

American Avocet(a) 
Black-necked Sti1t(a) 
Common Snipe 
Long-billed Dow Hcher 
Least Sandpiper 
Dunlin 
Western Sandpiper 
Greater Yellowlegs 

TABLE IV J-3 

WILDLIFE UESOURCES 

KESTERSON NWR 

Ducks 

Gadwall(a) . 

Blue-w inged Teal 
Bufflehead 
Wood Duck 
Lesser Scaup 

Geese· and Swans 

Whi te-fron ted Goose 
Canada Goose 

Coots 

Shore and Wading Birds 

Long-billed Curlew 
Killdeer(a) 
Pied:"'billed Gre be(a). 
California Gull 
Whi te Pelican 
American Bittern(a) 
Grea t Blue Heron 
Great Egret 
White-Faced Ibis 

American Wigeon(a) 
Northern Shoveler(a) 
Canvasback(a) 

Ring-necked Duck 

Cackling Canada Goose 
Tundra Swan 

Snowy Egret(a) 
Black-crowned Night Heron(a) 
Lesser Sandhill Crane 
Grea ter Sandhill Crane 
Virginia Rail(a) 

Sora 
Common Moorhen(a) 
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and Sprig Lakes. This plan would require construction of a 
7,600-foot ditch, two 3-way control stiuctures, six crossings, one 
siphon, and six turnouts. 

Alternative 3B - Extend West Side Ditch to Eagle Ditch. The West 
Side Ditch would be used to convey water from Garzas Creek to Eagle 
Ditch. A 6,OOO-foot ditch would be constructed to connect the West 
Side Ditch and Eagle Ditch. The additional water would be conveyed 
through Eagle Ditch to Teal and Sprig Lakes. This alternative would 
require implementation of Alternative 3A. 

Alternative 3C Convey water from Ga~zas Creek to Los Banos 
Creek. Water from· the Central California Irrigation District 
(CCID) Main Canal would be routed from Garzas Creek northward 
through Los Banos Creek to the Refuge boundary. Ditches and a low­
lift pump station would be used to convey water from Garzas Creek 
to Sprig and Teal Lakes. 

Alternative 3D - utilize Mud Slough. Although the Mud Slough waters 
are currently contaminated, this conveyance system would be utilized 
in the future if the quality of the Mud Slough water impioves and 
selenium levels become acceptable for safe fish and wildlife 
existence. However, two low-lift pumps and a conveyance system 
would required. 

Alternative 3E - Extend santa Fe Canal. The GWD Santa Fe Canal 
would be extended onto the Refuge. Approximately. 2,500 feet of 
existing ditches would be replaced or rehabilitated. 

Alternative 3F - Implement. a Conjunctive Use Plan. Four wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. The exact locations of the wells would be determined 
in a future study. The wells would be developed as part" of a 
conjunctive use program. During dry years, water demands would be 
supplied by wells, as, discussed in Chapter III. During wet years, 
the .wells would probably not be needed if CVP water is provided. 
Surface water would be needed during dry years to be used for 
dilution to reduce salt concentrations in the groundwater supply. 
Implementation of this alternative also would require implementation 
of Alternative 2A; Alternatives· 3A, 3B, 3C, or 3E; and the Zahm­
Sansoni-Nelson Plan. 

4. Delivery Alternatives for Level 4 (10,000 acre-feet) 

The amount of water to be delivered under Level 4 is equal to the 
amount of water to be delivered under Level 3. Therefore, the 
alternatives considered for Level 4 would be the same as for Level 
3. All .. of these alternatives would require implementation of the· 
Zahm-S~nsoni-Nelson Plan and Alternative 2A~ 

Altgrnative 4A Extend Eagle Ditch into the Refuge. This 
al ternative is ide"ntical to Alternative 3A. 
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Alternative 4B Extend west Side Ditch to Eagle Ditch~ This 
alternative is identical to Alternative 3B. 

Alternative 4C Convey water from Garzas Creek to Los Banos 
Creek. This alternative is identical to Alternative 3C. 

Alternative 40 - utilize Mud Slough. This alternative is identical 
to Alternative 3~. 

Alternative 4E - Extend santa Fe Canal .. 
identical to Alternative 3E. 

This alternative is 

, Alternative 4F - Implement a Conjunctive Use 
alternative is identical to Alternative 3F. 

5. Summary ofAltern~tives 

Plan. This 

The beneficial and adverse effects of each alternative were compared 
with respect to criteria listed in Chapter III. 

There were no alternatives considered for Levell, the No Action 
Alternative. 

Alternative 2A was developed to improve operational efficiency of 
the GWD Santa Fe Canal and the SLCC San Luis Canal. 

Alternatives 3A through 3E and Alternatives 4A through 4E were 
developed to improve delivery of water to all portions of the 
Refuge. Al-ternatives 3A, 3B, ,4A, and 4B would' reqUire long-term­
agreements with SLCC. Alternatives 3C and 4C also would require a 
long-term agreement with CCIO. Aiternatives 3D and 40 would require 
removal of contaminants from the Mud Slough. If the contamination is 
removed, Alternatives 3D and 40 provide the most flexibility to the 
Refuge because, Mud Slough flo~s through the center of the Re~uge. 

Alternatives 3F and 4F also would require implementation of surface 
water alternatives (Alternatives- 3A through 3E or Alternatives 4A 
through 4E) to provide water during wet years. In addition, surface 
water would be required during dry years to dilute salt 
concentrations in the groundwater supply. 

,All of the alternatives would require implementation of the Zahm­
Sansoni-Nelson Plan to provide good quality water. Alternative 3B 
also would require implementation of Alternative 3A. 

C. COSTS AND ECONOMIC ANALYSIS 

costs of the alternative plans to provide adequate water 
~upplies under the Water Levels 2,3, and 4 are presented in Table 
iV J-2. The construction costs include factors to cover 
engineering, contingencies, and overhead. Annual operation and 
maintenance (O&M) costs only include the local c~sts of delivering 
water. The annual O&M costs do not include costs to purchase CVP 
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Item. ZA 

Additional" aler (ae-It) ° 
ConatrucUoD Wella 

Wells $ 
Diversion Structures 15 ,000(.) 
Pipelines/Canals 
Pump Stations 

Subtotal $ 15,000 
Other Costs 

Total (m) $ 15,000 

ADDuallsed ConatruCtloD 
Coat (8.81%, 30 yn) $ 1,450 

Additional ADDUaJ Coil 

Operation 4« Maintenance(o) $ 
Power 
Local Conveyance Cost 

Subtotal $ 
Other Costs 

Total (m,n) $ 

Tolal AIUlWl.I Coata $ 1,450 

CoatI Additional Acre-Fool 

TABLE-IV J-2 

SUMMARY OF ESnMATED COSTS OF ALTERNA11VES 

KESTERSON NWR 

Altena.aU.ea 
.lA It 4A 3B il4B lC It 4C lD It 40 

6,500 6,500 6,500 0,500 

S $ 
lS,OOO(b) 

$ $ 
15,OOO(b) 

15, Z80( f) 10I,aOO(e) 6.,100(e) 5,000Ch) 
lZO.OOO(g) l40

1
000(i) 

$116,000 
IS.OOO(d) 

$ 19,100 
IS.OOO(d) 

$llS,l80 
IS.OOO(d) 

$2.45,000 
IS.OOO(d) 

$131,000 $ 9.,100 $150,280 $260,000 

$ lZ.600 $ 9,110 $ 14,.60 $25,010 

$ 1,7S0 $ 1,2.00 $ 2,100 $ 2,400 

6 500(P) 6 5~~(P) 
6,500(Q) 6,500(Q) 
4,880 h ) 0.500(P) , • 

$ 8,250 $ 1,100 $ 13 ,480 $ 15,400 

$ 8,2.50 $ 7,700 $ 13 ,480 $ 15,400 

$ 2.0,850 $ 16,810 $ 17 ,940 $ 40,410 

$ 3.2.0 $ l.60 $ 4.30 $ 6.ZO 

I. 
3B.4E IF.4F 

6,SOO 6,500 

$ $ZIZ,OOO(k) 

6,900 (j) 

$ 6,900 
15.000(d) 

$HZ,OOO 
l81.900( I) 

$ 2.1,900 $493,900 

$ 2,110 $ 41,510 

$ $ 1,200 
30,100(S,t) 

6,500(P) 

$ 6,500 $ 31.300 
10 .950 (l ~ 5) 

$ 6,500 $ 48,250 

$ 8,610 $ 95,760 

$ 1.30 $ 14.70 



TABLE IV J-l, 

SUMMARY OF ESTDIATED COSTS OF ALTERNATIVES 

KESTERSON NWR 

Notes: Alternative 2.A - Rehabilitate Santa Fe Canal. 
Alternatives 3A and 4A - Extend Eagle Ditch into the Refuge. 
Alternatives 38 and 4B - Extend West Side Ditch to Eagle Ditch. 

(Cootiuaed) 

Alternatives 3C and 4C - Convey Water from Garzas Creek to Los Banos Creek. 
Alternatives 30 and 40 - Utilize Mud Slough. 
Alternatives 3E and 4E - Extend Santa Fe Canal. 
Alternatives 3F and 4F - Implement a Conjunctive Use Plan. 

(a) Rehabilitate 2. weirs on the Santa Fe Canal. 
(b) 1 measuring device; two 3-way controls; and 6 turnouts, 2.5 cfs. 
(c) 1,600 feet of unlined canals; 50 cis; 6 road crossings, 50 cfs. 
(d) Alternatives 3A through 3F and 4A through 4F would require implementation of Alternative 2.A. 
Je) 13,600 feet of unlined canals, 25 cfs; one siphon, 2.5 chj and 6 road crossings, 2.5 cIs. 
(0 6,000 feet of unlined canals, Z5 cls. 
(g) 1 pump station, 10-foot lift, 25 cls. 
(h) 2.,000 feet of unlined canal, Z5 cIs. 
0) Z pump stations, 10-foot lift, Z5 cfs. 
(j) 2,500 feet of unlined canal, 25 cls. 
(k) 4 wells, SOO-feet deep, 80-foot lift. 
(l) Alternative 3F assumes implementation of Alternatives 3D and 3E; and Alternative 4F assumes Implementation of Alternatives 4D and 4E. 
(m) Total costs do not include cost to implement Zahm-Sansoni;"Nelso.n plan described in Chapter IV G. 
(n) Annual O&M costs do not include cost to deliver Level I water supply. 
(0) Basis for O&M costs are discussed in Appendix f. 
(p) Unit Conveyance Cost = $I/af (G WO). 
(q) Unit PurnpingCost = $1/af. 
(r) Unit Conveyance Cost = $0.75/af (CCID) 

. (5) Unit .Pumping Cost = $9.2.5/af. 
(t) Values are multiplied by 0.5 because facilities are assumed to be used only 5 of every 10 years. 



CHAPTER IV K 

SAN LUIS NATIONAL WILDLIFE REFUGE 

The Migratory Bird Conservation Commission created the 7,360-acre 
San Luis National wildlife Refuge (Refuge) in 1966 under the 
Migratory Bird Conservation Act. The Refuge was expanded in 1970 to 
7,430 acres with proceeds from the sale of duck stamps. The Refuge 
is located 12 miles northeast of the City of Los Banos and lies 
within the Grassland Resource Conservation District (GRCD). The 
Refuge is managed by the serVice and provides nesting, migration, 
and wintering habitat for ducks and geese; habitat for other 
migratory birds; and recreational opportunities. The Refuge also 
preserves valuable native grasslands. 

The Refuge is an interior island, flanked by riparian zones 
along the Salt Slough on the west and the San Joaquin River on the 
east, as shown on Figure IV K-1. Land use on the Refuge can be 
classified as mixed marsh, upland, and riparian habitat. Natural 
and man-made marshlands are managed for maximum moist-soil plant 
production. Native grasslands support a diversity of flora and 
fauna indigenous to the Central Valley. 

Under curren~ management practices, water is provided to ,the 
ponds and sloughs at least once during the summer months for 
volunteer perennial and annual m~rsh plants. Flooding of the 
marshes begins in mid-September. Water deliveries are c'ontinued as 
needed throughout the remainder of the winter. Usually, by the end 
of February, the seasonal rains are sufficient to maintain - the 
marshes. The mixed marsh is flooded periodically to maintain the 
vegetation. Approximately 100 acres of mixed marsh are 
irrigated several times during the summer months and managed to 
produce herbaceous browse for tule elk. Riparian habitat located 
away from Salt Slough and the San Joaquin River requires at least 
one summer irrigation (USBR, 1986a). 

A. WATER RESOURCES 

The Refuge holds 19,910 acre-feet of water rights on Salt Slough 
which forms the western boundary of the Refuge. However, this 

.water source contains high levels of selenium and c~nnot be used for 
refuge management. 

The 'Refuge receives agricultural return flows from the San Luis 
Canal Company· (SLCC) through deed encumbrances on an as-available 
basis. SLCC also conveys surplus Central Valley Project (CVP) water 
to the Refuge. 

1. Surface Waters 

Salt Slough is an intermittent stream that flows along the western 
refuge boundary and eventually flows into the sa~ Joaquin River. 
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Most of the water in Salt Slough originates from operational 
spills, waste, and return flow from the SLCC and the Central 
California Irrigation District (CCID). However, Mud Slough flows 
into Salt Slough immediately upstream of the Refuge. The Mud Slough 
water contains high selenium concentrations .In 1985, Salt Slough 
water was determined to be unacceptable for refuge management due ,to 
selenium contamination (>2 ppb). Therefore, the Service has 
discontinued using Salt Slough for waterfowl habitat management 
(USFWS, 1987 i) • 

The SLCC delivers surplus CVP water to replace the Salt Slough 
'water. The SLee also delivers CVP water purchased by Reclamation 
for the Refuge. 

The Refuge has agreed, via deed encumbrances, to receive 
agricultural return flows from the SLCC. This water is received 
from neighboring lands at three points along the southern refuge 
boundary. The source is not dependable and, until recently, has 
not been measured. It is estimated by the Service to range from 800 
to 4,000 acre-feet per year. 

2. water Conveyance Facilities 

The SLCC is currently transporting CVP water to the Refuge through 
three conveyances, the Noble Ditch, Island "C" Canal, and 
Island "Oil Canal, as shown on Figure IV K-1 (USBR, 1986a). The 
SLCC Noble Ditch is located along ,the southern boundary of the 
Refuge. The SLCC Island "C" Canal enters' the Refuge in the 
southeast corner and extends to Dickenson Ferry R9ad. The SLCC 
Island "0" Canal extends into the southwestern section of the 
Refuge. 

The SLCC Island "C"-Canal 60uld be used to transport flows from the 
San joaquin River if water was available. However., the canal 
capacity is only 20 cfs. 

Use o~ the SLCC facilities to convey refuge water has caused some 
drainage problems. Water s'eeps from the unlined canals into 
surrounding farmlands. The SLec drains the canals during the non­
irrigation season to relieve this problem and to complete 
maintenance procedures. However, the Refuge requires water 
deliveries during the"non-irrigation season. 

Two lift stations have been used to convey water from Salt Slough to 
the west side of the Refuge. Lift station 1" contains two pumps, 
Pumps 1A ~nd 1B, and has a total capacity of 50 cfs. Lift Station 
5 has a total capacity of 15 cfs. 

Three other lift' stations are _ used throughout' the Refuge. Lift 
Stat~ons 2 and 3 are locat'ed along the 'southern border and have 
capacities of 60 and 55 cfs, respectively. Lift station 4, with a 
capacity of 15 cfs, is located near the northwest corner of the 
Refuge. 
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Mourning Dov.e(a) 
Cottontail Rabbit 

Turkey Vul ture 
Sharp.-shinned Hawk 
Swainson's Hawk' 
Short-eared Owl 

. Golden Eagle 

Coyote 
Skunk 
Long-Tailed Weasel 

Notes: 

(a) Birds nesting on refuge 

TABLE IV J-3 

WILDLIFE RESOURCES 

KESTERSON NWR 
(Continued) 

Opland Game 

Ring-necked Pheasant 
Black-taile,d Jackrabbit 

Rapt~rial Birds 

Black-Shouldered Ki te(a) 
Cooper's Hawk 
American Kestrel(a) 
Great Horned Owl(a) 

Raccoon 
Muskrat 

. Forbearers 

Northern Harrier(a) 
Red-tailed Hawk(a) 
Barn Owl(a) 
Burrowing Owl(a) 

Source: Birds of San Luis, Merced and Kesterson Wildlife l1ef'ug"es (RF 11660.3. August 1984), 
NWRS Public Use Report (1) and refuge records. . 



TABLE IV J-4 

FEDERALLY USTED, PROPOSED, & CANDIDATE' THREATENED & ENDANGERED SPECIES 

. KESTERSON NWR 

Listed Species 

Mammals 

Birds 

San Joaquin kit fox, Vulpes macrotis mutica (E) 

Bald eagle, Haliaeetus leucocephalus (E) 
American peregrine falcon, Falco peregrine anatum (E) 
Aleutian Canada Goose, Branta canadensis leucopareia (E) 

Proposed Species 

None 

Candidate Species 

Birds 
Swainson's hawk, Buteo swainsoni (2) 
Whi~.e-faced i'i?is, Plegadis chihi (2) 
Western snowy plover, Charadrius alexandrinus nivosus (2) 
Tric,?lored blackbird, Agelaius tricolor (2.) 

Reptiles 
Giant garter snake, Thamnophis couchi ~. (2.) 
California tiger salamander, Ambystoma tigrinium californiense (2.) 

Invertebrates 
Molestan blister beetle, Lytta molesta (2.) 

Plants 
Hispid bird's-beak, Cordylanthus mollis subsP. hispidus (2.) 
Delta coyote-thistle," Eryngium racemosum (1) 
Bearded allocarya, Plagiobothrys hystriculus {Z) 
Valley spearscale, Atriplex patula subsp. spicata (2.) 

S'ource: JJSFWS, June 4, 1987 

"\I:., -Endangered (T) -Threatened (Cm -Critical Habitat 
(l) -Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list" as endangered or 
threatened. 

