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ge Handling.

Purpose: Eliminate discharge of sludges to drainage ditch

which eventually goes to Noyo River. Recover waste backwash
water.

Description: Convert existing reacter—clarifier into sludge
thickener by removal of mechanism, add new mechanism and inter-
nal piping. Provide pipe to new sand drying beds.

Station Improvements (Phase I).

Purpose: Accommodate new chemical systems and improve space
utilization. Increase safety by minimizing fire hazard.

Description: Remove existing wooden superstructure and replace
with non-flammable structure. Add 1laboratory and office
space. Complete electrical revisions.

Station Improvements (Phase II).

Purpose: Install new caustic soda and potassium permanganate
chemical feed systems.

Description: Reroute chemical solution lines, install bulk
storage fiberglass tanks, and safety facilities.

Station Improvements (Phase III)

Purpose: Complete the proposed improvements.

Description: Complete instrumentation and alarm monitoring
systems. Replace raw water pumps. Install plant security

system,

s for these improvements are identified in Table II-lb.

WATER DISTRIBUTION SYSTEM IMPROVEMENTS.

Immediate Improvements to the Water Distribution System. The College of

are pending.

the Redwoods and Todd Point Developments in the area south of the Noyo River

To provide water to meet fire and consumptive demands, a storage

tank, a pump to fill the storage tank on a timely basis and associated pipe-

lines and controls should be constructed. These facilities will serve only
the area south of the Noyo River. The projects recommended for immediate

improvement are listed in Table II-lc.
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The purpose for these recommended distribution system projects is to
provide flow to meet fire demand to the College of the Redwoods and the higher
areas in and adjacent to the Boatyard Shopping Center. These projects will
also eliminate the low flow and pressure that now occur in the area when the

fire hydrant or pump is activated.

Improvements to the Water Distribution System by 1990. It was assumed

that development in the Study area south of the Noyo River will reach buildout
by 1990 through development and annexation. To meet the fire and consumptive
demands for this development, additional pipelines will be needed. Crossing
Hare Creek in two places to provide better flow distribution is recommended.
The projects recommended are those listed in Table II-2b.

Improvements to the Water Distribution System by 2000. It was assumed

that development and annexation of the Study area north of Pudding Creek and
infill of the existing City limits will occur between 1990 and 2000. To meet
the fire and consumptive demands for this development and growth, additional
pipelines will be needed. Crossing Pudding Creek with an additional pipeline
is recommended to provide better flow distribution. The projects needed are
listed in Table II-3b,

If development does not occur in the manner assumed, these facilities
will still be needed. 1In this event, the facilities should be constructed in
the manner and location growth is taking place to meet water needs.

Noyo River Crossing. A new pipe should be constructed across the Noyo

River to provide reliability for the area served south of the Noyo River and
to provide looped service of this area. Several alternatives should be
studied before a decision is made as to how and where to make the River

crossing. Three alternatives are presented below.
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TABLE III-2

LAND USE DENSITIES
1985 FORT BRAGG GENERAL PLAN

Dwellings/acre (D/A)

Classification . General Plan Use

CSF  Country Single Family 0.10 0.5 D/A
SSF Suburban Single Family 1 to3 2 D/A
USF  Urban Single Family 3tob 4 D/A
DTM  Duplex-Triplex 6 to 12 9 D/A
GAC  Garden Apartment — Condominium 6 to 15 10 D/A
UrM  Urban Multiple Family 15 to 24 20 D/A
cC Community Commercial
GC General Commercial
CBD Central Business District
HVC  Highway Visitor Commercial
ADM  Administrative (professional, institu-—

tional, hospital, government, medical)
NC Neighborhood Commercial
NP Neighborhood Park
RC Recreation Center

regional parks, open space, agricultural
IND Industrial (industrial areas including

Georgia Pacific Mill & Yard, Noyo

Harbor, Pudding Creek Industrial Park)
Fp Flood Plain .
AG Agricultural
HD Harbor Development
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CHAPTER 1V

WATER DEMANDS

POPULATION SERVED

The current population in the Study area is estimated to be
5,750 people. The 1980 census document showed a median household size of
2.3 persons/dwelling unit, This household size is used to estimate future

water demand for this Report.

WATER USAGE

The average annual daily demand for 1985 for the Fort Bragg system is
1,123,123 gallons, This figure is based on the total annual volume of water
supplied of 409,943,700 gallons for 1985, The volume of treated water
produced at the treatment plant, distributed on a monthly basis for 1980 to
1985 is shown on Figure IV-1,

These figufes represent water pumped into storage from the treatment
plant. That is, residential, commercial, industrial backwash and unaccounted
for water volumes are included in Figure IV-1,

The critical water demands for designing storage and distribution facili-
ties are the maximum day and fire demand. Storage facilities and distribution
pipes must be sized to provide flow at 20 psig residual pressure to any point
in the distribution systems when both maximum day and fire demands occur
simultaneously., The critical water demand for designing the water treatment
plant is the average day of the maximum month demand (ADMM). .The treatment
plant must supply at least ADMM.

To establish a maximum day demand for use in this report, the City’s

water production records for the past 9 years were examined. A tabulation of
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maximum day demand (MDD), maximum month demand, average day of the maximum
month demand (ADMM) and the ratio of MDD to ADMM is presented in Table IV-1.

Table IV-1 shows that a maximum day demand of 1.76 MGD occurred in May,
1982, for a 24 hour period. The 24 hour period is important because some
plant records show higher maximum day values. However, these higher values
occurred for periods of pumping hours or fiow meter readings in excess of a
24 hour period. For example, the plant records indicate that a maximum day
occurred on July 29, 1982, of 2.07 MGD. However, closer examination of the
records reveals that the 2.07 MGD occurred for a 30 hour period.

The 1.76 MGD maximum day demand (MDD) of - 1982 has not been equaled or
exceeded. This is due in part to a permanent water conservation program
initiated by the City. Thus the 1.76 MGD maximum dgy demand will be used for
1985 conditions., The actual 1985 MDD of 1.57 MGD may be the result of tempo-
rary voluntary water use restrictioms in effect in 1985,

To establish an average day of maximum month demand for use in this
Report, the ratio of MDD to ADMM was used., Thus, the ADMM is determined from
MDD instead of selecting a maximum month demand independent of MDD, The years
of 1984 and 1985 were excluded from consideration because their MDD/ADMM is
much lower than for other years. The MDD/ADMM ratio for 1977 to 1983 is
1l.26, The future ADMM will be determined by reducing the MDD by 1.26.

The water treatment plant design is based on ADMM. If the trend to low
(1.0 to 1.1) as in 1984 and 1985, it will be necessary to increase the treat-
ment plant capacity significantly to produce enough water to meet the
sustained demand of maximum month.

To project future water demand from the existing data, a unit basis for

demands is needed. The approach used fof this Report is to determine the
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MAXIMUM DAY AND AVERAGE DAY OF MAXIMUM MONTH

TABLE IV-1

WATER DEMANDS

1977-1985
Max, Month Max. Day ADMM Max. Day/
Year Month MG MGD MGD ADMM
1977 7 36,72 7/18 1.459 1.18 1.24
1978 7 35.02 8/28 1.386 1.13 1.23
1979 8 35.06 9/11 1.498 1.13 1.32
1980 7 42,12 7/25 1.557 1.36 1.14
1981 7 40.19 9/16 1.633 1.30 1.26
1982 7 40.15 5/27 1.762 1.30 1.36
1983 7 37.23 8/16 1,52 1.20 1.27
1984 7 48,21 7/17 1,57 1.56 1.06
1985 7 43 .84 6/15 1,57 1.41 1.11

Average

Max. Day

ADMM

Iv-4
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water demands for residential, commercial and industrial use from historical
data., Further breakdown of these categories is accomplished by determining
residential use on a per capita basis and commercial and industrial use on a
per acre basis.

A period that covers high use was selected from existing records and used
to distribute flows on a per capita and per'acre basis. A computer printout
from the City was used to show metered flow as demand for the three categories
above, A summary of the computer results is shown in Table 1V-2. The other @
uses shown in the Table IV-2 are put into the commercial use category. From A

Table IV-2, the following distribution of demand by use category is as

follows:
Residential 56 percent
Commercial 32 percent
Industrial ._lg;percent

100 percent
Based on the category percentages above, the 1,76 MGD maximum day demand

assumed for 1985 is distributed as follows:

Residential (56%) 985,600 gpd
Commercial (32%) 563,200 gpd
Industrial (12%) 211,200 gpd

Total 1,760,000 gpd

The residential per capita consumption can now be estimated., The maximum
day residential demand of 985,000 gpd for 5,750 people gives 171 gped. The
commercial water demand 1s distributed on a unit gross area basis. The unit
gross area means the total area without deductions for streets, parking lots,

easements, etc, There are approximately 340 gross acres in commercial use in
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TABLE IV-2

CITY OF FORT BRAGG METERED WATER CONSUMPTION
June 15, 1985 to August 15, 1985
(All Figures are in Gallons Per Day)

INDUSTRIAL USES

Georgia Pacific 69,817
Harbor Related Ind. 70,345
Other 12,041

' 152,203

COMMERCIAL USES

Motels 91,774
Professional Offices 39,442
Restaurant 143,468
General Retail/Wholesale 13,540
Other Commercial Uses 25,262
Food Stores 13,945
Laundromats 17,055

344,486

RESIDENTIAL

Mobile Home Parks 34,490
Single Family 590,696
Duplex 28,420
3 or more Units 63,477

717,083

OTHER USES (Commercial)

Care Facilities/Hospitals 9,074
Recreation 1,805
Schools 50,316
Churches 8,601

69,801
TOTAL 1,283,573
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the study area served by City water. The Noyo Basin development and the
Mooring Basin are served by City water but are outside the City limits. The
commercial consumption per acre can now be estimated., The commercial demand
of 563,200 gpd used over 340 acres gives 1,656 gpd per gross acre.

Industrial water usage 1is distributed on a unit gross acre basis. To
estimate the gross industrial area actually,served by City water, the total
industrial area was reduced by deducting the industrial area north of Alder
Street and west of State Route 1 from the total. The reason for reducing the
industrial area is to allow for a portion of the Georgia Pacific area that is
served by their private water system.

The industrial consumption per acre can now be estimated. The industrial
demand of 211,200 gpd used over 159 acres gives 1,328 gpd per gross acre.

The estimated unit water demands for residential, commercial and indus-

trial uses are summarized in Table IV-3,

FUTURE WATER DEMANDS

POPULATION TO BE SERVED. Using the =zoning classifications from the

General‘Plan, the Study area, and persons per dwelling unit of 2.3, population
projections can be estimated. This estimate is presented in Table IV-4, As
indicated in the table, approximately 9,500 people are expected to reside in
the study area by the year 2000, By simple proportion, we anticipate that
approximately 1,300 persons will be .added by 1990. Thus, the population
projection can be established as shown on Table 1IV-5 by the combination of
annexation of existing developments outside the City limits and new develop-
ments.

FUTURE DEMANDS. We assume for purposes of this Report that commercial

and industrial use will remain at the 1985 percentage of the total consumption
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TABLE IV-3
ESTIMATED WATER DEMAND BY USE

1.76 MGD Maximum Day

Type of Use Unit Demand
Residential 171 gped
Industrial

1,328 gpd/gross acre

Commercial 1,656 gpd/gross acre

Iv-8



TABLE IV-4

FUTURE POPULATION PROJECTIONS

Existing Future Area Dwellings Persons Future
Zoning Service Area Added Gross per per Population
Classification Acres Acres . Acre Dwelling Added
CSF 0 44 0.5 2.3 51
SSF 10 322 2 2.3 1,481
USF 300 247 4 2.3 2,272
DTM 123 0 9 2.3 0
GAC 65 0 10 2.3 0
UrM 126 0 20 2.3 0
. GA 0\
Industrial 159% 309+ /o s \
o
Commercial 340 173 X
4{ ’
Total Population Added 3,804
Existing Population Served 5,750
TOTAL FUTURE POPULATION 9,554
USE 9,500
* This number excludes the estimated 184 acres served by the Georgia

Pacific private water system.
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TABLE IV-5

POPULATION PROJECTION BY YEAR

Year

Service Area

Population
1985 5,750
1990 6,900
2000 9,500

*

Estimated for 5,750 people at 2.3 people per dwelling unit.
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through the year 2000. We are assuming that the large CSF 2zoning areas
presently outside the city and the large industrial area west of State Route 1
will remain/develop according to their respective zoning.

The information in Tables IV-1 through IV-3 can be combined to estimate

future water demands. These future demands are shown in Table IV-6.

GEORGIA PACIFIC DEMAND

Georgia Pacific uses both City water and its own private water for its
operations. Georgia Pacific can divert up to 1.51 MGD from the Noyo River and
Pudding Creek combined. On the other hand, Georgié Pacific”s treatment
capacity according to staff is approximately 6.5 MGD. Georglia Pacific has
seven water meters for its City water use. Since 1980, Georgia Pacific has
used approximately 0.2 MGD of City water during its high demand season.
However, Georgia Pacific has potential to draw 3.4 MGD at 80 percent design
capacity according to AWWA meter tables. It is assumed that over the years
Ceorgia Pacific has operated within its 0.5 MGD treatment capacity and the
City water supplied. If Georgia Pacific decides not to use its private water
and use City water instead, the City may have to provide an additional 0.5 MGD
to Georgia Pacific. This 0.5 MGD is over and above the City water already
used by Georgia Pacific. The use of all-City water by Georgia Pacific would

have a significant impact on the City water system.

SELECTED AREAS DEMANDS

At the request of the City, the estimated demand for two sections in the
Study area were estimated. These two sections are the area south of Hare
Creek/State Route 20 to the study area boundary and the area north of Pudding

Creek east of the extension of Brandon Wéy, Airport Road, Study area eastern
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TABLE 1V-6

FUTURE WATER DEMANDS
Maximum Day, MGD

Average Annual Day, MGD
Total Annual Flow Volume, Millions Gallons

Year
Type of Use 1985 1990 2000
Residential 0.99 1.34(1) 2.03(#
Industrial 0.21 0.34(2 0.59(3
Commercial 0.56 .9;§éﬁ3) _Q;§1F6)
TOTAL (Maximum Day) 1.76 2.32 3.43
Average Annual Day 1.1 1.47 2.2
ANNUAL TOTAL ‘ 401 536 805
(1231 a-f) (1645 a~f) (2470 a-f)

(1) Based on 823 dwelling units developed and annexed since 1985.

(2) Based on 103 acres annexed since 1985.

(3) Based on 58 acres annexed and developed since 1985, B

(4 Based on 2,470 dwelling units developed and annexed since 1985,

(5) Based on 309 acres annexed since 1985.

(6) Based on 173 acres developed and annexed since 1985,

Note:

a-f = acre feet,
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boundary and Pudding Creek. These two sections are primarily zoned
residential. Based on assumptions in this Chapter the estimated maximum day
demands are as follows:

North of Pudding Creek (122 DU) 0.5 MGD.

South of Hare Creek (421 DU; 16 acres commercial) 0.19 MGD.

DESIGN CRITERIA

The following design criteria is used in this Report to analyze/design

existing and future components of the water system:

Component Minimum Design Capacity
Water Treatment Plant Average Day of Maximum Month ( ADMM)
Minimum Storage The sum of 1/2 maximum day demand (MDD)

1,000 gpm fire for 2 hours, maximum hour
withdrawal estimated to be 20 percent of
maximum day demand and the difference
between MDD and ADMM on maximum day.

Distribution System Maximum hour demand or the sum of fire and

maximum day demands with at least 20 psig
residual pressure.

Iv-13.



CHAPTER V

WATER QUALITY

INTRODUCTION

The information presented in this chapter is highly technical and is not
intended for the complete understanding of the general public. It is provided
for the use of the regulatory agencies and engineering community that will

deal with the water quality aspects required of the proposed water treatment

facilities.

GENERAL

Today, the quality of drinking water that a community water system may
provide 1is established by Federal and State water quality regulations.
Federal regulations, as prescribed in the 1974 Safe Drinking Water Act (Public
Law 93-523), are administered by the Environmental Protection Agency (EPA).
State water quality standards are administered by the Department of Health
Services., The State regulations are based on the Federal Primary ahd
secondary standards. The EPA has granted the State of California primacy in
enforcing the State regulations.

The EPA recognizes the California regulations as the standards governing

public water systems in California.

SUMMARY OF WATER QUALITY CRITERIA

The Safe Drinking Water Act provided Primary and secondary water
regulations for various parameters. The Federal regulations establish Maximum
Contaminant Levels (MCLs) for parameters comprising the Primary standards.

The current Primary MCLs are based on interim Primary regulations, The



Federal secondary MCLs are generally related to the esthetics of the water and
are not enforceable by the EPA. The current secondary standards are the final
secondary regulations promulgated in 1979.

Federal interim Primary regulations were amended in 1976 with regard to
radionuclides and in 1977 and 1979 with regard to total trihalomethanes
(TTHMs).

In 1977 the State of California adopted the Federal interim Primary and
secondary regulations including the amendments for radionuclides promulgated
in July, 1976. As noted above, the State adopted the Federal secondary stan-
dards as enforceable standards. The State regulations are covered in
Title 22, Division 4, Chapter 15 of the California Administrative Code.

In addition to the regulatory standards discussed above, there is a set
of more stringent goals for water quality adopted by the American Water Works
Association”s (AWWA) Committee on Water Quality Goals in 1968, These goals
were identified as being attainable by correct application of known treatment
processes and methods. The AWWA goals are not regulations; they are intended
to serve as a guide for water systems producing high quality water.,

Current Federal and State regulatory standards and AWWA goals are
presented in Table V-1, We recommend adopting a combination of the State
standards and AWWA as a reasonable goal for producing high quality water; our

recommended goals are also indicated in Table V-1,

TRENDS IN WATER QUALITY REGULATIONS

Future changes in Federal and State standards are difficult to predict.
However, an Advance Notice of Proposed Rule making (ANPRM) issued by the
Environmental Protection Agency (EPA) recently provides in indication of the

direction and nature of changes being considered by the Federal government.
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TABLE V-1

CITY OF FORT BRAGG WATER TREATMENT PLANT
MODERNIZATION STUDY
WATER QUALITY CRITERIA

V-3

Recon—-
Calif. AWWA mended
Units EPA .SDHS(f) Goals Goals
Inorganic
Aluminum mg/1 - - 0.05 (c¢) .05
Arsenic (P) mg/1 0.05 0.05 - 0.05
Barium (P) mg/1 1.00 1.00 - 1.0
Cadmium (P) mg/1 0.01 0.01 - 0.01
Chloride (S) mg/1 250 250 (3) - 250
Chlorine mg/1 - - - 20.5 (g)
Chromium (Total) (P) mg/1 0.05 0.05 - 0.05
Copper (S) mg/1 1.0 1.0 0.2 1.0
Dissolved Solids '

(Total) (S) mg/1 500 500 (3) 200 500
Fluoride (P) mg/1 1.4-2.4 (b) 1.4-2.4 (b) - 1.4-2.4 (b)
Hardness mg/1 - - 80-100 -
Hydrogen Sulfide (S) mg/1 0.05 - - 0.05
Iron (S) mg/1 0.3 0.3 0.05 0.3
Lead (P) mg/1 0.05 0.05 - 0.05
Manganese(S) mg/1 0.05 0.05 0.01 0.05
Mercury (P) mg/1 0.002 0.002 - 0.002
Nitrate as N (P) mg/1 10 10 - 10
pH (S) No 6.5-8.5 - - 6.5-8.5
Selenium (P) mg/1 0.01 0.01 - 0.01
Silver (P) mg/1 0.05 0.05 - 0.05
Sodium mg/1 (a) - - (a)
Sulfate (S) mg/1 250 250 (3j) - 250
Zinc (S) mg/1 5 5.0 1.0 5.0
Organic
Carbon-Alcohol Extract mg/l - - 0.10 0.10
Carbon-Chloroform

Extract mg/1 - - 0.04 0.04
Foaming Agents (MBAS) mg/l 0.5 0.5 0.20 0.5
Total Trihalomethanes .

(TTHMs) (P) mg/1 0.100 - - 0.100
Polychlorinated

Biphenyls (PCB”s) mg/1 (4) - - -
Phthalate Esters .

(TBCs) mg/1 (d) - - -



TABLE V-1 (Continued)

WATER QUALITY CRITERIA

Recom~-
Calif, AWWA mended
Units EPA SDHS(f) Goals Goals
Pesticides
Aldrin mg/1 .0074 (d,e) - - -
Carbamates mg/1 (d) - - -
Chlorodane mg/1 (d) - - -
DDT mg/1 (d) - - -
Dieldrin mg/1 0.0076 (d,e) - - -
Endrin (P) mg/1 0.0002 0.0002 - 0.0002
Heptachlor mg/1 (d) = - -
Heptachlor Epoxide mg/1 (d) - - -
Lindane (P) mg/1 0.004 0,004 - 0.004
Methoxychlor (P) mg/1 0.10 0.10 - 0.10
Organophosphates mg/1 (d) - - -
Toxaphene (P) mg/1 0.005 0.005 - 0.005
Herbicides
2, 4~D (P) mg/1 0.10 0.10 - 0.10
2, 4, 5-TP mg/1 0.010 0.010 - 0.010
(Silvex) (P)
Physical Parameters
Color Units (S) Color 15 15 5 5
Units
Odor Threshold (S) T.0.N. 3 3 No odor 3
Specific Conduc- (umho/cm) - 900 (3j) - 900
tance (S)
Temperature © oc - - - -
Turbidity (Source units - 1.0 (h,k) - -
Water (P)
Turbidity (treated) units 1 (h) 5.0 0.1 (h) 0.1
(P)
Radiological Factors
Gross Alpha (P) pCi/L 15 15 - 15
Gross Beta (P) pCi/L 50 50 - 50
Radium 226 & 228 (P) pCi/L 5(1i) 5 (i) - 5 Total
Strontium 90 (P) pCi/L 8 8 - 8
Strontium 89 - (d) - - -
Tritium (P) pCi/L 20,000 20,000 - 20,000



TABLE V-1 (Continued)

WATER QUALITY CRITERIA

Recom-
Calif, AWWA mended
Units EPA SDHS(£f) Goals Goals
Microbiological
Coliform Organisms No./100 ml 1 (h) 1 None None
(MPN) (P)
Microorganisms No./100 ml - - None None
Corrosion & Scaling
Incrustation of mg/cm3 - - 0.05 -
St.Stl,
Corrosion of Galv. mg/cm3 - - 5 -
Iron
Langelier Index No. - - - Positive
Value
Corrosivity (S) * Noncorro— Relati- - Relati-
sive vely low vely low

(a) No limit set — recommend maximum limit of 20 mg/l

(b) Limit is temperature dependent

(c) After floccing

(d) Still under investigation

(e) EPA water quality guidelines

(f) SDHS Secondary Standards are enforceable

(g) Only if chlorine is used as a disinfectant

(h) Monthly average or 5 based on 2 day average

(i) Sum of Radium 226 and 228

(j) Recommended standard

(k) For surface waters exposed to significant sewage hazards or recreational
use, the standard is 0.5.

(1) For multiple tube fermentation method <2,2 MPN/100 ml is within
standards.

(P) = Primary Standard
(S) Secondary Standard



This ANPRM was published in the Federal Register on Wednesday, October 5,
1983. It covers the EPA’s approach to developing the National Revised Primary
Drinking Water Regulations and Recommended Maximum Contaminant Levels.
Specific water quality parameters and the regulatory approach to them are
discussed. Not surprisingly, over thirty synthetic organic chemicals are
mentioned as being under consideration for new MCLs. A previous ANPRM dealt
with Volatile Synthetic Organic Chemicals or VOCs, (March 4, 1982) which also
listed a number of these chemicals being considered for regulation with
MCLs. A proposal of RMCLs and MCLs for VOCs is expected to be published
soon, Development of "final" regulations for disinfection by-products,
including THMs, is the last phase of development of the National Revised Pri-
mary Drinking Water Regulations. The October 5, 1983 ANPRM does mention that
because THM regulations have only recently been adopted., It is unlikely that
there will be any changes in the standards for THMs in the near future.

Discussions on certain water quality parameters in the October, 1983
ANPRM are of interest here,

LEAD. The EPA is soliciting comments regarding health risks of lead and
the feasibility of attaining levels of lead in finished water below the
current 0.05 milligrams per liter (mg/l) standard. Corrosion control is
mentioned as a means of attaining lower concentrations. There is some concern
that the current standard does not offer sufficient protection for certain
segments of the population. Lead is not a problem in the Fort Bragg water
sources,

ALUMINUM., Limitations on residual aluminum were being considered when
the ANPRM was published. Subsequently an AWWA periodical indicated that the

EPA has decided against establishing an MCL for aluminum because drinking



water represents a small contribution to the total intake of aluminum. How-
ever, the ANPRM did encourage minimizing residual aluminum in treated water,
referring to levels of 0.1 to 0.2 mg/l as being attainable in a "well-run"
treatment plant. While regulation of aluminum may be a remote possibility it
should not impact the Fort Bragg system because it is not a problem in the
current raw water sources and proposed treatment will be accomplished by
polymers alone.

ASBESTOS., The health effects of asbestos in drinking water are still
uncertain, but to date, adverse effects have not been conclusively demon-
strated. The ANPRM does mention that complete treatment including coagulation
and filtration are required for asbestos removal, Corrosion control will also
minimize leaching of asbestos from asbestos—cement pipe.

SODIUM. Because of the difficulty of removing sodium from water and the
relatively minor role that water has in total sodium intake (compared to
food), it appears that the EPA is not leaning towards an MCL for sodium. They
are requesting comments of the health effects of sodium in drinking water and
the need for an MCL., Sodium is not a problem in any of the present water
sources.

ACRYLAMIDE, This is the monomer for constituent of polyacrylamide which
is commonly used as a polyelectrolyte in water treatment. The monomer has an
adverse health effect in humans. The ANPRM, requests comments on the need for

a MCL for acrylamide. Fort Bragg is not using this polymer.

CORROSION
This section evaluates the natural aggressiveness of the three raw water
supplies and defines the steps which will be taken to minimize corrosion

related problems. Two commonly accepted measurements of corrosive tendencies

were used, the Langelier Saturation Index and the Ryznar Stability Index.
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This does not address the corrosion potential of the soils and stray
current problems resulting from the close proximity of electrical power

sources. These will be addressed in the detailed design phase.

BACKGROUND

WATER CHEMISTRY. The aggressiveness of water is dependent on the many

complex interrelationships among its chemical constituents. The classical
methods of evaluating corrosion indices rely on simplified procedures which
take into account only 5 factors; temperature, calcium, alkalinity, total
dissolved solids, and the actual pH.

The records of the three water sources were reviewed and a representative
value for each of the five parameters were tabulated so an analysis could be

performed. These values are listed below:

Noyo Newman Simpson
Temperature, °F 55 55 55
Calcium, mg/l as CaCO 20 7 8
Alkalinity, mg/l as CaCoO 50 14 16
Total Dissolved Solids, mg/l 75 45 35
Actual pH 8.3 7.3 7.3

LANGELIER SATURATION INDEX. The Langelier Index was first put forth in

1936 and has since been the most commonly used indicator of the aggressiveness
of water. Note that it is called a "saturation" index and not a "corrosion"
index. The Index only defines the tendency to form or dissolve calcium
carbonate scale by comparing the actuai pH observed in a given water to the pH
calculated for that water if allowed to equilibrate with calcium carbonate.
The equilibrium pH is commonly referred to as the "saturation pH."

A simplified version of the Langelier equation is given below.,

Langelier Index = actual pH - saturation pH



A positive value of the Langelier Index indicates a scale-forming
tendency whereas a negative value indicates a scale-dissolving tendency. It
might be assumed, and correctly so, that a zero Index would be ideal.
Traditionally, water treatment practice has, however, been directed towards a
slightly positive Index value. A major shortcoming of the Langelier Index
lies in its general interpretation., It is often not understood that the
ability of the water to resist a change in the Index can be as important as
the actual Index value. The ability to resist change, often called buffering
capacity, is usually proportional to the water”s alkalinity. The Fort Bragg
source waters are particularly low in alkalinity. It is not uncommon for
water with a slightly positive Index and a low alkalinity to be aggressive
because, for example, the treatment process easily shifts the Index to a
negative value, The common treatment chemicals (ferric chloride, aluminum
sulfate, and chlorine) are acidic in nature and consume alkalinity, thereby
inducing and aggravating the shift in Index values. The present use of
polymers only at least reduces the pH depression.

All three raw water exhibits a range of Langelier Saturation Index that
are strongly negative., Significantly, the waters are low in alkalinity, i.e.,
the Index is easily shifted toward negative values. It can be expected that
the three sources are aggressive,

RYZNAR STABILITY INDEX. The Ryznar Index was introduced in 1944. It

uses the same parameters as the Langelier Index, however, Ryznar developed the
Index in an attempt to predict the mass of calcium carbpnate that would be
deposited more accurately than was previously possible. In actual case
studies l, Ryznar showed examples where the Langelier Index indicated all
waters in a given set of samples would be scale-forming whereas the Ryznar

Index properly identified that some were definitely scale-depositing.
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The Ryznar Index is probably the second most common method used today to

measure water”s aggressiveness.
The equation for the Ryznar Index is given as:
Ryznar Index = 2 (saturation pH) - actual pH
When wusing this index, a wvalue exceeding 6.0 is considered as an
aggressive water while a value less than 6.0 is not.
The Ryznar Index also indicates the water will have consistently
aggressive tendencies. It is up to the City staff to choose an index to use.

AGGRESSIVE INDEX. Perhaps one of the simplest methods to address the

potential corrosiveness of water involves the "aggressive index." It can be

mathematically stated as:

Aggressive Index = pH + log (AH)

where pH = standard pH values
A = total alkalinity in mg/l (as CaCO3)
H:

calcium hardness in mg/l (as CaCO3)

If the index is equal to or greater than 12.0 the water is considered
non-aggressive,

If the index is 10.0 to 11.9 it is moderately aggressive; and less than
10.0 is highly aggressive,

It should be noted that all the methods of calculating aggressivity have
their short comings and should be monitored using coupons placed in the plant

effluent, The coupons are weight checked periodically to see if they are

experiencing a loss in weight.

1 Gardels, M.C., Schock, M.R. Corrosion Indices: Invalid or Invaluable?

9th Annual AWWA Water Quality Technology Conference, December, 1981,
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CORROSION CONTROL PROGRAM

Evaluation of the three raw water supplies confirms that they all tend to
be naturally aggressive A corrosion control program is warranted. The

program should address the treatment process and the equipment used in the

process.

4

TREATMENT PROCESS. Coagulants used in the water treatment process are
acidic in nature. Alum depresses the pH when added to water. It also
consumes alkalinity and reduces the natural buffering capacity of the water.
Chlorination further reduces the pH of the water. The inherent reduction in
pH by the addition of these chemicals and a corrosion control program are
mutually exclusive. Although the use of polymers only is a mitigating factor,
it is not enough, due to the very low alkalinity.

Attempts to reduce the aggressiveness by raising the pH of the influent
water will adversely effect the coagulation efficiency of alum. Alum works
over a specific pH range and its effectiveness drops off as the pH
increases., The accepted operational pH range for alum is 6.5 to 8.2, The pH
of the raw water is generally at the low end of the alum pH range. Attempts
to decrease the aggressiveness by increasing the pH could be very detrimental
to the effectiveness of alum unless sufficient lime were added to offer
buffering capacity. These problems are non-existent in the present polymer
only treatment method.

The germicidal efficiency of chlorine in solution is directly related to
the pH of the water. It is less effective at higher pH”s, For example, the
same dosage of chlorine at a pH of 8.3 has one-third the germicidal efficiency
at a pH of 7.5. Thus, it can be seen that raising the pH to reduce aggression

in the water has a very significant impact on the effectiveness of chlorine.
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The above discussion indicates that it may not be practical to routinely
address the corrosion problem by increasing the pH of the plant influent. The
alternative solution is to monitor corrosion after the treatment process
(plant effluent) and utilize design concepts which minimize the exposure of
submerged equipment to the aggressive waters.,

CORROSION CONTROL ALTERNATIVES. Zinc orthophosphate can be added to the

effluent to provide a protective coating for both ferrous and non-ferrous
pipes. It can be purchased as a bulk liquid and must be protected from
freezing., The free flowing granular solid form is also available and is fed
the same as any other granular chemical. It must be handled with the same
care as any other acidic material.

Sodium silicate has also been used extensively for corrosion control,
especially in waters with a potential iron and manganese problem as would be
expected if the local wells are used. Like phosphates, the real effectiveness
can only be established by an in-situ coupon test program. The major chemical
suppliers can supply the test equipment and coupons to evaluate the actual
dosage costs involved.

Caustic soda is also commonly used for pH adjustment. Its application
and use is explained in more detail in Chapter VII.

Although it is expected that caustic soda will be the method of choice
for corrosion control, it may be wise to actually test the other chemicals and
perform a specific cost comparison. The urgency of a corrosion control
program will certainly allow time for such a study.

EQUIPMENT SELECTION, From previous discussions, it was concluded that

the treatment process equipment selection should definitely consider corrosion
as a problem. The following general guidelines will be applied to all

equipment selection and design criteria:
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o Submerged bearings should be eliminated

o Water lubricated equipment should not be used

o} Submerged ferrous metals should be avoided

o Nonmetallic appurtenances should be used where possible

o Submerged fasteners should be stainless steel

o Anchor bolts should be insulated from rebar by nonmetallic sheathes

o Steel vessels should be coated and provided with cathodic protection
RECOMMENDATIONS

Based on the naturally aggressive corrosion characteristics of all three

water sources, it is recommended that:

o A test program which compares the various chemicals available for
corrosion control should be undertaken immediately, or;
o) A pH adjustment system, utilizing caustic soda, should be part of
the treatment process.,
o pH adjustment should be accomplished in the plant effluent,
GIARDIA

BACKGROUND. Giardia lamblia, the agent which causes the intestinal
disease known as giardiasis, recently has become a significant concern by
regulatory agencies. The agent actually survives in its cyst stage which can
be found in the raw water supplies. If not removed or deactivated by the
treatment process, the cyst is ingested by the use of the water supply.
Within the intestinal tract, Giardia. 1is transformed into its reproductive
stage (called a trophozoite) that causes the actual illness. It then
transforms back into the cyst stage, is discharged from the intestines, and
its life cycle is ready to start all over again.

Removal and/or deactivation of the . cyst has proven difficult because of

the very small size and resistance to chlorination., Studies have shown that
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effective pretreatment, i.e., coagulation and flocculation, is the key to

removal by filtration. This concept is discussed further in Chapter VII in

-

the filtration section.

The treatment scheme and chemicals proposed herein can effectively
control giardia lamblia.

The effectiveness of chlorine is illustrated in Table V-2,

It should be emphasized that the watersheds of the Fort Bragg area are
subject to contamination and the potential for Giardia does exist.,

COMPARATIVE QUALITY. Table V-3 indicates a comparison of the existing

raw water quality to the recommended finished water quality goals, These
comparisons are based on limited data. It should be noted that aside from
occasional bacteriological problems, the only real deviations from acceptable
standards are for turbidity and color. The improvements proposed will bring
both of these parameters into compliance with current requirements. It should
be noted that an overall improvement in bacteriological results 1is inherent
when these improvements are implemented.

GENERAL CHARACTERISTICS. When multiple sources of water are available,

it is often beneficial if they can be characterized based on historical data
and operating experiences. Seasonal trends are usually evident and can have a
significant impact on the treatability, In the case of Fort Bragg, the
characteristics stated herein are based heavily on comments from the staff and
to a lesser degree on actual data.

l. The Noyo River is reportedly easier water to treat. Although the
turbidity is often high, there is no real color problem. The Noyo
water is higher in alkalinity and partially explains by it is easier
to treat,

2. It 1is reported that, especially during the winter, the Simpson
Newman waters experience high color which is not easily removed.

Records of color do not exist but the problem is well documented by
actual operating experiences.,
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TABLE V-2

*
EFFECT OF CHLORINE ON GIARDIA LAMBLIA CYST VIABILITY

Temperature MG/L Minutes pH 6 pH 7 pH8 Effectiveness
259 ¢ (77°F) 1.5 10 X . X X 100%
15°C (59°F) 2.5 10 X 100%
30 X X Some cysts
60 X X 100%
5°C (41°F) 1.0 60 No Kill
2.0 60 X X 100%
4,0 30 No Kill
60 X X X 100%
8.0 10 X X 1007
30 X 100%

Source: California Health Department
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TABLE V-3

COMPARISON OF WATER QUALITY CRITERIA
- TO EXISTING RAW WATER SOURCES

Finished
Water Raw Water
Recommended Noyo Simpson Newman
Units Goals River Lane Gulch
Inorganic
Arsenic mg/1 0.05 <0.01 <0.01 <0.01
Barium mg/1 1.0 <0.05 <0.05 <0.05
Cadmium mg/1 0.01 <0.01 <0.01 <0.01
Calcium mg/1 - 20 7 8
Chloride mg/1 250 5.3 12 12
Chromium (Total) mg/1 0.05 <0.005 <0.005 <0.005
Copper mg/1 1.0 <0.05 <0.05 <0.05
Dissolved Solids (Total) mg/1 500 83 35 44
Fluoride mg/1 1.4-2.4(a) 0.14 <0.10 <0.10
Hardness mg/1 - 68 28 26
Iron mg/1 0.3 0.14 0.15 0.19
Lead mg/1 0.05 <0.05 <0.05 <0.05
Manganese mg/1 0.05 <0.05 <0.05 <0.05
Mercury mg/1 0.002 <0.002 <0.002
Nitrate as N mg/1 10 <0.01 <0.2 <0.01
pH No 6.5-8.5 6.6 6.4 6.6
Selenium mg/1 0.01 <0.01 <0.,01 <0.01
Silver mg/1 0.05 <0.02 <0.02 <0.02
Sodium mg/1 (a) 9.8 11.0 11.0
Sulfate mg/1 250 3.6 1.1 1.1
Zinc mg/1 5.0 <0.05 0.15 <0.05
Organic
Total Trihalomethanes
(TTHMs) ng/1 0.100 0.013*  0.,040* 0,067*
Physical Parameters
Color Units Color 15 <15 >15 >15
Turbidity Range of NTU”s  <0.5 (K1-54) (K1-3) (K1-3)
Notes:
* Worst samples to date, taken February 7, 1984,

(a) Limit is temperature dependent.
(=) A dash indicates that the column in which the dash appears is not
applicable to the given water quality parameter,
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The increases 1in turbidity for all sources are more closely
associated within rainfall rather than a seasonal occurrence. The
worst month”s data indicates turbidity values over 5 NTU occurred
for only 6 consecutive days with a max value to 65 NTU.

Records indicate that the pH shift in the water is not as severe
when alum was not being used., The only real source of acidity is
the application of chlorine which can depress the pH because of the
lack of natural alkalinity., When alum was used, its acidic nature
caused a larger pH depression., This is also aggravated by the fact
that alum must consume natural alkalinity in its chemical reaction.
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CHAPTER VI

WATER SUPPLY

GENERAL

The water provided by the Fort Bragg water system has been traditionally
derived from surface sources. These surface sources originate from precipita-
tion, surface runoff and natural springs.

The Fort Bragg water service area includes the principal surface waters
(from North to South) of Pudding Creek, Noyo River and Hare Creek
(Figure VI-1). The sources for the Fort Bragg water system are diversions of
surface water from the Noyo River; Newman Gulch, a tributary of the Noyo
River; and an unnamed stream (locally called Waterfall Gulch), also a tribu-
tary of Hare Creek.

Sources of water used within the Fort Bragg water service area include
the Fort Bragg water system, local springs, shallow wells, and direct diver-
sion from the Noyo River, Hare Creek, Pudding Creek and their tributaries.

The Fort Bragg water system provides about 95 percent of the potable
needs of the service area but only about 50 percent of the use within the
service area (estimated for 1984).

It should be noted here that none of the three raw sources are metered
individually at the water treatment plant (WTP). There is only one flow meter
at the WIP on the downstream side of the raw water pumps. The raw water flows
recorded daily in the plant logs are calculated from the log. The footnotes
identify how many hours and how many pumps were operating at the Noyo Pump
Station. There is a very indirect method for such critical data. The method

does not consider actual diverted quantities at the points of diversion which
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would include leakage losses in the raw water pipelines, evaporation/
percolation losses in the raw water ponds, and/or plant meter error. However,
it is upon this meter data, taken downstream of the raw water pumps, that the

following raw water supply discussion is based.

PRESENT RAW WATER SOURCES

SOURCES FOR CITY WATER SYSTEM. Historically the major source of supply

for the Fort Bragg water system has been the Newman Gulch Reservoir. The
reservoir has about four acre feet of usable capacity with about 2 to 4 feet
of humic and mud build-up on the bottom. The reservoir is supplied by runoff
from a limited watershed and natural springs. There is no weir-box or meter-—
ing capability to determine flows into and out of the reservoir. As a result
of this, there are no flow records available for this water source from which
future available water supplies can be reliably projected or accurate water
rights established. Water from the reservoir is transported to the water
treatment facility through a 10 inch gravity pipeline (See Figure VI-2)., The
pre-1914 water rights for this source, as documented by the City, aﬁd
currently on file with the State Division of Water Rights, allow a maximum
diversion of 300 acre-feet per year.

Traditionally, to augment the Newman source, diversion from a spring on
an unnamed creek (locally called Waterfall Gulch) has been used. The Simpson
Lane Reservoir is a small dimpoundment of about 5,000 gallons on Waterfall
Gulch. The purpose of the impoundment is for direct diversion of spring water
from the gulch into the Simpson pipeline. The Simpson pipeline (10,000 feet
of 10 inch and 2,000 feet of 6 inch) transports the water from Waterfall Gulch
by gravity and discharges freely into the Newman Gulch Reservoir. There are

no regulating controls on the Simpson pipeline so the diversion from Waterfall
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Gulch is continuous. The City”s currently permitted diversion right on the
Waterfall Gulch is 0.668 cfs or 480 af per year. The diversion right is based
on a 1985 assessment by the State Division of Water Rights. Since no metering
structure exists at the Waterfall Gulch diversion and no historic records are
available, future available water supplies cannot be reliably projected nor
can accurate water rights be established. The co-mingled source of Newman
Gulch and Waterfall Gulch waters is referred to locally and herein as the
Newman-Simpson source.

During the drier seasons (1970, 1971, 1976, 1977, 198l), and more
recently due to system operations (1984, 1985), diversions from the Noyo
River, have exceeded the diversions provided by the combined Newman-—-Simpson
sources. Table VI-1 shows the comparative annual diversions (1970-1985), and
Table VI-2 shows the maximum month diversioms on a total basis and for the
Noyo Pump Station (1980-1985). The Noyo diversion currently consisté of a
series of perforated collector pipes buried approximately eight feet below the
river bed. Water infiltrating these collector pipes is diverted by gravity
into an 8 foot diameter wet well of the Noyo Pump Station on the north bank of
the river. The raw water is then pumped out of the Noyo River basin and
through a 10 inch transmission line to the WTP.

OTHER SOURCES WITHIN THE SERVICE AREA. In general, the Fort Bragg

Service Area appears to have abundant amounts of water. Until recently the
current City supplies have been adequate. However, this is because a signifi-
cant portion of the water used within the Service Area has been, and will
continue to be, supplied from sources other than the City”s water system.

