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ABSTRACT

Nonpoint sources constitute some 65 percent of stream pollution in the

United States. One component source that has not been well defined as to

its impact on the environment is residues generated during sandblasting

operations. This study considers a single case of sandblasting ship

components with spent nickel-copper slag abrasives at Naval Shipyard Mare

Island near Vallejo, California. Ship parts are cleaned for repainting

in a large open area underlain by asphalt. Spent abrasives and associated

paint and paint by-products are transported via overland flow during

storm events to a beachfront estuary and ultimately into the Mapa River

(locally called Mare Island Strait).

The research conducted addresses the transport of abrasives and paint

products across the watershed and its deposition in the estuary. It also

secondarily considers the physical and chemical bonding relationship

between abrasives and paint products. Background chemical sampling and

sampling within the estuary suggest that elevated levels of heavy metals

are caused by the paint products produced during the blasting

operations. The mechanisms used for sandblasting, i.e., high-pressure

jetting, and the transport phenomena associated with sediment and paint

runoff are typical of those found at most operations of this kind.

Hydrologic simulations were performed using the U.S. Army Corps of

Engineers HEC-1 model to determine appropriate simulated runoff rates for

sediment transport calculations. A sister model, HEC-6, was employed to
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estimate sediment transport through and from the operations area.

Physical and chemical data were collected for grain size and the presence

of five target metals in the area of deposition. Model predictions were

verified by an on-site testing program that collected runoff sediment at

various flow rates off the operations area.

Results of benchscale chemical partitioning tests suggest that

approximately 70 percent of paint materials present are physically bound

to the abrasives and the balance are loosely intermixed with the

transporting sediments. As such, in this particular case, the majority

of the commingled waste was amenable to modeling by HEC-6. Two separate

flow rates, 0.5 cfs and 1.0 cfs were chosen for field verification of

HEC-6. Results of four 6.5-hour on-site test runs showed that numerical

simulations accurately represented actual conditions within 12 percent.

Field tests also suggested that HEC-6 may over predict sediment transport

for abrasives in shallow flows.
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1.0 INTRODUCTION AND OBJECTIVE

1.1 INTRODUCTION

An unprecedent6d public awareness of pollution problems in the United

States is evident and growing. Until the advent of the U.S. Environ

mental Protection Agency (EPA) in 1970, only one major law addressing

contamination had been passed, the Solid Waste Act in 1965. In 1986,

then-EPA-Administrator Lee Thomas commissioned a study by senior staff

members to address the question of where America's most pressing pollu

tion concerns stand. One recurring problem that ranked near the top of

the study's list was nonpoint source pollution. A separate EPA study

(U.S. EPA, I98I4) estimates that 65 percent of stream pollution is

produced from nonpoint sources. A great amount of information has been

gathered pertaining to farmland, feedlot, and industrial runoff pollu

tion. However, one component of nonpoint source pollution has only

recently been identified for study; that is pollution caused by abrasives

blasting of materials such as bridges, ships, and buildings. This study

addresses this issue as it relates to sandblasting ship components and

the operations impact on the environment.

On December 16, 1987 the California Regional Water Quality Control Board

(CRWQCB) issued a tentative order for Waste Discharge Requirements to

Naval Shipyard (NSY) Mare Island. The order identifies several sites

where deposition of potentially hazardous compounds may exist. One of

the sites referenced is the Building 900 sandblasting area (900 Area).

The research presented in this report addresses the issue of environ-



mental contamination and the coincident transport of sandblasting

residues produced during sandblasting operations.

Sandblasting of objects is a ubiquitous function of everyday life. The

Golden Gate bridge in San Francisco, California is continuously being

painted and sandblasted. Sandblasting of painted parts is performed in

numerous industries. Often times, like the case of the bridges and with

the situation at the 900 Area at NSY Mare Island, these practices are

carried out in open areas. Residues from the operations accumulate in

sediments near the blasting site and may, as in the case of the 900 Area,

be transported by natural forces into estuaries and receiving streams.

At present, very little has been done to evaluate the potential impacts

of these practices on human health and the environment.

The 900 Area is a relatively small watershed measuring approximately 990

feet long and 500 feet wide at its widest point. It is completely paved

with asphalt. The integrity of the asphalt is poor in several places.

Sandblasting of large and small ship parts is practiced throughout the

entire watershed. An abrasive, actually a nickel-copper slag, called

greensand is used to strip paint from metal surfaces. Uncontrolled

runoff from the site deposits onto an estuary which comprises the rim of

the Mare Island peninsula. Mare Island Strait borders the strip estuary

(it occupies less than 2,000 linear feet of coastline).



1.2 OBJECTIVE

The objective of this research is to test the applicability of a

universally accepted large-scale predictive model for estimating

commingled abrasives/residues transport over a small impervious

watershed. The numerical model results were verified with a carefully

designed and executed field test. Additional supporting research was

conducted to more fully understand the chemical-physical relationships

between sandblasting abrasives and paint residues.

Physical and chemical tests were completed both in the field and under

laboratory conditions. The study considered five target metals commonly

found in paint and abrasives to monitor throughout the lifespan of the

investigation. These five metals are copper, chromium, lead, nickel, and

zinc. The physical and chemical characteristics of the carrying

abrasives were also determined. Environmental fate of each metal was

also determined in both solid and liquid states. A geometric sampling

grid was established in the area of solids deposition. Background soils

sampling was also performed to provide a baseline for interpreting

elevated levels of metals in the sampling area.

A wide range of design storm frequencies (1-year to 100-year) were

selected for the purpose of estimating the amount of flow which could be

expected from the site. Synthetic hydrographs for the drainage basin

were developed using the U.S. Army Corps of Engineers (I98I) HEC-1 model,

one of the most widely employed hydrologic simulation codes. Sediment

transport was simulated through the use of the U.S. Army Corps of



Engineers (1977) HEC-6 model. The model, which is well suited for

classical river sediment transport, is postulated here to hold promise

for estimating sheet flow sediment transport. The HEC-6 model is

selected because of its broad acceptability. One of the major objectives

of this research study is to demonstrate the applicability of HEC-6 to a

unique abrasives transport condition by comparing model results with

field simulation of two overland flow rates applied to the watershed.



2.0 LITERATURE REVIEW: SEDIMENT TRANSPORT IN SHALLOW FLOWS

An interest in the transportation of sediment in open channels and fields

has been known to exist since at least 4000 B.C. Nevertheless, to this

date almost every new theory on the dynamics of sediment transport is

typically prefaced by language such as "sediment transport phenomenon is

a complex problem for which there are commonly broad differences between

predictive models and field-scale studies." Order-of-magnitude

differences are often found. In the following review, a summary

perspective of sedimentation as it relates to movement in shallow flows

is given.

In a broad sense, sediment may be moved along in a flowing column of

water by two methods, suspended in the fluid or pushed along the surface

as bed load. Generally, when the average flow depth is less than two

times the mean bed depth, as in the case of sheet flow, bed load is the

dominant mechanism. This condition assumes that the bed material is of a

relatively dense and cohesionless nature found in sandy stream

channels. The present study at the NSY Mare Island 900 Area is analogous

to sheet-type runoff of coarse-grained materials and sediment is

transported off the watershed in a bed load form. As such, this

discussion is limited to bed load processes. A definitive review of

suspended load transport models, techniques, and procedures are found in

Graf (1984) and Chow (1959).



In reviewing the wide body of literature on sediment transport one

central theme is evident: a tremendous amount of laboratory and field

studies have been performed and numerous theoretical hypotheses with

wide-ranging differences have been offered. The author believes the

problem stems from three core problems: (1) there is no clear

understanding of incipient sediment motion, (2) the appropriate single

determinant for calculating sediment movement is robustly debated, and

(3) applicability of a given hypothesis either scaled up from the

laboratory or down from field observations is weak. The first two

problems will be discussed explicitly and the third implicitly.

2.1 INCIPIENT MOTION

In general, the transport rate of bed load is a function of low near-bed

velocity. There is no effective method to predict or measure velocity
near the bed in sediment-transporting flows. Three primary surrogate

variables, each described independently in a given theory, are embodied

in most sediment transport equations: mean velocity (V^), tractive stress

(t) stream power (W = t V^). Several authors have recently criticized

the use of tractive stress, claiming that its performance is markedly

inferior to that of velocity (Thompson, 1985) and unit stream power

(Yang, 1984) in gravel channels. Each of these concepts is touched upon

throughout the course of this discussion.

The transport of sediment mixtures in open channels is complicated

because the condition for initiating motion of a given size of sediment,
as well as its transport rate, is affected by the presence of the other



sizes in the mixture. The finer fractions moving as bed load are

sheltered (or armored) by the coarse fractions, and the coarser

particles, in turn, are exposed more to the action of flow past them. As

such, the actual force experienced by a certain fraction of sediment

mixture at a given average shear stress is different from what it would

be at the same shear stress if the material were uniform. Further, this

difference in forces is a function of the bed composition and the fluid

and flow characteristics. In general, the size distribution of the

transported material is dependent on the shear stress and is different

from that of the bed material. Therefore, the bed load calculated by

making use of any of the methods based on a single representative size

may result in large errors in such cases. It is thus necessary to know

the transport rate of individual fractions of the bed material if the bed

load transport rate and its composition are to be predicted accurately.

Einstein (1985), Proffitt and Sutherland (1983), and Misri et al. (198ii)
have proposed methods to account for the nonuniformity of sediment in the

calculation of bed load transport rates. Misri et al. (1984) emphasized

the limitations of Einstein's method. Even though their method gave

satisfactory results for laboratory data, the method did not give good
results when applied to field data, especially at higher values of

dimensionless shear stress for individual sizes. Proffitt and

Sutherland's method (1983) also showed poor agreement with field data.

Additional experiments using nonuniform sediments of finer sizes so as to

obtain higher dimensionless shear stresses are needed. The exhaustive



scope of such a study must include measurements of velocity distribution,

concentration distribution of individual fractions, and bed load and

total load transport of individual fractions.

In general, recent work is in agreement that relatively smaller sizes in

a mixture show greater resistance to movement and a higher critical shear

stress than sediment in a unisize bed and that relatively larger sizes

show less resistance to movement and a lower critical shear stress in a

mixture. However, there is considerable discrepancy in the published

results. These discrepancies are not random, but fall into two groups,

that may be associated with two broad classes of methods for determining

initial motion. The first method involves estimating the critical shear

stress for the individual fractions i^^i as the bed shear stress that

produces a small transport rate for each fraction. Transport rates of

individual fractions are measured for a number of flows and the shear

stress that corresponds to a small reference transport rate is determined

from a fitted relation between shear stress and transport rate for each

fraction (Parker et al., 1982; Day, 1980). The second method involves

determining the largest class in a sediment mixture that is moved by a

given bed shear stress. This quantity may be measured directly using the

largest class found in a transport sample (Andrews, 1983; Carling, 1983)

or measured visually by observing the largest grain moving over an area

of the bed (Hammond et al., 1984). The largest mobile grain is assumed

to represent initial-motion conditions if coarser grains are available in

the bed. The two general classes of initial-motion methods will be

termed here the reference transport method and the largest-grain

8



method. When is measured with the reference transport method, it is

found to have little, if any, dependence on the relative size of the

fraction that is expressed, for example, as the ratio of the fraction

size to the median size of the mixture, D^/D^q (Parker et al., 1982).

The largest-grain method typically produces a variation of t with
01

roughly the square root of D^/D5q (Komar, 1907), although Andrews (1903)

found only a weak dependence of on D^/D^q using the largest grain

found in transport samples.

Two problems prevent direct comparison of initial-motion results deter

mined by the two different classes of initial-motion methodology. The

two initial-motion methods are typically applied to very different por

tions of a transported sample. A largest-grain estimate uses only a

single grain per sample, typically one in the coarse part of the grain

size distribution. A reference shear stress x^j^ estimate incorporates

the transport rates of all the grains in a sample, as well as the trans

port rates of other samples that are used to fit an interpolating func

tion between dimensionless forms of the transport rate and bed shear

stress for each fraction. The second problem is that in most cases, only

one of the two methods can be generally applied to a particular set of

transport data. The largest-grain method requires that grains coarser

than the largest in the transport sample be available in the bed, a

condition often not met by transport samples. On the other hand, a

collection of single transport samples from which largest-grain estimates

may be made may not be sufficient to adequately define the relation

between transport rate and shear stress that is necessary for the



reference transport rate and shear stress that is necessary for the

reference transport method. Both the mutually exclusive nature typical

of the appropriate data sets and the different portions of the transport

size distribution sampled leave open the question of whether in initial-

motion results between different sediments and flow conditions are real

or merely reflect the different methods used to determine the initial

motion.

In field studies the critical shear stress has been estimated from the

largest grain observed in motion (Andrews, 1983; Carling, 1983; Hammond

et al., 1984). Mixed-size sediment transport rates, from which incipient

motion may be estimated, have been measured in several laboratory studies

(Day, 1980; Dhamotharan et al., 1980; Misri et al., 1984) and in the

field (Milhous, 1973; Parker et al., 1982). Experiments on part of the

problem, the pivoting angle of individual size fractions, have been made

by Li and Komar (1986). Wiberg and Smith (198?) have used the earlier

pivoting angle results of Miller and Byrne (1966) in developing a

semianalytical model of critical shear stress. All this work is

motivated in part by the importance of the problem: the critical shear

stress for individual size fractions is an integral component of mixed-

size sediment transport models.

2.2 DETERMINANTS FOR SEDIMENT MOVEMENT

Consider sediment movement within a steady, uniform, open channel flow

above a flat bed of loose material. The motion of the sediment particle

can be classified as rolling or sliding if the particle is in continuous

10



contact with the bed, or it can be said to be saltation (hopping) if this

support of the particle by the bed is intermittent. These three types of

motion are bed load, because the bed supports a part of the net weight of

these moving particles. The sediment is considered to move in suspension

if the particles hit the bed so infrequently that the particle's net

weight is supported by the fluid rather than by the bed.

The trajectory of a sliding or saltating grain is determined by the three

forces acting on the particle: the force exerted by the fluid, the force

exerted intermittently by the bed, and the particle's weight. The

horizontal component of the velocity difference between the saltating

particle and the mean fluid flow causes a drag force, which accelerates

the particle in the downstream direction and supplies the energy for this

transport process. Contacts with the bed initiate and terminate each

saltation, support some of the particle's net weight, and absorb some of

the particle's horizontal momentum by opposing its downstream motion.

The impact at the end of a trajectory either relates the particle

velocity and spin of that trajectory to the initialization of the next

trajectory or it stops the particle. However, the bed impact force does

not influence the trajectories once bed contact is broken. After the

initial velocity and spin of a particle are set, the properties of the

mean flow determine the resulting trajectory.

White and Schultz (1977) and Murphy and Hooshiari (1982) have shown that

saltation trajectories can be calculated from the Lagrangian equations

for the dynamics of particle motion by considering just the mean fluid

11



flow. In particular, the data of Murphy and Hooshiari (1982) show that

glass spheres the size of marbles accelerate downward because of their

net weight during their entire trajectory, and that, therefore, the net

weight of such spheres is not supported by the fluid. Because no random

motion was observed, the length and height of the trajectories of these

saltating spheres were not affected by the random turbulent fluctuations

of the fluid velocity.

A variety of equations have been proposed for describing sheet, rill, and

stream sediment transport capacity in terms of a single determinant:

either flow velocity (v), slope (s), shear stress (t), or discharge

(Q). In soil erosion research the most common formulations have involved

describing sediment transport capacity either in terms of water discharge

or effective discharge (Q - (e.g., Williams, 1975; Meyer et al. ,

1975) or in terms of an effective shear stress or tractive

force (t - T^^) (e.g., Foster and Meyer, 1972; McWhorter et al., 1979;

Foster, 1982). In the most recent new theory, Yang (1973) argued that

such relationships, when applied to alluvial channels, are nongeneral and

often nonunique, particularly at both high and low sediment discharges.

After analyzing a large set of data, Yang (1972, 1973, 1976), Yang and

Molinas (1982), and Yang and Stall (1976) concluded that unit stream

power is the dominant factor in determining the total sediment

concentration of streams with alluvial and gravel beds. Yang (1973) and

Yangand Song (1979) defined unit stream power P as the time rate of

potential energy dissipation per unit weight of water:

*
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p  dY dx dY
" dt " dt dx ^

where:

Y = Elevation above a datum (i.e., the potential energy per unit
weight of water)

X = Longitudinal distance

t = Time

V = Velocity of flow in the longitudinal direction

s = Energy gradient and can be approximated by the slope of the soil
surface or channel bed.

The concept of stream power was first introduced by Bagnold (I960) and

was defined in terms of the power per unit area of stream bed (shear

stress times flow velocity), whereas Yang (1973) defines unit stream

power in terms of the power per unit weight of water.

Unit stream power is a total sediment load formula, whereas stream power

was originally developed as a bed load formula. Yang (1984) demonstrated

that for gravel size particles sediment concentration is a hysteretic

function of both shear stress and stream power, but a nonhysteretic

function of dimensionless unit streampower. An earlier evaluation of a

number of sediment transport formulas by Alonso et al. (1981) suggests

that unit stream power gives reliable predictions of sediment transport

in shallow flows and stream flows, particularly for fine to coarse

sands. Further elaboration on the stream power technique is presented

later in this section.

13



There is no clear consensus on which approach to sediment transport is

the most accurate as evidenced by the aforementioned researchers. It is

the author's belief that the stream power theorists remain in the

minority at present. Tractive theory as advanced by Einstein (1950) and

numerous others remains the dominant pro forma expression used in

numerical transport models.

In steady, uniform flow, the downslope force on the water caused by

gravity is balanced by resistance from the channel boundary due to

roughness. The mean resistance per unit area, boundary shear

stress (t ), is:
O

= PgRs (2)

where:

p = Mass density of fluid (M/L^)

g = Acceleration due to gravity (L/t^)

R = Hydraulic mean radius (L)

s = Channel slope (L/L).

The mean tractive stress of the water on the boundary is numerically

equal to this shear stress, and represents the tangential force per unit

area acting downchannel.

The tractive stress on the bed would thus seem to be a logical control of

bed load rates. The equation of Meyer-Peter and Muller (1948) is perhaps

the most widely used example of the tractive stress approach:
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Qg = 8(m \ K \ - 0.0^7)^-^[(G - Dgd^J^'^G p (3)
^  s

where:

qg = Dry mass transport rate (for particles of diameter d) per
un X V

width of flow (M/t/L)

^s " Specific gravity of grains (unitless)

Mf. = Shield's shear stress [M = pgDs/(G - 1) pgd]
s

m and K = Correction factors needed to adjust pgDS so that it
represents stress on the bed (not banks) and on grains
(not bedforms), respectively.

A difficulty in using tractive stress in such equations is the

computation of the bed stress as distinct from the mean stress acting

upon both bed and banks. Another difficulty is calculation of that part

of the bed tractive stress acting only upon the bed grains. Recent

articles discrediting the tractive stress approach unfortunately

overlooked those points, even though they are explicitly recognized in

the classical bed load equations. The basic series of equations that

forms the foundation of this theory is derived in the following

section. Numerical modeling performed in this study also follows the

basic concepts of Einstein (1950). It is recognized that other options

which include the stream power function are also available in some of the

more sophisicated computer models such as HEC-6 (U.S. Army Corps of

Engineers, 1977).

15



2.3 GOVERNING EQUATIONS

The motivation for the present analysis, which treats the bed layer as a

continuum bulk flow, is derived from the work of Bagnold (1956), Goodman

and Cowin (1972), and Savage (1979). These authors were concerned with

the development of certain constitutive relations appropriate for the

flow of cohesionless granular materials with finite deformation rates at

low stress levels. The theory accounts for the non-Newtonian nature of

flow as evidenced by Bagnold's (1956) experiments. Constitutive

relations such as Bagnold's are essential for the derivation of a

sediment discharge relation.

The motion of sediment as a continuum at the bottom of a stream flow must

obey the laws of continuum mechanics. This separated two-phase flow

model (Wallis, 1969) should be capable of representing the complete

dynamics of the water and sediment flow. Alternatively, water turbulence

and bed movement can be predicted by a physical model.

As previously mentioned, to describe the motion of water and sediment in

open channels, it is essential that the governing equations be physically

based. They must also be capable of accounting for the various dynamic
behaviors that water-sediment systems may undergo. The well-established

Saint-Venant continuity and momentum equations of water flow possess such

properties. These equations as applied to the flow of water in open

channels can be stated in the following form for unit width flow:

Ih 3(vh)

at ~ir~ = ° (^)
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8h _ 9v 3h 36 „ v2
at 3x ®3x * ®3x " ~ f h

where:

h  = Flow depth (L)

V  = Flow velocity (L/t)

6  = Thickness of the movable bed material (L)

s  = Channel slope (L/L)

Of. = A dimensionless friction factor

g  = Gravitational acceleration (L/t^).

The first equation is the conservation of mass equation, and the second

is the conservation of momentum modified to account for the presence of

the movable bed. In the foregoing equations, it is assumed that there is

no lateral flow to the unit width channel being considered. The

coordinated axes are defined in Figure 2-1, where the x-axis coincides

with the rigid bed and is in the direction of the flow. The y-axis is

taken normal to the bed of the channel. H(x,t) represents the ordinate

of the free surface and 6(x,t) the ordinate of the bed layer. The flow

is considered to be one-dimensional.

The finer particles of sediment are usually transported in suspension,

even at low-flow rates. But the transport of larger or less dense

sediment, such as sand and aggregates, or both, takes place in the mode

of bed load. It is assumed in this analysis that the transport of coarse

sediment will occur only as bed load. The sediment in the bed layer is
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subjected to shear stresses due to the motion of the fluid. It is

assumed that there is no net entrainment of coarse sediment by the

turbulent flow and, therefore, coarse sediment particles do not leave the

bed layer.

The motion of cohesionless sediment takes place near the bed of the

channel, and the uniform grains move by rolling and sliding without

leaving the bed. The bed material moves as a bulk flow in closely packed

layers. The mass conservation of the sediment layer is:

M  _
3t 3x "

in which Qj^ = volumetric rate of sediment transport per unit width and is
given by:

%= J"o °"s^y (7)

where:

c  = Volumetric concentration of the solid grains in the bed layer
under motion

Ug = Sediment velocity.

Note that there is neither inflow nor outflow of sediment to the bed

layer. In other words, grains are neither deposited from nor picked up

by the flow of water.

In gravity flow, the hydrodynamic forces of the fluid play an important

role in the initiation of sediment motion and in its transport. But as

soon as the sediment starts to move in the downstream direction, the

dynamics of the sediment will contribute significantly to the momentum
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balance of the bed layers. The forces created by the momentum change

must be accounted for. These same concepts are revised by the U.S. Corps

of Engineers (1977) in their development of one-dimensional transport of

sediments using Equations 4 through 7.

The forces acting on the sediment body are composed of inertia forces,

intergranular forces, gravity forces, and hydrodynamic forces because of

the fluid flow. For a rigorous formulation of the hydrodynamics of

sediment transport, all these forces must be considered. The

conservation of momentum equation of the sediment layer is written as:

3P 3u au

iT * M - % ^ "s-jf) * = 0 (8)

where:

(tractive) stress in the sediment layer

P  = Hydrodynamic pressure

Pg = Sediment mass density

bjj = Sediment body force in the direction of the flow.

The inclusion of the inertial forces results in a high-order, complicated

set of partial differential equations. To keep the analysis simple as a

first attempt at this sediment transport problem, the inertia forces are

dropped from the sediment momentum equation to yield:

3t^ 3P

^  -- 0 (9)

Assuming a hydrostatic pressure distribution of water and sediment, the

pressure at any level 0 < y < 6, (sediment layer thickness) is:
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P = CYg(6-y) + (1-c)Y(6-y) + Yh (10)

in which y and Yg are the specific weights of water and sediment.

Taking the partial derivative of equation 10 with respect to x and

substituting it in equation 9i one obtains:

36 36 3h

IT* ^ ^ = 0 (11)

The last term in equation 11 is the component of the sediment weight in

the direction of the flow.

Integrating equation 11 with respect to y leads to an equation for the

grain shear stress:

's = -'^^s If y - y - "^^s^y - y If y ^ ̂  (^2)

where:

A = An integration constant.

The shear stress at the top of the sediment layer is mainly because of

the water flow and is approximated by x = pC^v^ . Evaluating the
constant A in equation 12 by considering the shear stress

Tg = T at y = 6, and then eliminating the higher-order terms, leads to:

which is the shear stress distribution in the sediment. The thickness of

the sediment layer, however, is quite small, so that shear stress in the
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sediment layer does not vary appreciably along the depth. Therefore, the

mean value of the sediment shear stress, , will be considered in the

following analysis, so that

-  1 2
^s = 2 pV (I'O

In the derivation of a bed load equation, the interaction among the

grains must be taken care of for the continuum assumption to hold. The

interaction among particles was considered by Einstein (1950) as it

affects the probability of individual grains to be picked up or

deposited. DuBoys' (1879) sliding layer model only accounts for

interlayer shear stress and not for the intergranular friction. Bagnold
(1966) derived a bed load equation based on his observations of the

upward dispersion of grains caused by turbulent shear stress. His final

relations were expressed in terms of the conservation of energy, which

equates certain work done.

A bed load equation can be obtained by integrating equation 7. However,

assuming a constant volumetric concentration c, the integration of

equation 7 requires a knowledge of the sediment velocity distribution. A

simplification can be made for very wide rectangular channels, or as it

is postulated here, planar beds (parking lots). In wide channels, the

hydraulic radius (R) approximates the flow depth (h). The mean bed shear

stress may then be approximated by:

Tg = PgRs = pgys (15)
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Equations 4 and 5 represent the motion of fluid and sediment in open

channels with a moving sediment bed layer. The motions of fluid and

sediment are interdependent, which is reflected by the coupling between

the equations through h, 6, and v. Equations 4, 5, and 8 are nonlinear

partial differential equations for which analytical solutions are not

available. It is argued that one is therefore dependent on numerical

techniques to accurately simulate sediment transport in a dynamic

state. A widely used computer model HEC-6 (U.S. Army Corps of Engineers,

1977) appears to be a reasonable tool for this study to employ.

2.4 CLASSICAL BED LOAD EQUATIONS

DuBoys was the first to offer a relationship that described bed load

sediment transport. Since then, several equations have been proposed for

the prediction of the bed load transport rate. A number of the original

works are completely empirical in nature; some are obtained from

dimensional considerations and the others are based on a semitheoretical

approach. A summary of several of these theories is given in the

following paragraphs.

DuBoys (1879) assumed that the bed material moves in a series of layers

parallel to the bed, the velocity of each layer varying from a maximum

for the top layer on the bed surface to zero for the lowest layer at some

depth. A number of the early works were based on using tractive force as

a determinant of sediment flow. DuBoys' equation may be written as:
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where:

Y  AS Au
A  § S

2
2t
0

o

Here represent the average shear stress at the channel boundary and t

is the shear stress at Incipient motion. Empirical equations are

dimensional and the variables used are applicable only for the system of

units chosen by the investigator. Several empirical equations that have

been published in the literature appear in Table 2-1. A majority of

these empirical equations do not include the explicit effect of bed forms

on transport rate. One interesting relation is offered by Chang

(1939). Note that the bed load rate is a direct function of transport

rate rather than an inverse function as it relates to Manning's "n." In

all other relationships, bed load rate decreases with increasing "n"

values. Of all the empirical relationships the most commonly used is

that of Meyer-Peter and Muller (1948) given in Equation 17. A wide range

of data have been applied to their formula with only moderate scatter.

Chien (1954) has suggested that this relationship predicts the bed load

rate better than Einstein's more rational equation.

®  ® 's (y g- y) ̂ da
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Table 2-1. Empirical Equations for Bed Load Transport

Investigator
No. (Citation) Equation Remarks

1. Gilbert^ = ^0.58
a  1.59 1.02

s  q - b

2. MacDougall qg = aS (q - q^)

3. Favre^
2.16 s J/9Qg - >1/3 ~ P ^
(Pg - P )

q^ is the
discharge under
critical condi

tion. Data on

graded sand
used in

deriving the
equation.

Based on

experiments
with sediments

of relative

density between
1.25 and 4.0.

4. O'Brien and

Rindlaub'^
A ( T - T )

s  o

5. U.S.W.E.S.^

6. Schoklitsch*^

r, ^ t
^B = n (^s - "^0^

% =

As^^^(q - q^)
~J72

m varies from

1.5 to 1.8
depending on
sediment

size. Data on

graded sand
with sediment

size varying
from 0.31 mm to

4.10 mm used in

deriving the
equation.

Equation based
on data on

uniform sand.
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Table 2-1. (Continued)

Investigator
No. (Citation) Equation Remarks

7. O'Brien'^

8. Chang'^
"b =

A.n (t - t )t
1 s O S

Equation based
on data on

graded sand.

Equation based
on data on

graded sand.

Jy. L. Chang (1939).
H. Rouse (1950).

^O'Brien, M. P. and B. 0. Rindlaub (1934),
°S. Shulits (1935).
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Where da is the arithmetic mean grain size, is the roughness factor

for sediment and n is the average roughness of the bed. On a dimensional

basis, the most prominent equation was presented by Shields (1936). He

proposed the following relationship:

pot p) - 1] T T=  10 [ s - 0 I (18)
(qY)s " '(Yg - Y )d^

Here q is the discharge per unit width of the channel. Equation 17 is

based on a range of p^/p from 1.06 to H.2 and sediment size from 1.56 to

2.47 millimeter (mm). Data given by Rouse (1950) indicate errors up to

150 percent in the bed load rate predicted by the Shields equation. This

magnitude of error is typical of the equations previously described.

Another set of researchers may be described as theorists. They

approached the sediment transport problem from the viewpoint of

statistics and fluid mechanics. The notable works of Einstein (1942,

1950) with his probability theory and the stream power function of Yang

(1984) fall into this category. Einstein's work is the basis for

modeling chosen for this study and is further discussed in Section 3.0 of

the main text on materials and methods.

The stream power function theory advanced by Yang (1973) is rooted like

many other equations on Manning's formula. The discharge Q or average
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flow velocity v across contour element of length b can be represented by

Manning s equation if uniform turbulent kinematic sheet flow is assumed.

V = i 0 = vyb - 1 (19)

where:

N  = Manning's roughness coefficient

y  = Depth of sheet flow at the contour element

s  = Slope of the soil surface

Q/b = Discharge per unit width.

Rearranging equation 19 yields:

„ _ r nQ y3/5 , ,
y - I -T-J (20)

s^b

or:

(21)

n°-'
SO that the unit stream power for sheet flow is:

P = vs = (2)0-^ ̂
n°-6

(22)

Moore and Burch (1985) demonstrated that when steady state runoff was

assumed, then theoretical length slope factors equivalent to those

empirically developed in the universal soil loss equation could be

derived.
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3.0 SITE DESCRIPTION

NSY Mare Island is one the United States military's oldest facilities on

the West Coast. Its current mission is submarine overhaul and repair.

Located on 5,667 acres of land adjacent to Vallejo, California, the Naval

Base lies approximately 30 miles northeast of San Francisco (Figure

3-1). The peninsula may be accessed by land only through a causeway on

the northern end of the facility. The remaining three sides of the

peninsula are bounded by the Napa River (Mare Island Strait) to the east,

Carquinez Strait to the south, and San Pablo Bay to the west.

Mare Island was purchased by the U.S. Government in 1852 for the purpose

of constructing a naval shipbuilding yard. Commander David G. Farragut

became the inaugural chief and commenced construction in 1054. The first

ship was launched in 1058 and a line of combat ships followed through the

two world wars and the Korean and Vietnam conflicts. During the 1950s,

the base began to change its focus from surface ships to submarines. The

nuclear-powered USS Nautilus, America's first submarine to traverse

beneath the north pole, was decommissioned at NSY Mare Island, and the

first Nautilus-class submarine was built at the shipyard in 1930.

3.1 OPERATIONS IN THE 900 AREA

The 900 Area is an open area near Building 900 and Pier 2^1 at the

southern end of the industrial area as shown in Figure 3-2. The area has

been used since about 1952 for the abrasive blasting of a wide variety of

submarine parts. Before 1975, the area was an open field. A 15-foot-

29



(
x
>
O

S
O
U
R
C
E
'
 A
M
E
R
I
C
A
N
 A
i
r
T
O
M
O
e
i
L
E

A
S
S
O
C
I
A
T
I
O
N

ai
rf
ie
ld

r
f
 i

n
c
k
n
i
H

So
is
wi
iC
it
* 
\

ur
tl

u|
l

»
ij

ii
i«

«»
ip
as

C
o
f
M
r
t

r

>
=
L

i
n
x
/

■
«'

i-.
^—

iff
^V

S
.(—

f_
_L

!£
^

>
 >^

SB
nh

a 
""

\ 
^-

h?
 K

—
K'

-"
''

\
 ̂

 f'
i~

s 
° 

-A
 

' 
'•)

«
.i 

V
-T

1
H

A

B
M

n
v

-
/-

 ~
v

ifo
va

to
/

 1
>

 
i

--
V

,-
'-
^\

V
I

 "i 
°

•
 I
ll
ll
lO

?«
=>

*
\
\
w

-
^

.. y
 

.J-
 

-^
s^

v
W

 -;S
?;

So
 

^
>

m
L

,
•S

ic
 
^
/

9
' 

^

W
 

IM
A

R
E

 I
S

LA
N

D

.j<
^L

«.~
..-.

 
N

 
'N

;i.v
M*

 
M

ar
ti^

V!
sa

-.-
.S

 
:/%

.j;:
..--

:>v
 

-v
A

M
u

n
 

^
r«

io

S
9

«

'/»
 1

l.
S

an
If
fi
l 

P
a

f
il
 A

f'i
''»

iR
a

fa
e

l
»

»
:s

.-
J\

\*
 *

5®
S

g
T

"/
"'
»

 P
 0

 T
itr

in
^

rr
; 

m
JU

^'
V

 
J

w
is

el
i?

W
t\(

 n
)

 Sa
n

^
:■ 

L?
<

•t
r>

H
*M

a
 T

J
!«

' 
C

^S
<

rs
w

nw
i^

'^
^L

Z
k
Z

::
:\

 
a^

^y
d 

>\
^>

 \
 

■: 
Y\

v 
-T:

> 
b(

M

U
fll

^'^
 ■ 

I 
iM

te
**

l?
 «

•"«
* 

T
 

*1
 e

OM
taM

fM
a/f

lM
BM

». 
cir

tt >
ua

t»
«y

3-
'rV

v«
"g

,y^
*

: 
J

S
^ 

2

A
r

^0
C

'
•V

I/
.

If
E

lC
em

lt 
/
 

6
V

-

\
 V

s.
fi

rr
iir

-r
r:^

 
^

I
 IW

fc
ftW

)
 2

Ea
er

wi
flc

^

W
1

<
»

'•^
 

^.
« 

\ 
^P

S
Z

 
ii-

'O
 

«•
I'U

n*
^ ,

 M
(M

0
i

 at
 A

m
* 

C
*^

\ N

Fi
gu

re
 3

-1
. 

Ma
p 

o
f 

M
ar

e 
Is

la
nd

 a
nd

 
V

ic
in

ity



U
)

F
E
N
C
E

R
A
I
L
R
O
A
O
 
T
R
A
C
K
S

\
 ̂

/
0

1
3

1
3

9
4
*
 o
r
 
M
*
 E

0

L
E
G
E
N
D

m
i
W
A
R
T

S
A
N
O
e
t
A
S
T

A
R
C
A

E
n

r
r
^
l

o

N
A
P
A
 
R
I
V
E
R

(
M
A
R
E
 
I
S
L
A
N
D
 S
T
R
A
I
T
)

E
L
E
V
A
T
I
O
N
S
 
F
R
O
M

A
R
e
i
T
R
A
R
T
 
D
A
T
U
M

S
O
U
R
C
E
 ••

A
L
L
 
I
N
T
O
N
M
A
T
I
O
N
 
W
A
S
 
t
A
K
£
N

F
R
O
M
 
T
H
E
 
M
A
P
 O
F
 
N
A
V
A
L
 
AC
TI
VI
TI
FS
-

M
A
R
E
 
I
S
L
A
N
O
 (
1
9
6
6
1
 
A
N
D
 
F
R
O
M
 
A

S
I
T
E
 
I
N
V
E
S
T
I
G
A
T
I
O
N
 
C
O
N
D
U
C
T
E
D
 
B
Y

IT
 
C
O
R
R
 
IN

 
S
E
P
T
E
M
B
E
R
 
1
9
8
6
.

Fi
gu
re
 3
-2

. 
90

0 
Ar

ea
 S
an

db
la

st
in

g 
Fa

ci
li

ty



high sheet netel fence was installed in 1976 to reduce airborne

particulate release and to control runoff. Blasting continues today both

inside and outside the fenced-off area. Gaps at the footing of the

enclosure also permit spent abrasives to run off into the strait during

precipitation. Recent studies by the Navy have shown that approximately

400 cubic yards per year of spent abrasives are created. These materials

are collected periodically and placed in 3-cubic-yard containers, either

for transport to the station landfill or for screening for recovery and

reuse. An estimated 16 percent of the abrasives are reclaimed each year

(Ecology 4 Environment, 1983).

Both virgin and reclaimed blasting sand are stored immediately west of

the blasting area in and near Building 215. Piles of sand are present on

the north, west, and south sides of the building and adjacent

buildings. Varying deposits of this material are also evident throughout

the general area (up to and including the marshland border of the Mare

Island Strait). Specific distributions of both new and spent abrasives

were mapped during September 1988. A detailed description of these

findings is presented in Section 4.0.

The only waste generated in the 900 Area is the "Green Diamond" spent

nickel and copper slag material abrasive. After use, the abrasive can

contain minor amounts of debris associated with paint and varnish

removal. The most common elements include paint, organotin,

anticorrosion adhesives, marine growth, and metals.
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Direct deposition of spent abrasives into the Mare Island Strait was an

accepted practice until the mid-1970s when potential adverse

environmental impacts were first uncovered. Fugitive runoff through

overland sediment transport into the strait is presently the only pathway

of significance. A small volume of parent material (less than 50 tons)

was still present north of the beach in June 1988 when the sampling

program was being performed.