(2) -Category 2.: Taxa for which existing" information indicated may \V arran t 
listing, but for which substantial biological information to support a 
proposed ru)e is lacking. 



TABLE IV J-5 

Wll.DUFE RECREATIONAL BENEt:JTS AND RESOURCE IMPACTS 

KESTERSON NWIJ,: 

Habitat Acre. 

Permanent Water 
Seasonal Marsh 

Bb1l Use Day. 

Ducks 
Geese 
Wading and Shorebirds 
Endangered Species 

Total 

Public Use Day. 

Consumptive 
Non-Consumptive 

Total AIUDIAl Co.t 

Incremental Co.tl Additional 1000 
Blrd Use Day. 

Incremental Coati Additlon&l 
Public Use Day 

No ActioD 
Alternatlye 

20 
470 

2,183,000 
6,900 

1,366,000 
2..000 

3,757,900 

1,800 
300 

2,100 

N/A 

N/A 

Notes: Alternative' 2.A - Rehabilitate Santa Fe Canal. 

2A 

20 
470 

2,383,000 
6,900 

1,366,000 
2..000 

3,757,900 

1,800 
300 

2.,100 

$ 1,450 

N/A 

N/A 

Alternatives 3A and 4A - Extend E'agle Ditch into the ReCuge. 
Alternatives 3B and 4B - Extend West Side Ditch to Eagle Ditch. 

lA It 4A 

180 
1,240 

4,460,000 
13 ,500 

2.,680,000 
3.900 

7,157,400 

1,900 
1.600 
3,500 

$ 2.0,850 

$ 6.10 

$ 14.90 

Alternatives 3C and 4C - Convey Water Cram Ganas Creek to Los Banos Creek. 
Alternatives 3D and 4D - Utilize Mud Slough. 
Alternatives 3E and 4E - Extend Santa Fe Canal. 
Alternatives 3F and 4F - Implement a Conjunctive Use ~lan. 

1B It 4B 

180 
1,2.40 

4,460,000 
13 ,500 

2,680,000 
3.900 

7,157,400 

1,900 
1.600 
3,500 

$ 16,810 

$ 5.00 

$ 12..00 

AlternatiYeil 
3C & 4C 

180 
1,240 

4,460,000 
13,500 

Z.,680,OOO 
3 1 900 

7,157,400 

1,900 
1.600 
3,500· 

$ 2.7,940 

$ B.ZO 

$ 2.0.00 

10&.40 lE&.4E IF & 4F 

180 UJO 180 
1,240 1,240 l,l40 

4,460,000 4,460,000 4,460,000 
13,500 13,500 13,500 

2,680,000 2,680,000 2,680,000 
3.900 3.900 3 1 900 

7,157,400 7,157,400 7,157,400 

1,900 1,900 1,900 
1.600 1.600 1.600 
3,500 3,500 3,500 

$ 40,410 $ 8,610 $ 95,760 

$ 11.90 $ 2..50 $ 28.2.0 

$ 2.8.90 $ 6.2.0 $ 68.40 



F. POWER ANALYSIS 

The Pacific Gas & Electric Company serves the Refuge under the PA-l 
rate schedule for agricultural users. A facility must be an 
authorized function of the CVP to receive project-use power. The 
authority to deliver CVP project-use power to the Refuge is 
currently being examined and will be detailed in the Refuge Water 
Supply Planning Report. A more detailed discussion of proj ect-use 
power and wheeling agreements is provided in the Power Analysis 
section of Chapter II. 

G. PERMITS 

Construction· of any of the alternatives would require several, 
perm{ts. Merced County would issue permits for wells and approvals 
for all construction along roads and drainage courses to ensure that 
the existing drainage facilities would not be adversely affected. 
Alternatives 3A, 38, 3C, and 3E and 4A, 4B, 4C, and 4E would 
require long-term agreements with SLCC. Alternatives 3C and 4Calso 
would require a long-term agreement with CCID. stream Alteration 
Permits would be required from the DFG for Alternatives 3A 
through 3E and Alternatives 4A through 4E. Approvals from the 
Regional Water' Quality Control Board and other regulatory agencies 
would be required for Alternatives 3D and 40 to indicate that all 

:'contamination was removed from Mud Slough. An Army Corps of 
Engineers permit would be required for construction activities in 
wetlands or riparian corridors. 
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The water conveyance system within the Refuge has had major 
problems caused by the inability to bypass certain areas of 
marshlands when needed. Many improvements have been made to allow 
the Service to minimize the use of energy-intensive low-lift pumps. 

3. Groundwater 

The general groundwater conditions of the. Refuge are similar to the 
conditions described for the GRCD in Chapter IV G of this report. 

Groundwater is only used for domestic supplies. Water table 
seasonal fluctuations vary from 10 to 20 feet. Reclamation has 
estimated that the safe yield is 18,700 acre-feet per year (USBR, 
1986c) . 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The Service estimates that 19,000 acre-feet of water would be 
required for full development and optimum management of the entire 
Eefuge. For the purposes of assessing the impacts of water delivery 
alternatives, four levels of water supply have been identified, as 
presented in Table IV K-l. Each of the water supply levels 
provides a different volume of water and are summarized as follows: 

Levell-Existing firm water supply 

Level 2 -Current average annual water deliveries 

Level 3 -Water supply needed for full use of existing 
development 

Level 4 -Water delivery needed for optimum management 

1. Delivery Alternative for Level 1 (No Action Alternative) (0 acre­
feet) 

The Refuge does not have a useable firm water supply. Therefore, no 
alternatives were identified for Level 1. 

2. Delivery Alternatives for Level 2 (13,350 acre-feet) 

Alternatives 2A and 2B were developed to improve the capabilities of 
SLCC to deliver CVP water to Refuge. Alternative 2C would provide 
.facilities for a conjunctive use program. All of these alterrtatives 
would require implementation of the Zahm-Sansoni-Nelson Plan. This 
plan was described in Chapter IV G. 

Alterna.tive 2A Enlarqe and Line San Luis Canal company 
Facilities. To reduce the amount of water lost in seepage from the 
SLCC canals and provide adequate capacity to convey both 
agricultural and refuge water supplies, 28,000 feet of canals would 
be replaced with pipelines, as shown in Figure IV K-2. The Service 
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TABLE IV K-l 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE SAN LUIS NWR 

S!!El!ll: Level 1 SUlJPI:I !.eYe! Z Suppl:I Level 3 S~El:I Level 4 
Month ac-ft ac-ft 

January ° 500 
February ° 700 
March ° 1,000 
April 0 550 
May ° 550 
June ° 1,700 
July 0 350 
August ° ZOO 
September ° 1,000 
October ° 3,350 
November ° 2,500 
December 0 950 

Total 0 13,350 

Notes: 

Supply Levell: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Sources: USER, 1986a; U.SFWS, 1986d and 1986e 

ac-ft ac-ft 

1,000 1,000 
1,000 1,000 
·1,000 1,000 
1,2.50 1,250 
1,500 1,500 
1,500 1,500 
1,250 1,250 
1,000 1,000 
1;000 1,000 
4,000 4,000 
3,000 3,000 
1,500 1,500 

19,000 19,000 
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and the SLCC would coordinate water deliveries and maintenance 
procedures to minimize impacts to the Refuge. 

Alternative 2B - Construct Lift Pump to utilize San Joaquin River 
water. To convey water from the San Joaquin River to the Refuge 
through the SLCC Island "C" Canal, the capacity of the canal would 
be increased from 20 cfs to 40 cis. Three existing siphon pipes 
would be replaced with larger pipes. A 40 cfs pump also would 
be installed. Internal conveyances would be changed to 
accommodate water deliveries from the east instead of the west. 
This alternative would require water rights or a CVP contract to 
receive water from the San Joaquin River. 

Alternative 2C. - Implement a Conjunctive Use Plan. Seventeen 
wells would be constructed on the Refuge to deliver the maximum 
month water demand. The exact locations of the wells' would be 
determined in a future study. The wells would be developed as part 
of a conjunctive use ·program. During dry years, water demands Would 
be supplied by wells, as discussed in Chapter III. During wet 
years, the wells would probably not be needed if CVP water is 
provided. Implementation of this alternative also would require 
implementation of Alternative 2A or 2B to deliver surface water 
during wet years. 

·3. Delivery Alternatives for Level 3 (19,000 acre-feet) 

The additional water would be used to increase permanent water and 
watergrass, and to provide flushing flows to improve salt balance. 
Alternatives for Level 3 are similar to those discussed for Level 2. 

Alternative 
Facilities. 

3A Enlarqe and Line San Luis Canal Company 
This alternative is identical to Alternative 2A. 

Alternative 3B - Construct Litt Pump to utilize San Joaquin River 
water. This alternative is identical to Alternative 2B. 

Al ternative 3C - Implement a conjunctive· Use Plan. This 
alt~rnative is similar to Alternative 2C. Twenty wells would be 
constructed on the Refuge to deliver the maximum month water demand 
under Level 3. I~plementation of this alternative also would 
require implementation of Alternative 3A or 3B to deliver surface 
water during wet years. 

4. Delivery Alternatives for Level 4 (19,000 acre-feet) 

Water Supply Level 4 is equal to Level 3. Therefore, the 
alternatives for Level 4 are identical to alternatives for Level 3. 

Alternative 4A·- Enlarqe and Line San Luis Canal company Facilities. 
This alternative is identical to Alternatives 2A and 3A. 

Alternative 4B - Construct Lift PUmp to utilize San Joaquin River 
Water. This alternative is identical to Alternatives 2B and 3B. 
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Alternative 4C - Implement a conjunctive Use Plan. This 
alternative is identical to Alternative 3C. 

s. summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter III. 

There are no alternatives for Level 1 because the Refuge does not 
have a useable firm water supply. 

All alternatives would require the implementation of the Zahm­
Sansoni-Nelson Plan, as discussed in Chapter IV G of this report. 

Alternatives 2A and 2B; 3A and 3B; and 4A and 4B would 
long-term conyeyance agreements with the SLCC. 

require 

The conjunctive use alternatives (Alternatives 2C, JC, and 4C) would 
require implementation ofa surface water alternative (Alternatives 
2A or 2B, 3A or 3B, or 4A or 4B, respectively) to deliver surface 
water during wet years. " 

C. COSTS AND ECONOMIC ANALYSIS 

Costs for the alternative plans to provide ade~ate water supplies 
under Water" Delivery Levels 2, 3, and 4 are .presented in 
Table IV K-2. The construction costs include factors to 
cover engineering, ,contingencies, and overhead. Annual operation 
and maintenance (O&M) costs include only the local cost o-f 
delivering water. "The annual O&M costs do not include costs to 
purchase CVP water. During the" advanced planning phas~, these 
costs will be refined further. 

Construction of the improvements under the various water delivery 
alternatives would result in additional money being spent in 
Merced County during construction. The construction would 
probably be completed over a two to four year period by construction 
workers who reside in Merced County. 

Currently, the annual public use to the Refuge averages 22,400 
visits per year (Level 2)". If additional w~ter is provided to the 
Refuge, public-use levels would increase. 

F. WILDLIF"E RESOURCES 

The "annual bird use on the Refuge is approximately 
13, J 62,000 use-days. Wildlife and fishery resources associat"ed 
with the Refuge are presented in Table IV K-3. The listed 
threatened and endangered species associated with ~he Refuge are the 
San Joaquin kit fox, Vulpes macrotis mutica; the bald eagle, 
Haliaeetus leucocephalus; the American peregrine falcon, Falco 
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Item. 2A 

Additiow Water (ae-ft) Il ,150 

Construction Coal. 
Wells $ 
Diversion Structures 61.7,000 
Pipelines/Canals 1.,061.,000(a) 
PUOlP Stations 

Subtotal $1.,689,000 
Other Costs 

Total (g) $1.,689,000 

Annualized Coo.alruction 
Coat (8.87%, 30 yra) $ 1.58,680 

Additional Annual Coal 
Operation & Maintenance(h) $ 10,500 
Power 

133 ,500 (i) Local Conveyance Cost 

Subtotal $ 144,000 
Other Costs 

Total $ 144,000 

Total Annual Coat. $ 401.,680 

Costl Additiooal Acre-Foot $ 30.20 

T ABLE IV K-1. 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

SAN LUIS NWR 

AlternatiYe5 
2B 2C 1A & 4A 

13 ,350 13 ,350 ·19,000 

$ $ 901,000(d) $ 
61.1,000 

19,900(b) 1.,06·2,000 ( a) 
Z34.000(c) 

$1.53,900 $ 901,000 
1..689.000(e) 

$1.,689,000 

$l53,900 $3,590,000 $l,689,OOO 

$ 2.4,430 $ 345,360 $ 258,680 

$ 3,900 $ 30,600 $ 10,500 
20,OOO{j} 61, 150(k, U 

133 500 (i) 190.000(h) • 
$157,400 $ 92,350 $ 2.00,500 

72. OOO(e,1) --, 
$157,400 $ 164,350 $ 2.00,500 

$181,830 $ 509,110 $ 459,180 

$ 13.60 $ .38.l0 $ l4.l0 

38.48 1C &.C 

19,000 19,000 

$ $I ,060,000 

19,900(b) 
1.34.000(c) 

$2.53,900 $1,060,000 
2..689.000(e) 

$2.53,900 $3,149,000 

$ 2.4,430 $ 360,660 

$ 3,900 $ 36,000 
1.8,50.0 (j) 87,900(k,U 

190 I 000 (1) 

$2.2.Z,400 $ J 13, 900 
100,l50(e,1) 

$1.1.1.,400 $ l2.4,150 

$1.46,830 $ 584,810 

$ 13.00 $ 30.80 



TABLE IV ~-Z 

SUMMARY OF ES1UIATED COSTS OF ALTERNATIVES 

SAN LUIS NWR 
(CoatiDued) 

Notes: Alternatives lA, 3 A and 4A - Enlarge and Line San Luis Canal Company Facilities. 
Alternatives lB, 3B, and 4B - Construct Lift Pump to Utilize San Joaquin River Water. 
Alternatives lC, 3C, and 4C -Implement a Conjunctive Use Plan. 

(a) Line 59,000 feet of canals' with bentonite, 65 cIsj and construct 28,000 feet of 48-inch diameter pipeline. 

(b) 200. feet, 4l~inch diameter pressure pipelines, 40 cfsj 3 road cr,?ssings. 

(c) 40 cfs pump, lD-foot lift. 

(d) 17 wells, 50D-feet deep, 80-foot lift. 

(e) . Alternative lC assumes i~plementation of Alternative lAj and Alternatives 3C and 4C assume impelmentation of Alternatives 3A and 4A, 

respectively. 

(f) 20 wells, SOO-feet deep, 80-foot lift. 

(g) Total costs do not include cost to implement Zahm-Sansoni-Nelson plan described in Chapter rvG. 
(h) Basis for O&M costs are discussed in Appendix F. 

(i) Unit Convey'ance Cost:: SID/af. 

(j) Unit P'lmping Cost:: S1.50/af. 

(k) Unit Pumpi"!! r.ost :: $9.25/af. 
,~ ,,, 

(l) Values are .... · .. ltiplied by 0.5 because facilities are assumed to be used 5 out of 10 years. 



Mallard(a) 
Gadwall(a) 
American Wigeon(a) . 
Green-winged (Cinn) Teal(a) 
Blue-winged Teal(a) 
Cinnamon Teal(a) 

White-Fronted Goose 
Canada Goose 
Ross' Goose 

Pied-Billed Grebe(a) 
Eared Grebe 

Snowy Egret(a) 
American Avocet(a) 
Lesser Sandhill Crane 
Greater Sandhill Crane 
Virginia Rail 
Great Blue Heron(a) 
American Bittern(a) 
Green-backed Heron 

Mourning Dove(a) 
Ring-Necked Pheasant(a) 
Black-Tailed Jackrabbit 

TABLE IV K-3 

FISH AND WILOUFE RESOURCES 

SAN LOIS NWR 

Ducks 

Northern Shoveler(a) 
Northern Pintail(a) 
Canvasback(a)~ 
Ring-necked Duck 
Ruddy Duck(a) 

Geese and Swans 

Cackling Canada Goose 

Coots and Grebes 

American Coot 

Shore and Wading Birds 

Common Moorhen(a) 
Marbled Godwit 
Black-necked Stilt(a) 
Common Snipe 
Long-billed Dowitcher 
White-Faced Ibis 
Dunlin 

Upland Game 

California Quail(a) 
Cottontail Rabbit 

Bufflehead 
Wood Duck(a) 
Lesser Scaup 
Redhead(a) 

Tundra Swan 
Snow Goose 

Western Sandpiper 
Black-crowned Night Heron(a) 
Greater Yellow legs 
Willet 
Long-billed Curlew 
Egret(a) , 
Great 
Sora 
Lesser Yellow legs 



Black-~hould~red Kite-(a) 
~ooper's Hawk 
Rough-legged Hawk 
Short-eared Owl(a) 
Golden Eagle 
Turkey Vulture 

Bass 
Carp 
Crappie 
Bluegill 

Muskrats 
Long-tailed Weasel 
Gray Fox 
Badger 

Tule Elk 

Notes: 

(a) Birds nesting on refuge 

TABLE IV K-3 

FISH AND WILDLIFE RESOURCES 

SAN LUIS NWR 

( Continued) 

Raptorial Birds 

Northern Harrier(a) 
Red-tailed Hawk(a) 
American Kestrel (Srarrow Hawk)(a) 
Great Horned Owl(a 
Screech Owl(a) 

Fish 

Catfish 
Striped Bass 
Sacramento Blackfish 

Beaver 
Coyote 
Skunk 

Furbearers 

Others 

Sharp-shinned Hawk 
Swainson's Hawk(a) 
Barn Owl(a) 
Burrowing Owl(a) . 
Red-shouldered Hawk(a) 

Mink 
River Otter 
Raccoon 

Source: Birds on San Luis, Merced and Kesterson National Wildlife Refuges (RF 11660-3. August 1984). 
NWRS Public Use Report (1)) and refuge records. 
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peregririus anatum-; the Valley elderberry longhorn beetle, 
Desmocerus cal i fornicus. dimorphus; and the Aleutian Canaqa goose, 
Branta canadensis leucopareia. Numerous candidate species may 
occur in this area and a~e also presented in Table IV K-4. 