GEORGIA - PACIFIC CORPORATION,., The largest water user of the City system

is the Georgia Pacific Corporation (G-P) facilities on the west edge of the
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TABLE VI-1

ANNUAL RAW WATER DIVERSIONS *

1970-1985
Volume Total Raw Diversion from Diversion from
Year Units Water Diverted Newman-Simpson Noyo
1970 gal 313,037,000 146,130,000 166,907,000
a~f 961 449 512
1971 gal 297,379,000 139,034,000 158,345,000
a-f 913 427 486
1972 gal 296,790,000 205,395,000 91,395,000
a-f 911 630 281
1973 gal 304,661,000 200,961,000 103,800,000
a-f 935 616 319
1974 gal 287,784,000 191,207,000 96,577,000
a-f 883 587 296
1975 gal 299,444,000 184,435,000 115,009,000
a-f 919 566 353
1976 gal 349,879,000 160,327,000 139,552,000
a-f 1,074 492 582
1977 gal 338,833,000 162,256,000 176,577,000
a-f 1,039 498 541
1978 gal 323,242,000 201,727,000 121,515,000
a-f 992 619 373
1979 gal 349,289,000 192,756,0000 156,533,000
a-f 1,072 592 480
1980 gal 376,287,000 207,213,000 169,074,000
a—f 1,155 636 519
1981 gal 375,567,000 180,036,000 195,531,000
a~f 1,153 553 600
1982 gal 369,490,000 357,007,000 12,396,000
a-f 1,134 1,096 38
1983 gal 348,033,600 299,446,000 48,587,000
a-f 1,068 919 149
1984 gal 388,100,000 74,127,000 290,963,000
a-f 1,191 228 893
1985 gal 408,342,000 27,800,000 380,542
' a~f 1,253 85 1,168

*

According to City plant flow records
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TABLE VI-2

RAW WATER DIVERSIONS
MAXTMUM MONTH

1980-1985
Date MAXTMUM MONTH FOR YEAR
Year Month Total Newman-Simpson Noyo
Diversion Diversion Diversion
Gallons Gallons Gallons
1980
January 27,334,000 27,334,000 -0~
July 42,118,000 18,195,000 23,923,000
August 40,683,000 15,027,000 25,656,000
1981
July 40,191,000 13,398,000 26,793,000
December 28,852,000 28,852,000 ~0-
1982
March 30,959,000 18,563,000 12,396,000
July 40,149,000 40,149,000 -0-
1983
July 37,231,000 37,231,000 -0-
December 25,675,000 -0~ 25,675,000
1984
July 48,206,000 19,815,000 28,391,000
1985
June 43,020,000 4,000,000 39,020,000
July 42,406,000 2,000,000 40,406,000
1980-1985
Monthly
Maximums gallons 48,206,000 40,149,000 40,406,000
a-f 148 124 125
cfs 2.42 2.01 2.01

NOTE: Total raw water diversion is determined from raw water meter at
plant. Noyo diversion is estimated flow based on pump run-time at Noyo
Pump Station. Newman-Simpson diversion is unmetered and is the differ-
ence between the Noyo and plant flows. No recent flow records are
available for either of the -Newman Gulch or Waterfall Gulch diversions.
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Fort Bragg Service Area. According to Georgia Pacific (G-P), they have three
water sources: potable water from the City system; two on-site wells; and two
off-site stream diversions. The wells can provide a capacity of about 120 gpm
to the G-P nurseries (see Appendix A for test data). However, seasonal fluc-
tuation in the capacity can occur to significantly reduce this value. The G-P
diversion entitlement on the Noyo River is 1.33 cfs, not to exceed 475 a—f per
year. The quo diversion is about 200 feet downstream of the City”s but on
the south side of the river. G-P also has a license for diversion on Pudding
Creek of 1.0 cfs, not to exceed 200 a-f per year (see Appendix B for
Licenses). According to G-P, the stream diversions are used primarily for
process water and mill pond makeup.

Fort Bragg School District. With grassed schoolgrounds and sports play-

ing fields, the District has one of the largest irrigation requirements within
City the system. According to staff, their well was drilled in 1970, has a
12 inch casing and is about 40 feet deep. In 1985, in response to the local
efforts to minimize the nonpotable use of City water, the District returned to
the use of their well to help satisfy their major irrigation needs. However,
the well can only supply about half the irrigation needs of the fields (esti-
mated at 120 gpm) during August and September.

Locally. Within the service area small private wells, small diversions
of surface runoff and small impoundments are in use by private individuals to

help satisfy their landscaping or other needs.

ADEQUACY OF PRESENT RAW WATER SOURCES

GENERAL. The present water system maximum annual diversion was 1191 a-f,
(1.06 mgd or 1.6 cfs) in 1984, The maximum day demand was 1.6 MGD (or

2.4 cfs) in 1984 and 1985. These demands include water used in the treatment
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process and the treated water leaving the plant. The City~“s existing
permitted water rights total 2950 a~f per year (Table VI-3) from the three
sources. The projected water demand for the year 2000 is 2470 a-f. Based on
this data it appears the City has adequate source entitlement on a daily and
annual basis until the year 2000. However, two items can quickly change this.

From flows recorded by the United States Geological Survey (USGS) on the
Noyo River from 1951-1977 (Appendix C) and recent City operating experiences
indicate potentially severe seasonal shortages of water from two of these
sources. Second, the 3.0 cfs average daily flow for the maximum 30 days of
diversion (178 a-f) permitted diversion on the Noyo River is in the process of
being reviewed by the State of California Division of Water Rights and could
be reduced to 2.0 cfs. The City has recently received a five year extension
to document the Noyo diversion.

SEASONAL FLUCTUATIONS IN NEWMAN GULCH. The Newman Gulch Reservoir has

been the primary source of raw water for the City“s system. Diversion from
the reservoir (combined Newman Gulch and Waterfall Gulch diversion) reached a
maximum of about 1100 a—-f in 1982. However, since then, the yield from Newman
Gulch has significantly fallen off. Even with the Waterfall Gulch diversion
discharging continuously through the Simpson Pipeline into Newman Gulch Reser-
voir, no significant diversions could be made from the Newman from June to
October, 1985.

City staff located a leak in the 10 inch steel pipe from Newman in
October, 1985 in the Noyo riverbed. The area of the leak is in the tidal
plain. Therefore, with the exception of low-minus tide events submerged

conditions prevail at the site and make leak detection difficult.
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TABLE VI-3

WATER RIGHTS/DEMANDS

Source

EXISTING WATER RIGHTS

Existing Water Rights

Newman Gulch
MGD
cfs
a-f/yr

Waterfall Gulch

MGD
cfs
a-f/yr

Noyo River
MGD
cfs
a-f/yr

Annual Total
MGD
cfs
a-f

0.27
0.42
300

0.38
0.67
480

ESTIMATED SYSTEM DEMANDS

Maximum Day (to date)

MGD
cfs

Average Annual Day

MGD
cfs

Annual Total

MGD
a-f

1985

N -~
®

[,
.
~J -

401
1,230

1990

N -
.
w

536
1,645

2000

805
2,470
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The outlet valve on Newman Reservoir remained open from June to October
to maintain on-line raw water users between the reservoir and the Noyo
River. Then, due to the leak, no significant rise in the reservoir level
above the reservoir outlet could be developed. Although this operating condi-
tion from June to October, 1985, could have been minimized if the leak had
been detected earlier, the possibility of wastershed depletion during a dry
season could occur. The watershed is only a couple of hundred acres and the
springs therein appear, as a result of the 1985 conditions, limited to
seasonal surface infiltration. The loss of the Newman Gulch source should
therefore be considered an operational possibility.

SEASONAL FLUCTUATIONS ON THE NOYO RIVER., Streamflow records for the USGS

Gaging Station 11-4685, about one mile upstream of the City”s diversion on the
Noyo indicate flows at that point seasonally drop below 6 cfs. Periods of

interest are as follows:

1. For September, 1963 the average daily flow was 1.1 cfs, and less
than 1 cfs for 12 consecutive days.

2, For about six weeks (August 1 through October 13, 1970) Noyo stream
flows were less than 4 cfs.

3. Between September 8, 1970 and October 2, 1970 (25 consecutive days)
Noyo flows were less than 2 cfs.

NOTE: The 1976 "drought" conditions that existed in other areas in
California were not, according to flow records, significantly "felt"
in the raw water supplies or in significantly increased demands of

the Fort Bragg water system. .
Results of flow duration curves provided by the Georgia-Pacific Corpora-~
tion for the Noyo River from 1951-1977 are shown in Table VI-4 (the curves are
in Appendix D). The results illustrate recent potential of seasonally low

flows (less than 4 cfs) from June through October. The significance of the

4 ¢fs (criteria in Table VI-4) is that the State Fish and Game Department has
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TABLE VI-4

NOYO RIVER
STREAM FLOW RANGES

1951-1977
Month 95 Percent of the Percent of Time
Time Flow Measured Flows Measured Percent of Time
Was Greater Than Less Than Flow Less Than
(cfs) 6 cfs * 4 cfs *
January 20 -0- -0-
February 70 —Q— -0-
March 50 -0- -0-
April 40 -0- -0-
May 20 -0- -0-
June 9 -0- -0~
July 4 10% 47
August 3 25% 7%
September 2 50% 17%
October 4 25% 5%
November 6 3% -0-
December 9 -0- -0-

Based on Duration Curve information from Georgia Pacific for USGS Gaging
Station 11-4685., Extreme minimum daily flow is 0.2 cfs, recorded on Septem-
ber 28, 1964.

* 3 cfs requirement minimum fish release
+1 cfs Georgia-Pacific licensed water right
4 cfs
+2 cfs City of Fort Bragg relicensed water right
6 cfs .
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a minimum 3 cfs fish release requirement from June through September down-
stream of the state licensed G-P diversion and the G-P diversion is 1 cfs.
The 6 cfs in Table VI-4 represents the 3 cfs fish release, 1 cfs for existing
G-P rights and 2 cfs for the City”s pending revised diversion right. These
flows would be average daily values for a 30.day period.

It should be noted that no fish release requirement has yet been placed
on the City”s license. However, review for such a requirement should have
occurred by the time the City”s rights are relicensed within the next five

years.

SEASONAL FLUCTUATIONS IN WATERFALL GULCH. No flow records have been

maintained on the discharge from Waterfall Gulch at the diversion into the
Simpson Pipeline. However, local observations indicate the springs in the
gulch have been able to maintain a head of about 0.5 feet on the diversion
intake during seasonally dry periods, including 1985. The current permitted
water right of 0.668 cfs, estimated by the State, is based on this condi-
tion. Field inspections made during the rainy season indicate about one foot
of head develops on the intake before the runoff starts to pass through the
overflow pipes in the diversion dam. Loss of this diversion should be con-
sidered an operational possibility during a dry season.

POTENTIAL RAW WATER SUPPLY CONDITIONS. Although minimum flow conditions

for both the Newman Gulch and Noyo River sources have yet to coincide, the
potential exists. Recent experience (summer, 1985) demonstrated this with
Newman Gulch and Waterfall Gulch sources unavailable and a 2 to 2.7 cfs pump~
ing capacity limitation on diversions required from the Noyo River (Condi-
tion C, Table VI-5) to meet demands. As a result of the limited 1985 supply,

a voluntary conservation effort was implemented by the City to cut maximum
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TABLE VI-5

POTENTIAL SUPPLY/DEMAND CONDITIONS FOR EXISTING WATER SOURCES

1985 1990 2000
Estimate Average
Annual Daily Demand
MGD 1.1 1.5 2,2
cfs 1.7 2.3 3.3
Estimated Average
Day, Maximum Month
Demand (to date)
MGD 1.5 1.8 2.7
cfs 2.3 2.8 4,2
Estimated Maximum
Day Demand (to date)
MGD 1.8 2.3 3.4
cfs 2.7 3.5 5.2
City Water Rights*
MGD 2.6 2.6 2.6
cfs 4.0 4.0 4,0
Source Availability
A - cfs 4.2 4.2 4,2
B - cfs 3.4 3.4 3.4
Unable to
meet average
C - cfs 2.0 2.0 2.0 day of
D - cfs 1.7 1.7 1.7 maximum month
E - cfs 0.7 0.7 0.7 demand

Pending or existing water rights 1984, no additional rights permitted.

Source Condition

D.
E.

Normal year 1 mgd (1.5 cfs) from Newman-Simpson,
pumping capability at Noyo source.

Newman Gulch wunavailable, Noyo source at 2.7 cfs,
0.67 cfs.

1.8 MGD (2.7 cfs)

Waterfall Gulch at

Newman Gulch-Waterfall Gulch 1.0 cfs available, Noyo source at 1 cfs

(1985).
Newman Gulch unavailable, Noyo source at 1 cfs.

Newman Gulch unavailable, Noyo source unavailable,
0.67 cfs.
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demands. With continuous pumping from the Noyo River initially of 2 cfs and,
after pump station modifications, 2.7 cfs, plus drafting from the 3.8 mg of
raw water storage at the WIP site, the City"s maximum demands were met.
Fortunately no significant mechanical failure occurred at the Noyo Pump Sta-
tion during this four month period of 22+ hours per day of operation,

The 3.8 mg of on-site pond storage at the water treatment plant is only
sufficient to act as a raw water source on a daily basis as a maximum shaver,
or for an emergency (power failure, pipeline failure, excessive demand) . Wide
fluctuations in the pond levels are not desirable however, as the ponds are
construction of unlined earth.

The maximum month of water demand for the City system normally occurs
between May and August. The monthly demand totals for May through August,
1985, were within 10 percent of each other. Therefore the demands for the
estimated average day of the maximum month could be expected to be the average
daily demand over a four month period. Table VI-5 illustrates the inability
of the present water sources to provide average day of maximum month demand
for 1990 if raw source availability drops below 2.8 cfs (conditions C, D, E).

Table VI-5 also projects that between 1990 and 2000, the system would
have insufficient.water rights to provide the system demand for the average
day of the maximum month even if optimum dry weather flows were available from
all three sources. This projection assumes no increase in diversion rights

from the Noyo River (3.0 cfs).

IMPROVEMENTS TO RAW WATER AVAILABILITY

GENERAL. On the basis of potential dry season conditions, the current
raw water supplies, either by established water rights or by delivery capac-

ity, are incapable of providing the maximum system demands. Sufficient
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alternate water sources therefore must be developed to provide uninterrupted
supplies to the Fort Bragg service area during these dry conditions.
WELLS., The groundwater conditions in the Fort Bragg service area are

poor from the standpoint of a municipal supply. The Mendocino County Coastal

Groundwater Study issued in June, 1982 by the State Department of Water

Resources. The study evaluated data compiled from drillers logs for 71 wells
drilled into the Franciscan bedrock, 136 wells drilled into marine terrace
deposits and 48 wells drilled through both formations. The study considers
the Coastal Belt Franciscan bedrock to be non-water bearing. However, frac-
tured or weathered portions of the Franciscan formation can unpredictably
yield wells of over 40 gpm. Typical yields in the Fort Bragg area would be in
the 1 to 10 gpm range. The marine terrace deposits are considered the primary
water producing zone in the Fort Bragg area.

Marine terrace deposit wells surveyed provided from 2 to 74 gpm with a
mean yield of about 14 gpm. These wells are shallow (around 100 feet deep)
and rely on the unconfined nature of the aquifer for seasonal recharge from
surface runoff. As a result of the surface water dependency, seasonal varia-
tions or shifts in precipitation can cause significant fluctuations in the
water table and yield of the wells. Also, this "unconfined" nature of the
aquifer and relative quick response time to seasonal precipitation makes the
wells highly susceptible to surface contamination from septic tank seepage,
buried pipeline leakage, etc.

In some areas of the City, due to the landfill used to achieve current
grades, old streambeds can be "tapped" for higher than typical water yields.
The Georgia-Pacific and Fort Bragg High School wells discussed previously are

near such "old" streambeds. However, the economic practicality of the City
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utilizing wells of similar quality and yield as G-P’s currently is unfavor-
able. The water quality analysis of the G-P well (Appendix A) indicates iron
and manganese concentrations about ten times the recommended goal in Chapter V
and the aluminum concentration is over twenty times greater than the goal.
Even if these metal concentrations can be. discounted, the wells would be
subject to surface contamination and would require on-site chlorination prior
to introduction into the distribution system. The cost of well equipment
automatic controls, pneumatic tank, chlorination facilities and maintenance
for a seasonal 100-200 gpm well could readily exceed $70,000 (see Appen-—
dix E). Equipping a well does not include the land, design, or off-site
piping costs. Equipping a well also assumes the first pilot hole drilled on
the well site can be developed to the desired yield. The new well(s) could be
located near the plant and used as a raw water source, or pumped directly into
the distribution system after chlorination if there are no water quality
problems. The potential risks and costs of developing 2 wells with a yield of
1/2 cfs (220 gpm) are far outweighed by the currently low costs of developing
additional water rights and diversion capacity on the Noyo River, Newman Gulch
and Waterfall Gulch. Therefore, City pursuit of well water as a permanent
water source for the Fort Bragg system 1s not recommended at this time.
Perhaps the best purpose for these 100-200 gpm wells is as they are now used
by Georgia-Pacific and the Fort Bragg School District -~ for irrigation, used
to displace the treated water from the City”s plant.

SURFACE WATERS — EXISTING WATER RIGHTS. Adequate water rights, their

acquisition and substantiation, is the critical task now facing the City for
the continued, long term operation and expansion of the Fort Bragg water

system,
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As discussed previously, and illustrated in Table VI-5, only under
optimum raw supply conditions can the current and 1990 demands be met. Based
on projected demands, system demands will exceed all licensed or permitted

water rights sometime between 1990 and 2000.

The City must apply for more water rights. Beneficial use and need must

be established to permit such water rights. To illustrate:

1. At the present time, the permitted diversion on the Noyo River is
3 cfs annually (2,200 af-yr). However, recent contacts by State
Division of Water Rights indicate that this "right" of diversion
will be reduced to 2 c¢fs. The reason for the proposed reduction is
that according to City records provided to the State, the maximum
diversion rate from the Noyo River for a 30-day period through
mid-1985 was about 2 cfs. Although pumping capacity is currently
about 2.7 cfs, records indicate a maximum diversion of 2.1 ¢cfs in
July, 1985,

2. The 0.668 cfs (480 a-f/yr) diversion permitted on Waterfall Gulch is
based upon the State”s estimated capacity of the Simpson Pipeline.

The permit is not based on actual flow measurements, as they do not
exist.

3. Established as a pre-1914 right, the Newman Reservoir diversion is
permitted for 300 af/yr. This limit is, according to the State is
based on filings provided by the City. Although no flow records
exist for Newman Reservoir, records of the co-mingled source for
1982 indicate a total of 1096 a~f/yr were diverted from the two
sources. By current rights then if 300 a—f/yr was diverted from
Newman Gulch, then 796 a~f/yr was diverted from Waterfall Gulch; or
conversely, if 480 a-f/yr was diverted from Waterfall Gulch then
616 a-f had to come from Newman Gulch.

The purpose of these facts is to show how complete and proper documentation
must be provided through direct measurement of flows at the points of diver-
sion and submitted to the State Division of Water Rights for the City”s

sources to substantiate actual use.

SURFACE WATERS - FUTURE WATER RIGHTS

The City has diversion rights on Newman Gulch, Waterfall Gulch and the

Noyo River (as shown in Figure VI-1),. The City has also filed for water
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rights on Covington Gulch and Ten Mile River. Although Ten Mile River appears
to be an under-utilized water source at this time, City use by the year 2000
is not foreseen in this report. The economics of the 50,600 feet of pipeline
needed to reach the City service area cannot presently be justified. This is
particularly true since Ten Mile River is a salmon spawning and nursery stream
for the State Fish and Game Department and the City”s water rights on their
eiisting sources have yet to be maximized. There also appears to be other
surface sources closer to existing City facilities.

The recent City application for diversion on Covington Creek is appro-
priate. We also recommend a filing for diversion rights on Hare Creek at a
location only about 100 feet downstream of the requested Covington Gulch
diversion. City staff observations through summer 1985 have shown Waterfall
Gulch, Covington Gulch and Hare Creek to provide year-round flows. An esti-
mated 1.5 cfs was flowing from the Waterfall and Covington sources at the
proposed diversion points during the maximum of the 1985 dry season (early
October). At the same time, flow in Hare Creek was estimated to be in excess
of 6 cfs. It is recommended as immediate improvements that the Waterfall
Gulch diversion be increased to 1.3 cfs and diversions of 1.2 cfs each be
applied for on Covington Gulch and Hare Creek. Also, as an immediate
improvement and with the proper approvals, weir structures or similar flow
monitoring facilities should be installed in Covington Gulch and Hare Creek
(if no records exist in the area of the proposed diversions). It 1is
recommended that manpower allocated to establish the seasonal flows on these
streams before permanent diversion improvements are made. The Covington Gulch
and Hare Creek filings should be such to allow a single pumping facility along

the existing Simpson pipeline to divert water from either source.
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Pudding Creek runs in close proximity of the 10 inch raw water line in
Sherwood Road (see Figure VI-2)., However, Pudding Creek has recorded flows of
less than 1 cfs for two months during the dry season. This low flow condition
coupled with the existing 1 cfs G-P licensed diversion right (Appendix B)
makes this potential source unattractive at this time (see Appendix F for the
limited USGS flow records).

Mill Creek and Virgin Creek are developed from small watersheds north of
the present water service area. These streams serve as residential sources of
water and apparently have intermittent seasonal flows (no stream data avail -
able) . These limiting conditions along with the extensive supply line needed
to connect them to the treatment plant make these two sources unattractive at
the present time.

Because of the unsettled or unclear conditions, it is recommended that as
flow data becomes available, the status of the City”s existing water rights,
licenses, permits, applications and proposed diversions be closely reviewed
and redefined with the State Division of Water Rights.

In the meantime positive efforts must be taken by the City to substanti-
ate use and need for diversions from these five surface sources and their
corresponding diversion points, (A summary listing of recommended water
rights filings is shown in Table VI-6). The emphasis of these efforts should
be to maximize the use of the existing sources that can reach the treatment
plant by gravity (Newman Gulch and Waterfall Gulch). The reason Ffor this
emphasis is the cost to do otherwise. Table VI-7 shows the power costs at the
Noyo Pump Station for 1984 and 1985. 1If the Newman-Simpson sources had been
fully available between June and September, 1985, about $15,000 could have

been saved on power bills by reducing Noyo pumping requirements. Figure VI-3
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TABLE VI-6

PROPOSED WATER RIGHTS

Source Water Rights Water Supply(l)
Existing Proposed Available

(Dry Conditions)

s

1.0 ¢fs or

Newman Gulch 300 af/yr 600 af/yr 0.5 cfs
Waterfall Gulch 0.668 cfs or 1.3 cfs or 1.0 cfs

480 af/yr 935 af/yr
Noyo River 3.0 cfs 3.0 cfs 0.2 cfs
Covington Gulch ~0- 1.2 cfs 1.0 cfs
Hare Creek ~0- 1.2 cfs 1.0 cfs
TOTAL 4 cfs 7.7 cfs 3.7 cfs (2)

(1)

(2)

Water rights are based on annual usage or on the 30 day period of maximum
diversion. The water rights filings should be reviewed in 1988 and 1990
along with City developed stream flow and diversion records. Additional
water rights should then be applied for where possible to provide at
least 4.2 cfs based on minimum stream flows of record-to-date occurring
simultaneously.

Estimated Average Day, Maximum Month Demand for the year 2000 is 4.2 cfs
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TABLE VI-7

NOYO PUMP STATION POWER COSTS(l)

Month
Year Item June July = August Sept. Oct.
1984 KWH/ day 1,164 1,335 1,345 980 819

Cost/Mo  $2,344  $3,039  $2,663  $2,378  $2,670
1985 KWH/day 1,834 2,505 2,465 2,006

Cost/Mo  §,5234  $6,977  $6,221  $5,640

Net change in KWH's 671 1,170 1,120 1,025

TOTAL 3,975
Ave. 997 KWH/day

Net change in costs $2890 $3938 $3558 $3062

TOTAL $13,448
Ave. $3400/Mo

(1) Costs are in 1985 dollars
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shows a comparative plot of these power costs. Figure VI-4 shows a compara-

tive plot of the monthly flows from the Newman-Simpson and Noyo sources for

1980-1985.

EXISTING RAW WATER SUPPLY CONDITIONS AND RECOMMENDED IMPROVEMENTS

WATERFALL GULCH DIVERSION. The Waterfall Gulch diversion consists of an

earthen dam about 18 feet high and 25 feet long impounding about 5,000 gallons
of water (Pl, P2, Appendix G). The diversion into the Simpson Pipeline
consists of an upturned 10 inch section of pipe with a horizontal piece of
heavy stainless steel mesh over it (P3, Appendix G). Even at maximum flows,
only about 6 to 12 inches of head is on the diversion inlet. As a result,
vortexing and air entrapment can occur in the pipe limiting its capacity.
Influent silt and vegetation can also restrict the intake.

Just upstream of the diversion, the gulch is choked with vegetation (P4,
P5, Appendix H). Brushing it would temporarily solve the problem, but the
silt would continue to be a problem. The City owns 38.9 acres of property on
both sides of the gulch as shown in Figure VI-5. Therefore, to avoid the
worst vegetation in the gulch, minimize the silt problem, and increase head on
the pipeline, it is recommended the Waterfall Gulch diversion be moved about
400 feet upstream of the present location. The new diversion would consist of
a springbox with a weir plate, wing walls the width of the stream, and a
gloryhole-type intake. The new divefsion should be placed downstream of an
existing private diversion structure in the gulch and include the springs on
the west bank just downstream of the private diversion (Figure VI-5),.

A new water rights filing might be necessary on Waterfall Gulech to define
the new diversion location. Documentation should be included to substantiate

a requested diversion rate of 1.3 cfs. The existing diversion pipe should be
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retained and valved appropriately. This valving would allow for intermittent
use of the current diversion if the springs below the new location produce
significant flows during the seasonal dry periods. Potential contamination to
this small isolated watershed could come from humic buildup on the timbered
floor or seepage from septic tanks serving the private development on the
ridge on the east, south and west edges of the City”s property. City removal
of timber is not recommended, nor is ground disturbance by vehicular traffic,
without detailed consideration as they might permanently diminish the yield of
the springs in the gulch.

Measures for protection of the watershed could include: purchase of the
land inside the drainage area; review of any new development in the compact
area to insure compatible low density land use; minimizing road construction;
minimizing drainage into the watershed from developed areas; and making the
surrounding landowners aware of any potential contamination condition
currently existing. With the proposed treatment plant improvements on line,
contamination in the watershed from septic systems should be easily handled.
Given these WTP improvements, the present financial resources of the City and
the needed immediate system improvements, land purchase for protection of City
watersheds or even fencing of current City boundaries are not considered
realistic. The other measures discussed, however, are more of a public aware-
ness approach and would not require capital expenditures.

SIMPSON PIPELINE. The Simpson Pipeline is about 12,000 feet long. It

consists of about 10,000 feet of 10 inch and 2,000 feet of 6 inch asbestos-
cement (A.C.) pipe. The A.C. pipe is exposed, either at grade (P6 Appendix G)
in an open trench or supported on wooden trusses to maintain grade across low

areas (P7 - P10, Appendix G). The general pipe condition is good and the pipe
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material can be expected to last to the year 2000. However, the eleven groups
of wooden supports for this pipeline, used where the pipe is not in direct
contact with the ground, are in immediate need of rebuilding or replacing.
The horizontal and vertical alignments of the pipeline in these trussed
sections are often beyond the allowable deflection limits for the pipe joints
(P8, Appendix G). The exposed joints do not leak even though in some cases,
the rubber gasket can be seen at the edge of the coupling (P11, Appendix G).
Vegetation has encroached on the truss supports in many places (P12, P13,
Appendix G). Partially fallen trees rest on the pipe (P14, Appendix G) and
have bowed supporting truss members (P15, Appendix G) at one of the longer
crossings. Surface runoff has undercut many of the supports, or caused foot-
ings to settle, and forced temporary means of support (P16, Appendix G).

It is recommended, in general, the following be considered as immediate

improvements for the Simpson pipeline:

o} The pipeline alignment be brushed a couple feet either side of the
pipe or truss supports.

o The drainage under the trusses be rechannelled away from the
supports where possible.

o The concrete footings for the trusses should be placed or reset as
necessary.
o The design of trusses checked for proper sizing, adequate cross

bracing, anchorage, etc., (P16 - P21, Appendix G).

0 The cable tiebacks be removed and the truss systems reworked or
replaced to be totally self supporting.

o The larger trusses, over 10 feet high, reworked with stainless
steel, bolted connectors.

o Steeply sloped and exposed sections of the line should be re-

engineered to secure the non-mechanical joints (or replacement of
them) and replace the tiebacks.to trees (P22, P23, Appendix G).

VI-28



The 2,000 feet of 6 inch diameter A.C. pipe should be replaced with
10 inch to maximize capacity of the pipeline. The last section of 6 inch
freely discharging into Newman Reservoir (P24, Appendix G) should be replaced
with 10 inch, a flow meter installed, and appropriate valving to install a
10 inch bypass line from the Simpson (10") line areund Newman Reservoir to the
Néwman (10™) 1line downstream of the existing control valve. Both of these
projects should be considered immediate improvements to maximize the water
diversion and quality from Waterfall Gulch to the treatment plant.

NEWMAN GULCH AND RESERVOIR. Springs flowing in Newman Gulch have been

used as a water supply since before 1914. The Newman Dam was constructed
prior to 1914, Most of the small watershed of the gulch is owned by the
City. An abandoned lumber mill is in the upstream area of the springs. With
the exception of the old mill, the area is relatively undeveloped. The
springs have run continuously as far back as City staff can remember, however,
seasonal fluctuations have been observed to occur. No systematic flow
measurements have been made of the flow into the reservoir. Visual observa-
tions indicate that the inflow has been seen to drop to a "trickle" in late
summer (i.e., 1985).

The reservoir is heavily silted. Perhaps only about 40 percent of the
original capacity remains. The estimated usable capacity is two to four acre-—
feet depending on the mud levels. The bottom mud is from four to six feet
deep.

Seasonally, at lower water levels in the reservoir, the water quality can
fluctuate quickly depending on the humic buildup in the mud (P24 - P25, Appen-

dix G).
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The condition of the dam and reservoir and the work necessary to improve
reservoir yield, repair spillway damage and modify the outlet configuration
are beyond the scope of this study. A separate report on these conditions
should be pursued by the City.

Potential contamination in the Newman Gulch watershed is similar to
Wéterfall Gulch. However, the larger watershed means larger potential for
contamination., Currently the watershed is all but undeveloped. The abandoned
lumber mill has potential for redevelopment and the land surrounding the
stream is level for residential development. Development should be expected
by the year 2000. As with Waterfall Gulch, the City should establish the
watershed drainage boundaries and closely review any development occurring
within it. Development would include logging, improved accessibility into the
watershed or permanent structures. This activity shall be controlled in such
a manner as to minimize the potential for septic tank seepage, storm drainage,
potential spillage from new roads, etc. from eventually entering the
stream/reservoir.

As with Waterfall Gulch, current efforts for protection of the Newman
Watershed should be made through non—capital channels in lieu of land pur-

chases.

NEWMAN PIPELINE. The estimated 6,000 feet of 10 inch steel and transite

pipe leaving the Newman Reservoir and terminating at the water treatment plant
is buried its entire length. Records are iﬁconclusive as to the pipeline”s
installed length, size, and type of material. It 1s recommended that the
pipeline alignment be brushed for periodic access and inspection, especially
near the river crossing. Recent City inspection of the pipeline river cross-—

ing showed significant leakage. The leaks found have been repaired. Assuming
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an overall deteriorated condition of the river crossing, about 300 feet of
uncased steel pipe, should be scheduled for immediate replacement. Flow
meters should be installed on the pipe at the dam and at the treatment plant
site. (Modifications at the diversion in the Newman Reservoir for the intake
and outlet through the dam to the control valve is considered to be part of
the Newman Dam rehabilitation work and not covered in this study). Based on

the condition of the Noyo line, the Newman Pipeline should be replaced by the

year 2000.

NOYO COLLECTOR SYSTEM. The City“s collector system has been installed in
a meander of the river. As a result, the greater width of the river at the
diversion causes the river flows to seasonally deposit silt and rocks over the
infiltration pipes. This build-up must be removed at low flows to maintain
the necessary infiltration into the culverts and flow to the pump wet well.
Without a significant shift in the normal scour pattern of the river in the
area of the collectors, the characteristically "sticky" silt of the river will
continue to be a chronic plugging problem for the existing collector system.

The G~P diversion just downstream of the City“s 1s a single, 3 foot
diameter perforated pipe about 12 feet long. The pipe is located in the scour
area of the river so seasonal flows tend to flush out the silt and gravel
build-up. Consequently, G-P has had little maintenance on the system or few
problems with maintaining the necessary infiltration into the pump wet well
(P26-P29, Appendix G).

The City”s collector system in the Noyo River presently consists of the
following:

1. A 48 inch diameter hole, 8 feet deep filled with coarse rock.

2. A 24 inch diameter perforated culvert pipe buried 8 feet under the
riverbed and emanating from 1. above. Coarse rock was used to
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surround each culvert and to backfill the trenches. (Initially,
fabric filter cloth surrounded the culverts to minimize intake of

silt or clay. However, the cloth soon became clogged and had to be
removed) .

3. A 24 inch gravity line allows water to flow from 1 above, to the
pump station wet well. ' ’

The collector system requires maintenance to prevent blending off by
sédiment buildup and to minimize air entrainment through vortexing in the
river flow over the collectors. To minimize these maintenance requirements
and to increase the water availability in the pump wet well of the Noyo Pump
Station, it is recommended that an 18 inch or 24 inch conduit be installed
permanently in the riverbed for direct diversion from the scour area of the
"Madsen Hole" immediately upstream on the northerly bank (at the approximate
90 degree bend in the river). Preliminary contact with State Department of
Health, Fish and Game Department and the State Water Resources Control Board
(SWRCB) indicate that with the new plant facilities, complete direct diversion
of the Noyo surface water should be possible. The conduit would be tied into
the old concrete wet well. The old well would be teed into the new wet well,
with diversion controlled by a slide gate in the old wet well (see Figure
VI-6) . The new conduit would have aﬁ open, screened end that would terminate
in an approved area of the north bank or in the Madsen Hole. Actual location
of the conduit will depend on property boundary location and final comments
from the State Department of Health, Fish and Game Department, SWRCB and the
Division of Water Rights. Both the Madsen Hole and the nprth bank just down-
stream maintain depth of four to six feet of water during low flow periods.
Operation procedures required to periodically service the collector system

should be cleared through these same agencies.
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The use of a temporary dam across the Noyo River immediately downstreaﬁ
of the collectors 1is not recommended. The silt load that now periodically
plugs the river bottom and prevents vertical percolation of water would only
be increased by the larger amounts silt being held behind the dam. Working in
the river and disposal of the silt accumulation would be other considera-
tions. Of more concern however, would be the various agency filings and
environmental impact work required to obtain State approval for such a tempo-
rary structure. The Department of Fish and Game, Division of Dam Safety and
Regional Water Quality Control Board are only a few of the entities that would
become involved in reviewing and licensing the project.

Due to the large size of the watershed and the rivers, protection of the
source by the City is limited to an awareness position. The City should
establish a communications pipeline through State, County and local agencies
involved in the management of the Noyo watershed to monitor/review development
along the Noyo. The City should review the risk potential of hazardous
chemical contamination by periodic use of pesticides, chemical growth
inhibitors or defoliants along travelled rights—-of-way. From this
information, the City should develop an emergency action plan wherein various
potential emergency conditions ranging from spillage contamination, highly
turbid waters and power outages are discussed and inquiry/notification
procedures are defined. This plan and approach could then be applied and
modified as necessary for other other future diversions and their watershed.

NOYO PUMP STATION The system demands in June, 1985, forced improvements

in the power availability at the Noyo Pump Station. At the present time, the
100 hp vertical turbine and the 75 hp submersible pumps can be operated con-

currently, producing a flow of 2.7 cfs (1,200 gpm) at 185 psig as measured by
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City staff. The addition of air/vacuum relief valves along the line and the
replumbing of control valves at the pump station have eliminated the water
hammer problems experienced in 1984,

The limitation in flow appears to be in the capacity of the 9.5 and
10 inch line from the pump station to the Sherwood-Fort Bragg Road.

The concurrent discharge from these two pumps should be such to maintain
the Noyo River water diversion right of 3 cfs (1,350 gpm). Based on City
staff data, calculations indicate the existing 3,700 ft of 9.5 inch steel pipe
with a capacity of 2.7 cfs, has an estimated Hazen-Williams roughness factor
of between 80 and 85. If cleaning the clay, sludge-like deposits from the
line could improve the roughness factor to 110 to 120, and restore the full
9.5 inch inside diameter, the pipeline capacity should increase to about
3.2 to 3.4 cfs without any modifications to the existing pumping head.

Demands in 1985 demonstrated the immediate need for backup pumping facil-—
ities at the Noyo Pump Station. Both pumps in the station ran continuously
for almost four months (June - October). This type of performance and commen-
surate City maintenance is commendable. However, it should not be expected on
a recurrent basis, especially when the pumps are providing 90 - 100 percent of
the City”s demands.

For ease of maintenance, the pump equipment should be of a similar
type. The existing pump station wet well does have sufficient space for an
additional pump. Tt is recommended, as an immediate need, that the 75 hp
submersible be relocated to act as a standby. A new vertical turbine compar-
able to the existing unit should be: installed where the submersible 1is
currently. (Two 100 hp vertical turbine pumps, with improved pipeline capa-

city, may be sufficient to provide 3.5 cfs at the treatment plant.
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The motor controls, wiring, and building will need to be upgraded to code
to accommodate the potential 200 hp load with two pumps running and a nominal
300 hp load in the future. Additional line capacity from PG&E to the pump
station will probably also be necessary. It is also recommended as an
immediate need, that the City acquire complete replacement assemblies for the
different types of pumps, motors and other essential parts. These spares
would then be on hand and available for the inevitable mechanical breakdowns.

Seasonally, electrical power can become a tenuous commodity in the Fort
Bragg area. Although there it not a history ofvextended power supply problems
during maximum water demands, the potential for power outages at the Noyo Pump
Station exist. Therefore, it is recommended that the controls at the pump
station be modified to include a portable generator hookup and a portable
generator be available for service to at least one 100 hp pump.

NOY0 PIPELINE. Installed in 1959, the Noyo Pipeline is 12,000 feet of

10 inch steel and asbestos—cement pipe that delivers raw water from the Noyo
Pump Station to the water treatment plant. Recent tests by City staff show
the line to have a 2.7 cfs (1,200 gpm) capacity with 185 psi discharge pres-
sure at the Pump Station. The assumption 1is that the 1limited capacity
problems are related to the 3,700 feet of 9.5 inch bell and spigot, 1/8 inch
wall steel pipe from the pump station to Sherwood Road.

Since this 3,700 foot line is at the edge of the access road with minimal
cover, leaks are readily visible. About 20 leaks have occurred in the steel
portion last few years. Fourteen leaks occurred during the construction of
the new pump station when heavy trucks used the road to the river. The leaks
all occurred at pinhole failures (1/4 inch diameter or less) on the top or

bottom outside curve of the pipe bell at the joints. All the leaks have been
small (1/4 inch or less).
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Contact with the Northwest Pipe and Casing of Portland, Oregon, indicates
this type of 1/8 inch wall bell and spigot, electric resistance, spirally
welded, steel pipe is still being manufactured. Current production does not
include a white lining as found in the Noyo 1line. However, the pinhole leaks
at the bells appear characteristically in the pipe when it is cyclically shock
1§aded. The 1/4 inch wall pipe is usually rated at 150 psi.

With normal operating pressures in the lower part of the Noyo 1line
between 150 - 180 psi in the lower steel end, the water hammer or surges due
to pump cycles would be expected to induce the pinhole leaks over a long time
period. Proper surge control was installed in 1984/85. Recent operations
have caused the pumps to cycle twice per day with the blow—off pressures on
the rellef valve set at about 190 - 195 psi. Leaks have again surfaced on the
steel section. It is recommended that the relief valve at the pump station be
set at about 185 psi and the relief valve at the top of the ridge (near
Sherwood ~ Fort Bragg Rd) set at 5 psi or the minimum pressure required to
provide gravity flow to the plant. It is also recommended that the pipe
alignment for this pump station to the lower end of access road be reworked to
minimize the bends in the pipe in this high pressure area. These changes
would help minimize the hydraulic shock to the pipe joints and reduce head
loss.

The interior of the 9.5 inch steel section was recently inspected by City
staff. Inspection shows the steel line to be 9.5 inches inside diameter and
in apparently sound condition. The exterior bitumastic coating is intact
(P30, P31 Appendix G). The interior of the pipe however, is coated with two
substances. The inside coating, about 1/32-inch thick, appears to be a

factory applied, hard enamel or ceramic type material. The outer deposit,
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about 3/16-inch thick, is a soft, orange sticky clay material from the Noyo.
The pipe should be '"pigged" for removal of the soft deposits, retested for
capacity and checked for leaks. If pipe conditions are such that excessive
leaks develop along the pipe barrels in addition to the joints after

"pigging," then the 3,700 foot steel segment of the Noyo pipeline should be

replaced.

Replacement of this segment is otherwise scheduled between 1990 and the
year 2000. Pipe sizing is based on a minimum of 3 cfs deliverable to the WTP
at the existing available pumping head.

Replacement of the steel portion of the Noyo pipeline brings in two
optional alignments - one is 3,700 feet of pipe along the existing alignment,
in existing rights-of-way, and with 427 feet of pumping lift (estimated 1985
cost $170,000, Appendix H); the second is about 3,000 feet of pipe about 2,000
feet along the base of the northerly flood plain wall of the Noyo to the G-P
railroad tunnel then up the flood plain wall to tie into the pipeline in
Sherwood ~ Fort Bragg Rd (estimated 1985 cost, $173,000, Appendix H). This
new alignment is proposed in rights-of-way yet to be acquired by the City but
with only about 340 feet of pumping lift. Figure VI-7 shows the alignments.

An analysis of the energy servings relative to the 90 feet of head by
changing the Noyo pipeline alignment from Madsen Lane to a "river route" shows
an estimated savings of about $14,000/year. This appears to be an attractive
alternative based on economics and the recent trend of increasing energy
costs, However, the recommendation is to maximize the.useful life of the
existing line before pursuing replacement. Groundwork, however, by the City
should begin immediately to better define costs related to the two pipeline

routes. This would include details on rights~of-way, environmental
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constraints, actual pipe distances, pipe material and proposed pipeline

installation.

COVINGTON GULCH AND HARE CREEK DIVERSIONS. As discussed earlier, these

two diversions would be served by a single pump station on Covington Gulch and
discharge into the Simpson Pipeline at the top of the north ridge of Covington
Gﬁlch (el. 240 +). To divert the proposed 1.2 cfs, initially, from each
source, it is recommended that a spring box with a weir plate be used on
Covington Gulch and a screened, open-ended conduit or an infiltration
collector in the streambed (per Noyo diversion) be used on Hare Creek. The
pump station would be on the north bank of Covington Gulch next to the spring
box (el. 80 ij. The spring box and pump station would be located upstream of
the Simpson Pipeline crossing of the gulch at the end of an old railroad
access road. The diversion in Hare Creek would be upstream of the confluence
of Covington Gulch and Hare Creek to allow diversion by gravity into the pump
station wet well (see Figure VI-8).

The pumps would be submerged in a gravity fed wet well and discharge into
a new 8 inch pipeline. The new pipeline would parallel the Simpson Pipeline
to the top of the north ridge above Covington Gulch. The new line would be
tied in at the top of the north bank. Power for the station would be extended

from Pacific Gas and Electric facilities south from Highway 20.
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CHAPTER VII

WATER TREATMENT PLANT IMPROVEMENTS

EXISTING FACILITY DESCRIPTION

GENERAL., The existing facility was constructed in the late fifties and
has subsequently had several improvements., The basic site plan and water flow
schematic are indicated in Figure VII-1., The treatment scheme consists of
chemical coagulation, flocculation, sedimentation, filtration, and chlorina-
tion, Water is pumped to the sedimentation basins and flows by gravity
through the remainder of the process. The finished water must be pumped into
the distribution system.

The original design concepts utilized lime and alum for the primary
method of treatment. The City recently switched to an all polymer system and
it operates with excellent results.

All systems are manually controlled and adjusted by a part-time operating
staff., The staff relies on historical information and personal experience for
adjustments to the process. The operators are also responsible for routine
lab tests conducted at the water treatment plant (WTP).

Over the years, the finished water has exceeded both bacteriological and
turbidity standards on many occasions. This is mainly a direct result of the
operators mnot having the proper equipment to treat the water. It was the
reason why numerous recent improvements were implemented and this study was
undertaken,

A complete description of each unit process and an evaluation leading to
a recommendation follows., They are described generally in the order that the

water flows through the process.
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STORAGE PONDS

GENERAL. The raw water storage ponds (inlet reservoirs), are two series-—
flow earthen basins conmnected by a pipeline. Raw water from Newman Gulch con-
tinuously discharges into the ponds. The pond level fluctuates depending on
the WIP production and the flow in the Noyo pipeline. The ponds serve two
very beneficial purposes. They act as a flow buffer between the WIP and the
water sources and they reduce the high turbidity in the raw water since they
are actually large settling basins.

The pond level is monitored manually by visual observations. It is com-
mon for weeds and algae to encroach on and in the ponds. This is definitely
conducive to a deterioration of the raw water quality.

The ponds are difficult to clean because of limited access and earthen
construction.