3.2 WATERSHED CHARACTERISTICS

3.2.1 Physiographv and Relief

Mare Island is located in the southwest corner of Solano County. The

western part of the county consists of hilly to very steep mountainous

uplands of the Coast Ranges that have a maximum elevation of 2,819 feet

above mean sea level (msl). The rest of the county is on the floor of

the Sacramento Valley region. Except for an isolated area of low,

rolling hills in the southeast corner of the county, the valley areas of

Solano County are either level or gently sloping alluvial plains and

marshes. They are near sea level along the eastern and southern borders

and rise to an elevation of approximately 100 feet at the foot of the

mountains. Predominant physiographic and topographic features of Solano

County and Mare Island are presented in Figure 3-3. A large area of

tidal flats and marshland is adjacent to Suisun Bay. A portion of these

lowlands reside on Mare Island. This entire area has been dissected into

a series of islands by a mage of natural drainage channels.
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Mare Island is a predominantly flat peninsula attached to low-lying

marshlands and farmlands to the north. Most of Mare Island is relatively

flat, ranging from near sea level in elevation at the extreme north end

to 40 feet msl in the south-central area. A pronounced feature is the

hills at the southern end of the peninsula that rise to a height of 275

feet. Of the 5,66? total acres, 2,582 acres are dry land and 3,085 acres

are wetlands, over half of which were created by man-made dredge and fill

operations.

3.2.2 Geology

Mare Island and vicinity lie near the interface of two major geographic

provinces: the Coast Range province and the Central Valley province.

Mare Island is located where the Sacramento-San Joaquin Delta enters San

Pablo Bay, the northern continuation of San Francisco Bay. As such,

basement rocks are commonly concealed by thick sequences of bay mud.

Rocks exposed at and near Mare Island consist of micaceous shale and

arkosic sandstones of the Panoche Formation (Dibblee, 1981), part of the

Cretaceous Great Valley Sequence (GVS). Rocks strike to the southeast,

but across the Carquinez Strait, also consist of shales and sandstones of

the Panoche Formation (Dibblee, 1980). Commonly underlying the GVS is a

Jurassic-Cretaceous eugeoclinal assemblage known as the Franciscan

Complex. The Franciscan Complex is commonly dominated by graywackes, but

also contains substantial quantities of cherts, greenstones, and shales

as well as limestones, serpent inites, ultra mafics, and blueschists.

Rocks of the Franciscan Complex may be underlying rocks of the Panoche

Formation exposed on Mare Island.
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The regional geology of the Central Coast Range is very complex and is

dominated by the presence of major northwest-trending structural features

such as the San Andreas, Hayward, and Calaveras faults as shown in Figure

3-^. These large-scale features and their subsidiary structures have

caused extensive shuffling of geologic units, resulting in poorly

understood stratigraphic relationships between some units. The age of

rocks in the Central Coast Range varies from the Jurassic to the most

recent Holocene.

The Central Valley is a large, elongated northwest-trending asymmetric

structural trough that has been filled with an extremely thick sequence

of sediments. Estuaries and thick alluvial deposits along the western

margin of the Central Valley are prominent erosional features of the

larger rivers. Suisun and San Pablo bays are included among them. These

large rivers excavated canyons that were graded to a sea level about 300

feet below the present level (Louderback, 1951; Higgins, 1952). Upson

(1949) showed that along the southern part of the coast these canyons are

cut through the lowest marine terrace, making them of Wisconsin Age.

Dibblee (1981) has mapped the surface geologic features of Solano and

Contra Costa counties and specifically Mare Island. Over 60 percent of

Mare Island is immediately underlain by Quaternary alluvium (Qal). The

alluvium, which is more accurately defined in the Section 3.2 on soils,

is mainly floodplain deposited sand, silt, gravel, and clay irregularly

interstratified. The western border of the peninsula is characterized by
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younger bay muds (Qbm). These materials are very fine silts and clays

admixed with abundant organic material. The pronounced sandstone and

claystone formation at the south central portion of Mare Island is of

Cretaceous Age but was not named. Dibblee (1981) considered these rocks

part of the Panoche Formation. The distribution of surface and near-

surface rocks in and around Mare Island is given in Figure 3-5.

One fault is present at Mare Island. It trends southeast to northwest

across the eastern side of the peninsula. Named the Franklin Fault, it

is thought to be part of the East Bay Hills stepover zone (Aydin and

Page, 1984). This structural zone lies between the Hayward and Calaveras

faults in the East Bay Hills and is caused by compression between the two

faults. This zone of compression has resulted in the upthrusting of the

East Bay Hills (Aydin and Page, 1984). The Franklin Fault dips steeply

to the southwest and is considered a reverse fault (Aydin and Page,

1984); rocks southwest of the fault are being transported upward with

respect to rocks northeast of the fault. The nearby Southhampton Fault,

located about 4 miles east of Mare Island (Dibblee, 1980 and I981) is of

the same type as the Franklin Fault; it is a reverse fault dipping to the

west-southwest (Aydin and Page, 1984).

3.2.3 Soils

The Mare Island Peninsula has a different appearance now than it did 100

years ago. Many marshlands and lowlands have been landfilled, especially

in the northern portion. These landfills, in addition to poor native

soils, present several potential engineering problems such as land
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subsidence and erosion. An overview of shallow soils as classified by

the U.S. Soil Conservation Service (1977) is provided in Figure 3-6.

3.2.3.1 Soil Morphology

Mare Island and the surrounding Vallejo regional watershed areas may be

generally classified into six geomorphic units: delta; floodplains and

natural levees; flood basins; low alluvial plains, fans, and low

terraces; low hills and dissected terraces; and uplands of the Coast

Ranges. Three of these units, delta, floodplains, and uplands of the

Coast Ranges, dominate the Mare Island vicinity as evidenced in Figure

3-6.

Delta soils are found at or near sea level along the northern portion of

Mare Island, west of Steamboat Slough, and in the Suisun Marsh adjacent

to Suisun, Grizzly, and Honker bays. Tidal sloughs form a network of

waterways through the delta. A system of artificial levees encloses much

of the area. Salinity varies with the distance from the bays and with

the seasonal dilution by runoff from the Sacramento River, the San

Joaquin River, and tributary streams.

The soils that formed in the delta are mostly mixtures of hydrophytic

plant remains and mineral sediments. The poorly drained delta areas

support a dense growth of tule and reed plants. Mineral sediments are

added to the organic deposits by tidal action and by deposition from

turbid water during floods. The resulting soils range from organic soils

that contain a small amount of mineral matter, such as thin silt and clay

1|0
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lenses, to mineral soils that are low in organic matter content. The

U.S. Soil Conservation Service (1977) lists the Reyes silty clay found on

Mare Island as a delta soil.

Floodplain-associated alluvium is mostly moderately coarse textured to

moderately fine textured. These soils are very recent heterogeneous

deposits. Soils of the Valdez and Columbia series once found along the

shores of Mare Island have been dredged or overlain by construction

fill. This condition is evident at the 900 Area because the U.S. Soil

Conservation Service (SCS) mapped the vicinity as man-made fill, but

drilling at the site confirms the remnants of alluvium, delta soils, and

man-made fill.

A large part of the southern half of Mare Island has been mapped as being

a component of the Coast Range Uplands. This geomorphic unit consists of

a segment of rugged terrain that parallels the western boundary of Solano

County. It consists of several ridges and intervening narrow valleys

that trend in a northwestern direction. The Millsholm loam and Los Osos

loam soil types on the island are in this geomorphic unit. The Millsholm

loam was formed in residuum from sandstone in steep areas such as those

found near the base golf course. The Los Osos soils formed from weaker

sandstone. Slopes are less steep, erosion is less a hazard, and the

soils are deeper. These soils have been subjected to more weathering and

translocation of silicate clays and have formed agrilic horizons.
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3.2.3.2 Soil Types

Eight different soil types may be found on Mare Island. These are:

Reyes silty clay, Reyes silty clay loam, Diablo-Ayar clay, Dibble-Los

Osos loam, engineered fill. Tidal marsh, Millsholm loam, and Altmont

clay. Exploratory borings taken throughout the island also confirm the

presence of Altamont clay and Millsap loams. Columbia loam is believed

to be present at depth along the shore of Mare Island Strait. Salient

engineering properties of local soils are presented in Table 3-1.

Upland portions of the peninsula are overlain by soils of the Diablo

series. These soils are subdivided on Mare Island into the Diablo-Ayar

and Diablo-Los Osos classes. Generally, the well-drained Diablo soils

are characterized by a dark gray surface layer of clay. The uppermost or

A horizon may reach 35 inches in depth. It is underlain by 6 inches of

grayish-brown silty clay loam. The C horizon is light yellowish-brown,

weakly consolidated sediments that extend to a depth of more than 6

feet. However, the two classes exhibit widely different physical

properties. The Diablo-Ayar series is the most plastic soil on the

peninsula with a plasticity index exceeding ilO. As much as 95 percent of

the soil may be classified as clay. It logically transmits water very

slowly, having a permeability of less than 1 times 10""^ feet per

second. Alternatively, the Diablo-Osos soils are very low plastic

materials because of their sandstone parent bedrock. These soils are,

nevertheless, predominantly clay in content and have a permeability on

the order of 10 to 15 times greater than their Diablo-Ayar counterpart.
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The 900 Area is underlain by engineered fill to a depth of 2 to 6 feet.

This type of land at Mare Island consists of areas that have been filled

in with mixed materials. Four shallow borings were taken by Richesin &

Associates Inc. (1987) during a preliminary waste characterization

study. Sandstone, shale, concrete, and blacktop fragments make up as

much as 80 percent of the mass. The soil material in the mixture ranges

in texture from sandy loam to clay. The six kinds of material present

vary within short distances. The fill material is well-drained but is

commonly underlain by poorly drained tidal marsh or saline sediments that

are at a depth of more than 3 feet to as much as 7 feet.

The natural soils in the 900 Area, which are to a limited extent still

present, are most likely from the Altamont Series. Altamont soils have a

dark grayish-brown clay and heavy clay surface layer underlain by light

olive-brown silty clay loam. The parent material is light yellowish-

brown siltstone at a depth usually greater than 40 inches. The A horizon

is 20 to 28 inches in thickness. The profile is weak gradational from the

lowermost A to C horizons. The lower portions of the profile exhibit a

more dominant loam characteristic. Substratum material is moderately

erodible and typical native plant rooting depths extend to 40 inches.

Millsap loam soils, located in the southern portion of Mare Island, have

moderate to high erosion characteristics. The topsoil is brown to

yellowish-brown silt loam. The substratum is of the same color but

differs by virtue of a higher mineral content and a larger percentage of

coarser grained materials. It is prevalent on the base golf course.
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3.3 STUDY SITE AND SURROUNDING HYDROLOGY

3.3.1 Regional Surface Water

Mare Island is situated at the edge of a complex web of fresh-water

drainage ways and salt-water embayments. Two major watersheds drain into

surrounding San Pablo Bay, However, effects of the regional hydrology

have only minimal impacts and only during flood periods do they effect

local watershed. Delineation of the study watershed is discussed in

Section 4.2.

The Sacramento and San Joaquin rivers empty into Suisun Bay to the east

of Mare Island. The combined flow, in turn, drains westward through

Carquinez Strait past Mare Island and into San Pablo Bay. To the north

of the peninsula is the watershed of the Napa River. It empties into San

Pablo Bay through Mare Island Strait along the east side of the

peninsula. About 60 percent of Solano County is drained eastward to the

Sacramento River by a number of intermittent streams, such as Putah,

Sweeney, and Ulatis creeks. The rest of the county and adjoining Napa

and Marin counties are drained southward into Suisun and San Pablo bays

by intermittent streams, such as Green Valley, Suisun, and Ledgewood

creeks.

Surface water contributions from Napa, Sonoma, and Solano counties may be

subdivided into at least four major watersheds. The smallest is Petaluma

Creek, which drains some 41 square miles in Sonoma and Marin counties.
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Sonoma Creek, which flows south into San Pablo Bay west of Mare Island,

drains 50 square miles in Sonoma County. The Napa River basin, which

empties into Mare Island Strait, drains over 230 square miles in Napa and

Solano counties. Finally, the largest north bay watershed is found in

the Suisun-Fairfield Valley in Solano County. A 260-square-mile basin is

drained by Green Valley, Suisun, Ledgewood, and Laurel creeks [California

Department of Water Resources (CDWR), 1975].

Suisun and San Pablo bays compose the northernmost portion of the San

Francisco Bay system. The eastern reach of the delta encompasses an area

of about 738,000 acres separated into 70 islands and tracts by 700 miles

of waterways. Tributary streams that supply fresh water to the delta

have helped to create and define its unique shape, that of a triangle

with its base facing away from tidal waters instead of toward them, as is

typical of coastal plain deltas. The Sacramento River provides more than

80 percent of the delta's inflow. San Joaquin River, Middle River, and

Old River contribute the remaining 20 percent of inflow. Over 21 million

acre-feet of water enters the delta during an average year. Discharge

into Suisun Bay can vary from under 10,000 cubic feet per second (cfs) to

as much as 600,000 cfs during major runoff events and annually averages

120,000 cfs (CDWR, 1987). Consumptive use averages 1.6 million acre-feet

yearly. Water export for the Central Valley Project and the State Water

Project consumes another 6.1 to 15.6 million acre-feet annually (CDWR,

1986).
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The south channel through Suisun Bay is part of the major shipping

channel, connecting the Port of Sacramento to the Pacific Ocean. The

rest of the bay area is shallow and is used by fishermen and wildlife.

During periods of high delta discharge in winter and spring, Suisun Bay,

Carquinez Strait, and the easternmost reaches of San Pablo Bay (including

Mare Island) become almost completely fresh. During long periods of

relatively steady low delta discharge in summer and fall, stratification

and large horizontal salinity gradients develop with little net change in

the salinity distribution from tidal cycle. Average daily discharge,

salinity, and wind speed during a typical low flow month of November is

plotted in Figure 3-7. Low flow values are typically used because they

represent a condition of least dilution from a contaminant loading

perspective.

Stage data at the mouth of the Carquinez Strait near Vallejo (Smith and

Cheng, 1987) show that tides at both the seaward and landward boundaries

of Suisun Bay and Carquinez Strait are a mixture of diurnal and semi

diurnal components with a noticeable spring-neap cycle. As the tides

propagate through the bay's complex bathymetry, the tidal amplitude of

about i|.6 feet at Mare Island is dampened to about 3.4 feet at the

eastern boundary. Tides are also being affected by flux in the global

climate. The average sea level has risen 0.5 feet in the past 100 years

and is continuing at an increasing rate (U.S. EPA, 1983).
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Wind Speed: Month of November
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3.3.2 Regional Ground Water

Ground water in the vicinity of Mare Island is part of the Napa-Sonoma

Regional Ground Water Basin. The Napa-Sonoma Valley basins together

compose the largest source of ground water in the North Bay with a total

storage capacity of over 3,000,000 acre-feet. Sonoma Valley represents

85 percent of the total storage capacity. Napa Valley is composed of a

relatively narrow trough of younger alluvium bordered by volcanics and

sediments. Well yields can reach 3,000 gallons per minute (gpm) but

average about 200 gpm. The Sonoma Valley aquifer also contains some

younger alluvium; however, older less permeable alluvium and volcanics

dominate. Well yields are appreciably lower, averaging less than 100 gpm

with a reported maximum around 400 gpm. Ground water elevations range

from 530 feet msl in the northern part of Sonoma Valley to near sea level

as Sonoma Creek enters San Pablo Bay. The Napa Valley basin transects a

wide alluvial fan east of the Sonoma Valley. Ground water is found at or

near 130 feet msl at the outcrop of the basin near the headwaters of the

Napa River. Hydraulic head in the aquifer dissipates rapidly to the

south and approaches sea level at Mare Island.

3.3.3 General Water Quality

California natural resources agencies currently maintain two programs for

measuring surface water quality in the North Bay region. The primary

part of the CDWR statewide monitoring that has been ongoing for

several decades. Stream and bay monitoring locations for this program

are shown in Figure 3-8. The five relevant sampling points are located

in San Pablo Bay Just south of Mare Island, in Suisun Bay, and on the
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Napa, Petaluma, and Sonoma rivers. The second system was established by

the State Water Project during the 1970s. It focuses on water quality in

the North Bay and Delta region. Twenty-seven sampling stations have been

established to monitor chlorophyll distribution, salinity, heavy metals,

and benthic biomass. Locations of these sampling points are given in

Figure 3-9. The marked influence of sea water is evident in the

disparity in electrical conductance in the bay versus the contributing

rivers. Influent to the bay through Mare Island Strait contains high

levels of dissolved oxygen and is low in total solids and hardness,

reflecting a relatively good water source for aquatic life past the 900

Area. Unfortunately, the flow is greatly diluted by bay waters just

north of Mare Island. Table 3-2 lists several general water quality

parameters for the recording period of 1985 to 1986.

During 1986, heavy metal levels were measured in May and September at 11

representative sites throughout the North Bay and Delta region. Trace

amounts of metals were found at some sites, but dissolved concentrations

were below California State primary and secondary drinking water

standards. All 11 sites showed less than detectable levels of both

dissolved and total concentrations for cadmium and lead. Five sites had

detectable dissolved concentrations of zinc, all 0.01 mg/1, which is well

below the state drinking water standard of 5 mg/1. None of the sites had

detectable levels of chromium. It should be noted that none of the

locations tested for heavy metals were in San Pablo Bay.
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Table 3-2, Surface Water Quality,
North Bay Drainage Basins

San Pablo

Bav

Petaluma

River

Sonoma

Creek

Napa
River

Identification number 8747.5 E2-813.7 E2-6200 E3-1500

Dissolved oxygen^ 8.5 11.2 6.4

PH 8.0 8.3 7.2

Temperature (®F) 48 to 62 63 59 63

Electrical conductivity*^ 40,000 7412 300 218

Calcium (mg/1)
19 18

Magnesium (mg/1) 18 9

Nickel (mg/1) 16 15

Potassium (mg/1)
2.1 _

Calcium carbonate (mg/1)
129 74

Sulfate (mg/1) 14

Chloride (mg/1) 11,000 to
16,000

10 11

Nitrate (mg/1)
2.2

Turbidity 340 14

Total dissolved solids
(mg/1)

12,000 to
30,000

4580 188 158

Boron (mg/1)
0.4

SAR°
0.6 0.7

NCH^
0 8

Total hardness
122 82

^Milligram/liter (mg/1).
^icroSiemens.
°Sodium adsorption ratio.
Noncarbonate hardness.
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Salinity as gauged by electrical conductivity varies widely at Mare

Island during the course of any given year. The electrical conductivity

may vary from less than 1,000 microSiemens/centimeter in March (high

runoff) and over 20,000 microSiemens/centimeter in June (low runoff).

This great discrepancy effects a major influence on the partitioning of

ionic chemicals in the water and sediment columns. An equally large

difference occurs in the stratification of salinity through the bay.

Potable water is provided almost exclusively from surface water sources

in the study region. Ground water, conversely, is used extensively for

agricultural purposes, mostly for irrigation. Ground water beneath Mare

Island has never been developed for consumptive use. Brackish water

derived from San Pablo Bay is used to a limited extent in fire water

lines. The largest consumers of ground water in the North Bay area are

vineyards in Marin, Solano, and Sonoma counties. According to CDWR

(1983), projected ground water consumption will increase by some 7

percent over the next 5 years, Overdrafting is not presently a problem

in the North Bay but is a significant concern in other areas of the San

Francisco Bay region. Salinity is a major concern from an environmental

standpoint as well as from the view of water supply. As such, extensive

monitoring is performed throughout the North Bay-Delta region,

3.3.4 Meteorologv

The climate of Solano County and Mare Island is strongly influenced by

its location and topography. The Sacramento Valley, to the east and

58



north, has hot, dry summers and cool winters. The Pacific Ocean, to the

south and west, has cool, humid summers and moderate winters.

The moderating influence of the marine air is reflected in the average

annual temperature, which is 58°F in the vicinity of the strait, but is

61 degrees or more in the somewhat protected northern parts of the

county. The differences are most pronounced in mid-summer. The July

average maximum is about 80 degrees in the San Pablo Bay area, but it

reaches 96 degrees or more in the Lake Solano-Winters area. Average

minimums are more uniform, ranging from 55 degrees in the south to 58

degrees in the northwest. In January, the average maximum temperature is

about 53 degrees and the average minimum is about 38 degrees near the

water and 36 degrees inland. Mean monthly temperatures recorded at Mare

Island are presented in Figure 3-10.

3.3.^.1 Precipitation

Average annual precipitation ranges from 16 inches in some of the

southern portions of the county to as much as 30 inches at the top of the

Vaca Mountains. Rainfall as measured on Mare Island averages 17.^1

inches per year (Ecology & Environment, 1983). Mean monthly precipita

tion recorded at Mare Island is presented in Figure 3-11. Approximately

17 to 20 inches per year falls on the eastern half of the county. In the

driest years (about 1 year in 20), the annual total precipitation is as

little as 9 inches in the southeast and 18 inches in the mountains. In

the wettest years, 25 to 50 inches of rain falls in the same areas.
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CLIMATOLOGICAL DATA

MARE ISLAND AREA

I  I I I I I 1 I

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

I  I TEMP DEC F fill HUMIDITY %

PERIOD OF record: 1947-1982

SOURCE: U.S. DEPARTMENT OF COMMERCE, 1984

Figure 3-10. Mean Temperature and Humidity
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YEARLY RAINFALL DISTRIBUTION

40 YEAR AVERAGE

MJJASO (8.3%)

NDJFMA (91.7%)

Figure 3-11. Precipitation Data - Mare Island Area



Measurable precipitation falls on 50 to 60 days per year. Approximately

95 percent of the total precipitation falls in October through April,

Sunshine averages about 3,000 hours per year. It varies from 50 percent

of the time in January to 75 percent of the time in July. Energy

received from the sun averages about 150 langleys per day in January and

about 660 langleys per day in July. Snow commonly does not fall on the

lowlands. Snow falls at the higher elevations every 2 or 3 years, but it

generally lasts only a few hours to a few days. The last day of freezing

temperatures in the spring ranges from February 1 in the San Pablo Bay

area and at Mare Island to March 10 in the interior. The first day of

freezing temperatures in fall ranges from November 20 to December 20.

Therefore, the growing season is 240 to 300 days.

3.3.4.2 Humidity. Evaporation, and Soil Temperature

The relative humidity averages about 90 percent at night and near 70

percent in the afternoon in winter. When the humidity is near 100

percent, periods of fog occur and last several days to 2 weeks or more.

In July, the relative humidity averages close to 75 percent early in the

morning and drops to 55 percent in the afternoon with the influx of

marine air, and to about 35 percent in the drier interior. Some dry

north winds cause the humidity to drop below 10 percent.

Annual evaporation from ponds or lakes averages 47 to 53 inches, the

greater evaporation occurring in inland areas. Approximately 70 percent

of the water evaporates during the period of May to October. The
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potential evapotranspiration, computed by the Thornthwaite Method, totals

29 inches near Mare Island and about 34 inches near the town of" Winters,

California. Using a figure of 4 inches as representative of the

available moisture stored in the root zone, a computed value of

evapotranspiration, as limited by natural precipitation, totals 11 to 13

inches.

Soil temperature recorded at Davis, at a depth of 4 inches, averages 45

degrees in January and 88 degrees in July. The average daily range is 6

degrees in winter and 19 degrees in summer. The annual soil temperature

extremes are 30 and 107 degrees, respectively.
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4.0 INVESTIGATIVE DESIGN

This study represents research which was conducted in laboratory and

field settings. At the heart of this effort is the hypothesis that the

HEC-6 model could be used to accurately predict contaminated sediment

yield in a shallow flow situation within a small urban watershed. The

modeling was performed on IBM-compatible microcomputers. Realistic

estimations for runoff volumes that could be anticipated at the study

site were simulated on a microcomputer using the HEC-1 model. A detailed

discussion of modeling efforts and assumptions is presented in Section

5.0. Field and laboratory tests were performed in support of model input

parameter characterization, environmental impact analysis, and model

verification. The experimental design, test methods, and analytical

procedures for field and laboratory work are described in this chapter.

Field verification of the model, techniques employed, and results

generated are presented in Section 6.5.

Field investigations at the 900 Area were focused in two categories. The

first category considered was chemical analysis of soils, estuarine

sediments, and ground water. The second area considered was greensand

distribution, local watershed delineation, sediment runoff, and

topographic surveying of the site. Chemical analysis of target compounds

commonly found in spent abrasives was performed for the purpose of

evaluating adverse effects on human health and the environment.
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To properly evaluate the long-term impact of the spent abrasives on the

estuary, the hydrodyncunics of the primary residual transport mechanism

(e.g., surface water runoff) must be addressed. Because greensand

operations continue, the importance of understanding the volumetric rate

at which the abrasives reach the island shore is the paramount issue in

the study. The question of whether or not sandblasting presents a

potential harm to the environment is exclusively a function of transport

rates and chemical concentrations in the runoff stream.

Initial chemical sampling was performed during the month of June 1988.

Greensand distribution and watershed delineation data were initially

gathered in May and verified, noting any changes during September 1988.

Land surveying to determine the slopes and topographic breaks in

watershed plots and channels was also accomplished during September.

Preliminary setup for on-site sediment runoff tests execution was

accomplished between October 1988 and June 1989.

1  FIELD CHEMICAL SAMPLING PROGRAM

To maximize sampling at the higher concentration areas and yet define

f)ossible concentrations at outlying regions, soil samples were collected

in a progressive geometric grid pattern. The most vulnerable area can be

determined by review of the runoff pattern from the site. The highest

concentrations of spent greensand were observed along the shoreline where

bed load transport ceased. It was recognized that tidal action,

dispersion of runoff, and local regrading activities promoted additional

lateral deposition of spent greensand along this front. To account for
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this condition, a sampling grid that addresses these phenomena was

developed. If sampling results showed unusual metals concentrations,

intermediate sampling points could have been established to confirm

trends or outliers.

The sampling grid shown in Figure 4-1 was established on 25-foot centers

within the core area. This area was defined by visual observation of

spent greensand and lithologic log review from a previous study (SCS

Engineers, 1987). The grid began just beyond the edge of the asphalt

pavement and continued to a point that allowed two lines of sampling past

the average low tide in the strait. Sampling locations were progres

sively widened in peripheral areas from 25- to 50-, 75-, and finally 100-

foot centers. This type of coverage allowed for inclusion of runoff of

new greensand mapped from Building 215 to the shore as well. Sixty-three

sampling locations were surveyed at the site. In addition, one back

ground location west of Building 900 and one ground water sampling point

near the Area 1288 blasting fence were installed.

Shallow borings were advanced to depths of either 3, 4, or 7 feet. Seven

of the 63 borings were drilled to a depth of 7 feet. All others were

advanced to 4 feet. The rationale for depth selection was twofold. Upon

review of data collected by SCS Engineers (1987), the maximum discernable

depth of elevated chromium in the core area appeared to be 2 feet.

Therefore, it was decided to sample to two times the maximum observed

depth. A representative of the CRWQCB (Hoose, 1988) interpreted some of

the SCS (1987) lithologic descriptions to be greensand at depths below 4
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feet. Therefore, select borings were drilled deeper to confirm this

interpretation. In peripheral areas, borings were advanced 3 feet.

Deposition in these areas would logically be the result of runoff,

dispersion, and tidal action, all of which would result in surficial

deposition. Samples drawn from the 3- and 4-foot borings were recovered

on 1-foot centers (e.g., 0.5, 1.5, 2.5, and 3.5 feet as appropriate).

Sampling interval center points for the 7-foot borings were 1.0, 3.0,

4.5, and 6.5 feet, respectively.

Soil borings were advanced by hand methods on the beach front and in the

sediments of the strait. Borings to depths below 4 feet or through dense

materials were advanced using a drilling rig equipped with split spoon

sampling tubes. Both split spoon samples and hand cores retrieved 2-inch

diameter by 6-inch long sample cores. Recovery of sampled material

exceeded 80 percent for all samples. Samples were extruded from the

sample tubes in the field and were placed in glass jars, sealed with

Teflon™-lined lids, labeled, and shipped in Igloo coolers to the

analytical laboratory. Meticulous care was given to properly logging

each boring. Information documented for each sample included: sample

number, date taken, borehole number, sampling interval, weather, field

technician, time taken, and lithologic description.

Ground water beneath the 900 Area is a reflection of the Mare Island

Strait and, as such, fluctuates with the tides. One temporary drive

point was installed at the location shown in Figure 4-1 for the purpose

of correlating soluble chemical fraction analysis in sediments with
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typical site matrix ground water. A 2-inch diameter stainless steel well

point was emplaced in a hole drilled by the on-site drilling rig. The

well point was driven to a depth of approximately 8 feet to intercept the

uppermost saturated zone. Before sampling, a volume of water equal to

five times the submerged well volume was purged from the well point. The

well point was allowed to recover to the natural piezometric surface

elevation and then sampled. A sample was collected using a Teflon bailer

and carefully transferred into glass bottles. The sample bottle cap was

lined with Teflon tape, oversealed with duct tape, labeled, and shipped

to the laboratory in a cooled ice chest.

Upon completion of the field sampling, lithologic data were reviewed to

determine apparent areal and spatial distribution of greensand or

greensand by-products. Soils were mapped as black/brown or green/brown,

which suggests the presence of greensand. Isopack maps of the upper 2

feet of soil are given in Figures H-2 and 4-3. Locations may be

referenced to Figure 4-1 by use of selected grid marks. From these

isopack maps and from similar ones for depths between 3 and 7 feet, it

was determined that the spent greensand were present, residing in the

upper 2 feet of soil or sediment. On this basis, all samples collected

in the upper 2 feet were selected for analysis in the laboratory. The

remaining samples would remain in the laboratory archives in case further

testing was required.
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4.2 FIELD HYDROLOGIC INVESTIGATION

Three on-site tasks were completed in conjunction with the original

chemical sampling and analysis program. These tasks included:

•  Delineation of local watersheds and surface drainage ways
•  Mapping of greensand distribution
•  Topographic surveying to outline runoff slopes.

To have a basic understanding of how fugitive greensand is transported

into the strait, the hydraulics and hydrology of the carrier mechanism,

water, must be known. During May 1988, the boundaries of watersheds

contributing directly to the 900 Area and neighboring Building 215 area

were mapped. The magnitude of surface slopes and man-made and natural

diversion features were noted and logged on a U.S. Geological Survey 15-

minute topographic map. The preliminary field mapping was confirmed in

September 1988 when the area was surveyed using a transit. Three

subbasins were identified. The uppermost reach (Subbasin 2) begins at

the top of the sandstone hill behind Building 900 and empties into a

small channel north of Building 215 as shown in Figure 4-4. A second

watershed drains primarily the asphalt paved area around Building 900 and

empties onto the sampling grid. It is this subbasin which is modeled in

the present study. The third subbasin drains Building 215 and vicinity

where the unused greensand is stored. Approximately two-thirds of this

basin empties into the 1288 drainage channel. The remainder flows

overland into the strait.
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Surface elevations from random locations throughout the three watersheds

were surveyed using a Wild Inc. transit. A total of 11 points were shot

in Subbasin 2, 14 points in Subbasin 3j and 27 locations in Subbasin 1.

Subbasin 1 was determined to be the most critical because it supplies all

the runoff, which carries greensand to the sampling grid area. Results

of the topographic survey are depicted in Figure 4-1. Elevations in

Subbasins 1 and 3 were established using an arbitrary datum with a corner

of the 1288 fence designated elevation 100.

Blasting operations continue both inside and outside the 1288 fenced

area. As such, a continuing source of new spent greensand is always

available. The distribution and depths of both spent and new greensand

present in watershed Subbasins 1 and 3 were visually mapped. On the

order of 50 to 75 tons of new greensand was found on the ground surface

in Subbasin 3, and some 220 tons of spent greensand is present in

Subbasin 2. The distribution of greensand outlined in Figure 4-5 was

incorporated into sediment transport estimates discussed in Section

5.0. The depth of greensand ranged from less than 0.1 inch to more than

18 inches in piles around Subbasin 3. Most of the greensand appeared to

be retarded in the upper reaches of the beach vegetation rather than on

the shores of the strait.

4.3 LABORATORY ANALYSES AND PROCEDURES

Five metals were chosen to define the distribution of spent greensand and

environmental impacts that the material exhibits. The compounds tested

included: copper, zinc, lead, total chromium, and nickel. Tests
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performed by the Navy and by SCS Engineers (1987) suggested that these

five metals, which are major components of abrasives and paint, may

produce leachate above state and federal water and wetlands statutes.

Laboratory analysis performed by the Navy of both spent and virgin

greensand is listed in Table 4-1. Data given in Table 4-1 were obtained

from NSY Mare Island, Public Works Office.

As previously stated, all soil samples in the uppermost 2 feet were

selected for analysis of total target metals. Once total content data

were received, selected samples were analyzed for soluble metals using

the California Waste Extraction Test (WET) method. Two criteria were

used to determine which samples would be analyzed for soluble metals:

(1) the concentration of a given total metal exceeded 10 times the

California soluble threshold limit concentration (STLC) value for that

chemical or (2) if numerous samples met criterion 1, only sufficient

samples would be tested to provide a statistically valid test. Criterion

2 was used for lead where all samples above 75 mg/kg were extracted and

analyzed.

Laboratory procedures used for determination of total and soluble metals

in soils and ground water were fully consistent with standard methods

established by EPA and/or the California Department of Health Services

(DHS). Total metals content was performed using methods described in

"Test Methods for Evaluating Solid Wastes," SW-846, 3rd edition. Volume

1A, (U.S. EPA, 1986). Methods used for the five metals were:

76



Table 4-1. Metals Composition in Virgin and Spent Greensand

Chemical

Virgin Abrasive
(mg/kK)

Spent Abrasive
(mg/kg)

Ag <0.025 <0.292

As <6.008 <7.778

Ba <0.751 <0.972

Be <0.751 <0.972

Cd <0.451 <0.583

Co 2.854 4.278

Cr 118.137 131.454

Cu 3.380 4.278

Fe 4881.71 5065.62

Hg <1.502 <1.945

Mn 64.288 57.365

Mo <0.751 4.278

Ni 453.023 693.243

Pb <1.502 <1.945

Sb <1.502 <1.945

Se <58.581 <75.839

Sn <1.502 <1.945

T1 <3.004 <3.889

V <0.751 <0.972

Zn 4.281 4.375
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Method 7420
Method 7190

Method 7210

Method 7950

Method 7520

Lead, atomic absorption (AA), direct aspiration
Total chromium, AA, direct aspiration
Copper, AA, direct aspiration
Zinc, AA, direct aspiration
Nickel, AA, direct aspiration.

Metals in solution may be readily determined by AA spectroscopy. The

method is simple, rapid, and applicable to a large number of metals in

water and solids after proper digestion. In direct aspiration AA

spectroscopy, a sample is aspirated and atomized in a flame. A light

beam from a hollow cathode lamp or an electrodeless discharge lamp is

directed through the flame into a monochromator, and onto a detector that

measures the amount of adsorbed light. Absorption depends upon the

presence of free, unexcited ground-state atoms in the metal being

determined; the light energy adsorbed by the flame is a measure of the

concentration of that metal in the sample.

The single ground water sample collected was also analyzed using AA

spectroscopy with direct aspiration. The specific procedures followed

are found in "Methods for Chemical Analysis of Water and Wastes" (U.S.

EPA, 1983). Specific procedures are:

Lead: Method 239.1
Chromium: Method 218.1

Copper: Method 220.1
Zinc: Method 289.1
Nickel: Method 249.1.

For determination of soluble metals content, all samples selected were

extracted by the California WET. The extracts were analyzed for copper.
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lead, nickel, and zinc using inductively coupled argon plasma

spectroscopy according to EPA Method 6010.

All metals analyses were performed at IT's Cerritos laboratory in

Cerritos, California. This laboratory participates in the EPA Contract

Laboratory Program (CLP) and is certified for metals analysis by DHS.

4.4 MASS FRACTION AND ELEMENTAL ANALYSIS OF FINE SOILS

Because of the important role of particle size plays in sediment

transport, an effort to quantify the grain size distribution and mass

fraction of fine soils and paint flakes, a technique similar to spectral

analysis of clays was performed. Five types of material classes were

identified at the site: (1) virgin greensand, (2) spent greensand, (3)

surface soils at the edge of the asphalt, (4) mixed greensand and soils

at the bulkhead line, and (5) estuarine sediments at the edge of Mare

Island Strait. In an effort to retard runoff on the beach front, the U.S.

Navy placed railroad ties across a limited portion of the deposition

zone. The railroad ties have generally been referenced as the bulkhead

line. Computer-controlled scanning electron microscopy (CCSEM) was the

analytical technique employed to provide the desired particle

information.

Each sample consisted of soil material contained in 1-gallon plastic

Jars. After the samples were received at the laboratory they were logged

in and prepared for CCSEM analysis. The samples were identified in the

following manner:
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Laboratory
Sample Number

26657

26658

26659

Laboratory
Sample Number

26660

26661

Study
Sample

Identification

Site 1 Surface

Site 2 Surface

Site 3 Surface

Study
Sample

Identification

Site 4 Surface

Site 5 Surface

Description

Virgin
greensand

Spent greensand

Upper grid
soils

Description

Mixed greensand
soils at bulkhead

line

Estuarine sedi

ments below

bulkhead line

at edge of Mare
Island Strait

4.4.1 Sample Preparation

The as received samples consisted of an earth crystal material which

ranged in size from fine particulates to rocks [greater than 2

centimeters (cm)]. Because the objective of this study was to analyze

the smaller-size fraction of the material using CCSEM, it was necessary

to separate this from the larger pieces.

First, moisture was evaporated from the samples by exposing them to heat

lamps for several hours. Once the material was dried, it was sieved

through various mesh screens to separate the different size fractions.

The first mesh served to separate all particles larger than 1/4 inch in

diameter from the rest of the material. The material was sieved further
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dovm in size until only particles less than 200 mm remained. This size

fraction was then subject to a ̂ 00-mesh screening which selected out all

particles greater than approximately 50 mm.

After the fine particulate matter was separated for each sample, it could

be prepared for the CCSEM analyses. To meet sample preparation

requirements for CCSEM, the samples had to be redeposited onto

polycarbonate filters. Redeposition involves the removal of a portion of

material from the samples, suspension of the particle in a suitable

carrier liquid, and subsequent filtering of the carrier liquid using the

polycarbonate filter media.

After deposition, each filter was mounted on a CCSEM stud. This mounting

was accomplished by removing a 1.5-cm square section of the Nuclepore™

filter and placing the section face up on a polished carbon planchette

CCSEM stub. The sample stubs were coated with a thin layer of carbon by

evaporative deposition under vacuum. The carbon coating was necessary

for conduction of the electrical charge induced by the electron beam of

the CCSEM. (The carbon coating does not interfere with the analysis.)