All of the alternative plans would improve the habitat quality and 
bird use, as indicated in Table IV K-5. The improved habitat also 
would result in increased public use. 

Implementation of any 'of the alternative plans probably would not 
adversely affect the listed and candidate threatened and endangered 
species and would improve their habitat. Detailed field 

,investigations will be necessary during the advanced planning 
phase of the project. The No, Action Alternative would result in 
the loss of habitat. Additional regional environmental analyses 
will be completed as part of the Water Contracting,EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and o'perating the 
selected plan would be positive due to the potential increase in 
public use. 

F. POWER ANALYSIS 

The Pacific Gas&' Electric Company serves the Re'fuge under the PA-l 
rate schedule for agricul tural users. A facili ty must be an 
authorized function of the CVP to receive project-use power. The 
authority to deliver CVP project-use power to the Refuge is 
currently being examined, and will be detailed in the Refuge. w~ter 
Supply Planning Report. A more detailed discussion of project~use 
power and wheeling agreements is provided in the Power Analysis 
section of Chapter II. 

G. PERMITS 

construction of any of the alternatives would require several 
permi ts ~ Merced County would issue permits for well construction 
and approvals for construction along, all roadways and within 
drainage courses to ensure that the existing' drainage 
facilities would not be adversely affected. Alternatives 2A and 
2B, 3A and 3B, and 4A and 4B would require permits and approvals 
from the SLCC. Stream Alteration Permits ,would be required 
from the DFG for construction in the San Joaquin River for 
Alternatives 2B, 3B, and 4B. A Corps of Engineers permit may be 
required for construction activities in wetlands or riparian 

,corridors. 
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TABLE IV K-4 

FEDERALLY USTED, PROPOSED, &: CANDIDATE THREATENED &: ENDANGERED-SPECIES 

SAN LUIS NWR 

Listed Species 

Mammals 

Birds 

San Joaquin kit fox, Vulpes macrotis mutica (E) 

Bald eagle, Haliaeetus leucocephalus (E) 
American peregrine falcon, Falco peregrinus anatum (E) 
Aleutian Canada goose, Branta canadensis leucopareia (E) 

Invertebrates 
Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(11 

Proposed Species 

None 

Candidate Species 

Birds 
Swainson's hawk, Buteo swainsoni (2) 
White-faceeji ibis, Plegadis chihi (2) 
Western snowy plover, Charadrius alexandrinus nivosus (2) 
Tricolored blackbird, Agelaius tricolor (2) 

Reptiles 
Giant garter snake, Thamnophis couchi gigas (2) 
California tiger sala.mander, Ambystoma tigrinium californiense (2) 

Invertebrates 
Molestan blister beetle, Lytta molesta (2.) 

Plants 
Hispid bird's-beak, Cordylanthus moills subsp. hispidus (2) 
Delta coyote':"thistle, Eryngium racemosum (1) 
Bearded allocarya, Plagiobothrys hystriculus (2.) 
Valley spearscale, Atriplex patula subsp. spicata (2.) 

Source: USFWS, June 4, 1987 

(E) -Endangered (11 ~Threatened (Cm -Critical Habitat 
(1) -Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2)-:-Category 2: Taxa for which existing information indicated may warrant 
listing,but for which substantial biological information to support a 
proposed rule is. lacking. 



TABLE IV K-5 

Wll.DLlFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

SAN LUIS NWR 

No Action Alternatives 
Alternative ZA 2B ZC 3A & 4A 3B & 4B 3C & 4C 

Habitat Acres 

Permanent Water 80 80 80 150 150 150 
Seasonal Marsh 2,950 2,950 2.,950 3,400 3,400 3,400 

Bird Use Days 

Ducks 10,702.,000 10,702.,000 10,102.,000 15,630,000 15,630,000 15,630,000 
Geese 270,000 270,000 270,000 800,000 800,000 800,000 
Shorebirds & Wading 2,380,000 2,380,000 2,380,000 3,483,000 3,483,000 3,483,000 
Endangered Species 10 1 100 H) z 100 10 1 100 14 12.00 14 1 2.00 14 1 2.00 
Total 13,362,100 13,362,100 13,362,100 19,927,2.00 19,921,200 19,927,2.00. 

Public Use Days 

Consumptive 3,800 3,800 3,800 4,100' 4,100 4,100 
Non-Consumptive 18 1 600 18 1600 18 1600 31 1°°0 31 1°°0 31 z 000 

Total 2.2,400 22,400 2.2,400 35,100 35 J 100 35,100 

Total Annual Cost $ 402,680 $ 181,830 $ 509,710 $ 459,180 $ 246,830 $ 584,810 

Incremental Cost/ Additional 
1000 Bird Use Days N/A $ 30.10 $ 13.60 $ 38.10 $ 23.00 $ 12.40 .$ 29.30 

Incremental Cost/ Additional 
Public Use Day N/A $ 18.00 $ 8.10 $ 22.80 $ 13.10 $ 7.00 $ 16.70 

Notes: Alternatives lA, 3A and 4A - Enlarge and Line San Luis Canal Company Facilities. 
Alternatives lB, 3B and 4B - Construct Lift Pump to utilize San Joaquin River. 
Alternatives 2C, 3C and 4C - Implement a Conjunctive Usc Plan. 





CHAPTER IV L 

MERCED NATIONAL WILDLIFE REFUGE 

The 'Merced Nation~l wildlife Refuge (Refuge) was established in 1951 
by authority of the Lea Act for the purpose of alleviating crop 
depredation and providing habitat for migratory and wintering 
waterfowl. The 2,562-acre refuge is managed by the Service and is 
one of the most important wintering areas in California for up' 
to 30,000 snow and Ross' geese and up to 10,000 lesser sandhill 
cranes. The Refuge is located in Merced County approximately nine 
miles southwest of the City of Merced. 

water is primarily used for management of seasonal marshes and 
croplands. The seasonal marshes are disced and seeded with wild 
millet every three to five years and flooded in the fall. Grain 
and forage crops are grown on the Refuge as wildlife food crops. 
Juring 1982, 80 acres of cropland were converted to pasture for 
goose and sandhill crane habitat. Another 80 acres were converted 
in f986. Much of the upland areas have been designated potential 
habitat for the endangered blunt-nose leopard lizard. 

A. WATER RESOURCES 

Water is diverted by the ~efuge from Deadman Creek and the E~st Side 
Bypass on an as-available basis. Most of the water supply for the 
Refuge is provided by groundwater. 

1. Surface Waters 

Deadman Creek flows through the northern portion of the Refuge, as 
shown in Figure IV L-1. The Refuge obtained water rights in 
Deadman Creek in 1985 for 3, 000 acre-feet per year to be taken 
between December 15 and May 31. However, under the conditions of 
the water iights, the Refuge cannot divert water from this stream 
except during high flow periods. Therefore, this water source is 
not considered to be a firm water supply. Periodic water quality 
sampling has indicated no water quality problems. Deadman Creek has 
adequate capacity to transport additional flows to the Refuge. 

Water is also obtained from the East Side Bypass which is part of 
the Lower San Joaquin River Flood Control Project. The East Side 
Bypass diverts San Joaquin River floodwaters around San Joaquin 
Rive'r channel from a point upstream of the Mendota- Pool to the 
junction of the San Joaquin River and Bear Creek. The East Side, 
Bypass also intercepts waters from the Fresno' River, Berenda 
and Ash Sloughs (tributaries of .the Chowchilla River), the' 
Chowchilla River, Deadman Creek, Owens Creek, arid Bear Creek. 
water quality in the East Side Bypass is unknown, however, the 
Service estimates that no quality problems exist (USBR, 1986a). 
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2. water Conveyance Facilities 

Water is delivered from Deadman Creek and the East Side Bypass 
through several pumps and diversions dams. Both the surface water 
and groundwater are distributed throughout the Refuge in a series of 
ditches. Ditches and open pipelines supplying the Refuge lands 
located along both sides of the East Side Bypass do not have 
adequate capacity to convey additional water without extensive 
rehabilitation (USFWS, 1986h). 

3. Groundwater. 

The Refuge is located on the floodbasin deposits of· the San 
Joaquin River and is bordered on the west and southwest by 
unconsolidated younger alluvial river deposits. The groundwater 
level is usually 50 feet below the land . surface. Reclamation 
estimates the safe groundwater yield to be 16, 000 acre~feet per 
year (USBR, 1986a). Of the 23 existing wells located on the 
Refuge, 16 are active. 

Groundwater quality is generally good. The total dissolved solids 
(TDS) concentrations are usually less thari 1,000 ppm. One well was 
reported to' have 2,600 ppm TDS. Boron concentrations are less 
than 3 ppm. There has been a reduction in groundwater pumping 
in recent years due to increased energy costs and mor~ efficient 
marsh management techniques. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

Service esti~ates that 16,000 acre-feet of water would be required 
for full development and optimum management of the entire Refuge. 
For the purposes of assessing the impact of water ·delivery 
alternatives, four levels of water supply. have been 
identified, as presented in Table IV L-1. Each of the water 
supply levels provides a different volume of water and are 
summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 CUrrent average annual water deliveries 

Level 3 - Water·supply needed for full use of existing. 
development 

Level 4 - water delivery needed for optimum management 

1. Delivery Alternative for L.7el 1 (No Action Alternative) (0 acre­
feet) 

The Refuge does not have an available firm water supply. Therefore, 
no alternatives were dev~loped for Levell. 
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TABLE IVL-I 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE MERCED NWR 

S!!EEII Level I S!!EEII Level Z S!!El!lv Level 3 
Month ac-ft ac-ft 

JaI!.uary 0 800 
February 0 100 
March a 2.00 
April 0 500 
May 0 500 
June 0 800 
July 0 1,100 
August 0 1,2.00 
September 0 2.,300 
October 0 2.,300 
November a 2.,000 
December a 1,700 

Total 0 13 z 500 

Notes: 

Supply Levell: Existing firm water supply . 
Supply Level 2,: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Sources: USBR, 1986a; USFWS, 1986d and 1986e 

ac-ft 

1,000 
500 
600 
950 
800 

1,000 
1,050 
1,500 
2.,700 
2,,700 
2.,000 
1,2.00 I 

'16 z000 

S!!EEII Level 4 
ac-ft 

1,000 
500 
600 
950 
800 

1,000 
1,050 
1,500 
2.,700 
2,,700 
2.,000 
1,2.00 

16 z000 



2. Delivery Alternatives tor Level 2 (13,500 acre-teet) 

Alternative 2A was developed to provide additional surface water to 
the Refuge. 

Alternative 2A - utilize the East Side Byp,ass. This alternative 
would provide water to t~e Refuge from the El Nido Water Diatrict 
via the East Side Bypass. Water would be pumped onto the 
eastern portion of the Refuge from an existing pump on the East 
Side Bypass. An additional pump would be constructed at this 
location to deliver water to the western side of the Refuge. In 
addition, a canal would be' constructed to convey water to the 
eastern part of the Refuge, and a SOO-foot ditch would be 
constructed to convey water to a new 20 cfs pump along the southern 
border, as shown in Figure IV L-2. 

Alternative 2B - Implement a conjunctive Use Plan. The existing 
wells would be used to deliver the maximum 'month water demand. The 
wells would be operated as part of a conjunctive use program. 
During dry years, water demands would be supplied by wells, as 
.discussed in Chapter III. During wet year.s, the wells would 
probably not be needed if CVP water is provided. Implementation of 
this alternative also would require implementation of Alternative 
2A. 

3. Delivery Alternatives for Level 3 (16,000 acre-feet) 

Alternatives 3A through 3D were developed to provide additional 
water. to the Refuge. Alternatives 3A .through 3D would require 
implementation of ~lternative 2A. Additional water provided' under 
Level 3 would ex~end the duration "of flooding earlier in the fall 
and later in the spring. The water also would. increase 
circulation through the Refuge which would result in a decrease in 
waterfowl disease. 

Alternative 3A - Extend Casebeer Lateral to Refuge Boundary. This 
alternative would provide water to the Refuge from the Merced 
Irrigation District (MID) Casebeer Lateral. This lateral 
receives water from the Merced River" The capacity of the MID­
Casebeer. Lateral would be increased from 20 cfs to 50 cfs from the 
junction of Spilber Lateral to the end of the Casebeer Lateral. In 
addition, the MID Casebeer Lateral would be extended south to Sandy 
Mush Road and west along Sandy' Mush Road to the Refuge, as shown in 
Figure IV L-2. A flume across Deadman Creek and siphons under four 
roads would be constructed along the lateral extension. No water 
would be delivered to the Refuge when MID dewaters the canals from 
the end of September until April. Internal refuge construction 
and/or modification o!~\~ter conveyance systems will be, necessary to 
efficiently distribute the MID water. 

Alternative 3B Extend Casebeer Lateral. to Deadman Creek. 
Deadman Creek would deliver 20 cfs from the MID Benedict Lateral 
and 20 cfs from Casebeer Lateral. This alternative would extend the 
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MID Casebeer Lateral to Deadman Creek. Water would be pumped from 
Deadman Creek onto the Refuge. .No water would be delivered to the 
Refuge when MID dewaters the canals from the ,end of September until 
April. 

Alternative 3C - Implement a conjunctive Use Plan. 
existing wells and four reactivated wells would be used 
the maximum month water demand. This alternative would 
to Alternative 2B. I~plementation of this alternative 

. require impl~mentation of Alternative 3A or 3B. 

sixteen 
to deliver 
be similar 
also would 

Alternative 3D utilize Treated wastewater trom the Merced 
wastewater Treatment Plant. Secondary effluent from the ,City of 
Merced wastewater treatment plant would be· delivered from Hartley 
Slough through the MID Benedict Lateral to Deadman Creek. Water 
would be pumped from Deadman Creek onto the Refuge. No water would 
be delivered to the Refuge when MID dewaters the canals from the end 
of September until April. 

4. Delivery Alternatives for Level 4· 

water Supply Level 4 'is equal to Level 3, therefore the alternatives 
considered under Level 4 are identical to those considered for Level 
3. Alternatives 3A through 3D would require implementation of 
Alternative 2A. 

Alternative 4A - Extend Casebeer Lateral to Refuqe Boundary. This 
alternative is identical to Alternative 3A. 

Alternative 4B -, Extend Casebeer Lateral to Dead.man Creek. 
This alternative is identical to Alternative 3B. 

Alternative 4C - :Implement a conjunctiva Usa Plan. . This 
alternative is identical to Alternative 3C~ Implementation of this 
alternative also would require implementation of. Alternative 4A or 
4·B. 

Alternative 4D Utilize Treated wastewater from the Merced 
wastewater Treatment Plant. This alternative is identical to 
Alternative 3D. 

5. Summary ot Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter III. 

The Refuge does not have a dependable firm water supply, therefore 
no alternatives were developed for Level 1. 

Alternative 2A would require a long-term conveyance agreement 
with the El Nido Water District. Alternatives 3A, 3B, and 3D and 
Alternatives 4A, 4B, and 4D would require long-term agreements with 
MID. Alternatives 3B and 3D and Alternatives 4B and 4D would have 
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high conveyance losses due to use of Deadman Creek and would require 
pumps to divert ~ater onto the Refuge. Alternatives 3A and 4A may 
have lower conveyance losses due to the use of canals and would not 
require pumps to divert ref~ge watero 

All of the alternatives for Level 3 and Level 4 would require 
implementation of Alternative 2A. Alternatives 3C and 4C would 
require implementation of . surface water alternatives (Alternatives 
3A, 3B, or 3D or Alternatives 4A, 4B, or 40) to provide water during 
the wet years. 

C. COSTS AND ECONOMIC ANALYSIS 

costs for the alternatives to provide adequate water 
supplies under Levels 2, 3, and 4 are presented in Table IV. L-2. 
The construction costs include factors to cover engineering, 
contingencies, and overhead costs~ Annual operation and maintenance 
(O&M) costs include only the local costs of delivering water. The 
annual O&M costs do not include costs to purchase CVP' water or 
reclaimed wastewater from the Merced Wastewater Treatment Plant. 
During the advanced planning phase, these costs will be refined 

. further. . 

construction of the facilities under all of the alternatives would 
result in additional money being spent in Merced County during 
construction.' The construction could be completed within one 
summer season by construction workers who reside in the area. 

Currently, the annual public use to the Refuge is about 2,800 
visits per year'. If Level 4 water is provided, the attendance 
levels would increase significantly. 

D. WILDLIFE RESOORCES 

The annual bird use on the Refuge is approximately 7,522,400 
use-days. Approximately 54 and 24 percent of the bird-use days 
are by ducks and geese, respectively. Wildlife resources 
associated with the Refuge are presented in Table IV L-3. The only 
listed threatened and endangered species associated with the Refuge 
are the San Joaquin kit fox, Vulpes macrotis' mutica; Aleutian 
Canada goose, Branta canadensis leucopareia; American peregrine 
falcon, Falco peregrinus anatum; and bald' eagle, Hal iaeetus 
leucocephalus. Numerous candidate species may. occur in' this area 
and are also presented in Table IV L-4. 

The additional water would be used to improve habitat in the 
Refuge. The improved habitat would increase the .number of 
wildlife-use 1ays and public-use days, as presented in Table IV L~5. 