It has been noted that equipment (specifically the street sweeper) is
stored in close proximity to the ponds and can contribute to the dust and
debris found in the ponds. The practice of burying dead animals and the use
of herbicides on the berry bushes is also allowed within close proximity of
the ponds.

EVALUATIONS. There are too many benefits of having these ponds at the
head of the WIP to even consider not using them as part of future expansions.
It would be more appropriate to enhance their efficiency and accessibility.
The major emphasis should be placed on revising the piping and basin configur-
ation so that access for maintenance can be assured. ;n addition, all the
clarified waste backwash water should be diverted back to these ponds so it
can be recovered. During the dry months, the backwash water can represent up

to 10 percent of the plant production as it now exists.
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Two methods of creating a multi-basin configuration were evaluated as

indicated in Figure VII-2, These were:
l. Divide the existing basins into halves using an earthen berm. The

earth would be removed from the side slopes and pushed towards the

center. Reroute piping as required. The net change in basin volume
would be minimal,

2, Divide the existing basins into halves by constructing a concrete
dividing wall down the middle. Reroute piping as required.

Both of these configurations were further evaluated utilizing either
concrete or gravel bottoms. Durable bottoms should be constructed for mainte-
nance access and to reduce algae and/or weed growths., However, concrete
bottoms are estimated to cost from eight to ten times more than gravel,
Gunite side slopes will prevent weed growths and allow easy cleaning,

The operational aspects and the configurations are exactly the same so it
is a matter of preference and cost as to the best choice. The costs for the
earthen center berm would be from 10 to 20 percent of the cost of the concrete
center wall,

The present 10 inch pipe from the Noyo River Pump Station goes directly
into the WTP pump station. However, the line is also teed off into the plant
inlet basins and thus effects the level in the basins. It will be beneficial
if the Noyo pipeline is rerouted such that flow must go through both inlet
basins and then to the WTP pump station, This flow scheme will improve circu-
lation in the basins and increase the blending of the relatively easier to
treat Noyo water with the more difficult Newman-Simpson water. Another major
advantage is that rapid increases in Noyo water turbidity will be eliminated
by blending.

RECOMMENDATIONS., Analysis of the inlet basins indicates that they are of

great value and should be improved. The two existing basins should be split
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into four basins (Figure VII-1)., The inlet pipe and backwash return lines
should be rerouted to allow flow into each section. Permanent gunite side
slopes are required to protect against weeds, algae, and erosion. Gravel
bottoms will allow vehicular traffic for maintenance access. The Noyo pipe-
line should be diverted into the sbutherly basin with the operational option
to discharge into either or both basins.

There should be a policy decision by the City which eliminates the use of
the WIP grounds for any uses other than those directly related to the produc-

tion of water. Equipment storage, animal burial, and herbicide spraying are

not compatible uses.

PUMP STATION BUILDING

GENERAL. The existing pump station is actually a multiple use facility.
It contains both the pumps for the raw water and finished water as well as all
the administrative, lab, and maintenance areas. Except for chlorine, all
chemicals are also contained within the structure. The uses within the build-
ing have changed over the years and the superstructure is in need of moderni-
zation so that the space can be better utilized. A structural field inspec-
tion of the clarifier, filter, water tanks and operations/pump building was
made (Appendix I).

EVALUATIONS.

Water Storage. Both the raw water and finished water storage tanks are

adequate and need not be replaced in the future, The pumps should be replaced
as part of this modernization. Better level sensing should be incorporated
for pump control and monitoring purposes, When new raw water pumps are
purchased, they should be of the variéble speed type equipped with a flow
pacing signal transmitter for chemical systems and high efficiency motors.

The finished water pumps need not be variable speed.
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Chemical Systems. The location of the chemical systems is satisfactory

and continued usage of the same equipment can be expected. Changes in piping
would be appropriate when the new flocculators and filters are constructed.
These changes are considered minor. A new potassium permanganate system
should be installed. It will serve several purposes. It will reduce the
chlorine demand thus allowing a reduction in applied chlorine and, more impor-
téntly, will reduce the potential for trihalomethane formation. It is also an
excellent treatment method for taste and odor control in the raw water, espe-
cially for algae caused problems. A survey conducted by AWWA showed that
75 percent of taste and odor problems are algae related., The inlet reservoirs
themselves can serve as an ideal place to grow algae. Application of the
permanganate should be in the influent to these reservoirs to assist in algae
control, It should be noted that permanganate turns the water purple and
therefore care must be taken to insure that purple colored water does not
leave the treatment plant. The operators must monitor the color so that
purple water does not get past the first stage of the flocculation basins.
This provides an ample margin of safety. The by-product manganese dioxide
often acts as a flocculation aid and will be removed in the filters. Ideally,
the filters should never have purple colored water applied to them. The
possibility of manganese dioxide passing through the filters is directly
proportional to the purple color that is allowed to be applied to the
filters. A yellow brown color could be imparted to the finished water if
manganese dioxide passes the filters.

The normal dosage of permanganate is from 0.5 to 2.5 mg/l. Specific
characteristics are listed below:

Hazards: Fire hazard associated with large quantities of potas-—

sium permanganate, Explosions are liable to occur
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when it 1is brought into contact with organic or
readily oxidizable materials either in solution or in
dry state, May ignite combustibles (wood, paper, oil,
etc.). Runoff to sewer may create fire or explo-
sion. Contact may cause burns to skin and eyes,
Vapors or dust may be irritating. Fire may produce
irrigating or poisonous gases. It is spontaneously
combustible with carbon. Self-contained breathing
apparatus and full. protective clothing should be
provided. Overhead sprinkler system installed in the
storage and feeder rooms is advised.

Bulk Storage: 330-pound drums.
Piping: Plastic, FRP or stainless steel.
Metering: Dry feeder with eductor from solution tank.

Freeze Protection: Not required because system will be indoors.

It is fed as a dry powder and then dissolved into a solution for applica-
tion. A simple eductor system with a volumetric screw feeder is recommended
as indicated in Figure VII-3,

If a trial corrosion control program is not implemented, a mnew caustic
soda system should also be installed for pH control. This will allow pH
adjustment prior to pumping into the distribution system so that Langier Index
(corrosiveness) can be maintained within acceptable limits, The syStem is
simple in that caustic soda is purchased in bulk liquid form, stored in fiber-
glass tanks, and pumped in a manner to apply precise amounts of the chemical.

When feeding caustic soda it is very important to design a system so that
it is impossible to overfeed the chemical in the event of a mechanical mal-
function of any component, The major safeguards should concern bulk
storage. It should be designed such that it can not empty directly into the
water system. Figure VII-4 indicates a typical installation. It”s character—
istics are listed below:

Availability: Bulk or 55 gallon drums.
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Hazards: Caustic soda will cause severe burns to the skin and
eyes, scarring of tissue and blindness., swallowing
may cause severe burns of the mouth, throat and
stomach, Death may result, Caustic soda is not
combustible. Complete protective equipment is neces-
sary, 1including head covering, respirator with
goggles, cotton clothing, button collar, rubber apron,
sleeves over rubber gloves, and trousers over rubber
work shoes. Contact lenses should not be worn when
working with this chemical.

Bulk Storage: FRP tank with dike around it for rupture protection or
existing former lime vat in pump room.

Piping: Plastic, Alloy 20 or 316 stainless steel,
Metering: Positive displacement pump.

Freeze Protection: Gels below 60 degrees F. Heating provisions required
unless housed indoors.

A back-up polymer pump is also recommended. The successful treatment of
the water without alum places added significance on the need for reliability
of the polymer system, The popularity of polymer treatment is increasing
rapidly throughout the U.S. because of the ease of handling, feeding, and low
sludge production. Several WTP”s in the Bay area utilize this approach. JCE
recently completed the design of a WIP in Utah that utilizes only polymers on
a seasonal basis., It is interesting to note that during the pilot testing of
the Utah WTP the particle counts (and turbidity) were significantly improved
by the use of polymers.

Although polymers do not depress the pH as much as alum systems do, there
is still a need for the proposed caustic soda system to control the final
plant pH, i.e., corrosivity.

The City has had excellent experience in the treatment of the water using
only polymers. The success of this practice is particularly significant in
that the problem of low alkalinity is not a factor. Alum systems specifically

must rely on adequate natural alkalinity for the reactions to occur. Waters,
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such as Ft., Bragg”s, that do not have sufficient natural alkalinity must
introduce a source of alkalinity in the treatment process. This normally
requires a lime system to be installed. Lime systems are typically labor
intensive due to high maintenance requirements and they cause the treatment
process to generate significantly more sludge than a polymer system,

A powdered activated carbon (PAC) system was evaluated for taste and odor
control but is not recommended., PAC offers none of the advantages of perman-
ganate in that it will not reduce the chlorine demand, minimize THM formation
potential, nor control algae in the inlet reservoirs. If the watersheds of
Fort Bragg were subject to routine contamination by organic solvents or petro-
leum products, the PAC system would have a definite place in the overall
treatment process,

From an operational viewpoint, the handling, storage, and application of
PAC is extremely difficult and messy. The equipment is maintenance intensive
and the capital costs are about 50 percent more than permanganate system.
Specific characteristics are listéd below:

Hazards: Carbon is a flammable substance which burns with
intense heat. Bags should be stored in fireproof
room. Carbon is spontaneously combustible with gaso-
line, mineral or vegetable oils or chloride of lime,
hypochlorites, sodium chlorite or potassium perman-—
ganate. Protective clothing, gloves, goggles and face
shield should be provided for handling carbon. Dust
collection equipment should be provided where carbon
is being unloaded into bins or hoppers. Automatic
fire protection system should be installed in case of

fire.
Bulk Storage: 50-pound bags, slurry storage not recommended.,
Superstructure, The superstructure was evaluated from two aspects;

modifications to the existing building, and a completely new superstructure.
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Iwo new chemical systems will be housed within the pump station build-
ing. These are the potassium permanganate and caustic soda facilities,
Safety consideration dictates that the permanganate should not be housed in
the wooden structure. A new fire proof feed room can easily be added in the
front of the building near the unloading dock. The recently installed polymer
tank will have to be relocated.

The caustic soda system could be located where the former lime vat and
pump were. A pipe connection from the lime vat to the unloading dock area
will allow bulk deliveries of caustic soda to be made conveniently.

The building itself is structurally sound, however, there is a shortage
of office and laboratory space. Minimum laboratory size is approximately
250 sf including one office space. A new lab/office addition can be con-.
veniently added to the south or east of the present lab area.

The major disadvantages of trying to modify the wooden structure are:

1, The structure is not adequately protected from fire hazards.

2, The electrical facilities do not meet current codes. Any changes to
the system will require a complete modernization to current codes.

3. The heating and ventilation system was not designed for the environ-
ment that computer based equipment needs. Extensive insulation and
mechanical equipment would be required.

4, Lighting does not comply with current OSHA criteria.

5. The useful life of the wood can not be expected to match the life of
the new water treatment plant without an on-going program of mainte-
nance even through the present condition is acceptable.

A suggested layout of the modified building is indicated on

Figure VII-5. Refinements to this would be made during the detailed design
phase.

The entire wooden superstructure can be systematically removed and

replaced with new metal or block construction. To save money, the walls would
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be constructed on the roof of the present raw and finished water storage

basins. The design would incorporate the necessary environmental features to

allow human and computer comfort.

RECOMMENDATIONS. The location and condition of the concrete make it

desirable to utilize this structure in future plant expansions. The following

items are recommended:

l. Replace the present wooden superstructure with a new metal or block
building.

2, Add a potassium permanganate system inside the new building.
3. Add a new caustic soda system inside the new building.
4, Purchase a spare polymer pump.

6. Add laboratory and office space.

FLASH MIXER

FLASH MIXING. The current method of flash mixing utilizes an in-line

static mixer. It appears that this type of mixer works well and no changes,

other than location, should be required.

FLOCCULATION/SEDIMENTATION

GENERAL. Flocculation is a process which converts the small coagulated
particles formed during flash mixing into discrete, visible, suspended parti-
cles by promoting particle to particle contact. This is obtained operation-
ally by gentle and prolonged mixing ahd results in particles large enough to
settle by the influence of gravity and/or removal from suspension by fil-
tration.

The primary purpose of the sedimentation basins 1s to reduce the solids
load to the filters and remove bacteria entrapped during the flocculation

process. To accomplish this, sedimentation basins must perform within certain
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design parameters, especially overflow rate, and have an efficient effluent
collection system and proper detention time. Continuous sludge removal is
also desirable and can significantly affect basic performance. These factors

contribute to the overall removal efficiency and will reduce hydraulic short

circuiting within the basin.

EXISTING REACTOR-CLARIFIER. The term "REACTOR-CLARIFIER" is a propri-
etary name for the EIMCO equipment that contains the flocculation and clarifi-
cation steps within the same basin., The present unit is 50 feet in diameter
and has a nominal surface area of 1,963 square feet, There is only one
unit, The problems with this unit are well documented by the operational
staff and observations by John Carollo Engineers (JCE). The following ques-

tions were addressed with regards to continued utilization of the structure in

future expansions.
i. Is the concrete sound enough for continued use?

Marginally, YES; from the limited design data available, and a

visual inspection, it appears that the circular design would be
adequate for many years to come.

2, Does the unit operate as it was originally intended?

NO; these units are designed to operate with a sludge blanket to
assist in floc entrapment before clarification. Operational experi-
ence verifies that the sludge blanket seldom, if ever, exists. The
mechanisms cannot even be turned on without causing an immediate

disruption in the process. Sludge seldom settles and is therefore
passed immediately to the filters,

3. Is the unit large enough to be modified for future requirements?

Marginally; experience with water that is difficult to treat indi-
cates that the capacity will be limited by an overflow rate of
700 gal/day/sf. This corresponds to a production capacity of only
1,37 MGD which is not adequate. The addition of tube settlers could
increase the capacity based on 2 gpm/sf, to meet the future maximum
day demand of 3.4 MGD. The configuration of the flocculation zone

is not conclusive to tapered energy flocculation and is thus con-
sidered deficient beyond modification.
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Are the hydraulics of the existing unit compatible with future
expansions?

YES; the height of the unit makes it able to easily be compatible
with future additions. It should, however, be noted that it is one
of the goals of this evaluation to reduce overall energy consumption
in the new process. In this 1light, the height of the unit is a
definite negative characteristic.

Is a single unit adequate for reliability?

NO; the flocculation process in particular, is very important to
always have in service. If this particular unit is out of service,
then both the flocculation and sedimentation processes are also out
of service. The filters cannot be expected to perform adequately
under these circumstances. There is sufficient room to construct a
second duplicate unit.

Can this unit be utilized for any other purpose?

YES; the existing tankage can be converted to a sludge thickening
and storage tank for filter backwash water. The height of the
structure will allow gravity flow of the settled backwash water to
the storage basins at the head of the plant. The thickened sludge
can be placed, by gravity, into new sludge drying beds.

CONCLUSIONS. Based on the answers to the above, questions and the jar

testing data presented in Appendix J, it was concluded that:

1.

3.

Multiple flocculation units should be constructed as an independent

unit process. They should incorporate tapered energy flocculation
and have a 30 minute detention time.

Sedimentation basins should not be included in the future expan-
sion. The floc exhibits very poor settling characteristics and
basins would only be marginally effective. High turbidity in the
raw water can be adequately handled by the storage ponds.

New units should be constructed at a lower hydraulic grade line as
an energy conservation measure.

ALTERNATE CONFIGURATIONS. New flocculation basins should be constructed

in a manner that allows operational flexibility for the staff. It is desir-

able to be able to take at least one unit down for maintenance without disrup-

ting the process. Multiple units satisfy this need. Two units are not

considered adequate because, depending on the time of year (flow), the deten-

tion time and treatment effectiveness would be severely impaired if one unit
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were out of service when it is really needed. Evaluations for three and four
units were considered. The operating parameters are listed below. The
numbers in parentheses represent one unit out of service.

Description 3 Units 4 Units

Flow per unit, MGD

@ average day of max. month 0.9 (1.06) 0.64 (0.71)
@ annual average day (0,.81) (0.54)

Detention Times, minutes

@ average day of max. month 30 (20) 30 (22.5)
@ annual average day 39 (26) 39 (29)

This data indicates that four units will allow the most flexibility and
be able to keep within the 30 minute design criteria during the average day of

the maximum month. The remainder of the year, one unit can be removed from

service to save energy and operating expenses, while still keeping within the

design criteria for detention time.

RECOMMENDED BASINS. It is recommended that four new concrete floccula-

tion basins with three stages (compartments) be constructed. The basins would
be concrete with non—metallic sluice gates and baffles. Mixers would be the
vertical entry for ease of access and compactness of geometry. Jar testing
indicates that very low energy gradients are required so the final stage will
not be equipped with mechanical mixers. All mixers will have variable fre—
quency drives for good process control. The new flocculator can be located
between the existing raw water forebay and the earthen storage ponds. Their
configuration is indicated in Figure VII-6. One foot of extra head will be
designed into the basins so that sedimentation basins could be added in the

future if necessary. The design criteria are listed below:
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Number basins, each 4

Number compartments 3, each basin
Volume, CF @ 30 min

Total 5,900

each basin 1,476
Dimensions, ft. each basin

length . 7.9

width 7.9

depth 7.9
Type flocculator vertical entry
Drive variable frequency with

planetary gears

Velocity Gradient, sec”!

lst stage ' 40 20
2nd stage 20 10
3rd stage 10 0

FILTRATION

GENERAL, With the possible exception of chlorination, filtration is the
most important phase in the series of unit processes, It is the final process
in the removal of suspended material from the water. Filtration is also
effective in the removal of microorganisms, thus reducing the demand imposed
upon chlorination and protecting the consumer against vital and bacterial
contamination of water.

Filters are generally classified according to their operational charac-
teristics. They can be hydraulically classified as slow or rapid, of which
rapid is the most prevalent and economical. They can be classified by type of
media such as sand, coal, coal-sand (dual media), mixed media, activated
carbon, or diatomaceous earth of which dual and mixed media are the most
predominant. The final classification is according to whether it operates by
pressure or gravity, of which gravity is considered the more reliable.

Pressure filtration will not be considered for this project based on poor
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reliability and less efficient turbidity removal. TImplied is less efficient
(or none) removal of Giardia or viral type organisms. Floc subjected to
pressure is more likely to "break through'" and cause a rapid deterioration in
water quality. Since the early 1900°s, most filtration plants have been
constructed with rapid rate, granular media,.gravity type filters. The early
designs during this period were generally provided with a single sand type of
media. In recent years, increasing use has been made of dual media, or
multi-media filter beds, which are capable of increased efficiency at higher
filtration rates than the conventional sand bed. Whether filtration is by
single or dual media, effective filtration depends on media which is sized
correctly and has appropriate physical characteristics. The sand and coal
must also be compatible physically and hydraulically, especially for effective
backwashing,.

Before 1950, filters were designed to provide a reasonably constant flow
rate, and the rate was controlled either manually or with an effluent rate-of-
flow controller. This type of filter control is called constant rate effluent
flow control (CREFC). During the past 30 years, two alternative methods of
flow control have been developed, called constant rate influent flow splitting
(CRIFS), and variable declining rate (VDR). These are both more appropriate
to larger capacity water treatment plants than exists at Fort Bragg.

Multi-cellular automatic backwash filters have been manufactured and have
been in continuous use for more than 40 years. These type are illustrated in
Figure VII-7 and are particularly appropriate for the City of Fort Bragg.
Recent improvements in the backwash methods now virtually eliminate the

problems of turbidity breakthrough. A list of installations is included in

Appendices K and L.
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DIRECT FILTRATION AT FORT BRAGG

GENERAL. The term "Direct Filtration" as used in this report is defined
as a sequence of water treatment processes which include coagulation, floc-
culation and filtration, eliminating the sedimentation process., Direct
filtration is not a new concept.

There are numerous reports in the literature regarding the successful
application of direct filtration under favorable conditions. The favorable
conditions most frequently mentioned are in reference to raw water quality and
include a maximum turbidity of 15 to 25 for maximum turbidity units and maxi-
mum color of 25 to 40 units., Problems associated with higher values were
reported to be alleviated by the use of polyelectrolytes. Coliform removals
were satisfactory in direct filtration plants.

An AWWA Committee Report stated that in thelr evaluation of operéting
direct filtration plants, "bacteria and virus removal problems appear to be
minimal as long as turbidity control and color removal are consistently
attained and efficient chlorination is practiced.”" 1In recent years, there has
been an intense concern over the occurrence of Giardia Lamblia in water
system. Removal or destruction of Giardia can be extremely difficult in the
water treatment process. There are two basic factors that must be addressed
before adequate removal or deactivation can be assured. These are; resistance
of the cysts to chlorination during the relatively short detention times
normally encountered and; the small (10 um) size of the cyst. Cysts will pass
directly through the pore spaces of all filters unless filtration is preceded
by proper coagulation/flocculation.

The U.S. Environmental Protection Agency (EPA) recently completed
(September, 1985) its final research project on the removal of Giardia cysts
by rapid rate dual-media filters. It concluded that:
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1, Effective coagulation flocculation is an absolute necessity for
proper filtration of the cysts.

2, The filtration efficiency was not effected by the mode of filtra-
tion, i.e., direct filtration or in-line filtration.

3. The hydraulic loading rate over the range of 2-10 gpm/sf showed no
discernible effect until that 10 gpm/sf rate was actually reached.

P

4, Turbidity reduction and coliform removal can be used as a surrogate
measure of cyst removal.,

It should be noted that this report specifically proposes flocculation
basins that will allow proper pretreatment prior to filtration. The backwash
water which would contain the cysts will be thickened in the modified reactor—-
clarifier, The encapsulated cysts will be removed in the sludge that is
transferred to the drying beds. The supernatant that is returned to the inlet
reservoirs will have been subjected to chlorination for an equivalent of
10 days. In the remote instance where a live cyst is reintroduced to the
inlet reservoirs, it would go through the entire process again and the chances
for its survival are essentially zero.

Some precautionary measures were suggested in some of the 1literature
before direct filtration is recommended, including a careful evaluation of
local conditions affecting the raw water quality and pilot plant testing to
more accurately determine the suitability of direct filtration in providing
satisfactory treatment,

The Committee report presented data accumulated from direct filtration
plants across the country and listed some conditions which should be evaluated

prior to recommending direct filtration. These included the following:

l. Can the supply source(s) be used selectively to control water
quality to the filter plant?

2. Are turbidity-producing storms seasonal, and do they coincide with
maximum water demands?
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3.

What is the likelihood of algae growths, especially those of the
filter clogging species?

In addition to the above conditions, the Committee also presented the

following criteria for direct filtration:

"Experience cited in the literature provide some preliminary means
of assessing the use of direct filtration. In general, waters with

less

than 40 units of color, turbidity consistently below five

units, iron and manganese concentrations of less than 0.3 mg/l and
0.05 mg/1, respectively, and algae counts of up to 2,000 asu/ml
appear to be perfect candidates for direct filtration. Bacteria
and virus removal problems appear to be minimal as long as turbid-
ity control and color removal are consistently attained and effi-
cient chlorination is practiced."

With regard to the proposed plant modifications, the questions raised by

the Direct Filtration Committee as presented herein can be evaluated as

follows:

1.

3.

Can the supply sources be used selectively to control water quality
to the filter plant?

YES. The current sources appear to have raw water quality which can
meet the requirements of the Federal and State Water Regulations.
Direct filtration can be used because raw water quality meets these
requirements and the sources can be selected by the operating staff,

Are turbidity-producing storms seasonal, and do they coincide with
maximum water demands?

The maximum turbidity occurs during the winter months which is also
the period of reduced consumption. The existing earthen storage
basins will serve to buffer the turbidity to acceptable standards.,
The rerouting of the Noyo pipeline directly into the inlet reser-
voirs is critical.,

What is the likelihood of algae growths, especially those of the
filter clogging species?

Major algae growths can be avoided by controlled application of
algaecides to the reservoirs located on the plant site.

Based on the above, the characteristics of the raw water supply are

conducive to treatment by direct filtration.
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RECOMMENDATIONS. We recommend that the Fort Bragg Water Treatment Plant

be modified to provide operation in the direct filtration mode. The existing
storage ponds should be modified to reduce the turbidity during the winter

months.

EXISTING FILTERS. The existing filters suffer from a multitude of

problems that are well known by the City staff., Rehabilitation or any other
work on the filter is solely contingent on the structural integrity of the
concrete, Based on this premise, a structural evaluation was immediately
conducted. There were no detailed drawings of the structural steel rein-
forcement to check for compliance with current standards. A visual inspection
revealed bowed walls and corner cracks that would be conducive to future
failures, especially during an earthquake. The walls also contain areas of
"rotten" concrete that could actually be picked away with a screw driver.
Other areas show signs of long term "weeping" through the walls. Based on the
above observations it is apparent that no money should be spent on rehabil-
itation of the existing filters and that they should be replaced with new
filters.

ALTERNATIVE EVALUATIONS. A brief cost evaluation was conducted for

replacement of the existing conventional filters with four new similar
filters, The first two would be constructed opposite the existing filters.
After they are put into service, the existing filters would be demolished and
replaced with the remaining two new filters. The cost is based on the follow-

ing filter criteria:

Number filters 4 each
Capacity, 0.68 MGD
Dimensions .
Length 14 feet
Width 16 feet
Depth 12 feet
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Filtration rate 5 gpm/sf

Media

Sand 10 inch

Coal 20 inch
Backwash rate 15 - 22.5 gpm/sf
Backwash volume per cycle 60,000 gallons
Backwash pump none
Backwash recovery pumps 2 @ 5,500 GRPM

’

The estimated total construction cost is $399,000 (ENR = 5200).

In addition to the cost, there are several reasons why these types of

filters are not cost-effective for a small water treatment plant, These are:

1.

In

fied.

When they are only two filters, and one has to be cleaned, a signi-
ficant flow must be shifted to the other filter. This typically
causes short term disruption in the filtration process unless each
filter is over-sized to avoid the hydraulic surges. Using more
filters, three or four, is costly in that substantially more struc-—
tural and control costs are incurred for very little extra filtra-
tion capacity.

When backwashing the filters, the hydraulics of the wash water
system must be designed for a sudden, short~duration, high flow
rate. These filters typically require a large volume of water to
adequately clean the media. The floc particles that are entrapped
in the media have usually penetrated through the depth of the filter
and remained there for several days making them difficult to remove.

These filters require 10-12 feet of available head to perform satis—
factorily. All of the water is pumped to the filters and thus they
would tend to be energy intemsive if replaced in kind.

summary, further consideration of conventional filters is not justi-

The use of pressure sand filters was not considered appropriate nor

considered.

MULTI~-CELLULAR FILTERS. The evaluation of the type of filters that would

best replace the existing filters leads to one conclusion, That is, the use

of automatic backwash filters or multi-cellular package filters as they also

known by.

1,

These types of filters offer the following advantages.

They can be purchased in a steel tanmk that is factory assembled to
engineered specifications and shipped as several large component
pieces,
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2, Steel structures can be easily designed to resist earthquake forces.
3. Two filters, each approximately 1.35 MGD capacity, can be utilized

to give a tremendous increase in reliability over the present
system.

4, The filters utilize approximately 25 individual media cells, one of
which is always backwashing, so that there is never a surge of flow

through the remainder of the filters.
5 Only small, continuous volumes of backwash water are required thus

significantly reducing the size of yard piping, etc. No backwash
tank is required.

6. Only one to two feet of head are required which will reduce energy
costs significantly.

7. No filter effluent controls are required.
8. Can be adapted to include a future building to enclose them.

ALTERNATIVE LAYOQUTS. The multi-cellular filters can be easily located

next to each other. The size of the units can be custom tailored to fit the
geography. The number of units is a matter of engineering judgement with two
being the minimum. the only reason for more than two units would be increased
reliability in the event of mechanical failures. The estimated construction
costs for multiple units can be compared as follows, based on modular steel
tanks, (ENR = 5200):

o two units, each 1.35 MGD, 9 feet x 26 feet $210,000

o} three units, each 0.86 MGD, 6 feet x 26 feet $260,000

This type of filter has been manufactured for over forty years and has a
proven record for reliability. It is not recommended that more than two units
be purchased. The additional capital cost would not be cogt—effective.

JCE was also asked to find out the estimated cost for two filters, each
rated at l.5 MGD, so that the City could evaluate installing a slightly larger
filter capacity to handle unforeseen future circumstances., The estimated cost
for the 1.5 MGD capacity filters is $242,000. (EMNR = 5200).
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RECOMMENDED FILTERS, It is recommended that the existing filters be
demolished and replaced with two multi~-cellular filters.

The following design criteria is recommended:

Capacity, each 1.35 MGD
Number units 2
Construction material Steel, w/cathodic protection
Dimensions (overall)

length 26 feet

width 9 feet
Filtration rate 3 gpm/sf
Media

Sand 8 inch depth

Coal 8 inch depth
Backwash type Continuous
Backwash rate 15 gpm/sf (200 gpm)
Backwash volume Less than 2 percent
Backwash pump 6 horsepower

SLUDGE HANDLING

GENERAL. The present method of handling the sludges from both the clari-
fier and backwash water supply is inadequate. They overflow into a ditch on
the site and eventually discharge to the Noyo River., The liquid portion of
these wastewater discharges are not recovered and represent a loss of up to
10 percent of the daily production,

EVALUATION, The section on clarification recommended that future expan-
sion do not include new basins for the chemical sludges generated as result of
flocculation. Therefore, no provisions or evaluation need to be considered or
conducted.,

The backwash water, however, contains chemical sludge which must be
handled. The type of filter recommended in the section on filtration will
generate, volumetrically less backwash water then the present filters. There
will also be no sudden, large volume of waste wash water during the backwash

process.
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It should also be noted that a direct filtration water treatment plant
generates, overall, less sludge than the existing facilities, Water treatment
plants which have sedimentation basins must feed sufficient alum and/or lime
to produce a large settleable floc particle. These floc particles and the
entrapped particulates are then removed by gravity prior to filtration. In
water, such as at Fort Bragg, the particle entrapment could be accomplished
with dosages of alum and/or polymers that are approximately one-half the alum
dosage required for settling., The objective is to create a small, tough part-
icle of floc that will filter, not settle.

When the backwash process occurs, the floc must either be returned to the
head of the plant to settle in the storage ponds or be removed to drying
beds. It is more appropriate to remove the floc and it”s impurities from the
process instead of reintroducing it, This is normally accomplished by a
"thickener." The thickened floc sludge can be disposed of to sand drying beds
and the thickener supernatant (clear water) can be returned to the treatment
process. This concept was considered for further evaluation using the exist-
ing reactor-clarifier as a sludge thickener. The elevation of the reactor-
clarifier will allow gravity flow of the sludge to drying beds and the super-
natant to the inlet storage ponds. Only minor piping changes are required to
accomplish this, The internal flocculator mechanism must be removed and
replaced with a new sludge collector mechanism.

The existing sand drying beds will need to be rehabilitated and enlarged
in their present location., Two beds, each 60 feet x 30 feet, are required.

RECOMMENDATION. Handling of the sludge from the backwash water can be

accomplished by converting the reactor-clarifier into a new thickener.
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It is recommended that the existing reactor-clarifier be retrofitted with
new mechanisms and that the thickened floc sludge be disposed of on a "batch"

basis to new sand drying beds, The supernatant should be returned to the

treatment process,

INSTRUMENTATION

GENERAL. Instrumentation systems are used to assist operators in making
plant operational decisions as well as perform automatic control functions.,
The instrumentation system must accurately display, to the operator, real time
plant conditions to allow continuous and efficient control of the water puri-
fication process,

All processes and component devices shall provide manual control at the
location of each individual device. Automation of certain functions may be a
normal mode, but manual override is always provided.

The sophistication of the instrumentation system is dependent on the
process complexity and degree of automation required. Control and monitoring
information requirements have a direct impact on the size of the control
system. More importantly, the part-time staffing of the plant would increase
the need for automatic functions and make alarm point notification more criti-
cal unless the present philosophy of completely manual control is continued.

The decision on how much to automate will have a significant impact on
the overall cost, This section will outline in Table VII-~1 some of the
possible monitoring and control points. Normally, the decisions as to exactly
what is to be done are made in the early design phases of the project.

In water treatment plants that desire security systems, it is typically
provided as part of the overall monitoring and alarm system. Security related

alarms can be connected to automatic dialing machines so that any designated
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agency or person can be notified. This procedure is recommended because of

the part time operation of the facility.

SITE PLAN. The location of the proposed facilities are depicted on

Figure VII-8,

SUMMARY OF RECOMMENDED IMPROVEMENTS

It should be noted that although the improvements are described herein as
though they are a single project, it is not necessary that they all be accom-
plished simultaneously. The final choice rests with the City staff and their
projected financial budgeting requirements. It is considered necessary that
new flocculators and filters are constructed as soon as possible.

The storage ponds (inlet reservoirs) are to be retained and improved with
internal baffles and a more operationally flexible piping configuration to
include backwash water return. The side slopes and bottoms will be reworked
for better maintenance access and a reduction in weed/algae growths.

The flash mixer can be utilized but will require relocation closer to the
flocculation basins.

Four new concrete flocculation basins are required prior to filtration.
No sedimentation basins are required. The water quality will allow a so
called "direct-filtration" process. Water from the flocculator basins goes
directly onto the filters., The existing reactor-clarifier is not worth retro-
fitting.

New multicellular filters that automatically backwash are proposed. They
use significantly less operating head and backwash water, thus offering elec-
trical energy savings and reductions in the size of all the backwash handling
facilities. They will also eliminate the operational difficulties associated

with backwashing the existing filters.,
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The existing reactor—clarifier will be converted to a backwash water
solids thickening unit. The impurities entrapped in the filters can be
separated from the backwash water and put on new sand drying beds. The clear

water will be chlorinated and returned to the treatment process.

OPERATION DURING CONSTRUCTION PHASE

A detailed evaluation of the intricacies of continuing the daily opera-
tion of the WIP during the construction phase is normally done in a prelim-
inary design meeting or report. As such, it is beyond the scope of this
report to provide anything more the basic concepts of accomplishing the tran-
sition. It should be recognized that during this period, the treatment will
be at least as good as is now accomplished. There will also be times when the
facility must be taken out of service for up to a day, but this can be sched-
uled well in advance.

FILTERS. Installation of new filters is proposed in an area that will
essentially not disturb any of the existing facilities. They can be com-
pletely constructed and prepared to be put into service very conveniently.
When the new filters are ready to be serviceable, the old filters can simply
be removed from service and abandoned or demolished. The level of treatment
by the new filters will be better than with the existing filters. An imme-
diate reduction in backwash water will be realized. The chlorinators will not
be disturbed so all that is required is a minor piping change to allow pre and
post—filtration chlorination.

FLOCCULATION BASINS. At this point the new flocculation basins should be

constructed. All of the structural work can be completed without disruption
of the treatment process. The new flocculator piping can be completed up to

the point where it ties into the pump station and filters. This actual tie in
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can be accomplished in one day and can be scheduled well in advance. It is
not required that the electrical work be completed prior to putting water
through the basins. Without the electrical complete, the basins would merely
be providing contact time which is all the reactor-clarifier really does
now. Completion of the electrical work is dependent upon modification of the
pump station superstructure unless weatherproof switchgear is desired for
outside mounting near the new floc basin.

REACTOR-CLARIFIER. Removal of the old filters from service will automa-

tically remove the reactor-clarifier from service so that it can be modi-
fied. During its rehabilitation, the backwash water can be pumped directly
back to the inlet reservoirs. During this time, superchlorination of the
backwash water may be advisable. The required internal work can be done to
the reactor-clarifier without disrupting any other functions. Upon comple-—
tion, the backwash water can be diverted into the modified structure and
used. The sludge beds should be completed simultaneously to allow for easy
operation of the solids system. Backwash water can continue to be wasted to

the existing ditch (Noyo River eventually) until a new pipeline is installed

to the inlet reservoirs.

INLET RESERVOIRS, During all the previously described improvements the
inlet reservoirs can function essentially as they do now. Construction work
in the earthen basins will require bypassing either one or both of the basins
with temporary piping. A drying out period is also desirable to facilitate
construction work and avoid excessive mud. It is recommended that efforts be

made to do ths work during low water demand so that both basins can be worked

on simultaneously.

VII-36



This construction work will really not inconvenience plant operations to

a great extent.

PUMP STATION SUPERSTRUCTURE. It is not suggested that any major work be

accomplished on the interior of the existing superstructure until the floc
basins, filters, and sludge handling is completed and in operation. The new
lab and office space can be built simultaneously with the new building.

INSTRUMENTATION. The proposed instrumentation can be added at any time

it is convenient without any disruption to plant operation.



CHAPTER VIII

EXISTING DISTRIBUTION SYSTEM

GENERAL

The existing water system is composed of the water treatment plant, two
raw water sources (Noyo River and Simpson/Newman diversions), two 1.5 million
gallon steel storage tanks, a booster pump station for the pressure zone and
distribution piping. The water treatment plant was discussed in detail in
Chapter VI. The storage tanks and distribution system will be covered in this

Chapter. The tanks and distribution piping is shown in Figure VIII-1,

STORAGE VOLUME ANALYSIS

The maximum day demand (MDD) of 1.76 MGD is used to analyze the existing
distribution system. Based on water plant records, the treatment plant capa-
city is estimated to be 1.76 MGD. Hence, on maximum day, no water from
storage 1is needed to meet the MDD. Using the design criteria presented in

Chapter IV, the minimum storage volume based on MDD is estimated as follows:

Emergency 12 hours 0.8
1,000 gpm fire demand for 2 hours 0.23 MG
Maximum hour withdrawal @ 20% of MDD 0.35 MG

TOTAL 1.35MG
Thus, the MDD can be supplied solely from the existing 3.0 MG storage.

Plant records indicate a trend in 1984 and 1985 toward high demands for
an entire maximum month, i.e., the ADMM is within 10 percent of maximum day
for an entire month. If this occurs for the 1.76 MGD design flow, ADMM is
1.58 MGD. Then existing storage can supply less than two days at ADMM demand
from storage alone. In the event of full or partial plant shutdown for more

than two days, commensurate increases in existing storage volume would be

needed.
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The distribution piping from the existing storage to high points in the
area south of the Noyo River is such that fire flow at 20 psig residual
pressure cannot be provided. Hence, the Boatyard Shopping Center found it
necessary to construct its own fire pump and reservoir. However, when the
fire pump is in operation, other nearby high points experience low pressure

and flows. More discussion of this problem is presented in Chapter IX.

COMPUTER MODEL OF EXISTING SYSTEM

The computer model (model) of the distribution system is the University
of Kentucky”s "Computer Analysis of Flow in Pipe Networks." The model was
developed at the University of Kentucky by Professor Don Wood. The Fortran
version of the program was used to model the system on an instantaneous
basis. Extended time simulation was not used. The data base is created for
the Fortran format. The program and data are stored on 5 1/4 inch diskettes.

The existing distribution system has pipe sizes ranging from 2 inches to
21 inches in diameter. Because we focused on complete loops or potentially
complete loops for distribution only 6-inch diameter and larger pipes were
used in the model. Tree or non-looped pipes was generally not used in the
model. An example of a non-looped pipe demand is the line in Halsey Way east
of McKinley St.

Demands were assigned to nodes used in the model on an area basis.
Demands were input into the computerinmdel (model) for the maximum day as
original data. Demands for peak hour, average low 6 hours flow, etc., were
generated by increasing or decreasing the maximum day demand by a constant
factor.

Field testing of the model was .done by comparing measured flow at

specific hydrants and pressure at adjacent hydrants to the computer model
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pressure for the same flow rates. The results of the comparison is as

follows:
Measured Model
Location Flow, gpm Pressure, psi Pressure, psi

South and Main 750 36 40
State Route 1 at 8"-6"-8" pipe 750 32 31
split south of Noyo Bridge

Manzanita & Franklin 920 37 44
Fir near Franklin 1,060 46 55

These results are mixed in that the measured and computed pressure from the
model in the north end of the City (Manzanita and Franklin and Fir near
Franklin) are significantly different. However, the pressure comparison in
the south area of the City shows an insignificant difference. The model data
input was checked and is accurate. Measured pressure is lower than computed
pressure for the north City test which indicates greater actual energy loss
than is accounted for by the model. A different pipe material (e.g., ductile
iron or steel pipe), a partially closed valve or other flow obstructions could
cause the disparity. Additional investigation will be conducted with the
cooperation of the Fire Department to determine the discrepancy.

COMPUTER MODEL RESULTS. The model shows that combined fire and maximum

demands can be supplied at the minimum 20 psig pressure in most parts of the
City. The high points in the area south of the Noyo River and higher areas in
the east near the water treatment plant (WTP) are exceptions, There may be
other areas in the City where minimum pressure cannot be maintained which are
not included in the model. Hencé, the model, as configured for this Report,

did not show pressure deficiencies that may exist in some non-looped pipes.
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The model results indicate that the existing pressure zone pumps
(excluding fire pump) will provide 20 psig residual pressure at maximum day
demand (excluding fire demand) as far east (uphill) as Dana Street.

The City requested that we include in our Report an investigation of a
1,000 gpm fire flow for 2 hours that would serve the College of the Redwoods
on Ocean View and Del Mar Drives. The following conditions/improvements were

adalyzed on the model:
No improvements to the existing system.
Constructing an 8 inch pipe to existing 6 inch stub that parallels the
existing 8 inch pipe in State Route 1 south of the Noyo Bridge, with no

other improvements.

Constructing a 12 inch pipe under the Noyo River with no other improve-
ments.

Constructing both the improvements to the existing systen.

The model showed the results in Table VIII~l. These results indicate that the
recommended 20 psig residual pressure at the hydrant may only be narginally
obtained at high points in the area (Ocean View and Route 1, Boatyard Shopping
Center), by either or both of the above improvements. The results of the
model also show that the residual 20 psi pressure at the College site can be
achieved because it is at a lower elevation than at Ocean Viéw and Route 1 by
approximately 25 feet. Thus, while the pressure at Del Mar and Ocean View
exceeds 20 psi, the pressure at the higher locations, is 20 psig.

The model results also indicate that none of the improvements above will
raise the pressure at the Boatyard Shopping Center to 20 psi. An additional
improvement of adding 6 inch diameter pipe to make a loop in North Harbor
Drive was considered. However, this loop did not significantly increase the

pressure in the areas of concern.
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TABLE VIII-1

FIRE FLOW RESIDUAL PRESSURE
AT THREE LOCATIONS

Residual Pressure at Hydrant, psi

Fire Parallel
Flow No Pipe Under Pipe to Combination
Location Improvement Noyo Only Route 1 Only Improvements
Ocean View & Route 1 0 13 19 20
Ocean View & Del Mar 0 25 30 31
Boatyard Shopping Center -4 10 15 17
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Because the model shows only marginally acceptable results, we do not
believe that the City can supply fire demand to the College of the Redwoods
with any of the proposed improvements. Our recommendation for a better solu-
tion to the low pressure problem is presented in Chapter IX.

A peak hour demand, estimated to be 1.5.times the maximum day demand, was
used to check adequacy of the existing distribution system. Peak hour demand
can be met by the existing system.

The majority of the existing distribution pipes are looped. An effort
should be made to design loops for as many pipes as possible. In some cases,
lack of development, terrain and other factors prevent constructing pipes to
form loops with the existing pipes. Looping pipes provides better flow
distribution, better pressure at any location in the loop, and minimizes taste
and odor problems associated with non-looped or tree pipes.

On a larger scale, the areas served south of the Noyo River and north of
Pudding Creek are each connected to the main water system by é single pipe
crossing. For backup in the event the single pipes are disrupted, a second
crossing of the Noyo River and Pudding Creek are needed. These crossings will
be considered further in Chapter IX.

Although not in our scope of work for this Report, it was observed that
pumps for the pressure zone discharge directly into the pressure zone
distribution system. In order to prevent excessive cycling of the pumps and
subsequent burn out of the motors, a hydropneumatic tank should be designed
and constructed so that the pumps can discharge into it.

Georgia Pacific (GP) 1is served by City water through seven meters that
range in size from 6 inch to 5/8-inch. These meters will permit up to 3.4 MGD

to flow through them. To prevent this potential consumption by GP, some of
these meters should be down-sized to reflect recent limit GP use.
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CHAPTER IX

FUTURE DISTRIBUTION SYSTEM

IMMEDIATE IMPROVEMENTS TO THE SYSTEM

Immediate improvements are those needed for existing developments or
developments expected in the near future. Several immediate improvements

concern the following areas in the Study area:

o Fire flow at the College of the Redwoods (Community College) and
Todd Point Development.

o Domestic and fire flow demands for developments at higher elevations
near the eastern boundary of the Study area in the vicinity of the

water treatment plant.