After carbon coating, the sample stub was placed in a desiccator until

ready to be analyzed.

^.^.2 Soil Sample Analysis Method

The instrumentation used in this study consisted of JEOL JSM-840 CCSEM

with a Tracor Northern TN5500 quantitative energy dispersion x-ray

analyzer and digital beam controls. The CCSEM system incorporates a
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computer-interfaced digital beam control system and a software-based x-

ray microanalysis system. Image analysis by this system involves binary

coding of the sample image by use of an analog comparator to define a

threshold signal level. Picture points with signals above the threshold

level were considered on points (points on a particle). All other points

are considered off points ignored.

The electron beam of the CCSEM was moved in a stepping motion along a

grid network by a digital scan generator (DSG). The dual grid (picture

point) density was used to separate the analysis into search and analyze

modes. If the signal was below the threshold value, the computer

directed the beam to a new (x,y) coordinate. This process was repeated

until a particle was located. A low point density was used until the

status of the analog comparator indicated the beam was on a particle.

The computer program then switched to a subroutine that increased the

picture point density and drove the beam in a preset pattern to determine

the dimensions and shape of the particle. The sizing pattern consisted

of four pairs of rotated diagonals; each diagonal was terminated when the

signal fell below the threshold value. This pattern was repeated twice,

once to locate the centroid of the feature and once to determine the

lengths of the diagonals through the centroid. The maximum, minimum, and

average diagonals along with the coordinates of the centroid of the par

ticle were stored. The coordinates of the centroids of the particles

were used to prevent counting the particle more than once. Next, a

minicomputer positioned the beam at the centroid of the particle and

directed the CCSEM system to initiate x-ray analysis of the particle.
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Nineteen elements were simultaneously analyzed with the CCSEM system used

in this study. The elements included were: carbon, nitrogen, oxygen,

sodium, magnesium, aluminum, silicon, phosphorus, sulfur, chlorine,

potassium, calcium, titanium, vanadium, chromium, manganese, iron,

nickel, and copper. The relative intensities of these elements in the x-

ray spectrum were calculated and used by the software-based analyzer to

assign each particle to a particle-type category (e.g. silicon-rich, mix-

clay, silicon-calcium, etc.). Because these classifications are

descriptors of elemental composition, they do not imply positive

identification of a specific chemical compound.

4.5 SEDIMENT PARTICLE - PAINT ASSOCIATION TESTING

Early on in the analysis of metals, it was recognized that the

relationship between abrasives and paint flakes was key in evaluating

environmental impacts. The mechanism by which abrasives and paint are

transported onto the waterfront will determine the partitioning of metals

with soils and water.

To evaluate if paint flakes are physically attached to the sediment

surface, loosely intermixed with sediments, or chemically bound from the

heat generated by impaction to sediments, a benchtop test was designed.

Two primary variables were chosen, pH adjustment and agitation

velocity. The target metals will precipitate at pH levels below 3.

Hence a pH of 2 was chosen to effect precipitation of paint flakes from

abrasives. A neutral pH of 7 provided a control. To understand the
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physical nature of paint and abrasives, solid samples in solution were

subjected to quiet stirring and vigorous agitation. It is theorized that

paint flakes merely associated with the solid matrix would go into

solution without much agitation, but physically impacted flakes would

require vigorous shaking to break loose and move into solution.

Select samples were taken from five different regimes in the sampling

network:

Virgin greensand
Spent greensand near the blasting area
Soils at the edge of the asphalt pavement
Soils at the bulkhead

Soils near the edge of Mare Island Strait.

Each location (except the first one) represents a separate dynamic

setting for sediment deposition.

4.5.1 Experimental Design

The five 1-gallon samples were taken at Mare Island on December 19, 1988

and received at the laboratory on December 20, 1988. The samples, in

clear plastic 1-gallon containers, were refrigerated upon receipt. A

general description of the samples is provided in Table 4-2.

The samples from Sites 3 and 4 were each transferred to clean 2-gallon

plastic pails with snap-on covers. The pails were rolled to mix the

samples. The samples from Sites 1, 2, and 5 were sufficiently uniform to

allow sample aliquot withdrawal from the center of the original clear

containers.
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Table H-2. Greensand Sample Description

Grid Sample Site

Location Number ID Description

GG0296 1 Clean greensand, gray in
appearance, dusty, uniform

GG0297 2 Damp greensand, green in
appearance, uniform

GG0298 3 Greensand mixed with soil;
some gravel, twigs, grass;
not uniform

GG0299 4 Similar to Site 3, less
gravel, mostly dirt, not
uniform

GG0300 5 Similar to Site 2; some dirt,
a few twigs, no gravel;
fairly uniform
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The initial samples were characterized for percent moisture and metals

concentration. One hundred grams of each sample was dried in a tared

porcelain dish at lOCC for 12 hours, cooled, and reweighed. Percent

moisture was calculated as the percentage of weight lost on drying.

Following SW-846 (3rd edition) Method 3050, a 2-gram sample from each

site was refluxed with 18 milliliters (ml) of 1:1 70 percent HNO^,

treated with 30 percent H2O2, further refluxed with 5 ml of 37 percent

HCl, and diluted to 100 ml in volumetric flasks. Triplicate Site 2

samples were digested. A fourth Site 2 sample was spiked with known

amounts of copper, zinc, chromium, nickel, and lead. Additionally, a

preparation blank (2 ml of deionized water) was digested and analyzed to

check for contaminants. The digested 100-ml samples were allowed to

settle for 24 hours before aliquots were pipetted out for analysis on an

AA analyzer. The AA technique used direct aspiration into an acetylene-

air flame and followed SW-846 methods with the exception that no analysis

was done with a background correction deuterium lamp.

Fifty grams of each original sample was weighed into a 250-ml flask and

100 ml of deionized water was added. Four flasks were generated for each

site sample except for Site 2, which was done in triplicate (12

flasks). Two flasks containing each original sample were adjusted to pH

2, using IN HCl, and the remaining two flasks were adjusted to pH 7,

using IN HCl. No sample received more than 3 ml of IN HCl. The

stoppered pH 2 samples were agitated as two sets in the gyratory shaker

with one set at a low agitation speed (4.5 on dial) and the other set at
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a considerably higher speed (8.0 on dial). The pH 7 samples (two sets)

were similarly agitated. Each set of samples was agitated for 20

minutes, at which time the shaker was stopped and two "supernatant"

samples were quickly taken. Shaking was resumed for 1 minute, and two

more samples were taken. This was repeated until all seven flasks in

the set had been sampled. Supernatant samples were taken using 10-ml

syringes fitted with a plastic snap clamp on the syringe body and set so

that each supernatant sample was taken from the same depth and position

(center) in each flask. The supernatant samples were transferred to

20-ml scintillation vials. Each vial was labeled with the site number,

pH, and agitation speed. For example, a supernatant sample from the

flask containing a Site 3 sample at pH 2 and agitated at high speed was

labeled "3PH2HI." The triplicate Site 2 samples were labeled as 2A, 2B,

and 2C.

Each supernatant sample was shaken to suspend any settled fines. Two ml

of sample was pipetted into an all Teflon Parr 43-ml microwave digestion

bomb (Model No. 4782) with 8 ml of 70 percent HNO^ and microwaved for 90

seconds at full power (nameplate rated at 900 watts). After heating, the

Teflon bomb and its container required cooling in an ice water bath for

10 minutes before the sample could be removed. The bomb interior and cap

was rinsed and the rinses added to the digested sample.

A quality assurance/quality control (QA/QC) blank (2 ml deionized water)

was also microwaved and treated as a sample. The microwaved samples were

individually filtered through 0.45-micron syringe filters before analysis

by AA.
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The resulting filtrate was analyzed by AA. For any particular metal, all

of the blanks, original samples, and supernatant samples were analyzed

during one AA session.

4.5.2 Quality Assurance/Quality Control Protocols and Results

Two experimental/preparation blanks were analyzed. A blank was digested

with the total metals (original samples) and is denoted as "Blank-T".

The other blank was inserted before the microwave digestion of the

supernatants and is denoted as "Blank D." The results of these blanks

are shown in Table 4-3.

The sample from Site 2 was digested in triplicate for total metals. The

results are shown in Table 4-4. The Site 2 sample was homogeneous for

zinc, chromium, and lead. The nonhomogeneity of the sample for Ni and Cu

may be caused by the source of the greensand nickel/copper foundry

sand. Any modeling effort should be aware of and consider this potential

source of "outlier" data for nickel and copper results. The sample from

Site 2 was treated in triplicate for the shaker tests at both pH levels

eind both shaker speeds (see Table 4-5). These data provide an indication

of the site-sample homogeneity and of variations resulting from the flask

sampling and microwave digestion procedures.

A Site 2 sample for total metals was spiked with known amounts of the

metals of interest before digestion. The spike levels were desired to be
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Table 4-3. Experimental and Analytical Blanks

Metals (mg/l)
Nickel Zinc Copper Chromium Lead

Blank-T 0.01 0.03 0.02 0.011 0.025

Blank D <0.11 0.27 <0.12 <0.11 <0.25
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Table 4-4. Replicate Analyses of Site 2 Sample

Sample
Identification

Total Metals (mg/kg dry sample)
Nickel Zinc Copper Chromium Lead

2A 3258 332 169 1917 168
2B 1557 344 173 1995 158
2C 1899 349 381 1976 161

Mean 2238 342 241 1963 162
Percent RSD^ 40 2.6 50 2.1 3.2

^Relative standard deviation i mean X 100 percent.
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Table 4-5. Site 2 Experimental Runs

Sample
Identification

Metals in Supernatant (mg/1)
Nickel Zinc Copper Chromium Lead

APH7L0 3.52 10.26 6.56 3.98 5.28
BPH7L0 3.71 10.93 7.51 4.15 4.55
CPH7L0 3.31 9.70 6.93 3.86 5.05

Mean 3.51 10.3 7.00 4.00 4.96
Percent RSD® 5.7 6.0 6.8 3.6 7.5

APH7HI 9.50 42.06 19.95 15.62 14.79
BPH7HI 11.30 45.13 22.99 18.16 15.85
CPH7HI 8.90 38.66 20.35 13.01 12.21

7 Mean 9.90 41.95 21.10 15.60 14.28
Percent RSD 12.6 7.7 7.8 16.5 13.1

APH2L0 2.88 10.36 6.04 3.95 5.28
BPH2L0 3.74 8.36 5.27 3.18 3.76
CPH2L0 2.91 7.94 3.77 2.14 13.1

Mean 3.18 8.89 5.03 3.09 4.19
Percent RSD 15.4 14.5 23.0 29.4 22.8

APH2HI 9.86 40.11 19.29 16.20 12.80
BPH2HI 11.21 41.82 20.63 18.67 13.85
CPH2HI 10.66 46.68 21.27 17.87 15.03

Mean 10.58 42.87 20.40 17.58 13.89
Percent RSD 6.4 7.9 4.9 7.2 8.0

^Relative standard deviation T mean X 100 percent.
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near 50 to 150 percent of the estimated metals levels in the unspiked

original sample. The recovery of each of the metals is shown in Table

i»-6.
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Table 4-6. Total Metals Recovery From Spiked
Site 2 Sample

Metals

Nickel Zinc Copper Chromium Lead

Recovery 116? 144? 97.5? 141? 98.7?
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5.0 PREDICTIVE MODELING

5.1 RUNOFF MODELING

Numerous models exist for estimating runoff hydrographs and peak flow

volumes from various watershed types and sizes. Two methods embodied in

a single comprehensive numerical model were chosen for use in this

project, based on each method's ability to predict runoff from small and

urban watersheds, and a third method was used as a check. Each of the

models was applied to the subbasin or subbasins within the 900 Area

drainage with which they were most suited. The two primary runoff

hydrograph methods chosen are the SOS abstraction/dimensionless unit

hydrograph Method and the Kinematic Wave Method. In addition, the simple

Rational Method was used to verify and compare peak flows. It is

accurate for impervious materials such as asphalt and concrete. The

comprehensive U.S. Army Corps of Engineers HEC-1 program was employed to

generate the Kinematic Wave and SCS hydrographs. HEC-1 is one of the

most widely used models for watershed simulation and flood event

analysis. HEC-1 uses parameters averaged in space and time to simulate

the runoff process. The size of subbasins, routing reaches, or

computation interval is selected based on the basin physiography,

rainfall data, streamflow data (if appropriate), and required accuracy.

A multicomponent watershed such as the one that describes the 900 Area is

subdivided into small and relatively homogeneous subbasins called

blocks. A rationale for delineation of subbasins and model applications

will be presented in the following discussion.

94



To determine the potential runoff under different conditions, average

meteorological conditions were compiled using storm frequency information

from 1947 through 1987 (Table 5-1, Figure 5-1) and isohyetal

precipitation charts. These data are found in the Rainfall Frequency

Atlas of the United States (U.S. Department of Commerce, 1984) compiled

for the Engineering Division of the SOS. The storm distribution type for

the study area has also been defined by the SOS as type lA.

Three primary subbasin areas were previously defined in Section 4.0 that

require independent modeling. They are:

Subbasin 1 defines the asphalt area which is further subdivided
into four blocks for runoff analysis. Two independent models
were developed for this area, the Rational Method and the Kin
ematic Wave Model.

Subbasin 2 defines the watershed behind the 900 Area site. This

is an area of steep grass-covered slopes. A portion of this
area is defined as contributing to runoff through the 900 Area
by means of channel flow as shown on the site map (Figure 4-
4). The model for this area was developed using the HEC-1
program for the SCS using the dimensionless unit hydrograph
method (1972).

Subbasin 3, located south of the containment area (Figures 4-4
and 4-5), was evaluated using the same models as the Subbasin 2
area. However, to achieve the correct peak flow, both areas
must be evaluated separately to allow for peak flow development
in the channel as a function of the lag time and the distance
between the two subbasins.

These basins represent areas that drain to discrete discharge points

which are then simulated as catchments in the HEC-1 model. As such, each

basin may be described by a unique flow length and time of

concentration. Collectively, total runoff may be estimated for the

entire study area.
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Table 5-1. Storm Frequency Chart

Rainfall in Inches for Given Return Period Storms

Duration 1-YR 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR

30-Minutes 0.8 1.0 1.2 1.4 1.6 1.8 2.0

60-Minutes 1.0 1.2 1.4 1.6 1.8 2.2 2.5

2-Hour 1.4 1.6 2.0 2.5 2.8 3.0 3.2

3-Hour 1.8 2.0 2.5 3.0 3.0 3.5 4.0

6-Hour 2.5 3.0 3.5 4.0 4.0 5.0 5.5

12-Hour 3.0 3.5 4.0 5.0 6.0 6.5 8.0

24-Hour 4.0 6.0 6.5 6.5 7.0 8.0 8.0
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5.1.1 Rational Method

One of the simplest peak flow formulas is called the Rational Method,

which allows for the prediction of peak flow (Qp) (in cfs) from:

Qp = CIA (23)

where:

C  = runoff coefficient; variable with land use
I  = intensity of rainfall of chosen frequency for a duration,

equal to time of concentration (inch/hour)
A  = area of watershed (acres).

The concept behind the method lies in the assumption that a steady,

uniform rainfall rate will produce maximum runoff when all parts of a

watershed are contributing to outflow, a condition that is met on

impervious areas and for tp after the time of concentration has

elapsed.

The assumptions that are applicable to the Rational Method apply to this

site, i.e., uniform intensity for the area, duration is >tj,, and small

draining areas. The Rational method was used for Subbasin 1 to determine

the peak runoff for an assumed storm frequency. A rainfall rate of 1

inch/hour was selected as a unit value to model runoff from the asphalt

area because the Rational method assumes a linear increase in runoff with

a corresponding increase in rainfall. This will facilitate analysis of

the impact on runoff from any return-period storm on sediment transport

in the Subbasin 1 area. This will also allow comparison with any return-

period storm with the SCS unit hydrograph or Kinematic Wave models by

98



interpolation. For a given storm that exceeds the infiltration capacity

of the asphalt, the surface runoff would eventually reach'a rate equal to

the rate of rainfall. The time required to reach this equilibrium is the

time of concentration. From the law of mass conservation, for a small,

near-impervious area, one may assume that if rain persists at a uniform

rate (steady state) for a period at least as long as the time of

concentration, the peak of runoff will equal the product of the runoff

and the area because input must equal output given no abstractions.

Equation 24 may be rearranged as:

Qe = IAjj/43560 (24)

qe = iL/43560 (for unit width) (25)

where:

qe = incremental peak runoff rate (ft^/s)
= basin area (ft )

L  = distance of overland flow (ft)
I  = rain intensity (inch/hour).

Time of concentration for a small basin is equal to the sum of travel

times from the uppermost reaches of the basin to the basin outlet and

consists of combinations of overland or sheet flow; shallow concentration

flow, and open channel flow. The discussion of this is well documented

in the literature (U.S. Soil Conservation Services R-55, 1972).

Cumulative runoff from the four blocks using the Rational Method was

estimated at approximately 5.0 cfs.
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5.1.2 HEC-1 Modeling

HEC-1 is a two-dimensional surface water flow model that can simulate

runoff from a given watershed, flood routing, dam safety, and flood

damage analysis. The model can utilize several types of empirical and

theoretical equations for calculating volumetric runoff from an observed

storm or from a synthetic storm. As previously mentioned, two methods

for runoff calculation were chosen for this study, the SCS method and the

kinematic wave method.

HEC-1 is organized into two general types of data records, input control,

and river basin simulation data. The input controls diagnostic output

and tells the program the format of the river basin data. Input cards

are identified by an asterisk in the first column, followed by a command.

River basin simulation cards are identified by two character alphabetic

code in the first two columns. The codes have a dual purpose. They

identify the data to be read from the record and they also activate

simulation options. The sequence of input data cards determines how the

river basin will be simulated. There are three general subdivisions of

simulation data cards: job control, hydrology/hydraulics, and

economics. Economics cards are not used in this study. A list of the

Job control and hydrology/hydraulics cards is given in Table 5-2. The

data model of a river basin can be visualized as a series of building

blocks, each beginning with a KK record. The form of the storm

distribution is generated on PC cards. Sheet flow conditions in Subbasin
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Table 5-2. HEC-1 Input Data Identification

DATA

CATIiGORY

RI CCjRD

IDENTIEICATION DESCRIPTION OE DATA

JOI) ID JOB IDENTIEICATION

INnTAI.IZATION •  IT JOBTIME CONTROL

lO GENERAL OUTPUT CONTROLS

IN TIME CONTROL EOR INPU T DATA ARRAYS

JOD STEP KK STREAM STATION IDENTIFICATION

CONTROL KM ALPHANUMERIC MESSAGE RECORD

PRECIPITATION

DATA

PB

PC

BASIN AVERAGE TOTAL PRECIPITATION

CUMMULATIVE PRECIPITATION TIRJE SERIES

LOSS RATE I.S SCS CURVE NUMBER

UASJN DATA DA BASIN AREA

UNITGRAPH DATA UK KINEMATIC OVERLAND

ROUTING DATA RK KINEMATIC WAVE CHANNEL

HYDROGRArH,,„,,
TRANSIORMATION

HC COMBINE HYDROGRAPHS

Note: Tvccord idciiiinc.ilion codes nrc further identified in the followini; t.nble.s
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1 are simulated by the kinematic wave equation through the use of UK

cards. A description of each card used in hydrologic modeling is shown

in Table 5-3.

Subbasins 2 and 3 were modeled collectively using the SCS curve number

technique. Subbasin 1, which is the subbasin of greatest interest, was

subdivided into five separate blocks to facilitate more accurate sediment

transport calculations. The kinematic wave equation was employed on this

subbasin. A schematic of the overland flow patterns as modeled by HEC-1

and HEC-6 is shown in Figure 5-2.

5.1.3 Kinematic Wave

The kinematic wave process was adapted from the Massachusetts Institute

of Technology catchment model (Harley, 1975). It represents a nonlinear

runoff response compared with linear unit hydrograph methods. The

Kinematic Wave Model relies on parameters that are generally measurable

from a basin, such as slope, land use, lengths, channel shape, roughness,

and area. Overland flow, collector, and main channel elements are used

to represent the characteristics of a drainage basin.

The kinematic wave assumption is that inertial and pressure effects are

unimportant and that the weight or gravity force of fluid is approx

imately balanced by the resistive forces of bed friction (ie, S^=S^).

The main equations are Manning's equations of flow and continuity:

Qc = FcAc""^ (flow) (26)
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dAc/dt + dQc/dx = qo (continuity) (27)

These are solved numerically in the HEC-1 program to produce Q as a

function of time and space.

Physically, rain falling on the watershed is carried to a collecting

stream channel, or in the case of Subbasin, to a simulated central

gutter. Flow from the uppermost reach is then routed through the next

subbasin and combined with the downgradient subbasin's overland flow.

The recombining and flow routing continues until the stream intersects a

river or, in this case, ends as the flow enters Mare Island Strait.

A total of six separate simulations were developed and executed. In

Subbasins 2 and 3, 1-year, 5-year, 25-year, and 100-year return period

storms were considered. Two return period storms, 25 year and 100 year,

were simulated for Subbasin 1. Unrefined input and output data for each

of these cases appears in Appendix B.

To establish a relationship between the independent blocks used in the

Rational Method evaluation, the same area was studied using the Kinematic

Wave Model in the HEC-1 program. The 24-hour duration, 1-year, 5-year,

and 100-year return-period storms were modeled. The purpose in using a

24-hour duration storm for analysis is twofold:

•  HEC-1 uses a storm distribution breakdown (24 hours) for program
input data. This provides the greatest range of analysis
possibilities for various storms.
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•  It has been established that rainfall intensity varies
throughout a storm. The various changes in intensity over the
24-hour duration period includes the maximum intensities
resulting from 5-minute, 30-minute, 1-hour, 6-hour, and 12-hour
storms.

The rainfall intensity has been previously established to be Type lA

(Figure 5-3 and Table 5-4). The sand area near the bay water was modeled

as a channel area for collection of runoff. The total area was estimated

at 0.0104 square miles. The overland flow element of this model assumes

a rectangular channel of unit width to simplify modeling of runoff. This

implies a unit form of Manning's equation:

Q = 1.49/n X A (28)

where:

Q = the flow in cubic feet per second
S = the channel bed slope in foot/foot
R = the hydraulic radius (area /wetted perimeter)
A = the cross-sectional area in square feet
n = Manning's resistance factor.

This equation can be simplified to:

Q = 1.49 N (29)

where:

S = the slope of the channel
N = the Manning's coefficient of roughness (for overland flow).

This replacement N for n roughness factor for channel flow was determined

by Crawford and Linsley (1966) to be between 0.05 and 0.10 inclusive.

When applying equations to an overland flow element, the lateral inflow

is rainfall excess and the outflow is a flow per unit width. HEC-1

output for Kinematic Wave Modeling of 25-year and 100-year return-period

storms, respectively, with a 24-hour duration is graphed in Figure 5-4.

108



m

mIE LEGEND-STORMS

TYPE XA

~  TYPE X

TYPE II

Figure 5-3. SCS Storm Type Distribution - Pacific Coast States



Table 5-^. Type IA Storm Distribution

TYPE lA DiSTRIBUTtCN

24-HR DURATION VYR 5-yr 25-TR 100-YR 24*NR

3

1

1-YR 5-YR 25-YR 100-TR

TIME OlST ' PRECIP PRECIP PRECIP PRECIP TIME oisr PRECIP PRECIP PRECIP PRECIP

(min) (In) (in) (in) (in) (min) (in) (in) (in) (in)

15 0.00432 0.0173 0.0281 0.0302 0.0346 735 0.67089 2.6836 4.3608 4.6962 5.3671

30 0.00816 0.0326 0.0530 0.0571 0.0653 750 0.67847 2.7139 4.4101 4.7493 5.4278

45 0.01372 0.0549 0.0892 0.0960 0.1098 765 0.69027 2.7611 4.4868 4.8319 5.5222

60 0.01776 0.0710 0.1154 0.1243 0.1421 780 0.69744 2.7898 4.5334 4.8821 5.5795

75 0.02568 0.1027 0.1669 0.1798 0.2054 795 0.70838 2.8335 4.6045 4.9587 5.6670

90 0.03184 0.1274 0.2070 0.2229 0.2547 610 0.71551 2.8620 4.6508 5.0086 3.7241

105 0.04095 0.1638 0.2662 0.2867 0.3276 825 0.72586 2.9034 4.7181 5.0810 5.8069

120 0.04695 0.1878 0.3052 0.3287 0.3756 840 0.73263 2.9305 4.7621 5.1284 5.8610

135 0.05633 0.2253 0.3661 0.3943 0.4506 855 0.74277 2.9711 4.8280 5.1994 5.9422

150 0.06276 0.2510 0.4079 0.4393 0.5021 870 0.74948 2.9979 4.8716 5.2464 5.9958

165 0.07240 0.2896 0.4706 0.5068 0.5792 885 0.75943 3.0377 4.9363 5.3160 6.0754

160 0.07880 0.3152 0.5122 0.5516 0.6304 900 0.76596 3.0639 4.9789 5.3619 6.1278

195 0.08829 0.3532 0.5739 0.6180 0.7D63 915 0.77571 3.1028 5.0421 5.4300 6.2057

210 0.09471 0.3788 0.6156 0.6630 0.7577 930 0.78211 3.1284 5.0837 5.4748 6.2569

225 0.10502 0.4201 0.6826 0.7351 0.8402 945 0.79160 3.1664 5.1454 5.5412 6.3328

240 0.11229 0.4492 0.7299 0.7860 0.8983 960 0.79786 3.1914 5.1661 5.5850 6.3829

255 0.12342 0.4937 0.8022 0.8639 0.9874 975 0.80712 3.2285 5.2463 5.6498 6.4570

270 0.13107 0.5243 0.8520 0.9175 1.0486 990 0.81322 3.2529 5.2859 5.6925 6.5058

285 0.14310 0.5724 0.9302 1.0017 1.1448 1005 0.82226 3.2890 5.3447 5 . 75 58 6.5781

300 0.15159 0.6064 0.9853 1.0611 1.2127 1020 0.62821 3.3128 5.3834 5.7975 6.6257

315 0.16530 0.6612 1.0745 1.1571 1.3224 1035 0.83702 3.3481 5.4406 5.8591 6.6962

330 0.17501 0.7000 1.1376 1.2251 1.4001 1050 0.84281 3.3712 5.4783 5.8997 6.7425

345 0.18999 0.7600 1.2349 1.3299 1.5199 1065 0.65140 3.4056 5.5341 5.9598 6.8112

360 0.20049 0.8020 1.3032 1.4034 1.6039 1080 0.85704 3.4262 5.5708 5.9993 6.8563

375 0.21808 0.8723 1.4175 1.5266 1.7446 1095 0.86539 3.4616 5.6250 6.0577 6.9231

390 0.23064 0.9226 1.4992 1.6145 1.8451 1110 0.87O89 3.4636 5.6608 6.0962 6.9671

405 0.24878 0.9951 1.6171 1.7415 1.9902 1125 0.87901 3.5160 5.7136 6.1531 7.0321

420 0.26127 1.0451 1.6983 l.'82e9 2.0902 1140 0.89435 3.5774 5.8133 6.2605 7.1548

435 0.28287 1.1315 1.8387 1.9801 2.2630 1155 0.89555 3.5622 5.8211 6.2689 7.16U

450 0.30019 1.2008 1.9512 2.1013 2.4015 1170 0.89744 3.5898 5.8334 6.2821 7.1795

465 0.35469 1.4188 2.3055 2.4828 2.8375 1185 0.90511 3.6204 5.6832 6.3356 7.2409

480 0.40255 1.6102 2.6166 2.8179 3.2204 1200 0.91014 3.6406 5.9159 6.3710 7.2811

495 0.45168 1.8067 2.9359 3.1618 3.6134 1215 0.91759 3.6704 5.9643 6.4231 7.3407

510 0.47164 1.8866 3.0657 3.3015 3.7731 1230 0.92247 3.6899 5.9961 6.4573 7.3798

525 0.49752 1.9901 3.2339 3.4826 3.9802 1245 0.92968 3.7187 6.0429 6.5078 7.4374

540 0.51296 2.0518 3.3342 3.5907 4.1037 1260 0.93442 3.7377 6.on7 6.5409 7.4754

555 0.53292 2.1317 3.4640 3.7304 4.2634 1275 0.94140 3.7656 6.1191 6.5898 7.5312

570 0.54456 2.1782 3.5396 3.8119 4.3565 1290 0.94598 3.7839 6.1489 6.6219 7.5678

585 0.56116 2.2446 3.6475 3.9281 4.4893 1305 0.95274 3.8110 6.1928 6.6692 7.6219

600 0.57184 2.2874 3.7170 4.0029 4.5747 1320 0.95717 3.8287 6.2216 6.7002 7.6574

615 0.58685 2.3474 3.8145 4.1080 4.6948 1335 0.96370 3.8548 6.2641 6.7459 7.7096

630 0.59635 2.3854 3.8763 4.1745 4.7708 1350 0.96797 3.8719 6.2916 6.7758 7.7438

645 0.61044 2.4418 3.9679 4.2ni 4.8835 1365 0.97428 3.8971 6.3328 6.6200 7.7942

660 0.61956 2.4782 4.0271 4.3369 4.9565 1380 0.97840 3.9136 6.3596 6.8488 7.5272

675 0.63264 2.5306 4.1122 4.4265 5.0611 1395 0.98447 3.9379 6.3991 6.8913 7 . 8758

690 0.64096 2.5638 4.1662 4.4867 5.1277 1410 0.98845 3.9538 6.4249 6.9192 7.9076

705 0.65220 2.6088 4.2393 4.5654 5.2176 1425 0.99429 3.9772 6.4629 6.9600 7.9543

720 0.65970 2.6388 4.2881 4.6179 5.2776 1440 1.00000 4.0000 6.5000 7.0000 8.0000
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Figure 5-4. Kinematic Wave Runoff Hydrograph

111



The outflow hydrographs for the watershed Subbasins 2 and 3 were

developed using the SCS Curve Number Procedure and the HEC-1 program.

The SCS procedure was used to create outflow hydrographs for 25-year and

100-year storms with a 2l1-hour duration.

5.1.4 SCS Curve Number Method

The SCS of the U.S. Department of Agriculture has instituted a soil

classification system for use in soil survey maps across the country.

Based on experimentation and experience, the agency has been able to

relate the drainage characteristics of soil groups to a curve number, CN

(U.S. Soil Conservation Services, 1972 and 1975). The SCS provides

information on relating soil group type to the curve number as a function

of soil cover, land use type, and antecedent moisture conditions.

Precipitation loss is calculated based on supplied values of CN and lA

(where lA is an initial surface moisture storage capacity in units of

depth). CN and lA are related to a total runoff depth for a storm by the

following relationships:

S = (1000/CN)-10 (30)

where:

S = currently available soil moisture storage deficit in inches.

Acexs = (Acran - lA)^ / (Acran - lA + S) (31)

where:

Acexs = accumulated excess in inches
Acran = accumulated rainfall depth in inches.
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If the HEC-1 user does not wish to specify lA, a default value is

computed as lA equals 0.2S. Because no unusual characteristics were

evident on the API, no modification was made for the default values of

la.

This relationship is based on empirical data established by SCS. Because

the SCS method gives total excess for a storm, the incremental excess

(the difference between rainfall and precipitation loss) for a time

period is computed as the difference between the accumulated excess at

the end of the current period and the accumulated excess at the end of

the previous period. The curve numbers selected were 95 for industrial

areas or areas of low permeability and 80 for open spaces. The subbasin

information was derived from area maps provided from the SCS survey for

Solano County, which includes NSY Mare Island. Assumed percentage values

for both subbasins are as follows:

Subbasin 2;

Subbasin 3

Area = 0.05 square miles
47 percent industrial (CN = 95)
53 percent open spaces (CN = 80)

CN = 95 X 0.47 + 80 X 0.53 = 87

Area = .005 square miles

33 percent industrial (CN=95)
67 percent open spaces (CN=80)

CN r 95 X 0.33 + 80 X 0.67 = 85
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The basin lag time can be estimated as follows:

t = (S+l)®-*^ / (1900 X Y°*5) (32)

where:

L = the hydraulic length of the watershed
Y = the average watershed slope in percent.

Subbasin 2:

S = 1000/87 - 10 = 1.49^

Y is estimated from site maps as 1.4 percent.
L is estimated from site maps at 5000 feet.

Lag Time = 5000°'® X (1.49 +1)°-'^ 7(1900) X 1.4^-5 = 0.75
minutes

Subbasin 3:

S = 1000/85 - 10 = 1.76

Y is estimated from site maps as 0.743 percent.
L is estimated from site maps at 400 feet.

Lag Time = (400)°'® X {2.76)^-'^ / (1900) X 0.743'^ = 0.15
minutes

This information was used to determine runoff and peak flows for the SCS

Curve Number Procedure for four widely varying return-period storms.

Inflow and outflow hydrographs for these return-period storms (1, 5, 25,

and 100 years) as simulated by HEC-1 are presented in Figures 5-5 and

5-6. In addition, channel routing data was input into the model to

establish a relationship between the two subbasins and the area of

discharge. The Muskingum method was used to determine the storage

coefficient and lag times of discharge through the channel area. For

most streams, x is between 0 and 0.3 with a mean value near 0.2. The

storage constant K is the ratio of storage to discharge and has the
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Figure 5-5. SCS Inflow/Outflow Hydrographs 1-Year and

5-Year Storms
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dimensions of time. It is approximately equal to the travel time through

the reach and, in the absence of better data, is sometimes estimated this

way.

No flow values were available for this area and a stream travel time of 1

hour was estimated from similar channel data. This assumption is not

critical, however, because the time of travel and peak discharge into the

area near the bay is necessary as a means of combining the hydrographs

for the two water-sheds in the HEC-1 model. The total outflow volumes,

when combined in the channel, will be used to determine the sediment

transport potential from the various storms.

5.2 SEDIMENT TRANSPORT MODELING

There are three major factors affecting the transport rate of sediment

under shallow flow conditions: (1) fluid forces, (2) rainfall impact

forces, and (3) particle-to-particle interactions. The first force is

relatively well understood and is the basis for most transport equa

tions. The second force has been investigated empirically by Young and

Wiersma (1973), and the third force has been discussed by Bagnold (1972).

Together, these forces represent the physical transport system. The U.S.

Corps of Engineers (1977) HEC-6 Model employs the modified Einstein equa

tion option and is considered appropriate for use in this study because of

its ability to address the discrete transport components of bed load and

suspended load independently. Other researchers have offered discrete

equations; however, the basic method advanced by Einstein (1950) appears

to have the most broad-based acceptance by practitioners in the field.
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5.2.1 Einstein's Theory

Einstein (1950) postulated that a particle moves if the instantaneous

hydrodynamic lift force overcomes the submerged particle weight.

Therefore, both the beginning and ceasing of sediment motion are

probabilistic events and do not depend on whether or not the average

fluid force exceeds some threshold. Particles are assumed to travel

along the bed in a series of quick movements followed by a relatively

long rest, and the average distance traveled by the bed particles between

consecutive points of rest in the bed is constant. Further, the computed

total sediment discharge is calculated as the sum of the bed load

discharge and the suspended sediment discharge. The bed load discharge

is considered to be through a sediment layer that is two-grain diameters

thick, and the suspended sediment is considered to be discharge from the

water column to the bed layer over distance.

In laminar flow viscous effects dominate. Coleman (1967) reported that

the lift force coefficient decreases as the Reynolds number decreases.

In fact, at very low Reynolds numbers, negative lift coefficients were

observed. The ratio of the lift coefficient to drag coefficient was 0.04

to 0.12 when the Reynolds number was within the range of 100 to 500.

Therefore, in laminar flow such as demonstrated in the hydrologic

modeling for the 900 Area, the lift force acting on a particle is mainly

composed of the component of drag force, and the first type of lift force

used by Einstein (1950) is negligible.
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On this basis, the principal mechanism of sediment transport in laminar

flow is similar to that of bed load transport in turbulent flow. The

lift force required for motion is supplied primarily by a component of

the fluid drag force. Therefore, the suspended transport and transi

tional transport phenomena discussed by Einstein (1950) may be neglected

in this analysis. In the ensuing paragraphs the mathematical basis given

by Einstein will be reviewed for the purpose of presenting the physical

basis for parameter selection and testing. Following this discussion,

the HEC-6 Model will be presented in the context of Einstein's basic

equations being used in transport simulations.

5.2.2 Transport Mechanics

The quantity of sediment transported in a stream by rolling, sliding, or

skipping within the bed layer is called the bed load. By assuming that

the bed is neither eroding nor scouring (similar to an impervious surface

such as asphalt), Einstein (1950) developed a bed load equation that can

be represented as:

isQe = (33)

in which:

ifiQB = the rate at which a particle of diameter D in a mixture
moves through a unit width of the bed layer per unit of
time; ip is the fraction of bed load in a given size range;
qp is tne rate at which the bedlayer sediment moves through
the unit width of cross section

(|)„ = intensity of transport for an individual grain size
i|j = fraction of bed material in a given grain size
Pg = density of the solids
Sg = specific gravity of the sediment.
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For a given particle of diameter D, Einstein assumed that all parameters

on the right side of Equation 33 are constant except for 41^^. The

intensity of transport, 4)^, is a function of the intensity of shear, i1j^,

for the individual grain size. A curve relating 4)„ and 4>^ is given in

Einstein (1950) and reproduced with several other relationships in Figure

5-7.

Einstein found that 41^ was a unique function of the hydraulic shear

intensity parameter 41^, which may be defined by:

I  - r V fiog 10.6 ]2 ̂ s ̂  D• " ̂ ^log 1 10.6Xiill p R' s
"65 ' '

where:

C  = a correction of effective flow for various grains
Y  = a correction of lift force in transition between

hydraulically rough and smooth beds
X  = a reference grain size for the particular bed
R'b = hydraulic radius of the bed for grain roughness or surface

drag
Sg = slope of the total energy line for the given flow

conditions.

Colby and Hembree (1955) modified Equation 3^ to complete the discharge

of sediments in the sand range such as found in greensand. The modified

equation for bed load in a cross section is:

= V3-2 w 1200 i^D3/2 (35)
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in which:

(i3QB)M = sediment discharge through the bed layer of particles
of the given size range, in tons per day; equals

(ifiQE^M ^3.2w

where:

(ib^b^M " sediments discharge through the bed layer of particles
of the given size range, in pounds per second per foot
of width

w  = width of channel in feet.

The subscript M denotes a parameter that was obtained according to

modified method. The 43.2 is a constant for converting pounds per second

to tons per day.