Implementation of any of the alternative plans probably would not 
adversely affect the listed and candidate threatened and endangered 
wildlife species. Detailed field investigations would be necessary 
during the advanced planning _ phase of the proj ect. Implementation 

IV L-5 



Mallard(a) 
Green-winged Teal(a) 
Pintail(a) 
Ruddy Duck(a) 
Redhead(a) 
Cinnamon Teal(a) 

Snow Goose 
Ross' Goose 

American Coot 

American Avocet(a) 
Black-necked Stilt(a) 
Common Snipe 
Long-billed Dowitcher 
Least Sandpiper 
Dunlin 
Western Sandpiper 
Greater Yellowlegs 

TABLE IV L-3 

WILDUFE RESOURCES 

MERCED NWR 

Ducks 

Gad wall(a)­
Blue-winged Teal 
Bufflehead 
Wood Duck 
Lesser Scaup 

Geese~and Swans 

White-fronted Goose 
Canada Goose 

Coots 

Shore and Wading Birds 

Long-billed Curlew 
Killdeer(a) 
Pied -billedGre be(a) 
California Gull 
Whi te Pelican 
American Bittern(a) 
Great Blue Heron 
Great Egret 
Whi te-Faced Ibis 

American Wigeon(a) . 
Northern Shoveler(a) 
Canvasback(a) 

Ring.-necked Duck 

Cackling Canada Goose 
Tundra Swan 

Snowy Egret(a) 
Black-crowned Night Heron(a) 
Lesser Sandhill Crane 
Greater Sandhill Crane 
Virginia Rail(a) 
Sora 
Common Moorhen(a) 



Mourning Dove(a) 
Cotton tail Rabbit 

Turkey Vulture 
Sharp-shinned Hawk 
Swainson's Hawk 
Short-eared Owl 

Coyote 
Skunk 

Notes: 

(a) Birds nesting on refuge 

TABLE IV L-3 

WILDLIFE RESOURCES 

MERCED NWR 
(Continued) 

Opland Game 

Ring-necked Pheasant 
Black-tailed Jackrabbit 

Raptorial Birds 

Black-Shouldered Kite(a} 
Cooper's Hawk 
American Kestrel{a) 
Great Horned Owl(a) 

Furbearers 

Raccoon 
Muskrat 
Long-Tailed Weasel 

Northern Harrier(a) 
Red-tailed Hawk(a) 
Barn Owl(a) 
Burrowing Owl(a) 
Golden Eagle 

Source: Birds of San Luis, Merced and Kesterson Wildlife Refuges (RF 11660.3. August 1984), 
NWRS Public Use Report (1) and refuge ~ecords. 



Items 

Additional Water (ac-ft) 

ConslnlctiOD Costs 

Wells 
Diversion Structures 
Pipe lines/Canals 
Pump Stations 

Subtotal 
Other Costs 

Total 

Annualized Construction 
. Cost (8.87%, 30 yrs) 

Additional Annual Cost 

Operation &: Maintenance(j) 
Power 
Local Conveyance Cost(n) 

Subtotal 
Other Costs 

Total 

Total Annual Costs 

Cost/ Additional Acre/Foot . 

TABLE IV L-Z 

SUMMARY OF-ESTIMATED COSTS OF ALTERNATIVES 

MERCED NWR 

Alternatives 
ZA ZB lA &: 4A 3B &: 4B 

13,500 13,500 16,000 16,000 

$ $ $ $ 
15 520(e) 

128 500(a) 142 780(c) 5' 650 ( f) 
132:600(b) 

, 
183:000(g) 

$261,100 $ $142,780 $204, 170 
261,100 261 100(d) 261 100(d) , , 

$261,100 $261,100 $403,880 $465,270 

$ 25,120 $ 25., 120 $ 38,850 $ 4-1,760 

$ 3,200 $ 24,500 $ 2,140 $ 3,000 
13,500(k) 62,440(1, m) 16 OOO(k) , 
13 1 500 2 1 500 2 1 500 

$ 30,200 $ ..86,940 $ 4,640 $ 21,500 
15,100(m) 30 200(d) 30,200(d) • 

$ 30,200 $102.,040 $ 34,840 $ 51,700 

$ 55,320 $121,160 $ 13,690 $ 96,460 

$ 4.10 $ 9.40 $ 4.60 $ 6.00 

3C& 4C 3D &: 40 

16,000 16,000 

$ 20,000(h) $ 

$ 20,000 
403 ,880 (i) 

$ 

$423,880 $ 

$ 40,780 $ 

$ 36,000 
124 , 000 ( I, m) 

$ 3,000 
16,000(k) 

2 z 500 

$160,000 
17,420(i,m)' 

$21,500 
30,200{d) 

$111,420 $51,100 

$218,200 $51,200 

$ 13 .. 10 $ 3.30 



TABLE IV L-l 

SUMMARY OF ESTIUATED COSTS OF-ALTERNATIVES 

MERCED NWR 
(ContiDUed) 

Notes: Alternative ZA - Utilize the East Side Bypass. 
Alternative ZB - Implement a Conjunctive Use Plan. 
Alternatives 3A and 4A - Extend Casebeer Lateral to Refuge Boundary. 
Alternative 3 Band 4B - Extend Casebeer Lateral to'Deadman Creek. 
Alternative 3C and 4C - Implement a Conjunctive Use .plan. 
Alternative 3D and 40 - Utilize Treated Wastewater from Merced Wastewater Treatment Plant. 

(a) 500 feet, unline·l; l,;anal,ZO cfs; and 5,000 feet, 30-inch diameter pipeline. 

(b) 10 cfs pump, 10-foot lift; and ZO cfs pump, 10. foot lift. 

(c) 'Enlarge 8,300 feet of unlined canal, 50 cfs; construct 15,700 feet of unlined canal, 50 cfs; 4Z-inch diameter crossing, three 66-

inch diameter crossings, and 50 cfs flume. 

(d) Alternatives 3A through 3D and 4A through 4D would require Alternative ZA. 

(e) 48-inch diameter turnout at Deadman .Creek •. 

(f) 1,000 feet unlined canal, Z6cfs; 48-inch diameter crossing with riser. 

(g) ZO cfs pump, 10-foot lift; an~ 8 cfs pump, 10-foot lift. 

(h) Reactivate 4 wells. 

(i) Alternatives 3C and 4C assume implementation of Alternatives 3A and 4A, respectively. 

(j) Basis for O&M costs are discussed in Appendix F. 

(k) Unit Pumping Cost = $l/af. 

(I) Unit Pumping Cost = $9.Z5/af. 

(m) Values are multiplied by 0.5 because facilities are assumed~to be used only 5 out of 10 years. 

(n) Unit Conveyance Cost = $l/af. 



TABLE IV ·L-4 

FEDERALLY USTED, PROPOSED, & CANDIDATE THREATENED & ENDANGERED SPECIES 

. MERCED NWR 

Listed Species 

Mammals 

Birds 
San Joaquin kit fox, Vulpes macrotis mutica (E) 

Bald eagle, Haliaeetus leucocephalus (E) 
American peregrine falcon, Falco peregrine ana tum (E) 
Aleutian canada goose, Branta canadensis leucopa (E) 

Proposed Species 

None 

Candidate Species 

Birds 
Swainson's hawk, Buteo swainsoni (2) 
White-faced ibis, ~dis chihi (2) 
Western snowy plover, Charadrius alexandrin,us nivosu's (2.) 
Tricolored blackbird, Agelaius tricolor (2) 

Reptiles and Amphibians 
Giant garter snake, Thamnophis couchi ~ (2) . 
California tiger salamander, Ambystoma tigrinium californiense (2) 

Invertebrates 
Molest~ blister beetle, Lytta molesta (2) 

Plants 
Hispid bird's-beak, Cordylanthus mollis subsp. hispidus (2.) 
Delta coyote-thistle, Eryngium racemosum (1) 
Bearded allocarya, Plagiobothrys hystriculus (2.) 
Valleyspearscale, Atriplexpatula subsp. spicata (2) 

Source: USFWS, June 4, 1987 

(E) -Endangered (1j -Threatened (CH) -Critical Habitat 
(I)-Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2.) -Category 2: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 



of any of the plans would result in overall beneficial 
environmental effects. The No Action Alternative would result in 
the loss of habitat. Additional regional environmental analyses 
will be completed as part of the Water Contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the 
facilities under any of the alternatives would be positive due to 
the potential increase in wildlife use and subsequently public use. 

F. POWER ANALYSIS 

The Pacific Gas & Electric Company (PG&E) serves the Refuge under 
the PA-l rate schedul~ for agricultural users. A facility must be 
an authorized function of the CVP to. receive project-use power. The 
authority to delivery CVP project-use power to the Refuge is 
currently being examined and"· will be detailed. in the Refuge Water 
Supply Planning Report. A more detailed discussion of project-use 
power· and wheeling agreements is provided in the Power Analysis 
section of Chapter II. 

G. PElU!:ITS 

Construction· under any of the alternatives would require several 
permits. Merced County would issue approvals for construction 
along roads and drainage courses to ensure that· the existing 
drainage facilities would not be . advers~ly affected. 
Alternative 2A would requir1e approvals from El Nido Wate.r 
District for construction in the East Side Bypass. Alternatives 
3A and 3B and Alternatives 4A and 4B would require approvals from 
MID for construction in the MID laterals. Stream Alteration 
Permits would be required from the DFG for construction in Deadman 
Creek. A Corps of Engineers permit would be required for 
construction activities in wetlands or riparian corridors. 
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TABLE IV L-5 

WILDLIFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

MERCED NWR 

No Action Alternatives 
Alternative 2A 2B 3A & 4A 3B &4B 

Habitat Acres 

Permanent Water 20 20 60 60 
Seasonal Marsh 680 680 1140 1140 

Bird Use Days 

Ouc·ks 4,110,000 4,110,000 5,360,000 5,360,000 
Geese 1,870,000 1,870,000 2,440,000 2,440,000 
Wading and Shorebirds 1,540,000 1,540,000 2,005,000 2,005,000 
Endangered Species 2 1400 2 1400 3 1 100 3 1 100 

Total 7,522,400 7,522,400 9,808,100 9,808,100 

Public Use Days 

Consumptive 900 900 900 900 
Non-Consumptive 1 1 900 11900 9 1300 9 1300 

Total 2,BOO l,BOO 10,lOO 10,lOO 

Total Annual Cost $ 55,320 $ Il7,160 $ 73~600 $ 96,460 

Incremental Cost/ Additional 
1000 Bird Use Day N/A $ 7.40 $ 16.60 $ 7.50 $ 9.BO 

Incremental Cost/ Additional 
Public Use Day N/A $ 19.BO $ ~ 45.40 $ 7~20 $ 9.50 

Notes: Alternative lA - Utilize the East Side Bypass. 
Alternative 2B - Implement a Conjunctive Use ~lan. 
Alternatives 3A and 4A - Extend Casebeer Lateral to Refuge Boundary. 
Alternatives 3B and 4B - Extend Casebeer Lateral to Deadman Creek. 
Alternatives 3C and 4C - Implement a Conjunctive Use Plan. 

3C & 4C 

60 
1140 

5,360,000 
2,440,009 
2,005,000 

3 1 100 

9,808,100 

900 
9 1300 

10,2.00 

$ 21B,200 

$ 2l.30 

$ 21.40 

·Alternatives 3D and .40 - Utilize Treated Wastewater from Merced Wastewater Treatment Plant. 

3D & 4D 

60 
1140 

5,360,000 
2,440,000 
2,005,000 

3 1 100 

9,808,100 

900 
9 1 300 

10,2.00 

$ 51,700 

$ 5.30 

$ 5.10 



of any of the plans would result in overall beneficial 
environmental effects. The No Action Alternative would result in 
the loss of habitat. Addi tional regional environmental analyses 
will be completed as part of the Water Contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the 
facilities under any of the alternatives would be positive due to 
the potential increase in wildlife use and subsequently public use. 

F. POWER ANALYSIS 

The Pacific Gas & Electric Company (PG&E) serves the Refuge under 
the PA-l rate schedule for agricultural users. A facility must be 
an authorized function of the CVP to receive project-use power. The 
authority to delivery CVP proj ect-use power to the Refuge is 
currently being examined and will be detailed in ·the Refuge Water 
Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is provided in the Power Analysis 
section of Chapter II. 

G. PERMITS 

Construction· under any of the alternatives would require .several 
permits. Merced County . would issue approvals for construction 
along ·roads· and drainage courses' to ensure that' the existing 
drainage facil i ties . would not be adversely affected. 
Alternative i 2A would require approvals from El Nido wat~r 
District for construction in the East Side Bypass'. Al ternatives 
3A and 3B and 'Alternatives 4A ana 4B would require approvals from 
MID for construction in the MID laterals. stream Alteration 
Permits would be required from the DFG for construction in Deadman 
Creek. A Corps of Engineers permit would be required for 
construction activities in wetlands or riparian corridors. 
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CHAPTER IV H 

MENDOTA WILDLIF,E MANAGEMENT AREA 

The Mendota Wildlife Management Area (Refuge) was purchased by the 
state Wildlife Conservation Board within the period from 1954 
through 1966. It was established to provide waterfowl habitat, to 
reduce crop degradation, and to provid~ public hunting. The Refuge 
comprises 12,105 acres and is managed by DFG. The Refuge is 
located along Fresno Slough, three miles, southwest of the city of 
Mendota, as shown in Figure IV M-1. An ecological reserve of 
almost 900 acres lies adjacent to the Refuge and provides 
protection for endangered plant species. 

The management plan for the Refuge was developed to encourage 
natural food crops such as swamp timothy, alkali bulrush, smartweed, 
and millet. 

A. WATER RESOURCES 

The Refuge has a contract for 25,463 acre-feet per year from 
Reclamation. However, the Refuge only receives an average of 18,500 
acre-feet 'per year. There are several reasons for the 
difference in water available and the water deliver~d. 'First, the 
Mendota Pool is dewatered every four to five years for maintenance 
during the winter. During this period, the Refuge does not receive 
any water. Second, the refuge canals are peri~dically dewatered to 
control cattails. Third, ditch and levee maintenance and 
construction on the Refuge requires' periodic dewatering (,USBR, 
19a6a). " 

1. Surface waters 

The contract with Reclamation includes 8,143 acre-feet of section 2 
water, 12, 000 acre-feet of Section 6 water, 4, 000 acre-feet of 
mitigation water, and 1,320 acre-feet of firm water rights. In 
addition, the Refuge holds 3,120 acre-feet of supplemental water 
rights which are not always available. 

The Section 2 water is provided free of" charge from the Mendota 
.' Pool, and the Section 6 water is purchased by the state of 

California. No more than 5,800 acre-feet 9f the -Section 2 
water can be delivered after June ' 30 due to capacity problems in 
the conveyance facilities. The Section 6 water is available from 
September 1 through November 30. The 4, 000 acre-foot contract 
with Reclamation for Los Banos Creek mitigation water' is supplied 
March 15 through May 31. 

The need to provide a more dependable water supply to the Refuge was 
demonstrated in 1977 when the available water was 76 percent 
below normal and large amounts of land were left fallow (USBR, 
1986a) • 
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2. water conveyance Facilities 

Reclamation maintains the portion of Fresno Slough that runs through 
the Refuge as a facility to convey water to the Refuge. Gates and 
pumps divert water from the Fresno Slough onto the Refuge. Fresno 
Slough receives water from, the Mendota Pool. 'The Mendota Pool is 
operated by the Central California Irrigation Company (CCID) and 
is drawn down generally every 4 to 5 years for maintenance on the 
Mendota Dam. Maintenance work on the Mendota' Dam usually occurs 
between mid-November and December. Water, cannot be diverted to 
the Refuge when the Mendota Pool is dewatered. Fresno Slough has 
sufficient conveyance capacity to serve the ultimate development 
demand of the Refuge. 

The loss of the water supply in November constrains management of 
habitat. ' Before the water supply is cut off, the ponds must be 
flooded deeper than desirable to ensure adequate water coverage 
remains through the waterfowl season. If the water is too deep~ 
food availability is reduced because the waterfowl generally feed 
on seeds at the bottom of the pool. If the water is too shallow, 
some waterfowl will avoid ponds (USBR, 1986a). 

The internal conveyance system consists of nine lift pumps and 
open ditches. The pumps have capacities ranging from 20 to 100 
horsepower. Drainage problems have occurred on 2,680 acres located 
on the west side of the Refuge. Improved drainage, of this area 
would increase food production significantly and allow the 
conversion of 400 acres of upland to marsh. 

3. Groundwat'er -, 

The groundwater level is approximately 100 to 250 feet deep 
wi th ,considerable seasonal fluctuations. Reclama tion has 
monitored. well operations and groundwater levels wi thin the 
Tranquility Irrigation District for many years. The District is 
adjacent to the southeast corner of 'the Refuge.' Geohydrologic 
conditions in the two areas are probably similar al though 
production zone groundwater levels may be deeper in the Refuge. 
Reclamation estimates that the safe yield for the Refuge is 5,500 
acre-feet. Three groundwater wells at the Refuge were abandoned 
during the early 1950',s due to high boron concentrations. 

B. FORMULATXOHAHD EVALUATXON OF ALTERNATIVE PLANS 

The DFG estimates that 29,650 acre-feet of water would be required 
for full c~velopment and optimum management of the entire Refuge. 
For the~, rposes of assessing the impacts of water delivery 
alternatives, ~our levels of water supply have been identified, as 
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presented 
provides 
follows: 

in Table IV M-l. Each of the water supply levt:. 
a different volume of water and· are summarized a ... 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use of existing 
development 

Level 4 - Water delivery needed for optimum management 

1. Delivery Alternative for Level 1 (No Action Alternative) (18,500 
acre-feet) 

The existing facilities can take delivery of Level 1 water supplies. 

2. Delivery Alternative for Level 2 (18,500 acre-.feet) 

No al ternati ves were required for Level 2 which is currently 
delivered to the Refuge. 

3. Delivery Alternative for Level 3 (25,463 acre-feet) 

The Refuge has water contracts for 25,463 acre-feet of water. 
However, the Refuge can only take delivery of 1.8,500 acre-feet of 
water due to restrictions with existing facilities. The 'alternative 
developed for Level 3 ~ould provide the entire water contract amount 
to the Refuge. 1 

Alternative 3A Change operation of Mendota Pool. The most 
feasible method of increasing water deliveries to the Refuge is to 
change the current practice by .CCIO of lowering the water level in 
the Mendota Pool every mid-November. If ccro would delay the 
lowering of the Mendota Pool until early December, a dependable 
water supply could be. provided in the critical months. 