FIRE FLOW FOR THE COMMUNITY COLLEGE AND TODD POINT DEVELOPMENT. As

indicated in Chapter VIII, the proposed improvements to the existing system
(parallel line to the existing 8 inch line in State Route 1 and a new 12 inch
pipe across the Noyo River) are not satisfactory.

The existing fire flow in the Boatyard Shopping Center is provided by a
fire pump that draws its suction from both a surface storage tank in the
Boatyard Shopping Center and the existing distribution system. However, when
the pump operates, pressures much lower than 20 psi occur at Ocean View and
State Route 1 and in the Todd Point Development. The small 6-inch line into
and through the development takes too much energy from the flow to the fire
. pump to maintain a minimum pressure of 20 psi along the line. Customers
complain of "low pressures" during operation of the fire pump.

Several alternative projects could be undertaken to provide fire flow for
the Community College, Todd Point Development and all areas above eleva-

tion 90. These include the following:



1, Construct a fire pump station that will serve only the area above
elevation 90. No new storage is involved.

2. Construct a storage tank which provides fire flow only for the areas
above elevation 90. A booster pump to recharge the fire storage

tank will be needed. This tank will be blocked off and not serve
the area north of the Noyo River.

3. Construct a storage tank with sufficient volume to meet fire, maxi-
mum day, and maximum hour demands and an emergency for the entire
Study area south of the Noyo River. A booster pump to recharge this
storage tank will be required. This tank will be blocked off from
and not serve the area north of the Noyo River.

4, Construct a storage tank with sufficient volume to meet maximum day,
maximum hour and fire demands and an emergency for the entire Study
area south of the Noyo River but "floats" on the entire system.

This tank will serve the entire area both north and south of the
Noyo River,

5. Construct a parallel pipe to deliver fire flow.

Fire Pump Station. For this alternative, a booster pump will pressurize

the pipelines of the system above elevation 90. No storage is needed for this
alternative. This booster pump will also supply a minimum of 1,000 gpm fire
flow and the maximum hour demand to the system. The fire pump station should
be located just north of the Noyo Bridge. The pump should produce a minimum
of 1,250 gpm at 30 feet of head to supply the needed flows above. The pipe-
lines serving areas lower than elevation 90 will need pressure reducing valves
to prevent overpressurization in those areas. The booster fire pump will be
actuated when the pressure in the line drops below a predetermined value at
the pump. During normal operations (without a fire demand) the entire area
south of the Noyo River will be served from the existing facilities. This
alternative will allow the existing Todd Point fire pump to be eliminated.

Storage Reservoir for Fire Protection Only. For this alternative, a

small surface storage tank of 120,000 gallons capacity will be constructed on

a site east of Babcock Lane and south of State Route 20 at approximate
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elevation 185 (base of tank). This tank will supply fire flow to the areas
south of the Noyo River above elevation 90 during a fire only. The storage
tank will not "float" on any part of the system. Instead the tank will be
blocked off from the entire system by a valve. The valve blocking the line to
the reservoir will be activated and opened.when the pressure drops below a
predetermined pressure at a point such as the location where the existing fire
pump is in the Todd Point development which indicates a fire demand. A
booster pump capable of delivering the 120,000 gallons in a 6 hour period will
be needed to recharge the storage tank for the next day in case of another
emergency. This booster pump will fill the tank during the period between
midnight and 6 a.m. when the system demands are minimum. The pump will come
on when the water level in the tank drops below a predetermined level and will
shut down when the tamk is full. Standby power should be provided to permit
filling the tank during power failure. The existing Todd Point fire pump may
be eliminated by constructing a 12 inch or equivalent pipeline to the area
where this existing fire pump is presently located. Since this storage is off
line, (blocked off from the rest of system) the tank should be drained period-
ically to prevent odor and taste problems. A check valve will be needed in
the line across the Noyo Bridge on the south side of the bridge to prevent
flow from going into the area north of the Noyo River when the tank is drain-
ing.

Storage Reservoir for the Entire South Area. For this alternative, a

storage tank of 300,000 gallon capacity will be constructed at the proposed
site east of Babcock Lane and south of State Route 20. The base of the tank
will be at approximate elevation 185. This tank will be capable of supplying

fire maximum hour and maximum day demands to the entire area south of the Noyo
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during an emergency, such as interruption of the line in State Route 1 across
Noyo River. Pressure regulating valves will be needed on lines leading from
the areas above elevation 90 to lower areas. A check valve in the line across
the Noyo south of the bridge in State Route 1 will be needed to prevent flow
from going into the system north of the Noyo River. A booster pump capable of
refilling the tank in the 6 hour period between midnight and 6 a.m. when
démands are low will be needed. Such a pump will have to deliver 833 gpm to
recharge a completely empty tank for the following day. The booster pump will
come on when the storage tank level reaches the 120,000 gallon level and/or
the empty level and will shut down when the tank is full. To prevent odor and
taste problems, the storage tank should be drained or partially drained
frequently. The tank could be drained frequently by allowing the volume over
and above the 120,000 gallons dedicated to fire flow to be used to meet daily
demands of the area south of the Noyo River. When the water level drops, due
to these daily withdrawals, to the level needed to maintain 120,000 in the
tank, the booster pump comes on and fills the tank. Thus, the water in the
tank will be drained frequently enough to prevent odor and taste problems.
Standby power should be provided to permit operation during power failure.
The existing Todd Point fire pump may be eliminated by constructing a 12 inch
or equivalent pipeline to the location of this fire pump from the proposed
storage tank.

Storage Tank that '"Floats" on the Entire System. Another alternative is

to construct a reservoir that "floats" on the entire system or serves both
areas north and south of the Noyo River. The computer model indicates that
the storage tank will drain into the area south of the Noyo River and flow

will cross into the system north of the Noyo River. The model shows that on
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maximum day the reservoir will drain at average rates up to 550 gpm without
fire flow. At this rate, 792,000 gallons will drain from the reservoir during
maximum day. Thus 912,000 gallons of storage will be needed including
120,000 gallons for fire flow.

Filling the proposed reservoir that "floats" must also be considered.
Assuming that the storage tank drains for 18 hours and is filled, or
recharged, for 6 hours for the following day, the 792,000 gallons must be
replaced at a rate of 2,200 gpm. Since the storage tank will be at approx-
imately the same elevation, filling by gravity will require considerably more
than 6 hours. Thus, a pump will be needed for refilling. The computer model
results indicate negative system pressures when pumping 2,200 gpm into the
reservoir using the proposed improvements of a parallel. line from the Noyo
Bridge split to Ocean View Drive,

Construct a Parallel Pipe to Deliver Fire Flow. A parallel pipe could be

constructed that will deliver fire demand to the area. A new 12-inch pipe
constructed from Oak Street, under the Noyo River, then to the Ocean View -
State Route 1 area will provide the required flows. It will be necessary to
begin the new line at Oak Street where the pipe pressure is still high enough
to deliver the fire demand. Approximately 10,000 feet of new 12 inch pipe
will be needed. Approximately 200 of the 10,000 feet will be under the Noyo
River. Dredging the river and burying the pipe deep enough to avoid washout

by scour will be required.

Apparent Best Alternative. If a fire pump station is constructed, it

will supply fire demand to the higher areas south of the Noyo River. However,
in the event that the line across the bridge over the Noyo River fails, there

would be no source of water to supply the area south of the Noyo. An obvious
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solution to provide better redundancy in case of failure is to construct a
parallel pipeline under the Noyo River. The expense of such construction will
not warrant the redundancy of this second supply pipeline to the area at this
time.

A storage reservoir for fire protection. only has some advantages over the
fire pump. Fire protection is available even if the line across the Noyo
River fails. For this tank however, while fire flow volume is available, this
volume could not be reserved for fire flow in the event of the Noyo River
Bridge line failure. Upon failure of the bridge pipeline, local demands would
cause the proposed storage tank to drain and deplete the fire flow wvolume.
This voluﬁe of the proposed storage tank is not sufficient to protect the area
for fire flow and still provide the non-fire flow demands on failure of the
bridge pipeline.

A storage tank that serves the area south of the Noyo River but is
blocked off from flowing into the area north of the Noyo River has the advan-
tage that all demands for the area south of the Noyo can be met even if the
Noyo Bridge pipeline fails. Fire and other demands will be available up to
12 hours of emergency interruption from the main system. A storage tank that
"floats" on, or serves, the entire system is not feasible when filling in a
6-hour period is considered. The draining of this proposed reservoir into the
area north of the Noyo River means under utilizing the existing storage tank’s
capacity.

Selection of the Apparent Best Alternative. The recommended alternative
is the construction of the 300,000 gallon storage tank that serves the

development south of the Noyo River only.
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A new 12 inch pipeline will be constructed to the northeast corner of the
Todd Point development from the proposed storage tank. A minimum 10 inch
pipeline should be constructed adjacent to State Route 20 from the proposed
12 inch pipeline to connect to the existing 6 inch pipeline in Todd Point.
The existing pipelines and the proposed pipelines will then form a loop to
serve the area. The recommended alternative and the proposed pipelines are

shown in Figure IX-l1 as immediate improvements.

DEVELOPMENT BY 1990

As discussed in earlier chapters, the estimated maximum day demand is
2.3 MGD. Although uncertain at this time, it is assumed that this demand will
be supplied from an upgraded treatment plant. The major part of this demand
will be generated from development that 1is assumed to be constructed or
annexed in the area south of the Noyo River. There are plans currently being
prepared to develop the area in the vicinity of State Routes 1 and 20, We
have assumed that additional development between 1985 and 1990 will be concen-—
trated in the study area south of the Noyo River to Simpson Lane. The
analysis for development by 1990 is based on this assumption.

Storage required for the entire service area, using the criteria 1listed

in Chapter IV is 1.8 MG determined as follows:

12 hours, maximum day 1.15 MG

1,000 gpm fire, 2 hours .23

Peak hour from storage 20 percent 46
TOTAL 1.84 MG

USE 1.8
It is assumed that by 1990, the additional 0.3 MG storage will be completed.
Thus the total storage volume by 1990 will be 3.3 MG. 1If the water treatment
plant had to be operated at half capacity, 1.3 MGD, (power failure, shutdown
of a filter, etc.) and high demands continued, without fire demand,
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approximately 3 days demand could be supplied from storage. That 1is, the
water treatment plant would supply 1.3 MGD while 1.0 MGD could be supplied
from storage.

The skeletal piping needed to accommodate development by 1990 is shown on
Figure IX-l as development by 1990. Two crossings of Hare Creek are proposed

to provide a loop for the area south of Hare Creek.

DEVELOPMENT BY 2000

The remaining available land in the study area is assumed to be
developed/annexed by the year 2000. New developments outside the current City
limits north of Pudding Creek as well as in-fill developments will build out
the Study area. The maximum day demand, as indicated earlier, is expected to
be 3.4 MGD.

Storage required, using the criteria given in Chapter VIII, will be

3.3 MGD, determined as follows:

12 hours, maximum day 1.7 MG

1,000 gpm fire, 2 hours 0.23

Difference between plant capacity

and maximum day demand (3.4 - 2.7) 0.7

Peak hour, 20 percent maximum day .68
TOTAL 3.31 MG

Thus, the existing storage combined with the proposed 300,000 gallon tank is
adequate. If the water treatment plant had to be operated at half capacity,
1.3 MGD, (power fallure, shut down of a filter etc.) and high demands con-
tinued, without fire demand, approximately 1 1/2 days demand could be supplied
from storage. That is, the water treatment plant could supply 1.3 MGD while
2.1 MGD could be supplied from storage.

Development will be primarily north of Pudding Creek and in-fill of the

existing areas. The existing LO inch line crossing Pudding Creek will not
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permit 1,000 gpm fire flow at 20 psig residual. Thus, the computer model
indicates that another pipeline under Pudding Creek will be needed. A 12 inch
or larger pipeline is recommended. The computer model results also indicate
that a segment of the existing 6-inch pipeline in Sanderson Way should be
increased to a minimum 12 inch equivalent pipeline between Sherwood Road and
Pudding Creek. For this purpose a parallel 10 inch pipeline to the existing
6 inch pipeline should be constructed in Sanderson Way between the above

limits. Improvements needed by 2000 are shown on Figure IX-l.

DEVELOPMENT AT HIGHER ELEVATIONS. Development near the eastern boundary
of the study area near the Water Treatment Plant is subject to lower pressure
because of its relatively high elevation compared to the elevation of existing
storage tanks near the Water Plant. To ensure minimum 20 psi pressure, the
subject developments should preferably be 100 vertical feet below the storage
tank. A minimum of 80 vertical feet should be maintained if 100 feet cannot
be achieved. The highest point at the eastern boundary of the Study area near
the Water Treatment Plant is approximately elevation 160 feet, The closest
site to locate a storage tank at 100 vertical feet, (elevation 260 feet) is
approximately 1.5 miles east of the Study area boundary on Fort Bragg Road. A
storage tank with a minimum volume designed to meet expected demand of these
higher developments will be required. However, since only 1 1/2 days demand
can be supplied from the existing/proposed 3.3 MG storage at buildout it is
recommended that a 1 to 3 MG storage tank be constructed instead of a minimum
storage tank. This 1 to 3 MG storage tank in conjunction with the treatment
plant at 1/2 capacity would permit 2 to 3 days of high demand to be supplied
from storage. A pump station connected to the existing system to fill the
storage tank, telemetry to control the pump, and related equipment will also
be needed.
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Until the needed storage can be constructed, hydropneumatic tanks can
serve new developments. A dedicated fire pump capable of delivering 1,000 gpm
fire flow to the entire area will be needed. The hydropneumatic tanks and
fire pump are only an interim solution. Developers should construct the
interim hydropneumatic tanks and contribute toward the cost of constructing

the proposed storage tank at the same time.
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CHAPTER X

COST SUMMARY AND CAPITAL IMPROVEMENTS SCHEDULE

The immediate improvement projects needed to meet estimated immediate and
future water system needs have been discussed in Chapters VI, VII and IX. A
tabulation of these proposed capital construction projects is listed herein
and scheduled according to estimated time of needed improvements. The
estimated costs are based on the projected Engineering News Record (ENR) Index
for San Francisco. The current ENR index of 5000, projected to June, 1986, at
6 percent annual increase is approximately 5200. Envirommental assessments,
regulatory considerations, rights-of-way and added costs for phasing over an
extended period for the proposed projects are not included in the estimated
costs, It is assumed that the permanent facilities will be constructed on
City owned land or on land dedicated to the City by the developers,

The Immediate Improvements recommended are listed in Tables X-la, X-1b,
and X-lc. The immediate improvements recommended for the water treatment
plant in Table X-lb are intended to be completed in 1986-1987 and of
sufficient capacity to provide service to the year 2000 (or 4,000 people).
The immediate improvements to the raw water sources and to the distribution
system are intended to secure existing service commitments,

The ability to meet future service commitments projected in 1990 and 2000
is to be provided through proposed projects for those two intervals,

Improvements for the raw water sources and treated water distribution
system by 1990 are based on buildout of the Study area south of the Noyo
River. The proposed improvement projects for 1986 to 1990 are tabulated in
Tables X-2a and X-2b. Costs are based. on estimated prices for June, 1988,

The San Francisco ENR, projected to June, 1988 at 6 percent annual increase,

is estimated to be 5800,



TABLE X-la

PROPOSED IMMEDIATE IMPROVEMENTS
CONSTRUCTION COSTS FOR
RAW WATER SOURCES

Including Escalated to
Proposed Current Engineering June 1986
Construction (12/85) and Mid
Project Costs, $ Contingency, $ Construction, $
“1. Leak Detection Survey 8,000 10,000 11,000
-2. Metering of Raw Water
Source 10,000 - 13,000 14,000
3. Waterfall Gulch
New Diversion 30,000 39,000 41,000
4. Simpson Pipeline
Truss Reconditioning 85,000 111,000 116,000
5. Simpson Pipeline
Replace 6" with 10" ¢ 50,000 65,000 68,000
6. Simpson Bypass of
Newman Reservoir 14,000 18,000 19,000
7. Newman Pipeline
Replace Noyo River Crossing 39,000 51,000 52,000
8. Noyo Collector
Extension 12,000 16,000 17,000
9. Noyo Pump Station
New Pump 20,000 26,000 27,000
10. Noyo Pump Station :
Pestablie Standby Power 30,500 33,000 35,000
11. Noyo Pipeline
Recondition 13,000 18,000 19,000
SUBTOTAL PROPOSED PROJECT COSTS $419,000




TABLE X-1b (Continued)

PROPOSED SUMMARY OF IMPROVEMENTS
CONSTRUCTION COSTS
FOR WATER TREATMENT PLANT

- - Current
Proposed 12/85
Priority Construction Costs, §
5. Filtration
%{ Demolish existing filters 15,000 {
8,000
300,000
11,000
Site“work 21,000
$355,000
. b Sludge Handling
7/
7
/ , ~ Remove clarifier mechanism 8,000
! E;ﬁw Sludge collectors 60,000
Supernatant drawoff 6,000
Internal Piping 3,000
Pipe to storage ponds 11,000
Sand drying beds 65,000 y
$153,000
Total Estimated Construction Cost $1,232,000
Engineering & Contingencies 30 percent 370,000
Adjustment to mid-1986, ENR = 5200 68,000
SUBTOTAL PROPOSED PROJECT COSTS $1,670,000




TABLE X-lc

PROPOSED IMMEDIATE IMPROVEMENTS

CONSTRUCTION COSTS

FOR WATER DISTRIBUTION SYSTEM

Including Escalated to
Proposed Line Nos. Current Engineering June 1986
Construction from (12/85) and Mid
Project Figure IX-1 Costs, $§ Contingency, $ Construction, $
1. 2,400 LF 12-inch 35,36 72,000 94,000 98,000
AC pipeline
2, 1,600 LF 12-inch 34 48,000 62,000 64,000
AC pipeline
3. 1,500 LF 12-inch 29-31 45,000 58,000 60,000
AC pipeline
4, 1,200 LF 12-inch 32,33 36,000 47,000 49,000
AC pipeline
5. 1,800 LF 8-inch 26,28 40,000 52,000 54,000
AC pipeline
6. 600 LF l2-inch 27 18,000 23,000 24,000
AC pipe
7. Hydropneumatic tank 20,000 26,000 27,000
for pressure zone
8. Access road to 35,000 45,000 47,000
storage tank
9. Valves 40,000 52,000 54,000
10. 6,000 LF telemetry 18,000 23,000 24,000
cable
11, 300,000 gallon 150,000 195,000 203,000
storage tank
12, Booster pump with 110,000 143,000 149,000
standby power
SUBTOTAL PROPOSED PROJECT COSTS $853,000
TOTAL PROJECT COSTS FOR PROPOSED IMMEDIATE IMPROVEMENTS -
TABLES X-la, X-1b, X-lc $2,858,000



TABLE X-2a

PROPOSED IMPROVEMENTS BY 1990
CONSTRUCTION COSTS
FOR RAW WATER SOURCES

Including Escalated to
Proposed Current Engineering June 1988
Construction (12/85) and Mid
Project Costs, $ Contingency, $ Construction, $
l.' Covington Gulch
Diversion, Pipeline
and Pump Station 70,000 91,000 106,000
2. Hare Creek Diversion
and Pipeline to
Covington Pump Station 30,000 39,000 46,000
SUBTOTAL PROPOSED PROJECT COSTS $152,000




TABLE X~2b

PROPOSED IMPROVEMENTS BY 1990
CONSTRUCTION COSTS FOR
WATER DISTRIBUTION SYSTEM

Including Escalated to
Proposed Line Nos. Current Engineering June 1988
Construction from (12/85) and Mid
Project Figure IX-1 Costs, $ Contingency, $ Construction, $
l. 3,300 LF 10-inch 37-40 89,000 116,000 134,000
AC pipe
2. 3,500 LF 10-inch 41-44 94,000 122,000 142,000
AC pipe
3. 2,300 LF 12-inch 45,50,68 69,000 90,000 104,000
AC pipe
4, 150 LF 12-inch 51,67 30,000 39,000 45,000
ductile iron pipe
across Hare Creek
5. 50 LF 12-inch ductile 68 17,000 22,000 26,000
iron pipe jacked
under State Route 1
6. 2,500 LF 10-inch 46-49 68,000 88,000 103,000
AC pipe
7. 2,300 LF 10-inch 52-54 62,000 81,000 93,000
AC pipe
8. 3,600 LF 10-inch 55-58 97,000 126,000 146,000
AC pipe
9. 4,600 LF 10-inch 60-63 124,000 161,000 187,000
AC pipe '
10, 3,500 LF 10-inch 64-66 94,000 122,000 142,000
AC pipe
11, 7,600 LF 10-inch 69-73 205,000 266,000 309,000
AC pipe
12, Valves 100,000 130,000 151,000
SUBTOTAL PROPOSED PROJECT COSTS $1,582,000
TOTAL PROPOSED PROJECT COSTS FOR PROPOSED IMPROVEMENTS BY 1995 -
TABLES X-2a, X-2b $1,734,000



Improvements for the raw water sources and treated water distribution
system by 2000 are based on the development of the portion of the Study area
north of Pudding Creek and infill of the existing City limits., The proposed
improvement projects needed by 2000 are tabulated in Tables X-3a and X-3b.
Costs are based on estimated prices for June, 1995, The San Francisco ENR

projected to June, 1995 at 6 percent annual increase is estimated to be 8700.



TABLE X-3a

PROPOSED IMPROVEMENTS BY 2000
CONSTRUCTION COSTS FOR
RAW WATER SOURCES

Including Escalated to
Proposed Current Engineering June 1995
Construction (12/85) and Mid
Project Costs, $ Contingency, $ Construction, $
1, beo Pipeline
a. Replace with 12"
parallel lines 131,000 170,000 296,000
b. Replace with 12"
along river
alignment 133,000 173,200 301,000
2, Newman Pipeline
Replace 5700 with 12" 200,000 259,000 451,000
SUBTOTAL PROPOSED PROJECT COSTS $752,000




TABLE X-3b

PROPOSED IMPROVEMENTS BY 2000

CONSTRUCTION COSTS FOR
WATER DISTRIBUTION SYSTEM

Including Escalated
Proposed Line Nos. Current Engineering June 1995
Construction from (12/85) and Mid
Project Figure IX-1 Costs, $ Contingency, $ Construction, $
1. 8,500 LF 10-inch 1-4 230,000 299,000 520,000
AC pipe +
2. 4,300 LF 10-inch 5-12 116,000 151,000 262,000
AC pipe
3. 14,000 LF 10-inch 13-17 378,000 491,000 855,000
AC pipe
4, 5,400 LF 10-inch 18-22 146,000 190,000 330,000
AC pipe
5. 100 LF 12-inch 23 35,000 46,000 79,000
ductile iron pipe
jacked under railroad
6. 100 LF 12-inch 23 20,000 26,000 45,000
ductile iron pipe
across Pudding Creek
7. 1,600 LF 10~inch 23 43,000 56,000 97,000 ¥
AC pipe
8. 600 LF 10-inch 24 16,000 21,000 36,000
AC pipe (parallel)
9. 1,000 LF 10-inch 25 27,000 35,000 61,000"
AC pipe
10, Valves 104,000 135,000 235,000~
SUBTOTAL PROPOSED PROJECT COSTS $ 2,520,000

TOTAL PROPOSED PROJECT COSTS FOR PROPOSED IMPROVEMENTS BY 2000 -

TABLE X-3a, X-3b

$3,516,000

X-10.



APPENDIX A

GEORGIA PACIFIC WELL TEST DATA



GEORGIA PACIFIC
WELL TEST
SUMMARY OF RESULTS

WELL A

The major portion of flow from this well appears to be entering the well
between point B and the intake., Measurements shown between 67 and 97 gallons
per minute coming into this section. The distance between point B and A

contributes another 10-24 gallons per minute.

The other calculations show an averaging of the flow recovery rate over

time.,

WELL B

Unlike well A, which only took 32 minutes to pump down, well B took much
longer. For the first test in which well B was pumped down to a depth of
12,7 feet it took it took 2 hours and 38 minutes, The second test required
7 hours and 38 minutes to reach 14.5 feet. The pumping rate was estimated to
be 200 gallons per minute for both tests,

The major flow for well B appeared to enter below the 14 foot level. As
it took a better part of a day to reach this level, flow recovery was only
tested once in this region. The measurement is not believed to be very

accurate because it is based only on one measurement,

CONCLUSIONS REGARDING FLOW

Both wells appear to be supplied with water in the 16-14 foot range, or
towards the bottom of each well. Right now these walls probably could
adequately supply the nursery. Later in the summer the flow will probably be
reduced. Whether these wells could provide water all summer long is still
questionable but I have been told that in the past these wells did provide
water year round given the time to recover.,

(Provided by Georgia-Pacific from their records)

ApA-1



CHEMICAL ANALYSIS: WELL WATER SUPPLY TO NURSERY,
LOCATED SOUTH OF QUAD MILL PARKING LOT (WELL B)

(SAMPLE DATE APRIL 8, 1979)

Mg/1 Meg/1

Anions

Sulfate (S0,) 15 0.31

Chloride (Cl) 40.8 1.15

Biocarbonate (HCO3) 80.7 1.32

Carbonate (Co,) 0 0

Nitrate (No3) 2.5 0.04
Cations

Calcium 15 0.75

Magnesium 9 0.74

Sodium 39 1.7

Potassium 2.4 1.06

Manganese (total) 0.53 -

Iron (total) 44 -
Determinations

Alkalinity 66.2

Ca Hardness (CaCoj) 37.5

Mg Hardness (CaCogq) 37.0

Total Hardness (CaCo3) 74.5

pH 6.5

Specific Cond. (micromhos) 320
Other

Phosphorus (total) 0.38

Ammonia 0.3

Nitrite 0.01

Aluminum 1.2

ApA-2.

(Provided by Georgia-Pacific from their records)



290 NOYO RIVER BASIN

3 11468500 NOYO RIVER NEAR FORT BRAGG, CA

LOCATION. --Lat 39°25'42", long 123%°44'12", in NEk sec.15, T.18 N., R.17 W., Mendocino County, on right bank
0.7 mi (1.1 km) downstream fnT|South Fork, and 3.5 mi (5.6 km) east of Fort Rragg.

DRAINAGE AREA.--106 mi! (275 kal)
[ ] WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--August 1951 to current year.

REVISED RECORDS.--WSP 1929: Druigage area.

GAGE.--Water-stage recorder. Datum of gage is 11.73 ft (3.575 m) above mean sea level.

REMARKS. - -Records good. No regulation or diversion above station.

AVERAGE DISCHARGE.--26 years, 216 £1¥/s (6.117 n¥/s), 156,500 .acre-ft/yr (193 ha'/yr).

EXTREMES FOR PERIOD OF RECORD. --Maximum discharge, 26,600 ftd/s (753 m?/s) Mar. 29, 1974, gage height, 27.14 ft
(8.272 m), from rating curve extended above 4,500 ftl/s (127 m’/s) on basis of slope-conveyance study; minimums
daily, 0.79 ft3/s (0.022 r’/s) Sept. 8, 1977.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 153 ftd/s (4.33 m?/s) Mar. 15, gage height, 4.48 ft (1.366 m),
- no peak above base of 2,400 ft3/s (68 m'/s); minimum daily, 0.79 £t3/s (0.022 m’/s) Sept. 8.

DISCMARGE+ IN CUBIC FEEY PER SECOND, WATER YEAR OCTOBER 1976 TO SEPTEMBER 1977

MEAN VALUES
oAy ocT NOV o£c JAN {1 MAR APR HAY JUN S AUG SEP
1 10 8.2 7.3 15 7.8 21 21 12 5.9 2.8 1.2 K1
2 8.5 5.0 7.3 3 7.8 18 19 16 5.9 2.4 1.2 1.9
3 6.8 S.0 7.3 70 7.8 17 18 16 5.5 2.6 1.1 91
. 5.6 S.0 Tob s7 7.3 15 16 15 S.6 2.5 1.1 1.8
s 6.9 s.3 7.5 32 7.3 13 i 12 s.3 2.6 1.1 1.9
6 WS 5.2 7.5 22 7.3 12 16 1t S.1 2.3 1l 1.5
7 4.2 S.7 7.3 17 Teb 11 13 1 4.8 2.2 1.2 99
[ 4.1 S.1 7.5 16 26 1 17 11 &7 2.2 1. .79
9 3.9 47 8.3 13 re 3 19 10 %3 2.2 1.0 1.5
10 3.9 8.5 8.2 12 30 s) 15 19 “.2 2.2 1.2 0o
1 3.8 15 8.0 12 22 I 13 9.8 “.2 2.2 1.1 1.3
12 3.8 18 7.8 17 18 33 13 9.9 4.3 2,0 el .91
1. 3.5 16 7.8 19 15 37 12 9.4 3.6 1.9 1.0 1.0
16 3.7 4) 7.8 16 13 36 12 8.4 3.7 1.9 1.1 1.8
15 3.7 o8 7.8 16 n 'Y 1 1.6 3.8 2.0 1.1 1.3
16 3.4 26 7.8 13 10 130 10 1.3 1.5 1.8 .96 2.0
17 3,4 16 7.8 12 9.3 86 9.8 6.7 3.3 1.7 1.0 2.8
18 3.4 13 8.2 1 8.5 59 9.3 s.1 3.3 1.7 1.0 4.5
19 3.4 1n 7.9 11 7.7 res 8.8 10 3.8 1.6 1.1 19
20 3.4 9.5 8.1 10 8.6 35 8.8 10 3.5 1.5 1.2 17
21 3.6 8.9 8.3 9.9 27 29 8.8 8.3 3.2 1.4 1.0 9.3
22 3.7 8.4 9.0 9.4 o8 25 8.4 7.3 3.4 1.3 .95 6.3
23 3.9 8.2 9.4 8.9 36 25 8.4 1.2 3ok 1.4 .96 8.5
24 a1 7.8 9.4 8.9 33 «0 6.7 6.8 2.9 1.5 1.0 4,2
2s 5.0 7.8 9.4 8.9 27 62 4.8 6T 2.7 1.7 2.0 %]
26 S.1 7.8 9.6 8.7 23 . 56 6.7 9.1 2.5 1.8 2.3 3.7
27 S.b 7.7 9.6 8.3 19 ©3 1.5 9.3 2.8 1.7 3.1 2.9
28 $.0 7.3 9.7 8.3 21 35 7.5 8.3 2.5 1.6 2.2 18
29 5.0 7.3 1 7.8 - 29 7.6 7.5 2.4 1.6 2.7 26
30 S.0 7.3 25 7.8 - 26 8.7 6.7 2.5 1.6 2.1 15
3 5.0 P 22 7.8 — 23 --- 6.2 — o6 1.5 -
TOTAL 162.6 339.7  286.6  S15.7  506.5 1178 349.8 294.6 116.46 58,9 41,77  163.55
MEAN 4,59 11.3 9.25 16.6 18.1 38.0 1.7 9.50 3,88 1.90 1,35 5,45
MAX 10 “8 25 70 45 130 21 16 5.9 2.6 3. 2s
MIN 3.4 a7 7.3 7.8 7.3 11 4,8 6.2 2.4 1.3 .95 o79
AC-FT 282 T 568 1020 1000 2340 694 s8e 2n 117 83 326

CAL YR 1976 TOTAL 26747.90 MEAN 73.1 MAX 2400 MIN J.46 AC-FTY 53050
WTR YR 1977 TOTAL 3993.92 MEAN 10.9 MAX 130 HIN .79 AC-FTY 7920




MOYO RIVER BASEN
114655100 NOYQ RIVER NEAR FORT BRAGG, CALI1F

LOTATION. --Lat 39°25'42*, long 123°44'12", in NB% sec.15, T.18 N., R.17 W., Mendocino County, on right bank
0.7 mi (1.1 km) downstream from South Fork, and 3.5 mi (5.6 km) cast of Fort Bragg.

DRAINAGE AREA.--106 mi? (275 ki:1),
PLRIOD OF RECORD.--August 1U51 to ¢current year.
GACL, --Water-stage recorder:  Datum of gape is 11,73 ft (3.575 m) above mean sea level.

AVERAGE DISCHARGE.--24 years, 230 £t%/s (6.514 m%/s), 166,600 acre-ft/yr (205 hn’/yr). »

EXTREMES. - -Current year: Maximum discharge, 7,350 ft3/s (208 m?/<) Mar. 18 (rage height, 16.70 ft or 5.090 m);

ninimun daily, S$.5 ft2/s (0.16 m%/s) Sept. 6-10, 28-30.

Period of record: Maximum discharge, 26,600 ftl/s (753 m3/s) Mar. 29
8.272 m), from rating curve cxtended above 4,500 ft?/s (127 m?/s) on bas
daily, 0.80 ft?/s (0.023 ml/s) Sepr. 12, 1968,

REMARMAS. - -Records fair. No regulation or diversion above station.

+ 1974 (gage height, 27.14 ft or
is of slope-conveyance study; minimum

DISCHARGEs IN CUBIC FEET PER SECONDs WATER YEAR OCTOBER 1976 YO SEPTEMBER 1978

MEAN VALUES

DAY ocT NOV DEC JAN res MAR APR MAY JUN JuL AUG sep
1 10 12 16 4S 650 196 292 126 k1 20 1 6.5
2 11 10 27 k) ] 1220 238 © 254 118 38 20 n 7.8
3 1n 10 105 ) 853 208 236 116 s 20 [ Y
L3 il 10 690 7 904 188 231 108 3 19 10 6.0
5 11 9.7 . 100 270 801 170 250 97 33 19 10 5.9
6 9.0 9,7 &9 1800 674 159 23 92 32 18 10 s.$
7 8,9 1¢ 3 1200 748 333 209 87 30 17 10 5.3
‘8 6.8 24 2s 1600 755 1370 197 [ 5] 29 17 9.8 5.5
9 6.7 17 21 840 1260 1140 18% 9 29 17 9.5 s,S
10 6,5 15 18 $70 1740 838 167 7¢ 28 16 9.2 | 1%
1 6.6 13 23 420 1070 631 185 7S 28 16 8,8 5,9
12 6.2 12 30 30 3620 480 143 T 27 15 8,6 6.0
13 6.2 11 54 . 250 5280 397 134 68 27 18 8,4 6.3
1% 6,3 1 71 200 2000 332 128 64 26 18 8.1 6.5
1S 6.2 10 al 160 1050 N2 12% 64 26 17 7.8 (1]
16 6,0 10 $6 130 723 113 120 61 26 19 7.9 6.2
17 6,0 1 41 106 828 1390 119 56 28 17 8.1 6.9
18 6,0 19 30 83 27 5790 107 S F13 16 9,4 13
19 6,0 21 28 69 2100 3580 102 52 24 15 9.6 7.0
20 6,0 16 22 L2 2290 1720 97 50 24 14 8.9 7.0
2} 6.0 23 as 49 1100 2740 93 47 24 14 8,2 646
22 6,2 s 27 43 718 3400 90 46 26 13 1.5 6.8
23 7.0 27 20 37 521 1960 % 45 23 13 7.1 [ T)
24 7.8 22 18 3 618 1770 178 ' 23 12 6.9 (Y
25 7.8 11 16 n 38 4199 248 2 22 12 6.5 6.0
26 8,4 28 15 31 291 1880 203 31 22 12 6.5 8.1
27 12 23 1190 29 264 1040 181 3 21 12 6,6 6.0
28 S4 20 1300 26 204 701 162 a8 21 12 Tob 5.8
29 43 18 18¢ 25 .o S1e 148 3s 21 12 Tl 5,5
30 19 17 56 24 ooe Ale 136 37 ‘20 11 7.2 5,5
31 16 ——e ) 123 con 349 coa 36 e 1 6.9 ==
TOTAL 136,6 Sile.6 4338 8698 32411 RITTTY $007 2042 799 476 264,60 191.6
MEAN 10,9 17.0 140 281 1158 1255 167 65.9 26,6 15,4 8,56 6,39
MAX S4 25 1300 1800 8280 $79¢ 292 126 s 20 11 13
MIN 6,8 9.7 15 24 2Ch 159 90 36 20 11 6,5 5,5
ACeFT 668 1010 8600 172%0 66299 77170 9930 4050 1580 [ I 525 380
CaL YR 1976  TOTaL 138253,3 wEaN 379 MAX 20100 MIN 3,7  ACeFT 274204

WYR YR 1975 TOTaL 939A1,2 MEAN 287 Max 8790 MIN $,5 AC=FT 186400
FPeak discharye (base, 2,400 ft?/s)
Date it LH. Discharge Date Time G.H. Discharce
1-6 und nrun 1i, g4o NECEN 3-18 0530 16.70 2,350
2-1. S le, 27 e e 3-21 20300 14,38 5,60
2-1v 1015 13.28 4,350 3-25 0530 14,4614 5,800
L 4
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NOYO RIVER BASIN
11468500 NOYO RIVER NEAR FCORT BRAGG, CALIF.

LOCATION.--Lat 39°25'42", long 123°44'12", in NE% sec.15, T.18 N., R.17 W., Mendocino County, on Tight bank
0.7 mi (1.1 km) downstream from South Fork, and 3.5 mi (5.6 km) east of Fort Bragg.

v

DRAINAGE AREA.--106 mi? (275 km?).

PERIOD OF RECORD.--August 1951 to current year.

GAGE.--Water-stage recorder. Datum of gage is 11,73 £t (3.575 m) above mean sea level.

AVERAGE DISCHARGE.--23 years, 229 ft?/s (6.485 m3/s), 165,900 acre-ft/yr (205 hm3/yr).

EXTREMES. --Current year: Maximum discharge, 26,600 ft?/s (753 m3/s) Mar. 29 (gage height, 27.14 ft or 8.272 m),
from rating curve extended as explained below; minimum daily5 3.7 ft3/s (0.10 m®/s) Sept. 23,

Period of record: Maximum discharge, 26,600 ft3/s (753 m’/s) Mar. 29, 1974 (gage height, 27.14 ft or

8.272 m), from rating curve extended above 4,500 ft’/s (127 m3/s) on basis of slope-conveyance study; mininum
daily, 0.80 ft3/s (0.023 m?®/s) Sept. 12, 1968.

REMARKS. --Records fair. No regulation or diversion above station. Records of water temperatures for the current
year are published in Part 2 of this report. -

DISCHARGF s IN CURIC FFFT PER SECONDy WATER YEAR OCTOBER 1973 TO SEPTEMAER 1974

nay oct NOV NEC JAN FER MaR APR MAY JUN JuiL”’ AUG SEP
1 7ok 20 1+RR0 599 438 24330 7+480 . 156 48 26 15 9.6

2 7.2 18 14240 450 3990 14990 11460 149 47 23 15 9.5

3 7.2 17 303 40h 363 1+770 10800 142 “6 23 15 9.5

3 ned 16 617 3913 327 11140 14230 127 [ 22 14 10

S AR 208 503 376 291 759 969 125 43 22 16 7.8

6 17 285 419 363 228 595 766 120 42 22 16 Te2

7 60 367 178 349 164 647 663 115 41 22 15 71

] 33 ARl 353 233 143 SS5R 587 108 4n 51 16 6e7

9 21 1+220 320 107 120 469 670 102 39 53 13 63
10 16 1s6l0 293 278 106 410 627 97 38 34 13 640
11 13 244130 355 256 91 730 S56h 93 36 28 12 S.7
12 12 1¢750 380 758 110 A21 518 91 35 25 12 Set
11 1n 14290 632 267 100 732 476 87 a5 24 12 Sebo
16 10 1+050 710 A20 79 601 436 84 35 23 12 449
15 9.9 740 438 5540 6R 480 399 82 34 22 12 be?
16 a4 14580 Su2 209100 110 394 365 78 33 21 12 445
17 B9 14330 506 49RP0 CL) 330 330 H0 33 21 12 bobe
18 8,5 14150 443 24510 32R 282 323 A0 34 21 12 443
19 B9 R1? 195 2650 30070 245 29% 74 35 21 11 4e3
20 Ve AT 358 1770 191290 213 270 70 37 20 11 bol
21 19 1) 770 14120 811 1R4 251 68 34 19 11 bl
22 Y4 565 761 796 587 164 235 66 kT 19 10 440
23 24A 48] €05 601 452 14R 22% 64 kB 16 19 3.7
74 133 426 500 4RH 374 1M 215 6] 30 18 9.8 4ol
25 73 66 428 25 31R8 146 212 s9 28 17 9.3 646
76 5n 324 401 363 290 12R 229 S8 28 17 9.3 Te6
27 %5 287 575 32¢ 2SR 279 204 56 27 16 9,2 8.1
’R 3z LY THR 287 19420 A39 186 Sa4 26 15 9.1 9ets
?9 26 35S 14170 249 eeccea 11000 174 52 26 15 9,0 9.6
aa 23 1210 14120 P25 meceas 114600 163 50 25 15 9.0 9.8
KN 21 —————— 799 326 smmeea 39210 ewe—-- 49  eceme- 15 9¢3  memee-
TNTal  1419%,.4 22ea0n 194482 474974 1724437 434325 244305 2¢697 10062 706 367.0 194.3
MFAN KLY 750 435 14548 YT 14398 Al0 87.0 35.4 22.8 11.8 6,448
Max 244 2e630 14880 204100 32070 114600 T80 156 48 53 16 10
MIN 64R 16 293 225 6R 128 163 49 25 15 9.0 3.7
AC=FT 24370 4aeAl0 399040 954160 244670 854940  4A210 S¢350 2+110 19400 728 385

CAL YR 1973 TOTAL 111+55h,4 MEAN 306 MAX 44400 MIN 4.9 AC=FT 2214300
WIR YR 1974 TOTAL 17hesda.9 MEAN 4R2 MaX 204100 MIN 3.7 AC=FT 3504000

PEAK DISCHARGE (BASE, 2,400 FT?/S)

DATE TIME G.H. DISCHARGE DATE TIME G.H. DISCHARGE
11-11 1130 11.68 3,610 2-28 2100 11.13 3,080
1-16 0915 27.10 26,400 3-29 2200 27.14 26,600
1-15 0445 10.70 2,820 4-1 1330 18.73 9,410

2-19 0600 13.40 4,610



NOYO RIVER BASIN
11468500 NOYO RIVER NEAR FORT BRAGG, CALIF.

LOCATION, --Lat 39°25'42", 1ong 123°44'12", 1in NE} sec.15, T.18 N., R.17 ¥., Mendocino County, on right bank

0.7 mile downstream from South Fork, and 3.5 miles east of Fort Bragg.

DRAINAGE AREA.--106 sq ni,

PERIOD OF RECORD, --August 1951 to current year,

GAGE.--Water-stage recorder, Datum of gage is 11,73 ft above mean sea level,

AVERAGE DISCHARGE, --22 years, 217 cfs (157,200 acre-ft per year).