The modified method equation for determining (1303)^1 is based on Equation

33. The value of the intensity of the bed load transport, used in

entering the relation [see Einstein (1950, Figure 10)], however, is based

on 0^5 and and the value of obtained from the relation is

arbitrarily divided by 2 (Colby and Hembree, 1955). The use of this

relation was suggested by U.S. Corps of Engineers researcher Dr. Michael

Gee (Personnel Communication, 1988).

1'«M = (36)

The 1200 represents the constants in equation in which g is the

gravitational constant, 32.2; p^ equals 5.17 and Sg equals 2.65

(Einstein, 1950). The quantity is computed using the equations:

t>*M = (1.65 D35)/(RS)„ (37)
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4.*^^ = (0.66Dg^) /(RS)^ (38)

The larger from these equations is used for each geometric mean part

icle size for a range of sizes.

5.3 GRAIN SIZE AND ELEMENTAL COMPOSITION OF SOIL ABRASIVES

Eight representative samples of both virgin and spent greensand were

collected and a grain size analysis performed. Both classes of abrasives

were very uniformly graded and the unused abrasive was found to be larger

than the spent abrasive. Characteristic grain size distribution curves

for spent and virgin greensand are given in Figures 5-8 and 5-9,

respectively. Grain size of new greensand ranged from 3 mm to 0.5 mm

with the median being approximately 1.7 mm. Spent greensand ranged in

size from 8 mm to 0.075 mm with a median of about 0.M5 mm.

In addition to mechanical grain size testing, a similar mass fraction

analysis described in Section 4.^1 was performed on the micron-size soils

and blasting by-products materials. The total tested fraction repre

sented approximately 10 percent of the spent abrasives sample by weight.

Five locations along the central axis of the sampling grid were chosen to

represent a typical cross section of estuarine- and land-type soils.

Samples of spent and virgin greensand were also collected. These five

samples were tested for 0.2 to 80.0 micron mass distribution. It is in

this range of particle size where paint flakes and highly charged clay
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particles may be counted. Paint flakes and blasting debris with

associated tributyltin (TBT) are considered to be the two most important

components in the assessment of hazard impacts.

Based on the most likely chemical compound(s) represented by the observed

particle properties, each particle type was assigned a density. The

volume of each particle, computed from the projected area measurements,

was multiplied by the particle density to obtain the particle's mass.

Results of the CCSEM analyses have been summarized in Tables 5-5 through

5-8.

Table 5-5 presents a summary of CCSEM number distribution results for

each analysis of each sample. In this table, relative number percent for

each particle size bin is given. For all samples, it was observed that

the majority of particles (>80 number percent) was in the size range <2.5

micrometers (ym) and are associated with clay materials. The remainder

of particles, generally attributed to paint flakes, ranged from 2.5 ym to

80 ym, with most of these <10 ym in size. Table 5-6 presents a summary

of CCSEM mass distribution results. In this table, relative weight

percent for each particle size bin is given. Results indicated that for

all samples (with the exception of 26658), the majority of mass (>77

weight percent) concentrated in the size ranges >15 ym. The sample

identified as "Site 2 Surface" displayed a shift in mass distribution

noncharacteristic of the other four samples, with a higher weight

percentage in the 5 to 10 ym particle size range.
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Table 5-7 presents a summary of CCSEM particle-type results obtained for

each analysis of each sample. Particle types presented are definitions

based on the most prominent elements within the particle. Table 5-8

presents a summary of the CCSEM elemental composition results. Per

centage of x-ray counts for 19 elements ranging from carbon to copper are

given for each analysis of each sample.

Figures B-1 through B-5 found in Appendix B present secondary electron

micrographs taken at two magnifications of each sample analyzed in this

study. These micrographs display the particle size distribution, area

distribution, and morphology typical of each sample. Figures B-6 through

B-13 display secondary electron images and elemental spectra obtained

from the samples to represent the various particle types observed during

the CCSEM analysis.

All samples were observed to have silicon as their major elemental com

ponent. The sample identified as "Site 1 Surface" displayed relatively

high percentage (approximately 23 percent) of x-ray counts for magnesium,

whereas the samples identified as "Site 4 Surface" displayed a relatively

high percentage (approximately 22 percent) of x-ray counts for aluminum.

Replicate analysis was performed on Samples 26657, 26659, and 26660.

Results were in good agreement for the number distribution and elemental

composition of each sample. Results for the mass distribution in Samples

26659 and 26660 indicated a shift toward the larger particle size range.

This occurred as a result of more particles being analyzed in the 30 to

80 ym size range in the second analysis.
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5.4 HEC-6 modeling

The HEC-6 model is sixth in a series of hydrologic and hydraulic simu

lation models developed over the course of the last 20 years by the U.S.

Army Corps of Engineers Hydrologic Engineering Center. HEC-6 is

officially titled "Scour and Deposition in Rivers and Reservoirs" in the

1977 Users Manual. It is a one-dimensional, steady-state sediment

transport model that was primarily developed for evaluating sedimentation

behind dams designed and constructed by the U.S. Army Corps of Engineers

Hydrologic Engineering Center.

The model considers an open channel of finite width. Sediment transport

is calculated for a reach of river which is described by a series of

representative cross sections. Geometry of the model is represented by

cross sections, station locations along the river reach, elevation drop,

and distance between cross sections. Water discharge is handled as a

series of steady state flows over a given period of time. Friction

losses are a function of Mannings "n" that describes the hydraulic

roughness. Both granular and cohesive materials may be input, but the

present version of the model does not allow for reentrainment of silts

and clays once they settle to the stream bed. Main water flow through

the channel may be augmented by discrete tributary input locations along

the modeled reach.

132



Sediment available for movement is determined in the main channel to be

the volume of material above an impermeable boundary elevation and is

limited laterally by the width of the channel. Transport capacity is

calculated at each cross section based on hydraulic data and grain size

information at a given location. The left and right banks of the main

channel are considered no-flow boundaries for water and sediment input.

As such, the model can define both movable and nonmovable beds. Overland

water and sediment runoff normal to the main channel may be modeled by

performing a separate submodel that simulates sediment transport across

the width of a subreach or subsection with the main channel representing

the final location of deposition. These discrete submodels may then be

input in the main channel models as tributaries.

The Users Manual discusses three options for the transport of bed

materials: Toffaleti's application of Einstein's bed load formula

(Toffaleti, 1966) previously discussed; a method by Laursen (Laursen,

1958), which is applicable for large rivers; and an undefined method

which is believed to be after the work of DuBoys (1879). A fourth

method, streampower function, by Yang (1984) is given in the job cards

but not described in the text. The program defaults to the Toffaleti

approach. In the previous discussion on transport mechanics, it was

mentioned that the Toffaleti expression is the most relevant to sheet

flow with shallow nonscouring boundaries such as found at the 900 Area.
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Input to the model is in the form of 8 to 12 characters by eight field

lines, each beginning with a two or more alphanumeric identifiers.

Information is input in three type sets: geometric data, sediment data,

and hydrologic data. Table 5-9 describes the main classes of input that

are used in this model. Options are available for which additional

and/or optional cards may be used. Table 5-10 addresses each input card

used in the modeling of Subbasin 1 at the 900 Area and the values for the

various fields. Output data may be dumped to a line printer or

suppressed. The present version of HEC-6 output is generated at each

cross section for elevation change, water surface level, flow rate, and

sediment discharge by clay, silt and sand fractions.

The model developed for the 900 Area was subdivided into five cross

sections coincident with the downstream face of the subwatersheds used in

the hydrologic model previously discussed. Data is input from the

downstream end of the channel. The cross sections used are at 170, 330,

490, 650, and 810 feet from the bulkhead line on the beach. An

arbitrary, triangular-shaped, 40-foot-wide channel was selected for the

HEC-1 model and subsequently for the HEC-6 model since this width

provides adequate channel to accommodate the peak runoff from a 100-year

storm. Utilizing a wide triangular channel is representative of actual

site conditions and produces shallow depths for runoff which are

coincident with promoting sheet flow. A nonscouring depth was set at 0.1

foot, which represents the average depth of greensand on the asphalt. To

accommodate sediment load flowing from remote parts of the watershed to

the channel, separate submodels were developed that simulated overland
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flow across a subwatershed to the central main channel. It was

discovered during this modeling effort that sheet flow from the peak

25-and 100-year storms dispersed over the entire watershed did not

provide sufficient energy for significant transport of sediment using the

HEC-6 model. This prevented generating sediment load rating curves for

tributary inflow to the main channel and providing subsequent steady-

state conditions. To compensate for this deficiency, steady-state

conditions were abandoned and the runoff area of the channel was

evaluated for its potential to transport greensand at various discharge

flows. Somewhat conservative values for discharge of sediment at the

channel outlet will be predicted. This observation suggests that green-

sand runoff is minimal in all areas of the watershed where sheet flow is

dominant. The effective contribution of the operation area is confined

to the portions of the watershed where runoff combines to form rivlets or

an equivalent and sufficient energy is developed to move sediment and/or

paint materials.

Modeling Rationale and Results

An evaluation of the two worst-case discharge hydrographs, 25- and 100-

year storms, generated using the HEC-1 Kinematic Wave model indicates

that flow divisions fall into the following three categories:

Approximately H to 6 hours is required for discharge before a
rapid slope change occurs in the rising limb of each hydrograph.

The time span over which peak discharge is achieved (length of
rising limb on hydrograph) ranges from 2 to U hours.

Runoff on the receding limb of each hydrograph encompasses a
time frame of approximately 12 to 14 hours.
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For each of the above time frames, the following time-discharge

relationships were established:

Time Discharge
(days) (cfs)

0.21 0.5 to 2.0

0.13 3.0 to 8.0
0.54 0.5 to 2.5
0.12 less than 0.5 (hydrograph tails)

Because of the similarity in the time runoff relationships between the

0.54-day and the 0.21-day values, the 0.54 value was used to evaluate the

appropriate time-runoff relationships in the HEC-6 model.

Using the HEC-6 model, values of discharge were varied for each range

stated above holding the time constant. The resulting information for

each station along the channel was verified by multiple runs and

tabulated. Each station along the channel is geometrically similar and

differs only in the amount of runoff expected at each location. This

relationship was used to generate an average sediment discharge

relationship for the entire Subbasin 1 site. Results from the HEC-6

program for each station were averaged for a given discharge. A graph

showing the relationship of average sediment transport and discrete

station transport and cumulative sediment load at the base of the

watershed is presented in Figure 5-10. To support these findings, a

linear regression analysis was calculated and equations generated for

each station along the channel length. Values obtained through

regression closely compare to actual values used to calculate average
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discharge-runoff relations. A comparison of the regression and average

results is shown in Figure 5-11. HEC-6 discharge-sediment load output

along with regression values for each cross-section are tabulated in

Table 5-11. A listing of the linear equations that were used to derive

the regression values are also shown in Table 5-11. The correlation

coefficient ranged from 0.95 to 0.99 for all linear equations derived.

The expression given for Station 1+70 represents the cumulative sediment

loading from the entire basin.
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Table 5-11. HEC-6 Results

DISCHARGE

Id,)
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STATION
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LINEAR REGRESSION RESULTS
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STATION
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810 AWG650330170

2.22.0.23.
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3.22.34.93.12.9

4.53.53.65.65.2
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8.45.68.19.510.9

11.07.710.15.0 .7
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X
II

o
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4 + 90 = X3 Y=.416X1 -.037X2 + .434X4 -1- .267X5-. 189

6+50=X4 Y=2.10X1-.381X2-I-.679X3-2.31X5+1.63

8+10=X5 Y=-. 172X1 + .885X2+. 125X3-.263X4 + .697

GENERAL Y = .2X1 + .2X2+.2X3+.2X4 + .2X5 + 1.9E-13



6.0 FIELD AND LABORATORY DATA ANALYSIS

6.1 CHEMICAL ANALYSIS RESULTS

A total of 63 sampling points were used to determine the areal

distribution and associated concentrations of metals in the zone of

accumulation. In addition, up to 26 samples were analyzed for one or

more soluble fraction metals in the 0- to 1-foot interval. In 30

borings, soil samples were analyzed for soluble metals in the 1- to

2-foot interval. Two types of data evaluation are presented in this

section: computer-aided data contouring and statistical analysis of

individual observations.

Data contouring allows for physical interpretation of chemical

distribution over the entire grid. It can be performed in two or three

dimensions. Three fundamental aspects of statistics are used to quantify

the level of risk to human health and the environment associated with any

given concentration when compared to established statutory guidelines and

environmental health standards. The following three components are con

sidered:

Measures of location

- Mean

Quantiles

- Fercentiles

- Median

Measures of variability
- Range
- Variance

- Standard deviation.
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Data were accumulated and synthesized using the microcomputer software

spreadsheet package Lotus 1-2-3®. Frequency distribution diagrams and

histograms presented in the following discussion were generated from

Lotus 123. Another software package called SURFER® was employed to

generate three-dimensional contour plots of the two sampling layers and

all lithologic data. Statistics cited were produced by PC SAS®, a widely

used and documented statistics software package.

The benchmark against which all chemical sampling and analysis are tested

includes total and STLC values for each metal compound as presented in

California Administrative Code (CAC) Title 22, Chapter 15.

Total concentration of heavy metals is not routinely determined by any

state regulatory agency in Mare Island Strait or in San Pablo Bay.

Soluble metals in San Pablo and Suisun bays are periodically checked, and

reference background values were presented in Section 3.0. It can be

seen from the background values that in the water column only trace

concentrations are found because the vast volume of water in the bays has

the ability to potentially dilute large quantities of soluble

chemicals. Therefore, it is reasonable to assume that elevated levels of

heavy metals detected at the 900 Area are by-products of the sandblasting

operations and subsequent runoff.

The quantities and area distribution of chromium, zinc, copper, lead, and

nickel were evaluated in discrete layers: 0 to 1 foot and 1 to 2 feet.

Sixty-two observations were made in the upper 1 foot of the 525-foot by
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300-foot grid. Sixty-three observations were made in the 1- to 2-foot

interval. Individual observation results for total metals in the two

layers are given in Tables 6-1 and 6-2. Simple measures of location and

variability are presented in Table 6-3.

The California WET was performed on selected samples to determine the

fraction of each metal which may be available in soluble form. This

information is used in two ways: (1) comparison against Title 22 STLC

limits and (2) risk assessment with appropriate reference to the Bay Area

water quality control plan in the State Water Code. The rationale for

specific locations tested has been previously discussed in Section 4.0.

A compilation of all soluble data is given in Tables 6-4 and 6-5.

6.1.1 Chromium

The highest concentration of any metal in both layers is chromium.

Chromium in surface sediments ranges from a low of 18.8 milligram/

kilogram (mg/kg) to a high of 3,790 mg/kg. In the 1- to 2-foot interval,

chromium ranges from 17.2 to 5,340 mg/kg. The mean concentration in all

soils is less than 1,100 mg/kg. There is a large amount of variability

in the data as evidenced by a variance of 1 x 10^. The standard

deviation about the mean is 1,146 mg/kg, which means 63 percent of the

data points lie between 0 and 2,300 mg/kg.

Referring to Table 4-1, chromium is the third most abundant metal in both

virgin and spent abrasive material with 118 and 131 mg/kg, respec

tively. Iron is an order of magnitude greater and nickel is approxi-

146



Table 6-1. Total Metals in Soils From 0-1 Foot Deep

SAMPLE GRID X-COORD Y-COORO CHROMIUM COPPER LEAD NICKEL ZINC SAMPLE

NO. LOCATION f t . f t . mg/kg mg/kg mg/kg mg/kg mg/kg lO-NO.

1 B21 525.00 300.00 100.00 60.70 206.00 7.20 882.00 MI04821-1

2 818 450.00 300.00 18.80 29.60 10.90 25.60 73.20 MI04818-1

3 816 400.00 300.00 78.30 49.00 108.00 7.30 804.00 MI04816-1

li E14 350.00 225.00 343.00 103.00 1466.00 154.00 797.00 MI04E14-1

5 E18 450.00 225.00 1950.00 195.00 214.00 590.00 720.00 MI04E18-1

6 E12 300.00 225.00 1530.00 173.00 317.00 783.00 692.00 MI04E12-1

7 E16 400.00 225.00 3790.00 160.00 74.90 1500.00 286.00 MI04E16-1

8 E10 250.00 225.00 1010.00 74.20 59.80 443.00 199.00 MI04E10-1

9 E21 525.00 225.00 2370.00 374.00 175.00 785.00 893.00 MI04E21-1

10 G10 250.00 175.00 1240.00 641.00 73.20 708.00 254.00 MI04G10-1

11 C14 350.00 175.00 2020.00 164.00 98.00 1040.00 302.00 MI04G14-1

12 G07 175.00 175.00 48.30 132.00 219.00 13.40 521.00 MI04G07-1

13 G19 475.00 175.00 480.00 412.00 59.30 255.00 150.00 MI04G19-1

U G17 425.00 175.00 36.20 24.30 30.50 29.80 69.50 MI04G17-1

15 G13 325.00 175.00 2080.00 196.00 74.40 1020.00 303.00 t1I04G13-1

16 G01 25.00 175.00 156.00 92.90 92.40 96.70 250.00 MI04G01-1

17 G12 300.00 175.00 2190.00 179.00 80.80 954.00 282.00 MI04G12-1

18 G04 100.00 175.00 242.00 120.00 58.20 129.00 270.00 MI04G04-1

19 G22 550.00 175.00 58.20 26.60 34.70 22.20 69.40 MI04G22-1

20 H11 275.00 150.00 2310.00 160.00 84.50 953.00 283.00 MI04H11-1

21 H15 375.00 150.00 62.90 46.20 37.70 40.70 84.30 MI04H15-1

22 H13 325.00 150.00 1920.00 165.00 71.60 1800.00 249.00 MI04H13-1

23 H09 225.00 150.00 2810.00 119.00 55.40 1240.00 316.00 MI04H09-1

2A H17 425.00 150.00 32.90 30.30 35.00 27.40 83.50 MI04H17-1

25 111 275.00 125.00 2010.00 175.00 79.00 1060.00 223.00 M104I11-1

26 110 250.00 125.00 1700.00 130.00 52.60 1300.00 232.00 MI04I10-1

27 112 300.00 125.00 97.20 . 54.50 20.00 47.00 98.40 MI04I12-1

28 109 225.00 125.00 1490.00 240.00 1250.00 2360.00 697.00 MI04I09-1

29 101 25.00 125.00 136.00 86.20 42.10 115.00 187.00 MI04I01-1

30 113 325.00 125.00 2140.00 160.00 63.40 955.00 248.00 MI04I13-1

31 116 400.00 125.00 182.00 54.90 31.80 98.10 88.10 MI04I16-1

32 107 175.00 125.00 2740.00 147.00 29.10 886.00 150.00 MI04I07-1

33 115 375.00 125.00 123.00 38.00 18.30 74.80 78.60 MI04I15-1

34 114. 350.00 125.00 2240.00 119.00 94.10 1170.00 236.00 MI04I14-1

35 119 475.00 125.00 24.00 79.50 71.20 20.40 127.00 MI04I19-1

36 J11 275.00 100.00 2060.00 150.00 61.90 990.00 217.00 MI04J11-1

37 J09 225.00 100.00 2100.00 320.00 119.00 1100.00 428.00 MI04J09-1

38 J04 100.00 100.00 155.00 82.80 42.40 112.00 177.00 HI04J04-1

39 J17 425.00 100.00 1800.00 316.00 225.00 580.00 735.00 MI04J17-1

40 J15 375.00 100.00 1670.00 145.00 60.80 544.00 123.00 MI04J15-1

41 J22 550.00 100.00 23.80 40.50 67.90 21.50 105.00 MI04J22-1

42 J13 325.00 100.00 24.10 21.00 12.60 37.50 43.70 MI04J13-1

43 K07 175.00 75.00 2010.00 130.00 64.21 644.00 271.00 MI04K07-1

44 K17 425.00 75.00 817.00 121.00 192.00 259.00 482.00 MI04K17-1
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Table 6-2. Total Metals in Soils from 1-2 Feet Deep

SAMPLE GRID X-OOORD Y-COORD CHROMIUM COPPER LEAD NICXEL ZINC SAMPLE

NO. LOCATION f t . f t . mg/kg mg/kg mg/kg mg/kg mg/kg ID-NO.

1 B16 400.00 300.00 79.60 55.40 32.80 63.80 102.00 MI04B16-2

2 B21 525.00 300.00 115.00 25.30 23.50 15.60 722.00 MI04B21-2

3 B18 450.00 300.00 20.80 31.50 15.60 26.80 72.90 MI04B1S-2

A E12 300.00 225.00 93.70 60.10 34.30 76.00 95.70 MI04E12-2

5 E21 525.00 225.00 2960.00 311.00 228.00 822.00 725.00 MI04E21-2

6 E14 350.00 225.00 387.00 117.00 80.20 186.00 194.00 MI04E14-2

7 E10 250.00 225.00 472.00 53.00 36.50 198.00 126.00 MI04E10-2

8 E16 400.00 225.00 210.00 94.20 51.70 90.70 112.00 HI04E16-2

9 E18 450.00 225.00 455.00 55.80 179.00 119.00 642.00 MI04E18-2

10 G13 325.00 175.00 1940.00 407.00 82.30 1480.00 303.00 MI04G13-2

11 G07 175.00 175.00 42.20 102.00 292.00 11.50 403.00 MI04G07-2

12 G10 250.00 175.00 2160.00 356.00 103.00 1400.00 307.00 MI04G10-2

13 G22 550.00 175.00 57.50 51.60 48.40 33.20 103.00 HI04G22-2

1A G12 300.00 175.00 1990.00 189.00 73.70 1280.00 301.00 MI04G12-2

15 G19 475.00 175.00 27.80 27.70 43.80 21.20 120.00 MI04G19-2

16 G14 350.00 175.00 2090.00 216.00 61.90 861.00 211.00 MI04G14-2

17 G15 375.00 175.00 889.00 128.00 45.80 386.00 142.00 MI04G15-2

18 G16 400.00 175.00 23.70 26.50 28.30 23.40 70.30 MI04G16-2

19 G17 425.00 175.00 29.30 33.20 36.10 30.80 103.00 MI04G17-2

20 G04 100.00 175.00 323.00 127.00 142.00 123.00 365.00 MI04G04-2

21 G01 25.00 175.00 110.00 84.60 61.20 125.00 275.00 MI04G01-2

. 22 H09 225.00 150.00 2570.00 141.00 85.5 1180.00 399.00 MI04H09-2

■ 23 H11 275.00 150.00 2500.00 270.00 110.00 993.00 316.00 MI04H11-2

2A H15 375.00 150.00 109.00 54.30 15.40 5570.00 79.40 MI04H15-2

25 H13 325.00 150.00 1820.00 289.00 95.40 1280.00 267.00 MI04H13-2

26 H17 425.00 ■  150.00 28.70 28.60 47.80 23.20 124.00 MI04H17-2

27 116 400.00 125.00 90.30 28.00 10.50 133.00 38.10 MI04I16-2

28 109 225.00 125.00 185.00 81.70 324.00 57.50 409.00 MI04IC9-2

29 113 325.00 125.00 2350.00 158.00 93.50 1020.00 402.00 MI04I13-2

30 101 25.00 125.00 189.00 97.20 146.00 105.00 331.00 MI04I01-2

31 114 350.00 125.00 2660.00 290.00 142.00 2470.00 529.00 MI04I14-2

32 115 375.00 125.00 145.00 36.90 21.90 93.20 90.80 MI04I15-2

33 112 300.00 125.00 1430.00 524.00 146.00 1310.00 688.00 MI04I12-2

34 107 175.00 125.00 2480.00 127.00 25.50 782.00 122.00 MI04I07-2

35 117 425.00 125.00 133.00 40.30 25.70 178.00 79.80 MI04I17-2

36 111 275.00 125.00 2470.00 145.00 69.00 1810.00 248.00 MI04I11-2

37 119 475.00 125.00 126.00 38.60 24.60 208.00 71.60 MI04I19-2

38 110 250.00 125.00 5340.00 126.00 147.00 2400.00 441.00 MI04I10-2

39 J17 425.00 100.00 719.00 86.90 141.00 208.00 607.00 MI04J17-2

40 J22 550.00 100.00 17.20 25.60 25.90 16.80 89.00 MI04J22-2

41 J13 325.00 100.00 2130.00 175.00 24.60 3180.00 137.00 HI094J13-

42 J15 375.00 100.00 2160.00 . 234.00 57.30 1050.00 .275.00 MI04J15-2

43 J11 275.00 100.00 2290.00 157.00 57.80 1020.00 217.00 MI04J11-2

44 J04 100.00 100.00 160.00 66.70 125.00 61.70 251.00 MI04J04-2
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Table 6-M. Soluble Metals in Soils From 0-1 Foot Deep

SAMPLE GRID X-COORD Y-COORD CHROMIUM COPPER LEAD NICKEL ZINC SAMPLE

NO. LOCATION ft . ft. tng/ I mg/ I mg/ I mg/ I mg/ I ID-NO.

1 B16 400.00 300.00 3.00 34.00 MI04B16-1

2 B21 525.00 300.00 12.00 47.00 MI04B21-1

3 E12 300.00 225.00 3.80 14.00 23.00 MI04E12-1

4 E14 350.00 225.00 6.50 33.00 MI04E14-1

5 E18 450.00 225.00 8.40 3.80 36.00 MI04E18-1

6 E21 525.00 225.00 24.00 13.00 5.70 55.00 MI04E21-1

7 G01 25.00 175.00 1.40 MI04G01-1

8 G07 175.00 175.00 11.00 MI04G07-1

9 G12 300.00 175.00 6.40 8.50 MI04G12-1

10 G14 350.00 175.00 6.20 7.60 MI04G14-1

11 H11 275.00 150.00 7.10 8.60 MI04H11-1

12 109 225.00 125.00 9.60 12.00 MI04I09-1

13 111 275.00 125.00 9.20 8.60 MI04I11-1

14 114 350.00 125.00 5.00 5.10 MI04I14-1

15 J09 225.00 100.00 1.30 1.90 6.90 MI04J09-1

16 J17 425.00 100.00 2.20 2.70 8.00 MI04J17-1

17 K10 250.00 75.00 0.39 2.80 18.00 HI04K10-1

18 K12 300.00 75.00 4.80 15.00 MI04K12-1

19 K14 350.00 75.00 1.40 3.10 11.00 MI04K14-1

20 K17 425.00 75.00 3.10 6.90 MI04K17-1

21 <19 475.00 75.00 2.50 MI04K19-1

22 L11 275.00 50.00 1.4 10.00 MI04L11-1

23 L17 425.00 50.00 2.00 MI04L17-1

24 M13 325.00 25.00 2.40 MI04M13-1

25 M15 375.00 25.00 1.30 MI04M15-1

26 M17 425.00 25.00 1.40 MI04M17-1
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Table 6-5. Soluble Metals in Soils From 1-2 Feet Deep

SAMPLE GRID X-COORD Y-COORD CHROMIUM COPPER LEAD NICKEL ZINC SAMPLE

NO. LOCATION f t . f t . ng/ I ng/ I mg/ I mg/ I mg/ I ID-NO.

1 E14 350.00 225.00 2.40 MI04E14-2

2 E18 450.00 225.00 8.00 M104E18-2

3 E21 525.00 225.00 14.00 30.00 15.00 5.60 63.00 MI04E21-2

A G04 100.00 175.00 3.60 HI04G04-2

5 G07 175.00 175.00 3.80 MI04G07-2

6 G10 250.00 175.00 6.50 6.60 6.20 MI04G10-2

7 G14 325.00 175.00 6.50 5.60 10.00 MI04G14-2

8 H09 225.00 150.00 3.50 5.20 9.80 MI04H09-2

9 Mil 275.00 150.00 9.00 6.60 8.00 MI04M11-2

10 H13 325.00 150.00 5.60 5.40 8.50 MI04H13-2

11 101 25.00 125.00 1.20 MI04I01-2

12 109 225.00 125.00 8.50 24.00 MI04I09-2

13 no 250.00 125.00 3.80 28.00 9.80 MI04I10-2

14 112 300.00 125.00 14.00 4.40 5.10 MI04I12-2

15 113 325.00 125.00 14.00 6.50 11.00 MI04I13-2

16 114 350.00 125.00 8.20 12.00 11.00 7.20 MI04I14-2

17 JOA 100.00 100.00 2.90 MI04J04-2

18 J17 425.00 100.00 3.70 8.80 12.00 MI04J17-2

19 K07 175.00 75.00 9.70 0.27 1.50 8.30 Ml04<07-2

20 <10 250.00 75.00 '7.80 1.00 9.30 MI04<10-2

21 <12 300.00 75.00 2.30 12.00 MI04<12-2

22 <17 425.00 75.00 0.22 1.8 44.00 MI04<17-2

23 L09 225.00 50.00 1.00 MI04L09-2

24 L11 275.00 50.00 1.10 4.60 MI04L11-2

25 L13 325.00 50.00 5.20 0.37 1.60 13.00 MI04L13-2

26 L15 375.00 50.00 0.90 MI04L15-2

27 L17 425.00 50.00 2.60 MI04L17-2

28 M13 325.00 25.00 1.00 MI04M13-2

29 M19 475.00 25.00 0.80 MI04M19-2
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mately four times more prevalent. The U.S. Geological Survey (198^) has

performed a comprehensive survey of natural metal content in shallow

soils throughout the United States. Natural chromium may be present at

levels up to 2000 mg/kg. The 900 Area is underlain by engineered fill to

varying degrees. If locations B16 and BIS are considered local

background levels because they are overlain by impervious asphalt, then a

more specific range of natural concentrations may be ascertained.

Chromium in these borings range from 18 to 79 mg/kg, which is close to

the mean concentration of 51 mg/kg published by the U.S. Geological

Survey (1984).

Another comparison of site data is the GAG Title 22 Total Threshold Limit

Goncentration (TTLG) values. Four locations in surface sediments and six

locations at depth exceeded the TTLG value of 2,500 mg/kg; only four

values were found above 3,000 mg/kg. Less than 8 percent of all observa

tions are higher than the TTLG as evidenced in Figure 6-1 for shallow and

subsurface samples, respectively. The highest concentration of chromium

is centered around the wooden bulkheads between lines I and J which act

as retardants to sediment transport. Six of the ten observations above

2,500 mg/kg are found in the bulkhead core area, two on line E (E16, £21)

at the asphalt beach interface, and two in tidal water influenced line K

(K07, K10).

A similar pattern of deposition is evident for both layers. Deposition

increases rapidly from the point where the asphalt ends and peaks along

line I coincident with the bulkheads, as can be seen on concentration
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contour plots (Figure 6-2). Washout of sediment beneath the bulkheads or

overtopping during large storms creates a sharply decreasing amount of

chromium at the point where tides influence the velocity of sediment

being transported overland.

Chromium exists in two oxidation states in aqueous systems: Cr(III) and

Cr(VI). A distinction was not made between valence states in the

analytical program. The hexavalent form is quite soluble, existing in

solution as a complex anion, and is not sorbed to any significant degree

by clays or hydrous metal oxides. Trivalent chromium reacts with aqueous

hydroxide ion to form the insoluble chromium hydroxide Cr(0H)2. It is

the most stable form under redox conditions normally found in natural

waters and sediments and, when in solution at pH greater than 5, quickly

precipitates due to formation of the insoluble hydroxide or oxide.

One location in the uppermost layer was selected for analysis of soluble

chromium, E21. This location coincides with the fifth highest reading

for total chromium and lies along the bulkhead axis. A value of 8 mg/1

was detected, well below the STLC limit of 25 mg/1. Eight extractions

were performed in the lower layer coinciding with the highest concentra

tions of total chromium found and from both above the bulkhead line and

bayside of the line. Results ranged from 3 to 14 mg/1 again, all below

the STLC. The highest values are found on the E and I lines which

represent the transition from asphalt to barren soil and the bulkhead

area, respectively. Almost all the chromium present in the 900 Area

appears to be insoluble and, therefore, not available to most
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environmental pathways. Frequency histograms for samples in both layers

are provided in Figure 6-2.

6.1.2 Nickel

Nickel exhibits the second highest concentration of the five metals

tested. A maximum total concentration of 2,360 mg/kg was detected in

surface sediments, and a value of 3,180 mg/kg was found at the 1- to 2-

foot interval. The lowest total value detected was 7.2 mg/kg and 11.5

mg/kg in the upper and lower layers, respectively. A mean of 543.6 mg/kg

is well below the TTLC limit of 2,000 mg/kg for nickel. Similar to

chromium, nickel exhibits the second highest dispersion in data with a

standard deviation of 656 mg/kg. Only one data point (109) exceeds the

TTLC in the surface layer, and four points (110, 114, J13, L13) are above

the TTLC in the lower layer. This represents less than 4 percent of all

the points sampled as shown in Figure 6-3. Location L13 is the sole

point within saturated sediments where the TTLC was exceeded; the

remainder lie along the bulkhead line.

Unlike chromium where much greater concentrations of the chemical were

found in sampled sediments versus pure abrasive material, nickel concen

trations are similar to parent greensand. Nickel in virgin and spent

abrasives was measured at 453 and 693 mg/kg, respectively. It may be

theorized that nickel in the sediments is a reflection of the parent

material and chromium is a by-product of the paint or metal parts which

are cleaned in the sandblasting process. This contention is further
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supported by the 7 to 63 mg/kg range of nickel found at background

locations B16 and B18. These by-products are transported along with the

abrasives to the beach area.

Although the source of nickel and chromium appear to be different, their

areal distribution patterns are strikingly similar. This phenomenon is a

function of clay or abrasive particle relationship with paint materials.

Figure 6-4 depicts nickel distribution in three dimensions. Referring

back to the plots for chromium, it can be noted that nickel similarly

increases in concentration from the west to east across the flat barren

soil above the beach. A maximum is reached at or near the bulkheads and

decreases geometrically towards the water line. Nickel beyond the limits

of the core area to the south is almost nonexistent. This observation

suggests that leaching of nickel by virgin abrasive off of Subbasins 2

and 3 is minimal. Alternatively, the reason for low levels of nickel at

the western edge of the sampling grid is that contamination is associated

with paint flakes, not greensand, and only areas where sandblasting is

performed may contribute metals to the environment. This observation

appears consistent for all (total) metals analyzed.

Thirty-two samples were analyzed for soluble nickel content, 16 in each

layer. The maximum value detected was 18 mg/1 and the minimum was 3.8

mg/1. Considering all 32 observations, a mean concentration of 9 mg/kg

may be calculated. The spread of values was slight and fit a normal

curve without significant bias in the tails. The total standard
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deviation is 3.1 and the variance is 10. Seventy-five percent of all

observations were below 10 mg/1 as evidenced on the histograms presented

in Figure 6-3.

None of the observations exceeded the STLC limit of 20 mg/1. This

presents a rather interesting condition because nickel is one of the most

mobile heavy metals, and total nickel concentrations above 2,000 mg/1

were detected. In aerobic environments below pH 9 such as in the

estuarine waters, soluble compounds of nickel are formed with numerous

anions and organics, including hydroxide, carbonate, sulfate, and humlc

acids. Humic acids, which are ubiquitous in natural waters in

particular, have been shown to increase the solubility of nickel in

water. One potential explanation for the unusual sorption of nickel is

that the chemical is siderophilic and will alloy itself with metallic

iron whenever such a phase is present. Recall from Table M-l that iron

is the most abundant component in both new and spent abrasive. Nickel is

only slightly miscible in iron and may be bound to the solids matrix.

Enough locations were sampled to enable the plotting of general contours

in both the upper and lower layers. A review of Figure 6-M shows a even

distribution of nickel throughout most of the sampling grid.

6.1.3 Copper

All total copper samples were below the TTLC of 1,000 mg/kg. The highest

level found was 6^11 mg/kg at location G10, 0- to 1-foot depths. Only two

samples showed concentrations above 500 mg/kg. Analytical results are

graphed in the frequency histograms and pie charts in Figure 6-5 for both
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lyers. The distribution of data is tightly grouped about the sample mean

of 130.4 mg/kg with a standard deviation of 61 mg/kg. Normal

distribution is the most prominent in copper, having insignificant

skewness and kurtosis values.

Minor amounts of copper were detected in the parent virgin and spent

greensand (reference Table 4-1). Like chromium, copper levels may be

coincident with the materials sandblasted rather than the greensand

itself. The rate of copper addition to the beach area would then be a

function of the types and frequency of materials undergoing blasting

rather than erosion of abrasives and environmental media partitioning.

When compared to chromium and nickel, areal distribution patterns of

total copper are about the same. Figure 6-6 contours plots for both

sampling layers. Distribution patterns for the two individual layers are

also alike, supporting the contention that abrasives are strongly surface

transport linked.

One sample analyzed for soluble copper in the 0- to 1-foot layer along

line E was just below the STLC value. The sample contained 24 mg/1 of

copper versus the STLC of 25 mg/1. In the uppermost layer, the second

highest soluble value detected was 2.5 or an order of magnitude less than

the STLC (see Figure 6-5). In the lower layer, one sample did exceed the

STLC with a value of 30 mg/1. None of the nine other locations tested

for soluble copper contained the compound above 14 mg/1 as shown in
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Figure 6-5. The mean copper concentration in all 15 samples tested was

2.1 mg/1 with a standard deviation of 5.7. The data are highly skewed

towards the left probability curve tail (0 mg/1).

Sorption processes are quite active and efficient in scavenging dissolved

copper and in controlling its mobility in natural unpolluted waters. In

unpolluted water, the effectiveness of these processes varies according

to pH, Eh, and the occurrence of potential sorption surfaces. Copper has

a strong affinity for hydrous iron and manganese oxides, clays, carbonate

minerals, and organic matter. Conversely, studies have shown that

organic acids increase the solubility of copper in the presence of

clay. Hence, an influx of soluble organic matter into the esturary will

favor the prolonged dispersion of copper in solution. Some of this

effect is caused by the lowering of the pH by acidic organics on a local

scale. It may be theorized that constant transient movement of bay

waters at a neutral pH will promote a highly buffered condition. This

condition in turn may be the reason why in an estuarine environment

soluble copper concentrations are very low.

A rough estimation of soluble copper distribution in the sampling layers

was made. In the upper layer where five data points were used, available

curve fitting techniques necessarily smooth contours by statistically

averaged interpolation. Interpretation of such data must be made with

caution. In the lower layer where ten points were used, the opposite

effect of oversmoothing, which is blocking, may be seen because inter

polation is sufficient to produce relevant localized contouring; however.