The impacts ,of this delay on the CCIO maintenance schedule have not 
been fully identified at this time. It may be necessary to improve 
the Mendota Dam or CCIO canals to minimize the required maintenance 
work. Further analysis .is required to determine the feasibility of 
changing maintenari~e schedules or the need· for facilities 
improvements. 

4. Delivery Alternatives for Level 4 (29,650 acre-feet) 

The alterna't; .. ives developed for Level 4 would provide additional 
water for currently undeveloped portions of the Refuge. Alternative 
4A would provide additional surface water. Alternative 4B would 
prdvide a conjunctive use program. 
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TABLE IV M-l 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE MENDOTA WMA 

S!:!EEII Levell S!!El!II Level Z S!!l!l!lv Level 3 S!!El!l:I Level 4 
Month ac-ft ac-ft 

January 850 850 
February 850 850 
March 750 750 
April 750 750 
May . 1,350 1,350 
June 1,400 1,400 
July 1,400 1,400 
August 1,600 1,600 
September 3,250 3,250 
October 3,100 3,100 
November 2.,2.50 2.,2.50 
December 950 950 

Total 18,500 Ca) 18,500 

Notes: 

(a) Total Existing Firm water supply of 25,463 af is 
problems. 

Supply Levell: Existing firm water supply 
?upply Level 2.:. Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Sources: USBR, 1986a; USFWS, 1986d and 1986e 

ac-ft ac-ft 

1,000 1,2.50 
1,000 1,2.50 

950 1,150 
950 1,150 

2.,2.50 2.,800 
1,750 2.,150 
1,750 2.·,150 
2.,050 2.,500 
4,2.00 5,150 
4,000 5,000 
2.,900 3,600 
1,2.00 1,500 

2.4,000 2.9,650 

unavailable due to conveyance 
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Alternative 4A - Extend Westland water District Laterals 4.and 6 to 
Refuge. Westland Water District (WWD) would extend Laterals 4 and 
6, as shown in Figure IV M-2. . Lateral 4 would be extended 
approximately two miles and a pump station would be constructed to 
divert water on the Refuge. This lateral would serve both the 
western and undeveloped eastern sides of the Refuge. The existing 
capacity of Lateral 4 is 8 cfs. . Lateral 6 would be extended into 
the southwestern portion of the Refuge and a pump station would be 
constructed to divert water onto the Refuge. The capacity of 
Lateral 6 is 15 cfs. In addition, a new ditch system would need to 
be constructed on the eastern sections of the Refuge. This 
alternative would require implementation of Alternative 3A. 

Alternative ·4B - Implement conjunctive Use Plan. Five wells 
'would be constructed on the Ref~ge to deliver the maximum month 
water demand. The exact locations of the wells would be determined 
in 'a future study. The wells would be developed as part of a 
conjunctive use program. During dry years, water demands would be 
supplied by wells, as discussed in Chapter III. During wet years, 
the wells would probably not be needed if CVP water is provided. 
Surface water would be used in the dry years to dilute the boron 
concentrations in the groundwater. This alternative would require 
implementation of Alternative 3A and 4A. 

s. Summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter III. 

No alternatives w·ere considered for Levels 1 and 2 because existing 
facilities could deliver available ~irm water supplies. 

Alternative 3A would be the only alternative considered for Level 3. 
This alternative would not include facility construction, but would 
modify operations of the Mendota Pool. This alternative would allow 
complete delivery of the CVP water contracts. 

Alternative 4A would require a long-term agreement with WWD and 
construction of improvements to the WWD facilities. Alternative 4A 
also would require implementation of Alternative 3A. 

Alternative 4B would provide wells' for a conjunctive use program. 
Alternative 4A would need to be implemented, as part of this 
alternative. 

c. COSTS AND ECONOMIC ANALYSIS 

Costs for the alternative plans to provide adequate water 
supplies under Water Supply Levels 3 and 4 are presented in Table 
IV M-2. The construction costs include factors to cover 
engineering, contingencies, and overhead costs. Annual operation 
and maintenance (O&M) costs include only the local cost of 
delivering water. The annual O&M costs do not include costs to 
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TABLE IV M-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

MENDOTA WMA 

Alternatives 
Items 3A 4A 4B 

Additional Water Cae-ft) 5,500 11,150 11,150 

Construction Costs 

Wells $ $ S424,500{C) 
Pipelines/Canals 36 000 (a) 
Pump Stations '55;OOO{b) 

Subtotal $ $ 91,000 $424,500 
Other Costs 91 z000(d) 

Total $ $ 91,000 $515,500 

Annualized Construction Cost 
(8~87%, 30 yrs) $ $ 8,760 $ 49,600 

Additional Annual Cost 

Operation Be Maintenance(e) $ S 1,000 $ 14,400 
Power 95,890(g) 103,700 (j, k) 
Local Conveyance Cost 4 130 (f) 11,150(h) z 
Subtotal $4,130 $108,040 $118,100 
Other Costs 4 z130 0 ) 56 z090(d,k) 

Total $4,130 $112.,170 $174,190 

$4,130 $120,930 $223,790 

Cost/Additional Acre-Foot $ 0.80 $ 10.80 $ 2.0.10 



TABLE IV M-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

MENDOTA WMA 
(Continued) 

Notes: Alternative 3A - Change Operation of Mendota Pool. 
Alternative 4A - Extend Westland Water District Laterals 4 and 6 to 

Refuge. 
Alternative 4B - Implement a Conjunctive Use Plan. 

(a) 2,500 feet of unlined canal, 4 cfs; 10,000 feet of unlined canal, 6 cfs; 1,500 
feet of unlined canal, 15 cfs; 600 feet of 24-inch diameter pressure pipeline; 
and one. crossing. 

(b) 6 cfs pump, 10-foot lift. 

(c) 5 wells, 950-:-feet deep, ISO-fo'ot lift. 

(d) Alternative 4B would require implementation of Alternative 4A. 

(e) Basis for O&M costs are discussed in AppendixF. 

tf) Unit Conveyance Cost = $0.7S/af. 

(g) Unit Pumping Cost '= $8.60/af. 

(h) Unit Conveyance Cost = $l/af. 

(i) Alternative 4A would require implementation of Alternative 3 A. 

(j) Unit Pumping Cost::: $18.60/af. 

(k) Values are multiplied by 0.5 because facilities will be used only 5 out of 10 . 
years. 

(1) Costs to provide Water Supply Levell are not included. 



purchase CVP water. During the 
costs will be refined further. 

advanced planning phase, these 

construction of the facilities under Alternatives. 4A and 4B will 
result in additional money being spent in Fresno county during 
construction. The construction could be completed within one 
summer season by construction workers who reside in the area~ 

Currently, the annual public use to the Refuge is about 14, 800 
visits per year. If water is proviqed throughout the year, 
there would be an increase in t;he nUlIlPer of wildlife-use days and 
recreational benefits. 

D. WILDLIFE RESOURCES 

The average annual bird use on the Refuge is about 2,600,000 use­
days. wildlife and fishery resources associated with the Refuge 
are presented in Table IV M-3. The only listed threatened 
and endangered species associated wi th the Refuge are the San 
Joaquin kit -fox, Vulpes ma'crotis mutica; the Valley elderberry 
longhorn beetle, Desmocerus californicus dimorphys; and the 
palmate~bracted bird's beak, Cordylanthus palmatus. Nume~ous 
candidate species may occur in this area and are also presented in, 
Table IV M-4. 

The additional water would be used to improve habitat in the 
Refuge. The improved habitat would increase the number of' 
public use days, as presented in Table IV M-5. 

Implementation of any ~f the alternative plans probably would not 
adversely affect th~ listed and candidate threaten~d and-
endangered wildlife species. Detailed field investigations would 
be necessary during the advanced planning phase of the p~oject. 
Implementation of any of the plans would result in overall 
beneficial environmental effects. Additional regional environmental 
analyse~'will be completed as part of the Water Contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of 
positive due to the potential 
subsequ"ently public use. 

F. POWER ANALYSIS 

any of the alternatives would be 
increase in wildlife use and 

The Pacific Gas', Electric Company (PG&E) serves the Refuge under 
the PA-1 rate schedule for agricultural users. A facility must be 
an authorized function of the CVP to receive project-use power. : The 
authority to delivery Cvp· proj ect-use power to the, Refug(l'lt is 
currently being examined and will be detailed in the Refuge Water 
Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is provided in the Power Analysis, 
section of Chapter II. 
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Pintail(a) 
Gadwall(a) 
Canvasback 
Cinnamon Teal(a) 

Snow Goose 
Ross' Goose 

American Coot 

Pied-billed Grebe(a) 
White:"£aced Ibis 
Lesser Sandhill Grane 
Common Snipe 
Long-billed Curlew 
Grea t Blue Heron 
Ruddy Duck(a) 

TABLE IV 14-3 

FISH AND Wll..DUFE RESOURCES 

MENDOTA WMA 

Mallard(a) 
Shoveler(a) 
Ruddy Duck(a) 

Ducks 

Geese and Swans 

Whi te-fron ted Goose 
Canada Goose 

Coots 

Shore aDd Vi ading Birds 

Common Egret 
Snowy Egret . 
American Bittern(a) 
Killdeer 
American Avocet(a) 
Black Necked Stilt(a) 

Green-winged Teal(a) 
Ring-necked Duck 
Wigeon 

Tundra Swan 

Dowitchers 
Great Yellowlegs 
Sandpiper . 
Black-crowned Night Heron(a} 
Avocets(a) 
Western Grebe(a) 



Ring-necked Pheasant 
Cottontail Rabbit 

Northern Harrier{a) 
Black-tailed Kite 
Barn Owl{a) 

Brown Bullhead .. 
Threadfin Shad· 

Coyote 
Muskrat 
Raccoon 

'Notes: 

(a) Birds nesting on refuge 

TABLE IV M-3 

FISH AND WlLDUFE RESOURCES 

MENDOTA WMA 
( Continued) 

Opland .Game 

Black-tailed Jackrabbits 
Dove 

Raptorial Birds 

Red-tailed Hawk 
Cooper's Hawk 
Great Horned Owl(a) 

Fish 

Channel Catfish· 
Carp 

Furbearers 

Opossum 
Striped Skunk 
Beaver 

American Kestrel(a) 
Tur key Vulture 
Burrowing Owl(a) 

Striped Bass 
Largemouth Bass 

Mink 
Badger 
Spotted Skunk 

Source: Environmental Assessment Report, Mendot'a Wildlife Area, and checklist of the birds of the Mendota Wildlife Area 



TABLEIVM-4 

FEDERALLY USTED, PROPOSED, &: CANDIDATE THREATENED & ENDANGERED SPECIES 

MENDOTA WMA 

Listed Species 

Mammals . 
San Joaquin kit fox, Vulpes macrotis mutica (E) 

Invertebrates 
Valley elderberry longhorn beetle, Desmocerus californicus dimorphus 
(11 

Plants 
Palmate-bracted bird's-beak, Cordylanthus palmatus (E) 

Proposed Species 

None 

. Candidate Species 

Birds 
Tricolored blackbird, Agelaius tricolor (2) 
White-faced ibis, Plegadis chihi (2) 

• Reptiles 
Giant garter snake, Thamnophis couchi gigas (2) 

Invertebrates 
Hopping's blister beetle, Lytta hoppingi (2) 
Molestan blister beetle, Lytta molesta (2) 
Moestan blister beetle, Lytta moesta (2) 
Morrison's blister beetle, Lytta morrisoni (2) 
Ciervo aegialian scarab beetle, Aegialia concinna (2) 
San Joaquin dune beetle, Coleus gracilis (2) 
Wooly hydroporus diving beetle, Hydroporus hirsutus (2) 

Plants 
Valley spearscale, Atriplex patula subsp. spicata (2) 
Hispid bird's-beak, Cordylanthus mollis subsp. hispidus (2) 
Hoover's wooly-star, Eriastrum hooveri (2) 
Congdon's wooly-threads, Lembertia congdonii (2R) 

Source: USFWS, June 4, 1987 

(E)-Endangered ('Ii-Threatened (CH)-Critical Habitat 
(1) -Category 1: Taxa for which the Fish and· \Vildlife Service has sufficient 

biological information to support a proposal· to list as endangered or 
threatened. 

(2)-Category 2: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. . 

(2R) -Recommended addition to Category 2. 



TABLE IV M-5 

Wll..DLIFE RECREATIONAL BENEFII"S AND RESOURCE IMPACTS 

Habitat Acres 

Seasonal Marsh 
Watergrass (millet) 
Cereal Grains 
Uplands 
Administration 
Fallow 

Bird. Use Days 

Ducks and Geese 
Other Waterbirds 

Total 

Public Use Days 

Consumptive 
Non-Consumptive . 

Total 

Total Annual Cost 

Incremental Cost/Additional 
1,000 Bird. Use Days 

Incremental Cost/Additional 
Public Use Day 

MENDOTA WMA 

No Action 
Alternative 

2.,07'2. 

1,940 
100 

5,328 

2,300,000 
. 300,000 

2,600,000 

12.,2.00 
2,600 

14,800 

N/A 

N/A 

Alternatives 
3A 4A 4B 

5,000 4,02.6 4,02.6 
2.,000 3,374 3,374 

400 
1,940 1,940 1,940 

100 100 100 

. 10,600,000 10,600,000 10,600,000 
1,600,000 1,600,000 1,600,000 . 

12,2.00,000 12,200,000 12.,2.00,000 

14,000 15,800 15,800 
___ 3-"":,...5_0_0 ___ 6-",,_7_0_0 ___ 6-"":,...7_0_0 

17,500 22,500 22,500 

$ 4,130 $ 120,930 $ 2.2.3,790 

$ 0.40 .$ 12..60 $ 2.3.30 

$ 1.60 $ 15.70 $ 29.10 

----------..;....----------_-..:..._-----.",-----
Notes: Alternative3A -

Alternative 4A -

Alternative 4B -

Change Operation of Mendota Pool. 
Extend W est lands Water District Laterals 4 and 6 to 
Refuge. 

'Implement a Conjunctive Use Plan. 



G. PERMITS 

Construction activities would require several permi ts. Fresno 
County would issue permits for wells constructed under Alternative 
4B and approvals for construction along roads and drainage 
facilities under Alternative 4A. WWD would need to approve all 
construction that would occur under Al ternative 4A. stream 
Al teration Permi ts would be required from the DFG for 
Alternative A. A Corps of Engineers permit would be required ,for 
Alternatives 4A and 4B for construction activities in wetlands or 
riparian corridors. 
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CHAPTER I:V N 

, PI:XLEY NATI:ONAL W~LDLI:FE REFUGE 

The Pixley National wildlife Refuge (Refuge) was established, in 1959 
when reverted homestead tracts were transferred to the Service from, 
the California Department of Food and Agriculture. The Refuge 
boundaries have since' expanded and currently include 5,200 acres 
controlled by the Service, 800 acres controlled by the U. S. 
Forest Service, and 2,800 acres owned by private land owners. The 
Refuge is managed by the Service and is located in southwest Tulare 
County. 

The Refuge has grassland vegetation with some riparian plants along 
Deer Creek. Approximately 3,700 acres are set aside as habitat for 
the endangered blunt-nosed ,leopard lizard, and are currently used 
for livestock grazing. The primary objective of the Refuge is 
to restore wildlife habitat, particularly _ for migratory 
waterfowl and endangered species (USFWS, 1978). 

A. WATER RESOURCES 

The Refuge does not have any firm water supplies. Water is diverted 
from Deer Creek or provided by Pixley Irrigation District (PID). 

1. Surface Water 

The Refuge does not have water rights, riparian or 
appropriative., Deer Creek traverses the western half of the 
Refuge" as shown in a Figure IV N-1. This creek i~ an intermittent 
stream which carries flood flows during wet years (USFWS, 1978) . 
During wet years, upstream irrigation districts also allow excess 
water to flow down Deer Creek to the Refuge. Deer Creek also could 
be used to convey water from the Friant-Kern Canal (FKC) to the 
Refuge. Deer Creek does have a high potential for conveyance losses 
due to percolation, evaporation, and diversions along the creek. 
The quality of Deer Creek flood flows is suitable for irrigation 
and waterfowl management. 

Another intermittent water source on the Refuge is the groundwater 
recharge basins maintained by PID. The two-cells provide about 
200 acres of wetlands (USFWS, 1986). 

2. Water conveyance Facilities 

Water is diverted from Deer Cree'k at a sand dam near Road ,88.' This 
sand dam needs to be maintained" to prevent sand inundation or wash­
out during flooding events. The Refuge internal conveyance- system 
is generally in fair condition, however, minor improvements are 
needed. 
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3. Groundwater 

The Refuge is located in the lower San Joaquin Valley which has 
a serious groundwater overdraft problem. The water level is· 100 
.to 200 feet deep with considerable seasonal fluctuations .• One well 
was drilled on the Refuge in 1963. Use of this well was 
discontinued in 1969 because of a receding water table and 
escalating en~rgy' costso Groundwater from this well was of poor 
quality for irrigation, but suitable for waterfowl habitat 
management. Reclamation has estimated that the safe yield of the 
Refuge is 1,600 acre-feet. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The Service estimates that 6, 000 acre-feet of water would be 
required for full development and optimum management of the entire 
Refuge~ For the purposes of assessing the impacts of water 
delivery alternatives, four levels of water supply have 
been identified, as presented in Tabl~ IV N-1. Each of the water 
supply levels provides a different volume of water and are 
summarized as follows: 

Level 1 - Existing firm water supply 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use of existing 
development 

Level 4 - Water delivery needed for optimum management 

1. Delivery Alternative for Levell (No Action Alternative) (.0 acre­
feet) 

The Refuge does not have a .firm water supply, therefore no 
alternatives were developed for Level· 1. 

2. Delivery Alternative for Level 2 (1280 acre-feet) 

Since this level represents the current average annual water 
supply, additional facilities would not be necessary. 