EXTREMES, --Current year: Maximum discharge, 5,720 cfs Jan, 12 (gage height, 16,27 ft, from peak-stage indi
minimum daily, 4,7 cfs Oct, 30, 31,

Period of record: Maximum discharge, 24,000 cfs Dec, 22, 1964 (gage height, 26.30 rt), from rating ¢

exteaded above 7,400 cfs on basis of slope-conveyance study; minimum daily, 0,80 cfs Sept. 12, 1968,

REMARKS. --Records good except those for periods of no gage-height record, which are fair, No regulation or

diversion above station, Records of water temperatures for the current year are published in Part 2 of
report,
DISCHARGEs IN CUBIC FEET PER SECOND, WATER YEAR OCTORER 1972 To SEPTEMBER 1973

DAY ocY Nov DEC JAN FER MAR APR " MAY JUn JuL aus
1 13 4.9 27 207 3ss 608 488 61 3 14 A8

2 12 5.8 2s 18S 335 530 401 59 31 14 6.8

3 12 27 48 163 31s Sé9 340 =8 30 14 8.8

4 12 135 70 145 19200 608 293 56 29 13 6.8

s 11 114 T4 128 24060 557 258 5% 28 13 6.4

[ 11 57 222 115 1+130 572 227 53 26 13 hob

7 11 159 260 107 779 S0e 205 52 26 12 fod

[ 10 170 230 151 608 482 185 59 26 12 6.0

9 10 111 186 1,030 5§30 25 165 49 23 12 6.0
10 10 136 149 15360 602 413 - 1s3 47 22 12 o0
11 23 206 122 25400 590 42g 139 - 46 22 12 4.0
12 S0 161 102 44400 599 3a9 130 A4S 23 11 6.0
13 38 152 8s 2,900 Saa 3s3 139 4 22 11 4,0
18 27 246 70 1,900 575 310 122 43 22 11 6.0
18 32 200 67 1,000 551 275 115 42 21 11 8.6
16 22 2715 183 3,100 560 247 109 41 21 11 Seh
17 15 210 14880 2,400 440 233 109 Y] 22 1 5.3
( 18 11 156 1s+130 24700 ars 213 103 a9 22 11 5.3
19 God 147 1rll0 14600 330 223 98 38 21 11 ®,3
20 8.4 140 692 990 290 323 93 38 21 10 4.9
21 Te6 122 488 900 .- 258 40} a8 a7 19 11 4,9
22 . 648 107 656 730 ‘233 440 82 ar 18 11 4,9
23 644 91 752 600 213 401 79 36 18 9.5 4.9
24 6,2 7 176 524 280 353 T as 17 8,5 4,9
2s 6,0 63 623 512 338 308 74 34 17 8.9 4.9
26 5.7 sS4 AT3 479 s60 270 n 33 17 8.5 4,9
27 5,3 47 422 443 719 239 70 a3 16 8,5 4.9
28 S.0 42 3718 a9s 665 213 68 3z 1s 7.6 5.3
29 4.8 35 323 410  meee-- 193 64 31 15 7.6 .3
30 4,7 31 278 416  mecee- 403 63 a1 s 7.2 5.3
i 4,7 ecocua 237 392 weccwes 575 canew= 3]  evecee 7.2 5.3
TOTAL 411.0 34481.7 124138 232,785 15,98 12,058 4,605 14326 653 334,1 175,.9
NEAN 13,3 116 392 1:058 571 389 154 42,8 21,8 10.8 5.47
LIV S0 27s 148480 4,400 241060 608 488 6} 31 14 6.8
MIN 6.7 4,9 25 107 213 193 63 3t 14 T.2 4,9
AC-FT a1s 6+910 24,080 65,030 31,700 23,929 94130 2,630 19300 663 349

CAL YR 1972 TtOTAL 51+058.7 MEAN 140 MAX 2,700 MIN 3,9  AC-FT 101,300
VIR YR 1973 rOTAL B49219,5 MEAN 231  MAX 44400 MIN 427 AC*FT 167,000

PEAK DISCHARGE (BASE, 2,400 CFS) NOTE.--No gage-height record
DATE TIKE G.H.,  DISCHARGE DATE TIME G.H.  DISCHARGE Jan, 11-22, Apr, 27 to May 30.
12.17 . 1045 10.97 2,710 1-16  unknown - 3,900
1-12  unknown 16,27 5,720 2-4 2200 11,65 3,060

(gt WS s it b a b s e " T S A o of 4 i .y

cator);

urve

this

SEP

4.9
4.9
5.3

Se
5.3
S.6
Se6
"6

6,0
6.0
Se6
5.6
5.6

8.8



NOYO RIVER BASIN 443
11468500 NOYO RIVER NEAR FORT BRAGG, CALIF,

LOCATION, --Lat 39°25'42", long 123°44'12", in NE} sec.15, T.18 N., R.17 ¥,, Mendocino County, on right bank
0.7 mile downstream from South Fork, and 3.5 miles east of Fort Bragg.

DRAINAGE AREA,--106 sq mi, ' .
PERIOD OF RECORD,--August 1951 to current year,
GAGE,--Water-stage recorder. Datum of gage is 11,73 ft above mean sea level,

AVERAGE DISCHARGE.--~21 years, 216 cfs (156,500 acre-ft per year); median of yearly mean discharges, 210 cts
(152,000 acre-ft per year).

EXTREMES ,--Current year: Maximum discharge, 3,770 cfs Jan. 23 (gage height, 12,95 ft, from peak-stage indicator);
minimum daily, 3.9 cfs Sept. 11, 12, 14, 15, 22.

Period of record: Maximum discharge, 24,000 cfs Dec, 22, 1964 (gage height, 26.30 ft); from rating curve
extended above 7,400 cfs on basis of slope-conveyance study; minimum daily, 0.80 cfs Sept, 12, 1963,

REMARKS.--Records good, No regulation or diversion above station. Records of water temperatures for the current
year are published in* Part 2 of this report,

DISCHARGEs IN CUPRIC FEET PEP SECONDy WATER YFAR OCTOMER 1971 TO SEMTFMREF 1972

Oay ocr NGV DEC JAN FES MAR APR maY JUN JuL AUG SEP
1 14 8.5 53 79 230 any 120 62 25 15 Tl 4.5
2 10 HeS 112 70 210 800 117 by 25 15 7.0 4,5
3 AL5 8.0 166 63 192 14350 109 s6 24 15 6.7 4.5
IS Ben 7.5 130 s7 189 RRQ 102 L S5e 24 15 6.4 YY)
S Tes 7.5 95 °2 184 610 113 51 24 15 62 447
6 T.0 7.5 263 . a8 176 539 131 9 72 14 5.8 4.9
7 6en T8 158 a5 167 394 1e!} 50 2? 14 Sk 4.5
M 6ol 7.5 95 a3 199 30n 10y 51 22 14 5.4 A3
9 Ten A0 112 AN 148 239 102 ab 29 13 €.2 451
10 11 9.0 143 I8 137 233 36 . 31 13 5.0 4.0
11 Se7 16 170 360 127 215 119 42 24 13 4,9 2.9
12 Se? 27 anl EL] 115 191 241 &0 23 12 YY) 3.9
13 5.7 8s RIL) 34 lom 117 332 kR4 22 12 4,8 4,2
16 bl 57 209 33 oo 162 217 36 21 12 5.5 3.9
15 Se? 31 142 3] 93 150 228 4 20 11 5.9 3.9
16 641 21 108 3u Ho 13y 190 34 20 11 644 400
17 6.1 15 “2 29 b2 129 164 39 20 11 7.8 441
18 - 645 13 70 28 “? 12u 146 36 19 11 7.2 4.3
19 7.5 1l .1 49 47 112 131 35 19 11 6.9 4.2
20 10 10 1% 56 LS 108 118 37 19 11 4.5 4.1
21 n Yeb a2 920 11n 10 107 37 18 9.9 6.0 LXY]
22 10 9.5 183 25100 170 1s2 93 k1] 18 9.6 5,7 1.9
23 12 Y0 286 2,700 can 1ve yo 33 s b 545 el
24 11 il 362 Hao 600 142 118 32 lu 9.0 Sed 4,3)
25 11 12 A7R 630 150 2640 191 3l 18 B.6 5.2 A7
26 9.0 26 314 540 1sd0n 23e 90 29 17 B4 5.0 26
27 A.8 65 236 450 Ang 215 a2 29 16 .0 5,0 92
2on Acy ae 165 are yan 192 76 2a 16 T.8 4.9 s
29 7.5 98 132 320 930 171 69 27 16 Te6 4.8 2?
0 Te% L L] 290 cm—em—— 152 65 26 is 7.5 4,7 15
3 Be&  memcaw 91 250 smmemee 138 mee-eee 26 memee- 7.3 4.6  memeee
TotaL 25447 763.5 55432 104296 Rsn6] 95927 3,969 15225 825 351.1 177.9 296.0
MEAN A,22 295 175 332 298 307 132 9.5 20.8 11.3 S.74 9,87
HaA 14 95 ar? 24700 14300 19350 332 62 3l 15 7.8 92
) 5.7 7.5 52 FL) Hp 100 5% 26 1% 7.3 4.6 3,9
ACeFT 508 19510 10sT70 204820 14,980 1Re9G0 Ten70 24430 19260 696 353 587

CAL Yr {971 TOTAL 684R87.3 MEAN 189 MAX KeTH0 4[N S,3 AC-FT 136+A00
wiw YN 1672 TOIAL 4lea74,2 MEAN 113 MAX 24700 =~IN 3,9 AC-FT 82210

PEAXK DISCHARGE (BASE, 2,400 CFS).--Jan, 23 (time unkaown) 3,770 cfs (12.95 ft).
NOTE.-~-No gage-height record Jan. 21 to Feb, 2.
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NOYO RIVER BASIN

11468500 NOYO RIVER NEAR FORT BRAGG, CALIF,

LOCATION,--Lat 39°25'42", long 123°44'12", in NE} sec.15, T.18 N,, R,17 W,, Mendocino County, on right
bank 0,7 mile downstream from South Fork and 3.5 miles east of Fort Bragg.

DRAINAGE AREA.--106 sq mi,

PERIOD OF RECORD,--August 1951 to current year,

GAGE.--Water-stage recorder,

Datum of gage is 11,73 ft above mean sea level,

AVERAGE DISCHARGE,~--20 years, 221 cfs (160,100 acre-ft per year); median of yearly mean discharges, 210 cfs
(152,000 acre-ft per year),

EXTREMES, --Current year:
Oct,
Period of record:

1.

extended above 7,400

REMARKS, --Records good.
year is published in

DAY

O@®=NG VNEWN~

TOTAL
MEAN
MAX
MIN
AC-FY

CAL YK
WTR YR

DATE
. 12- 4
1-16

DISCHARGEs IN CUBIC FEET PER SECOND,

[=]
3]
-t

NOV

2y
W N

6.5

6.5

8.5
28
107

NN N e
AR AR
O & b=y

. :Ava._xﬂt

4 J—

-

o o

- o

a0 s 8

> r 00
ek

1

w

°

-
- OOV UVAPUW WWNNN

~N
w
nN
o

NV BWBwe
PN D
[

O Ny
@ W e

387.9 5,498.5

12.5 183
59 1,530
1.9 6.5

T69 104910

1970 TOTAL 113,158.9
1971 TOTAL 95,528.5

Maximum discharge, 9,080 cfs Dec, 4 (gage height, 19,98 ft);

DEC JAN
850 548
1+450 494
3,430 413
4,710 359
1,390 314
889 273
829 233
952 200
864 175
658 236
506 392
398 728
329 836
263 1,210
263 2,290
593 64750
156 4,220
675 2,170
536 1,400
5712 983
756 128
633 578
515 488
416 419
341 362
284 314
245 272
389 239
1v160 212
885 188
668 170
27+205 284194
878 909
4,710 6,750
245 170
53,9€0 554920
MEAN 310
MEAN 262

FEB

154
144
132
124
118

114
108
102
95
89

MAX 7,250
MAX 6,750

PEAK DISCHARGE (BASE, 2,400 CFS)

TIME G.H, DISCHARGE
0130 19,98 ,080
2000 18.80 7,900

DATE
3-12
3-26

TIME G.H.
1515 12.38
0330 18,46

No regulation or diversion above station.
Part 2 of this report,

MAY

95
100
114

98

91

87
82
76
75
70

67
67
67
63
61

59
55
55
54
53

51
51
50
48
47

51
50
47
45
44
42

2,015
65.0
114
42
44000

AC-FT 224,500
AC-FT 189,500

MAR APR
78 392
70 329
82 284
95 . 248
91 221
84 197
79 183
78 163
72 188
76 317
212 262
2,010 212
1,620 194
1,050 203
868 175
668 165
539 194
428 185
347 175
284 178
236 160
206 152
696 154
717 136
11410 134
5,210 126
1,890 118
14090 112
766 106
584 100
S [ R —
22,106 5,743
713 191
5,210 392
70 100
43,850 11,390
MIN l.4
MIN 1.9
DISCHARGE
3,460

7,560

Maximum discharge, 24,000 cfs Dec. 22, 1964 (gage height, 26.30 ft),
cfs on basis of slope-conveyance study; minimum daily, 0.80 cis Sept, 12, 1968,

JUN

41
40
40
39
38

37
37
37
36
38

35
34
33
32
31

30
29
27
27
27

27
26
25
25
25

30
32
28
25
24

953
31.8
41

24
1,890

WATER YEAR OCTOBER 1970 TO SEPTEMBER 1971

AUG

[
VOOV Oo

ooOoOWVMWV ooCwwn

PODPO® N NN DOD®H®
WODOWMO COWWO VULVUUW MULowwu

NEEEREX

minimum daily, 1,9 cis

from rating curve

Record of water temperatures for the current

CO~NN®

VUMWV Lo wo

nwwoawnoe o000
L) R

¢ o o 8 @ L
VOUVV ~NWWWwk wN~N-r

WO~NOO vuvuuaumo

-

|
|

220.6
7.35
15
5.3
438



- NOYO RIVER BASIN
- 11468500 NOYO RIVER NEAR FORT BRAGG, CALIF.

_-Lat 39°25'42", long 123°44'12", in NE} sec.15, T.18 N,, R.17 ¥., Mendocino County, on right

,r:;’"é,'r mile downstream from South Fork and 3.5 miles east of Fort Bragg.
‘po

DMIIMGB AREA,--106 sq mi.,

gRIOD OF RECORD.--August 1951 to curreat year,

} ’ GAGE, —VWater-stage recorder, Datum of gage ts 11.73 ft above mean sea level,

AVERRAGE DISCHARGE.--19 years, 219 cfs (158,700 acre-ft per year);
(152,000 acre-ft per year),

on many days in September,

.+ EXI'REMES.--Current year: Maximum discharge, 13,300 cfs Jan, 23 (gage height,
’ Period of record: Maximum discharge, 24,000 cfs Dec.

extended above 7,400 cfs on basis of slope-conveyance study; minimum daily, 0,80 cfs Sept, 12, 1968,

REMARKS,~-Records good, No regulation or diversion above station.
[ - year 1970 are published in Part 2 of this report,

| DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTGBER 1969 TQ SEPTEMBER 1970

OAY NOV DEC

ocY JAN FES MAR APR nAY Jun Jut AUG
1 2.6 3.9 1.7 145 566 202 12 3s 17 8.0 4.0
2 2.6 3.9 7.7 126 449 173 68 34 17 7.8 4.1
3 2.4 3.9 1.7 108 357. 158 66 32 16 T.4 4.1
4 2.4 5.9 8.1 97 308 345 63 31 16 7.2 3.7
[ 5 2.1 46 8.1 87 261 427 61 30 16 6.8 3.8
6 2.4 30 8.0 83 222 334 58 30 16 8.6 3.9
| 7 2.4 19 8.6 80 199 317 s7 30 16 8.2 3.8
8 4.1 ‘19 13 83 182 434 54 30 18 8.1 3.7
9 3.6 15 14 170 165 421 53 33 20 5.9 3.5
10 3.9 12 15 837 152 413 51 34 19 5.9 3.6
11 4.1 11 34 644 139 352 50 32 17 5.9 3.4
12 8.5 9.9 945 - 497 186 301 48 n 16 5.9 3.4
13 2.9 8.9 7199 943 483 263 48 30 17 5.9 3.3
14 2.9 8.5 586 3,010 729 256 51 28 16 5.7 2.8
1s 21 8.5 332 1,700 535 221 52 27 15 S.4 2.8
16 30 8.5  1les 3,170 975 198 50 2s 15 5.3 3.1
17 15 8.5 102 3,010 1,880 181 51 24 14 4.9 3.1
18 9.5 8.1 93 1,810 1,310 169 «8 23 13 4.7 3.0
19 6.8 8.1 991 1,220 936 157 57 23 13 4.9 2.4
20 Seé 7.8 947 1,379 683 145 49 22 13 4.8 2.4
ot 4.8 7.7 2,470 54420 516 134 48 2t 12 4.9 1.9
22 4.6 7.9 1,240 44140 398 117 44 21 12 4.9 2.4
23 4.1 7.9 1,470 74250 326 117 42 21 11 4.8 2.6
24 3.9 7.7 1,290 64900 282 110 40 21 1 4.8 2.9
25 3.9 7.7 80l 2,730 242 104 40 20 10 4.6 2.9
26 3.9 7.8 609 1,830 212 97 41 19 9.8 4e6 2.9
27 4.3 7.7 487 4770 194 92 41 19 9.4 4.6 2.8
23 4.1 7.7 360 2,100 189 86 39 19 9.0 46 2.8
29 4l 7.8 272 1,330  =e——-- 81 37 18 8.6 4.6 3.1
30 4.1 7.7 21e 953 em——we 80 36 18 8.2 4.6 3.3
3 40l mmweem LTS 728 ——eee 77 18 —— 4.0 3.5
L
TOTAL  180.3  324.0 14,498.7 57,341 13,076 6,582 1,513 799 4210 172.1 98.6
MEAN 5..82 10.8 468 1,850 467 212 50.4 25.8 14.0 5.55 3.18
nax 30 46 2,470 7,250 1,880 434 72 3s 20 8.0 4.1
MIN 2.1 3.9 7.7 30 139 77 36 18 8.2 4.0 1.9
AC-FT 3ss 643 28,760 113,700 25,940 13,060 3,000 1,580 833 341 196
CAL YR 1969 TOTAL 100,840.8  MEAN 276 MAX 7,760  NIN 2.1 AC-FT 200,000
WTR YR 1970 TQTAL 95,070.5  MEAN 260 MAK 7,250  MIN l.4 AC-FT 188,400
PEAR DISCHARGE (BASE, 2,400 CFS) NOTE.~--No gage-height record May
DATE TIME G.H. DISCHARGE DATE TIME G.H. DISCHARGE July 7. .
12-21 1215 12.77 3,690 1-21 0745 17.14 6,410 .
1-14 1045 13.52 4,110 1-23 2345 22,28 13,300
1-16 1300 13.38 4,030 1-27 0513 17.85 6,980

419

median of yearly mean dXSa:barges, 210 cfs

22.28 ft); minimum daily, 1.4 cfs

22, 1964 (gage height, 26_.30 ft), from rating curve

Records of water temperatures for the water
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ATION (revised

bank 0.7 =i

).--Lat 39°
le downstream

DRAINAGE AREA, --106 s5q mi.

NOYO RIVER BASIN

11-4685. NOYO RIVER NEAR FORT BRAGG, CALIF.

-ERIOD OF RECORD,--August 1951 to current year,

GAGE.--Yater-stage recorder.,

Datum of gage is 11,73 ft above mean sex level.

25142", long 123°44'12", 4in NE} sec.15, T.18 X, R.17 ¥., Mendocino County, on right
from South Fork, znd 3.5 miles east of Fort Bragg.

AVERAGE DISCHARGE.--18 years, 217 cfs (157,200 acre-ft per year); median of yearly mean discharges, 180 cfs
(138,000 acre-ft per year).

EXTREMES,--Current year:

Oct. 1.

Period of record:

REMARKS.--Records fair.

¥aximum discharge, 9,300 cfs Jan, 12 (gage height, 20.13 f£t); minimum daily, 2.7 cfs

Maximum discharge, 24,000 cfs Dec. 22, 1964 (gage height, 26.30 ft), from rating curve
extended above 7,400 cfs on basis of slope-conveyance study; minimum daily, 0.80 cfs Sept. 12, 1968,

No regulation or diversion above station.
year 1969 are published in Part 2 of this report.

Records of water temperatures for the water

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1968 TO SEPTEMBER 1969

DAY ocT NQV DEC
1 2.7 10 86
2 2.8 20 51
3 3.4 31 L ¥
& 4.0 20 34
5 4.0 14 26
6 4.0 12 21
7 5.8 11 19
8 5.8 10 73
9 5.2 9.7 .19
10 5.8 9.4 1.200
11 646 24 808
12 29 57 L22s
13 22 44 2n
14 14 43 252
15 11 60 1,190
16 9.0 38 826
17 8.0 29 431
18 T.4 43 282
19 6.8 43 212
20 6.5 23 169
21 6.4 20 141
22 643 18 126
23 6.2 16 1,980
6 6.1 37 3,480
25 6.0 80 241460
26 5.9 50 24050
27 5.8 40 1.180
28 5.8 a3 797
29 13 35 609
30 18 55 498
31 13 ————— 399
TOTAL 25643 935.1 204236
MEAN 8.27 31.2 653
MAX - 29 80 3,480
MIN 2.7 9.4 19
AC~FT 508 1,850 40,140
CAL YR 1968 TOTAL 61,054.50
MTR YR 1969 TOTAL 1074265.2

PEAK DISCHARGE (BASE, 2,400 CFS)

DATE TIME G.H. DISCHARGE
12.23 2215 14.32 4,390
1-12 0800 20.13 9,300

JAN FEB MAR APR
333 888 1,300 96
268 841 1,120 100
228 739 920 106
198 655 760 94
178 745 630 154
164 1,330 534 168
151 1,170 448 149
141 ¢ 956 383 137
136 1,790 334 130
128 1370 300 121
1,090 1,660 261 110
7:760 10410 233 106
5,600 988 214 100
24110 745 197 94
14160 664 185 90
778 640 175 8s
610 582 202 83
548 523 187 83
1,580 464 173 79
54210 400 166 76
4,430 355 166 72
2,510 330 156 70
1,540 400 149 112
1,090 480 134 112
992 610 128 96
10410 840 121 88
1,380 850 117 83
1,290 1,370 112 79
20110 ——me—e 110 76
1,050 ———=— 96 70
874  ———m—e 100 —————
46,045 23,795 10,111 3,019
1,485 850 326 101
1,760 1,790 1,300 168
128 - 330 96 70
91,330 47,200 20,050 5,990
MEAN 167 MAX 3,480 MIN .80
MEAN 294 MAX 7,760 MIN 2.7
DATE TIME G.H., DISCHARGE
1-20 0530 17.04 6,130

MAY JUN
69 30
66 29
62 29
61 29
59 28
56 29
53 28
52 28
50 28
50 29
49 30
48 29
46 27
46 25
45 24
43 23
42 27
41 27
41 24

. 40 23
40 22
kL] 21
38 20
37 19
37 18
37 18
38 18
a7 18
a5 17
34 16
3 ———

1,421 733
45.8 24.4
69 30

31 16
2,820 14450

AC-FT 121,100
AC~-FT 212,800

JuL AUG SEP
17 9.0 4.8
17 8.4 4.9
16 Te8 T.5
15 T.8 14
15 T.2 12
14 T.2 9.4
14 6.6 T.7
14 6.0 63
13 6.0 5.5
13 6.6 5.2
12 6.0 4.9
12 6.6 4.6
12 T.2 4o
11 6.6 4.2
1 6.6 4.0
i1 6.0 3.9
11 6.0 3.8
11 6.6 3.7
11 6.0 3.6

10 6.0 3.5
10 6.0 3.5
10 5.6 3.4
10 6.0 3.3
10 5.6 3.3
10 Se& 3.2
10 5.2 3.1
10 5.1 3.1
10 5.1 3.0
10 5.0 3.0
9.6 4.9 2.9
9.6 4.8 s
369.2 194.9 149.7
11.9 6.29 499
17 9.0 14
9.6 4.8 2.9

732 387 297




- NOYO RIYER BASIN
o 11-4685. NOYO RIVER NEAR FORT BRAGG, CALIY.

423

.ON (revised).--Lat 39°25'42" 1opg 123°44'12°, 1n NE} mec.1s3, T.18 N.» B.17 W., on right back 0.7 mile

downstreasm from South Fork, and 3.5 miles east of Fort Bragg.
DRAINAGE AREA.--106 q mi,
RXCORDS AVAILABLE.—-Augut 1951 to September 1968,

GAGE.-—Digitll vatesr-stage recorder. Datum of gage i3 11,73 f¢ 2bove mean ses level, datunm of 1929, supple-
mentary adjustament of 1960. Prior to June 17, 1964, graphic vater-stage recorder Rt same site and datum,

AVERAGE DISCHARGE. -~17 years, 213 cfs (154,200 acre-ft per year); median of Yearly mean discharges, 158 cts

(133,000 acre-ft per year),

EXTREMES . --Naximun discharge during year, 3,480 cfs Feb. 20 (gage height, 13.78 2t); minimum daily, 0.80 cfs

Sept. 12,

1951-68: lx.xi-u:.discbu'ge. 24,000 cfs Dec, 22, 1964 (gage height, 26.30 ft), from rating curve extended

8bove 7,400 cts on basis of slope-conveyance study; minimunm daily, 0.80 cfs Sept. 13, 1968,

lxuns.--necords fair, No regulation or diversion above station. Records of vater temperatures for the

water year are Published in Part 2 ol this Teport,

REVISIONS (water Year).--1965 report: 1964,

DISCHARGE, IN cuslc FEET PER SECOvVD, WATER YEAR OCTOBER 1967 TO SEPTEMBER 1968

DAY T Nov DEC JAN FEB MAR APR MAY JUN JuL AUG
1 4.0 13 108 46 513 270 128 37 17 5.8 3.0
2 11 15 118 49 530 235 120 37 15 3.8 3.1
3 13 14 480 41 647 208 107 38 18 5.8 3.2
4 _beb 14 285 39 550 185 99 34 19 S«8 3,5
H 16 15 485 37 433 170 93 33 18 5.8 3.8
& 13 18 263 33 333 155 a9 32 21 5.2 4.1
7 12 15 448 32 253 lss 85 30 20 L 2Y ] 4.3
8 11 17 293 38 206 13s 82 30 19 4.6 4,3
9 10 24 178 99 179 128 78 39 135 4.0 4.3
10 9.5 21 130 1s190 161 120 T4 30 16 4.0 43
11 9.0 20 108 553 145 112 1 28 16 4.0 4.2
12 ’ 8.8 20 89 313 132 305 49 28 16 3.9 o2
13 8.6 21 79 250 121 440 (1] 31 15 3.7 o2
14 8.5 80 73 14020 114 388 62 32 16 3.6 42
15 8.4 40 86 24280 105 343 59 26 17 3.5 4.2
16 8.3 34 62 1s140 100 702 57 23 18 3.4 4.3
17 Be2 29 66 684 108 853 55 19 13 3.4 442
18 8.2 26 156 473 102 662 54 19 11 3.3 4.3
19 8.1 23 183 343 868 495 52 19 13 3s2 47
20 8.0 21 144 255 2,470 383 50 30 - 11 3.2 6.5
21 10 19 127 202 1,560 300 S0 28 10 3.2 25
22 30 B X ] 106 172 1,260 250 48 30 9.2 3.1 16
23 24 17 92 147 98s 220 46 25 9.2 3.0 13
24 21 16 83 130 ‘800 189 46 24 962 3.0 12
23 19 15 75 120 641 192 44 3s 942 3.0 13
26 17 1s 70 112 51s ia81 43 32 8,1 3.0 20
27 16 16 66 108 428 163 41 26 8.1 3.0 17
28 22 235 62 109 360 152 a7 25 7.0 3.0 1s
29 20 100 58 538 310 141 40 20 6ed 2.9 12
30 18 130 L3 1,200  comuao 138 3s 20 5.8 249 10
n 16 ———eae 51 139 e—— 126 b L2 17 eneae 2.9 848
TOTAL 403.,0 851 49652 12,499 14,929 8,481 1,985 865 40642 119,6 243,85
MEAN 13.0 28.4 150 403 518 274 6642 27.9 13.5 3486 Te85
MAX 30 130 485" 2,280 2,470 853 128 k14 21 5.8 25
MIN 4.0 14 51 32 100 112 37 17 5.8 249 34
AC-FT 799 14690 9+230 24,790 29,610 16,3820 3,940 1.720 806 237. 483
CAL YR 1967 TOTAL 66,788,8 MEAN 183 MAX 3,240 MIN 4,0 AC-FT 132,500
WTR YR 1988 TaQTAL 45,533,10 MEAN 124 MAX 2,470 MIN .80 AC-FT 90,310

Po:k dllchl;‘[. (base, 2,400 cis).-~Jan, 14 (2400 hrs) 2,770 cts (11.33 £t); reb. 20 (0215 nrs) 3,480 oty
12,78 tt),

1968

SEP

7.3
843
Se6

49

‘.6
43
4o b

2.2

1.0
«80
2.2
[ T2 ]
3.4

3.6

226
2.7
24

25
2.9
2.0
243
243

l.'

203
2.8
242

98.20
3429
T3
«A0
198
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NOYO RIVER BASIN
11-4685. Noyo River near Fort Bragzg, Calif.

Lat 39925° 31", long 123°44°10", in SW sec.10, T.18 N., R.17 W., on right bank 0.7 mile downstrean from South Fork aund 3.5
on. ="

atel ¢ of Fort Bragg.
miles ecas

-513355_3555'--106 sq mi.

ords_available.-—August 1951 to September 1966.

Gage —-Digital vater-stage recorder. Datum of gage is 11.73 ft (revised) above mean sea level, datum of 1929, supplementary sdjustment
of 1960. Prior to June 17, 1964, graphic water-stage recorder at same site and datum.

Average discharge.--15 vears, 219 cfs (158,500 acre-ft per year); median of yearly mean discharges, 180 cfs (130,000 acre-ft per yesr).
Extremes.--Max{mum discharge during vear, 19,200 cfs Jan. 5 (Rage height, 24.67 ft), from rating curve extended above 7,4N0 cfs on basis
of slope-ceonveyance studv; minimum dailv, 3.1 cfs Sept. 15.
1951-66: Maximum discharge, 24,000 cfs Dec. 22, 1964 (rare height, 26.30 ft), from rating curve extended above 7,4N0 cfs on basis
of slope-conveyvance study; minimum daily, 2.4 cfs Aug. 25-28, Sept. 12, 1959.

Remarks.-~Records good except those for period of no gage-height record, which are fair. No regulation or diversion above station.
Records of chemical analyses and water temperatures for the water vear 1966 are published in Part 2 of this report.

Revisjons (water vears).--1965 Report: 1964.

DISCHARGE, IN CUBIC FEET PER SECONDs WATER YEAR OCTOBER 1965 TQO SEPTEMBER 1966

T .
DAY | OCTe ., NOVe DECe JANe | FEBe MARe . APRs i MAY © JUNE JULY | AUGe SEPTe P
{ i . i . : . i .
' T T *
1 Sele ay3: 42 324 840 315 115 66 26 ! 15 | 6.8 4.2
2 Seis 4e5} 37! 266; 960! 285, 108. 63 23 | 17 T4l Sel
3 5.l 5.1, 34 %05 800 250 104 61 22 1 ! 2.8 5e1
o 561 5.7; 320 44940 12600 225 99, 59; 22 18 | 548 b
5 6el 544 300 124200 10220 205 94 51; 21 18 i 6e8 4¢3
! X . '
6 5.9 5.7; 29 3,620,  1s000: 195 90 56! 21 16 | 6o 349
7 549 10 28 19430 720 180: 89, 53 21 18 ! 645 3.8
[ 6T 23 28, 960i 500" 175: 85 52; 19 e | beg 3.8
9 Te2 11 28: 630 405! 350! 85: 510 19 1, 603 344
10 Te2 Te2 27. 530; a1e, 760 101 50; 17 548 603 3.3 -
1 ! ! : ;
1 7e1 7.2 26! k0l 246 870! 214 “9 17 el 63 343
12 Te8 11 26 340 206! 540 482 &7 15 bk 642 3.3
13 840 30 | 25. 270 181 460 361 45i 15 P 6ed 30k )
16 845 “0 24 220 160 382 276 43 13 548 549 345
15 86l 28 24 195 © 145 388! 218. 4l 13 6elf 5.8 31
16 10 ! 16 24 172 133¥ 380' 181 “0 12 | S5e7i 50k 3e2
17 T 6e0 - 15 b 240 155 125 7 344 162 38 il 543 56| 3¢5
18 “e2 57 24, 142 119: 324 147, 37, 11 bed 9o ki bel
19 bk T5 o o24p coozst oo 216 34 131 3si Yeb Se7: 5e3) 4ol
( 20 48! . 35 24| 111 195! 307 118 34 9.0 549! 4e? 47
: i ! i . ' ) i
21 4e8 19 24! 107! 170! 302! 108. 32 940 58! bob 49
22 445 13 241 110 170! 272! 101 3’ 945! 566, “es 46
23 be2 13 24; 106: 210 264! 96: 30! 9.9, 50| 4e3 boh
FLS 402l 91 41i 97i 270! 216 90’ 30° 10 1 46 Gel 4e%
25 4e2: 222 125 93] 400 195! 86 28. 10 | L84 40 4e5
i N y | - S Co i R
p 26 4ol 182 118: 9ol 600} 1728 82 27 11 ! u.u' 349 606
Coar | 3480 124 90! 86; 430! 160! 79 26! SO P 3.8 Tel
28 3.8 S0 186! 33] 359 151} 75 26 12 ! 640 4.0 1.2
29 I 348} &5 ;- 695 350] === 139i .13 22 13 744 349 6e8
30 440! 51 | 376 19180 =m—==m 130, 69 25 15 | 843 4¢3 5e8
3! 4e) mmm——— 318. 980 =meme- 1220 ====-- 25 —me——- Te?! Goly| ~mm———
L i i . i
T N
TOTAL: 17449 1926641, 29581 300837  12e694 92182 4+119 19279 44540 28140 16842 13604
MEAN 5.64° 4242 8343 995 453 296: 137 4le3 1448 9407 5443 4455
AC-FT| 347, 295100 501207 614160, 250180, 18,210 a.noi 29540; 883 557 334 271 .
! | i : i i ; ! |
CALENDAR YEAR 1965 MAX 20830 MIN 343 MEAN 137 AC=FT 999470 .
WATER YEAR 1965-66  MAX 125200 MIN 3.1 MEAN 173 AC-FT 125%300

: Peak discharge (base, 2,400 cfs).——Jan. 5 (0630) 19,200 cfs (24.67 ft). . )

Note.--No gaze-height record Jan. 8 to Feb. 9.




NOYO RIVER BASIN

11.4£85. Noyo River near Fort Sragg, Calif.

389

“ation.--Lat 39°25'31", long 123°44710", in SWk sec.13, T.18 N., R.17 W., on righc bank 0.7 mile downstream from South Fork anc 3.5

mi1les east of Fort 3ragzg.

area.--106 sq oti.

' -ords available.--August 1951 co September 1964.

e.--Water-stage recorder (digital). Datum of gage is 12.1 fr above mean sea level (planetable survey),

verage discharge.-~13 years, 214 cfs (154,900 acre-it per year); nedian of yearly mean discharges, 180 cfs (130,000 acre-ft per

year).
remes,--Maximum discharge during year, 6,570 cfs Jan, 20 (gage height, 17.72 ftr, from recorded range in stage}; minimum, 0.2 cfs
Gept. 28.

1951-64: Maximum discharge, 22,000 cfs Dec. 22, 19%< (32ge neight, 25.64 ft), from rating curve extended above 3,600 cfs on
basts of slope-conveyance study; minimum, 0.2 cfs Sept. 28, 1564.

‘arks.--Records good except those for period of no gage-height record, which are fair. No regllation or diversion above station,

OISCHARGE,s IN CUBIC FEET FE?.SECONB- WATER YEAR QCTOFER 1963 TC SEPTEMRER 1964

CAY 0CT. NOvV. | DEC. JANe | FEB. “AR, APR. MAY JUNE JuLy AUG. | SEPTa
‘ :
L Se& 13 122 83 238 67 *120 40 20 12 545 242
Fd Sel 18 109 86 212 80 109 37 21 12 Sen 1.9
3 Sed 21 98 84 150 70 99 46 20 12 4.8 1.8
4 Sels 140 90 81 167 63 94 56 ol 12 4.8 1.3
5- 6¢0 81 84 78 151 54 a9 46 22 11 4e8 1.9
3 6e6 113 17 78 142 53 83 41 24 10 ba7 1.5
k4 6a6 1C6 T2 98 131 61 78 * 37 25 il 447 led
3 [.T% 328 76 108 122 se 75 35 23 10 445 let
9 9.l 463 110 105 113 62 71 32 23 948 442 leb
1 13 228 99 105 1Cc9 57 69 31 23 93 “eC 1.3
H 26 128 90 1CQ 135 78 65 30 22 o7 40 1.3
T s 21 88 83 57 99 256 63 29 20 8.9 4ol le3
13 15 69 79 95 3o 246 59 29 13 8.2 3.8 le3
16 12 516 T4 106 91 218 58 28 19 8.0 3.8 i.3
BE] 32 : 617 73 104 97 131 55 27 18 Te? 3.7 1.3
K] 38’ 393 69 100 88 151 53 28 17 Teb Je5 1.1
7 23 263 66 125 + 83 132 51 30 *16 B8el 35 lel
18 18 186 65 334§ 78 118 51 29 16 Te9 3e5 1.2
19 15 283 *69] - 1s253 75 121 49 28 16 Teb 3.3 le0
,‘gf’ 18 479 111 4»0CC T4 103 647 26 16 Tel 3.3 o3
l\ 16 *329 117 3,250 71 104 45 25 15 6a7 3.3 b
L2 15 244 111 *2,030 69 116 45 25 15 65 3.0 6
23 26 . 1430 100 1s56C 67 137 44 24 14 *6e5 3.C b
26 |- %24 15340 94 1s11C 65 127 (Y3 24 14 6.7 2.9 .5
- 20 708 98 845 - 65] . 117 ce2 23 13 545 2.5 o3
' 18 425 95 T 871 T *62 - T1le - 41 S 24 13 549 *2,9 oh
s - 16 . 296 92 513 59 o] -} 38 24 12 5.7 o7 o3
28 . 15 220 92 408 60 1¢cQ 37 23 11 Seb o7 .2
29 13 . 17¢ 90 352 - 62 95 38 22 12 546 244 7
S 13 141 89 309 =——=ew- 92 35 21 12 Sed 246 b
12 ———— 87 263 === e} =w—e—- 21| ==—ew- Seb 202 =eme—a-
47545 99816 24781 18538 3+027 3,448 14345 941 531 25649 114,11 33,4
1543 o327 89,7 598 135 11! §1.5 30.4 177 8,29 3.638 ieil
-~ 943 1992470 59520 36+759 69223 60840 3,660 1870 14050 510 226 66
38 1,430 . 122 4,000 238 256 120 56 25 12 5.5 2.2
1 5.1 13 65 73 59 57 35 21 11 5.4 © 2,2 0.2
\LENSAR YEAR 1963 MAX 35110 MIN 5.1 . MEAN 19C AC=FT 137s300 -
TER YEAR 1963~64 MAX 45000 MIN 0.2 MEAN 114 AC-FT 82320

discharge (base, 2,400 cfs).--Jan. 20 (time unknowm) 6,570 cfs (i7.72 fc).

Discharge measurement made on this day.

m®ew=No gage-height record Dec. 23 to Jan. 21.




NOYO RIVER BASIN 79
11-4685, Royo River pear Fort Bragg, Calie.
ek and 7.2 e tlirn . .
Location.--Lat 39%25'4] (revised), long 123%u4:19n d), in Sw .10, T.18 §., R.17 . .
( Tram South ok st g4 erLze o, :g FO;» . (revised), in SWd sec.lo, » R.1T W., on right bank 0.7 mile dovnstrean )
Drainage Area.-.105 sq xi.
—=_ ATeR
Records Svailable.--August 1951 to September 1962,
—_—li0le
Gage.--%ter-stage reccrder. Datum of g3ge is 12.1 £t above mean sea level (planetable survey),
t .
August, Aversze discharge,..]l years, 223 cfs (161,400 mcre-pt Per year); median of yearly zean discharges, 190 ofs (138,000 acre-z¢ per year)
275724e dlscharge ;
Extremes. --Maximum discharge during year, 7,460 cfs Feb. 13 (z8ge feight, 18.60 2t); minicum, 2.8 cors Sept. 20, 21, .
6o 1551-62: Maximun discharge, 22,000 cfs Dec. 22, 1955 (gzaze belght, 25.64 £t), from rating curve extended above 3,600 ¢?s on
7. L), basis of slcpe-conveyance study; wirimun, 274 efs several cdays in August and September 1959.
Remarks...Records good. No regulation or diversion.
' Discharge, in cublc feet per second, water year October 1961 to September 1962 .
Day Oct. Nov. Dec. Jan., [ Feb, Mar. Apr. May June July Aug. Sept.
1 40 *52 513 r\‘s-i 52 39% 139 44 22 16 43— 40
2 40 75 428 52 78 817 130 43 22 15 * 431~ 40 7
3 42 68 213 51 73 868 116 42 21 13 45 55
4 38 68 132 47 70 760 106 39 20 13 538 58
5 35 68 95 43 68 748 95 38 20 12 62 43 ~
6 40 65 74 40 79 *+1.360 87 36 20 11 74 *40 7
7 35 65 60 38 124 1..260 82 36 20 10 16 43
8 35 62 51 37 468 863 77 36 20 10 413 43
9 3.0 65 46 35 782 634 76 38 19 10 44 407
10 40 68 41 34 872 490 71 39 i8 10 29 38
1 27 78 36 32 s89 415 67 36 18 10 i6 38~
12 27 92 33 34 455 332 64 34 18 95 11 35~
13 14 96 « * 31 33 X170 274 60 33 17 10 92 33~
14 S6 89 29 30 2070 239 58 31 17 10 89 33~ .
15 78 82 28 28 1.840 218 57 * 31 17} 92 78 33
16 638 as 26 *27 1.640 205 54 30 17 8.5 73 35 -
17 62 92 76 27 L1310 187 S2 29 17 82 6.5 38 -~
18 S2 92 91 31 1180 165 51 29 16 75 65 33 -
19 52 11 155 946 967 153 54 28 14 74 62 30~
20 43 24 560 1410 733 147 S1 27 14 65 58 28~
21 43 28. 603 600 553 133 49 28 *13 68 58 28 ~
22 48 36 390 346 418 430 47 27 14 3] 52 3.0~
23 S2 52 260 247 332 £65 46 27 16 5.5 45 33~
2 52 149 189 200 274 503 45 27 16 52 52 37
25 55 377 147 166 230 418 44 27 17 52 52 33
3 26| 10 228 117 142 195 342 42 26 17 4g 52 30~
o7 27 13 144 99 124 170 284 S8 26 16 48 4.5 437
o7 .28 21 96 a4 112 178 * 240 74 26 16 48 43| 7 75
.. 29 20 123 76 101 - 205 53 24 16 4.5 38/ 13
30 13 200 68 93 176 47 24 15 43— 3gj~ 19
oS n =7 -7 61 87 lemmccmens 154 | commmmaee 23 f e 4.3 el L
8 Total 2622 16072 4,812 8250 2.000 *>34 2052 984 523 2629 298.7 1401
11 Mean 8.46 536 155 189 N 67 1 3‘51. 64.4 317 17.4 8.48 9.6 4, 457
o Max 27 377 603 L1410 X170 360 139 44 22 16 44 19
(3 Wa 30 62 26 27 68 133 42 23 13 43 38 28
Ae-ft 520 3190 9.540| 1a410 37.690 27.740 4,070 L1950 1040 521 S92 278
’ Se-fe ! !
1oz Celendar year 1961: Max 3.000  Hin 50 Mean 153 Ac-££ 110,400
lev Vater year 1961-62: Max 3170 Min 28 Mean 135 Ac-ft 97.540
l‘.: Peak discharge (base, 2,400 cfs).--gan. 19 (2000) 2,540 c£s (-7 T); Feb. 13 (2000) 7,460 cfs (18.60 rt).
~——n * Discharge measurement rade on this day.
— - -
2%0 , -~
S PY TN . .
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TABLE X-1b

PROPOSED SUMMARY OF IMPROVEMENTS
CONSTRUCTION COSTS
FOR WATER TREATMENT PLANT

Current
Proposed 12/85
Priority Construction . Costs, $
1. Storage Ponds
Remove growth 3,000
Scarify side slopes 4,000
Center earthen germ 16,000
Diversion boxes 30,000
Re-route existing piping 3,000
Gunite side slopes 64,000
Gravel bottom 8,000
Access roads 6,000
$144,000
2, Pump Station
Remove superstructure 20,000
New superstructure 95,000
New laboratory area 35,000
Revise chemical systems 4,000
New potassium permanganate 12,000
Raw water pumps 46,000
Finished water pumps 51,000
Revise electrical panels 75,000
Revise alarm/monitoring system 25,000
New Caustic Soda System 16,000
Spare Polymer Feeder 3,000
$363,000
~t+- Flash Mixing
Relocate 1,000
$1,000
~}4——Flocculation
New flocculation basins 90,000
Vertical mixers 48,000
Internal baffles 3,000
Re~route piping 14,000
Sluice gates, baffles 23,000
Handrails 19,000
$197,000



APPENDIX B

GEORGIA PACIFIC WATER RIGHTS

NOYO RIVER AND PUDDING CREEK
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N, S T mmcme e
wicense for Diversion and Use oFWatet ' '

PERMIT__9549 License__ 6449
| e —

Union Lumber Cumpany

Tras Is To CerTIFY, That 620 Market Street
San Francisco, California
be 5 mede proof a1 of June 25, 1981,
(the date of imspection) to the satisfaction of the State Water Rights Board of & right 2o the use of the water of
Pudding Creek in Mendocino County

s

tributery to Pacifie Ocean

for the purpose of industriel use
under Permit 9549 of the State Water Rights Board end ths? said right 20 the wse of 1aid water bas been

perfected in accordance with the lsws of California, the Rules and Regulations of the Stste Water Rights Board end the
terms of the said permit; that the priority of the right berein confirmes dates from November ik , 1952

and that the amount of water to which such right is entitled and bereby confirmed, for the purposes aforesaid, is limited
%o the amount actudlly beneficially used for said burposes and sball wot exceed one (1.0) cubie foot per
second by direct diversion to be diverted from January 1 to December 31 of each
Year and two- hundred (200) acre-feet Per annum by storage to be collected from
about October 1 of each year to about June 30 of the succeeding year.