166



overall grid analysis is somewhat disjointed. Nevertheless, the graphics

presented in Figure 6-6 support the general patterns of distribution seen

in the four other metals. Concentrations of soluble copper are highest

in the uppermost reach of the grid or along the bulkhead line.

6.1.4 Lead

Lead is second only to copper in the heavy metal group in its affinity to

sorb onto soil particles. The tendency for lead to form complexes with

naturally occurring organic materials (e.g., humic and fulvic acids)

increases its adsorptive affinity for clays and other mineral surfaces.

Gaddle and Laitmen (1973) demonstrated that hydrous iron oxides have a

high sorption capacity for lead, sorting as much as 91 percent of added

lead at pH 8.1. It appears that, under most conditions, adsorption to

clay and other mineral surfaces and incorporation into cationic lattice

sites in crystalline sediments are also important sorption processes.

At one location (109), total lead was found above the TTLC limit value of

1000 mg/kg. All other samples were less than one third the TTLC. The

mean concentration of total lead is 96 mg/kg with only moderate

dispersion as evidenced by a standard deviation of 120 mg/kg. Almost

three quarters of all observations taken in the surface layer were below

100 mg/kg, and 26 percent were below 50 mg/kg. In the lower layer, 68

percent of the observations were below 100 mg/kg and 1/3 under 50

mg/kg. Figure 6-7 graphically depicts range and grouping of lead

observations.
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Lead was not detected in either new or spent greensand (refer to Table

4-1), Natural levels of lead in soils range from 10 to 700 mg/kg (U.S.

Geological Survey, 1984). Lead is present in borings B16 and Bl8 between

15 and 108 mg/kg, which is consistent with the mean concentration of all

samples (96). However, lead is a common component of paint, which is

routinely sandblasted from ship parts at the 900 Area. Paint flakes may

be seen infrequently in the greensand on the surface near the bulkheads

when using a hand magnifying lense. Lead is also found in metal parts,

and some of the lead present may emanate from the component storage area

located in the north-central portion of the grid as noted in Figure

4-1. The levels of lead are noticeably higher in and near the storage

area as shown on the contour plots (Figure 6-8). Except for the

prominent peak in the 0- to 1-foot layer at 109, lead is largely confined

to the area west of the bulkheads and almost nonexistent within the

saturated sediments.

Fifty-six locations were tested for soluble lead: 26 points in the upper

layer and 30 points in the lower layer. Consistent with the above dis

cussion, lead was detected in similar concentrations with those of

copper. The highest concentration of lead, 28 mg/1, was almost identical

to the highest detected copper (30 mg/1). This one value found at loca

tion 110 in the lower layer is the only value greater than 15 mg/1.

Values ranged from 28 to a low of 0.8 mg/1. The mean for all samples was

5.0 mg/kg with individual layer means of 4.8 mg/1 (upper) and 5.1 mg/1
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(lower). Dispersion of data was tight as evidenced by a standard

deviation of 4.6 and the second lowest variance of all metals with a

value of 20.

Lead, when present, is a soluble form and has been proven to have the

highest environmental significance of the five target metals. Lead has

been given the lowest STLC limit of the metals in this study with 5.0

mg/kg. Upon review of the frequency histograms for both the upper and

lower layers in Figure 6-7, it can be seen that 38.5 percent of the

samples in the upper layer and 41.4 percent of the samples in the lower

layer exceed the STLC. Recall, however, that the WET uses an acid

solvent to remove metals from a soil matrix. It has been previously

demonstrated that lead and copper are particularly stable in neutral

environments found in the estuary at the 900 Area. The acid extraction

significantly overestimates the amount of potentially soluble lead to the

environment. The frequency of significant contamination appears small as

only 6 of the 56 samples were found to be above 10 mg/1.

With a large number of data points selected, primarily because of the low

action limit, a comprehensive contour plot of potentially soluble lead

may be generated. Figure 6-8 depicts the distribution of lead in both

layers. Consistent with the four previous metals, lead is most prevalent

in the northwest corner of the sampling grid and steadily declines to the

bulkhead line and is lowest in the tidally influenced part of the grid.

Also consistent with all other metals, lead in the depositional areas of

virgin greensand (southern section of the grid) is negligable. This
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observation further substantiates the contention that materials such as

paint intermixed with the greensand, not the greensand itself, is

contributing metals to the environment.

6.1.5 Zinc

The TTLC limit for zinc is the highest of all the metals under

consideration with a value of 5,000 mg/kg. In the surface layer, there

were not any observations above 900 mg/kg as shown in the frequency

histogram (Figure 6-9). In the second layer, one observation of 3,080

mg/kg was made but no other samples exhibited concentrations above 1,000

mg/kg (see Figure 6-9). The mean concentration of all samples is 308

mg/kg with a standard deviation of 315. The largest percentage of

readings fell into the 100 to 500 mg/kg range with 71 percent and 73

percent of the upper and lower layer samples, respectively.

Slightly more than 1| mg/kg of total zinc was detected in new and spent

abrasives samples. The typical range for zinc in western soils is 10 to

2,100 mg/1 with a mean of 60 mg/kg (U.S. Geological Survey, 1981|).

Reviewing soils data for B16 and B18, natural zinc concentrations lie

between 72 and 804 mg/1. This suggests that a significant percentage of

zinc detected is associated with the natural soil composition.

Distribution of total zinc across the sampling grid is the most uniform

of all the metals. It is generally highest in the uppermost bare soils

and drops off markedly bayward from the bulkheads. Zinc distribution is
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plotted in Figure 6-10. This situation is consistent is both layers

except for one spurious point east of the bulkheads in the lower layer

also depicted in Figure 6-10.

Soluble zinc, as with total zinc, is not generally perceived to be a

highly significant chemical from a health risk standpoint as evidenced by

its 250 mg/1 STLC limit. Under neutral pH conditions, zinc is more

mobile than lead and copper but less mobile than nickel and chromium. In

aqueous solution, zinc always has a valence of +2, and it exhibits

amphoteric properties, dissolving in acids to form hydrated zinc cations

and in strong bases to form zincate anions. Compounds of zinc with the

common ligands of surface waters are soluble in neutral and acidic

solutions, so that zinc is readily transported in most natural waters and

is one of the more mobile of the heavy metals. This holds true at the

900 Area where soluble zinc as a percentage of total zinc detected

averages almost 10 percent, more than twice the percentage of soluble to

total lead.

Zinc is easily absorbed by clays and organics with organics having an

overwhelming effect on the chemical form in which zinc will be present in

polluted waters. Guy and Chakrabarti (1976), in their study of metal-

organic interactions in natural waters, found that humic acids in solu

tion and other natural complexing agents can maintain zinc ions in a

bound form at a pH as low as 3. The release of zinc from sediments.
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therefore, is apparently controlled by a combination of ion exchange and

complex formation whereby the stability of the metal-organic complex

determines the amount of metal solubilized.

Ten samples coincident with locations of highest total zinc were tested

for soluble zinc fraction. Four of these samples were from the upper

layer and six from the lower layer. None of the samples exceeded 65

mg/1, fully less than 25 percent of the STLC. Figure 6-9 presents histo

grams and pie charts of zinc observations. An insufficient number and

distribution of sampling points precludes a valid contouring of the

data. Considering that the values of zinc were far below an action

level, further investigation of other locations exhibiting lower total

zinc concentrations was deemed unwarranted. From the evidence presented

here, it appears zinc in the 900 Area is a product of parent soils rather

than a by-product of sandblasting operations.

6.2 GROUND WATER QUALITY

One background water quality sample was taken from beneath the asphalt at

grid location B16. Results shown in Table 6-6 reflect minimal or no

impact of blasting operations. Chromium and lead, the two most environ

mentally sensitive compounds, were not detected above quantification

limits. All compounds are well below California standards for drinking

water. In comparison to surface water quality in the North Bay, copper

and zinc are significantly higher in the ground water than in the
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Table 6-6. Total Metals in Ground Water (ug/1)

Sample number 1

Sample identification number 4B16-1-0

Grid location B16

X-Coordinate 400

Y-Coordinate 300

Chromium <5.0

Copper 34.4

Lead <3.0

Nickel 95.4

Zinc 96.8
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receiving streaun. Copper was detected in ground water at 34.^ yg/1 and

at 10 yg/1 in San Pablo Bay. Zinc was found to be 96.8 yg/1 in ground

water versus 10 yg/1 in the Bay.

The origin of the copper and zinc components is not well understood.

Reviewing the mineralogical data in Appendix D, soils and fill material

are predominantly alumino-silicates. Zinc was not found to be present in

the soils to a significant level, and copper was found in only one of the

five samples and then only accounted for 7 percent of the elemental

composition. Two plausible explanations exist for the presence of these

compounds: (1) heterogeneous fill used at the site may contain these

compounds at that specific location (the occurrence is site unique) and

(2) the chemicals are being transported from upgradient natural or man-

made sources. The most likely answer rests with the heterogeneous nature

of the fill placed at the site for more than 50 years dating back to

World War I.

6.3 SOLUBILITY OF METALS UNDER ENVIRONMENTAL CONDITIONS

Data previously discussed regarding the soluble fraction of metals in

site soils may be overestimated. All testing for soluble metals was

performed using the California WET. This particular test uses a 0.2

Molar Sodium Citrate solution as the solvent to extract metals from the

solid matrix. The corresponding pH of the solvent is in the range of 4

to 5. Conversely, the average pH of Mare Island Strait water taken over

a 24-hour period is approximately 7. Discussions pertaining to the
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mobility of the target metals presented earlier show that these metals

will dissolve into solution under acidic conditions but are stable under

neutral conditions.

A bench test was devised to evaluate the significance of the acidic pH

used in the WET test versus the neutral pH of the true solvent, surface,

and ground water at the site. A sample each of virgin and spent

greensand was collected from the 900 Area and shipped to the IT

Corporation Cerritos laboratory in southern California. There each

sample underwent three discrete analyses:

•  Total digestion using a strong acid
•  Soluble metals content using the WET test
•  Soluble metals content using water as a solvent.

By totally digesting the solid sample, the maximum content of a given

metal in the solid matrix is determined. Digestion or leaching by any

less acidic solvent will produce some fraction of the total cimount in the

sample. Performing the two extractions using the acidic WET test and an

identical test only using neutral tap water will determine the effect of

pH on apparent solubility. Metals were analyzed using inductively

coupled argon plasma emission spectroscopy according to EPA method SW

846-6010. The total digestion method used was EPA SW 846-3550.

In addition to analyzing for metals, general wet chemistry parameters

were also run. The general chemistry parameters were extracted using tap

water as a solvent. These parameters included alkalinity, bicarbonate,

carbonate, chloride, fluoride, nitrate, nitrite, phosphate, and
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sulfate. The purpose of establishing these values was to aid in

evaluating the form in which the metals may be bound in the solid.

Certain combinations of metal hydroxides and halides will move more

readily into solution than will other forms of compounds.

Results of the three analyses for metals are presented in Table 6-7. The

results of the total concentration of the five target metals are

significantly higher than the values given in Table 4-1. The values

shown in Table 4-1 were generated by another contractor for the U.S.

Navy, and the protocols used are not known. Because the numbers between

new and spent greensand compare favorably, the tests used here are

considered accurate. Total digestion numbers were converted from mg/kg

to equivalent mg/1 to make comparisons with the soluble data.

From reviewing the data, it can be readily seen that a marked difference

between the WET extraction and the water extraction exists. Chromium

using the WET method predicts that 1.5 mg/1 of new greensand and 3.5 mg/1

of spent greensand is soluble. Using a solvent which simulates site

conditions, however, suggests that none of the chromium in the new green

sand is soluble and only 0.02 mg/1 of chromium in spent greensand is

soluble. This represents two orders of magnitude difference. Soluble

copper in spent greensand according to the WET method is 34 mg/1 versus

only 0.04 mg/1 using water. Nickel which is the most abundant target

metal in the abrasive is at most 1.1 percent soluble. If data from the
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water extraction are used, nickel is totally insoluble under site condi

tions. Zinc too was found to be insoluble under environmental conditions

yet was found to be as high as 12 mg/1 in the WET test.

Data for the general water chemistry parameters are given in Table 6-8.

It can be noted that alkalinity and carbonate concentrations are very

low, suggesting only minor amounts of buffering capacity in the solid.

With these levels the effect of adding acid on potential dissolution of

metals is increased. The most abundant anion was sulfate which is to be

expected since sulfate is very stable. All of the above tests were

performed using EPA method 300 series upon extraction.

In summary, a significant disparity can be seen between apparent

solubilities of all target metals when employing an acid solvent during

extraction. The level of significance may be as high as two orders of

magnitude and at a minimum of tenfold increase. Because all previous

analyses and comparative interpretations of data have been based on WET

test methods, a large amount of conservatism is present. The

availability of metals to the estuarine setting in a dissolved form has

probably been overestimated. Metals digested by organisms such as clams

would not be relevant to this comparison.

6.4 ASSOCIATION MECHANICS OF PAINT FLAKES AND ABRASIVES

In the presentation of soil sampling results it was theorized that the

predominant impact on the 900 Area was due to blasting residuals rather

than the abrasives themselves. Paint once removed from the component or
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Table 6-8. General Soluble Chemistry Parameters
Water Extraction

Parameter Method Units New Greensand Spent Greensand

Alkalinity 310.1 mg/1 8 18

Bicarbonate 310.1 mg/1 6.8 12

Carbonate 310.1 mg/1 1.2 5.7

Chloride 200.0 mg/1 6.4 30

Fluoride 300.0 mg/1 ND<2 ND<8

Nitrite 300.0 mg/1 ND<1 ND<2

Nitrate 300.0 mg/1 1.7 1 .4

Sulfate 300.0 mg/1 46 15

Phosphate 300.0 mg/1 ND<2 ND<2

ND - The analyte was not detected at or above the stated detection limit.
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part may be bound to the abrasive or loosely scattered on the ground. If

the paint is attached to the spent abrasive, it may do so in one of two

ways: physical attachment or chemical adsorption. Blasting equipment

can generate particle velocities in excess of 200 miles per hour at close

range. Heat generated during inertial impaction can cause adhesion of

paint to the abrasive. Alternatively, if enough energy is created to

catalyze a chemical reaction, paint may chemically interact with the

abrasive. Intuitively, chemical bonding does not appear plausible, due

to a lack of a suitable catalyst and short contact time, or at least it

is insignificant in nature. Physical bonding, however, may be

significant as bonding may occur during mixing in transport.

The mechanism by which paint and paint-related materials are associated

with the abrasives has a direct bearing on their transportability and

ultimate fate on the shoreline. Paint flakes merely tumbling with

abrasives during runoff events will move farther and faster than their

more dense sandlike counterparts. If the paint is bonded to the

abrasive, then the paint will tend to move with the solid particle and

can be modeled using standard methods for sediment transport such as

those presented in Section 5.0. A benchtop test was derived to

investigate how the paint is associated with the abrasive and to

determine the type of bonding mechanism.

Two primary variables for the test were identified: turbulence and pH.

Paint traveling randomly with solid grains will have a tendency to be

collected in a liquid medium with only minor amounts of agitation. Paint
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flakes bound to the greensand may be sheared into solution at high

amounts of agitation. Metals will dissolve into solution at low pH

values (acidic conditions) but will remain in the solid phase (if

chemically bound) at neutral pH values. Hence, two states of agitation,

mild and vigorous, were selected, and two pH levels were chosen pH 2 and

pH 7. The acidic pH of 2 was chosen to provide enough dissolution

potential for weakly bound paint but was inadequate to totally dissolve

the solid greensand. Thus, four combinations of each test were

performed.

Five sampling locations were chosen to represent the path of runoff over

the watershed. Each location has been discussed in Section 4.4. It is

sufficient to state here that Sample 1 was a greensand which had not been

used. The remainder of the samples were collected from across the sam

pling grid. Sample 2 is the first location where a transition if made

from asphalt to soil surface and where the grade flattens significantly.

Sample 3 was taken at the bulkhead line where the highest amounts of

deposition should occur due to the wooden logs. Sample 4 was taken

immediately downgradient of the bulkhead but above the general tide

level. Sample 5 was located in estuarine sediments subject to tidal

action. The methods and procedures of the benchtop tests are provided in

Section 4.5.

Results of the total digestion of each of the five samples are given in

Table 6-9. It can be seen that, similar to the previous discussion on

environmental solubility, an abundant amount of metals exists in each
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Table 6-9. Initial Analysis of Metals in Bench Study Samples

Total Metals (mg/kg dry soil) Moisture
Site ID Nickel Zinc Copper Chromium Lead (wt^J)

1 2466 41 23 1173 17 0.02

2 22303 342^ 241® 1963^ 162® 6.70

3 912 364 171 1247 105 11.2

4 2499 445 454 3470 134 13.5

5 631 349 140 659 70 6.42

^Average of triplicate analysis.
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sample. From this baseline, information salient to the relative insolu

bility of the abrasive/paint mixture can be supported. It should also be

noted that the difference between the metals content of Sample 1 and the

remaining samples is the sum of native metals in the parent soil and

paint flakes or associated blasting residues.

Tables 6-10 and 6-11 present the results of the four different analyses

performed on ten samples. By comparing digested data with soluble data,

it can be readily seen that only a small fraction of metals become

available to the environment. This further supports the original premise

that a pH 2 solvent cannot dissolve abrasives. With the exception of two

cases in Sample 1 (pH 2), all concentrations of metals are lower in the

mild agitation state than in the high agitation state. A fraction of

each sample, therefore, contains paint-related materials that are loosely

intermixed with the solid media. Averaging the ratios of mild to

vigorous agitation samples by metal and by sample produces strikingly

similar results. The incremental ratios by metal for pH 7 range from 23

to 35 percent with a weighted average of 30 percent. Alternatively, the

incremental ratios for pH 2 samples range from 1i< percent to 35 percent

with a total weighted average of 27 percent.

Comparing specific observations in Tables 6-10 and 6-11, 36 of 40

combinations show no significant difference between the concentration

obtained at pH 2 and at pH 7. Three of the four outliers to this test

are in the pure greensand (Sample 1) which has no effect on paint

distribution or binding. Zinc present as zinc oxide paints and coatings
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Table 6-10. Distribution of Heavy Metals in Bench Study Samples at pH 7

Metal in Supernatant (mg/1)
Sample ID Nickel Zinc Copper Chromium Lead

1PH7L0 2.13 4.11 <1.2 <1.1 <2.5
1PH7HI 3.54 4.38 <1.2 2.68 <2.5

2PH7LO^ 3.51 10.30 7.00 4.00 4.96
2PH7HI^ 9.90 41.95 21.10 15.60 14.28

3PH7LO 3.19 7.24 5.70 1.67 <2.5
3PH7HI 12.33 50.81 26.48 13.89 11.86

4PH7LO 4.34 29.90 6.74 2.61 4.81
4PH7HI 29.15 158.51 75.09 26.80 26.53

5PH7LO 4.32 9.91 5.58 3.05 3.05
5PH7HI 11.43 44.37 19.28 13.27 9.98

Average of triplicate experimental runs.
Legend for sample identification.
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Table 6-11. Distribution of Metals in Bench Study Samples at pH 2

Metal in Supernatant (mg/1)
Sample ID Nickel Zinc Copper Chromium Lead

1PH2L0 9.88 4.90 <1.2 <1.1 10.21

1PH2HI in.14 2.71 <1.2 6.56 <2.5

2PH2L0^ 3.18 8.90 5.03 3.09 4.19
2PH2HI^ 10.58 42.87 20.40 17.58 13.89

3PH2L0 3.27 8.66 5.82 2.14 2.82
3PH2HI 12.88 52.76 24.89 17.87 13.74

i|PH2L0 5.60 26.01 4.72 1.98 3.29
ilPH2HI 41.04 128.49 44.62 22.02 22.42

5PH2L0 4.86 19.57 5.33 1.67 <2.5
5PH2HI 13.10 56.16 26.64 13.01 9.16

^Average of triplicate experimental runs.
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was detected at the highest concentrations. Compared with the total

amount of zinc in pure greensand, zinc is disproportionately high,

supporting the premise that paint is indeed a major factor in metals

found in solution.

In summary, several salient observations may be made from the benchtop

study. First, little or no chemical mechanism is apparent for binding of

paint and abrasives. Because pH changes did not produce any marked

difference in concentration of metals and dissolution of parent greensand

was discounted, chemical binding is probably not occurring. Second, both

physical binding and loose paint associations are present. Changes in

agitation increase the concentration of metals in the supernatent. This

phenomenon is attributed to paint and related materials shearing from the

solid and entering the liquid phase. Finally, based on relatively

consistent ratios of metals in solution irrespective of pH level,

approximately 30 percent of the paint materials are randomly intermixed

and 70 percent are held by some physical binding mechanism. Recall that

approximately 20 percent of the micron-sized particles could be identi

fied by electron scanning as paint particles. The total fraction re

viewed was 10 percent of the total sample which in turn means that about

2 percent of the material entering the beachfront is paint materials.

Thus, paint affixed to sediments constitutes some 1.4 percent of all

sediments in motion.

The study does not support any evidence of chemical binding between paint

and abrasives. This information was factored into the sediment and paint
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materials transport modeling given in Section 5.0. The most important

conclusion that can be advanced here is that paint-related materials will

transport essentially by the same processes as sediments, that 30 percent

will tend to move directly to Mare Island Strait with the carrying water

flow, and that about 2 percent of all material in motion is paint flakes.

6.5 FIELD STUDIES AND MODEL VERIFICATION

The U.S. Army Corps of Engineers has tested both the HEC-1 and HEC-6

models extensively on large urban and forested watersheds. The appli

cation of the HEC-6 program to small urban runoff situations is not

documented in published literature. As such, this study presents a new

and novel application for the model. Upon completion of the simulation

runs and laboratory chemical and physical analyses, an experimental test

was devised to test the accuracy of the HEC-6 results under field

conditions.

Recalling the assumptions previously described, it can be noted that

three conditions appear to limit the general applicability of the

sediment yield estimates to small urban watersheds:

Sediment along the outermost portions of the watershed are
immobile due to insufficient energy to move sediment and
intermixed paint flakes.

Runoff water funnels into a definable central channel are

determined from topographic surveying.

Sediment transport is limited to the central channel which
creates the largest energy potential.
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The focus of the field verification thus considered two fundamental

objectives: (1) test the validity of the three limiting model

assumptions and (2) measure the total sediment (abrasives) yield and

compare them to those predicted by the HEC-6 model. A third objective

not outlined in this work was to evaluate the impact of abrasives

deposition on the general environmental quality of the estuary.

6.5.1 System Design

Upon review of the time and budgetary constraints of the project, two

steady-state flow rates were chosen, 0.5 and 1.0 cfs. The 0.1-square-

mile watershed requires an output of almost il50 gpm to simulate a

rainfall that produces 1.0-cfs maximum runoff. This flow volume was

determined to be the largest that available equipment could deliver on a

sustainable basis. The second flow volume (0.5 cfs) was chosen to

further validate the measurements under different conditions. Figure

6-11 shows the system used to create the runoff simulation. A sustained

450 and 225 gpm of water was added to the watershed through 250 linear

feet of perforated 6-inch diameter polyvinyl chloride pipe.

A water storage reservoir was created by two 10,000-gallon capacity Baker

tanks. Water levels were maintained in the tanks from fire hydrants in

the area. A 10-horsepower supply pump produced effluent velocities

between 3 and 8 feet per second at 450 gpm. The plumbing also included

two upstream gate valves for flow control, a downstream check valve,

needle valve, and inline flowmeter, accurate to ±2.5 gpm.
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A temporary light gauge metal dike was constructed along the bottom

periphery of the watershed, approximately 170 feet in length. A

synthetic liner, 60 mil-thick and cut in 10-foot-wide sections, was

bolted to the metal curb for the purpose of collecting runoff solids

(collection mats). An aluminum runner was nailed over the upstream end

of the fabric. This runner was removed and replaced after each test.

The width of the sections was chosen because it was considered most

economical for lifting and weighing purposes. The original design also

included wire mesh angles at both ends of the collection trough; however,

these proved impractical and were replaced with solid angles 6 inches

high by 3 feet long. High-density polystyrene energy breaks were placed

at each 10-foot interval in an effort to reduce the amount of sediment

moving laterally along the collection trough. Each energy baffle

resembled an auto speed bump, 3 feet long and 8 inches high at its peak.

6.5.2 Testing Model Assumptions

At the onset of this section, three fundamental assumptions were

determined to be key in general application of the HEC-6 model to small

urban watersheds. In the following paragraphs, two experiments will be

described that address these model assumptions. The first test conducted

considered the significance of sediment (abrasives) in the outer regions

of the watershed.

Three tons of spent abrasives were spray-painted bright orange and spread

throughout the outreaches of the watershed downstream of the distribution

piping. A minimum distance of 75 feet was maintained from the water pipe
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to allow for a velocity reduction that would be most consistent with

those found at the top of a watershed. The value of 75 feet was

established by first adding a small amount of dye to the water system at

an inline tap and estimating where the velocity of sheet flow slowed to

less than 1.5 feet per second. Spent abrasives were distributed over an

area shown in Figure 6-12 and ranged in depth from less than 0.2 inch to

2.0 inches.

Because the most critical condition would be realized at the higher flow

rate, only the 1.0 cfs case was considered. The entire watershed was

lightly sprinkled with garden hoses to prewet the test area for purposes

of minimizing initial friction influences of dry pavement. The needle

valve, having been previously set to M50 gpm during the velocity measure

ments, was unlocked and the pump started. The test was run until it

appeared from visual observations that no significant sediment transport

was occurring. The first run took 27 minutes. Total distance of the

sediment front was mapped and after the pavement had dried, the abrasives

were swept up by a street sweeper and then redeposited in approximately

the same original position.

The test was run a second time at 450 gpm to check the test method. This

run was stopped at 27 minutes, the sediment front mapped, and the test

restarted and continued for 33 minutes more to ensure significant sedi

ment movement was not overlooked. The extended second test produced no

additional discernable sediment movement at the front of the advance

wave.
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Results of mapping from both test runs are also depicted in Figure

6-12. It can be noted that the maximum distance traveled by sediment

over the duration of either test was only 3.6 feet. Visual observation

noted that over one-half of this movement occurred in the first 5 minutes

of each run. As noted, no significant movement occurred throughout the

additional 33 minutes of the second test. Sediment advanced slightly

farther in the second run versus the first run, 3.6 feet and 3.1 feet,

respectively. The difference is attributed to the probable variance in

grain size distribution and is not considered significant within the

confidence limits of the test. It appears quite evident that even though

relatively high energy was applied to the particles, there is not enough

to create a condition whereby outerreach sediments contribute to the

primary sediment yield of the basin. The model assumption is valid and

is considered transferrable to other similar watersheds.

The second test was designed to validate the runoff patterns and qualify

the 40-foot width used in the HEC-6 model. A more encompassing aspect of

this test is its contention that small watersheds may be modeled accur

ately by knowing the surface contours of a semi-impervious basin, large

or small. An additional 200 feet of pipe was added to the system to

encompass as much of the watershed periphery as possible. Effluent along

the final 50 feet of either side was noticeably minor. The concept of

the test was to observe the water flow patterns through the watershed.

This was accomplished by adding dye to the water supply and observing the
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flow patterns. Bright red and orange nonstainable dyes were chosen. Red

was injected on one side of the piping system and orange on the other,

and the dye advance was monitored.

Again, two runs were made switching the dye colors to opposite sides

after approximately one-half of each test had been completed. Here,

however, one run was made at 450 gpm and one at 225 gpm to determine if

there was any marked difference between relatively low and relatively

high overland flow rates. Each run lasted 20 minutes with four

injections of dye, two of both colors on each side.

Results support the topographic mapping almost exactly. Two notable

observations were made. First, distinct eddys formed around the cracks

in the pavement which may produce local accumulations of sediments. In

general sheet flow moved in a linear fashion toward the central portion

of the watershed where the water depth reached a maximum of 1.2 inches at

the 450-gpm flow rate and 0.7 inches at a lower flow rate. Significant

mixing became noticeable across a central channel width that varied from

17 feet at the top of the watershed to 47 feet at the collection

trough. Overall, the average mixing zone (channel width) was estimated

by virtue of five cross-section measurements, to be 38 feet. It was

evident that sheet flow from small urban watershed can be modeled by a

buildup from a topographic survey.
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6.5.3 Sediment Transport Measurements

From the experiments described above, it was evident that the initial

choice of a 40-foot width was adequate within the confidence margin of

modeling and measurement. Once the watershed had been allowed to dry,

spent abrasives were reapplied to original positions to the extent

feasible. A series of ten random locations was chosen to measure

sediment depth. Depth, measured with a caliper, varied from 0.05 to 0.19

feet with an overall average of 0.12 feet. Computer simulations

performed before these field tests used 0.10 feet, the difference between

these two values, were considered to be insignificant.

Two runs at 450 gpm (1.0 cfs) and two runs at 225 gpm (0.5 cfs) were com

pleted. Each run lasted 6.5 hours. At the conclusion of each run, the

collection mats were detached and weighed. After each run, the mats were

also tiered again. Although there were a total of 17 mats along the

downstream face of the watershed, significant amounts of sediment were

collected in only the central most seven mats. Because of the relatively

heavy weights involved with three of the mats, a backhoe was used to lift

the mats and place them on the truck scale used for weighing. The scale

used was accurate to ±1.0 pound.

Results of the sediment transport tests are presented in Table 6-12. At

1.0 cfs, the average yield was 1,433 pounds and was 1,024.5 pounds at 0.5

cfs. By comparison, the HEC-6 model predicted approximately 3 tons per

day yield rate for 1.0 cfs and 2 tons per day yield rate for 0.5 cfs.

These latter values translate to approximately 1,620 pounds of sediment

199



T
a
b
l
e
 6
-
1
2
.
 
C
o
m
p
a
r
i
s
o
n
 
o
f
 F
ie
ld
 
an
d 

M
o
d
e
l
 
R
e
s
u
l
t
s
 f
o
r

S
e
d
i
m
e
n
t
 
Y
i
e
l
d
 
F
r
o
m
 
W
a
t
e
r
s
h
e
d

M
A
T

N
O
,

C
O
M
P
A
R
I
S
O
N
 O
F
 F
I
E
L
D
 A
N
D
 M
O
D
E
L
 R
E
S
U
L
T
S
 F
O
R

S
E
D
I
M
E
N
T
 Y
I
E
L
D
 F
R
O
M
 W
A
T
E
R
S
H
E
D

Q
=
 1
.0

 c
fs

R
U
N
 
1

W
E
I
G
H
T
(
l
b
s
)

R
U
N
 2

Q
 =
 0
,
5
 c
fs

R
U
N
 
1

R
U
N
:
2

2
7

1
2
3

T
O
T
A
L

M
O
D
E
L

1
3
9
0

1
6
2
0

1
4
7
6

1
0
3
5

1
0
8
0



in 6.5 hours at 1.0 cfs and 1,080 pounds of sediment in 6.5 hours at 0.5

cfs. The model based on these field tests estimated sediment yields

within +11.5 percent of actual at the higher flow rate and +5.1 percent

of actual at the lower flow rate.

It is interesting to note that there is a significant correlation between

field runs and between simulation estimates and field tests. It should

also be noted that the HEC-6 program produces results to the nearest

whole number and, as such, if a value is less than 0.5 tons per day, the

program records a value of zero. Nevertheless, unique results were

generated in simulations of 0.5 and 1.0 cfs which suggests that the model

is sensitive to low flow conditions. The runoff tests also further

supported the assumption that insufficient energy exists outside a

central channel to move even fine-grained sediments a significant

distance, as evidenced by the lack of sediments outside of the central

seven mats.

201



7.0 CONCLUSIONS AND RECOMMENDATIONS

The increasing awareness of hazards associated with chemicals released

into the environment has spawned unparalleled public concern and

regulatory response. Basic research studies are at the heart of

regulatory programs such as the Comprehensive Environmental Response,

Compensation, and Liability Act of 1980, the Resource Conservation and

Recovery Act, the Federal Insecticide, Fungicide, and Rodenticide Act,

and the Toxic Substances Control Act. This particular study is aimed at

extending the ability of engineers to apply a specific analytical model,

HEC-6, developed for large-scale applications to much smaller-scale

sites. These relatively small watersheds (less than 20 acres) represent

the vast majority of hazardous waste sites presently under

investigation. It also considered the binding mechanics involved with

potentially hazardous sandblasting operations.

7.1 CONCLUSIONS

This study sought to accomplish one fundamental objective: investigate

the suitability of a large-scale predictive sediment transport model for

estimating the yield of spent blasting abrasives off a small urban

watershed. Supporting research was performed in the area of paint

residue and blasting abrasives interaction and overall composition in the

sediment mixture. To this end, the study showed that paint flakes are

physically bound or chemically disassociated with spent abrasives.

Evidence of chemical binding between paint and abrasives brought about by

high-intensity energy transfer from the abrasive to the paint was not
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found. Field verification studies conducted at a high and low flow rate

to support computer simulations generated by the HEC-6 model indicate

that the model may be adequately used in small watersheds where shallow

overland flow situations previously not known to be valid. Simulations

generated in abrasives yield estimates within +5.1 percent of measured

values at low flow rates and +11.5 percent of measured values at high

flow rates.

7.1.1 Supporting Research on Abrasives-Paint Interaction and Composition

Greensand abrasive is found throughout the 900 Area. The major

contributor to its movement into Mare Island Strait is rainfall runoff.

Expected volumes of water flowing onto the beachfront from the paved

blasting area were estimated through the use of hydrologic simulations to

be 0.5 to 8 cfs depending on storm intensity and duration. The Rational

and Kinematic Wave Methods were employed in simulating precipitation

events. Coupling fluid flow with empirical sediment transport relations

allowed for an estimation of the total mass of greensand and paint

particles that is depositing on the beach over any given period of

time. Two discrete classes of sediment were reviewed: coarse-grain

greensand eind residual materials and fine paint flakes. Over 95 percent

of the total sediment load is associated with coarse-grained material.

Less than 5 percent of the total mass is low-density paint flakes and

related silts that may flow directly into the strait, based on electron

scanning particle size analysis. The modeling performed here, however,

is not sensitive enough to quantify the mass transport rates of these

particles.

203



Specialized electron scanning techniques were employed to refine the

understanding of paint flake mass and size distribution throughout the

sampling grid. At four locations within the grid, spent greensand and

virgin greensand were analyzed for 19 different compounds and size

distribution sensitive to 0.2 ym. Components associated with paint

materials were found to range in size from 1.0 to 80 ym, with the largest

percentage grouped near 1.5 ym. Predominate particle types on the site

are silicon-magnesium rich or aluminum rich. Soils at the site contain a

high fraction (>50 percent) of clay and are relatively low in iron.

A benchtop study was also conducted to better understand the dynamics of

abrasives and paint flake association. Using two variables, agitation

and pH (acidity), sample splits from the spectral grain size work were

investigated. Two agitation speeds were attempted, mild and vigorous.

Also, different pH values were tested on each sample, pH 7 and pH 2.

Results suggest that approximately 70 percent of the paint or paint-

related materials are physically bound to the abrasive or to other

sediments and are transported directly with individual grains. Thirty

percent of the fine materials are merely intermixed with the sediment

mass and travel independently of coarse grains. Having a lower density

than coarse grains, independent paint flakes will tend to move directly

to the receiving Mare Island Strait with little or no significant

residence time on the shore.

20H



7.1.2 Abrasives-Sediment Transport Modeling

The primary objective of this investigation was to determine the

applicability of a comprehensive large scale computer model for

simulating sediment transport over a small urban watershed. Upon

determining the physical characteristics of the transporting sediment-

abrasives-paint medium, and estimating representative water flow rates,

sediment yield simulations were performed using HEC-6. The values

obtained from the computer simulations were then tested against on-site

field tests described in Section 6.5.

At the onset of the field program three model limiting assumptions were

tested, (1) the outermost portions of the watershed are immobile due to

lack of energy, (2) topographic surveying defines a central, shallow,

concentrated flow channel at the site, and (3) sediment transport is

limited to the main channel. Carefully executed preliminary tests showed

that sediment and abrasives in the outer reaches of the watershed moved

less than 4.0 feet, far short of the required 75 feet needed to reach the

central portion of the watershed. Performing an overland flow test and

injecting floracene dye as a tracer it was observed that a prominent main

channel formed. Its width was within ±5 percent of the width predicted

by topographic surveying and used in the computer simulations. Finally,

sediment collected from the downstream edge of the watershed occurred

dominantly across the 40-foot width of the main channel. There was no

significant accumulation of sediment outside 15 feet from either side of

the main channel.
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Sediment yield was measured at two flow rates, 0.5 cfs and 1.0 cfs. Each

test was performed twice for the purpose of checking the accuracy of the

first runs. Results of the field investigation closely fit the predicted

sediment yield from computer simulations. Although the computer model

overpredicted sediment/abrasives transport for all flow runs by 5.1 to

11.5 percent, this difference is well within acceptable engineering

limits. At 0.5 cfs HEC-6 predicted a 1,080-pound yield and the average

measured value was 1,024 pounds. At 1.0 cfs HEC-6 predicted 1,620 pounds

of sediment would be yielded over a 6.5-hour period. Field measured

amounts averaged 1,433 pounds of sediment-abrasive material. It is

readily apparent given that most runoff estimates try to achieve an

accuracy of an order of magnitude or less, that this investigation has

shown acceptable correlation between predicted and measured values.

Although additional testing is always warranted, the HEC-6 model may not

only be used successfully for large natural watersheds, but apparently

also for small-scale conditions and situations such as where hazardous

waste transport may be involved.

With regard to modeling commingled potentially hazardous waste (i.e.

paint residues) and abrasives/sediments, it should be noted that this

data set showed that 70 percent of the paint residues appear to be

physically bound to carrier abrasive particles. As such, this commingled

material may be adequately described by the HEC-6 model. However, any

site to be modeled should conduct sufficient bench chemical tests to

derive the amount of commingled material that is physically bound to

noncohesive sediments. The HEC-6 model would not be valid for low

density particles found in a discrete phase.

206



7.1.3 Environmental Significance of Blasting Operations

Over 120 discrete samples were taken throughout the sampling area.

Chemical analyses were performed for five heavy metals. In general,

results of these tests show that metals found in virgin and spent

greensand do not exceed current acceptable levels as defined by GAG Title

22 for STLG and TTLG. Parent or background soils also do not exceed

these limits. Concentrations of metals above the cumulative average

concentrations for soil and abrasives, however, were detected in more

than 70 percent of the samples. The difference is attributed to paint

and associated sandblasting residues within the greensand mass. There

fore, it can be hypothesized that elevated concentrations of metals,

where they exist, are a strong function of paint flake and blasting

residue distribution and not the sandblasting abrasives per se.