3. Delivery Alternatives for Level 3 (3,000 acre~feet) 

Under this. level, construction and/or the use of the existing 
conveyance facilities may be required· to fully serve the existing 
Refuge with an increased wat.er supply. 

Alternative 3A . - Obtain Friant-Kern Canal water Via Deer Creek. 
A dependable supply of water would be ·obtained from the FKC. This 
water would be conveyed to the Refuge by the Lower Tule River 
Irrigation District and PID. Water would be diverted from the FKC 

IV N-2 
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TABLE IV N-l 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVE SUPPLY LEVELS FOR THE PIXLEY NWR 

SUPlllI Levell SupplI Level Z SupplI Level 3 S!:!2l!II Level 4 
Month ac-ft ac-ft 

January 0 500 (a) 
February 0 600 (a) 
March 0 100 (a) 
April 0 80 (a) 
May 0 0 
JIDle. 0 0 
July 0 0 
August 0 o . 
September 0 0 
October 0 0 
November 0 0 
December 0 0 

Total 0 I%Z80(a) 

Notes: 

Supply Levell: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

(a) Estimated amounts, flood flows are not measured. 

Sources: USBR, 1986a; USFWS, 1986d and 1986e 

ac-ft ac-ft 

100 200 
50 100 

0 a 
150 300 
30Q 600 
400 800 
450 900 
150 300 
400 :"800 
500 1,000 
350 700 
150 300 

3 z000 6 z000 



to Deer Creek at a point 15 miles upstream from the Refuge. Water 
would be delivered to the Refuge through Deer Creek, as shown in 
Figure IV N-2. 

The internal distribution system would be improved through 
construction of a pump statiqn at Deer Creek, 1 mile of delivery. 
ditch, 6 miles of new levees, 3 miles of levee repairs, and 16 
control structures. 

Alternative 3B - utilize Mid-Valley Canal water Via Deer Creek. 
If the proposed Mid-Valley Canal (MVC) " is constructed by 
Reclamation, CVP water' could be delivered through the MVC" to Deer 
Creek. The Canal would cross Deer Creek approximately seven miles 
upstream of the Refuge. This alternative would have less 
conveyance losses than Alternative 3A. However,the MVC has not 
been authorized for construction. 

The internal distribution system would be improved through 
construction of a pump station at Deer Creek, 1 mile of delivery 
ditch, 6 miles of new levees, 3 miles of. levee repairs, and 16 
control structures. 

A1 ternative 3C - Obtain CVP Water via the California 
Aqueduct. Water would be conveyed through the . California Aqueduct 
to Lateral B of the Tulare Basin water storage District. This 
water would be ·pumped into Bull Slough and conveyed to the 
Homeland/Lakeland Canal. Water would be deliver"ed thl;ough the 
Homeland/Lakeland Canal to Deer Creek. The water would flow in 
the reverse direction of the natural flow in Deer Creek to the 
Refuge. 

The inte.rnal distribution system would be improved through 
construction of a pump station at Deer Creek, 1 mile of delivery 
ditch, 6 miles of new levees, 3 miles of levee repairs, and 16 
control structures. 

Alternative 3D - Implement a conjunctive Use Plan. Seven wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. The exact locations of the wells would be determined 
in a future study. The wells would be developed as part of a 
conjunctive use program. During dry years, water demands would be 
supplied by wells, as discussed in Chapter III. During wet years, 
the wells would probably not be needed if CVP water is provided. 
Implementation of this alternative also would require implementation 
of Alternative 3A, 3B, or 3C. . 

The internal distribution system would be improved through 
construction of a pump station at D('~r Creek·, 1 mile of delivery 
ditch, 6 miles of new levees, 3 mi 1 C!:; of. levee repairs, and 16 
control structures. 

:IV N-3 



TABLE F-l 

UNIT COSTS FOR MATERIALS AND CONSTRUCTION 
(1987 COSTS) 

Items Unit Unit Cost/#- of Units 

o Clearing and Grubbing acre $5,000·.00 

o Pipe Trench Excavation cu yd $10.00 

o Handling: Stringing and Laying 

12" Pipe lin ft $1.45 
18" Pipe lin ft $1.60 
24" Pipe lin ft $1.85 
30" Pipe lin ft $1.90 . 
36" Pipe lin ft $2.40 
48" Pipe lin ft $3.75 . 
60" Pipe lin ft $6.20 
66" Pipe lin ft $6.8·5 

0 Pipe Trench Backfill cu yd $13.00 

o Rip Rap sq yd $31.00 

o Trench Excavation Cross Section 

12" Pipe sq ft/ft of trench 10.50 
18" Pipe sq ft/ft of trench 14.00 
24" Pipe sq ftl ft 0 f trench 18.00 
30" Pipe sq ft I ft 0 f trench 22.50 
36" Pipe sq ft/ft of trench 27.50 

0 Ditch Excavation cu yd $5.50 
0 Dit~ Rehabilitation lin ft $1.50 
o Gunite sq ft $1.20 
o Reinforced Concrete cu yd $600.00 

0 Trench Backfill Cross Section 

"12" Pipe sq ft $9.7 
18" Pipe sq ft $12.2 
24" Pipe sq ft . $14.9 
30" Pipe sq ft . $17.6 
36" Pipe sq ft $20.4 



TABLE F-l 

UNIT COSTS FOR MATERIALS AND CONSTRUCTION 
(1987 COSTS) 

Items 

o Blow Off Assemblies 

6" Blow Off for All Siphons 

o Air Release Assemblies 

4" Air Valves for All Siphons 

o Road Crossings 

Materials 
Labor 
Site Preparation 

& Cleanup 

o Repaving and Restoration 
for Open Cut Roads 

o Bentonite Lining 

o Rights of Way 

Width of Siphons 
Land 

( Continued) 

Unit 

lump sum 

lump sum 

dia inch/ft 
dia inch/ft 
lump sum 

lump sum 

lin ft/cfs 

ft 
acre 

o Corrugated ~etal Pipes Road Crossing 

2.4" CMP 
30" CMP 
36" CMP 
42" CMP 
48" CMP 
54" CMP 
60" CMP 
66" CMP 

o Foot Bridges 
o Driveway Bridges 

lump sum 
lump sum 
lump sum 
lump sum 
lump sum 
lump sum 
lump sum 
lump sum 

ea 
ea 

Unit Cost/#- of Units 

$1,800.00 

$1,100.00 

$1.00 
$2.00 

$1,000.00 

$2.,000.00 i 

$0.20 

$80.00 
$2.,000.00 

$1,630.00 
$1,750.00 
$1,830.00 
$2.,050.00 
$2.,260.00 
$2.,480.00 
$3,450.00 
$4,000.00 

$1,400.00 
$8,200.00 
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TABLEF-l 

UNIT COSTS FOR MATERIALS AND CONSTRUCTION 
(1987 COSTS) 

( Continued) 

Items Unit Unit Cost/#- of Units 

o Cast-in-Place Pipe 

30" C.l.PeP. lin ft $25.50 
36" C.l.P.P. lin ft $29.65 
42" C.l.P.P. lin ft $36.35 
48" C.l.P.P. lin ft $46.25 
60" C.l.P.P. lin ft $58.50 

o Control Box/Turnout 

30" Dia. lump sum $10,350.00 
36" Dia. lump sum $11~000.00 
42" Dia. lump sum $13,580.00 
48" Dia. lump sum $15,52Q.00 
54" Dia. lump sum $17,000.00 
60" Dia. lump sum $18,000.00 
66" Dia. lump sum $20,000.00 
78" Dia. lump sum $24,000.00 

o Pressure Pip e 

15" lin ft $20.25 
18" lin ft $26.40 
21 " lin ft $32.00 
24" lin ft $40.30 
30" lin ft $41.50 
36" lin ft $53.40 
42" lin ft $68.55 
48" lin ft $78.70 

o Allowance, Unlisted % 15 
o Contractor's Overhead &t 

Profit % 10 
Engineering &t Administration % 10 



TABLE F-Z 

ASSUMPTIONS USED IN DEVELOPMENT OF 
,ANNUAL OPERATION AND MAINTENANCE COSTS 

Pumping 
Pipeline 

Items 

Concrete Structure 
Wells 
Ditch Enlargements 

Culverts 
Control Gates 
Lined Canals 
Unlined Canals 
Irrigation Distribution Works 

Basis of Cost 

10.0 of Equipment Cost 
o • 5 of Construction Cost 
O. Z of Construction Cost 
3.4 of Construction Cost 
o • 5 ( QZ/ Q 1 - 1) * 0 f 

Construction Cost, 
0.5 of Construction Cost 
0.5 of Construction Cost' 
1.0 of Construction Cost 
2.0 of Construction Cost 
3.0 of Construction Cost 

* Assumes cost is proportional to the hydraulic radius and that the cost of the 
existing ditch is' already included in another item. Q1 = existing capacity, Qz = 
enlarged capacity.' , 

COST OF POWER 

The energy costs for agricultural power were taken from 1987 Schedule 'PA-l of 
Pacific Gas and Electric Company. This schedule is applicable to recla:mation 
service and to- general agricultural service on the farm. A total energy charge of 
$0.07635 per kil.owatt-hour was used for cost estimates. 

Items 

Unlined Canals 
Lined Canals 

Pipelines 

Items 

.. Pumps 
Wells 

Well Equipment 
Unlined Canals 
Lined Canals 

Pipelines 

CONVEYANCE LOSS FACTORS 

USEFUL LIFE OF F ACILlTIES 

Percent Loss 

ZO 
10 
2 

Lifetime (Years) 

30 
30 
15 
7 

30 
30 
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4. Delivery Alternatives for Level 4(6,000 acre-feet) 

Water Supply Level 4 would be conveyed through facilities discussed 
for Level 3. 

Alternative 4A - Obtain Friant-Kern Canal water Via Deer Creek. 
This alternative is identical to Alternative 3A. 

Alternative .4B - utilize Hid-Valley Canal water Via Deer Creek. 
This alternative is identical. to Alternative 3B. 

Al ternative 4C - Obtain CVP water via the California 
Aqueduct. This alternative is identical to Alternative 3C. 

Alternative 4D - Implement a Conjunctive Use Plan. Fourteen wells 
would be constructed on the Refuge to deliver the maximum month 
water demand. This alternative would be similar to Alternative 3D. 
Implementation of this alternative also would require implementation 
of Alternative 4A, 4B, or 4C. 

5. Summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed in Chapter III. 

There are no alternatives for Water Supply Levels 1 and 2. 

Al ternatives 3A and 4A utilize the existing creek and 
require m~nimal additional facilities. Alternatives 3A· and 4A 
would require long-term agreements with PID or Lower Tule River 
Irrigation District. 

Alternatives 3B and 4B may be considered in. the future if the 
MVC is authorized. 

Alternatives 3C and 4C would require extensive operation costs due 
to the pumping requirements. Long-term conveyance agreements 
with the Tulare Basin water Storage District would be required for 
Alternatives 3C and 4C. 

Alternatives 3D and 40 would result in overdraft conditions because 
the water need during the dry years would exceed the safe yield of 
the Refuge. These alternatives would require implementation of 
surface water alternatives (Alternatives 3A through 3C and 
Alternatives 4A through 4C) to convey surface water during wet 
years. 

C. COSTS AND ECQNOMICS ANALYSIS . ....... 

Costs for the alternative plans to provide adequate water 
supplies under Water Supply Levels 3 and 4 are presented in Table 

. IV N-2. The construction costs include factors to cover 

IV N-4 



Items 3A 

Additional Water (ac-ft) 3,000 

Construction Costs 
Wells $ 
Diversion Structures 
Pipelines/CanaJs 406,000(a) 
Pump Stations ZOo.ooo(a) 
Subtotal $606,000 
Other Costs 
Total $606,000 

- Annualized conStruction 
Cost- (8.81%, 30 yral $ 58,300 

Additional Annual Cost 
Operation 8c Mai~tenance(j) $ Z,400 
Power 7,950(k) 
Local Conveyance Cost 12.. 750.(1) 
Subtotal $ 2.3,100 
Other Costs 
Total $ 2.3,100 

Total Annual Costs $ 81,400 

Cost/ Additional Acre/Foot $ 2.7.2.0 

TABLE IV N-Z 

SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

PIXLEY NWR 

Alternatives 
3B 3C 30 4A 

3,000 3,000 3,000 6,000 

$ $ $ 594,300(g) $ 
11,000 (c) 11 ,ooo(e) 

406,000( a) 406,000(a) 406 OOo(a) 
ZOO.OOO(b) 400.000(f) ZOO:OOO(b) 

$617,000 $817,000 $ 594,300 $606,000 
606.000(h) 

$617,000(d) $817 ,000 $1,2.00,300 $606,000 

$ 59,360 $ 78,600 $ 115,470 $ 58,300 

$ Z,400 $ 5,800 -$ ZO,2.10 $ 2.,400 
7,950(k) 15,900(k) 48,000 (m,n) 15,900(k) 

12
1
750(1) 12..750(1) 2.5.500(1) 

$ 2.3,100 $ 34,450 $ 68,210 $ 43;800 
11.550(h,n) 

$ 2.3, lOO(d) $ 34,450 $ 79,760 $ 43,800 

$ 8Z,460 $113,050 $ 195,2.30 $102.,100 

$ 2.7.50 $ 31.10 $ 65.10 $ 11.00 

4B 4C 40 

6,000 6,000 6~000 

$ $ $1 ,188,600 ( i) 
ll,ooo(e) . 11, OOO( e) 

406,ooo(a) 406,000 (a) 
ZOOIOOO(b) 400.000(f) 

$617,000 $817,000 $1,188,600 
606.000(h) 

$617 ,000(d) $817 ,000 $1,794,600 

$ 59,360 $ 78,600 $ 172.,640 

$ Z,400 $ 5,800 $ 40,400 
15,900(k) 31,800(k) 96,ooo(m,n) 
2.5.500(1) 2.5 1 500 0 ) 

$ 43,800 $ 63,100 $ 136,400 
2.1

1
900(h,n) 

$ 43,800 . $ 63,100 $ 158,300 

$103,160 $141,700 $ 330,940 

$ 17.2.0 $ 2.3.60 $ 55.2.0 



TABLE IV N-Z 

SUMMARY OF ESTDlATtO COSTS OF ALTERNATIVES 

PIXLEY NWR 

(C~tinued) 

Notes: Alternatives 3A and4A - Obtain Friant-Kern Canal Water via Deer Creek 
Alternatives 3B and 4B - Utilize Mid-Valley Canal Water via Deer Creek 
Alternatives 3C and 4C - Obtain CVP Water via the California Aqueduct 
Alternatives 3D and 4D - Implement a Conjunctive Use Plan 

(a) 5,280 feet of ditches; 31,680 feet of new levees; 15,840 feet of levee repairs; and 16 control structures. 

(b) ZO ds pump, 30-foot lift. 

(c) 36-inch diameter turnout on Mid-Valley Canal at Deer Creek, 1l cfs 

(d) Costs do not include costs for Mid Valley Canal. 

(e) 36-inch diameter turnout on Homelan~/Lakeland Canal, 1Z ds. 

U) Two 20 ds pump, 30-foot lift. 

(g) 7 wells, 900-feet deep, "lSD-foot lift. 

(h) Alternatives 3D and 4D assume implementation of Alternatives 3A and 4A, respectively. 

(i) 14 wells, 900-feet deep, Z50-foot lift. 

(j) Basis for OacM costs are discussed in Appendix F. 

(k) Unit Pumping Cost = $Z.65/af. 

(1) Unit Conveyance Cost = $4.Z5/af. 

(m) Unit Pumping Cost = S3Z/af. 

(n) Values are multiplied"b"y 0.5 because facilities will be used 5 out of 10 years. 



engineering, contingencies, and overhead. Annual operation and 
maintenance (O&M) costs include only the local cost of delivering 
water. The annual O&M costs do not include the cost to purchase CVP 
water. During the advanced planning 'phase, these- costs will be 
refined further. 

construction of the facilities under any of the alternatives 
would result in additional money being spent in Tulare County 
during construction. The construction could be completed 
within one summer season by construction workers who reside in 
the area. 

Currently, the annual public use at the Refuge is about 300 visits 
per year. If additional water is provided, attendance levels 
would increase significantly. (USFWS, 1986). 

D. WILDLIFE RESOURCES 

The annual bird use on the Refuge is limited to wetland dependent 
endangered, candidate, and sensitive species. The Service 
estimates that the Refuge receives approximately 6,000 use-days 
annually. wildlife resources associated with the Refuge are 
presented in Table IV N-3. The listed threatened and endangered 
species associated with the Refuge are the peregrine falcon, Falco 
peregrinus anatum; bald eagle, Haliaeetus leucocephalus; San 
Joaquin kit fox, Vulpes macrotis mutica; and the blunt-nosed 
leopard lizard, Gambelia silus. Numerous candidate species may 
occur in this area and are presented in Table IV N-4., 

Implementation of any of the alternative plans probably would not 
adversely affect the listed and candidate threatened and 

,endangered species and may improve habitat that would be used by 
the San Joaquin kit fox and the blunt-nosed leopard lizard. Table 
IV N-5 describes the increase in wildlife resources as a result of 
the various water supply levels.' Detailed field investigations 
will be necessary during the advanced planning phase of the 
proj ect. Addi tional regional environmental analyses will be 
completed as part of the Water Contracting Ers's. 

E. SOCIAL ANALYSIS 

The social consequences of al ternatives for Levels 3 or 4 
w0uld be positive due to the potential increa~e in public use. 