The total amount of water diverted to storage under this iicense ard under Appli-
cation 15083, Permit 9550 shall not exceed 200 acre-feet per annum.
e ———————

The point  of diversion of such water ig locsted :

North twenty degrees east (N20°E) three thousand three hundred eighty (3380) feet
from SW corner of Section 6, TI8N, R1TW, MDELM, being within SWL of NWL of said

Section 6.

A description of the lands or the place where such water is bt to beneficisl use is o5 follows;

Within NEL of NE} of Section 12, T18N, R18W, MDE:M.

All rights and privileges under this license including method of diversion, method of use and quentity of water
liverted cre subject to the continuing authority of the State Water Rivkts Bosrd in cooordzvmn with Tove 2o in ik,

e S




~= i-mmem enail f on such (O and €OOTMN such rrrens a» mav ¢ nrescribea by the bosrd.

POy R it

Section 1626, Al licensc siiali be under the terms and conditions of this givision {ot the Wazer Conic).

Secrion 1627. A license shall be effective for such time a1 the water acrually appropriated under it is used for a useful and bencficial purpose i
conformity with this division (of the Water Code) but no longer.

Section 1628, - Every license shall include the enumeration of conditions therein which in substance thall include sll of the provisions of this
article and the that any sppropri of water to whom & lic:nsc is issued takes the License subject to the conditions therein cxprossed.

Section 1629, Every licensce, if he accepts a license dnes 30 uader the conditiont precedent that no value whatsoever in excess of the aztual
amount paid’to the State therefor shall at any time be assigned to or chiimed for any license granted or issued under the provisions of this Jivi-
sion {of the Water Code), or for any rights granted or acquired under the provisioos of this division (of the Water Code), in respect to the regu-
Iation by any competent public authoricy of the services or the price of the services to be rendered by any licensee or by the holder of any righes
granted or scquired under the provisions of this division (of the Water Code) or in respect to any valuation for purposes of sale to or purchase,
whether th b d jon p dings or otherwise, by the State or any city, city and county, municipal warer districe, irrigation districe,
lighting district, or any political subdivision of the State, of the rights and property of any licensee, or the possessor of any rights granted, issued,
o¢ acquired under the provisions of thiy division (of the Water Code).

Section 1630. At iny time after the expiration of twenty y}an after the granting of a license, the State or any city, city and county, municipsl
water district, irrigation discrict, lighting district, or any political subdivision of the State shall have the right 1o purchase the works and propercy
occupied and used under the license and the works built or constructed for the enjoyment of the rights graoted under the license.

Section 1631. In the event that the State, or any city. city and county, municipal water district, irrigation district, lighting districe, or polit-
ical subdivision of the State so desiring to purchase and the owner of the works and Pproperty cannot agree upon the purchase price, the price shall be
determined in mch manaer as is sow or may hereafter be provided by law for determining the valuc of property taken in eminent domain proceedings.

FEB 23 1 i
. Dated: ¢ 1962

L AT
L K, M
L. K. HILL
Executive Officer

Kt

iion_Lumber Company
Al 523 .
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STATE WATER RESOURCES CONTROL BOARD
Room 1140, Resources Building
Socramento, California 95814

Nore R,

ZORCES STATE OF CALIFORNIA

D THE RESOURCES AGENCY
‘f' ”);:\; STATE WATER RESOURCES CONTROL BOARD
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3 eSSy DIVISION OF WATER RIGHTS
METS
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Y

License for Diversion and Use of W ater

©143

APPLICATION _1E083— PERMIT_%se_____; LICENS

BOISE CASCADE TIMBER PRODUCTS

Trus Is To CERTIFY, That 90 wEST REDWOOD AVENUE, FORT BRAGG, CALIFCRNIA 95437

made proof as of (the date of inspection)
HAS " Augusy 3, 1963

to the satisfaction of the State Water Resources Contro? Bo’an} of a right to the use of the water of
NOYO RIVER 1H NEMOOCINO COUNTY

g —

tributar/ 10 paciFi€C OCEAN

for the purpose of noysTmiAL yst

under Permit g o;’ fie Board and that the right to the use of this water has been perfected

in accordance with the laws of Cadlifornia, the Regulations of the Board and the permit terms; that the
priority of this right dates from  poyrusen 14, 1 dgsz and that the amount of water to which
this right is entitled and hereby confirmed is limited to the amount actually beneficially used for the stated
purposes and shall not exceed gNE AND THIRTY=THREL HUNDREDTHS (1.33) cusic FeeT PrR

SECOND TO B2 DIVERTED FROM ABOUT May 15 vo ABouT DECEMBER oF EACH YEAR, THE
MAXIMUM AMOUNT DIVERTED UNDER THIS LICEMBE SHALL woT Excerp 475 ACRE-FEET PIR YEAR,

THE POINT OF DIVERSION OF SUCH WATER 1S LOCATED:

souti T8° £AsT 2,240 rrLT FROM M cornzr of sEcTion 9, T18n, ml1lw, wxo3dn,
acing WITHIN ME1/4 of we1/4 OF 3A1D sECTION 9.

THE POINT OF REDIVERSION OF SUCH WATER IS LOCATED:

NonTH 20° £AST 3,3ED FLCT FROM SW CORNER OF stcTion 6, Ti8n, nllw, wopd,
pEING WITHIN awl/4 of wvl/4 oF $AI1D EECTION 6.

'

A DESCRIFTION OF LANOS OR THE PLACE WHERE
SUCH WATER 1S PUT TO BEMEF ICIAL USE 1S AS FOLLOWS:

WitTHin NE1/4 oF NE1/4 or stcTion 12 718x, R18w, woBLM AT THE UniON LunBCR COMPANY
BAVMILL PLANT. :
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Licensee shall allow representatives of the Board and other parties, as may be authorized from time to
time by the Board, reasonable access to project works to determine compliance with the terms of this license.

All rights and privileges under this license including method of diversion, method of use and quantity of
water diverted are subject to the continuing autherity of the Board in accordence «with law: and in the interest
of the public welfare to prevent waste, unreasonable use, unreasonable method of use or unreasonable
method of diversion of said water.

Reports shall be filed promptly by licensee on appropriate forms which will be provided for the purpose
from time to time by the Board. :

The right hereby confirmed to the diversion and use of water is restricted to the point or points of diversion
herein specified and to the lands or place of use herein described.

This license is granted and licensee accepts all rights herein confirmed subject to the following provisions
of the Water Code:

Section 1625. Each license shall be in such form and contain such terms as may be prescribed by the Board.
Section 1626. All licenses shall be under the terms and conditions of this division (of the Water Code).

Section 1627. A license shall be effective for such time as the water actually appropriated under it is used for a useful and
beneficial purpose in conformity with this division (of the Water Code) but no longer. .

Section 1628. Every license shall include the enumeration of conditions therein which in substance shall include all of the
provisions of this article and the statement that any appropriator of water to whom a license is issued takes the license subject
to the conditions therein expressed.

Section 1629. Every licensee, if he accepts a license does so under the conditions precedent that no value whatsoever in
excess of the actual amount paid to the State therefor shall at any time be assigned to or cliimed for any license granted or
issued under the provisions of this division (of the Water Code), or for any rights granted or acquired under the provisions of
this division (of the Water Code), in respect to the regulation by any competent public authori of the services or the price
of the services to be rendered by any licensee or by the holder of any rights granted or acquired under the provisions og) this
division (of the Water Code) or in respect to any valuation for purposes of sale to or purchase, whether through condemnation
proceedings or otherwise, by the State or any city, city and county, municipal water district, irrigation district, lighting district,
or any political subdivision of the State, of the rizhts and property of any li , or the pc of any rights granted,
issued, or acquired under the provisions of this division (of the Water Code).

Section 1630. At any time after the expiration of twenty years after the granting of a license, the State or any city, city
and county, municipal water district, irrigation district, Jighting district, or any political subdivision of the State shall have the
right to purchase Lﬁe works and property occupied and used under the license and the works built or constructed for the
enjoyment of the rights granted under the license.

Section 1631. In the event that the State, or any city, city and county, municipal water district, irrigation district, lighting
district, or political subdivision of the State so desiring to purchase and the owner of the works and property cannot agree
upon the purchase price, the price shall be determined in such manner as is now or may hereafter be provided by law for
determining the value of property taken in eminent domain proccedings.

Dated:
STATE WATER RESOURCES CONTROCL BOARD

v 078 Chief, Division of Water Rights
(43 X,

S——




(“ 4 copy of this document is being
recorded at your County Recorder.

Please retain this copy for your file.

APPLICATIO!

STATE OF CALIFORNIA
THE RESOURCES AGENCY
STATE WATER RESOURCES CONTROL BOARD

"DIVISION OF WATER RIGHTS *

: ORDER
15083 9550 9143

PERMIT. UCENSE

ORDER ALLOWING CHANGE IN POINT OF DIVERSIOHN
AND AMENDING THE LICENSE

WHEREAS:

1.

License 9143 was issued to Boise Cascade Timber Products and was recorded
with the County Recorder of Mendocino County on March 5, 1970 in Book 811,
Page 719.

License 9143 was subsequently assigned to Georgia-Pacific Corporation.

A petition for change in point of diversion has been filed with the State
Water Resources Control Board and said Board has determined that good cause
for such change has been shovwn.

The Board has determined that the petitioned change does not constitute the
initiation of a new right nor operate to the injury of any other lawful
user of water. :

NOi, THEREFORE, IT IS ORDERED THAT:

1. The points of diversion under this license shall be as follous:

—~

1. South 78° East 2,240 feet from N{ corner of Section 9, TISN, RITY,
MDE&M, being within NE% of N4 of said Section 9.

2. West 1,120 feet from NE corner of the SE4% of MEY of Section 9, TI8H,
R174, MD3& being withn SE: of NEY of said Section 9.

2. A new paragraph is added to this license as follows:

This license is subject to the acreement dated June 11, 1981 and June 15, 1981
between licensee and the California Department of Fish and Game to the extent
such agreenent covers matters within the Board's jurisdiction.

SEPTEMBER 25 196i

Dated:

Boponind HEBL

Raymond Valsh, Chief

A Division of Water Rights

TR TT T - e 79 T 3o —rrm vt st 3 =2t vy 7. 7=+~ T o o7, gt TR
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State Water Resources Control Board
Division of Water Rights

77 Cadillac Drive

Sacramento, CA 95825

15085 Georgia-Pacific Corporation on Noyo River in
Mendocino County.

The undersigned applicant hereby acknowledges the Department of Fish
and Game's protest of subject application on file with the Division
of Water Rights and agrees to abide by the revised protest withdrawal
conditions defined below. I understand that my violation of these
terms may lead to a hearing before the’ Board and would result in
revocation of any permit or license obtained under this application.
Applicant agrees to provide the Board with copies of any supplemental
agreements involving the project.

Georgia-Zacific Corp. . Dated:/Q/_“ A /?Cg/
: = Ny R e
Appllcanté ’&<‘ Céi '14/4 71 /_77<:L,_

1. Complianég with the Permit Term 60 Agreement dated June 8, 1981.

2. Georgia-Pacific agrees to review of the above by-pass amounts at
such time as revised by-pass terms are placed on the City of Fort
Bragg's diversion by the State Water Resources Control Board.
By-pass flow values may be changed by agreement between Fish and
Game and Georgia-Pacific. In the event of failure of both parties
to reach agreement, the parties will agree to final resolution
of the terms by the State Water Resources Control Board. Resolu-
tion of the disagreement will follow established Board procedures.

3. Installation of a staff gage at the point of diversion which shall
be calibrated by gaging the river at point of diversion. This
gaging will be checked against the water level recorder records
at the USGS gaging station on the Noyo River if they are available.

In consideration of the foregoing and with the express understanding
that any permit (license) issued under the above application, if and
when issued, will contain a provision that it is issued subject to
the above terms, the California Department of Fish and Game hereby
withdraws its protest to approval of subject application. We under-
stand that an invasion of those terms by the permittee (licensee)
will give rise to a right of action on our part.

Tl PN/ 4

California Department of Fish and Game




PERMIT TERM 60

TITLE: FISH PROTECTION

WHEN USED:

After agreement between applicant and the Department of
Fish and Game ) :

TERM: For the protection of fish and wildlife, permittee shall during
the period:

(a)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

From May 15 through May 31 by-pass a minimum of 20 cubic
feet per second.*

From June 1 through June 30 by—pass a minimum of 3 cubic
feet per second.¥*

From July 1 through July 31 by—pass a minimum of 3 cubic
feet per second.*

From August 1 through August 31 by-pass a minimum of
3 cubic feet per second.¥*

From September 1 through September 30 by-pass a minimum
of 3 cubic feet per second.*

From October 1 through October 31 by-pass a minimum of
5 cubic feet per second.*

From November 1 through November 30 by-pass a minimum of
10 cubic feet per second.*

1.

During the month of November, if stream flow on the
Noyo River falls below 25 cfs, Georgia-Pacific agrees
to notify (by phone) the Department of Fish and Game.
At that time, both Georgia-Pacific and Fish and Game
will evaluate the current stream flow for fish passage.
If the stream flow prevents the upstream passage of
spawning fish, the following alternatives will be
evaluated.

a. Change the point of diversion to downstream
station, recognizing the high tide salt water
concentration problem.

b. 2id fish, having problems, over critical riffles.

c. Alter the streambed so as to allow fish to mlgrate
upstream.

The total streamflow shall be by-passed whenever it is less
than the above designated amount for that period.*

*Except for the following drought conditions:



If by May 1 of any given year, the accumulated monthly rainfall
beginning on October 1 of the previous year is less than 67 percent
of the average rainfall for the period of record, a drought period
will exist. Presently, 67 percent of the average precipitation

for the period of October 1 to May 1 is 22.79 inches. Under drought
conditions, Georgia-Pacific agrees to the following:

A. Decrease the pumping rate to one-half the permitted rate of
1.33 cfs at the upstream point of diversion until such time
as the minimum by-pass flow rate is exceeded. Pumping may
then proceed at the permitted rate.

B. Decrease the pumping rate to one-half the permitted rate if
the flow should fall again belcw the permitted minimum by-pass
value.

If under drought conditions, it is determined by the Department of
Fish and Game or Georgia-Pacific that pumping at the present (or
lower) point of diversion would be of more benefit to the fishery
resource in the Noyo River, Georgia-Pacific agrees to the
following: -

A. Decrease the pumping rate at the lower point of diversion to
one-half the permitted rate of 1.33 cfs until such time as
the minimum by-pass flow rate is exceeded. Pumping may then
proceed at the permitted rate.

B. Decrease the pumping rate to one~-half the permitted rate if
the flow should fall again below the permitted minimum by-pass

value.

C. Discontinue pumping at the lower point of diversion if salt
water is being pumped from the Noyo River to Pudding Creek.

D. Not pump water at both points of diversion simultaneously.

-




APPENDIX C

USGS FLOW DATA:
NOYO RIVER GAGING STATION RECORDS

1951-1977
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AAVARRO RIVER BASIN
'~ ~o River rear Navarro, Calif.

", in SEd sec.7, T.15 N., R.16 W., on left bank
.4 miles upstream from mcuth, and 6.6 miles west

:ptember 1860.
ude of gage 1s 20 ft (from topographic map).
" (402,500 acre-ft per year).
1ir, 24,800 cfs Feb. 8 (gage height, 30.98 ft, frem
8, 23-16, 30.
;#5230 cfs Dec. 22, 1955 {gage height, 40.60 ft), froa
¢f3 on basis of slope-area measurement of peak flzu;
1 stage of 38.2 ft, from flcodmarks.
T period of no gage-height record, which are poor.,
- .3 of chemical analyses for the water year 1960 dre
1954(M) .,
$59-60 (gage hej,ghti in feet, and diacharge,

“ie feet per second
. method used Oc¢ct, 1 to Dec. 27)

Peb. 9 to Sept. 30

0 4.18 5.0 7.0 830
] 4.2 7.8 3.0 1,820
o 4.3 18 13.0 4,500
‘ 4.5 50 17.0 8,200
s 5.0 158 20.0 11,400
bt 6.0 45§
800
cond, water year Octcber 1959 to September 1960
3 Mar, Apr. May June July Aug, | Sept.,
o] 130 613 141 110 35 18 1.3
,030 125 3515 139 EED I3 he:3 T
,030 Z50 448 132 90 35 27 7.1
8s2| 2,s00|" 393 132 84 35 17 6.5
o} 5,500 351 122 78 33 17 6.5
2| 4,500 315 112 76 33 15 5.5
3 4,750 283 108 76 33 17 [
2] 3,200 267 101 *72 33 15 B.3
000} 2,150 243 39 68 33 15 T3
.2004 1,400 225 92 66 32 14 7.1
7 100 215 %0 63 2/ 1 5.5
600 202 a8 81 30 14 6.5
o 2,050 189 84 57 29 14 6.5
3t 1,450 184 82 S4 27 14 6.t
540 *938 168 80 S0 24 14 5.5
s20 794 1584- 78 48 23 15 6.5
662 151 78 47 23 14 7.2
560 144 72 45 21 13 6.5
! 483 139 68 42 *20 12 6.5
417 128 1] 40 18 11 7.0
270 372 124 70 40 17 10 6.5
235 336 120 70 43 15 9.3 6.8
5 309 pai 92 38 15 9.3 £.3
282 156 246 35 14 8.5 6.2
: 261 134 336 33 1.8 6.0
243 132 246 33 15 8.5 6.2
59 258 *243 205 35 17 8.5 6.5
150 399 243 174 33 17 8.5 6.5
142 306 181 153 35 17 12 5.8
T 634 156 136 35 17] «10
: 778 [~ ~--een 120 {~-==-=~ 18 7.8
" 138,737 | s,953| 3,812| 1,686 7611 398.2
St 1,250 232 123 S6.2 24.5 12.8
276,830 | 13,800 | 7,560| 3,340 1,510 790
Mean 313 Ac-ft 226,300
Mean 331 Ac-{t 240,100

' ime unknown) 24,800 cfa (30,98 re).

9
"ar. 14 discharge estimated on basis of 2 discharge meas-

NOYO RIVER BASIN
4685, Noyo River near Fort Bragg, Calif.

tseation.=-Lat 39°26', lcng 122°44', in Swi sec.10, T.18 N., R.17 W., on rlgnt banx
.7 mile downstream from South Fork and 3.5 miles east of Fort Bragz.

prainage area.--105 sq mi.

Records_available.--August 1951 to September 1960.

637

jage.--Water-stage recorder. Datum of gage 18 12.1 ft above mean sea level (planeca“le

survey) .

Average discharge.~-9 years, 239 cfs (173,000 acre-ft per year).

Extremes.--Maximum discharge during year, 12,000 cfs Feb. 8 (gage helght, 21.75 ft); mini-
A 1.

“oum, 4.0 ¢fs Oct. 6, 7, Aug. 2
1951-80: Maximum dischargs, 22,000 efs Dec. 22, 1955 (gage height, 25.84 ),
rating curve exterded above 3,550 ¢fs on basis ¢f slope-conveyance study; minimuz,
2.4 cfs 3several days in August and September 1959,

from

Remarks.--Records good. No regulation cr diversion. Records of chemical aralyses for the

water year 1960 are given in WSP 1744.

Rating tables, water year 1959-60 (zaze height, 1in feet, ard discharge,
in cublc feet per second)
{Shifting-control method used Aug. 28-31)

Oct. 3 to Peb. 8 Feb. 8 to Sept. 30

1.1 2.0 3.0 145 1.3 2.0 3.0 145

1.2 4.2 4.0 342 1.4 4.5 4.0 320

1.4 11 7.0 1,240 1.6 11 6.0 350

1.7 26 10.0 2,350 2.0 37 3.0 1,900

2.0 45 15.0 4,550 2.5 81 13.0 3,600

2.5 88 18,0 7,500

Lacharge, in cubic feet per second, water year October 1959 to September 1969

Day Oct. Nov. Dec. Jan, Feb. Mar. Apr. May June July Aug. § Sept,
1 4.5 4.5 6.0 9.5 625 64 435 s8 14 18 8.9 4.3
2 *4.5 3 g0 8.7 773 50 35 LT 66 ps:) 9.2 3
3 4.2 4.5 8.3 8.7 464 127 306 56 58 17 T3 3
T 9.2 4.8 6.3 8.3 3801 1,730 258 53 S1 15 8,2 4.5
s 51 4.8 6.3 482f 2,780 225 54 48 15 8.2 4.5
§ 4.0 4.8 6.3 8.7 3381 2,140 195 50 47 1s 7.8 4.5
7 .0 5.1 6.3 9.91 1,940( 2,440 171 48 4“ 4 7.5 4.8
8 5.1 S.4 6.3 47 7,720} 1,730 151 47 4] vy 7.5 4.8
9 9.1 5.1 6.3 49 b 97 %) 982 135 45 33 13 7.1 4.8
0 9.1 5.1 6.9 33 2,410 646 122 43 38 13 7.1 4.8
11 8.0 5.1 7.6 61 *1,420 525 117 40 3¢ 13 7.1 4.8
12 6.6 5.1 9.5{ 101 az23 733 103 41 33 13 6.5 4.8
13 6.0 5.4 15 54 553! 1,050 95 38 31 12 6.5 5.2
i4 5.7 5.4 13 88 395 81 97 37 29 12 6.5 5.2
15 5.4 S.4 9.5! 107 308 *570 85 38 28 12 8.5 5.2
16 5.1 5.4 a.0 66 233 443 79 ] 27 12 6.2 5.2
7 S.1 5.4 7.2 45 215 350 74 34 26 12 6.2 5.5
18 4.8 5.4 7.2 35 203 288 72 33 25 1| 6.2 5.5
19 4.8 5.1 7.6 30 178 244 72 32 24| *11 6.2 5.5
20 4.8 5.1 6.9 26 153 211 67 33 22 11 5.8 5.8
Y 4.8 5.4 7.2 30 132 187 64 34 22 11 5.8 5.8
22 ¢ 5.4 5.4 7.6 58 117 166 62 27 22 10 5.8 5.5
23 5.4 5.4 14 49 106 151 63 2 9.6 5.5 5.8°
24 5.7 *5.0 32 50 95 135 62 126 19 9.2 5.2 5.8
25 5.7 52 194 88 123 80 150 20 9.2 5.2 5.8
2 5.7 6.0 30 267 116 63 197 20 9.2 4.8 1
27 5.7 5.7 19 248 126 75 18 8.9 4.8 3.9
2 S.4 5.7 14 320 181 79 145 18 8.5 4.5 8.5
23 4.8 5.7 12 275 148 &7 119 pe:) 33 4.5 8.9
30 4.8 6.0 11 560 448 61 99 18 a.s ".s 8.5
31 4.5 |-—amues 10 518 fe---ean 86 {=---o-- 8.5 4.0 j=~mmmem
tctall 173.0 |1 158.7 | 363.3 [3,180.5 | 23,769 | 20,245 3,871 | 2,088 9801 372.17 133.3! 172.8
Mean|{ 5.58 5.29 11.7 103 a20 653 129 67.4 32,7 12.0 I 6.40 5.76
A=y 343 315 721 | 6,310 | 47,150 { 40,160 | 7,680 | 4,140 1,240 | 7381 333 l 343
talendar year 1953: Max 3,100 Min 2.4 Mean 124 Ac-ft 83,610
¥aiter year 1953-60: Max 7,720 Min 4.0 Mean 152 Ac-ft 110,200

Peak discharge (base, 2,400 efs).-~Peb. 8 (8 a.m.) 12,000 cfs (21.75 £t); Mar. 5 (4 p.m.) 3,780 cfs

(13,40 fre).

* Discharge measurement made on this day.

YT W e



B

rceaticn.--Lat 39°2s7,
- 0.7_ nille dewnstream !

NOYO RIVER BASIN

4685. Noyo River near Fort Bragg, Calif.

4

Drainace area.--105 sq mi.

Records

gage.--Water-stage recorder.

avallable . --a

123°44",

‘n SWi sec.i9, T.I8 N.,

ugust 1951 tc September 1959.

R.17 W., on right bank
m South Fork and 3.5 miles east of Fort Bragg.

Averags discharge.--3 years, 250 cfs (181,000 acre-ft per year).

Altitude of gage 1s 50 ft, (frcm tcpographic map).

Extremes.-~Maximum discharge during year, 4,280 cfs Jan. 12 (gage height, 14.45 ft); min-

e
inum,

1951-39: Maxim

umn

atann
qigen

2.4 ofs several lays in August and September.
arge, 22,000 c’s Dec. 22, 1955 (gage height, 25.64 ft),

from rating curve extended abcve 3,600 ofs on basis of slcpe-conveyance study; mini-
mum, that of August and September 1353.

Remarks.--Reccrds gocd.
the water year 1939 are given In WSP 1644.

No regulation or diversion.

Rating tables, watzr year 1958-59 (gage heignht, in feet, and discharge,
in cubic feet per secand)

t. 1 to Peb. 16

Discharge, in

3.0
4.0
7.0
10.0
12.0

158

Peb, 17 to Sept, 30

2.5 88
3.0 148
4.0 342
7.0 1,240
10.0 2,320

cublic feet per second, water year October 1358 to September 1959

Records of chemical analyses for

Day| Oct, Nov. Dec. Jan, Feb. Mar. Apr. May June July | Auz. Sept.
1 5.0 11 11 27 282 177 295 37 18 1.0 z.9]
2 3ol 12 1 24 211 157 533 ITOE 0 2.7}
3 5.0 11 11 21 171 141 195 33 18 4.0 2.7
4 5.¢ 9.7 1 T 143 128 183 32 13 8.7 4.0 2.7 j
5 5.0 2.2 1 351 122 117 142 3 18 a 3.8 2.9
[ 5.0 8.7 11 331 105 109 126 30 17 a 5.8 2.3
7 5.0 8.7 11 33 94 101 111 3C 16 8 3.8 2.9
8 5.0 8.2 10| 2,300 85 94 93 28 15 *8 3.3 2.9
9 *5,0 17 10l 3,100 30 a? 89 27 15 7 3.1 2.7
10 5.3 22 19 T,350 252 81 *g1 27 15 7 3.1 2,7
11 5.5 19 10 475 413 77 74 26 12 7.2 3.1 2.7
12 5.6 13 11| 2,830 329 74 71 26 13 ] 2.9 2.4 |
13 5.8 12 1 1,110 268 71 65 24 13 €.6 3.1 23
14 5.6 42 11 578 828 88 62 26 14 6.3 1.3 2.9
15 5.6 35 10 340| 1,810 &2 [ 24 13 6.3 2.9 2.9
16 5.6 22 19 245| 2,3cH 58 55 24 13 6.3 2.9 2.9
17 6.0 17 *10 188 I 56 53 24 13 6.3 2.7 3
18 5.0 18 10 147] 1,410 54 s1 24 13 6.3 l 2.7 30

19 6.2 52 11 17| 1,279 s3 43 23 13 6.0f {1 2.7 z4
20 8.3 k12 13 96} 1,150 53 46 22 2 §.0 :2.9 14

21 5.3 27 38 *84] 1,030 54 45 »22 12 g.7 2.1 19

22 6.6 21 32 73 776 58§ 44 22 1 5.1 2,7 8.0
23 6.6 18 23 85 543 105 42 22 11 5.7 2.7 6.9
24 6.3 18 20 15 410 111 40 22 10 5.7 2,7 5.0
25 6.3 14 23 571 333 102 44 22 10 s.7{ i} 24 S.7
26 6.0 14 41 683 s2 6.0 ' 2.4 €.1
27 6.0 13 121 771 44 S.4f 1F 2.4 s.1
28 6.0 12 731,130 39 4.8 2.4 4.9
29 6.0 11 49 770 37 4.5 2.7 4.8
30 5.3 33 431 37 4.2 ‘ 2.7 8
5 7.2 32 335 4.0 2.7 -
Totall 178,1 ,842 208.1 94.4| 177.0
Mean| 5,75 35.C §.42 3.08 5.9
Ac-tt, 352 5,030 497 187 5]
Calendar year 1338: Ma Mean 2311 Ac-ft 246,500

Water year 1358-53: Ma Mean 128 Ac-ft 31,050

Prak discharge (tase,

3
{14.4S r}; Peb, 16 (2

and diacnharze
.

unknewn); Jan. 12 (9 a.m.) 4,280 cfs

# Discrarge measursment made on this day,



VER BASIN
ar Navarre, Caliif.

£t 7, T.15 N., R.1€ W., on left bank
le tream {rom mouth, and 6.6 miles

ratn

1958,
© 's 20 £t {from topographic map).
re-ft per year).
-<J cfs Feb. 24 (gage height, 24.51 £t); min-

Dec. 22, 1955 (gage height, 40.60 ft fr
: 1s of slope-area measurement of pe;k rlgg

36.2 ft, from flcodmarks.

2i'sion,

. ! helght, 1in feet, and discharge,
:r second)
'thod used Mar, 3-20)

Mar. 1 to Sept. 30

3.9 14 8.0 1,200
4.0 20 10.0 2,300
4.2 38 12.0 3,500
4.5 80 16.0 6,500
5.0 170 20.0 10,300
5.5 285 25.0 16,200
6.0 430
year October 1957 to September 1958
i Apr. May June July Aug, Sept,
51 5,810 226 90 47 25 16
)| 8,840 213 *97 43 2 18
7,740 205 113 Ty 22 16
5,280 195 97 47 23 16
4,180 7 90 46 22 16
., 4,950 184 86 46 22 17
71 3,110 178 a6 a4 22 T6
S{ 2,140 173 90 41 21 16
3] 1,640 167 110 40 21 15
1,320 160 104 36 21 15
7 w0 164 92 35 20 16
AL 7 164 82 34 18 15
) L21 1s 79 3¢ 18 15
zI 725 148 75 33 18 15
| 650 140 n *33 18 15
‘
582 137 68 33 18 15
529 129 65 34 18 15
) 4%0 126 62 35 17 14
440 122]- 71 34 17 1
401 119 72 33 17 14
373 115 66 3 17 14
352 117 62 30 17 14
*332 126 61 30 16 14
316 120 61 29 5 14
| 293 11 58 28 17 1t
: 283 106 28 17 1
4 270 102 28 07 1:
260 99 28 17 14
247 95 26 16 14
233 92 26 16 14
T 0 25 s
i 54,615 4,463] 2,269! 1,086 535 447
I 1,821 144 75.6 35.0 18.9 14.9
108,300f 8,850| 4,500| 2,150| 1,160 897
421 Ae-f% 304,500
957 Ac-t 692,900

| -560 efs (17.08 ft); Jan. 29 (8 p

i; :onrg)isrggo sr(a(g‘ma; 8,370 cra (11 99 rt%
cla

(21 aa L) t't), Peb., 24 (8 p.m.

NCYC RIVER BASIN B
4685, Noyo River near Fort Bragg, Calif.

Location, ~-Lat 32°26', long 123°44', in SW sec.1C, T.18 X., R.17 W., on right bank
3.7 mile downstream rom South Fork and 3.5 miiss east of Fort Bragg.

Drainage area.=-105 sq mi.
R2cords avallable, --August 1951 to September 1958,

dage.-~-Water-stage recorder. Altitude of gage is 50 ft (from topographic map).
Averaze discharge.-=7 years, 268 cfs (124,000 acre-ft per year).

. ==Maximum dlscrarg° during year, 8,230 cfs Feb. 12 {gage neight, 19.17 ft);
wa, 4.8 ¢fs Sepr. 30
1951-58: Maximun discnarﬁe 22,000 cfs Dec. 22, 1955 (gaze height, 25.64 ft), from
rating curve extended above 3, 600 s on basls of alope-convejanﬂe study, minimum,
3.5 cfs Sept. 14, 22-24, 1951, -

femarks.--Records good except those for perlods of no gage-helght record, which are fair.
No regulation or diverston.

Rating tables, water year 1957-58 (gage height, in feet, and
discharge, in cublc feet per second)

Cet., 1 to Mar, 31 Apr. 1 to Sept. 30

1.8 13 4.0 342 1.3 5.0 3.0 158
1.7 pt:) 5.0 820 1.4 8.2 4.0 344
2.0 37 8.0 1,590 1.5 13 7.0 1,240
2.5 81 12.0 3,150 2.0 48 10.0 2,350
3.0 145 17.0 5,900 2.5 93 14.0 4,050
Discharge, in cublc feet per second, water year October 1957 to September 1958
Day Oct. Nov, Dec. Jan. Mar, Apr., May June July Aug. Sept.
1 25 44 57 414 783] az, 700 a8 42 25| 12 6.6
2 18 41 54 433 585[ a4,000 85 s$2 25 12 6.6
3 16 38 81 312 470 3,132 a3 *S3 25 11 *5.6
4 s 5 49 331 393 2,220 79 45 25 11 6.6
S 20 33 49 284 338 1,670 77 42 23 11 6.6
[ 25 32 46 240 298 1,630 75 42 23 1l 6.6
? 22 32 43 208 263] 1,180 73 44 22 10 6.6
8 22 36 43 191 238 844 T2 42 22 9.7 6.6
9 148 35 42 188 207 643 63 46 21 9.7 6.6
10 151 37 41 470 191 496 67 44 21 9.7 6.6
11 95 47 40 524 *181 411 68 42 19 9.2 6.6
12 86 48 39 1,030 168 359 67 40 19 9.2 6.9
13 1,070 4865 39 1,200 159 316 63 38 19 8.7 6.9
14 352 1,800 38 792 165 279 60 36 18 8.7 6.9
15 181 631 44 576 181 247 59 33 13 7.9 &.9
18 *113 368 100 437 160 213 57 33 14 7.9 6.9
17 85 247 172 359 143 203 54 32 19 7.9 7.2
18 85 204 746 300 128 183 48 33 20 7.9 6.9
19 53 181 721 259 117 1786 Sl 40 19 7.9 6.6
20 47 164 954 229 198 160 s1 38 17 7.9 8.3
21 42 146 1,730 199 657 148 50 35 18 7.6 7.6
22 37 124} 1,540 *180 al, 200 139 53 35 16 7.2 9.2
23 43 109 873 212 al,000 130 68 33 16 7.2 6.3
24 65 99 624 *426 1,010 *123 S8 32 16 7.2 6.0
25 70 93 489 511 1,080 114 53 31 15 6.9 6.3
26 80 87 461 1,280 977 108 51 29 14 6.9 6.3
27 74 80 *412 1,140 779 103 47 28 13 6.9 8.0
28 65 72 1,060 812 579 100 46 27 13 6.6 6.0
29 s7 86 1,370 2,790 al,Qo0 96 44 26 13 6.6 5.6
30 SO 61 851 2,8001" a2,oc0 93 44 25 13 6.6 £.0
31 47 556 1,450 ===~=~1 al, 43|~~~ 43|~ 13 6.61°
Tetal| 3,240 5,155| 13,334 20,434 59,178| 17,048 22,280 1,9C0 1,118 567 266.61 193.4
Mean ios 172 430 659 2,114 &5 743 61.3 371.3 18.3 8.60 6.61
Ac-ft| 6,430| 10,220| 26, 4<o 40,520{117,40C! 33,810| 44,190 3,770{ 2,220{ 1,12 5291 304

Ac-ft 143,600

Calendar year 1857; Max 3,150 Min S.8
Ac-ft 287,100

Water year 1957-58: Max 5,760 Min 5.0

Mean 128
Mean 396

Peak discharge (base, 2,400 c¢fs).--Dec (6 p.m.) 2,620 cfs (10.65 rt); Jan. 29 (6 p. n.g 4,450 cfs
514 .95 ft); Peb. 9 (7 p.m.) 5,476 ofs (15 33 rc), Peb, 12 (11 a.m.) 8,230 cfs (19.17 ft); Peb. 19
9 a.m.) 4,160 cfs (14.27 ft), Feb. 24 (8 p.m.) 7,040 cfs 218 25 rt); Apr. 2 (time unknown)
about 5,500 cfs.

# Discharge measurement made on this day.
a2 No gage-height record; discharge estimated on basis of recards for Navarro River near Navarro
and South Fork Gualala River near Annapolis.
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540 NOYO RIVER BASIN
Noyo River nszar Fort Bragg, Calif.
Location.-=Lat 39°26', Jong 1232441, in Swi sec. 10, T. 18 N., R. 17 W., on right bank

.7 mile downstream from South Fork and 5.5 miles east of Fort Brazg.

Drairage area.--105 sq mi.

Reccrds available.--August 1951 to September 1957,
Gage.--Water-stage recorder. Altitude of gage is 50 7t (fror topegraphic map}.

Average discharge.--6 years, 247 efs (178,800 acre-ft per year).

Extre
mun, 3.5 efs Oct. 3
1951-57: Maximum discharge, 22,000 cfs Dec. 22, 1955 (gage height, 25.64 ft),
rating curve extended above 3,600 cfs on basis of slope-c.nveyance study; minimum,
3.5 ofs Sept. 14, 22-24, 1951,

Remarks.--Records good. No regulation or diversion.

Rating tables, water Yyear 1956-57 (gage height, in feet, and discharge,
in cubic feet per second)

;-c¥aximum discharge during year, 3,710 ofs Mar. 5 (gage height, 13.24 £t); ming.

rom

Oct. 1 to Mar. § Mar. S to Sept. 30
1.6 3.4 3.0 122 1.4 4.3 3.0 145
1.8 11 4.0 284 1.5 8.0 4.0 342
2.0 23 6.0 760 1.7 18 5.0 €20
2.5 €3 10.0 2,010 2.0 37 8.0 1,
2.5 81 12.0 3,150
Discharge, in cutic feet per second, water year October 1956 to September 1557
—
Day| Oct. Nov, Dee. Jan, Peb, Mar, Apr. May June July Aug. Sept,
1 4.8 85 12 12 48 479 150 78 107 22! as 7.3
2 4.5 2 iz 12 61 331 128 *119 s7 7 12 7.3
3 LAl 48 12 12 57 324 129 96 80 27 12 6.9
4 5 38 14 *12 1 800 117 25 12 *€.5
5 L4 32 17 24 iz 6.5
[ 4.8 28 23 24 12 6.5
7 4.5 25 24 23 11 6.5
& 4.5 23 20 22 1l 6.9
9 4.8 22 17 22 11 6.8
10 s.9 20 17 21 11 6.9
1 8.3 19 24 21 11 6.9
iz 8.3 185 35 21 11 6.9
13 7.9 18 38 20 10 7.3
14 7.4 1€ kN 21 9.4 7.3
15 6.8 *14 28 .21 9.4 7.6
16 €.3 14 24 20 9.4 7.6
17 6.3 14 22 19 9.4 7.6
18 6.3 14 20 18 8.9}- 7.8
19 6.€ 14 18 17 9.4 7.3
20 8.3 14 17 17 8.9 6.9
21 11 14 16 17 8.9 6.9
22 11 13 16 17 8.5 €.5
23 18 13 14 16 8.5 6.2
24 17 13 14 18 8.5 €.,2
25 16 13 13 *15 8.0 £.8
26 22 13 15 7.6 1z
27 37 13 15 7.3 53
28 28 13 et 7.3 4%
29 28 12 14 7.3 S
3 ieg 12 13 7.3 29
22 37 |- 12 3 7.3
Tctall  628.8 667 571 80z} 300.3| 334.8
Mean: 20.3 2z2.2 18.4 7 158 2717 £3.7 19.4 8.69 11.2
Ac-fx} 1,250 1,320| 1,130| 7,460/ 17,750 43,270 9,390| 17,030] 3,200 1,180 596 &64
Caiencar year 1956: Mzx 7,270 Min 3.8 Hean 217 Ac-ft 157,700
Water year 1956-57: Max 3,150 Min 4.1 Mean 344 Ac-ft 104,200

Peak discnarge (base, 2,400 cfs).~-Mar. S (5 a.m.) 3,710 cfs {13.2¢4 ft).

* Discharge measurement made on this day.
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524 : NOYO RIVER BASIN
Noyo River near Fort Eragg, Cai:f.
Location.-~Lat 39°28'. long 173°44', in swl sec. 12, 7. 18 K.. R.

17 ¥.. on right bar.
2 by LY 4 - - alir
U.. nlie cownstirear from South Fork anc 3.5 rmiies east ol Fort Bragg.

Drazirage area.~-iC5 sq mi.

Pecords ava:ilakle.--August 1S51 to September 1086,

Gage.--Water-stage recorder. ltitude of gage ‘s 50 ft (from topographic map}.
sverage discharge.--5 vears, 267 ofs (193,300 acre-ft per year}.

Extremes.--Maximum discharge during year, 22,000 cfs Dec. 2 (gage height, £5.64 ), fro-
c;zrve egtended atove 3,600 cfs on basis of slope~conveyance study; minimus,
¢ Sept. 24-28,

1251-56: Maximum discharge, that of Dec. 22, 1955; minimum, 3.5 cfs Sept. i4,
22-24, 1981,

Remarks.--Records good. No regulation or diversion.

Rating tables, water year 1955-5g (gage heignt, in feet, and discharge,
in cubic feet per second)

Oct. 1 to Dec. 22 Dec. 22 to Sept. 30

1.9 3.7 5.0 540 1.6 3.4 6.0 760
2.0 6.8 8.0 1,600 1.7 7.0 9.0 1,660
2.1 11 1c.0 2,420 1.8 11 13.0 3,300
2.2 17 13.0 4,200 2.0 23 17.0 5,900
2.5 43 16.0 6,950 2.4 54 20.0 9,100
3.c 106 18.0 10,900 2.8 96 22.0 12,500
3.5 183 23.90 17,200 3.5 196 2¢.0 17,300
4.0 284 4.5 390 .

Discharge, in cubic feet ber second, water year October 1955 to September 1856

Day Oct. Nov. Dec, Jan. Feb. Mar. Apr. May June July Aug, Sept.
1 4.4 5.8 81 433 445 152 22 42 211 13 2.4 e
2 4.4 6.6 148 351 270 6c0| , &% 40 27 13 7.0 R
3 4.4 6.8 123 239 318 532 78 42 26 12 7.0

4 4.4 7.2 96 462 258 476 75 56 26 12 7.0

S 4.4 8.8 248 747 262 488 73 58 25 12 7.0

] 4.4 9.2{ 2,800 760 239 505 70 57 24 12 7.0

7 ‘.4 9.2 843} 1,730 218 474 70 53 *24 12 7.0

8 4.7 8.8 398 2,000 202 428 68 48 24 12 7.0

9 1 8.4 404§ 1,190 186 379 65 44 23 12 7.0
10 1z 8.4 316{ 1,000 174 326 65 44 23 12 7.0
11 15 8.0 240 977 1€5 288 69 47 22 #2 6.6 4.
iz 1z 8.0 185 815 159 253 67 43 22 11 6.6 .
13 6.4 12 245 731 150 230 65 33 22 11 6.3 4
14 7.2 25 126] 4,630 143 210 64 37 22 12 6.3 ‘..
15 6.8 20 107{ 7,270 137 191 62 36 23 12 6.3 .
16 6.4 15 17| 3,350 130 174 59 35 22 1 6.3 .2
17 6.4 15 186| *1,530 129 162 57 33 20 11 *6.3 4.l
1e 6.4 24 1,212 1,030 126 152 54 32 20 10 6.6 4.
19 *6.6 77 4,820 820 25C 144 52 32 24 10 6.6 .2
2 e.0| 342 3,20 907| 1,780 136 s1 32 24 10 6.3 [
21 &.4| *278 3,090 1,040{ 4,410 130 49 32 20 9.5 .3

22 8.8{ 117 ie35.e20| 1.0%0| :5i0| 139 48 3 18 5.2 .9

3 8.01 208 *4,75C{ 1,31C| 2,145 119 48 30 1€ 9.2 .9

24 7.6) 219 1,940| 1,105 1,350 112 *48 30 16 8.7 .9

25 7.6 117 1,220| 1,210| 1,340 109 50 30 16 8.3 .9

26 9.2 75 1,25¢| 1,320{ 1,250 107 29 15 7.9 .9

27 8.8 56 1,175| 1,350 974 100 28 15 7.4 .61

28 6.6 47 928! 1,090 864 96 21 14 3 .6

29 8.4 40 737 838 874 94 27 14 4 :

30 7.6 36 *577 6641 """ 91 27 13 4

31 5.8 =--- - 457 541 -----= 96| - 274~ - 4

Total  231.901,815.4 47,504 | 42,595] 22,683 | 8,099 1,817 1,168! 629 6

Mear, 7,48 €0.£¢ 1,E3T| 1,374 782 261 60.6 37.7, 21.¢

Ac-ft 460" 3,800 94,220 84,490 44,990 16,0601 3,500 2,320! 1,250

Calensiar year 1955: Max i8,800 Min 4.1 Mean 205 Ac-ft 148,200

Water year 1¢55-56: Max 15,600 ¥in 3.8 Mean 348 Ac-ft 252,300

eak 400 cfs).--Dec. € (9:3C a.m,) 4,600 efs (13.50 ftj; Dec. 19 (6:30 p.o.)
e,4ts ft); Dee 22 {7 a.m,) 22,000 cfs (25.64 ft); Jar. 7 (11 p.r.; 2,540 cfs (11.40 £25;
Jan. 1S {4:30 p.m.) 8,706 cfs {20.43 ft); Feb, 21 (6 p.m.} 5,92C ¢fs (17.02 ft),

* Lischarge measurement made on this day.