Finally, the impacts of this type of operation on environmental quality

appear minimal. Even including the contribution of the paint, only

rarely do metal concentrations exceed either the appropriate TTLG and

STLG limits. Only 10 of the 126 chromium samples exceeded the TTLG;

there were no samples that were above the STLG. Five of 126 nickel

samples were above the TTLG and, like chromium, no soluble samples topped

the STLG. All copper samples were well below benchmark values. Zinc was

also found to be below total and soluble limits for all samples. One

sample exhibited a total lead concentration above the TTLG. Soluble

lead, however, proved to have the greatest number of samples above a
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benchmark value. Twenty of the 56 samples showed levels of soluble lead

slightly above the 5 mg/1 STLC. Less than one-third of the 56 samples

exceeded two times the STLC. Lead has also been given the lowest or the

most strict STLC.

7.2 RECOMMENDATIONS

After reviewing the study's findings, several recommendations for future

research can be offered. The effects of sandblasting intensity should be

reviewed with respect to paint and abrasives interaction. It is not

known if increasing or possibly decreasing contact intensity would

produce a greater adverse environmental impact. Bench chemical tests

with abrasives could consider lowering the pH to below 2 and further

increasing agitation speed. Although both of these scenarios would

simulate conditions not found naturally, they do represent situations

that may be present in industrial areas.

Higher flow rates, longer durations, and varying overland slopes are

three variables that warrant expansion in field verification of the HEC-6

model for overland flow scenarios. A method of coupling the HEC-1 and

HEC-6 models and making them more interactive would be very beneficial.

A critical area where more research would be helpful to sediment

transport modeling lies in quantifying the minimum velocity head required

to physically transport particles under sheet flow conditions. Flume

studies and classical river sediment collection projects are not well-

suited for this purpose. Larger-scale, yet highly controlled parameters

would need to be established. A corollary to that type of work would be
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to study the additive effects of collector channels under sheet flow

conditions and evaluate where a critical situation exists.

209



REFERENCES

210



REFERENCES

1. Agency for Toxic Substances and Disease Registry, 1988a,
Toxicological Profile for Chromium (Draft).

2. Agency for Toxic Substances and Disease Registry, 1988b,
Toxicological Profile for Nickel (Draft).

3. Alonso, C. v., W. H. Neibling, and G. R. Foster, 1981, "Estimating
Sediment Transport Capacity in Watershed Modeling," Trans. Am. Soc.
Agric. Eng.. Vol. 24, pp. 1211-1220.

4. American Conference of Government Industrial Hygienists, 1986,
Threshold Limit Values and Biological Exposure Indices for 1986-
1987.

5. Andrews, E. D., 1983, "Entrainment of Gravel from Naturally Sorted
Riverbed Material," Geol. Soc. Am. Bull.. Vol. 94, pp. 1225-1231.

6. Aughey, E., L. Grant, B. L. Furman, and W. F. Dryden, 1977, "The
Effects of Oral Zinc Supplementation in the Mouse," J. Comp.
Pathol.. 87:1-14.

7. Aydin, A. and B. M. Page, November 1984, "Diverse Pliocene-
Quaterary Tectonics in a Transform Environment, San Francisco Bay
Region, California, Geological Society of America Bulletin, Vol.
95, pp. 1303-1317.

8. Bagnold, R. A., 1956, "The Flow of Cohesionless Grains in Fluids,"
Philosophical Transactions. RSL, Vol. 249, No. 964.

9. Bagnold, R. A., I960, "Sediment Discharge and Stream Power, A
Preliminary Announcement," U.S. Geol. Surv. Circ., Vol. 421, p. 23.

10. Bagnold, R. A., 1972, "The Nature of Saltation and of Bed-Load
Transport in Water," Proc. Royal Soc. of London. London, England,
A(332), pp. 473-504.

11. Bailey, E. H., et al., 1964, "Franciscan and Related Rocks, and
Their Significance in the Geology of Western California,"
California Div. Mines and Geol. Bull. 183, 177 pp.

12. Barnes, D., J. Bellin, and C. DeRosa, 1987, "Integrated Risk
Information System" (IRIS), U. S. Environmental Protection
Agency, Office of Health and Environmental Assessment, Cincinnati,
Ohio.

13. Bharat Singh, May 1961, "Bed Load Transport in Channels," JIP
(India), Vol. 18, No. 5.

211



14. Brown, Halina S., 1986, "A Critical Review of Current Approaches to
Determining 'How Clean is Clean' at Hazardous Waste Sites,"
Hazardous Waste and Hazardous Materials. 3:233-260.

15. Bushnell, P. J. and R. J. Jaeger, 1986, "Hazards to Health from
Environmental Lead Exposure: A Review of Recent Literature," Vet.
Hum. Toxicology. 28:255-261.

16. California Department of Water Resources, 1975, "California's
Ground Water," Bull. Calif. Dep. Water Resour.. Vol. 118, 135 pp.

17. California Department of Water Resources, 1983, "The California
Water Plan: Projected Use and Available Water Supplies to Zolo,"
Bull. Calif. Dep. Water Resour.. Vol. 160-83, 268 pp.

18. California Department of Water Resources, 1984, "Dayflow Summary,
Water Years 1955-1980," Technical Report, Sacramento, California.

19. California Department of Water Resources, 1986, Sacramento-San
Joaquin Delta Emergency Water Plan Report to the Legislature,
Sacramento, California, 58 pp.

20. California Department of Water Resources, 1987, Water Quality
Conditions in the Sacramento-San Joaquin Delta During 1986,
Sacramento, California, 43 pp.

21. Cardarelli, N. F., B. M. Quitter, A. Allen, E. Dobbins, E. P.
Lilly, P. Hager, and L. R. Sherman, 1987, "Organotin Implications
in Anticarcinogenesis: Background and Thymus Involvement," Aust.
J. Exp. Biol. Med. Sci., 62:199-20B.

22. Carling, P. A., 1983, "Threshold of Coarse Sediment Transport in
Broad and Narrow Natural Streams," Earth Surf. Processes Landforms,
Vol. 8, pp. 1-18.

23. Chang, Y. L., 1939, "Laboratory Investigation of Flume Traction and
Treinsportation," Trans. ASCE. Vol. 104.

24. Chattani, H. K., P. S. Gupter, S. Gailati, and D. N. Gupta, 1965,
"Acute Copper Sulphate Poisoning," Am. J. Med.. 39:849.

25. Cheng, R. T. and J. W. Gartner, 1984, "Tides, Tidal and Residual
Currents in San Francisco Bay, California—Results of Measurements,
1979-1980," U.S. Geol. Surv. Water Resour. Invest. Rep., 84-4339.

26. Chien, N., 1954, "Meyer-Peter Formula for Bed Load Transport and
Einstein Bed Load Function," lER, MRD Series No. 7.

27. Chow, V. T., 1959, Open Channel Hydraulics, McGraw-Hill Book Co.,
Inc., New York, New York.

212



28. Clark, E. A., R. M, Sterritt, and J. N. Lester, 1988, "The Fate of
Tributyltin in the Aquatic Environment," Environ. Sci. TechnoloRV,
22:600-604.

29. Colby, B. R. and C. H. Hembree, 1955, Computation of Total Sediment
Discharge Niobrara River near Cody, Nebraska, U.S. Geological
Survey, Water Survey Paper 1357, 18? pp.

30. Coleman, D. R., 1967, "A Theoretical and Experimental Study of Drag
and Lift Forces Acting on a Sphere Resting on a Hypothetical
Streambed, Proc. 12th Congress lAHR, Colorado State University,
Fort Collins, Colorado H3, pp. 185-192.

31. Crawford, N. H. and R. K. Linsley, 1966, "Digital Simulation in
Hydrology, Stanford Watershed Model IV," Civil Engineering
Technical Report No. 39, Stanford University, Palo Alto,
California.

32. Davidson, B. M., A. 0. Valkers, and P. F. Seligman, 1986, "Acute
and Chronic Effects of Tributyltin on the Mysid Acanthomysis
Sculpta Crustacea, Mysidacea)," Proceedings of Ocean 86. Volume 4,
Organotin Symposium, Washington, D.C., pp. 1219-1225.

33. Day, T. J., 1980, "A Study of Initial Motion Characteristics of
Particles in Graded Bed Material," Geol Surv. of Can., Ottawa.
Paper 80-1 A. pp. 281-286.

34. De LaVella, R., March 10, 1988, Personal Communication with U.S.
Navy Senior environmental Engineer, Mare Island Naval Shipyard,
Vallejo, California.

35. Dhamotharan, S., A. Wood, G. Parker, and H. Stefano, 1980, "Bedload
transport in a model gravel stream," Pro.lect Rep. 190. St. Anthony
Falls Hydraul. Lab., Univ. of Minn., Minneapolis.

36. Diaz-Mayans, J., R. Laborda, and A. Nunez, 1986, "Hexavalent
Chromium Effects on Motor Activity and Some Metabolic Aspects of
Wistar Albino Rats," Comp. Biochem. Physiol.. 83:191-195.

37. Dibblee, Thomas, 1980, Preliminary Geologic Map of the Richmond
Quadrangle, Alameda and Contra Costa Counties, California, U.S.
Geol. Sur. Open File Report 80-1100.

38. Dibblee, Thomas, 1981, Preliminary Geologic Map of the Mare Island
Quadrangle, Solono and Contra Costa Counties, California, U.S.
Geol. Sur. Open File Report 81-0234.

39. Ecology & Environment, Inc., 1983, "Initial Assessment Study of
Naval Shipyard, Mare Island, California," NEESA, 13:012.

213



MO. Einstein, H. A., 19M2, "Formulas for the Transportation of Bed
Load," Trans.. ASCE, Vol. 107, pp. 561-577.

Ml. Einstein, H. A., September 1950, "The Bedload Function for Sediment
Transport in Open Channel Flows," Tech. Bull.1026. Soil Conserv.
Serv., U.S. Department of Agriculture, Washington, D.C.

M2. Einstein, H. A., September 1985, The Bed Load Function in Open
Channel Flows, United States Dept. of Agriculture, Technical
Bulletin No. 1026.

M3. Epler, K. S. and G. C. Turk, 1988, Analytical Chemistry. Vol. 60,
No. 19, pp. 2062-2066.

MM. Foster, G. R. and L. F. Muggins, 1977, "Deposition of Sediment by
Overland Flow on Concave Slopes, Spec. Publ. No. 21, Soil Erosion:
Prediction and Control. Soil Conservation Society, Ankeny, I A, pp.
167-182.

M5. Foster, G. R., and L. D. Meyer, 1972, "Mathematical simulation of
upland erosion using fundamental erosion mechanics," Rep. ARS-S-MO,
USDA Sediment Laboratory, Oxford, Mississippi, pp. 190-207.

M6. Foster, G. R., 1982, "Modelling the Erosion Process, Hydrologic
Modeling of Small Watersheds," Am. Soc. Agric. Eng. Mono. 5. Am.
Soc. Agric. Eng., St. Joseph, Michigan, pp. 295-380.

M7. Friedrich, A. R. and F. P. Filice, 1976, "Uptake and Accumulation
of the Nickel Ion by Mytilus edulis," Bull. Environ. Contam.
Toxicol.. 16:750-755.

M8. Gaddle, R. R. and H. A. Laitmen, 1973, "Study of the Sorption of
Lead by Hydrous Ferric Oxide," Environ. Letters. 5(M):223-235.

M9. Gartner, J. W. and R. T. Cheng, 1983, "Observations from Remote
Weather Stations in San Francisco Bay, California, 1979-1981," U.S.
Geol. Surv. Open File Rep.. 83-269.

50. Gee, Michael, April 19, 1988, Personal Communication, Hydrologic
Engineering Center, Davis, California.

51. Goodman, M. A. and Cowin, S. C., 1972, "A Continuum Theory of
Granular Materials," Archive for Rational Mechanics and Analysis.
Vol. MM, pp. 2M9-266.

52. Graf, W. H., 1971, Hydraulics of Sediment Transport. McGraw-Hill
Book Company, p. 95.

53. Gray, B. H., M. Porvaznik, C. Flenming, and L. H. Lee, 1986, "Tri-
n-butylin Aggregates and Membrane Cytotoxicity in Human
Erythrocytes," Proceedings of Oceans '86. Volume M, Organotin
Symposium, pp. 123M-1239.

21M



5^. Guy, R. D. and C. L. Chakrabarti, 1976, "Studies of Metal-Organic
Interactions in Model Systems Pertaining to Natural Waters," Can.
J. Chem.. 54:2600-2611.

55. Hammond, F. D. C., A. D. Heathershaw, and D. N. Langhorne, 1984, "A
Comparison Between Shields' Threshold Criterion and the Movement of
Loosely Packed Gravel in a Tidal Channel," Sedimentology. Vol. 31,
pp. 51-62.

56. Harley, M. H., 1975, MITCAT Catchment Simulator Model: Description
and Users Manual Version 6. Resour. Analysis Corp., Cambridge,
Massachusetts.

57. Higgins, C. J., Jr., 1952, "Lower Course of the Russian River,
California," California Univ. Pubs. Geol. Sci.. Vol. 29, No. 5, pp.
181-264. ~

58. Hoose, S., April 23, 1988, Personal Communication with CRWQCB
Representative, Oakland, California.

59. ICRP, 1970, "Specifications on Standard Man, Woman, and Child,"
Radiological Health Handbook. U.S. Department of Health, Education,
and Welfare.

60. Izzard, C. F., 1946, Hydraulics of Runoff from Developed Surfaces.
Vol. 26, pp. 129-150.^ "

61 ,

62,

Junk, Gregor A. and John J. Richards, IEEE Oceans 1986 Conference
Proceedings, pp. 1160-1164.

Kimbrough, Renate D., 1976, "Toxicity and Health Effects of
Selected Organotin Compounds: A Review," Environ. Health Presoec..
14:51-56.

63. Kirby, J. M., 1943, "Upper Cretaceaus Stratigraphy of the West Side
of Sacramento Valley South of Willows, Glen County, California,"
Am. Assoc. Pet. Geol. Bull. 27. pp. 270-305.

64. Knowles, C. 0. and T. C. Johnson, 1986, "Influence of Organotins on
Rat Platelet Aggregation Mechanisms," Environ. Res.. 39:172-179.

65. Kohler, M. A. and R. K. Linsley, 1951, "Predicting the Runoff from
Storm Rainfall," Research Paper 34, U.S. Weather Bureau.

66. Komar, P. D., 1987, "Selective Grain Entrainment by a Current from
a Bed of Mixed Sizes: A Reanalysis," J. Sediment. Petrol.. Vol.
57, No. 2, pp. 203-211.

67. Langard, S. & T. Norseth, 1986, "Chromium", Handbook on the
Toxicology of Metals, Volume II, L. Fribers, G. F. Nordberg, V.B.
Vouk, Eds., Elsevier Science Publishers, Amsterdam, pp. 185-210.

215



68. Laursen, Emmett M., 1958, "The Total Sediment Load of Streams,"
Journal of the Hydraulics Division. American Society of Civil
Engineers, Vol. 84, No. HY1, pp. 1530-1 to 1530-36.

69. Levy, L. S., P. A. Martin, and P. L. Bidstrup, 1986, "Investigation
of the Potential Carcinogenicity of a Range of Chromium Containing
Materials on Rat Lung," Br. J. Ind. Med.. 43:243-256.

70. Li, Z. and P. D. Komar, 1986, "Laboratory measurements of pivoting
angels for applications to selective entrainment of gravel in a
current," Sedimentology. Vol. 33, pp. 413-423.

71. Linsley, R. K. and W. C. Ackermann, 1942, "Method of Predicting the
Runoff from Rainfall, Trans. ASLE, Vol. 107, pp. 825-846.

72. Louderback, G. D., 1951, "Geologic History of San Francisco Bay,"
California Div. Mines Bull. 154. pp. 75-94.

73. Martin, M., K. E. Osborn, P. Billig, and N. Glickstein, 1981,
"Toxicities of Ten Metals to Crassotrea gigas and Mytilus edulis
embryos and Cancer magister larvae," 12:305-308, Mar. Pollution
Bull.

74. McWhorter, D. B., J. W. Rowe, M. W. Van Liew, R. L. Chandler, R. K.
Skogerboe, D. K. Sunada, and G. V. Skogerboe, 1979, "Surface and
subsurface water quality hydrology in surface mined watersheds,"
Rep. EPA-600/7-79-193a, U.S. Environ. Protec. Agency, Cincinnati,
Ohio.

75. Meyer, L. D., G. R. Foster, and S. Nikolov, 1975, "Effect of flow
rate and canopy on rill erosion," Trans. Am. Soc. Agric. Eng.. Vol.
18, No. 5, pp. 905-911.

76. Meyer-Peter, E. and R. Muller, 1948, "Formulae for Bedload
Transport," Proc. Int. Assoc. Hydr. Res.. Stockholm, Sweden, pp 39-
64.

77. Milhous, R. T., 1973, Sediment transport in a gravel-bottomed
stream, Ph.D. thesis, Greg. State Univ., Corvallis.

78. Miller, R. L. and R. J. Byrne, 1966, "The angle of repose for a
single grain on a fixed rough bed," Sedimentology. Vol. 6. dp. 303-
314.

79. Misri, R. L., R. J. Garde, and K. G. Ranga Raju, 1984, "Bed load
treinsport of coarse nonuniform sediment," J. Hydraul. Eng.. Vol.
110, No. 3, pp. 312-328.

80. Moore, I. D. and G. J. Burch, 1986, "Physical basis on the length-
slope factor in the Universal Soil Loss Equation," Soil Sci. Soc.
Am. J., in press.

216



81. Muller, Markus D., 1987, Analytical Chemistry, Vol. 59, pp. 617-
623.

82. Murphy, P. J., and H. Hooshiari, November 1982, "Saltation in Water
Dynamics," Journal of the Hydraulics Division. ASCE, Vol. 108, No.
HY11, pp. 1251-1267.

83. New York State Department of Environmental Conservation, 1986, New
York State Air Guide-1. Division of Air Resources.

84. O'Brien, M. P. and B. D. Rindlaub, 1934, "The Transportation of Bed
Load by Streams," Trans. AGO.

85. Parker, G., P. C. Klingeman, and D. L. McLean, 1982, "Bedload and
Size Distribution in Paved Gravel-Bed Streams," J. Hydraul. Eng..
Vol. 108, No. HY4, pp 544-571.

86. Porter, K. G., D. McMaster, M. E. Elmes, and A. H. G. Love, 1977,
"Anemia and Low Serum Copper During Zinc Therapy," Lancet. 19:774.

87. Proffitt, G. J. and Sutherland, A. J., 1983, "Transport of
Nonuniform Sediment," Journal of Hydraulic Research. Proc. lAHR,
Vol. 21, No. 1.

88. Richesin & Associates Inc., 1987, "Verification Study Work Plan,
Mare Island Naval Shipyard, California," San Ramon, California, 75
pp.

89. Rouse, H., 1950, Engineering Hydraulics. John Wiley and Sons, pp.
794-795.

90. Savage, S. B., 1979, "Gravity Flow of Cohesionless Granular
Materials in Chutes and Channels," Journal of Fluid Mechanics. Vol.
92, No. 1, pp. 53-96.

91. SCS Engineers Inc., 1987, Confirmation Study, Mare Island Naval
Shipyard, Vallejo, California, 217 pp.

92. Shields, A., 1936, Anwendung der Aehnlichkeitsmechanik und der
Turbulenzforschung auf die Geschiebebewegung. Mitteilungen der
Prussischen Versuchsanstalt Wasserbau and Schiffbau, Berlin.

93. Shulits, S., June 1935, "The Schoklitsch Bed Load Formula,"
Engineering.

94. Smith, R. E., 1977, "Field Test of a Distributed Watershed
Erosion/Sedimentation Model," Spec. Publ. No. 21, Soil Erosion:
Prediction and Control," Soil Conservation Society, Ankeny, lA, pp.
201-209.

217



95. Smith, L. H. and R. T. Cheng, 1987, "Tidal and Tidally Averaged
Circulation Characteristics of Suisun Bay, California," Water Res.,
Vol. 23, No. 1, pp. 143-155.

96. Soliman, S. M., 1958, "General Geology of the Isbel-Eylar Area,
California, and Petrology of the Franciscan Sandstones," Ph.D.
Thesis, Stanford University, Palo Alto, California

97. Stromgren, T., 1982, "Effect of Heavy Metals (Zn, Hg, Cu, Cd, Pb,
Ni) on the Length Growth of Mytilus edulis," 72:69-72, Mar. Biol.

98. Sutton, W. R. and V. E. Nelson, 1937, "Studies on Zinc," Proc. Soc.
Exp. Biol. Med.. 36:211-213.

303.

ICQ. Toffaleti, F. B., 1966, "A Procedure for Computation of Total River
Sand Discharge and Detailed Distribution, Bed to Surface,"
Committee on Channel Stabilization, U. S. Army Corps of Engineers.

101. Upson, J. E., 1949, "Late Pliocene and Recent Changes of Sea Level
Along the Coast of Santa Barbara County, California," U.S.G.S.
Water-Supply Paper 1297, pp. 83.

102. U.S. Department of Agriculture, 1977, "Dietary Levels: Households
in the West, Spring 1977," Report No. H-15, p. 188.

103. U.S. Department of Commerce, 1980, Climatological Data, National
Summary. National Oceanic and Atmospheric Administration, National
Climatic Center, Asheville, North Carolina.

104. U.S. Department of Commerce, 1984, Rainfall Frequency Atlas of the
United States, Technical Paper No. 40, National Climatic Center,
Asheville, North Carolina.

105. U.S. EPA (Environmental Protection Agency), 1979, Water-Related
Environmental Fate of 129 Priority Pollutants. Volume I.
Introduction and Technical Background. Metals and Inorganics.
Pesticides and PCBs. NTIS, PB80-204373.

106. U.S. EPA (Environmental Protection Agency), March 1983, "Methods
for Chemical Analysis of Water and Wastes," 600-4/79-020.

107. U.S. EPA (Environmental Protection Agency), 1984, National Water
Quality Inventory: 1982 Report to Congress. Washington, D.C.

108. U.S. EPA (Environmental Protection Agency), 1986, "Test Methods for
Evaluating Solid Wastes," SW-846, 3rd ed.. Volume 1A.

218



109. U.S. EPA (Environmental Protection Agency), 1986a, Superfund Public
Health Evaluation Manual. EPA/540/1-86/060.

110. U.S. EPA (Environmental Protection Agency), 1986b, Quality Criteria
for Water. 1986. EPA/440/5-86/001.

111. U.S. Geologic Survey, 1984, Element Concentrations in Soils and
Other Surficial Materials of the Conterminous United States. Prof.
Paper 1270, 105 pp.

112. U.S. Geologic Survey, 1988, Personal communication with Tim
Champagne.

113. U.S. Soil Conservation Service, 1964, SCS National Engineering
Handbook. Section 4: Hydrology. U.S. Department of Agriculture,
Washington, D.C., 278 pp.

114. U.S. Soil Conservation Service, 1972, National Engineering
Handbook. Section 4. U.S. Department of Agriculture, Washington,
D.C. 278 pp.

115. U.S. Soil Conservation Service, 1975, "Urban Hydrology for Small
Watersheds," Technical Release No. 55, U.S. Department of
Agriculture, Washington, D.C.

116. U.S. Soil Conservation Service, 1977, "Soil Survey of Solano
County, California," Dixon, California, 120 pp.

117. Valkers, A. D., P.P. Seligman and G. Vafa, 1985, "Speciation of
Butylins and Methyltins in Seawater and Marine Sediments by Hydride
Derivation and Atomic Adsorption Detection", Technical Report 1037,
Naval Ocean Systems Center, San Diego, California, 37 pp.

118. Wallis, G. G., 1969, One-Dimensional Two-Phase Flow. McGraw-Hill,
Inc., New York, New York.

119. Walsh, G. E., 1986, "Organotin Toxicity Studies Conducted with
Selected Marine Organisms at EPA's Environmental Research
Laboratory, Gulf Breeze, FL," Proceedings of Oceans '86. Volume 4,
Organotin Symposium, pp. 1210-1212.

120. Watling, H. R., 1982, "Comparative Study of the Effects of Zinc,
Cadmium and Copper on the Larval Growth of Three Oyster Species,"
Bull. Environm. Contam. Toxicol.. 28:195-201

121. Western Division Naval Facilities Engineering Command, 1980,
"Master Plan," Mare Island Naval Complex, San Bruno, California,
214 pp.

122. White, B. R. and J. C. Schultz, July 1977, "Magnus Effect in
Saltation," Journal of Fluid Mechanics. Vol. 81, No. 3, pp. 497-
412.

219



123. Wiberg, P. L. and J. D. Smith, 1987, "Calculations of the critical
shear stress for motion of uniform and heterogeneous sediments,"
Water Resour. Res.. Vol. 23, pp. 1H71-1480,

12^. Williams, J. R., 1975, "Sediment-Yield Prediction with Universal
Equation Using Runoff Energy Factor, Present and Prospective
Technology for Predicting Sediment Yields and Sources," Rep. ARS-S-
^0. Agric. Res. Serv., Washington, D.C., pp. 24^1-252.

125. Yang, C. T., 1972, "Unit Stream Power and Sediment Transport," J.
Hydraul. Div. Am. Soc. Civ. Eng.. Vol. 98, No. HY10, pp. 1805-1826.

126. Yang, C. T., 1973, "Incipient Motion and Sediment Transport," J.
Hydraul. Div. Am. Soc. Civ. Eng.. Vol. 99, No. HY10, pp. 1679-1704.

127. Yang, C. T., 1976, "Minimum Unit Stream Power and Fluvial
Hydraulics," J. Hydraul. Div. Am. Soc. Civ. Eng.. Vol. 102, No.
HY7, pp 919-934.

128. Yang, C. T., 1984, "Unit Stream Power Equation for Gravel," J.
Hydraul. Eng.. Vol. 110, No. 2, pp. 1783-1797.

129. Yang, C. T. and A. Molinas, 1984, "Sediment Transport and Unit
Stream Power," J. Hydraul. Div. Am. Soc. Civ. Eng.. Vol. 108, No.
HY6, pp. 774-793.

130. Yang, C. T. and C. C. S. Song, 1979, "Theory of Minimum Rate of
Energy Dissipation," J. Hydraul. Div. Am. Soc. Civil. Eng.. Vol.
105, No. HY7, pp. 769-784.

131. Yang, C. T. and J. B. Stall, 1976, "Applicability of Unit Stream
Power Equation," J. Hydraul. Div. Am. Soc. Civil. Eng.. Vol. 102,
No. HY5, pp 559-568.

132. Young, R. A and C. K. Mutchler, 1969, "Soil and Water Movement in
Small Tillage Channels," Trans. ASAE. 12(4), pp. 543-545.

133. Young, R. A. and J. L. Wiersma, 1973, "The Role of Rainfall Impact
in Soil Detachment and Transport." Water Resour. Res.. 9(6). do.

1629-1636.

220



APPENDICES

221



APPENDIX A

INPUT/OUTPUT HEC-1 MODEL

222



APPENDIX A-1

HEC-1 INPUT/OUTPUT SUBBASIN 1

25-YEAR STORM

223



FUX)DBYD»OaMAfBFACXAOBHBC-I <BUXTSi2KVStSaO-Pa l.tfU

U.X AMkirOOmOPBHOIHEEU, TBSHYDXOUXnCSNOIHBBIUNOCBHTOt. fOtSBCONDSTtSBT, DAVB, CA. aS6U

9999

TSJSHBC-I VEKSiONCONJAISa ALLOrnONSEXCE/TBCONCMICS, AND TBBNUURES OP PLANS AJl£ SEDUCED TO]

HBC-IINTUT FAOB i

UNE m. I Z J. 4 S. 6. 7. t W

•DUORAM

1  m nNEhiATK WAVBMODBL 900ABBA ASFHALTSUBBASn*

2  ID BVHOPFEVALUATIONTS-YBKETUBN24 HOUBDUBATaNnOBM

3  m ttULTIFLB BASINS WITH OVERLAND PLOW AND aUTTEX PLOW

4  ID

s n IS21MARi9 0600 120

6 lO S 2

7 IS 15

i MX SUB A

9 KM COMPUnSO TUB RUSOFF HYDROORAPH FOR SUBBASIS A

10 PB

11 PC .0302 ,0571 .0960 .1243 .1796 .2229 .2667 .3267 .3943 .4393

12 PC .506$ .5516 .6160 .6630 .7351 .7660 .6639 .9175 1.002 1.061

IS PC 1.157 1.225 1.330 1.403 1.527 1.615 1.742 1.629 1.960 2100

14 PC 2.463 2.616 3.162 3.302 3.463 3.591 3.730 3.612 3.926 4.009

IS PC 4.10$ 4.175 4.273 4.337 4.429 4.467 4.565 4.616 4.696 4.749

16 PC 4.$32 4.662 4.959 5.009 5.061 5.126 5.199 5.246 5.316 5.362

17 PC 5.430 5.475 5.541 5.565 5.650 5.693 5.756 5.796 5.660 5.900

1$ PC 5.960 5.999 6.056 6096 6153 6261 6.269 6262 6336 6371

19 PC 6.423 6457 6506 6541 6590 6.622 6670 6700 6746 6776

20 PC 6.620 6650 6.690 6920 6960 7.000 0 0 0  0

21 LS 0 96 0  0 65 0

22 BA .00065

23 UK 100 .006 .13 60

24 UK 100 .006 .06 20

2S RK 130 .004 .13 TRAP 0  20

26 RK 160 .004 .13 TRAP 0  20

27 XX SUBB

2t KM COMPUTJSa THE OUTFLOW HYDROORAPH FOR RUNOFF FROM SUBBASIS B

29 U 0 9$ 0  0 65 0

30 BA .0017

31 UK 170 ,006 .13 60

32 UK 170 .006 .06 20

33 RK 160 .004 .13 TRAP 0  20

34 RK 160 .004 .13 TRAP 0  20 YES
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3S JX SUBC

36 D4 COIdPUTWa THE OUTFLOW HYDROORAPH FOR RUSOPFPRORfSUBBASISC

37 U 0 9$ 0 0  63 0

3$ BA .0024

39 UK 2W .006 .13 60

60 UK 210 .006 .06 20

41 JUT 160 .004 .13 TRAP 0  20

42 RK 160 .004 .13 TRAP 0  20 YES

43 KK SUBD

44 ad COMFimWi THE OUTFLOW HYDROORAFH FOR RUNOFF FR064 SUBEASIN D

45 LS 0 96 0 0  65 0

46 JL4 .0024

47 UK 240 .006 .13 60

4$ UK 240 .006 .06 20

49 RK 160 .004 .13 TRAP 0  20

SO RK 160 .004 .13 TRAP 0  20 YES

HBC-1 INPUT P/iOE 2

USE ID t 2. 3. 4. S. 6. 7. A 9. 10

31 a SUBE

32 Of COMPUTINO THE OUTFLOW HYDKOOKAPH FOR KUNOPF FROM SUBBASINE

33 LS 0 9$ 0 0 23 0

34 BA .0023

33 Ur 240 .002 .13 20

36 UK 240 .002 .02 20

37 RK 160 .004 .13 TRAP 0 20

32 KK COMB

39 KM COMBINH/O THE RUNOFF HYDROORAPHS PROM PREVIOUS BASINS WITH SUBBASIN E

60 HC 2

61 ZZ
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I

SCHEMATIC DIAaHAM OP STKBAM NBTWORX

INPUT

LINE OOEOUTTNO (—»DIVESSION OR PUMP FLOW

NO. (.) CONNECTIHt «—) RETURN OF DIVERTED OR PUMPED FLOW

t  SUB A

V

V

27 SUBB"*

V

V

35 SUB C •••

V

V

43 SUBD"*

SI SUBE

SI COMB.

(•••) RUNOFF ALSO COMPUTED A T THIS LOCA TION

I  mmm»

FLOOD HYDROORAPH PACKAOE HEC-t (IBM XT SITE VERSION) -FEE t,l9IS

U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGK ENOINEERINO CENTER, e09 SECOND STREET. DAVIS. CA. 95616
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aSBMATIC WAVE MODEL 900 AREA ASPHALT SUBBASB*

RVNOPP evaluation 2S-YR RETURN 24 HOUR DURATION STORM

MULTIPLE BASINS WITH OVERLAND FLOW AND OUTTER FLOW

6IO OUTPUT CONTROL variables

CPRNT S PRBfTCONTROL

IPLOT 2 PLOTCmiTROL

QSCAL 0. HYDROORAPH PLOT SCALE

IT HYDROORAPH TIME DA TA

NMIN IS MINUTES IN COMPUTATION INTERVAL

IDATE 2IMARS9 STARTWODATE

TTDSE 0600 STARTINO TIME

NO 120 NUMBER OP HYDROORAPH ORDINATES

NDDATE 22MAR$9 ENDINODATE

NDTIME 1145 ENDINO TIME

COMPUTATION INTERVAL .23 HOURS

TOTAL TIME BASE 29.73 HOURS

ENOUSH UNITS

STATION SUB A

(O) OUTFLOW

.0 .1 .2 .3 .4 .3 .6 .0 .0 .0 .0 .0 .0

(DPRECIP, (30 EXCESS

.0 .0 .0 .0 .0 .0 .0 .0 .4 .3 .2 .1 .0

DAHRMNPER

210600

210613 20 LLL

210630 30 tttt

210643 40

210700 30

210713 60 LLXX.

210730 7.0

210743 s a

2IOIOO 9. O

210913 10. o

210930 n.

210943 iz o

210900 13. o .

210913 14. o

210930 13. o.

210943 16. o

211000 17. n
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2itois ji a xxxxx.

211030 If. O. LXXXXXXX.

2110*5 20. O LXXXXX.

O  LLXXXXXXXX.

2I"IS 22. .O LXXXXXX.

2I1I30 23. .O LLX2CXXXXXXX.

2tU4S 24. . O XXXXXXX.

211200 25. . O LXXXXXXXXXXX.

211215 26. . O LXXXXXXXX.

211230 27. . O LXXXXXXXXXXXX.

211245 2f . O LXXXXXXXX.

211300 29. . O LXXXXXXXXXXXXXX.

211315 30. . O. LXXXXXXXXXXX.

211330 31 O ILXXXXXXXXXXXJOaaaCXXXXXXXXXXXXXXXXXXXX.

211345 32. . O . . LLXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.

211400 33. O . LXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.

211415 34. . . . . .o XXXXXXXXXXXXXX.

211430 35. . . . O XXXXXXXXXXXXXXXXXX.

211445 36. . . O LXXXXXXXXXX.

211500 37. . . O XXXXXXXXXXXXXX.

211515 36. . .O XXXXXXXX.

211530 39. . O LXXXXXXXXXXX.

211545 40. . O XXXXXXX.

O  LXXXXXXXXXX.

«• O XXXXXXX.

211630 43. . O XXXXXXXXXX.

211645 44. . O XXXXXX.

211700 45. . O XXXXXXXXX.

^  O XXXXXX.

211730 47. .O XXXXXXXX.

211745 46 .O XXXXX.

211600 49. .O XXXXXXXX.

.O XXXXX.

"  O- XXXXXXXX.
2'lf45 5Z .O XXXXX.

2't900 S3. .O XXXXXXXX.

211915 54. .O XXXXX.

211930 55. O XXXXXXX.

211945 56. O XX2CXX.

212000 57. O XXXXXXX.

212015 56 O XXXXX.

212030 59. O XXXXXXX.

212045 60. O XXXXX.

212100 61 O XXXXXXX.

212115 62. O. fryyy

212120 63. O. XXXXXXX.

212145 64. O. XXXX.

212200 65. O. LXXXXXX.
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mots 1140

221030 nso

22I04S ItSO

22U00IITO

221113 n$o

22ttX U90

221143 120O-

STATION SUBB

(O) OUTFLOW

.0 .4 .3 1.2 1.6 2.0 .0 .0 .0 .0 .0 .0 .0

(LmBOP, (XIBXCBSS

.0 .0 .0 .0 .0 .0 .0 .0 .4 .3 .2 .1 .0

DAHKMNPEX

210613 20 LLL

210630 30 LLLL

210643 40 LLX.

210700 30 .  IJJJXX

210713 60 LLXX.
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210943 16 o . .  LXXXX.
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211013 16 0. .  XXXXX.

2110X 19. o. .LXX3CXXXX.

211043 X. o. .  LXXXXX.

21im 21. LLXXXXXXXX.
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2111X 23. .o LLXXXXXXXXX.

211143 24. .o . xxxxxxx.
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211213 26 . o .LXXXXXXXX.

2112X 27. . o LXXXXXXXXXXXX.

211243 26 .  o .LXXXXXXXX.

211300 29. .  o LXXXXXXXXXXXXXX.

211313 X. o LXXXXXXXXXXX.

2113X 31. . .... LLXXXX3CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.

211343 32. o . LLXXXXXXXXXXXXXXXXX3CXXXXXXXXXXXXXX.

211400 33. 0 . LXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.

230



2It4IS 34.

211430 33.

211443 36.

211300 37.

211313 36

211330 39.

211343 40.

211600 41.

211613 42

211630 43.

211643 44.

211700 43.

211713 46

211730 47.

211743 46

211600 49.

211613 30.

211630 31. .

211643 32.

211900 33.

211913 34.

211930 33.

211943 36

212000 37.

212013 36.

212030 39.

212043 60.

212100 61. .

212113 62

212130 63.

212143 64.

212200 63.

212213 66.

212230 67.

212243 66

212300 69.

212313 70.

212330 71. .

212343 72

220000 73.

220013 74.

220030 73.

220043 76

220100 77.

220113 76

220130 79.

220143 60.

220200 61. .

O  XXXXXXXXXXXXXX.

. 0 xxxxx3oaoaacxxxxxxx.

o  LXXXXXXXXXX.

■ O XXXXXXXXXXXXXX.

o. xxxxxxxx.

o  LXXXXXXXXXXX.

o  xxxxxxx.

o  LXXXXXXXXXX.

o

o

o

o

o

o

o

o

o

o...

o

o

o

o

o.

o.

o.

o.

o.

■O- xxxxxxx.

°

o  xxxxxxx.

. XX3CXXXX.

xxxxxxxxxx

. X3CXXXX.

xxxxxxxxx.

. XXXX3CX.

.xxxxxxxx.

.  xxxxx.

.xxxxxxxx.

.  xxxxx.

— xxxxxxxx.

.  xxxxx.

. xxxxxxxx.

.  xxxxx.