F. POWER ANALYSIS 

The Pacific Gas and Electric Company serves the Refuge under the PA­
l rate schedule for agricultural users. 'h facility must be an 
authorized' function of the CVP to receive J:...·.'Cuject-use power. The 
authority to deliver CVP project-use power to the Refuge is 
currently being examined and will be detailed in the Refuge Water 
Supply Planning 'Report. A more detailed discussion of project-uses 
pow,er and wheeling agreements is provided in the Power Analysis 

IV·N-S 



Pintail 
Wigeon 
Northern Shoveler 

'Canada Goose 
White-fronted Goose 

American Coot 

Pied-billed Grebe(a) 
American Bittern 
Great Blue Heron 
Long-billed Dowitcher 
Black-crowned Night Heron 
White-faced Ibis 

TABLE IV N-3 

WlLDUFE RESOURCES 

PIXLEY NWR 

Ducks 

Mallard 
Gadwall 
Green-winged Teal 

Geese and Swans 

Snow Goose ~ 

. Ross' Goose 

Coots 

Shore and Wading Birds 

American Avocet 
Black-neck Stilt 
Common Snipe 
Green-backed Heron 
Western Sandpiper 

Cinnamon Teal 
Wood Duck 

Killdeer(a) 
Long-billed Curlew 
Snowy 'Egret 
Least Sandpiper 
Greater Sandhill Crane, 
Mountain Plover 



Ring-necked Pheasant 

Black-shouldered Kite 
Rough-legged Hawk 
Swainson's Hawk 
Ferruginous Hawk 

Raccoon 
Coyote 
San Joaquin Kit Fox 

Notes: 

(a) Birds nesting on refuge 

TABLE IV N-3 

Wll.DUFE RESOURCES 

PIXLEY NWR 
(Continued) 

Upland Game 

Mourning Dove(a) 

Raptorial Birds 

Northern Harrier 
American Kestrel (Sparrow Hawk)(a) 
Prairie Falcon 
Merlin 

Furbearers 

Badger 
Long-tailed Weasel 
Skunks 

Red-tailed {Harlan} Hawk(a) 
Golden Eagle 
Burrowing Owl 
Sharp-shinned Hawk 

Source: Environmental Assessment Report, Mendota Wildlife Area, and checklist of the birds of the Mendota Wildlife Area. 
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TABLE IV N-4 

FEDERALLY LISTED, PROPOSED, & CANDIDATE THREATENED & ENDANGERED SPECIES 

PIXLEY NWR 

Listed Species 

Mammals 
San Joaquin kit fox, Vulpes macrotis mutica (E) 

Reptiles 
Blunt-nosed leopard lizard, Gambelia silus (E) 

Birds 
Bald eagle, Haliaeetus leucocephalus (E) 
American peregrine falcon, Falco peregrine anatum (E) 

Proposed Species 

None 

Candidate Species 

Mammals 

Birds 

Tipton kangaroo rat~ Dipodomys ~ nitratoides (2) . 
Nelson's Antelope Ground Squirrel, Ammo spermophilus nelson (2) 

'White-faced ibis, Plegadis chihi (2) 
Tricolored blackbird, Agelaius tricolor (2) 
Mountain Plover, Charadrius mountanaso (2) 
Ferruginous Hawk, Buteo regalis (2) 
Long-Billed Curlew, Numenins americanus (2) 

Invertebrates 
Hopping's blister beetle, Lytta hoppingi (2) 
Moestan blister beetle, Lytta moesta (2) 
Molestan blister beetle, Lytta molesta (2) 
Morrison's blister beetle, Lytta morrisoni (2) 
A land snail, Helminoglypta callistoderma (2) 

Plants 
Lost Hills saltbush, Atriplex vallicola (2) 
Hispid bird's-beak, Cordylanthus mollis subsp. hispidus (2) 
California jewelflower, Caulanthuscalifornicus (2) 
Congdon's wooly-threads, Lerilbetia congdonii (2R) 
Hoover's wooly~tar" Eriastrum hooveri (2) 

Source: USFWS, June 4, 1987 

(E)-Endangered en-Threatened {CH)-Critical Habitat 
(I)-Category 1: Taxa for which the Fish and \Vildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2) -Category 2.: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 

(2R) -Recommended additi~n to Category 2. 



TABLE IV N-5 

WILDUFE RECRE~TIONAL BENEFITS AND RESOORCE IUPACTS 

PIXLEY NWR 

No Action 
AltematiYe 3A 3B 

Habitat Acres 

Seasonal Marsh 400 400 
Irrigated Marsh 400 400 
Irrigated Crops 

Bird Use D..,.-s 

Geese 133,600 133,600 
Ducks 907,2.00 907,2.00 
Waterbirds and Other Migratory Birds 405,600 405.600 
Endangered Species 6,000 4711700 477 1 700 

6,000 1,924,100 1,924,100 

Public Use Days 

Consumptive 3,300 3,300' 
Non-consumptive 300 2 1°00 2..000 
Total 300 5,300 5,300 

Total AunaaJ Cost $ ,$ 81,400 $ 82.,460 

IDcrement&i Cost/ Additional 
1,000 Bird. Use D..,.-s N/A $ 42,.40 $ 43.00 

Incremental Cost/Additional 
Public Use Day N/A $ 16.30 $ 16.50 

Notes: Alternatives 3A and 4a: Obtain Friant-Kern Canal Water via Deer Creek. 
Alternatives 3B and 4B: Utilize Mid-Valley Canal Water via Deer Creek. 
Alternatives 3C and 4C: Obtain CVP Water via the California Aqueduct. 
Alternatives 3D and 40: Implement, a Conjunctive Use Plan. 

3C 

400 
400 

133,600 
907.2.00 
405,600 
417 1 700 

1,924,100 

3,300 
2.000 
5,300 

$ 113,050 

$ 58.90 

$ 2.2,.60 

AlternatiYes 
31) 4A 

400 550 
400 400 

650 

133,600 267,2.00 
991,ZOO 1,815,000 
405,600 811,2.00 
471 1700 11300 1000 

1,924,100 4,193,400 

3,300 6,500 
2,1 000 3 1800 

5,300 10,300 

$ 195,2,30 $ 102. D 100 

$ 101.80 $ 2.4.40 

S 39.00 $ 10.2.0 

4B -tC 4D 

550 550 550 
400 400 400 
650 650 650 

2.67.2.00 2.67,2.00 267,2.00 
1,815,000 1,815,000 1,815,000 

811,2.00 811 ,2.00 811,200 
1 1300 I 000' 11300 1000 1 1300 1000 

4,193,400 4,193,400 4,193,400 

6,500 6,500 6,500 
3.800 3 1 800 3 1800 

10,300 10,300 10,300 

$ 103,160 $ 141,700 $ 330,940 

$ 2.4.60 $ 33.80 $ 19.00 

$ 10.30 $ 14.2,0 $ 33.10 



I. 

I 
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l 

power and wheeling agreements is provided in the Power Analysis 
section of Chapter II. 

G. PERMITS 

construction activities would require several permits. Tulare 
County would issue permits for well construction under Alternatives 
3D and 4D. Approvals for construction of pump stations would be 
required from the Tulare Lake Basin Water storage District under 
Alternatives 3C and 4C. For construction activities in wetlands 

'or riparian corridors, stream Alteration Permits from DFG and an 
Army Corps of Engineers permit would be required. 
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CHAPTER :IV 0 

KERN NATIONAL WILDLIFE REFUGE 

The Migratory Bird Conservation commission creat~d the 10,618 
acre Kern National wildlife Refuge (Refuge) in 1961. The Refuge was 
established to restore a small segment" of the wetland habitat 
impacted by the drainage of Buena Vista, Kern, Goose, and Tulare 
lakes. As shown in Figure IV 0-1, the Refuge is divi~ed by the 
Goose Lake Canal which ·terminates in the Tulare Lake basin. The 
Refuge, located 35 miles northwest of Bakersfield, is managed by 
the Service. 

Land uses at the· Refuge can be classified as wetlands, croplands, 
and uplands. Approximately 2,260 acres has been set aside as a 
natural research area for desert plants and to provide a 
critical habitat for two endangered species, the blunt-nosed 
leopard lizard and the San Joaquin kit fox. Due to its strategic 
location along the Pacific Flyway, the Refuge serves as winter 
waterfowl habitat for the thousands of early migrant pintail ducks 
which concentrate in the Tulare Lake Basin during August and 
September. Major food plants grown on the Refuge include wild 
millet, alkali bulrush, and swamp timbthy (USFWS, 1978). The 
plants are irrigated in the spring and summer and flooded with six 
to nine inches of water in' the fall for waterfowl feeding (USFWS,' 
1978) • Graz·ing by cattle is permitted when winter rains are 
sufficient to provide adequate forage from winter annuql grasses 
(USBR, 1986a). 

A. WATER RESOURCES 

The Refuge does not have any firm water supplies.' The Refuge ,has 
purchased water in the past from the Friant-Kern Canal (FKC) which 
has been delivered via Poso Creek. The Refuge also has purchased 
water from the Kern County Water Agency (KCWA). Groundwater has 
also been utilized. 

1. Surface waters 

The majority of water used by the Refuge has been surplus State 
Water Project water purchas·ed from the KCWA. This water is 
delivered through the California Aqueduct to the Buena Vista Water 
storage District (BVWSD) facilities. These contracts are renewed 
annually. The State Department of Water .Resources has stated 
that no additional water is available, however the Refuge could 
continue to obtain surplus water from the KCWA through the 
California Aqueduct (USFWS, 1978). The existing.surface water 
quality appears to be good for user'·'on the Refuge. 

Another source of water is from Poso Creek, an intermittent 
stream, which spills floodwaters onto the Refuge during wet years. 
No water is available for appropriation in" Poso Creek from June 
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15 until the fall rains. Securing an appropriative right on 
these floodwaters would not give the Refuge a firm supply. It is 
u.nlikely that the state would issue a permit for diversion along 
the stream. . 

Poso Creek terminates on the Refuge and has caused flood control 
problems on the Refuge. The Service and the Pond-Po~o Soil 
Conservation District have agreed to receive all floodwaters that 
reach the Refuge. When the volume of water does not spillover 
the levee, this agreement benefits both the farmers and the 
Refuge. However, in the winter of 1982-83, floodwaters 
significantly damaged refuge facilities (USBR, 1986a) .. 

The Kern River, located 1$5 miles west of the Refuge, is considered 
a critical stream by the State Water Resources Control Board. 
Decision 1196 by the State Water Resources Control Board 
determined that no water is available for appropriation from 
Kern River at any time (USFWS, 1978)s Therefore, this source 
of water has been removed from consideration. 

2. water Conveyance Facilities 

The BVWSD conveys surplus water between January to mid-March from 
the· California Aqueduct through the No.1 North Lateral to the 
Main Drain Canal and the West Side ~'Canal. The water is conveyed 
through the BVWSDMain Drain Canal and the BVWSD West Side Canal to 
the BVWSD Goose Lake Canal which delivers the water directly to the 
Refuge. The BVWSD Goose Lake Canal doe:s not have additional 
capacity in the month of August.· However, adequate capacity exists 
in the BVWSD facilities during the other months. 

Water from the FKC is released to the Semitropic Water 
Storage District (SWSD) Paso Creek at a point 20 miles upstream 
from the Refuge. Both the FKC and Poso Creek have sufficient 
capacity to transport the water to the Refuge during the fall, 
'winter, and spring months. However, during the summer irrigation 
season , capacity is not available. in the FKC. High conveyance 
losses occur, in Paso Creek due to percolation, evaporation, and 
diversions along the creek. 

The Refuge's internal distribution system is generally in good 
condition, although minor improvements are needed. 

3. Groundwater 

The Refuge, located in the lake deposits of the Tulare Lake Basin, 
has nine groundwater wells. These wells were used to supply water 
until the early 1970's. Xl:t that time, three of the .wells were 
abandoned due to a receding water table coupled with escalating 
energy costs (USFWS, 1986a). 

The .six operating wells are located along the southern· boundary 
of the Refuge and along the Goose Lake Canal~ These wells are 
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· us~d on an as-needed basis in conjunction with surface water. The 
irrigation wells are 800 to 1,200 feet deep. water levels in 
these wells were at least 280 feet below the surface in 1977. 
Reclanlation estimates that the safe yield of the Refuge is 5 ,500 
acre-feet. 

B. FORMULATION AND EVALUATION OF ALTERNATIVE PLANS 

The Service estimates that 25,000 acre-feet of water would be 
required for full development and optimum management of the entire 
Refuge. For the purposes of assessing the impacts of water delivery 
alternatives, four levels of water supply have been identified, as 
presented in Table IV 0-1. Each of the water supply levels 
provides a diff·erent volume of water and are summarized as 
follows: 

Lev.el 1 - Existing firm water supp+y 

Level 2 - Current average annual water deliveries 

Level 3 - Water supply needed for full use of existing 
development 

Level 4 - Water delivery needed for optimum management 

1. Delivery Alternative for Level 1 (No Action Alternative) (0 acre­
,feet) 

The'Refuge has no firm water supply, therefore no alternatives were 
developed for Level 1. 

2. Delivery Alternatives for Level 2 (9,900 acre-feet) 

Alternatives' 2A through 2C would provide a dependable source of 
surface water from the CVP or the state Water Project.. Alternative 
2D would provide wells to be used in a conjunctive use program. 

Alternative 2A - Transport CVP Water Through the Buena 
vista Water storage District Facilities. A long-term contract 
would be ,negotiated with BVWSD to convey water from the California 
Aqueduct through the BVWSD No. 1 North Lateral to the BVWSD West 
Side Canal and the BVWSD Main Drain Canal which would flow into the 
BVWSD Goose Lake Canal. The BVWSD Goose Lake Canal would convey 
the water to the Refuge, as shown in Figure IV 0-2. The Goose Lake 
Canal may 'not have sufficient capacity above the confluence with the 
Main Drain Canal and the West Side Canal in August when water is 
required for irrigation of cotton. The internal distribution system 
would be improved through the construction of two lift::pumps, and 8.5 
miles of new levees. In addition, about eight miles of levees 
would be repaired. 
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TABLE iv 0-1 

DEPENDABLE WATER SUPPLY NEEDS 

ALTERNATIVl: SUPPLY LEVELS FOR THE KERN NWR 

Supply Level 1 Supply Level Z SUPEl! Level 3 
Month ac-ft ac-ft 

January 0 0 
February 0 0 
March 0 0 
April 0 0 
May 0 1,900 
June 0 850 
July 0 0 
August 0 0 
September {) .2,400 
October 0 1,200 
November 0 1,800 
December 0 1,800 

Total 0 9,950 

Notes: 

Supply Level 1: Existing firm water supply 
Supply Level 2: Current average annual water deliveries 
Supply Level 3: Full use of existing development 
Supply Level 4: Optimum management 

Sources: USBR, 1986a; USFWS, 1986d and 1986e 

ac-ft 

0 
0 
0 
0 

2,900 
1,250 

0 
0 

3,600 
1,800 
2,800 
2,700 

15,050 

S!!EEly Level 4 
ac-ft 

1,000 
1,000 

0 
400 

1,200 
1,800 
1,600 
5,500 
4,000 
3,500 
3,000 
2,000 

25,000 
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Alternative 2B - Transport state Water Project water through the 
Lost Hills water storage District Facilities. The Lost Hills water 
storage District (LHWSD) operates a lateral which terminates at the 
Refuge's western boundary. This lateral would be used to deliver 
water from the California Aqueduct to the Refuge. Under this 
alternati"ve, a 150 cfs turnout would be constructed on the LHWSD 
lateral to divert water onto the Refuge. The internal distribution 
system would be improved through the construction of two lift pumps 
and 8.5 mile~ of new levees. In addition, ab~ut ~ight miles of 
.levees would be repaired. 

Alternative 2C - Transport CVP water Through the Friant-Kern 
Canal and Poso Creek. water from the FKC-would be conveyed to the 
Refuge through Poso Creek. This alternative would require a long­
term conveyance agreement with SWSD which operates Poso Creek. 
Pumping facilities currently exist to transfer the water from 
Poso Creek . to the Refuge. Poso_ Creek has adequate capacity to 
convey the CVP water. However, the FKC has capacity limitations. 
The internal distribution system would be improved through the 
construction of two lift pumps and 8. 5 miles of new levees. In 
addition, about eight miles of levees would be repaired. 

Alternative 2D - Implement a conjunctive Use Plan. Six additional 
wells would be constructed on the Refuge to deliver the maximum 
month water demand. The exact locations of the wells would be 
determined in a future study. The wells would be developed as part 
of a conjunctive use program. During dry years, water demands would 
be supplied by wells, as discussed in Chapter III. During wet 
years, the wells would probably not be needed if CVP water is 
provided. Implementation of this alternative also would, require 
implementation of Alter~atives 2A, 2B, or 2C. . 

3. Delivery Alternatives for Level 3 (15,050 acre-feet) 

Alternatives 
alternatives 

for water Supply Level 3 would be 
developed for Level 2. ' 

similar to the 

Alternative 3A - Transport CVP Water Through the Buena 
vista Water storage District Facili ties. This al ternati ve is 
identical to Alternative 2A. 

Alternative 3B - ~ransport state water Project Water through the 
Lost Hills water storage District Facilities. This alternative is 
identical to Alternative 2B. 

Al ternative 3C - Transport CVP Water Through the Friant-Kern 
Canal andPoso Creek.- This alternative is identical to Alternative 
2C. 

Alternative 3D - Implement a conjunctive Use Plan. Twelve 
additional wells would be ~onstructed on the Refuge to deliver the 
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maximum month water demand. This alternative is similar to 
Alternative 20. Implementation of this alternative would require 
implementation of Alternative 3A, 3B, or 3C. 

4. Delivery Alternatives for Level 4 (25,000 acre-feet) 

Alternatives 
alternatives 

for Water 
·developed 

Supply Level- 4 
for Level 3 .. 

would be similar to the 

Alternative 4A - Transport CVP water Through the Buena 
vista Water storage District _ Facilities. This alternative is 
identical to Alternative 2A. 

Alternative 4B - Transport state Water Project water through the 
Lost Rills water storage District Facilities. This alternative is 
identical to Alternative 2B. 

Alternative 4C - Transport CVP water Through the Friant-Kern 
Canal and Poso Creek. This alternative is identical to.Alternative 
2C. 