514 NOYC RIVER BASIN

Xoyo River near Fert Bragg, Calif.

Losation.--Lat 399261, long 123°44', in SW: sec. 1C, T. 18 N., R.

—————

o.« mile downstream from South Ferk and 3.5

Drainace area.~-105 sq mi.

Recerds avaliable,--August 1951 to Septembder 1985,

Gage.~--Water-stage recorder. Alt:tude of

S.-=Maximum discharge during year,
4.1 c¢fs Sept. 6, 8-13.
1651-85: Maximum discharge, 1€,000

gage is°50 ft (from topographic map;.

3,680 cfs Dec.

31 (gage height, 12.26 ft); .
cfs Dec. 27, 1951 (gage helght, 24.5€ ft), fr -

rating curve extended above 2,600 cfs by logarithmic pliotting; minimum, 3.5 cfs

Sept. 14, 22-24, 1951.

Rermarks.--Records good. No regulation or

diversion.

Rating tsble, water yeer 1954-5SS (gage height in feet, and
discharge, in cubic feet per second)

1.9 3.7
2.0 6.8
2.2 11
2.2 17
2.5 43
3.0 106

183
264
540
1,600
2,420

Discharge, in cublc feet per second, water year October 1954 to Septenber 1955

17 W., on right bar,
miles east of Forv Bragg.

Day Oct, Nov, Dec, Jan. Feb, Mar, Apr. May June July Aug, Sep:,
1 8.0 9.7 60| 1,460 134 152 50 220 34 18 6.0 I
2 30 *315¢{ 71,020 124 3 48 TE3 T ™ TE '
3 8.0 230 534 116 124 43 153 32 17 7.2 PR
‘ 8.4 180 376 109 112 42 136 32 17 7.2 4
5 8.4 2€9 266 103 100 40 123 31 17 7.2 ‘8
6 11 10 728 210 98 89 39 112 29 15 6.8 4.
7 28 11 520 176 93 83 37 103 28 15 6.8 o
8 kK3 66 332 152 88 7€ 36 96 7 15 6.4 4.
9 15 €7 530 161 86 g4 2 87 26 15 €.4 [
10 13 37 482 155 82 91 34 80 26 15 6.4 4
11 12 s2 311 134 79 82 33 75 27 14 6.4 4.2
12 13 $3 214 120 76 74 32 70 20 v 6.0 6.1
13 1 55 192 1312 71 71 I3 66 24 13 6.4 €.
14 +10 320 163 105 €9 69 33 64 25 13 5.8 s.f
15 16 552 144 I3 €5 64 33 61 24) 12 6.0 €.
18 9.7] 368 129 181 66 60 32 59 23 12 6.0 6.2
17 9.7{ 187 116 226 66 56 35 56 23 11 *6.0 6.8
18 9.7] 122 103 459 61 54 «0 53 23 1 5.6 6.4
19 15 91 93| 1,260 58 52 72 S1 22| *11 5.6 6.C
20 17 72 87| 1,180 56 50 575 50 22 10 5.6 5.¢
21 15 59 80 704 54 47 784 '3 20 9.7 5.3 5.1
22 13 51 75 470 52 46 50 46 20 9.7 5.3 5.0
23 12 45 71 347 52 “ 342 43 20 9.2 5.3 4.7
24 1 40 70 275 51 43 244 2 20 9.2 5.0 IS
43 10 36 64 226 42 218 41 2¢ 8.8 50 6"
26 10 33 62 192 79 41 484 40 20 8.8 5.0 e
27 9.7 32 58 166 163 498 33 20 8.8 5.0 4
28 9.7 31 54 150 16€ 42 404 37 20 2.8 5.0 b
29 9.7 29 52 136 60 337 36 19 8.4 5.0 44
30 9.7 28 134 129 - 60 277 35 13 8.4 5.0 4.7
k58 9.7}~ 2,369 123 s 52| - -o--- 35~ .8.0 5.0|""
Total] 362.4(2,535.8| 8,241| 11,3781 2,368) 2,197| 5,450| 2,340 729 379.8| 185.1 146.4
Mcan| 11.7 84.5 266 367 84.6 70.9 182 75.5 24.3 12.3| 5.8 4.8
AcTt] 719| 5,030| 16,350} 22,570| 4,700) 4,360! 10,810| 4,640[ 1,450 753 367 2s°
Calendar year 1954: Max 3,100 Mn 8.0 Mean 243 Ac-ft 176,200

Water year 1954-55: Max 2,360 Min 4.1 Mean 99.5 Ac-ft 72,040

Peak discharge (base, 2,400 cfs).--Dec. 31 (9:30 a.m.) 3,660 cfs (12.26 ft).

* Dlacharge measurement rade on this day.



ivER BASIN
-~ Navarro, Calif.

\ SE¢ sec. 7, T,

<y 5(11es upstream from mouth, and 6.6 miles

1954,

15 N., R. 16 W., on jeft

ge 13 20 ft (from topographic map).

}.:{)O cfs Jan. 17 (gage height, 33.42 ft); min-
. 17, 1954; =zinimum, 7.4 cfs Sept. 14-1s,
' .{ 38.2 ft, from floodmarks,
version,
j¢ height, in feet, and discharge
per second) '
w. 15, 16, 23-28, Dec. 4-
‘une 10 to Sept, 30) -1
6.0 405
7.0 808
a.0 1,270
13.0 5,000
27.0 19,100
ater year October 1953 to September 1954
S
{ Apr. My June July Aug. Sept.
205 67 42 18
205 42 3
154 65 a1 18 T'}
182 84 39 18 25
176 65 38 17 24
170 74 37 24
164 72. 36 17 2
128 65 35 17 Zg
18! 68 33 17 21
151 116 32 17 20
147 129 32 .17 20
140 98 32 17 2
133 88 31 17 Zé
129 84 *30 17 20
126 78 28 17 21
121 74 28 18 21
118 72 28 18 .
113 68 27 18 ;i
106 64 26 17 20
103 80 26 17 20
98 S9 25 17 20
94 58 24 17 20
91 55 24 17 20
88 54 23 17 20
.as *50 23 17 20
82 48 22 17 la
222 79 48 22 1
2 7 18
, 32.5 7€ 49 21 20 17
. 2ss 74 49 20 37 17
i zgo 72 46 20 a8 17
3..%228 71 44 20 L) 17
! §1{---— 19 e
27,749 3,766 2,031 8
84 683
S 121] 61.7| 28.5| 20| 2008
. 5340} 7,470 4,030 1,750 1,370 1,240
Ban 50§ -
an 3% Ac-ft 366,200

Ac-ft 375,800

a.m.}) 26,600 cfs (33,42 rt
1.56 Ct); apr. s (1 a.n?

j

Jan. 23 (1

)

p.m.
7,340 cfs (15.60 ft).

s SLES L

o A AD Wt Al s ¢

Vo it 8

PR

Location,--Lat 39°26',
U.7 mile downstream

Drainage area.--105 sq

NOYO RIVER BASIN

Noyo River near Port Bragg, Calif.

17

long. 123%44', in Swi sec. 10, T. 18 ¥., R. 17

frem South Fork and 3.5 miles east of Port Bragg.

mi,

Records available.~-August 1951 to September 1954,

Gage .~-Water-stage recorder,

Altitude of gage 1s SO ft {from tepcgraphic map).

507

., On right bank

Extremas.--Maximum discharge during year, 11,700 cfs Jan. 17 (gage height, 20.87 ft), from
Tatlng curve extended above 3,600 cfs by logarithmic plotting; mirirum, 8.2 ofs

Oct, 7-9.
1951-54:

rating curve extended above 3,500 cfs by logarithmic plotting; minimum, 3.5 <fs
Sept, 14, 22-24, 1951,

Remarks.--Records good

. No regulation or diversion.

Rating tables, water year 1953-54 (gage height, in feet, and discharge,
in cublc feet per aecond

Maximum discharge, 16,000 cfs Dec, 27, 1351 (gage height, 24.56 ft), from

Oct. 1 to Jan. 17 Jan. 17 to Sept. 30
2.09 8.2 4.0 284 2.0 6.8 4.0 284
2.2 16 5.0 540 2.1 11 5.0 540
2,58 43 8.0 1,650 2.2 17 8.0 1,600
3.0 106 11.0 3,140 2.5 43 11. 2,900
3.5 183 14.0 5,250 3.0 106 14.0 4,900
3,5 183 18.0 8,600
Discharge, in cublc feet per second, water year October 1953 to September 1954
Day Oct, Nov. Dec., Jan. Febd, Mar, Apr, May June July Aug, Segpt,
1 *10 9.9 93 70 837 180 141 85 36 24 11 12
2 9.9 3.3 80 66 615 147 135 (3 35 KLY 12 12
3 9.9 9.9 191 103 487 158 374 83 36 22 11 12
4 9.3 9.9 854 96 373 126 1,330 80 42 22 1 1
5 8.7 12 433 87 313 119 1,900 6 85 21 1 i
] 8.7 25 352 a8 269 1143 1,380 74 42 21 n 1
7 8.2 25 532 161 234 110 991 10 38 20 11 n
8 8.2 16 422 234 205 0 753 67 39 20 1 10
9 8.2 13 323 218 187| *=1,040 585 66 55 20 11 10
10 14 17 255 196 171 1,3C0 487 8¢ 47 20 *10 10
11 12 30 205 190 161 933 386 61 39 20 10 11
12 12 S0 169 176 *65le 75 325 59 38 20 9.7 11
13 12 51 147 156 1,040 512 275 S8 32 *20 8.7 1
14 19 51 130 140 1,220 401 244 56 35 19 2 11
15 23 a7 117 204 EEDY 337 212 5% 37 18 10 *12
16 18 *58 107 4,540 718 316 187 S3 37 pt:) 10 12
17 18 56 98 8,100 822 255 158 51 34 18 19 11
18 30 48 *95 Z,150 1,080 228 158 50 32 i8 3.7 n
19 37 46 98 1,190 858 421 144 47 3 16 9.7 19
20 25 82 181 807 651 $37 *134 46 30 16 10 0
21 17 €9 187 585 S04 564 124 45 29 15 10 10
22 15 269 171 828 396 S04 117 43 28 15 10 10
23 13 766 153 2,930 328 433 12 42 28 15 9.7 3.7
24 12 42 134 1,790 280 371 110 41 26 15 9.2 9.7
25, 20 467 122 1,060 244 3oa 108 41 26 14 o 9.7
26 10 277 109 950 212 253 88 *40 27 14 12 16
27 10 187 100 1,230 190 216 126 40 29 13 15 3.8
28 10 141 93| *2,970 171 201 128 39 26 12 27 8.4
29 12 114 87 2,420 - 188 110 39 24 2 k43 3.4
30 10 108 79 1,790 - 174 99 38 HY 1l 17 8.4
3 9.9}---- 74} 1,170| - ----- 185) = ~---- 3t b3y 15 f--ce--
Total] 439.004,144.6 6,196 36,733 14,133( 11,413} 11,413 1,741 1,037 543 379.4 319.1
Mean 14. 138 200 1,185 505 368 38Q 56.2 34.6 17.5¢ 2.2 10.6
Ac-fY 871 8,220{ 12,290C| 72,860] 28,030 22,640 22,640 3,450 2,050 1,080 i 753 633
Calendar year 13933: Max 8,740 Min 8.2 Mean 278 Ac-ft 2C1,1C0
Water year 1953-54: Max 8,100 Min 8.2 Mean 242 Ac-ft 175,5C0

Peak discharge (base, 2
4,190 cfa (;2.55 '}:); Jan. ¢8 (2

420 cfa).--Jan. 17 (7 a.=.

:30 p.m.

* Discharge hmeasurement made on this day.

} 3,670 efs

11,700 efs (20.87 €t); Jan. 23 (11:30 p.a.)

12.24 £t)

VY
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NOYO RIVER BASIN 5i5
Noyo River near Feort Bragg, Calif,

clon.==lat 399257, ien e, 123°44', in Syd see. 10, T. 18 K., R. 17 w. » on rignt bank
<~ mile doarstrsam from Scuth Fork and § 3.5 miles east of Fort Bragg.

.1nage area . --10S sq mi.
c7ds avallable,--August 1951 to September 1553,
—_—

;s.~=Water-stage recorder. Altitude of gage is 50 ft (from topographic map).

S.==Maximum dtzcharge during year, 13.000 efs Jan, ‘8 (gag= helight, 22,05 f‘t), from
“ng gurve extendad above 3,500 cfs’ by logarithmic plotting; minimum, 3.7 of
v, 4-8,

1851-83: Maximum dis\.hﬂrge, 15 OUO cfs Dec. 27, 1951 (gage height, 24,58 t‘t). frem
~ting curve extended avove 3 1800 ¢fs by logarithmic piotting; minimum, 3, 5 et
sept. 14, 22-24, 1851,

=rks.--Records good. MNo storage or diversion.
IKS

Rating tables, water year 1352-53 (zage helght, in fest, and discharge,
ir cubic feet per second)
(Snifting-control metrod uaed Hec. 8-10, Jan. 7, 8, 10-17,
Feb. 21 to Mar. 9}

Oct. 1 to May 21 May 22 to Sept. 30
i.99 3.7 5.0 S40 2.1 8.7
2.1 8.4 6.0 365 2.3 24
2.3 21 9.0 2,100 2.6 54
2.8 46 12.0 3,800 3.0 106
3.0 100 13.0 2,700 3.5 183
4.0 284

Discharge, in cubic feet per second, water year October 1952 to September 1553

,—'r Qet. Nov. Dec. Jan, Peb, Mar, Apr, #ay June July Aug, Sept.

o 4.5 8.1 125 1,370 244 70 154 318 123 SC 22 17
*. & 5.1 282 1:810 z28 €8 152 7L 112 g 20 e
4.1 6.1 214 1,150 208 86 133 2390 i00 47 2¢ 13
4.1 6.1 128 781 188 61 129 200 28 45 21 13
4.1 6.1 1,010 587 210 59 121 177 95 42 2z 13
3.7 1 2,630 956 220 57 114 183 161 40 21 13

1 5,200 1,980 210 S8 108 17¢ 171 33 20 13

4.1 1 1,230 2,280 212 53 108 1€3 184 39 i9 13
4.1 1 *714 6,070 187 54 102 147 151 37 13 12
4.5 1 1,100 2,840 188 114 103 134 17 36 17 iz
4.9 3| 1,85 1,540 173 140 92 130 153 35 17 12
4.9 4 870 1,340 163 2388 86 114 141 34 16 1
4.9 €C3 1,650 154 277 81 *103 129 34 18 10
5.3 417 2,020, 144 222 79 100 119 33 1€ 1o
5.3 318 1,74C 135 191 *75 94 112 32 6 10
$.7 8 254 1,160 127 184 82 as 105 32 17 3.9
6.1 37 220 3,530 121 189 100 82 bkl 30 17 3.3
6.9 27 130 8,740 118 282 82 73 38 29 16 3.9
7.9 22 179 5,150 110, 1,750 75 10T a3 28 18 9.9
8.4 19 224 *3,130] 105 2,430 71 110 76 28 1€ 10
8.4 17 206 2,420 100; *2,060, 87 171 72 28 16 10
7.4 15 2¢2 1,490 96 1,190 62, 161 &9 28 i5 10

. 7.4, 14 189 1,040 9 764 58 156 64 25 15 11

. 7.4 13 18 784 88 561 56 150 51 2% 15 10

) 6.9 13 186 6§21 a4 430 53 168 8 24 13 [+]
6.9 13 472 504 *78 344 &8 183 56 14 10
6.1 12 1,340 420 7€ 293 1,000 181 54 1s 10
8.1 12 823 366 12 B0 728 1v1 53 186 10

. *6.1 12 594 328 - 228 506 156 52 20 16
6.1 12 1,490 293 - 202 395 142 51 28 2.9
6.1 - 1,390 268 - i80 - 132 - 3 hd

y 178.6 6§64.9| 24,925 53,596 4,146 2,133 5,085 .4,767 3,046 991 S48 338.5

i 5.70 22.8 804 1,890 148 424 1€8 154 102 32.0 7.7 11.32

-0 350 1,360{ 49,440 115,200{ a,2z¢| 26,050 10,030 3,460 5,040 1.970 i,03¢C 571

P S

-tRdar year 19%2: Max 5,200 Min 3.7 Mean 278 Ac-St 200,900

T year 1952-53: Max 8,740 #n 3.7 Mean 313 Ac-ft 220,900

A 1lschar &

2,400 ofa}. --Dec. 7 (3:30 a.m.) 8,260 cfs (17.55 £2); Jam. 9 (11 a.m.) €,510
0 a3 ig 13:000 cfs (22.05 ft); Jan. 2C (3 p.m.) 3,480 ofs (11.55 £t); Mas:
Sain.) 2,790 ere (10.42 rt},

‘ Ziscrarge measurement mede on this day.




438 NOYD RIVER BASIN

Noyo River near Fort Bragg, Calif.

Loecs

L --lat 23°28', leng. 127°44°, ir Sl sec.

X 10, T. 18 N., R. 17 W., on right bang
.+ Lile downetreanm from South Fork and 3.5 miles

east ¢f .:-o.'t Brags.

Drainage ares.--105 sq mi.

istie.-~hugust 13851 tc Seprtember 195Z.

Gage.--water-siage recorder. Altitude of gage is 50 ft (from topegraphic map).

Maximum dally dlscharge for the period Auguct tc Septemper, 7.7 cf:z

imum, 3.5 ofs, Sept. 14, 22-24.

Maximum dizcharpge during water year, 1€, cfs Dez. 27 {gage height, £3:
1 thmic plotting; minimum, 3.7

kemarks.--Reccrds good. No regulation or diversion.

Discharge, 1n cubic feet per second, 1951-52

1951

Day Aug. Sept Day Aug Sept. Day Aug. Sept. f Day Aug. Sept.
1 - 4.6 9 - 5.5 17 (*} 4.2 25 5’5 4.6
2 - 4.6 10 - 5.0 18 5.0 4.2 28 €.0 4.6
3 - 4.€ 11 - 6.5 19 5.5 4.2 27 5.0 6.0
4 - 5.0 2 - 3.8 ¢ 5.0 3.8 28 5.0 7.7
5 - 5.0 13 - 3.8 21 5.0 3.8 29 5.0 535
€ - 5.C 14 - 3.5 22 5.0 3.5 30 5.0 7.1
? - 5.5 15 - 36 23 5.5 3.5 31 4.6 -
e - 5.5 16 - 4.2 24 5.5 | *3.5

Total. - 142.1

Mean..... - 4.74

Ae=fto i - 282

+ Discharze measurement made on this day.

IMscharge, in cubic feet per second, water year October 1951 to September 1952

Day ! Oct. Nov, Dec. Jarn. Feb. Mar, Apr. May June July Aug. Sept.
1 H 1 13 3,070 1,040 3,500 26€ *1€3 i9 a1 iz 11 [
2 28 128 1,940 *742) 3,870 240 154 785 30 Z8 12 5.°
3 30 13 *1,920 *S58 1,830 234 146 T4 30 25 11 5.3
4 23 12} 1,780 443 1,170 218 137 67 32 22 10 5.2
5 17 12; 1,700 37 854 202 129 63 29 21 9.4 8.1
[] iz 12 1,050 481 [:13:) 284 122 59 28 20 9.4 €.5
7 b31 12 542 470 540 394 122 *72 29 20 9.4 £.5
8 9.1 iz 43 550 446 38€ 11€ 84 27 19 8.9 6.9
9 6.4 13 316 509 368 359 108 75 27 18 8.8 7.4
10 T 23 247 864 320 354 103 67 32 18 8.9 7.2
11 9.9 50 201 1,400 378 325 100 €2 33 18 9.4 2.9
12 11 217 171 1,610 404 320 94 58 30 18 9.4 €.8
2 12 98 148 1,220 376 320 105 56 *30 18 10 8.8
14 11 €9 130 2,870 356 416 I3 0Y 52 30 18 10 12

15 1n 58 114 2,810 335 795 9 3] 29 17 9.4 5.7
16 9.9 47 103 2,120 688 736 85 48 27 16 8.9 *4.9
17 8.8 37 85 1,740 924 603 81 45 27 15 8.4 4.9
2e g.9 33 116 1,220 788 832 7 44 27 14 8.4 4.9
1¢ 9.9 42 135 868 75 978 75 42 26 14 7.9 4.9
20 9.9 *39 120 1,120 918 12 4C 26 14 7.4 4.9
21 9.1 140 109 1,180 879 718 71 33 25 1 7.4 4.9
22 9.1 g2 1 1,010 739 564 68 39 24 13 7.4 4.9
23 13 67 110 851 645 448 66 38 7 13 7.4 4.5
24 45 S3 144 9C4 €543 364 87 3& 27 *12 7.4 S.3
25 59 48 163 862 478 36 66 34 27 12 6.9 4.2
2 *35 131 1,140 873 427 c8eB 64 k2 25 12 8.9

27 25 156§ 13.000 809 378 258 61 34 26 11 .9

28 20 286 5,530 69C 328 232 59 34 37 11

28 17 2890 2,650 582 233 210 57 32 S8 10

30 14 22| 2,270|  *520 B 193 119 37 g 10

31 13 - 1,570 672 - 175 - 32 - 10 -
Totall 524.2 2,829 41,234| 32,065{ 24,150} 12,914 2,890 1,€46 897 512 2€4.4 3178.3
Mean 16.9 94.3; 1,330 1,034 833 417 95.3 $3.1 238.9 18.5 B8.53 5.94
Ae=L% 1,040 S,61C! 81,79C| €3,6C0) 47,900| 25,61C 5,730 3,280 1,780 1,C2C 524 354
Calendar year )951: Max - Min - Mean - Ac-Tt -

Water year 1951-52: Max 13,000 Min 4.5 Mean 328 Ac-ft 238,200

Pear d-scharge (base, 2,400 efs).--Dec. 1 (2:30 a.m.) 4,180 cfs (12.55 ft); Dec. 3 (3 p.m.; 2,480
¢fs (9.3% ft); vec. 27 (11 a.m.} 16,0C0 cfs (24.56 ft); Jan. 14 {1C p.m.) 3,480 cfs (11.55 ft);
Feb. 1 (7 p.m.) 5,795 cfs (14.68 £t}

+ Discharge measurement made on thls day.

i

i d——————— s

O

st 2o o

————. .

VATTOLE A

-0 ~-Water-ctire recorder.
-*Tateher 1850, :

fere

ent site 3t various Salanl,

-=165%-51: Maxinmum distrarge d0
srds for var Duzen
may have been lecs

Faxin

.--Records good except those for periiir .7 -
eguiztion or divercion.

Discharge, in cublic feet per second, wa'er ,en:

- T T [}
ay | Oct. Nov. | Dec. Jan., | Fer. | %er, O
1 - g1l [ - .
2 - T J N
3 - 1,547
i - 1,580
H - 1,613
¢ i e
s - | *1,en
H - 1,288
-2 - 4,0e8
- i
. - €,1831
> *5,01C) €,145
3 3,820 4,033
I 8,93¢1 2,910
b i 8,780] 4,230
1€
7 i
& .
8
e
w
T4
.
M}
i gt
4
.
4.

Tl -
1 el,9
+ 118, 6

i - _{i37,3540209,020 44 e o
03] €1,900 €4,47C] 4,413, .
001113,1001270,500127%,453 217, 4

i

lilendar year 1980: Max - V.}n -
ster year 135C.51: Max - an .

narge (tase, 9,000 ofs).--0t

€.~

(53 p.;m.) 22,903 cfs {15.02 ¢

Eischar‘ge measurements, 3 tbservat!l
% lattoie River at Petrolia.

2,872 =fs (4,
bs Peboa {0 o e
ge measurewent racde on this 2ay. .
rge estirated on basis of recoris 7 r D
tdgevilie,

o ce-dally gage readinge.
gage-heirht record May 18 s Jaly

D c0f5; vtc, 15 (50 a

g e R i A D R M o - Ladaca t T TR




: EASIN XOYC RIVER BASIN 512

o Navarro, Callfl.

———

_ingrelat 59700

mile diwnstream

a,=-August 1951 to Septemrer 12

--aater-stage recordsr. Datum cf gage is 12.1

[

t above mean s&a ievel.

|
222, }
|

£522,5C0 acre-It per year).

o.--3 years {1351-¢G), 239 cers {173,000 acre-It per year').

.--1951-6C: Maximum discharge, 22,300 ofs Zec
rating curve extended accve 3,800 cfs on ogals of
. &f3 for several days in August and S2prtemier 1353
2 fr, from {loodmarks. . Na rejgulaticn or- diversicn. Records cf chemical analyses
- ;339 to Zeptember 1360 are published in repor:s of Ge;lcg*ca‘

s chenical analyses for the peried Jan-
. £ 105
repores of GeOlOg cal Survey. Monthly and yeariy mean discharge, in cubic feet per second

T

! T
Oet. Nov. Dec. Jan. Feb. Mar. | Apr. May June July Aug. | Sept.: The year
e, 1n cubic feet per second : T
8 - - - - - - - - - - - S -
T . 333 417 35,3) 53.1| 23.9| 1.5 8.83} 5,34 x08
Aug. . . . 35, . 23.9 .5 .< .34 id
| May | June | July | Aug. |Sept. | The year : 148 | 474 | 188 § 156 | 107 | 32,0 17,7 | 1.3 35
177 46.7 22.3 12.9 8. 44 . 4 £05 358 zac T 55,2 34.8) 17,5 ) 12.2 | 10.¢ 242
3 99.Y S4.z 29.Y 13.8| 12.0 - 3 34.6} 70.9f 1&2 78,5 24,35 12.3 5,27 4.82 23.5
244 109 36.6 21.9} 16.9 . % o :
&% 121 67.7 28. 22.2 20.9 : & 7 782 2€1 53.€ 37,7 21.310 10,4 T4
4y 231 46.9 25 12.4 9.50 - : foged 21] 220 704 158 | 177 53.71 19.4 1
1 N : 108 430 ésa 2,114 550 T4 51.3) 27.3] 18.3 3
A 72.d4 33.9 1.0 13.5} 10.86 ‘. 3 5. 22.6 614 €28 117 ss.ol 280z 13.3] 5,22 <
5§ 437 104 32 15.7 | 2.7 . : ] 1.7 1550 820 353 123 ] 57.4 271120 s
U oide 75.4 .04 13.9) 14.9 Y
s2.4 2.9 12 €.96) 17.5 : 3
3 123 56,4 24.§ 12. 5.5 '

Monthly and yearly diacharge, in acre-feet

Nov. Dec. Jan, Feb. Mar. | Apr. Hayw Jure July The vear

narge, in acre-feet

L 1 I+ s BRIV A
53]
e
I

. May June July 1,040} S,612|81,79D 7,9¢00}25,51¢] 5,730] 3,250f 1,78G} 1,22

350| 1,380(49,440 ,080115,930] 3,460 3,230) 1,97

pte) 10,950 2,780 1,379 871| 8,220412,230|7 ,540]22,843] I,450) 2,022 1,08

< 5,03 3,239 1,790 718| S,030|1€,350 4,360110,81C| 4,650] 1,450 75
N ‘- ,16d 6,519 2,25Q

4 7 470 4,330 1,75 3,600]94,220 16,060| 3,808] T,320 633

79 14,139 2,754 1,419 1,320] 1,130 2143,273 9,335(17,23C 1,190

10,220{25,455 33,810} 44,130 3,770 2,120

4,430 2,260 1,300 1,C704 1,390(3 7,215 S§,055| 1,550 197

33

<,740 6,179 1,990
,859 4,500 2,150 1,1€Q
4,240 1,833 778 424 1,040
7,563 3.340 1,51 790 RES

318 721 6 310 ‘7,150 40,180 7,53C( 1,140

Yearly discharge, in cublc- feet per second

4 Water year ending Sept. 30 Calendar year
bic feet per second : Tear W
P ; SP Momentary maximum Minimum ean Aore-feet Mean Aore-reet
t. 20 Calendar year K Discharge Date day
% 1150
Mear AcTe-feet Mean Acre-feel 3 1351 1245 - - - - - - -
- $ 282 1245 18,000 Dec. 27, 1951 4.8 328 218,200 272
* Z <253 1235 13,0CC Jan, 18, 1353 3.7 319 230,500 278
520 448,500 654 L3 154 1345 11,700 | - Jan.. 17, 1954 8.2 242 17%,52C 243
745 542,700 543 z 3 1395 3,680 Dec., 31, 1954 4.1 ¢ 99.5 12,240 2cs
03 436,56C0 S$06 3 N
529 376,300 586 2 (156 1445 22,0001 Dec, 22, 1955 3.8 348 252,300 217 157,702
2 182,000 497 " 1815 3,710 Mar, 5, 1957 4.3 114 104,200 198 133,500
i “ 1565 8,232 Fep, 12, 1958 5.0 296 287,189 , 341 24E,800
39l 847,200 570 S 1€35 4,280 Jan, 12, 1359 2.4 126 1,050 124 33,610
S0 232,000 421 4 1718 12,000 Feb. 8, 1980 4.0 182 10,200 - -
387 692,300 857
319 230,10C 313
EE 240,100 - -




APPENDIX D

NOYO RIVER

FLOW DURATION CURVES BY MONTH

1951-1977



Duration curves constructed by ordering the daily flows of the Noyo River
from water years 1951-1977, Records wused are from USGS gaging station
11-4685.

Method used was to assign flow category divisions (see attached sheet)
for the data available.

Daily flows recorded by flow category divisions.

Flows ordered with the largest event assigned the number one.

The assigned order number divided by the number of records ordered (the
order number of the smallest flow in the group) multiplied by 100, yields
percent of time that a particular flow category division has been equaled or
exceeded.

Percent exceedance has been plotted. Point on graph paper equals

approximate middle of flow category division.

ApD-1



FLOW CATEGORY DIVISION

cfs
<1
1 - 2
2.1 - 4.0
4.1 - 6.0
6.1 - 8.0
8.1 - 10.0
10.1 - 15.0
15.1 - 20.0
20.1 - 25.0
25.1 - 30.0
30.1 - 50.0
50.1 - 60.0
60.1 - 80.0
80.1 - 100.0
100.1 - 150.0
151 - 200
201 - 250
251 - 300
301 - 350
351 - 400
401 - 450
451 - 500
501 - 800
801 - 1100
1101 - 1400
1401 - 1600
1601 - 1800
1801 - 2000
2001 ~ 2200
2201 - 2400
2401 - 2600
2601 - 2800
2801 - 3000
3001 - 3200
3201 - 3400
3401 - 4000
4001 - 4200

Flows above 1100 not plotted on flow
duration curves for each month.
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Noys River _ ga4)
bodler yrors (AS7/ - (928

70

PERCENTAGE
40 50

30

60

0N~ O W

PROBIT

- el

.-L

1ot

-
—

L

YSH NI IOYW
3T

‘0D HISSI W 1344N3AN
e igvar

7




95
I

I , ) TN T pn
1 i o8 § THAHY | A R C ©

jrigiibpeshiunnpi ! ] _
1 Y o8 ; HTHHHAH Hidl- J I

M % i % T aan m A H g oou pin IO
I H A R HI ' A 11T -3l
4 ﬁ Jits Hi -+t e

o w i , __wn
mt 13131717 1414+ 3 1 ! 5
i T Le) gt e i | il ES=SES|E
[ Ts pRsE! i T geeins . g = o
% of T il s ikt e -
Now® i3l teasaincet nillilin T : HtEH Hihii = EE T
al m A . e .17“ ot -+ :» '] vr 0
il I Hi ot E e T | H R R SR U5 250 i Bl ok e
~ B M‘mww x. _ w H TR - _.;...,m_. HHE T Hﬁ,w 1 w . B b N i N o W
zo
wn it 111 1 i 1T Tso
3] i HHHEA i , H TR
<& 2 e ! 3 a
& Mg E R i i
o U 1 Engappog -
NG it e SjHBeEeREs : -
I . NRAIREITHY J
X it s e i e il
n& o o8 Jek L - i ] 21444 B IM.,.
L w @ 113 Rkt eas iR R EEE S E R R R
% T S e i e o
;S 5 PR HS —1—_ 1
% SSEREEE i PR R Sl
S N A TR T |
2 ~N H IS R HA- R TG N I
~ 4 i Rast T T R o e
¥ | ,,
o] 1y ] (SRR ENRAEREmEEMINE -
N3 | i T P S
< = i i -
il i B st Ehsmagt A
Hh UL J L 1588 i e m
HHIHT —
e}
_ HHII —
Q
o

10

o I Do N © v <« ™ N
Q -4

~ sl N © 1 m o~

a

o N o ze0B 9y W

ofs )

WS W 1oYW "0D H3SSI ¥ TI44NAN WOI
\ \ "§370AD D01 € X ALiTiavaoud L

- Nt ™



0w - MearTh
- /778

quo £

@M%m /935 (

-3

-2

1 JIIAIRRNRRARSE) - ; IR il L
HHTITNARRRNRE - it gl ; k cuﬁ et T R A T
i ) M |
it e |
it s likes I e kB R LA R e LA A Swmmn
s an| ISERNE AN | ﬁ‘, ¥ ATHI » ey i i JH ] 11
it ni: aaskisan A*,,L Wt_ ﬂ 3
,. it RV ieanaiprdnenun il : p%} 0 O HITH AT TALRNSRRNERNANN
R o e L e
=ik 114 H{H Tae T i SwsEa Y M 1 ] M. 8 T T :
e e e i | A
i SijEi=EEgy i BRSA i en i ianaba _ SHHHI T N B
o il i eas SRy eI i tnleiisctose g e S
i h N H A an ﬁq H Hiasd HEHITH
Hiih - i 111 r SSEERERS
o W.» - @ i sl zmm j Hﬁ HH R i mwﬁ
=y , 4 SRRy § I ¥ A 99 .4. - T EEEER RS
%6 REsEE: m jrat ﬁuw Mﬁu 1 m g ERSREEa==t i Ar“m w
E AT N il HHEH mi
NmVJ [ il T“‘n....u 47, 150 b e 0k i g g s T 1]+ﬂ “4.\w| AFZ.V.N o
) 1 i ] i BT Y
& 3 : EEERE=REE i ‘ﬁw
pa i1 IE2E Rt sont ! IRES R RS
g 5 . » Sess R
3

1

=

L

T

30

{4+ 4444
1 *
M

pa-s-t

i

es Poues P

]

- . Q V.
q ‘ Nwﬂw 9y = s

‘w's'n N 30YN 'O HISS3 W 1344N3IA
§3T1DAD 901 € X .>.P_J_m<m0~ul

2-H

it

sl il i s s =
i i i ,ﬁw; wwmw |
I I RyspEn T t ARARAREAR RN MM NN ST
i i i L e -
T . i AM; it IR
LML LU it B
L} i ks

qo. R m .. < ™ o~ =




/

—ﬁ}or’z

oS (G351 - (9 28

0yo River

\
f

N;
Les (0 ye

- ] OO N O n < m N .

-

]

5.5

wm _ < ™ o~
[+, A N
) .
ﬁ )
-4 EEREN i : 4‘ T 17
1] 4 ) -4 44 - - 4 SERRE -+ -1 4» -4 - E : 4414414
34 “ {4444 D S Hited 4 ] ] T
HH1 44 g e ] 85! 144 1L 8 - _ 444444 &
L1 44444 _ N t - i 1 H
K 5 0 08 I A O % T “ I 1] 0 O O O _._ ) [ ]
i 113131147 % y n1rn T ! AT
H H44 1 4-144 {444+ 4 ENE FERA oo A O A i 4 o 44444
i 60 5 0 0 e ey o HEsar I Ce 2 iRnR ERmu R HT T T4 . IS : s
T 1 HilkH T i qu stlfatassinnd AEROA 7
] 1 - T ey Alia2asienshl B RS gEER A HH mam . -
s e Y Sikksh ﬁu TG 3 b 1] HIMTHHHIHH | HH
T H1H
o SEE HH T
) r T = -
! i S HTHT

polsnn
i1
et

50

5.0

PERCENTAGE

PROBITS

1
1
H- AR H
R app by s FHIHF 15
i i FERS FUE AN
> sasali peittetqlt th 1
< H EE R I LS E AR RRS H T
T T M ki : 1.
. H beaa il i ERehs HHI
g : : Hn -1 ! “ H f § PEBS o m e sl Gy
T R AR
I H J14%4 11 AnEy i 8! T T . T
_ hss iR BT
HT A [ 13
il m- HHH | EEREN T334
! 1 44 {1 R
4 NI T ]
! 11717 1] " ] T
i T i At THITTH
| ] ] it JERENNED
-4 +- odd - d - 4 44 4 44 44 ot {-d
2] Ly
; |

10,
9
8
7.
6
5
4
3
2

OO N W < m N

1003%

12

N
O
OO~ © W o« ™ o~ (e]
s

YN N IOYW "OD ¥3ISSI W 1344N3IN
M et L D Ea 2T TR P R L - 17T )

C
d
=
)
¢

10



o Bwwr— )N

7

At *q7y”

PERCENTAGE

N
(A%

%Wf

-0 O N O W

O 0N O

4

98%

g™
- H 4.0 e aae 0_, - gi il 1. 5 1 O I ,‘, 0 IR R IO W 0 P O S
1 I 7 Ty N 1THIant T I
| 1 T I il
] T ) i il 1] ] T
Hinst 1] MINERREREREENE .\M i N M T
1 T T 1 O ) ] 1] BREpRSHE i I .
Uit A1 T H il 1
TSI IRIRE RN S R A :
147 a1l ] T 7 11 HIaeEas } B
HHh ] T T 1 } it e
T i -
1 LY 1 o : 1y 1 % ! -
: [ i : . -
2pe TR T I i Wi H
-4 B 4 [1] oo L1 [Tt LI 0 0 o 1 8 0 I
: JH =1
4 BEE P! | ] . 1
: i HH 1 A= |7 ! i H 1
of IR RRES b : SR e
e - ERSjjstasany tppeaseans il (Reftat At EA
44 ] rII43rT g T.: A..th jans W 1 s HHETH 90 1T7ITT 10 5 o e o s g ]
i s H T T == H I ERERE B o B Bl Sk 2 e e
B 1 e pnee i T 55 o £ B SEL LI et o
w i 5ga 13§33 =+ 1%% .le 3 % T SRV 3~ 1 ]
5y i o T 7 " ey ; " T 1T T
13 1 1+ Seipl =T ﬂpg 4 i 1 A SR B gin fud i S SRS Sy ot Qull) g
1 i HHE T : : b Ltw iy o ol B 0 polt o oo
i HuhiyesE e dimlas dnhms il T EeE
o s r JH4HE 1T — S e P T R IR i il -1
[Te) » T T35 .W “ AT M : T L”.Vl
1 T 3L —_—
SR Pm e ! 1 prpanapasam 1 RECRE NS
° HiTH Wilihnnie] s i ) =
hl R RS R BE S EHIEETE ikl B 2 o B0 0 S oL
1 H1t M1 HHEHE pr e H i1 ] ek el ot e
ail: A EEHEEE R R TH HHREIE bt B o -+
o i ShmuiithinpettiiiaisabibbAnsRbnte R g i e .5 £ kot s o
m ces4d4 ﬁ‘.. Le. SRAASRS RRUE DNV N = e + 1114 - - 4 -
ﬁr wt.h " 4 14111 {- - f...,r,v ade 1 < §-4——1 + “ H + - 4 -+ —— At
TEAT H 1 17 51 puiiog teteRRasaRan 113 i saitiarnbenniud Sundh duw ol e g 1T
»H. 8 } DT A1 1SRRI i ] Hih H 7] LT Z
Sdibaan i 1t 1 ; i HIHHH
o it H L 1 H H H.r [ Y
N A+ T A +1 r -
it il el Hibe il Entaden rdpebangdin
re) -4 __ t H 4t ! 4 1 8 4+ 4
~ : TR ! ENSENNEN!
i I
X) SRARAN N ﬁ _ i angn
o 1 H 4 Hitis 1 .T Hd
-y i i Ll i
1
[ 4.1 L. L 1.
1
0
| |
I i RIERRNSE I

160'[2%

4;\\

VSN N 30VN
33713,

‘0D YASSI W ISANIM

e X

avec

oM

10

70

5.0
PROBITS




~Ju

) = /9&
AGE

30 - war
Wles el MDPERCENT

O

N

98%

70

60

- N O D

50

40

30

20

15

10

5

106(;2%

b ; ‘< ’
] 1 - ! \J 0.
i [~
v —
I it NLEPLELL L R H-H
e 1- - H HH T+ Hil i w 1 -t ©
SRR ASEA] i S USNAR L1 1. u I 1 VO S e
T Tt T 11 I I
i IHARRRRRREA Han BAS I T -
T T i AT TR nnn TR B
i HUE T T it i NIk B i HH
TR 1 1T i ] 1 T I AL 11 s
THT T T T ; L3y i -3
Hid I L ] i Enphnangh I . ] HHH B
Sant by 11 By o o aplhiads huningl i ANRRNANS Mue
1m4 ,..1.1 + _w ke ;Hw i e . b e i SHITHE ~
IR ERRER R ity ' it il Eassbuanenas HHAHAH HHIHET _
+ 5 HIH3 3 B H 4 1 i - H 1t S i+t - |0
I {2 Hi 1o 1 i Eb pRsay T T4z A0
BREREp R Bt R HA f 95 o 5 n B g o e (s o sl s s Gy Y IO
1HITH Hn 1 ! T HI R R - .
ESRERES = ] 1ITHHH B iy e g -
1 REER G ek e ek et ot (1411 EA1 H RIEAEE: 4 _ N
(* 11 : w.x, a M T4 31 T.w 14 LW M.ﬂ_lll[ﬂ " :
: 1111 h .. T3 ¥ g - 2 0~
] ! 1 i g2 HE ERR I
o .”AI 1 ! \.A ez pas T 5% N
.u_ 1131 iy sas w.xw SRENREEECRRE SRR RN ~
e T T i ISR EEE RS I I x
¥ ISEERE ; ﬁ Rt iBcEaRas ikt 5 h 0 b L 0 DS .
‘ T : FHEF SRS SRR R D 4 :
fi i o LAl
i : 1 - BRI T e U 5 o ol s S S e .
e | ih e e R e e e s I.M
ESREREEE ! 1t il ST AT s
it b ! e e 1SR e S g S R i ot g g
TITEEIIE 8 s ki RS NG5 5 15 ob ob vt bus b i 5 iy oy [ B
T HH T i TR A LS B HA T R o A0 o T I RS
A | il ldd i ed 444 -4- bt -
BRI A 11 113 3| | 1 I 5 D S o
o AppEns _ 2
W i I AR e |
P VAT piganny il T 1T D D T
L T A e
NRRNNER 1114 [T ! THH L BN
W | I i P T L 3
1 1T _ i) ' i -
o i W I ik LU L -]
LS
™
9,
m _ -\la, Qoo N © 1 < ) ~ —
- . DO N O 1 m > o~ —
[ - < T o < B e ] o~ -
i. - g
T . 2808 9% N f*.! . Y Yon wiove 0D M3SS3 ® 134NIN 3,04 N - ’
?\ G ~ d N/ $31DAD 50T £ X ALi8vE0OHd T
o . ) . B / L \-\l‘\\{



o K(wer - Ju|

N
LocLer Yek

4

PERCENTAGE
50

(a5~
40

O N O v

95

90

85

80

70-

60

30

20

15

10

* v
I {11111 § ! .
f H
|
' H44 bt _ I B Jx, -
T 1T T i
¥ 111 1111 | ] |-
i -
fahng b shhas 4 Bit 1 0 0 e
1111317 T T ] e
4, 1717 g \_, _T 1 e
i - X IR et
B e it
Hi Bl i b 1 s il .
A HE Nt et HHEEEF A
T peesatasbainyialtn 11 -+
1 A 5 0 1 et i et s ey
S 1 s Sl i e
et ] :. HHH R 2 o o i o e B
g4l T 1111 -+ ==
Biitlifse .M @ ERSE T o s o 0 O e
i i e AR : L TR
il ERERR e 37
R R : FETEES
: SIEERER S8 IIERRAERR
it 455 13 i
1 R -1 - 4_ -1
liititieh . e . o g e R
1 111 113173 28 TR
L REsEe T
=173 e s e e
H " oo e U Bl G
H: {3 -]
HIH Hh TTH RS
{HHH S - . BESSS
13 11 " i | T G P At
i inshides 4 e o e
3 1 [ Y S
1L 1 H AR
ISRLANEN i J.
| 2SNEE i i I __ T T
1 1ol 1 1] R O
AR @ i T
i
i Sl