. xxxxxxx.

.  xxxxx.

. xxxxxxx.

.  xxxxx.

. xxxxxxx.

.  XTOOCX.

o.

o.

o.

o.

o.

o.

o.

xxxx.

LXXXX3CX.

xxxx.

xxxxxx.

xxxx

xxxxxx

xxxx

■o xxxxxx.

o  xxxx.
o  3CXXXXX.

o

o  X30CXXX.
o.

o

o.

o .

o  .

0. . . .

xxxxxxxxxxx.

X.

X.

.  xxxxx.

XXX.

xxxxx.

231



220213 02. O XXX.

220230 a. O XXXXX.

2202*3 $4. O XXX.

220300 U. O XXXXX.

220313 06. O X3CX.

220330 07. O XXXXX.

220343 00. O XXX.

220400 09. O JCaOOf.

220413 90. O XXX.

220430 9t...O XXXX.

220443 92 O XXX.

220300 93. O XXXX.

220313 94. O XXX.

220330 93. O XX3CX.

220343 96. O XXXX.

220600 97. O

220613 90. O

220630 99. O

220643100. O

220700101.0.

220713102.0

220730103.O

220743104O

220000103O

220013106O

2200301070

220043 lOOO

220900109O

220913 llOO

2209301110

2209431120

221000IIM

2210131140

2210301130

2210431160

2211001170

221113 llOO

2211301190

221143120O . . . . . . -

232



STATKM SUBC

.0

(O) OUTFLOW

■S t.O l.S ZO

.0 .0

DAHRMNPEK

210600 to

.0

2.5 3.0

.0

3.5 4.0 .0 .0 .0 .0

(LfPRECIP. (JOBXCBSI

■0 .4 .3 .2 .1 .0

210615 20

210630 30

210645 40

210700 50

210715 60

210730 7.0

210745 <. O

210600 9. O

210615 10. a

210630 11 a

210645 12.

210900 13.

210915 14.

210930 15.

210945 16

211000 17.

211015 16

211030 19.

211045 20.

211100 21 O

211115 22.

211130 23.

O.

O.

O

O

.O

.O

. O

. o

.  o

211145 24.

211200 25.

211215 26.

211230 irt.

211245 26

211300 29.

211315 30.

211330 31. .

211345 32.

211400 33.

211415 34.

211430 35.

211445 36

211500 37.

211515 36

211530 39.

211545 40.

O

O

O

O

O

ILL.

tJll.

LLX.

.  LLLLXX.

LLXX.

.  Luacxx.

LXXX.

. LLLXXXX.

LXXX.

LLXXXXX.

LXXX.

. LLXXXXX.

.  LXXXX.

. LXXXXTOC.

.  LX3CXX.

. LXXX3CXXX.

.  XXXXX.

. LXXXJOCXX

.  LXXXXX.

LLXXXXXXXX.

. LXXXXXX.

LLX3CXXXX3CXX.

. xxxxxxx.

LXX3CXXXXXXXX.

.LXXXXX3CXX.

LXXXXXXXXXXXX.

.LXXXXX3CXX

■  LXXXXXXXX3CX30CXX.

LXXX3CXXXXXXX.

■ U-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.
LLXXX31XXXX30CXXXXXX3CXXXXXXXXXXXXXXX.

IJCXXXXXXXXXXXXXXXXXXXXX3CXXXX30CXXXX.

XXXJOCXTCXXXXXXX.

xxxxxxxxxxxxxxxxxx.

LXXXXXX3CXXX.

xxxxxxxxxxxxxx.

.xxxxxxxx.

uacxxxxxxxxx.

. xxxToaac.
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tiE2

■XXX

XXXXX ■

xxx

■XXXXX ■

■XXX

XXXXX ■

xxx

XXXXX

xxx

XXXXX ■

x

x

xxxxxxxxxxx

XXXXXX ■

XXXX ■

■XXXXXX ■

■XXXX

■XXXXXX

XXXX

■XXXXXX ■

XXXX

■XXXXXX ■

XXXX

XXXXXX! •

XXXX ■

XXXXXXX ■

XXXX! ■

■XXXXXXX

XXXXX ■

■XXXXXXX ■

XXXXX ■

■XXXXXXX

XXXXX ■

■XXXXXXX ■

XXXXX •

XXXXXXXX ■

XXXXX ■

■XXXXXXXX

XXXXX ■

■XXXXXXXX ■

XXXXX ■

■XXXXXXXX ■

XXXXXX ■

XXXXXXXXX-

■XXXXXX ■

xxxxxxxxxx

■XXXXXXX ■

XXXXXXXXXX!

o

o

o

o

o

o

o

O •

o

o

• O ■

■ O •

O ■

O ■

O ■

O •

o

O • • •

O •

O •

O ■

O ■

O ■

o

O ■

o

■ O •

O

O ■

O •

• O •

O ■

o

• O ■

■ o

■ o

■ o

O

o

• o

o

■O

o

o

o

O-

O •

V* sttaa

■it ottoa

■9$ ttaxz

it aoeaa

■n SKoa

■ft ocztxz

■a ttzaa

■ 7( OOBXZ

■m spiaa

■6i oticez

■u film

■u mm

■9L ftom

■fL osom

■K ftom

■u coom

■a. fpfziz

■ u oetziz

■OL staiz

■f9 omtz

■$9 tKzn

■/s mziz

■99 fizztz

f9 omrz

■99 f9lZlZ

■t9 OttZlZ

■Z9 SllZlZ

19 mziz

■09 ttOZIZ

■ft oeoziz

■If ftoztz

■IS oooziz

■9f fHIlZ

■ff oattz

■9f fionz

■ff 006IIZ

■zr fHitz

If oaiiz

Of fttliz

■69 OOtllZ

99 f9lUZ

■19 oaitz

■99 funz

■f9 OOLUZ

■99 f99llZ

f9 0S9nZ

■Z9 fWlZ

19 009nz



S£2

xxxx

'XXXX

■XXX

■xxxx

■XXX

xxxx ■■■'

■XXX

xxxxx

■ o

o

o

o

o

o

o

O' ■

—oaei {Mia

0611 ofiia

otn fiiia

am coxxa

09XX fpoxa

OfXX ocoxa

opxx fxoxa

xxxx oooxa

xxxxfteoa

■ ■ ■ oxxx xxfoa

ooxx fxtca

O60X caeca

otoi fnoa

oxjoxoaoa

o^msxtaa

osoxcataa

o'wxfpzaa

ofoxxxua

o ■tax fxuxz

■ o xox oou/a

o aoxfpsoa

O 66 <X9Ca

te fXfoa

■u coca

■96 ftfoa

■{6 otfoa

■*6 fXfoa

■te oofoa

Z6 fttoa

xe ottaa

o 06 fxtoa

o a amxa



STATION SUBD

(O) OUTFLOW

I. 2. 3. 4.

.0 .0

DAHFMNPER

.0

0. 0. 0. 0.

(DPRBOF, (X) EXCESS

.3 .2 .1 .0

210600 lO-

210613

210630

210643

210700

210713

210730

210743

210100

210613

210630

210643

210900

210913

210930

210943

211000

211013

211030

211043

211100

211113

211130

211143

211200

211213

211230

211243

211300

211313

211330

211343

211400

211413

211430

211443

211300

211313

2113X

211343

20

30

40

SO

60

TO

6.0

9. O

10. a

LU,

nil.

LUC.

LLLLXX.

LLXX

LLXXXX.

LXXX.

LLLXXXX.

LXXX.

11. ..O. LLXXXXX.

12. a ucxx.

13. O LLXXXXX.

14. a LXXXX.

13. a uocxxxx.

16. 0 LXX3CX.

17. O LXXXXXXX.

16 a. xxxxx.

19. O. LXXXXXXX.

20. O LXXXXX

21 O. LUCXXXXXXX.

22. .a LXXXXXX.

23. .O LLXXXX3CXXXX.

24. . O XXXXXXX.

23. . O LX3C3C3C3C3C3C3CX3CX.

26. . O LXXXXXXXX.

27. . a LXXX3CX3CXXXXXX.

26 . a LXXXXXXXX

29. . O LX3C3CXXXX3CXXX3C3CX.

». . a LXXXXXXXX3CXX.

31 O LLXXXXXXX3CXXXXX3CXXXX3CX3CXXXX3CXXXXXXXXXX.

31 . a LLXXXXXXXXXXXXX3CXX3CXXXXXXX3CXX7CXXXX.

34. O 7CXXXXXXXXXXXXX.

33. . . . . O XXXXXXXXXXXXXXXXXX.

36 . . . O LXXXXXXXXXX.

37. . . O. XXX3CXXXXXXXXXX.

36 . . a xxxxxxxx.

40. . 0. XXXXXXX.
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2//«V 41. .

21I6IS 4Z

211630 43.

21I64S 44.

211700 43.

211713 46.

211730 47.

211743 46.

211600 49.

211613 30.

211630 31. .

211643 32

211900 33.

211913 34.

211930 33.

211943 36.

212000 37.

212013 36

212030 39.

212043 60.

212100 61. .

212113 62.

212130 S3.

212143 64.

212200 63.

212213 66.

212230 67.

212243 66.

212300 69.

212313 70.

212330 71. .

212343 72.

220000 73.

220013 74.

220030 73.

220043 76

220100 77.

220113 76

220130 79.

220143 60.

220200 61. .

220213 6Z

220230 63.

220243 64.

220300 63.

220313 66.

220330 17.

220343 66

. . O.

o .

o .

.. .LXXXXXXXX30C.

. Toaaaacx.

xxxxxxxxxx.

.  o xxxxxx.

■  o xTooacxxxx.

.  O 30DCXXX.

.  o xxxxxxxx.

o  Toaaac.

.o xxxxxxxx.

■ O X3CXXX.

..o TOCXXXXXX.

. o

. o

. o

.o

.0

.o

.o

.0

.o

. o..

o

o

o

o

o

o

o

7000CX.

. XXX3000CX.

.  xxxxx.

. 7CX3CXXXX.

.  xxxxx.

. xxxxxxx.

xxxxx.

Toaacxxx.

X3CXXX.

30CXXXXX.

LXXXX.

XXX300CX.

xxxx.

LX3CXXXX.

7CXXX.

xxxxxx.

xxxx.

o. xxxxxx.

o. 300CX.

■O. 7CXX3CXX.

o. 7CXXX.

o. XXXX3CX.

o. xxxx.

o. xxxxxx.

o. XXXX3C3CX3CXXX.

O  X.

o

o  xxxxx

o  XXX.

■O. XXX3CX.

o  XXX.

o  X3C30CX

o  XXX.

o  xxxxx.

o  XXX.

o  xxxxx.

o  XXX.
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22CMOO 19. O JOOCXX.

2204IS 90. O XXX.

230430 91 a XXXX.

220443 92. O XXX.

220300 93. O XXXX.

220313 94. O XXX.

220330 93. O XXXX.

220343 9f. O XXXX.

22000 97. O

220613 90. O

220630 99. O

220643 too. O

230700 tot. O

2207t3 t02O

220730 t03.O

220743 t04.O

220000 t03.O

220it3t06.0

220030 tOTO

220043 tOOO

230900 t09O

2209t3 ttOO

220930 tt to

220943 tt20

22t000 tt30

22t0t3 tt40

22t030 tt30

22t043 tt60

23tt00 ttTO

22ttt3 ttOO

22tt30 tt90

22tt43t200 . . . . . . -
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STATION SUBE

(O) OUTFLOW

.4 .S i.2 1.6

.0 .0

DAjaaofPER

210600 lO

2.0 2.4

.0 .0

.0 .0 .0 .0 .0

(DPJtEClP, (X) EXCESS

.4 .3 .2 .1 .0

O

O

o

o

o

o

o

o

210613 20

210630 30

210643 40

210700 SO

210713 60

210730 7.0

210743 S O

210100 9. O

210613 10. O

210630 11. . .O.

210643 IZ O

210900 13.

210913 14.

210930 13.

210943 16

211000 17.

211013 16

211030 19

211043 20.

211100 21

211113 22.

211130 23.

211143 24.

211200 23.

211213 26

211230 27.

211243 26

211300 29.

211313 30.

211330 31.

211343 3Z

211400 36

211413 34.

211430 33.

211443 36

211300 37.

211313 36

211330 39.

211343 40.

ILL

.  LLLL

LUC.

. LLLLXX.

LLXX.

.  LLXXXX.

LXXX.

. LLLXXXX.

LXXX.

LUC2CX2CX.

uacx.

. LLXXXXX.

.  LXX3CX.

. LXX2CXXX.

.  LXXXX.

. UCX2CXXXX.

.  XXXXX.

. LXXXXTCXX.

.  LXX3CXX.

LUCXXXX2CXX.

. ucxxxxx.

LLX3CXX2CXXXX.

. XX3CX3CXX.

LX2CXX3CXXXX2CX.

o  LXXXXXJOCX.

O  LX2CXXX3CXX.

O  LXX2CXXX2CX2CXXXXX.

O  LXXX3C3CXXX2CXX.

O  LLXXXXXXXXXXX3CXXX7CXXXXX3CXX7CXXXXJCXXXXXX.

.O . . . . LLXX7CXXXXXXXX2C2C3CXXXXX3CX3CX2CXXXXXXXX.

. O . LXX7CXXXXXXXXXXX2CXX2CXXX2CXXXXX2CXXXXX.

O  XXX3CXXXXX2CXXX3L

O  XXX2CXXXXXX3C2CXX2CXXX.

O  LXX2C2CXXXXXX.

O  XX2CXXXX2C3CXXXXX.

o. xxxxjoacx.

o  LXXXX3CX2CXXXX.

>  X2CXXXXX.
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21J600 41 O. LXXXXXXXXXX.

211615 42. . O XXXXXXX.

211630 43. . O XXXXXXXXXX.

2I164S 44 . . O XXXXXX.

211700 45. .O XXXXXXXXX.

211715 46. .O XXXXXX.

211730 47. .O XXXXXXXX.

211745 44. .O XXXXX.

211400 49. O XXXXXXXX.

211415 50. O . . . XXXXX.

211430 51 O XXXXXXXX.

211445 52. .O XXXXX.

211900 53. O XXXXXXXX.

211915 54. O XXXXX.

211930 55. O XXXXXXX.

211945 56. O XXXXX.

212000 57. O. XXXXXXX.

212015 54. O. XXXXX.

212030 59. O. XXXXXXX.

212045 60. O. XXXXX.

212100 61 O. XXXXXXX.

212115 62. O. LXXXX.

212130 63. O. XXXXXXX.

212145 64. O. XXXX.

212200 65. O LXX3CXXX.

212215 66. O. XXXX.

212230 67. O XXXXXX.

212245 64. O XXXX.

212300 69. O XXXXXX.

212315 70. O XXXX.

212330 71. . . O XXXXXX.

212345 72. O XXXX.

220000 73. O XXXXXX.

220015 74. O XXXX.

220030 75. O XXXXXX.

220045 76. O XXXXXXXXXXX.

220100 77. .O X.

220115 74. O X.

220130 79. O XXXXX.

220145 40. O XXX.

230000 41... O XXXXX.

220215 42. O XXX.

220230 43. O XXXXX.

220245 U. O XXX.

220300 45. O xXXXX.

220315 46. O XXX.

220530 47. O XXXXX.

220345 44. O XXX.

21*0



22tMaO 19.

2204IS 90.

220430 91.

220445 92

220500 95.

220515 94.

220530 95.

220545 96.

220600 97.

220615 99.

220630 99. O

220645100. O

220700 101.0.

220715102.0

220730 103.O

220745 104.0

2209001050

2209151060

2209301070

2209451090

2209001090

220915 llOO

220930 lllO. .

2209451120

2210001130

2210151140

221030 1150

2210451160

221100 1170

2211151190

221130 1190

221145120O—

O

o

. o.

o

o

o

o

o

o

o

xxxxx.

XXX.

.... xxxx.

XXX.

X3CXX.

XXX.

xxxx.

X3CXX.

241



STATION COMB

(O) OUTFLOW

0. t. Z 3. 4.

DAHKMNPER

210600 lO . .

210613 20

210630 30

210643 40

210700 30

210713 60

210730 7.0

210743 i. O

210600 9. O

210613 10. O

210630 11 O.

210643 12.

210900 13.

210913 14.

210930 13.

210943 16.

211000 17.

211013 16

211030 19.

211043 20.

211100 21.

211113 2Z

211130 23.

211143 24.

211200 23.

211213 26.

211230 27.

211243 26

211300 29.

211313 30.

211330 31.

211343 3Z

211400 33.

211413 34.

211430 33.

211443 36

211300 37.

211313 36

211330 39.

211343 40.

211600 41.

211613 42.

O

O

O

. O.

o

o

o

o

o

o

o

o

o

o.

. o
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2nS30 43. .O

211643 44. .O

211700 43. O

211713 46. O.

211730 47. O.

211743 46. . O .

211600 49. . O .

211613 30. . O .

211630 31 O...

211643 32 . O .

211900 33. . O .

211913 34. . O .

211930 33. . O .

211943 36. . O .

212000 37. . O .

212013 36 . O .

212030 39. . O .

212043 60. . O .

212100 61 O

212113 62 . O .

212130 63. . O

212143 64. . O

212200 63. . O

212213 66. . O

212230 67. . O

212243 66 . O

212300 69. . O

212313 70. . O

212330 71 O..

212343 72. . O

220000 73. . O

220013 74. . O

220030 73. . O

220043 76 . O

220100 77. . O

220113 76 . O

220130 79. O

220143 60. O.

220200 61 0. . . .

220213 62. O.

220230 63. O

220243 64. O

220000 63. O

220313 66 O

220330 67. O

220343 66 O

220400 69. O

220413 90. O.
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a

o.

o.

o.

o.

o.

o

o

220*30 9t O.

2204*3 92. O.

220300 93.

220313 9*.

220330 93.

220343 9S.

220t00 97.

220613 99.

220630 99.

2206*3100.

220700101. .O.

220713102 O

220730103.0

2207*3104.O

220900103.O

220*13106.O

220930107.0

2209*31090

220900 I09O

220913 llOO

220930 lllO. . .

2209*31120

221000 1130

2210131140

221030 1130

2210*31160

2211001170

2211131190

2211301190

2211*3120O
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KUNOFPSUUMARY

FLOW IN CVBICPBBT PER SECOND

TIMBIN HOURS, AREA IN SQUARE MILES

PEAK TOfBOF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM T04E0F

OPERATION STATKXt FLOW PEAK AREA STAGE MAXSTAGB

&-HOUR 24-HOUR 72-HOUR

HYDROGRAPHAT

SUB A I. $.00 0. 0. 0. .00

HYDROGRAPHAT

SUBB Z $.2S I. 0. 0. .00

HYDROGRAPHAT

SUBC 4. S.2S 2. t. I. .00

HYDROGRAPHAT

SUBD 6. t.2S 2. I. I. .01

HYDROGRAPHAT

SUBE 2. $.00 I. 0. 0. .00

2COMBINEDAT

COMB $ $.25 3. 2. I. .01

•" NORMAL END OFHEC-I •••
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APPENDIX A-2

HEC-1 INPUT/OUTPUT SUBBASIN 1

100-YEAR STORM
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FLOOD SYDROaitArBFACXMBHBC-l (WUXTSta VBUIOHf -FBB t.tMS

U.S. AXUYCORPS OPENOIUBBKa, TBBHYDROLOOX:ENOINEBRJNO CBKTEM. SOSSBOOND SIREBT, DAVtS, CA. SSStS

mmmm

nnSHBC-l VERSION COHTAOa ALL OrnONS EXCEPT BCONOSaCS, AND TmHUUBBRt^ PLANS ARB REDUCED TO 3

HEC-t INPUT PAOE I

USE m. t 2. 3. 4. 3. 6. 7. t. 9. 10

•DIAORAU

/ ID KISSMATIC WAVEMODEL 900AREA ASPHALTSUBBASIS

2 m RUNOFFEVALUATIOS100-YR RETURS24 HOUR DURATJOSSTORM

3 m MULTIPLE BASINS WITH OVERLAND FLOW AND CUTTER FLOW

4 ID

5 TT 1521MARS9 0600 120

6 lO 5 2

7 IS IS

$ KK SUB A

9 KM COMPUTINO THE OUTFLOWHYDROORAPH FOR SUBBASINA

10 fB

U PC .0346 .0653 .1099 .1421 .2054 .2547 .3276 .3736 .4506 .5021

12 PC .5792 .6304 .7063 .7357 .9402 .9993 .9974 1.049 1.145 1.213

13 PC 1.322 1.400 1.520 1.604 1.745 1.965 1.990 2.090 2.263 2402

14 PC 2.V$ 3.220 3.613 3.773 3.990 4.104 4.263 4.357 4.499 4.575

IS PC 4.695 4.771 4.S94 4.957 5.061 5.129 5.219 5.279 5.367 5.429

16 PC 5.522 5.5$0 5.667 5.724 5.907 5.961 5.942 5.996 6.075 6.129

17 PC 6.206 6.257 6.333 6.393 6.457 6.506 6.579 6.626 6.696 6.743

i» PC 6. $11 6.$56 6.923 6.967 7.032 7.155 7.164 7.190 7.241 7.291

19 PC 7.341 7.390 7.437 7.475 7.531 7.569 7.622 7.657 7.710 7.744

20 PC 7.794 7.927 7.976 7.909 7.954 9.000 0 0  0 0

21 LS 0 99 0  0 95 0

22 BA .00065

23 UK 100 .009 .13 90

24 UK 100 .009 .09 20

25 RK 130 .004 .13 TRAP 0  20

26 RK 160 .004 .13 TRAP 0  20

77 KK SUBB

2$ KM COMPUTTNO THE OUTFLOW HYDROORAPH FOR RUNOFF FROM SUBBASIN B

29 LS 0 99 0  0 95 0

30 BA .0017

31 UK 170 .009 .13 90

32 UK 170 .009 .09 20

33 RK 160 .004 .13 TRAP 0  20

34 RK 160 .004 .13 TRAP 0  20 YES
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15 a sine

36 KM CMtPUTTNaim OUTFLOW HYDROORAPHFOK RUNOFF ntOMSUBBASINC

37 LS 0 n 0 0 U 0

3$ BA .0024

39 UK 210 .001 .13 10

40 UK 210 .00$ .0$ 20

41 RK 160 .004 .13 TRAP 0 20

42 RK 160 .004 .13 TRAP 0 20 YES

43 KX SURD

44 KM COMPUTTNO THE OUTFLOW HYDROORAPH FOR RUNOFF FROM SUBBASIN D

43 LS 0 9$ 0 0 $3 0

46 BA .0024

47 UK 240 .00$ .13 $0

4$ UK 240 .00$ .0$ 20

49 RK 160 .004 .13 TRAP 0 20

30 RK 160 .004 .13 TRAP 0 20 YES

HBC-1 INPUT PACE 2

LINE ID..

31 KK SUBE

32 KM COMPUTINO THE OUTFLOW HYDROORAPH FOR RUNOFF FROM SUBBASIN E

33 LS 0 9$ 0 0 $3 0

34 BA .0023

33 UK 240 .00$ .13 $0

36 UK 240 .00$ .0$ 20

37 RK 160 .004 .13 TRAP 0 20

3$ KK CXMBl

39 KM COMBDHNO THE RUNOFF HYDROORAPHS FROM PREVIOUS BASINS WITH SUBBASIN E

60 HC 2

61 ZZ
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SCHBMTKDUOKAM OP STREAMNFTWOKX

INPUT

USE (V) ROUTTNO (—» DIVERSION OR PUMP FLOW

NO. (.)CX>NNECTOR (<—) RETURN OF DIVERTED OR PUMPED FLOW

t  SUBA

V

V

27 SUB B

V

V

3S SUB C •••

V

V

43 SUBD***

SI SUBE

St COMB.

C") RUNOFF ALSO COMPUTED AT Has LOCATION

I

FLOOD HYDROORAPH PACXAOE HEC-I (IBM3CTSI2K VERSION) -FEB I, IMS

U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOOK ENOINEEROm CENTER, 609 SECOND STREET, DAVIS, CA. 9S616

ONEMATK WAVE MODEL 900 AREA ASPHALT SUBBASIN

RUNOFF EVALUATION lOO-YR RETURN 24 HOUR DURATION STORM

MULTIPLE BASINS WITH OVERLAND FLOW AND OUTTER FLOW

6 lO OUTPUT CONTROL VARIABLES

IPRNT S PRINT CONTROL

IPLOT 2 PLOT CONTROL

QSCAL 0. HYDROORAPH PLOT SCALE

IT HYDROORAPH TIME DATA

NMIN IS MINUTES IN COMPUTATIONanERVAL

IDATE 2IMARI9 STARTTNODATE

TOME 0600 STARTINO TIME

NQ 120 NUMBER OF HYDROORAPH ORDINATES

249



NDTME lJ4i ESDOm TMB

COUrUTATlON INTBKVAL .2SH0URS

TOTAL TIME BASE 39.75 HOUBS
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STATKXf SUB A

.0

(O) OUTFLOW

.1 .2 .3

.0 .0

DAHRMNPEK

.0 .0

.3 .6 .7 .0 .0 .0 .0 .0

(UPBECIP. (30 EXCESS

.0 .0 .0 .0 .6 .4 .2 .0

210600 tO-

21061S 20

210630 30

210643 40

210700 30

210713 60

210730 7. O

210743 t. a .

210100 9. a .

210113 10. a

LL

LL.

LL.

ILX.

IX.

uxx.

3a.

LXXX.

LXX.

210130 11 O. L3ax.

210S43 12.

210900 13.

210913 14.

210930 13.

210943 16.

211000 17.

211013 It.

211030 19.

211043 20.

211100 21. .

211113 22.

211130 23.

211143 24.

211200 23.

211213 26.

211230 27.

211243 26

211300 29.

211313 30.

211330 31. .

211343 3Z

211400 33.

211413 34.

211430 33.

211443 36.

211300 37.

211313 36

211330 39.

211343 40.

O.

O.

O.

O.

O.

O

.O

.O

O

O. .

O

O

LXX.

LXXX.

X.

LXXXX.

LXX.

XXXX.

XXX.

LXXXX.

XXX.

XXXXX.

XXXX.

LXXXXX.

O  XXXX.

o  xxxxxxx.

o  xxxxxx.

o. xxxxxx.

O. XXXXX.

O. LXXXXXXXX.

.O XXXXXXX.

O  LXXXXXXXXXXXXXXXXXXXXX.

O  LXXXXXXXXXJaXXXXXXX.

.o . LxxxjcxxxxjaejooTcxxxxx.

o  xxxxxxxx.

.o xxxxxxxxxx.

.o xxxxxx.

O  JCXXXXXXX.

O  XXXXX.

.o LXXXXXX.

0. XXXX.
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2tl«00 41.

211611 42. O

211630 43. o xxxxxx.

211641 44. o XToa.

211700 41. .  o

211711 46. .  o

211730 47. .  o

211741 46. .0 XXX.

211600 49. . o

211611 10. . o

211630 11. .

211641 12. . o

211900 13. . o

211911 M. . o

211930 11. . o

211941 16. . o 70CX.

212000 17. o

212011 16. • O XXX.

212030 19. • O

212041 60. o

212100 61. . o.

212111 62. .o

212130 63. .o XX3CX.

212141 64. • O XX.

212200 61. o xxxx.

212211 66. o XX.

212230 67. o

212241 66 o

212300 69. o uacx

212311 70. 0

212330 71. .

212341 72. o

220000 73. o.

220011 74. o.

220030 71. o. XXX

220041 76. o

220100 77. . o

220111 76 • O

220130 79. o

220141 60. o

220200 61. .

220211 62 o

220230 a. o

220241 64. 0

220300 61. 0

220311 66. o

220330 67. o

220341 ML o
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o .

o .

o .

o .

o .

22MtS 90. O .

220430 91 O. .

22044S 92. O .

220S00 93.

220SIS 94.

220S30 95.

220545 96.

220600 97.

220615 9$. C

220630 99. O

220645 100.0

220700101.0. .

2207151020

2207301030

220745104O

2203001050

2203151060

2203301070

2203451030

2209001090

220915 llOO

220930 lllO. .

2209451120

221000 1130

2210151140

221030 1150

2210451160

221100 1170

221115 11$0

221130 1190

221145 120O

XX.

.  . .LXX.

XX.

XX.

XX.

XX

XX.
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STATION SUBB

.0

(O) OUTFLOW

■ 4 .$ i.2 t.6

.0 .0

DAHFMNPER

210600 lO

.0

2I06IS 20

210630 30

21064S 40

210700 SO

210715 60

210730 7.0

210745 $. O

210600 9. O

210615 10. O

210630 11. . .O.

210645 12. O

210900 13.

210915 14.

210930 15.

210945 16.

211000 17.

211015 16.

211030 19.

211045 20.

211100 21.

211115 22.

211130 23.

211145 24.

211200 25.

211215 26.

211230 27.

211245 26.

211300 29.

211315 30.

211330 31.

211345 32.

211400 33.

211415 34.

211430 35.

211445 36.

211500 37.

211515 36

211530 39.

211545 40.

O

O

O

O.

O.

O

O

O

O. .

O

O

O

O

O

O

O

O

2.0 2.4 .0 .0 .0 .0 .0 .0

(LIPRBCIP, (X)BXCBaS

.0 .0 .0 .0 .0 .6 .4 .2 .0

. o

.o

o

o

o.

o.

u.

LL.

LL.

LLX.

LX.

LIXX.

XX.

UOCX.

LXX.

LXXX.

LXX.

UOCX.

LXXXX.

LXX.

XXXX.

XXX.

LXXXX.

XXX.

xxxxx.

XXXX.

LXXXXX.

XXXX.

XX30CX30C.

xxxxxx.

xxxxxx.

xxxxx.

LXXXXXXXX.

xxxxxxx.

LXXXXXXXXXXXXXXXXXXXXX.

. xxxxxxxx.

XXXXXX3CXXX.

. xxxxxx.

. xxTOCXxiac.

.  XXXXX.

. LXXXXXX.

XXXX.
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°
21l6tS 4Z . O yyyy

211630 43. . O XXXXXX.

211645 44. . O X300C.

211700 45. . O XXXX3C

2"'" . O
211730 47. .O jjoXX.

°

°
211315 50. .O

"
211345 52 .O

211900 53. .O

211915 54. .O

211930 55. .O XXXX.

211945 56. .O

212000 57. O XXXX.

212013 52 O XXX.

212030 59. O

30. O XXX.

212100 61 O XXXX.

212113 62. O XXX.
212130 63. O XXXX.

212145 64. O XX

212200 65. O XXXX.

212215 66. O. XX

212230 67. O. xXXX.

212245 63. O. xx

212300 69. O.

212315 70. O. XX

2'2330 71 a XXX.

212345 72. O. xx

220000 73. O. XXX

220015 74. O XX.

220030 75. O XXX.

220045 76. O.

220100 77. .O

220115 73. O X.

220130 79. O XXX.
220145 30. O XX.

220200 31...O XXX.

220215 32 O

220230 33. O

220245 34. O xX

220300 33. O xXX.

220315 36 O xX

220330 37. O xXX

220345 33 O xX.

255



o

o

o

o

o

o

220413 90. O .

220430 91. ..O..

220443 92. O .

220300 93.

220313 94.

220330 93.

220343 96.

220600 97.

220613 96.

220630 99. O

220643100. O

220200101.0. .

2207131020

220730 103.O

2207431040

2206001030

2206131060

2206301070

2206431060

2209001090

220913 llOO

220930 lllO. .

2209431120

221000 1130

221013 1140

221030 1130

2210431160

221100 1170

2211131160

221130 1190

221143 120O

XX.

.. .LXX.

XX.

XX.

XX.

XX.

XX.
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STATION SUBC

(O) OUTFLOW

■ S 1.0 I.J 2.0

.0 .0

DAHXMNPEK

210600 lO

.0

21061S 20

210630 30

21064S 40

210700 SO

21071S 60

210730 7.0

21074S $. O

210100 9. O .

210tlS 10. O.

210630 11 O.

210645 12.

210900 13.

21091S 14.

210930 IS.

21094S 16.

211000 17.

21101S 16

211030 19.

21104S 20.

211100 21. .

21111S 22.

211130 23.

21114S 24.

211200 2S.

21121S 26

211230 27.

21124S 26.

211300 29.

21131S 30.

211330 31. .

21134S 32.

211400 33.

21141S 34.

211430 3S.

21144S 36

211S00 37.

211515 36

211530 39.

211545 40.

O

O

O

O

O

O

O

O

O

o.

o

o

o

2.5 3.0 3.5 4.0 4.5 .0 .0 .0

(VPRECIP, 00 EXCESS

.0 .0 .0 .0 .6 .4 .2 .0

a

a

o

a

o

o

LL.

LL.

LL.

LLX.

LX.

LLXX.

XX.

LXXX.

LXX.

LXXX.

LXX.

LX3CX.

X.

.  LXXXX.

LXX.

XXXX

XXX.

.  LXXXX.

XXX.

xxxxx.

XXXX.

.  LXXXXX.

XXXX.

. xxxxxxx.

. XXX3CXX.

. xxxxxx.

.  xxxxx.

.LXXX3C3CXXX.

. XXX3CXXX.

IXXXXXXXXXXXXXXXXXXXXX

uaancTCTaaaaoaaoaocjcx.

LX30oooac3ac3C3aaaex3aaex.

. xxxxxxxx.

xxxToaoacxx.

xxxxxx.

xxxxxxxx.

xxxxx.

LXXXXXX.

XXXX.
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2/itfaO 41. .

211615 42 .  O

211630 43. . O

211645 44. . o

211700 45. . o

211715 46. . o

211730 47. .o

211745 46. o

211600 49. o.

211615 50. o

211630 51. .

211645 52. o

211900 53. o

211915 54. o

211930 55. o

211945 56. o

212000 57. o xxxx.

212015 56. 0

212030 59. o xxxx.

212045 60. o

212100 61. . .

212115 62 o

212130 63. o

212145 64. .  o

212200 65. .  o xxxx.

212215 66. .  o

212230 67. .  o

212245 66. .  o XX.

212300 69. .  o LXXX.

212315 70. .  o

212330 71. . .

212345 72. . 0

220000 73. . 0

220015 74. . o

220030 75. . o

220045 76. .  o

220100 77. o

220115 76 o

220130 79. .o

220145 60. a

220200 61. . .

220215 62. ■ O

220230 63. • O

220245 64. . o

220300 65. .o

220315 66. • O

220330 67. .0

220345 66 .o
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o

o

o

o

o

o.

o

o

220400 19. .O

220*13 90. .O

220*30 91 O.

220*43 92. O

220300 93.

220313 9*.

220330 93.

2203*3 96.

220600 97.

220613 96.

220630 99.

2206*3100.

22O700101. O.

220713 102. O

220730103.0

2207*310*. O

220600 103.O

220613106.0

2206301070

2206*31060

2209001090

220913 llOO

220930 lllO. .

2209*31120

221000 1130

22101311*0

2210301130

2210*31160

221100 1170

2211131160

2211301190

2211*3 120O

XXX.

XX.

.. .LXX.

XX.

XX.

XX.

XX.

XX.
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STATION SUBD

(O) OUTFLOW

0. I. Z 3. 4. S. 6. 7. ft ft ft ft ft

(DPkBCIP, (X) EXCESS

■ 0 .0 .0 .0 .0 .0 .0 .0 .0 .6 .4 .2 .0

DAHEUNPER

2tOfOO to

21061S 20

210630 30

210643 40

210700 SO

210713 60

210730 70

210743 ft O

210600 9. O

210613 10. O

210630 11 O.

210643 IZ

210900 13.

210913 14.

210930 13.

210943 16

211000 17.

211013 16

211030 19.

211043 20.

211100 21.

211113 2Z

211130 23.

211143 24.

211200 23.

211213 26

211230 27.

211243 26

211300 29.

211313 30.

211330 31.

211343 3Z

211400 33.

211413 34.

211430 33.

211443 36

211300 37.

211313 36

211330 39.

211343 40.

LL.

U.

U.

LLX

LX

LLXX.

XX.

LXXX.

LXX.

LXXX.

LXX.

LXXX.

X.

IXXXX.

LXX

7CXXX.

XXX.

LXXXX

)  Toae.

o. xxxxx.

o  Toacx.

o  LXXXXX.

O  30CXX.

o. xxxxxxx.

o  xxxxxx

o  xxxxxx

o  xxxxx

o  LXXXXXXXX.

o  xxxxxxx.

O  LXXXXXXXXXXXXXXXXXXXXX.

■  O LXXXXX7CX3CXXXX3CXXXXX

.O . . . LXXXXXXXXXXXXXXXXXXX.

■  o xxxxxxxx.

. O XXXXXXXX3CX.

.o xxxxxx

. o XX3CXXXXX.

o  xxxxx.

O  LXXXXXX.

O  XX3CX.
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2n«00 41. .

2tl6lS 4Z O. . . . .

2U6X 43. o

211643 44. o

211700 43. o

211713 46. o

211730 47. o

211743 43. . 0

211300 49. . o

211313 30. . o

211330 31. .

211343 3Z . o

211900 33. .  o

211913 34. . o

211930 33. . o

211943 36. . o

212000 37. . o

212013 33 . o

212030 39. .0

212043 60. . o

212100 61. .

212113 6Z . o

212130 63. . o

212143 64. . o

212200 63. • O

212213 66. • O

212230 67. .o X3CXX.

212243 63 .o

212300 69. ■O . . . . .

212313 70. .o

212330 71. .

212343 72. •O

220000 73. o

220013 74. o

220030 73. o

220043 73 .o

220100 77. . o

220113 73 . o

220130 79. o.

220143 aa o

220200 31. . .

220213 32. o

220230 33. o

220243 34. o.

220300 33. a

220313 33 o.

220330 37.

220343 33 o
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o.

o.

o .

o .

o .

o .

o  .

220*00 t». O.

220415 90. O.

220430 91 O. .

220445 92. O.

220500 95.

220515 94.

220530 95.

220545 96.

220600 97.

220615 96.

220630 99.

220645100. O

220700101. O.

220715102 O

220730103.O

220745104.0

220600 105.O

220615106.0

2206301070

2206451060

2209001090

220915 llOO

2209301110. . .

2209451120

221000 1130

2210151140

2210301150

2210451160

221100 1170

2211151160

221130 1190

221145120O

XXX.

XX.

.. .LXX.

XX.

XX.

XX.

XX.

XX.
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STATIOff SUBB

.0

(O) OUTFLOW

■ 4 I 1.2 l.f

.0 .0

DAHXMNFElt

210600 to

.0

2I061S 20

210630 30

210643 40

210700 30

210713 60

210730 7.0

210743 t. O

210600 9. O

210613 10. O

210630 11. . . O.