Alternative 4D - Implement a Conjunctive Use. Plan. Twenty-one 
additional wells would be constructed on the Refuge to deliver the 
maximum month water demand. This alternative is similar to 
Alternative 20. Implementation of this alternative would require 
implementation of Alternative 4A, 4B, or 4C. 

5. Summary of Alternatives 

The beneficial and adverse effects of each alternative were compared 
with respect to the criteria listed .in Chapter III.I 

No alternatives were developed for Level 1 because the Refuge does 
not have a firm water supply_ 

Alternatives 2A, 3A, and 4A would require long-term agreements with 
the BVWSD. Alternatives 2B, 3B, and 4B would require long-term 
agreements with the LHWSO. Alternatives 2C, 3C, and 4C would 
require long-term agreements with SWSD. Alternatives 2B, 3B, and 4B 
also would require construction of a turnout and a pump station. 
All of these alternatives would include construction of on-refuge 
improvements. 

Alternatives 2D, 3D, and 4D would result in a groundwater overdraft 
because the water supply need in dry years would exceed the safe 
yield of the Refuge. These alternatives would require 
implementation of surface water alternatives (Alternatives 2A 
through 20, Alternatives 3A through JC, and Alternatives 4A through 
4C) • 

C. COSTS AND ECONOMIC ANALYSIS 

costs for the alternative plans to provide adequate water supplies 
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under Water Supply Levels 2, 3, and 4 are presented in 
Table IV 0-2. The construction costs include factors to cover 
engineering, contingencies, and overhead costs. Annual operation 
and maintenance (O&M) costs include only ,the local cost of 
delivering water. The annual O&M costs do not include costs. to 
purchase CVP or State Water Project water.· During the advanced 
planning phase, these costs will be refined fu~ther. 

Construction of the fac.ilities under all of the alternatives would 
result in additional money being spent in Kern County during 
construction. The construction could be completed within one 
summer season by construction workers who reside in the area. 

currently, the annual public use at the Refuge 
6,700 visits per year. If the additional water 
attendance levels would increase. 

D. WILDLIFE RESOURCES 

is approximately 
is provided, the 

The annual bird use on the Refuge is approxima tely 
7,197,500 use-days. If the additional water is provided, wildlife­
use days would increase. wildlife and fishery resources associated 
wi th' the Refuge are presented in Table IV 0-3. The only 1 isted 
threatened and endangered . species associated' with the Refuge are 
the peregrine falcon, Falco peregrine anatum; bald :eagle, 
Haliaeetus leucocephalus; San Joaquin kit fox, Vulpes macrotis 
mutica; and the blunt-nosed leopard lizard, Gambelia silus. 
Numerous candidate species may occur in this area and are also 
presented in Table IV 0-4. 

Implementation of an~ of the alternative plans probably ~ould not 
adversely affect the listed and candidate threatened and 
endangered species of wildlife, but would instead. improve t~eir 
habitat. Detailed field investigations would be completed during 
the advanced planning phase of the project. Implementation of the 
plan would result in overall beneficial environmental effects, as 
shown on Table IV 0-5. The No Action Alternative would result in 
a loss of habitat. Additional regional environmental analyses 
would be completed as part of the Water contracting EIS's. 

E. SOCIAL ANALYSIS 

The social consequences of constructing and operating the 
facilities under any of the alternatives would be' positive due to 
the potential increase in public use. 

F. POWER ANALYSIS 

Pacific Gas and ElectrJi·c Company serves the Refuge under the PA-l 
rate schedule for agrfcul tural users. A facility must be an 
authorized function of the CVP to receive project-use power. The 
authority to deliver CVP project-use power to the Refuge is 

'} currently being examined and will be detailed in the Refuge Water 
i 
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TAIIUIV o-l. 
SU ...... ARY 0,. ESTlWATED eOSTS OF ALTERHATlVU 

ItERN HWR 

Ahe .... l1_ 

he •• IA z. Ie ID lA l. Ie ID 4A 4. 4C 40 

AMltI ..... W.ter (.c-ft' 9,950 9,950 9,950 9,950 15,050 15,050 15,050 IS,OSO 15,000 ZS,OOO 25,000 lS,OO( 

C-lnoc'''' C_t. 
Wdh 621,600Id 1I,2U,lOOI'" SZ ,115 ,60C 
OI .. " .. lon Structure, 1 Z4,oooldl I n,ooolll 1 U;oool.1) I n,oool" • U,ooold) I lZ ,000111 
Plpellne./Canal" S\, 550 ,000 1.' 1,555,000 1.,'" 1,551,400Ia ,.1 11,550,000 101 1,555,00010 ,,,, I, 5~1,tOOlo'lll SI,5S0,ooolal 11,555,000(.,.' $\,5S1,400 l·,I' 
Pump Stations 106,ooolbl, 106,OOOlb' 106,Ooolb' 106,0001bl 106,009 1bl 106,OOOlbi 106,OOolh' 106,OOolb' 106,OoOlbl 
Subtotal 1,656.000 1,6&s,OOO 1,695, toO 6Z1,600 1,656,000 1,615,000 1,695,400 1,241,200 1,656,000 1,6as,OOO 1,695,400 1,175,601 
Other Coots 1,695,tOO Ill 1,695,400(1) 1,695,401 
Tolal S\, 656,000 $1,6115,000 SI,695,400 Sl,lIl,ooO 11,656,000 S\ ,615,000 11,695,400 SZ,9111,600 $1,651>,000 It ,615,000 $1,695,400 $),1171,001 

"--u.ect c-..tnoctl ... 
Colli 18.117%, ]0 , .. , IS9, )00 161,100 16),100 lll,900 159,]00 IU,IOO 161,100 1II1,690 159,100 161,.100 11>1,100 ln,19' 

A .. UI ..... A_'" C_t 
Operation ...... lnt .. nanr.,(ld 1,000 1,500 1,000 Z1,140 1,000 1,500 1,000 H,110 1,000 1,500 1,000 11,91' 
Pow"r 9,950 111 9,950111 9,950 111 291,040In,ol 1~,OSOIJl 15,050 111 IS,Osol1l 440,ll0ln,ol ZS,OOOl1l 15,000111 ls,oooll) lll,15 
Local C"" .. "yanr" CO.i, tl ,190 1m I 4l,1901m 1 41.2'10Iml 61,960 lml 61,9601 III! 61,960 lm ' 106,2501 .. , 106,2501,..', 106,2501 ... ) 
Subtolal 'jl,Z40 5),740 51,HO ) 12, \80 80,010 80,510 80,010 482,480 Ill, lSO In,no IH,lSO 1I05,Il 
Olher ,Coots 26,620 11 ,01 40,000 11 ,01 66,12 
Tolal 'j) ,UO 51,140 S),HO ))8,800 80,010 110,510 10,010 522,480 I1Z,Z50 111,150 IH,ZSO 1111,14 

Toeal -'-.at u.1. 112, S40 21 S-,1I40 211>,140 561.700 U9,ll0 141,610 U),1I0 1105,170 291,550 Z"',850 295, )50 II ,lU, 75 

U../A .. III_aJ ..:-h 11.40 21.70 11.70 56.50 15.90 16.10 16.10 <;J .50 11.70 11.110 11.10 49.1 



TABLE IV 0--2 
SUMMARY OF ESTIMATED COSTS OF ALTERNATIVES 

)tERN NWR 

(Continued) 

Notes: Alternatives lA, 3 A, and 4A - Transport CVP Water through the Buena Vista Water Storage District Facilities 
Alternatives lB, 3B, and 4B - Transport State Water Project through the Lost Hills Water Storage District Facilities. 
Alternatives lC, 3C; and 4C - Transport CVP Water through the Friant-Kern Canal and Poso Creek. 
Alternatives lD, 3D, and 4D - Implement a Conjunctive Use Plan. 

(a) 44,880 feet of new levees, and 4l,l40 feet of repaired levees. 

(b) Two 30 cfs, 10-foot lift pump. 

(c) 6 wells, BOO-feet deep, 450-foot lift. 

(d) 150 cfs, 7B-inch diameter ti~~ .Jut. 

(e) 550-foot, 150 cfs unfined canal. 

(f) 800-foot, 60 cfs turnout. 

(g) 800-foot, 90 cfs unlined canal. 

(h) Il wells, 800-feet deep, 450-foot lift. 

(l) Alternatives In, 3 D, and 4D assume implementation of Alternatives lC, 3C, and 4C, respectively. 

(j) II wells, 800-foot deep, 450-(00t lift. 

(k) Basis for costs for 08tM are discussed in Appendix F. 

(1) Unit Pumping Cost = $1/af. 

(m) Unit Conveyan<>e Cost = $4.l5/af. 

(n) Unit Pumping Cost = $58.50/af. 

(0) Values multiplied by 0.5 because facilities are assumed to be used 5 out of 10 years. 



Pintail(a) 
Wigeon-American 
Shoveler(a) 
Mallard(a) 
Gadwall(a) 
Green-winged Teal 

Canada Goose 
Ross' Goose 

American Coot(a) 

Western Grebe(a) 
Eared Grebe(a) 
Pied-billed Grebe(a) 
Double-crested Cormorant 
Whi te Pelican 
American Bittern(a) 
Grea t Blue Heron (a) 
Great (Common) Egret(a) 
Least Sandpipers 
California Gull 
Caspian Tern(a) 

TABLE IV 0-3 

FISH AND Wll.DLIFE RESOURCES 

KERN NWR 

Ducks 

Cinnamon Teal(a) 
Blue-winged Teal 
Wood Duck 
Redhead{a) 
Canvasback(a) 
Greater Scaup 

Geese and Swans 

Snow Goose 

Coots 

Shore and Wading Birds 

. Snowy backed Egret(a) 
Green Heron 
Black-crowned Night Heron(a) 
Lesser Sandhill Crane 
Virginia Rail(a) 
Sora 
Common Gallinule(a) 
Long-billed Dowi tcher 
Wilson's Phalarope 
Ring-~illed Gull 
Common Snipe(a) 

Lesser Scaup(a) 
Ring-necked Duck{a) 
Bufflehead 
Ruddy Duck(a) 
Fulvous Tree Duck 
Common Goldeneye 
Com mon Merganser 

White-fronted Goose 

Common Snipe(a) 
Whi te-faced Ibis(a) 
American Avocet(a) 
Black-necked Stilt(a) 
Killdeer(a) 
Long-billed Cur lew 
Greater Yellowlegs 
Dunlins 
Northern Phalarope 
Forster's Tern 



Mourning Dove(a) 
California Quail 

Turkey Vulture 
Sharp-shinned Hawk(a) 
Rough-legged Hawk 
Barn Owl(a) 
Burrowing Owl(a) 
Merlin 

Carp 
Largemouth Bass 
Catfish 

Raccoon 
Badger 

Blunt-nosed Leopard Lizard 

Notes: 

(a) Birds nesting on refuge 

TABLE IV 0-3 

FISH AND WlLDUFE RESOURCES 

KJ;:RN NWR 
(Continued) 

Upland Game 

Ring-necked Pheasant(a) 
Cotton Tail Rabbits 

Raptorial Birds 

Black shouldered Kite(a) 
Cooper's Hawk(a} 
Ferruginous Hawk 
Short-eared Owl(a} 
Swainson's Hawk 
Golden Eagle' 
Bald Eagle 

Goldfish 
Threadfin Shad 
Striped Bass 

Fisb 

Fprbearers 

Skunk 
Muskrat 

Otbers 

Northern Harrier 
Red-tailed (Harlan) Hawk(a} 
American Kestrel(a) 
Great Horned Owl(a) 
Prairie Falcon 

. Peregrine Falcon 

Bluegill 
Crappie 

Long-tailed Weasel 
'Coyote 
San Joaquin Kit Fox 

Source: USFWS computerized annual printout for NWR Birds, Department of Interior, USFWS (RF11650-Z 9-79) (July 1973 
to June 1974, NWRS Public Use Report (1)) and refuge records~ 



TABLE IV 0-4 

FEDERALLY USTED, PROPOSED, &: CANDIDATE THREATENED & ENDANGERED SPECIES 

KERNNWR 

Listed Species 

Birds 
American Peregrine Falcon, Falco peregines auatum (E) 
Bald Eagle, Haliaeetus leucocephalus (E) 

Mammals 
San Joaquin kit fox, Vulpes macrotis mutica (E) 

Reptiles 
Blunt-nosed leopard lizard; Gambelia sUus (E) 

Proposed Species 

None 

Candidate Species 

Mammals 

Birds 

Tipton kangaroo rat1 Dipodomys !!:.. nitratoides (2) 

White-faced ibis, Plegadis chlhi· (2) 
Tricolored blackbird, Agelaius tricolor (2) 
Swainson's Hawk, Buteo swamsoni(2) 
Mountain Plover, ~amontana (3) 
Ferruginous Ha\vk, Buteo regalis (2) 
Long-Billed Curlew, Numerius americanus (2) 

Invertebrates 
Hopping's blister beetle, Lytta hoppingi (2) 
Moestan blister beetle, Lytta moesta (2) 
Morrison's blister beetle, Lytta morrisoni (2) 
A land snail, Helminoglypta callistoderma (2) 

Plants 
Lost Hills saltbush, Atriplex vallicola (2) 
Hispid bird's-beak, Cordylanthus mollis subsp. hispidus (2) 
California jewelflower, Caulanthus californicus (2) 
Congdon's wooly-threads, Lembetia congdonii (2R) 
Hoover's wooly-star, Eriastrum hooveri (2) 



TABLE IV 0-4 

FEDERALLY LISTED, PROPOSED, &: CANDIDATE, THREATENED &: ENDANGERED SPECIES 

KERN NWR (Continued) 

Source: USFWS, June 4, 1987 

(E) -Endangered (T) -Threatened (Cm -Critical Habitat 
(1) -Category 1: Taxa for which the Fish and Wildlife Service has sufficient 

biological information to support a proposal to list as endangered or 
threatened. 

(2) -Category Z: Taxa for which existing information indicated may warrant 
listing, but for which substantial biological information to support a 
proposed rule is lacking. 

(2R)-Recommended addition to Category 2. 



TABLE IV 0-5 

Wll.DUFE RECREATIONAL BENEFITS AND RESOURCE IMPACTS 

KERN NWR 

No ActioD AlterD.lltiycs 
Alternatiye 2A 18 2C ZD 3A 38 

Babltat Acres 

Seasonal Marsh 1,600 1,600 1,600 1,600 2,400 2,400 
Irrigated Marsh I,ZOO 1,200 I,ZOO 1,200 1,900 1,900 

Bird Uae nays 

Geese 14,000 14,000 14,000 14,000 21,500 21,500 
Ducka 5,807,000 5,807,000 5,807,000 5,801,000 8,918,000 8,918,000 
Waterbird. & Other 

Migratory Birds 715,700 115,700 715,700 115,100 1,099,100 1,099,100 
Endangered Species 20,000 660.800 660.800 660.800 660.800 34.799.900 34.799.900 

Total lO,OOO 1,191,500 1,191,500 1,191,500 1,191,500 44,838,500 44,838,500 

PubUc Uae Dap 

Conaumptive 1,900 1,900 1,900 1,900 2,500 2,500 
Non-Consumptive ~ 4.800 4,800 4.S00 •• 800 8.600 8.600 

Total 300 6,100 6,100 6,100 6,700 11,100 11,100 

Total Annual Cu.t $ 2lZ,540 $ 215,840 $ 216,340 S 561,100 $ 239,310 S 242,610 

lacremeatal Cu.t! Addltlonal 
Bird Use nay N/A .$ 29.60 $ 30.10 $ ]0.10 $ 18.]0 $ 5.30 $ 5.40 

lacremeatal CoatI AdditiOJUJ 
PubUc Use nay N/A $ 33.20 $ 33.10 $ 33.80 $ 87.80 $ ZZ.20 $ 22.50 

Notea: Alternative ZA - Construct Improvements to Internal Conveyance System. 
Alternative ZB - Implement a Conjunctive Use Plan. 
Alternatives _3A and 4A - Transport CVP Water through the Buena Vista Water Storage District Facilities. 
Alternatives 3B and 4B - Transport Slate Water Project WOller lhrough the Lost Hills Water Storage District Facilities. 
Alternatives ]C and 4C - Transport CVP Water through the Friant-Kern Canal and Poso Creek. 
Alternatives 3D and 40 - Implement a Conjunctlveyae Plan. 

3C 

2,400 
1,900 

21,500 
8,918,000 

1,099,100 
34.'99j900 
44,818,500 

2,500 
8.600 

11,100 

$ 243,110 

$ 5.40 

$ ZZ.SO 

3D 4A 4B 4C 4D 

2,400 4,300 4,300 4,300 4,30( 
-1,900 2,700 2,700 2,100 2~ 70( 

21,500 35,000 35,000 35,000 35,000 
8,918,000 14,520,000 14,520,000 14,520,000 14,520,000 

i ,099, 100 1,189,200 1,189,200 1,189,200 1,189,200 
34.199.900 56.651.800 56.651,800 56,651,800 56,651,800 
44,838,500 n,996,OOO n,996,000 n,996,000 n,996,000 

2,500 3,100 3,100 3,100 3,100 
8.600 12.400 lZ.400 lZ.400 12.400 

11,100 15,500 15,500 15,500 15,500 

$ 805,110 $ 2910550 $ 294,850 $ 295,350 $1,243,130 

$ 18.00 $ 4.00 $ 4.00 $ 4.00 $ 17.00 

$ 14.60 S 19.ZO $ 19 •• 0- $ 19.40 S 8i.SO 



Supply Planning Report. A more detailed discussion of project-use 
power and wheeling agreements is· provided in the Power Analysis 
section of Chapter II. 

G. PERMITS 

construction activities would require several permits. Kern 
County would issue permits for construction of wells. Alt'ernatives 
3B and 4B would require approvals from LHWSD. Construction of 
internal conveyance improvements in streams and riparian corridors 
would require a stream Alteration Permit from the DFG. An Army 
Corps of Engineers permit would be required for construction 
activities in wetlands or riparian corridors. 

IV 0-7 