]
5.0
PROBITS

10
9
8
7
6
5

2808 9¥ ¢

‘,{

‘YSN KL 30YN  "OD H3SS3 ¥ 1344N3AIN
SINDAD DO EX >._..,n__m<momn_

2 H

(

st

]

S //

S

<



PERCENTAGE

50— /(928

NO\jO Pwer — AvsusT
JO W %(.ﬁvf la

Lo

-t MmN

[ ] Yoo — o
® O~ © < m «~N —
©
o _ L
4114 L 1] 11 A -4+t 1
143 L - 4444 — -
& _ ~
| LA P oA -
ot 1 ISERERE - U i L JH H- -t
H 1 | H 3
i i il AT T -
_,. 1 11+ ]]ﬁl NESISRERUANRER L4 4144 - 1114441 4
HHH T . T -
ST 1T A IRNRARE ST T s —
i L T { 1T # S H i
. LT T eastEsung s k us i fpin) b T HH —
: 7
iR saR Em R ] il e EEaeF ARauH| sl ilatiaiotabilnas —
R H RS - A IR 8 HHHE
{41141 T ] s
o et eset s jos f jeupi uf paah ] HIL A i —
o 44444 41444 HHEE T . + 344
~ ¥ Y > ; = EEE T |—
i 8 1 =
1 pha: i RS =1l
’y
= 1 1 : T ghg]
o g % A HL Hiphiochd fuannnmnt R R IR =]
© bt 3 BES I RIS EEan kY TR e
u‘. '3 111" .. . C T P ShY A g
e : RpRdEhmmis b IEeH B0 114 - : 1l R IR 0 1 ot R e HE G ol Y
o 13 i HHAA ;“ AR TE 3 1 ZERISS LR RG RIS
el - S 7 T T e ! j
1 T Sapes L Signne bet AT TR )
H . R S bt
i ! i 1 ahgd ] ﬂ d 300
o B : AR A sk H Hid: Tr : - -
N i : S T R e I e R LR RR R AR -
2R : 38 11k M Vid ] 144 2101
o] ~4 1 4 PSS - o+ H R - -
ST T BREEEEagNt z 11413 o o8 I
2 3 M Tl M.L,.r” g .n@.l 2 R8BI bo o ot Bt B e o s [ N
e ma ]
1 B ST g 1 e o o sy g e
f.% A B HT T . THHETHF | I
11 PR - = 13 B P SASERR B 060 10 (s My s s e ) B
HiF p [ g M i I I e 5 e o Bl A B e
B AT T 4 AN IRRRA ARURNRERES I 1T I A S I O S
1] 1441 SRRRRENEAN Ry # ASNERERNREREORD! N T U s A A 8
[ ] |
17 1 1l n 00 o e o =
10 T - puiliiifiiarpsnapag 80 o
I N T -
|
_ .
o M4 | | 1114 1. || 10 0 T A Y I G
4.4 4 ! .
- L 4 |1 B I | _
AIRNDSRE HINERAREEESEE | 1 7 0 1 1 10 I 1 1 O O O
0 =
13 1.1 | 0 O O i 14 R IO O 0 e
U s —
4 - | ede

O N~N WO

100,01

’ 2808 9t

-

10.%
9
7
61

VSN NIICYW 0D HISSI ¥ 1I4IN3N
S3TDAD D07 £ X ALIN8vEONd

oM

14



la>(—1918"

Ve

N%O R(,

ot ;/(V(-S

OO N O 0 < m N -

P
o [_©
~
: i

I ) -

: i N -
: ST T ] ] e
anngll RARESHAEEE i IR SIRRRRRENNN LY b ] I ) O O o

SRR RN e IRARRRRY RRRAR I AN RN L NIV AR
1] 111 1 JHHIRANE ] ] T %u 1. ﬁ I I
+ 4 -4 4 H - 4 14 {4+ 4+ 441 {4 - .0
1 RESERNE i it T I I
4 H H1 . { H r. H 4 - I N 17 R S R (U [Te]
U114 1] finl I
m bass Hsdikdasunt is TN HRROR R RS o 1 IR i B
T HH Rt st iieadion” Al THHE EE R
i T b g ]
H o istitsana Silsthtestioannutl dxtl sl bRedsakhsSnnmd -]

A T S gaili -
L , e : o

i iges FRRE R I 0

jundy saf hoa 1L A,NW.T el gl

+314 O T3 T B -

1 BS3 B i bS] eCseads :
o i : i H ] w nﬁ. “rm LIRS 1 -
w' S AR Tx.x..yu.x 11 FH- [3EE Tudbts 1 -
o) SHEEE 5 1+ 343 Hhat i ]

ST Tils 21T s o oy H3S 8 PR o] S [
= A BISRRAREE - i HEHS Hiz = -
ZzO i Aiann JiE BN P a0 o0 oy 4 Ly MORS pRm: 1 om ~
wn 1 L Tt 1133 Y X -
bR i et ey e it i HH S @
i It BEES T3 JESEREES i {1 -

AO» S8R ik ete] ; HaTd1 e SRR Ba Tl
ST : e Juy fhaes —
o ST : 1 B Gl o

HiH T apEn ] Frgsan S 17 <

H 1] It HiFE fen gigakus i h_... : —

T HIT 117 H 1135

B HY 111 ispupupal (117 BYRNEEES 1T -

T A G i H T = -

MIE e R e A 1 i i ¥ -

: 0 _ Baning | ! 111 i 1 i

I . | NI | N B 1<

: : <
: T
T _ TN RN AR R N T T T
{4+ : 411414 N S S WX Lo "
i HATHHEE I AT ST
i ! —_
_ ] I T

14 J SHSNENE NN I LELL AL 44 514 4 -

i] T il REARNE Z ]

i L 4 ) h L NEW 54 b )

h L H A U L L : SR S

i ! ; -

1141 |} {144 u Ll do - tH . - Jd..4 -

UL L [ ) L ~ ; 100 O O Y
_ | <
™

N

129
9
8
7
5
4
3

oM~ W0 N <t o N

1e2

\5/
w 2 . y ¥S5'N NI J3OYN ,\.l/ |
808 9 m R Jinnin o2uIsa® LN W Ty v




Octi e~

PERCENTAGE

40

(a5 (- @18

i O -~ —
, c -
b1y i s “ b T w s @ .. _
R | 1 _ p —o
& ~
o ’ -
| (1! | -
? | i ) ..|I5
{ | L 4 44 I8 <4 i e —~ P S S W PR O
il i il N
{t1]s 111 A
ARl iRenacly AnliMLITEARARNR -
T 10 1]
8 m iy i i T —
ni 1] RTRRRE I Eas
pipeni Hig i finap .
n — 8 Hf 4, H 4- ,.l.lo.
® R H T e Ik i liseee e EE=I
T ; T Y A ; 11911
& : 238 I < -
® Bt Ri R AR KnEY 1 ik il
hu T i THEITI3 I | —
] Y R TR e RS -
: HHHE I F3 34 it L0 IRH L 183 S
R i T : HH o
LB |
o IR R
© i s BERRA L .
fitsiifanss bl .
AR o
w i§ fpal M.A sm
o

i tstpd fhegigcas .
i iR i
I ST EY foctd fanb 1
i huwﬁ ;
4
i

30

20

15

it il ng Wiz
g 155
0 s EEe
itk BlaEnil
I R e
i snadpapngh SIHEHTET
, stiietet i
nr L T : T T -
T | ET PR RARS SSRRRRRN D =1
S R e
H s :*, j 1@ :
|

10

i1 ! b i i AR R EE e o i A
| e DI o W
g I i i 111y
! 41 e .F - E W R T ol — -
T 1 ; ] _ H 1t I.Lill T1Tt11 =T 1]
™, I

\_. 1 1l | |

& i oy L HIAARISRRNRE L AERNRERN

o
m

128.¢b

WEN NLIOYN "0 YISSI W 344NN
"S§3TDAD DO £ X ALITIEVEOHd

.

M

N

("

e

15



et /70

[ W LJ(\)H') (v >

1
L

yo — Novenmber

!
. (_)
Roer
20

i

N

1
9
-8

7
J—
.5

4

TaCEs L
98%

[ ©
™~
Tl -
i -
K |
DS -,
Q 4 ‘|6
W I i
2 il N
< M EhiTh 11 -
@ | & 1] -
i it -
S w | 1 _ S
L 20 il aiiigs -
3 IIIisEaEnanan -
8l L :
“ Al piti T B
, i A s R pas i
K i -,
Flm “4 ; -1 - _
| i -
So ST -
EG 3 . ..w = [
t e
£ ,ﬁ : —w O
Eo _ 3
5 HHHE = gk *
Q ISBE S BIDIS . 11 “ i
m . ! SRR _m .. L:., % # B
il i I SIS | S
S Ll i 1 -
o) RIRRE : T
"l HHTHLE HESEREIN
, w RS TJ A
..ﬂ ‘ﬁ. B .
1111 = TS
il
st lel WEH o
o e B
.| e sacai
R H| L n |
I L (12}
L N "_ T .
™
| Pl ]
& _ ‘ . < ™ N ol
B 4 d . 8 addd o i 3 ‘| M goon~ © v .
w dobad w8 a6 W ao N © W I
—“h O N O 0 < m ]
. (542 MO
- E ¥ 1344N3N SN ‘e
2808 9V W w‘u..”u..»w:mo.w 2 K aLiniavaoud 2-H G
. —fl\ . \ . i\ ] e
P — o M L o



-t Ny . ™ ~

7.0

R “ o
=)
9 -
b 44 8 4 + 14 4
| ) —
L ARV
b4 17 4 I ) .
] (1] 05 0 0 0 Y
T FuRRs el
8 HiHHER 11 i‘M
o H THT o s
it teas TR =
% o i = HiliEHEEssaREEnE
y ™ i HHEEE 2
J almnu i IS iR ER S = R e
~ e i WHEIHB B Pl -
= Helliad e = 1 L :
ﬁ 3 w « Tu bnrw. 1 i e iy g s o el e / . \* . ~ .|*41 Sl g wp S
~ & L SIERUSECERIARED =1 ! |RES: k
{ (A @ 1131 i 1] = = MEdsesl =
8l Pm a4 HHHTEE Tt Dt
T~ i s 2 SR (o il i
W( P g (A RRRE S S 2 ik
. m T e T -
PR il T e e i -
ﬁ H: ﬂm“ I luj, 11 = - [ r :
hﬂu i m F J
0 T 1 ‘ .‘m..n.
> | sttt Htitatiattt aan SH i e L e
e : T I 11 1] 1 REEN I
JUsELINanaIRRAN L 1 1] T IR 150 (0 A S
2 sl i AR R AR N
; i SEARNEREES |- 1 N L.
: H4 4+ - - f—1- N o S
xxx‘__ se -4 g 44 4 — — ~4 - - |— ¢ —-¢ —{
i 1 ABREN SINENARE NN 4 B O O W
it LELELLLL - -

5.0
PROBIT

1002%

W N~N O < m N

120,

(=2 T« T < S T o] < m N

/€8.

$ c808 9y -

v

WER NL3OYW 0D HIASST W I3IAN3IN wox \) B
N S31DAD 901 € X ALlNigvaond | W | R

N

N\

Ny
U

g

?.
Q_
{ow



APPENDIX E

ESTIMTED WELL COSTS

AND

ADDITIONAL PUMPING

AT NOYO PUMP STATION



ESTIMATED COSTS FOR TWO 110 GPM WELLS
IN FORT BRAGG AREA
COMPARED TO ADDITIONAL PUMPING OF 0.5 CFS
FROM THE NOYO RIVER

Mobilization/Demobilization $ 4,000
Drill Set-up 1,000
Drill 2 Pilot Holes (150 ft. deep - 2 each) 3,000
Geophysical logs (2 each) 1,000
Reaming Pilot Hole to 36-inch diameter

(50 feet - 2 each) 500
Furnish and Install Conductor Casing (51 - 2 each) 2,000
Furnish and Install Grout Seal (2 each) 500

Ream Pilot Hole to 24-inch diameter (100 feet - 2 each) 2,000
Furnish and Install 12-inch Non-perforated Casing

(70 feet - 2 each) 3,000
Furnish and Install 12-inch Well Screen (30 feet -

2 each) 5,000
Furnish and Install Gravel Pack (2 each) 1,000
Develop Well (2 each) 2,000
Furnish Pump Test for 40 Hours and Remove Equipment

Equipment (2 each) 8,000
SUBTOTAL to Develop 2 Wells $33,000
Water Quality Testing (2 each) $2,000
Well Equipment
100 gpm Submersible Pump and Controls (2 each) 8,000
1500 gal. pneumatics tank (2 each) 10,000
Building (2 each) 6,000
Concrete Slab, Miscellaneous (2 each) 3,000
Chlorination System (2 each) 2,000
Fencing (2 sites) 3,000
Electrical 3,000
Subtotal to Equip 2 Wells $35,000

Estimated

TOTAL to Develop and Equip 2 - 100 feet deep, 110 gpm
Potable Wells for Direct Discharge into the Fort Bragg
Water System $70,000

Note: Cost does not include land design. A piping to system costs.
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APPENDIX E
ESTIMATE COSTS
FOR ADDITIONAL PUMPING
FROM NOYO RIVER FOR 1/2 CFS (or 220 gpmt)

To provide additional 1/2-cfs would require a 100 Hp Vertical Turbine Pump to
replace the existing 75 Hp Submersible Unit. .

Pump $ 8,000
Pump Fittings and Installation 7,000
Building Modification 5,000
Electrical to Code 5,000

$25,000

Power Cost Consideration

Noyo Pump Station: Vertical Turbine Pump - 100 Hp, 430 feet TDH @ 700 gpm

about 70 Hp per cfs delivered to WTP plus about 20 Hp/cfs
at WTP,

Wells equipped with submissible 20 Hp 250 TDH @ 110 gpm or 100 Hp per cfs
delivered into system.

Therefore, there would be no significant power cost differences based on
nameplate horsepower,

Even if the Noyo pumps required more energy, the difference would not develop
a significant cost savings. This is especially true when considering the in-
place costs and risks associated with developing two wells in the Fort Bragg

area capable of meeting water quality standards and 110 gpm output on a daily
basis.,

(10 Hp x 24 hrs/day operation divided by 90 percent pump efficiency x
0.746 kwh/Hp x $0,089/kwh or $17.70/day or $530/month).
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APPENDIX F

USGS STREAM FLOW DATA

PUDDING CREEK 1963-1970



PUDDING CREEK BASIN
STATION 114685.40

NOTE: Station was operated on a temporary basis 1964-1970 and is only

avaiable USGS data on stream.



}l4ﬁu N) PUI)I)IM: (RIH\ ‘J!AR FORT DHAG(., (‘ALIF

LOCATI N, -—Lat 39 27°25%, long 123 43°20%, in NE}NK] wec.2, T.18 N,, K17 X, Mendocine County, on rigit back ad
Q)d town site of Gl(-nl)lai r, 0,7 mile dosnstream from Little Valley Creek, and 4.5 milos caxt of Fort rawy

DRAINAGE AREA. --u 5 xq m BT
PERIUD 0l- RECORD, --l)clober l‘m.l to c\lrront year,
(;AG}..--'ator-Mtw» recordor. Dnm 01 page 1s 88,492 {t nbuvo mean Kes levc-i .

AVEM(.E Dl.\(‘HARGE --7 yonrs. 20 3 th- (4,710 ncre-" pcr yen').

‘!XTR}XLS,--Curmnt year: Hanmm dlsrhur;,e 1.130 cls Jan. 23 (;uzo hols:hl 6;74 £1Y: mrntmum datly,
Aug. 29 to Sept, 2, : . e, '
Period ut record: Maxieam (Nsvharru. 2 000 cfs D@c. 2, 1964 (gau- het :hl R, 55 ()

K REMARKS . ~-Rercurds gond, l\u xe;.nl.u\nn ux' dlvvralon ab«wn ttatlon.

DISUHARLY .- l'l 191,75 TV dATEL YCEBR ";lﬂH:'ﬂ 1949 T SEPT me

net Ny q;' : aP2

.37\

tuist n 0 .n.u s . 2195
S MEAY -’.1-; Cbeln S PR A 1 © 3%.0

. " T TSRS | RENY L B LA RY R L ¥
wy el T e e% bl Ve
AC-FT1 s &y ot Ay be AL R 1,26

ST AL ¥ 198 Tl M s Al Ay e IO Y BT TR A%-F1 18,907
St PR XU ) ) PlAL ~gh20 67 WA e warn 113 NI G A-py 12,010

PEAY DISCHARGE (RANE, 008 CFS)

DATE  TIME DESCHARGE IR TIVE G, U DISCHARGE )
Cy2-21 1100 YRS )3 K131 6,01 .
B £X2) LS L] Ho03
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LOCATION,--Lat 38°27'25", long
0ld town site of Glenblair, 0.7

DRAINAGE AREA.-.12.5 sq mi.

PUDDING CREEX BASIN

PERIOD OF RECORD.--October 1983 to current year.

GAGE, -~-Water-stage recorder.

in NE{NW} sec.2, T.18 N.. R.17 w,
®ile downstrean from Littlo Valley Creekx

AYERAGE DISCHARGE.-—6 years, 18.8 cfs (14,350 acre-ft per year).

EXTREMES ,« -Current year:
Sept, 3-10,
Period of record:

RENARK S . --Records good.

OISCHARGE, IN CURNIC FEET PER SECOND,

DAY ocT NOV

1 «03 .41

2 «03 o8}

3 .03 1.0

4 «03 .81

s .03 .72

6 .0 .56

7 .00 * .56
8- «09 .84

9 .12 <58

10 .12 +56
11 35 1.3
12 1.0 3.8
13 e 1.8
14 .50 1.7
s Y 2.9
16 .35 2.3
17 .30 1.6
18 .25 1.7
12 .25 1.8
v «20 1.4
21 «25 1.2
22 25 . 1.0
23 .25 .81
e .25 6.2
25 .25 8.7
2% .25 4.9
27 .25 3.0
28 .25 2.1
79 L .48 2ok
30 <56 7.0
3 R
TOTAL 8.32 62.24
MEAN .27 2.07
HAX 1.0 8.7
"IN .03 «tl
AC-FT 17 123

CAL Y& 1968

PLAK DISCHARGE (zh

TOTAL 6,090.131
¥TR YR 1969 YCTAL 9,762.89

Sk, 500 CF5).~-Dec. 15 (1015) $91 cfs {5.33 £t); Jan. 12 (1230) 902 c*

Naximum discharge, 5063 cfs

Mo regulation or diversion above station.

OEC JAN
8.7 19
6.7 16
3.8 13
2.3 11
2.3 9.8
2.7 . 8.7
2.6 Ta7
S.1 8.7
4.9 6.1
154 6.0
104 176
52 762
39 ASe
33 a7
217 73
104 48
45 33
21 as
20 102
14 338
11 338
|93 187
267 ito
310 ”
341 109
218 41
104 122
L3 123
43 109
31 117
24 89
2,326.1 3,792.4
75.0 122
341 162
2.3 6.1
42610 Te520
NEAN 18,6
MEAN 26.8

FED

”
”
60

2

7

203
nr
- as
178
1t

287
156
83
58
52

38
34
31
2%
20

19
17
49
T8
9%

28
72
178

— -

———

24435
87.0
287
17
4,830

MAX 34}
BAX 762

Datum of gage 1e 88,92 ft above mean A level,

11-4633.4. PUDDING CREEK NEAR FORT BiAUG, CALIF.
133°43° 20",

WATER YEAR OCTCBER 1958 T SEFTEMRER 1989

MAR

136

PP rEaN NPy~
s s v 8 s o
PP O

-
w
w
L3

FLIR Y
138
4.2

14500

MIN
nIN

APR

“.2
Te?7
8.0
5.9
23

‘22
16
13
14
12

9.4
8.4

1.3

6.7
5.9

5.4

279.¢
%.32
23
3.8
95%

03
02

Ay

EPrOCE NNN

Lt A A" X7

6%

37.28
le24
2.3
63
14

AC-FT 12,080
AC-F1 19,400

i

.88
N1
81
bl
15

-4
!
4D
«40
34

P2 ]
.32
- 30
30
XAl

-25
25
«25
.20
.20

-20

16
<16
Y

«20

«20
it
-is
olb

.18
- 30
1)
13

12

5 (6.18 fe).

AUC

o186
Y]
.12
<12
.12

12
- 0%
09
- C9
- 09

09
0%
09
-C9
-0

«09’

«09
.09
00
07

«07
07
.07
.03
+02

-03
.03
<02
«03
-0
«0)3

P 1)
« A0
et
«03
&a9

422

« Pendocino Connty, an righ' hank at
» and 4.5 wiles eaxt of Fort Bragg.

Jan, 12 (gage height. 6.16 2t}: mintsiae daily, 0.02 cfs

Maximun discharge, 2,000 cfs Dec. 21, 1864 (guge height, B.58 ft): Do flow at times.

e

R
03
02
002
U

«02
- 02
<02
02
«02

U3
U3
«03
)
-03

W03
«03

+ 09

1o

——
L

2

e

E



24 PODDING CRIZX BASIN

11-4865.4, PUDDING CREEX NERAR FORT BRAGG, CALIY.

LOCATIOR.—-la¢ 38°27°20", lomg 123°43'20", in WE{NY{ smec.2, T.18 W., B,17 ¥,, Oop rigat Laak at old tows site of
Glenblair, 0.7 milec downstrean fros Little Talley Creek, usd 4.5 silea eaat of Port Brags.

DRAIRAGE ARYA.-~132.5 #q mi.
RECORDS AVAILABLE,.~-October 1983 to September 1608,

OAQGE, —-Digital water-stage recorder. Datum of gage is 85.93 £t above peas sea lsvel, dutum of 1929, wupple-
sontary adjustesent of 1960, Prior to Oct, 1, 1964, grazhic water-staze recordsr st sxre site exd datum.

AVERAGE DISCHARGK.--3 ysarm, 10.4 ofs (13,320 acre-ft per ysar),
EXTRENES , —Eaximum discharge during yesar, 397 ofs Jan. 14 (gage height, 4.7¢ £t); miasimm daily, 0.4 cfe
for several days, ’
188368 leximwn discharge, 2,000 ofs Dec. 21, 1004 (gage height, £.33 ft); no flov at times.
REALNCS,--Rooords good. Mo reyulation or diversion sbove station,

DISCHARGE, IN CUBIC FEET PER SECONND., WATER YEAR UCTOHER 1967 TN SEPTEmREF 19A5

nay ney NOVY DEC JAN FER MAR APR My SUN Jut [ICH See
1} 12 o bb 13 2.9 AR 1% 9,4 1.6 ché «20 «0% -0y
2 2.0 1511 18 2.7 -1 is Ba®r ia4 o712 o1& .08 <09
3 1.7 55 135 2.4 - &6 12 T.0 1.2 o] 20 .02 «09
- 1.1 50 T2 2.3 38 9.8 [ X%} 1.7 «90 «20 «03 9
b 3.2 56 128 2.3 a0 9.8 5.6 1ok « 820 <290 D3 <07
6 1.3 57 &6 2.3 23 9.1 .9 1.3 1.0 oih 0% «Ov
T~ 272 b4 8% 2.3 16 9.1 LYY} 1.3 -3} 218 0% W12
] «50 .73 &7 3,2 1% VB 4.6 led LY .18 «05 oA
9 o4 G 95 21 27 1e 7.7 . LTS 1e7 .00 a12 0% ola
10 «38 B4 Y& 232 12 ouh 38 1ed T o1m 0% NI
11 «35 +80 1 7" 10 S.0 3. 1.3 1) e 03 .12
12 230 «R2? R.Q 34 5.1 is 3.4 ;1.3 1} oi2 <93 3
13 «30 « 98 6.1 33 8.0 712 . 3.2 1.7 « 50 .12 «032 32
te +«30 1G 5.1 149 7.3 &0 2.9 1ot end ot 03 £ 20
15 o2 .1 ‘ol 257 bes 30 2.7 13 Y .t2 »03 25
1s «30 2.4 &0 110 6.7 TR 2.1 1ol aieh 09 0% it
17 25 1.6 “s0 56 8.0 113 2.6 1.1 +40 « 09 «0% .12
18 «2%, 1.2 13 3k 6.7 69 ey 1.0 35 SO 07 09
19 25 1.0 12 24 103 “h 2.4 1.2 o5 « 09 «0% 07
20 .26 «81 9.8 18 217 29 2.1 2.0 «32 ] 12 07
21 «30 « T2 R.e 15 15« 21 2.1 le7 +30 09 o2 -9
22 1.0 b4 7.0 12 122 17 2.1 1.6 v 30 N7 225 »0Q
23 79 55 hal 10 &8 18 240 1.2 30 07 2n 08
24 &1 «50 Set Be? 63 1 2.1 1.2 «30 07 16 «G3
o2 .58 «50 4.9 .0 45 22 2.0 2etr .25 07 ol .03
26 «53 « 50 4.4 7.7 32 19 l.8 2.1 .35 % 1y N2
27 47 56 4.0 12 24 14 1.8 lab .30 .03 3% 03
28 A 1.0 3.8 20 20 12 1.7 1.2 25 05 .25 03
29 Ny 12 3.4 120 V7 11 1.6 1.1 .20 .03 .20 .03
.30 .55 14 3.0 139 ———— 9.4 1.6 « 90 .20 0% 16 .03
31 50 memeee 2.9 13 ————— ol meemeo «Bl wemen- +G& W12 e
TOTAL 20.97 61.02 T00.T 1.%12.8 },262.2 166,1 105.2 43,01 14,56 3,46 Beh? 7Ry
ME AN 68 2403 22.6 4%.8 42.8 26.7 3.51 1439 ey Vil Wi .88
MAX de2 1s 135 2517 212 113 ERE 2.4 1.0 ol ) ]
Min .12 Y 2.9 2.3 LY beb 1.8 -R1l W20 .03 ~03 W03
AC~FT “? 121 1,390 3,000 246560 1e352V 20y Y] o0 AP w9 5.7
CAL YW 19AT TOUIAL T.,09%,72 BEAN 19,4 MAR G2y MIN L0A AL=+T Ja,(m0
WTR Y 1908  TUTAL 4.476.36 MEaAN 12,2 MEX 257 MM 03 AC=F1  AGPRO

PesX digsharge (bass, 000 cfs).--No peak sbove bass,
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LA
' 410 P PODDING CREEX BASIN
11-4685:4, PUDDING CREEK NEKAR FORT HRAGG, CALIF. g'{
LOCATION,-~Lat 39°27'28", long 123°43'20", in NE{¥W] sec.3, T.18 N., R.17 Y., ou right ban¥ at old town site of .
Glenblsir, 0.7 mile downetream from Little Valley Ureek, and 4.5 miles azst of FPort Bragg. t
DHAIRAGRE AREA.--12.5 sq mi, .
H RECORDS AVAILABLE.-~October 1863 to Septemper 1967,

L GAGR.-~Digital water-stage recorder., Datum of gage is 58.92 £t above mean soa level, dutum of 1929, mupple~ s

3 mentary sdjustsent of 1960, Prior to Oct. 1, 1964, graphic water-stage recorder at saxe site and datus.
: rm

EXTREMES .~ -Maxisrus discharge during year, 720 cfs Dec. 2 (gage height, 5.70 £t); no flow for geveral duys. ¢

§ 1963-7: Maximum discharge, 2,000 cfs Dec. 21, 1964 (gage height, 8.55 £1); 20 flow st tiwss ia vack
¥ % yoar, (O
bty RENALER ,-~Recorda good. No regulation or diversion above station.
vl £
S DISCHARGEs IN CFS, WATER YLaR OUTOPER 1966 (D SEPTEMPER 1957
Al
X, DAY | OCT. | NOV. DEC. JAN. FEB. J‘ BAR. | APR. Pomay 0 ogune sy Y WO Y i
i Q 0 32 3.8 100 2.9 154 17 aue .50 .34 S
o 2 o 0 333 3.7 64 2.7 5 is 5.0 ¢ .a? W31 T A
et b 3 «01 0 171 3.5 42 2.6 49 15 3.6 | .83, «3u; ol -
& IR . .01 0 158 3.7 30 2.5 31 13 3.1 .52 .30 NV
- s «01 [ 235 4.9 24 2.3 28 12 30 .uGE .29 12
; s ) 6 01 ¢ 100 3.9 19 2.2 i 11 2.9 ! <77, .cs! s
i TH T W01 -03 75 3.7 18 2.1 113 .6 2.5 ! T8 L L ISURE
% ¥ B +02 0 51 3.5 is 2.0 7 9.0 2.2 70! <30 T
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APPENDIX K

INSTALLATION LIST OF MULTI~CELLULAR

FILTERS EVALUATED BY JCE



The following cities were contacted and the wastewater treatment plant

performance discussed and evaluated by JCE (specifically by Skip Griffin).

Year Company, Pexson

Name Constructed MGD Contacted
Anaheim, CA 1965 10 Dr. Moore
Pomona, CA 1959 4 Mol Gardner
Riverside, CA 1967 6.4 . Norm Thomas
Ontario, CA 1958 7.2 Phil Crocker
Azusa, CA 1963 5 Ed Heck
Covina, CA 1967 15 . Mr. Temple
Pasadena, CA 1971 5 Hank Stinebiser
Las Vegas, N.M. 1976 4,6 Chuck Standford
Brawley, CA 1963 5.5 Charlie Brown
El Toro, CA 1963 14.8 Pete Cooper
Fall River, MA 1976 24 Omer Jean
Norwich, CT 1972 10 Mr. Parsons
Poway, CA 1971 12 - Glen Peterson
Elsinore, CA 1958 8 George Erickson
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Reidsville,

North Carolina

Filter Size: :
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

South Cobb, Georgia

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

North Attleboro,

Two 12'6" wide X 70' long
Tertiary wastewater treatment f
Boyd Wheeler - (919) 349-9251 !
Wrenn-Wilson Cons. Co.-Durham, NC
W.M. Piatt & Co. Engrs.-Durham, NC
9/78 -

Two 9' wide X 27' long

Tertiary wastewater treatment

Jerry Brown - (404) 429-8900 ‘
So. Cons. & Engrg. Co.-Birmingham, AL
Hensley-Schmidt, Inc.-Atlanta, GA v
9/78

Massachusetts

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

West Plains, Missouri

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Two 16' wide X 64' long (dual media)
Tertiary wastewater treatment

Emil Cherette - (617) 695-7872
Wescott Construetion-N. Attleboro, MA-
Whittman & Howard-Wellesley, MA

12/78

Two 12'6" wide X 34' long

Tertiary wastewater treatment

Jed Forrester - (417) 256-7088
Goodwin Bros. Cons.-Crystal City, MO
Crame & Fleming-Hanibal, MO '

Startup Date: 12/79

Springfield Township, Summit County, Akron, Ohio
Filter Size: _Two 16' wide X 64' long
Treatment Process: Wastewater treatment

Plant Operator: John Hall - (216) 645-0003

Contractor:
Engineer:
Startup Date:

Lake Zurich, Illinois

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Gibbons Grable-Canton, OH
John David Jones-Cuyahoga Falls, OH
10/80

Two 9' wide X 28' long

Pat Boyle - (312) 438-5143 ext. 58
Keno & Sons-Highland Park, IL

Wight consulting Engineer
10/80 :



Beaunit Corporation - Elizabethtown, Tennessee

Filter Size: :
Treatment Process:
Contractor:
Engineers:

Startup Date:

Two 16' wide X T74' long

Wastewater treatment

Pendley Constructors-Bristol, TN
Hulecher & Henderson-Richmond, VA
2/79

Delco Air Conditioning - Moraine, Ohio

Filter Size:
Treatment Process:
Contractor:
Engineers:

Startup Date:

Two 16' wide X 52' long

Wastewater treatment

Foreman Industries-Dayton, OH
Hubbel Roech Clark-Bloomfield Hills, MI
5/81

Corporate West - Lisle, Illinois

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Milliken Chemical -

Inman,

6' wide X 18' long

Wastewater treatment

Dan Chlebanowski - (312) 969-3140
Driessen Cons. Co.-St. Charles, IL
Triad Assoc., Inec.-Indianapolis, IN
11/81

South Carolina

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Stamford, Connecticut

Filter Size:

Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Alden, New York

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

et m—tier o .. . L.

6! wide X 10' long package
Wastewater treatment

11/81

Eight 16' wide x 92' long
(4 carbon + 4 sand media) -
Water Treatment

Atlas Construction Co.-Stamford, CT
Whitman & Howard-Wellesley, MA
N/A

Two 9' wide x 28' long
Wastewater Treatment

John W. Danforth Co.-Buffalo, NY
O'Brien & Gere-Syracuse, NY
N/A




Drakesboro, Kentucky

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

. Startup Date:

Georgetown, Kentucky

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

One 6' wide.x 8' long
Wastewater Treatment

Peters Construction Co.-Owensboro, KY
Mayes, Sudderth & Etheredge, Inc.-
Lexington, KY

7/83

One 12.5' wide x 48' long
Wastewater Treatment

E. H. Hughes Company, Ine.-Georgetown, KY
Proctor-Davis-Ray Engineers-Lexington, KY
7/83

Standard Chlorine - Delaware City, Delaware

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Glenwood, Arkansas

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

One 6' wide x 18' long

Wastewater Treatment-Iron Removal
Ivo Ceccarelli - (302) 834-4536
Standard Chlorine-Delaware City, DE
Ivo A. Ceccarelli

9/82

One 6' wide x 24' long
Wastewater Treatment

Kraus Construction Co.-Fort Smith, AR
Blaylock, Threet & Assoc.-Little Rock, AR
N/A

Tidewater Quarries - Richmond, VA

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

One 83}' wide x 14' long

John Glazebrook

Owner

John Reid Engrg. Co.-Fredericksburg, VA
7/83
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Witco Chemical Co. - Houston, TX

Filter Size:
Treatment Process:
Plant Operator
Contractor:
Engineer:

Startup Date:

One 6' wide x 12' long
Wastewater-Deep Well Injection

N/A
N/A
1/82

- San Lando Utilities - San Lando, Florida

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

League City, Texas

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

One 123' wide x 40' long
Wastewater Treatment

Bay Con General Contractors-Longwood, FL

Conklin, Porter & Holmes-Sanford, FL
4/84

One 16' wide x 30' long
Wastewater Treatment

Poindexter Construction Co.-Katy, TX
CRN Associates-Houston, TX
3/84

Cross Gate Utilities-Slidell, Louisiana

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Brookfield, Wisconsin

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Subcontractor:
Engineer:

Startup Date:

One 9' wide x 22' long
Wastewater Treatment
N/A

Jd. V. Burkes

N/A

Four 16' wide x 76' long
Tertiary wastewater Treatment

Luterbach Construction Co.-New Berlin, WI

Tillmon Engrg. & Cons. Co.-Rockford,
Camp, Dresser & McKee
N/A



Winona, Missouri

Filter Size: One 6' wide x 18' long
Treatment Process: Tertiary Wastewater Treatment
Plant Operator:
Contractor: Baumgartner Construction Inec.-
Springfield, MO
Engineer: C. B. Simmons-Republic, MO
*Startup Date: N/A

Rio Rancho Estates - Albuquerque, New Mexico

Filter Size: One 14' x 47! long{
Treatment Process:

Plant Operator:

Contractor: Garnet Construetion Co.

Engineer: Trico International-Rio Rancho, NM
Startup Date: 1/81

Nevada City, California

Filter Size: : One 9' wide x 50' long

Treatment Process: Wastewater Treatment

Plant Operator:

Contractor: F & M Engineering Contractors, Inc.-
Santa Cruz, CA

Engineer: Cranmer Engr.-Grass Valley, CA

Startup Date: N/A

Warren Township, New Jersey

Filter Size: Two 6' wide x 18' long
Treatment Process:
Plant Operator:

Contractor: PKF - Mark III, Inc.-Newton, PA
Engineer: Elson T. Killam Assoc., Inc.-Milburn, NJ
Startup Date: 12/82

Millsborough, Delaware

Filter Size: One 6' wide x 30' long

Treatment Process: Wastewater Treatment

Plant Operator: Harry Veasey - (302) 934-6043

Contractor: McElwee-Scarborough Construetion,
Cherry Hill, NJ

Engineer: Edward H. Richardson Assoc.-Dover, DE

Startup Date: 11/82



Fort Ritchie, Pennsylvania

Filter Size: Two 6' wide x 12' long

Treatment Process: Wastewater Treatment

Plant Operator: '

Contractor: Waynesboro Cons. Co.-Waynesboro, PA
Engineer: Greenhorne & O'Mara, Inec.

Startup Date: 9/82

Fairfield Bay Community - Fairfield Bay, Arkansas

Filter Size: One 6' wide x 12' long

Treatment Process: Water Treatment

Plant Operator: Charles N.

Contractor: Fairfield Bay Community-Fairfield Bay, AR
Engineer: Garver & Garver, Inec.-Little Rock, AR
Startup Date: 10/80

Curtis Creek Fish Hatchery - Mongo, Indiana

Filter Size: One 9' wide x 32' long
Treatment Process:
Plant Operator: Steve Huf faker - (317) 342-5527
, ry Contractor: Wright Construction Co.-Elkhart, IN
13@3 Engineer: Clyde Williams Engrg.-South Bend, IN
’ Startup Date: 10/80 ~

Leitchfield, Kentucky

- Filter Size: One 16' wide x 40' long

i Treatment Process: Tertiary wastewater Treatment

@ Plant Operator: -

y ' Contractor: Hall Contractors-Louisville, KY
: Engineer: Watkins & Associates

i Startup Date: 9/80

: Brecknock Township W.P.C.P. - Lancaster, Pennsylvania

Filter Size: Two 9' wide x 10' long

Treatment Process: Tertiary wastewater Treatment

Plant Operator: Frank Carlson - (215) 445-7553
Contractor: McElwee Scarborough-Cherry Hill, NJ
Engineer: . Huth Engineers-Lancaster, PA
Startup Date: ; 4/81

Callawassie Island, South Carolina

S Filter Size: One 6' wide x 12' long
. 1 5 Treatment Process: Wastewater Treatment
' Mé Plant Operator:
~ Contractor: B-W-B, Inc.-Florence, SC
Engineer: B. P. Barker Engrg.-Columbia, SC °

Startup Date: N/A



Hillsboro, Illinois

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Three 9' wide x 14' long
Wastewater Treatment

J. A, Mutchler Excavating Co.-Hillsboro, IL
Hurst-Rosche Engineers-Hillsboro, IL
3/84 :

:’n\.















APPENDIX L

INSTALLATION LIST OF FILTERS
MANUFACTURED BY AQUA AEROBIC

(INFORMATION SUPPLIED BY MANUFACTUER)



Partial List

AQUA-AEROBIC SYSTEMS, INC.

18ry

Village of Athens, New York

Filter Size:

.Treatment Process:

Plant Operator:

*Contractor:

Engineer:
Startup Date:

Hampsire, Illinois

Size:

Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Mt. Carroll, Illinois

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Brooklyn, Wisconsin

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

Kittery, Maine

Filter Size:
Treatment Process:
Plant Operator:
Contractor:
Engineer:

Startup Date:

One 9' wide X 36' long (dual media)
Potable water treatment

Jack Nichols - (518) 945-2682
Thomspon Cons. Corp.-Albany, NY
Robert J. Ganley-Delmar, NY

10/78

One 9' wide X 36' long
Tertiary wastewater treatment
Richard Sharp - (312) 683-2064

Keno & Sons Cons.Co.-Highland Park, IL

Baxter & Woodman-Crystal Lake, IL
12/178

One 9' wide X 20' long

Wastewater

Ronald Morgan - (815) 244-5921
Civil Constructors-Freeport, IL
Baxter & Woodman-Crystal Lake, IL
3/81

Two 6' wide X 14' long

Wastewater

Darell Thompson - (608) 455-1842
Mechanical Systems, Inc.-Madison, WI
Carl C. Crane, Inc.-Madison, WI

6/81

Two 16' wide X 98' long

Water supply

Ed Junkins - (207) 363-4252

Winn Conn Construction-Laconia, NH
Whittman & Howard, Inc.-Westbrook, ME
5/81 - b

TS

/10



APPENDIX M

GEORGIA PACIFIC MATERIAL USE
OF CITY WATER 1980-1985

(HUNDREDS OF CUBIC FEET)



Month Meter No. 1980 1981 1982 1983 1984 1985

February 1012 ~-0- 6,173 3,177 1,030 2,181 1,303
1015-3" 82 423 792 577 560 14

1018-3" 1 5 60 4 4 6

1027-4" 636 1,437 1,657 1,824 4,925 1,570

1042-1" 23 12 80 92 108 133

1051-3" 828 2,524 4,702 1,709 1,002 770

1090-5/8" ~0- 1 -0~ -0- -0- 1

TOTAL 1,570 10,575 10,528 5,236 8,780 3,801

April 1012 6,069 2,134 1,702 1,199 1,539 1,902
1015 326 651 10 451 534 -0-

1018 4 261 682 83 3 3

1027 2,008 1,318 1,609 1,767 1,844 1,231

1042 13 14 80 112 50 197

1051 789 4,574 4,124 1,205 953 679

1090 1 ~0- 1 -0- -0- -0-

TOTAL 9,210 8,954 8,208 10,053 4,923 4,012

June 1012 11,374 2,609 2,079 1.340 1,747 2,333
1015 124 643 454 506 599 16

1018 4 23 99 15 7 2

1027 1,406 1,258 1,192 1,821 5,889 1,417

1042 20 13 72 108 29 11

1051 723 4,627 3,480 965 886 665

1090 -0- -0- -0- -0- -0- -0-

TOTAL 13, 651 9,173 7,376 4,755 9,157 4,444

August 1012 13,164 2,755 1,941 812 2,209 2,615
1015 474 515 496 450 701 466

1018 22 41 682 6 10 121

1027 1361 1,442 1,520 1,916 10,295 1,591

1042 16 98 66 108 28 182

1051 546 4,763 2,188 1,035 875 716

1090 ~0- -0- -0- -0- 2 -0-

TOTAL 15, 583 9,614 6,893 11,220 14,120 5,691

October 1012 17,169 1,865 1,672 12,840 2,510 2,393
1015 468 186 569 345 759 476

1018 16 31 ~0- 4 12 68

1027 1,571 1,687 1,684 1,558 5,077 1,625

1042 12 107 108 95 35 -0-

1051 8 4,815 2,180 1,034 807 660

1090 -0- -0- -0- 1 2 1

TOTAL 24,935 8,691 6,213 15,876 9,202 5,223

ApM-1



Month Meter No. 1980 1981 1982 1983 1984 1985

December 1012 17,430 1,945 1,072 1,461 1,442 2,797
1015 474 446 470 658 375 547

1018 8 199 11 14 4 40

1027 1,414 1,633 1,023 2,723 1,273 1,822

1042 11 87 80 98 28 3

1051 -0- 4,575 1,579 1,098 633 144

1090 -0- 1 1 ~0- -0- 1

TOTAL 19,310 8,886 4,235 6,052 9,812 4,754

ANNUAL TOTALS 98,824 55,893 43,453 53,192 55,994 27,925

Note: 19,000 hundred cubic feet of water for December, 1985, equal 14,212,000
gallons/month or 470,000 gallons per day or 330 gallons per minute or 0.7 cfs.
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