210643 12 O

210900 13.

210913 14.

210930 13.

210943 16.

211000 17.

211013 16

211030 19.

211043 20.

211100 21.

211113 22

211130 23.

211143 24.

211200 23.

211213 26.

211230 27.

211243 26

211300 29.

211313 30.

211330 31. .

211343 32

211400 33.

211413 34.

211430 33.

211443 36.

211300 37.

211313 36

211330 39.

211343 40.

O

O

O

O.

O.

O

O

.O

O. .

O

O

O

O

O

.0 .0

20 2.4 26 .0 .0 .0 .0 .0

(VPREar. 00 EXCESS

■0 -0 .0 .0 .6 .4 .2 .0

O.

O.

O.

O

O.

LL.

LL

LL.

LLX.

IX.

LLXX.

XX.

LXXX.

LXX.

LX3CX.

LXX.

LXXX.

X.

.  LXXXX.

LXX.

.  xxxx.

XXX.

.  LXXXX.

XXX

xxxxx.

xxxx.

.  LXXXXX.

xxxx.

. xxxxxxx.

. xxxxxx.

. xxxxxx.

.  xxxxx.

LXXXXXXXX.

. xxxxxxx.

■ ■ LXXXXXXXXXXXXXXXXXXX3CX.

.LxxxxxxxxToaaaacxiocx.

Lxxxxx2cxxxxx3acacx3acx.

. X300CXXXX.

xxxxxxxxxx.

7CXXXXX.

xxxxxxxx.

xxxxx.

LXXXXXX.

xxxx.
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2JI61S 42. . O rrrr

211630 43. . O XXXXXX.

2116*3 M. . O XXXX.

211700 43. . O XXXXX.

211713 46. . O XXX.

271730 47. . O rrrrY

211743 42 . O rrr

211300 49. .O rrrr-

211313 30. .O XXX.

"'*20 31 O XXXXX.

211343 32. .O XXX.

211900 33. .O nmf

211913 34. .O XXX.

211930 33. .O XXXX.

211943 36. .O XXX.

212000 37. .O XXXX.

212013 33. .O XXX.

212030 39. O XXXX.

212043 60. ,0 . XXX

212100 61 O XXXX

212113 62. O XXX.

212130 63. O XXXX.

212143 64. O XX.

212200 63. O X3CXX.

212213 66. O XX.

212230 67. O. XXXX.

212243 63. O xX.

212300 69. . IJCTCX

212313 70. O. XX.

212330 71 O. X3CX.

212343 72. O. rr

220000 73. O. XXX

220013 74. O. XX.

220030 73. O. xXX.

16. O XXXXXX.

220100 77. . O

220113 73. O.

220130 79. O XXX.

220143 30. O XX

220200 31 a XXX.

220213 32. O xX.

220230 33. O xXX.

220243 34. O rr

220300 33. O XXX

220313 36. O xX.

220330 37. O xXX.

220343 33 O xX.
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o

o

o

o

o

220400 $f. O

2204U 90. O

220430 91 a

220445 92 O

220500 93.

220515 94.

220530 95.

220545 96.

220600 97.

220615 99. O

220630 99. O

220645100. O

220700101.0.

220715102.0

220730103.O

220745104. a

2209001050

220915 I06O

2209301070

2209451090

2209001090

2209151100

2209301110. .

2209451120

221000 1130

2210151140

221030 1150

2210451160

221100 1170

221115 1190

221130 1190

221145 I200~

XXX.

XX.

.. .LXX.

XX.

XX.

XX.

XX.

XX.
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STATION COMB

(O) OUTFLOW

0. I. I 3. 4.

DAHBMNPER

210600 to . .

210613 20

210630 30

210643 40

210TO0 30

210713 60

210730 7.0

210743 i. O

210600 9. O

210613 10. O .

210630 11 O.

210643 12. .O

210900 13.

210913 14.

210930 13.

210943 16

211000 17.

211013 16

211030 19.

211043 20.

211100 21.

211113 2Z

211130 23.

211143 24.

211200 23.

211213 26.

211230 27.

211243 26

211300 29.

211313 30.

211330 31. .

211343 3Z

211400 33.

211413 34.

211430 33.

211443 36

211300 37.

211313 36

211330 39.

211343 40.

211600 41. .

211613 42

O

O

O

O

O  .

O  .

O  .

O .

.  . .O. .

o.

o

.o

o

o.

o.

o.

.0

o .

o.

. o

o.

. o.
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L9Z

o' OS titaa

O' -tff OOKXl

o- t$ speoa

o- a oesaa

o • -m risoa

o- a ootoa

o ■ M tKca

o- -a oaaa

o- »tttoa

o II oaeaa

o m niaa

o' ti oeiaa

o ■ n snoa

o u ooioa

o ■ 11 stooa

o ■ u osooa

• o ■ ■« tiooa

o ■ a. oooaez

■ o • tl tKZtZ

■ ■ o u oean

■ o ■ OL staiz

■ o ■ ■» ooau

■ O ■ 19 tPZZK

O ■ ts otzziz

O ■ 19 ttzztz

O ■ 99 oazziz

O ■ H StlZIZ

■ o ■ a oeiziz

• O ■ Z9 fliziz

O 19 OOlZtZ

o ■ 09 staziz

■ o ■ ss osaziz

■ O • It tioztz

■ O ■ it OOOZIZ

■ o ■ 9f ttsnz

■ o ■ tr oanz

o PS risnz

o a oosnz

o zt tnm

—o It oanz

o ot titiiz

o sp ootnz

O IP tPZIIZ

o- IP ouiiz

o • IP turn

o ■ tP OOillZ

O ■ -pp tP9IIZ

o ■ TP oanz



892

o

o

o

o

o

o

o

o

V ■

—oatt sfim

06II otnzz

out ttita

oiii 001 ta

09II stoia

ostt osoia

ontstota

ottt ooota

otttsHoa

■■out ouaa

ooii stooa

otoioosaa

oootsHca

omosmja

0-901 sitca

OSOIOOKXZ

o-tottHoa

osoiouoa

o tot tiioa

o- tot oouxz

ooinooa

■06 otooa

96 Sl90a

-u oo9oa

■96 ttsoa

■96 09900

■96 91900

99 00900

Z6 9*900

16 09900



KUNOPFStOiUAKY

FLOW IS CUBIC FBET PEK SECOND

TMB Of HOURS, AREA Of SQUARE MILES

FEAR TOHEOF AVERAOE FLOW FOR MAXMUU FEUOD MASOf MAXOiUM TMEOF
OPERATION STATION PLOW FEAR AREA STAOS MAXSTAOE

^HOUR 24-HOUR 72-HOUR

HYDROORAFHAT

SURA I. sen 0. 0. 0. .CO

HYDROORAFHAT

SUB a z soo I. 0. 0. .00

HYDROORAFHAT

5UBC 4. S2S Z t. I. .00

HYDROORAFHAT

SUBD S S2S 3. I. t. .01

HYDROORAFHAT

SURE 2. SOO t. 0. 0. .00

2COMBINEDAT

COMB 9. $.23 4. 2. Z .01

•"NORMAL END OFHBC-I •••
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APPENDIX A-3

HEC-1 INPUT/OUTPUT SUBBASIN 2 AMD 3
1-YEAR STORM
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FLOOD HYDKOOBAPBFACKAOB BBC-I (OUJCTItlK VEULON) -FBB tJMS
U.S. AUfYOOK/SOPBNODtMtHS, TVSEYDROUXLKBNOLNEBUNOCBfTBK, «0»SECONDSTKEET, DAVB, CA. tStH

TBB BBC-I VBaSKiM CONTABa ALL OFmEaBXCSFTBCONOSOCS. AND TBBNVklBBM OF NANS ASK rmiinm -m i

BEC-lfffFUT

LINE ID..
.10

•DIAORAM

1  ID SCSSTOmHYDROOKAFH FORM AREA RUNOFF

2  ID COMBINE 2 SUBBASINS FOR TOTAL DBCHAROE

3  ID t YEAR STORM WITH 24 HOUR RAINFALL DBTRUSUTION

4  ID

3 IT 30 3AFRS9 0600 120

6 to 3 2

7 IN 13

S KK SUB A

9 KM COMFUTTNO OUTFLOW HYDROORAFH FOR SUBBASIN A

to FB

II PC .0173 .0326 .0349 .0710 .1027 .1274 .163$ .197$ .2233 .2310

12 PC .2996 .3132 .3332 .37U .4201 .4492 .4937 .3243 .3734 .6064

13 PC .6612 .7000 .7600 .$020 .$723 .9226 .9931 1.043 1.132 1.30

14 PC 1.429 1.610 I.S07 l.$$7 1.990 2.032 2.132 2.17$ 2.243 2297

13 PC 2347 2.3S3 2442 247$ 2331 2.364 2.609 2.639 2694 2714

16 PC 2 761 2790 2634 2$62 2903 2931 2971 299$ 3.039 3.064

17 PC 3.103 3.I2S 3.166 3.191 3.229 3.233 3.299 3.313 3.349 3.371

IS PC 3.406 3.42$ 3.462 3.4S4 3.316 3.377 3.3$2 3.390 3.620 3.641

19 PC 3.670 3.690 3.719 3.73$ 3.766 3.7$4 3.911 3.929 3.933 3.972

20 PC 3.S97 3.914 3.93$ 3.934 3.977 4.000

21 BA .03

22 LS 0 $0 0

23 UD 1.30

24 JX SUBB

23 KM COMFUTTNO OUTFLOW HYDROORAFH FOR SUBBASINB
26 BA .003

27 LS 0 S3 3

2i UD .30

29 a COMI

30 KM COMBININO HYDROORAFHS FROM SUBBASINS A AND B

31 HC 2

32 KK ROUTE

33 KM ROUTINO HYDROORAFH THROUGH CHANNEL TO RESERVOIR

34 RM I .3 .2

33 ZZ

271



acastuTKDuauuo'sntBMiNBrwou

BtrVT

um mtouuNo (—»DivBitaK3tfMnaippu>w

na oooHNBcma «—)iiEnniHOPDivEitTmMnMrEDnow

t  aOMA

M  sima

29 OOtil

V

V

32 aOUTB

r-yaUHOPFAJJOCOAOVTBDATTHaUXATION

I  •••0

FLOOD HYDKOOMAFH FACKAOB BBC-I (Okt XT SI2X VBKSION) -FBB I,I9»S

U.X AUiYCOMFSOPBfniHBBKS, imBYDIXHjOaiCBNOtNEBUHOCSHTEX, €09SBOONDSIJtEET, DAYS, CA. 9S6I6

3CS STOMM KYDKOOKAFH FOR too ABBA KONOFF

COtaiNS 2 SUBBASOa FOR TOTAL DBCHAROB

I rBARSTOR9IWTTK2t HOUR RAINFALL DBTRUBtmON

€10 OUTFUr CONTROL VARIABLBS

IFRNT 3 FRDfTCONTROL

IFLOT 2 FLOTOONTRXH.

QSCAL 0. HYDROORAFHFLOraCALB

IT HYDROORAFHTOaDATA

NMN X kONVTBSIN COtBFUTATtON OTTIRVAL

IDATB 3AFRt9 STARTINODATE

TTDAE 0€00 STARTtNO TMB

NQ 120 NVMBR OFHYDROORAFH ORDINATES

NDDATB SAFRtt BNDINO DATE

NDTOtB 1730 BNDINO TIME

CONFUTATION INTERVAL .XHOURS

TOTAL TINB BASE ».» HOURS

BNOUSH UNITS
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STATION SUB A

.0

(O) OUTFLOW

S  to t.S 2.0

.0 .0

DAHRMNPER

30600 to

30630 20

30700 30

30730 40

30K0 SO

30130 60

30900 70

30930 to

31000 90

31030 too

31100 no

31130 I2.0

31200 13. O

31230 14. O

31300 IS.

31330 16.

31400 17.

31430 It.

31S00 19.

31S30 20.

31600 21. . .

31630 22.

31700 23.

31730 24.

31t00 2S.

31t30 26.

31900 27.

31930 2t.

32000 29.

32030 30.

32100 31. . .

32130 32.

32200 33.

32230 34.

32300 3S.

32330 36.

40000 37.

40030 3t.

40100 39.

40130 40.

40200 41. . .

40230 42.

40300 43.

2.S 3.0

.0

3.S 4.0 4.S .0 .0 .0

(DPREOP, (X) EXCESS

0  .4 .3 .2 .1 .0

LLLL

O

. o.

o

o

o

o

o

o

o

. o.

LLLL

LLLL

LLLLL

LLLLLL

LLLLLL.

LLLLLL.

LLLLLL.

. LLLLLLL

LL LLLLL

. rirrirrr

LLLLLLLLX.

LLLLLLLLLXX.

LLLLLLLLLLXXXX.

LLLLXXXXXXXXXXXX.

LLLLLLLLLXXXXXXXXXXXXXXXXXXXX.

LLLLLLLXXXXXXXXXXX.

LLLLLXXXXXXXXX.

LLLLXXXXXXX.

LLLXXXXXXX.

LLLLXXXXXX.

LLLXXXXXX.

. LLLXXXXX.

. LLLXXXXX.

. LLXXXXXX.

. LLXXXXX.

. LLXXXXX.

. LLXXXXX.

. LLXXXXX.

LXXXXX.

.  LXXXXX.

.  LXXXXX.

.  LXXXXX.

.  LXXXXX.

.  LXXXXX.

.  LLXXXX.

.  LXXXX.

. LLXXXXX.

LXXX.

LXXXX.

.  LXXXX.

.  LXXXX.
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«3X 44.

X400 43.

404X 46.

40X0 47.

40SX 4t.

40600 49.

406X X.

40700 41

407X 32.

40600 33.

40tX 34.

40900 33. C

409X X. O

41000 37.0

410X 3t.O

41IM 39.0

41IX 60O

41200 610

4I2X 620

41300 630

4I3X 640

41400 630

414X 660

41300 670

41SX 6K>

41600 690

416X 70O

41700 7in

417X 720

41X0 730

41IX 740

41900 730

419X 760

42000 770

4XX 7SO

421M 790

421X KO

42200 »IO

422X $20

42300 $30

423X *40

30000 ISO

3oax KO

XIX 170

XIX UO

30200 190

X2X 90O

X300 910

303X 920

30400 930

304X 940

X30O 930

o

o

o

o.

o.

LXXXX.

xxxx.

LXXX.

LXXX.

LXXX.

XX.
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MSX 960

XM) 970

S06X no

X700 990

X7XIOOO

SOtOO WIG.

XtXt02O

XX0I03O

S09XI040

51000 105O

StOX I06O

SUM 107O

51IX lOtO

51200 I09O

5I2X ItOO

51300 Ilia.

51JX 1120

51X0 1130

5I4X 1I40

51500 1150

515X1160

516001170

516X tno

517001190

517X1200—

t
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STATION SUBB

.0

(O) OUTFLOW

.2 .4 .6 l.O 1.2

.0 .0

DAHRMNPEK

30600 lO

30630 20

30700 30

30730 40

30KO S O

30130 6.0

30900 7.0

30930 t o

31000 9. O

31030 10. O

31100 11. . O. .

31130 12.

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 It.

31S00 19.

31S30 20.

31600 21.

31630 22.

31700 23.

31730 24.

31tOO 2S.

31t30 26.

31900 27.

31930 2t.

32000 29.

32030 30.

O

.0 .0

.0 .0 .0 .0 .0

(UPRECIP, (X) EXCESS

.4 .3 .2 .1 .0

.

.o

o

.o

o

o

o.

o.

o.

32100 31 O.

32130 32 O.

32200 33. . O .

32230 34. . O .

32300 3S. . O .

32330 36. . O .

40000 37. . O .

40030 3t. . O .

40100 39. . O .

40130 40. . O .

40200 41 O. . .

40230 42. . O .

40300 43. . O .

rrrr

LLLLL

LLLLLL

II tm

. mill

.  I mill

.  Ill LUX.

. U.U.I 1.1 X.

U.U.U I XX.

LUL L U XXX.

LLLLLLLXXXX.

LLLLLLLXXXXX.

LLLLLLUCXX3CXXX.

ULLuuruu XXXX3CXXXXXXXXXXXX.

11ULUUIIU XXJCXXXXXXXXXXXXXXXXXXXXXX.

LLLLUCXXXXXXXXXXXX.

LLLXXXXXXXXXXX.

LLXXXXXXXXX.

LLXXXXXXXX.

LLXXXXXXXX.

LLXXXXXXX.

. LLXXXXXX.

. LLXXXXXX.

. LLXXXJOCX.

. LXXTCXXX.

. LXXXXXX.

. UCXXXXX.

. LXXXXXX.

xxxxxx.

.  LXXXXX.

.  LXXXXX.

.  LXXXXX.

.  LXXXXX.

. UC7CXXX.

.  L3CX3CXX.

.  XX7CXX.

. LXXXXXX.

LXXX.

LXXXX.

.  LXXXX.

.  LXXXX.
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^0330 44.

40400 43.

40430 46.

40300 47.

40330 4t.

40600 49.

40630 30. O

40700 3i.O ..

40730 32.0

40600 330

40630 340

40900 330

40930 360

41000 370

41030 360

41100 390

41130 60O

41200 610

41230 620

41300 630

41330 640

41400 630

41430 660

41300 670

41330 660

41600 690

41630 TOO

41700 710

41730 720

41600 730

41630 740

41900 730

41930 760

42000 770

42030 760

42100 790

421X 60O

42200 610

42230 620

42300 630

42330 640

30000 630

30030 660

XlOO 670

XIX 660

30200 690

X2X 90O

30300 910

303X 920

30400 930

304X 940

30300 930

O

o

o

o

o

LXXXX

X7CXX.

XXXX.

xxxx.

LXXX.

XX.
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SOSX 960

S0600 970

S06X 9$0

SOTOO 990

smotooo

SOMO lOlO.

S0t301020

S09001030

S09301040

SIOOO lOSO

SlOXlOtO

51100 1070

SllX lOtO

51200 109O

512X llOO

51300 lllO.

51330 1120

51900 1130

514X I140

51500 1150

515XIIto

51500 ino

516X lltO

51700 1190

517X 1200—
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STAHON COM!

(O) OUTFLOW

.0 S 1.0 I.S 2.0

DAHRMNPEK

30600 to—

2.J 3.0 3.3 4.0 4.3 3.0

30630 20

30700 30

30730 40

30600 30

30630 60

30900 70

30930 60

31000 9.0

31030 10.0

31100 11. O

31130 12. O

31200 13. O.

31230 14.

31300 13.

31330 16.

31400 17.

31430 16.

31300 19.

31330 20.

31600 21. . .

31630 22.

31700 23.

31730 24.

31600 23.

31630 26.

31900 27.

31930 26.

32000 29.

32030 30.

32100 31. . .

32130 32

32200 33.

32230 34.

32300 33.

32330 36.

40000 37.

40030 36

40100 39.

40130 40.

40200 41. . .

40230 42.

40300 43.

40330 44.

40400 43.

40430 46.

O.

O

O.

. O.

o

o

o

o

o

o

o

. o

.o

. o.

o.

o

o

o

o
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40500 47.

40530 4$.

40600 49.

40630 50.

40700 51

40730 52.

40300 53. O.

40330 54. O .

40900 55. O .

40930 56. O

41000 57.0

41030 53.0

41100 59.0

41130 60O

41200 610

41230 620

41300 630

41330 640

41400 650

41430 660

41500 670

41530 630

41600 690

41630 TOO

41700 710

41730 720

41300 730

41330 740

41900 750

41930 760

42000 770

42030 730

42100 790

42130 30O

42200 3ia

42230 320

42300 330

42330 340

50000 350

50030 360

50100 370

50130 330

50200 390

50230 90O

50300 910

50330 920

50400 930

50430 940

50500 950

50530 960

50600 970

50630 930

O

O
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182

rouir

06tl OOilS

out (K91S

out 0091S

09lt OtSlS

Oft I OOStS

oMt oe*is

Ottl o»ts

octt oats

• GUI OOCtS

ooli oats

oeoioaeif

OKI oetts

om Ktis

OKtOfOIS

OSOtOOOIS

omxtoc

OC010060S

ozoioaos

OtOtOOKS

OOOIOUOf

066 OQUtS



STATION ROUTE

(D INFLOW. (O) OUTFLOW

0. I. 2. 3. 4. 5. 0.

DAHRMNPEX

XtOO II .

30630 21

30700 31

30730 41

XtOO SI

30tX 61

30900 71

309X tl

31000 91

3I0X tool

31100 ILL

3nX 12.01

31200 13. OI .

312X 14. 01 .

31300 IS. O I

313X 16.

31400 17.

314X IS.

31S00 19.

31SX X.

31600 21.

316X 22

31700 23.

317X 24.

31100 2S.

31tX 26.

31900 27.

319X 22

32000 29.

32000 X.

32100 31.

321X 32

32200 33.

322X 34.

32300 3S.

323X 36.

40000 37.

400X 32

40100 X.

XIX X.

40200 41.

402X 42

40300 X.

403X 44.

40400 45.

404X X.

O  I

I

O. I

.  O I

lO

I o

I o

.  I o .

.1 o .

I.O

10.

lO.

m .

lO .

«3.

I

lO

I

ID

.. I.

to

I.

lO.

I.

lO.
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«uao 47.

40X30 4A

4a«» 49.

406X SO.

I .

to

.  JO

.  10

40700 SI l.O.

4O730 SZ JO

40100 S3. lO .

40330 S4. to .

40900 SS. JO

40930 S6.IO

41000 S7.I

41030 SttO

41100 S9l

41130 601

41200 611. .

41230 621

41300 631

41330 641

41400 6Sl

41430 661

41SOO 671

41S30 6U

41600 691

41630 701

41700 711. .

41730 721

41100 731

41630 74/

41900 75/

41930 761

42000 771

42030 761

42100 791

42130 601

42200 611. .

42230 621

42300 631

42330 641

SOOOO 6Sl

S0030 661

50100 671

SOI30 661

S0200 691

S0230 901

S0300 911. .

S0330 921

S0400 931

S0430 941

SOSOO 9S1

S0S30 961

S0600 971

S0630 961
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sonoo m

soTxim

SOIOOIOU.

S0$30102I

soKouai

X)930104l

stooo tosi

siosotoa

SI too tan

SI130 ton

SI2001091

S1230 IIOI

SlJOOItH.

S1330 1121

S14001131

S1430 1141

SISOO list

S1S30 Hit

sisoo iin

31430IIU

S1700 1191

S17301201—

RUNOFF SVMUAJIY

FLOW IN CUBIC FEET FER SECOND

TME IN HOURS, AREA IN SQUARE SOLES

FEAE TMEOF AVERAOE FLOW FOR 34AXMVU FERIOD BASIN MAXIMUM TIMEOF

OPERATION STATION FLOW PEAK AREA STAOE MAXSTAOE

6-HOUR 24-HOUR 72-HOUR

HYDROORAPHAT

SUB A 4. 9.S0 3. 2. 1. .03

HYDROORAPHAT

SUBB 1. SSO 1. 0. 0. .00

2COMBINEDAT

COMl S. 9.S0 4. Z 1. .04

ROUTED TO

ROUTE S. 10.00 4. Z I. .04

'—NORMAL END OFHEC-1 —
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APPENDIX A-4

HEC-1 INPUT/OUTPUT SUBBASIN 2 AND 3
5-YEAR STORM
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njooo smrnxnuanrACKMornHBD-t amtrrsuK vbmskjn) -pbb uns

U.5. Macrcomoramaama, nBHrDMOu)cacBmnEBMaKicana.0»aBcx3NDsneEr, davo, ca. utu

TaBHBC-ivaaKiHaoNTAaaAU.onnaaarrBaoNoiaca,ANDjmmaaaiopnAMSAKBiiBDucsDTOi

tac-i omJT rAOB t

USB to. I Z Z 4. A « 7. Z ». 10

•DIAOZAti

1  to aCSSTOIMlirDltOOItArKIVKmAMBAItVHOfF

2  to COUaim2SUBaASOaKMTOTALDtlCHAKa

3  to SYBAMSTCmiWrniMKOVMIIAItlPALLDISTtaBtrnOH

4  to

i rr 30 SAPSm 0900 120

6 K> s 2

7 IS IS

$ a SUB A

9 m coupunsa outpijowhydboobaphpobsubbasisa

io n

ii re .mt .033 .0992 .1134 .1999 .207 .2992 .3032 .3991 .4079

i2 K .470$ .3122 .3739 .$13$ .942$ .7299 .9032 .9320 .9»2 .9933

13 PC LOTS i.iSi 1.293 1.303 1.419 1.499 1.917 1.999 1.999 1.931

14 PC Z30$ t$i7 299$ 3.0$$ 3.234 3.334 3.494 3.340 3.949 3.717

IS PC 3.ilS 347$ X9i9 4.047 4.112 4.19$ 4.239 4.299 4.391 4.41

>4 PC 4.447 4.333 4.903 4.931 4.719 $792 4.929 4,972 4.999 4.979

t7 PC 3.042 3.094 3.143 3.19$ 3.24$ 3.29$ 3.343 3.393 3.441 3.479

ii PC 5.S34 3.371 3.923 3.$$1 3.714 3.913 3.921 3.933 3.999 3.919

i9 PC S.9$4 3.99$ $043 $074 $119 $149 $193 $222 $294 $292

3D PC $333 $3$0 $399 $423 $493 $3

21 JM .03

22 LS 0 90 0

23 UD i.SO

34 tat SUBM

23 tot cxodnrnNooamowHYDKOoRArMPORsuaMASiNa

23 BA .003

27 LS 0 n 3

23 UD .30

20 MX COUl

30 Mti COUattnUOHYDItOaMAnaPMOOISUBBASINSAASDB

31 BC 2

32 MX BOUTS

33 Xtt BOUTlHOKYDBOOBAnaPBOUSUBBASISSAASDB

34 Bit I .3 .2

33 ZZ
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I

KgEUATJCDIAOMAMOrsmAUimWMK

omrr

UNB COtOUTJHO (—»DIVatSIOMOIiniUrFLOW

NO. OCONNBCTOK (<—) MBTVXN Of DIVEKTBD OK nMKD PLOW

$  aUKA

M  aUBB

IK com

V

V

32 KOUTB

(—)KONOPr ALSO COktPVTBD AT Tm LOCATION

I  mmmm

FLOOD HYDKOOKAPHPACKAOBHBC-I (mUXTllTK VEKSKN) -FBB I.IKtS
U.X AKKtrCOKnOPBNOINSBMS, TUBHYDKOLOOICBNOINBSKINOCSNTSt KOKSBCONDSTKBBT, DAYS, CA. KSfU

aCaajOKMHYDKOOKAPHPOKmAMBAKUNOPP

COUBKaTSUaaASINaPOKTOTALDaCKAKaB

a YBAK sroui WITH 21 NOOK KAINPALL DtmUBUTtON

tn OUTPUT CONTKOLVAKIABLBa

IPKNT S PUNTCONTKOL

IPLOT 2 PLOTCONTKOL

QKCM. 0. HYDKOOKAPHPLOTaCALB

TT HYDKOaMAPHTatBDATA

MON 30 2amTBa atCOUPUTATTONBfTBKVAL

tDATB 3APKaK STAMmn DATB

muB oaoo aTAMTiNo naa

NO 120 NVkaBKOPMYDKOOKAPNOKDINATSa

NDDATB SAPKOK BNDtNODATB

NOTBiB 1130 BNDJNO TMB

COiiPVTATtON INTBKVAL .XHOUKS

TOTAL TOaBAaB MXNOVKa

BNOLmvNira
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STATION SUBA

(0>0UTnX)W

Z  4. 6. $.

.0 .0

DAJOaOffBR

30600 lO

30630 ZO

3cmo 30

307X 40

30600 SO

30630 60

30900 TO

30930 60

31000 90

31030 10.0

3U00 It. O...

31130 tZ O

31200 13. O

31230 14. O

31300 IS.

31330 16

31400 17.

31430 It

31S00 19.

31S30 20.

31600 21.

31630 2Z

31700 23.

31730 24.

31600 2S.

31630 26

31900 27.

31930 26

32000 29.

32030 30.

.

.0 .0

la

.0 .0 .0

0. 0. 0. 0.

(DPKBOr, (X) EXCESS

.6 .4 .2 .0

O

UL

rut

rrrrr

rrrtr

rrrrr

LLLU.

I.Ill IX.

LLLLLX.

LULLXX.

LLLLLXXX.

IJJJJ.XXXX.

LLLUXXXXX.

UZLLXXXXXX.

LLUILLLLXXXXXXXXX30CXXX.

O  ULLLLLULXXXXXXXXXXXXXXXXXXXXXX.

■  O LLLLX3CXX3CXXXXXX.

■ O LLLX3CXX3CXXXX.

O  LLXXXXXXX.

o- LXXXXX30C.

o  LLXXXXXX.

■ O LXXXXXX

O  IXXXXX

O  LXXXXX.

O  LXXXXX.

O  LXXXXX

O  LXXXXX

IXXXXX.

'
32100 31 O

32130 3Z

32200 36

32230 36

32300 3S.

32330 36

40000 37.

40030 36

40100 39.

40130 40.

40200 41 O

4O230 4Z

4O300 43.

xxxxx.

xxxxx.

LXXXX

LX3CXX

LXXXX

LXX3CX

LXXXX

XXXX.

.  XXXXX

XXX

X3CXX

o  XXXX.

o  LXXX.

a

a

o.

o.

o.

o.

o.

o .

o .
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4(M00 4S. . O UCXX.

*>*30 40. . O XXX.

4OSO0 47. . O XXX.

40530 40. . O XXX.

40400 49. .O XX.

40430 SO. .O

40700 SI O.

40730 SZ O

40400 S3. O

40130 S4. O

40100 SS.O

40930 S4.0

41OO0 S7.0

41030 S40

41100 S90

41130 40O

41200 4IO

41230 420

41300 430

41330 440

41400 4SO

41430 440

41300 470

41S30 490

41400 490

41430 TOO

41700 710

41730 720

41400 730

41430 740

41900 7SO

41930 740

42000 770

42030 740

42100 790

42130 40O

42200 410

42230 420

42300 430

42330 440

SOOOO 4SO . . .

30030 440

30100 470

30130 440

30200 490

30230 90O

30300 910

30330 920

S0400 900

30430 940

30SO0 930
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S0S30 9fO

soeoo m

S0630 9»0

smoo 990

sanotooo

sotoomo.

SOtXKOO

509001030

509301040

510001050

510301060

51100 107O

51130 lOtO

512001090

51230 llOO

51300 mo.

51330 1120

51400 1130

514301140

51500 1150

515301160

51600 1170

51630 lltO

517001190

517301200-

290



162

XXXXO■ft ooa»

XOOf■Z9 <XZ»

'XXXXt* ooz»

•XXX'» (Xl»

■XXXXX• o•6f 00109

XXXX• oIt 01009

xxxxn'U 00009

XXXXl• o■9t OttZt

XXXXX• o•ft ootzt

XXXXX■ o•H OtZZt

XXXXX• oft oozzt

XXXXX•zt otizt

XXXXX

XXXXXot otozt

xxxxxn•«z ooozt

XXXXXl•o•tz Ottlt

XXXXXXo•a ooott

XXXXXXo•9Z OttJt

XXXXXXo•fZ OOlIt

XXXXXXO'•pz Otilt

XXXXXXXO ■tz OOilt

XXXXXXXl■ O ■•zz 0t9lt

xxxxxxxxIZ 009lt

•XXXXXXXX7■ o•« otrit

XXXXXXXXXXTT • • • •• o•61 OOttt

XXXXXXXXXXXXXTJ ■ ■ ■ ■o •01 OtPIt

■xxxxxxxxxxxxxxxxxxxxxxxxxxxnrno•it 009lt

xxxxxxxxxxxxxxxxxxxirn■o•91 ottlt

xxxxxxxxm ■ • ■ .O ••fl OOtlt

xxxxxxxm ■ ■ ■ ■o•91 OtZlt

xxxxxxm• otl OOZlt

xxxxxmozt Otllt

XXXXTt'I

xxxmo w oton

•XXTJT7O V ooott

xxmo z oteot

•xrmO 'L OOOOt

xTm09 OtOOt

"17777o r oooot

•rrrn09 OtM

7T77ot OOUK

-mOZ 0t90t

OI OOiOt

xaoNimiva

0' z' r 9' f 0'0'0'0'0' 0'0' 0'

sssaxaoo 'jamutv
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esos HOILVIS



«a» . o xxxx.

^0400 4S. .O LXXX.

404» 46. .0 XXX.

«S00 47. .O XXX

4S. O XXX.

40600 49. O

406X SO. O

40700 SI. O

40730 S2.0

40100 S30

40CO S40

40900 SSO

40930 SfO

4iOQO S70

41030 StO

41100 S90

41130 60O

41X0 610

412X S20

41300 630

413X 640

41400 6SO

4/430 660

41S00 STO

41330 StO

41S00 S90

4/dJO TOO

41100 TIO

4/730 T20

41X0 T30

41t» T40

41900 ISO

4/P30 7tfO

43000 TTO

4aao TOO

43m T90

42/30 too

42200 tlO

42230 CO

42300 ISO

42330 t40

SOOOO ISO

X030 ISO . . . . . . . . . . .

30/00 CD

30/30 MO

30200 WO

30230 90O

30300 910

3Q3S0 920

S0400 930

30430 940

SOSOO 9SO
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SOSX MO

SOtOO 970

S0630 MO

xm 990

X7X1000

SOtOO lOtO.

xmxitao

509001(00

509X1040

510001050

5ioxioeo

511X 107O

511X lOtO

512001090

512XIIOO

513001110.

513X 1120

51400 1130

514X1140

51500 1150

515X 1160

51600 1170

516X lltO

51X01190

517X1200-
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STATION COMl

(O) OUTFLOW

0. I. 2. 3. 4.

DAHRMNPBK

30600 to

30630 20

30700 30

30730 40

30600 SO

30630 60

30900 7.0

30930 6 O

31000 9. O

31030 to. O

31100 It <

31130 12.

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 16

31300 19.

31S30 20.

31600 21

31630 22.

31700 23.

31730 24.

31600 25.

31630 26.

31900 27.

31930 26.

32000 29.

32030 30.

32100 31. . .

32130 3Z . O

32200 33. . O

32230 34. .O

32300 33. . . . .O

32330 36 . . . .O

40000 37.

40030 36

40100 39.

40130 46 . . . O.

40200 41 O.

402X 42 . 0

4O300 43. . O

40330 44. . O

40400 4S. .O

40430 46 . . .O

O

.

10. 11.

o

o

29^



*>S00 47.

40S30 4t.

40600 49.

406X SO.

40700 St

40730 S2. . O

40900 S3. O.

40930 S4. O .

40900 SS. O

40930 S6. O

41000 57.0

41030 S9.0

41100 S90

41130 60O

41200 610

41230 620

41300 630

41330 640

41400 SSO

41430 660

41S00 670

41S30 S90

41600 690

41630 TOO

41700 710

41730 720

41900 730

41930 740

41900 7SO

41930 760

42000 T70

42030 790

42100 790

42130 90O

42200 910

42230 920

42300 930

42330 940

SOOOO ISO

S0030 960

SOlOO 970

S0130 990

S0200 990

S0230 90O

S0300 910

S0330 920

S0400 930

S0430 940

SOSOO 9SO

SOS30 960

S0600 970

S0630 990

O

O.

a.
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xm 990

SOTXIOOO

sotoo low.

SMXIOW

109001030

S09X1040

110001(00

110301060

11100 107O

lllX 10$O

112001090

112X llOO

113001110.

113X 1120

11400 1130

114X 1140

11X0 lllO

lllX 1160

11600 1170

116X lltO

11700 1190

117X1200-
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STATION ROUTE

W INFLOW, (O) OUTFLOW

0. 2. 4. 6. t. JO. 12.

DAHRMNPER

30600 11 . . . .

30S30 21

30/700 31

307730 41

30»00 SI

30130 61

30900 70I

30930 S.I

31000 9.0I

31030 10. OI

31100 11. .Ol.

31130 12. Ol

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 It.

31S00 19.

31S30 20.

31600 21.

31630 22.

31700 23.

31730 24.

31100 2S.

31t30 26.

31900 27.

31930 2t.

32000 29.

32030 30.

32100 31.

32130 32

32200 33.

32230 34.

32300 3S.

32330 36.

40000 37.

40030 32

40100 39.

40130 40.

40200 41.

40230 42

40300 43.

40330 44.

40400 43.

40430 46.

O I.

O. I

O I

O

I

OI

O.

. I a

I. o

.  I o.

.1 a .

I.O

I a.

lO .

lO .

IP .

.to

lO

I

to

I

to

I

lO

to

I

..lO..

I.

to.

lO .

I  .

I .
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40500 47.

40550 4A

40500 49.

40S30 SO.

.  K3

.  I .

.  to

. to

40700 St I. O.

40750 SZ to.

40100 S3. I a .

40030 S4. to

40900 SS. to

40930 S6.IO

41000 57./

41030 S$IO

41100 S9I

41130 601

41200 611.

41230 621

41300 631

41330 641

41400 6SI

41430 661

41S00 671

41S30 6U

41600 691

41630 701

41700 711.

41730 721

41600 731

41630 741

41900 7Sl

41930 761

42000 771

42030 761

42100 791

42130 601

422O0 611. .

42230 621

42300 at

42330 641

SOOOO 6Sl

30030 661

30100 671

30130 6U

30200 691

30230 901

30300 911. .

50X50 921

30400 931

30430 941

30300 931

30330 961

30600 971

30630 961
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stmo m

SO7X10OI

SOtOOIOII.

sotjoum

sonottai

stmo 10*1

siooo lost

sttaoioa

suoo torn

snso loa

51200 ton

31230 ttoi

StJOOItlt.

51330 1121

51*001131

51*30 tt*t

51500 II5I

51530 iia

sitoo tin

51630 IIU

51700 1191

517301301—

RUNOFF SUMMAKY

FLOW Of CVBIC FEET FER SECCOfD

TIMEOf HOURS. AREA Of SQUARE MRES

FEAR TIMEOF AVERAGE FLOW FOR MAXIMUM PERIOD BASOi MAXIMUM TIMEOF

OPERATION STATION FLOW PEAK AREA STAOE MAX STAGE

6-HOUR 2*-HOUR 72-HOUR

HYDROGRAPHAT

SUB A 9. 9.50 6. 3. 1. .03

HYDROGRAPHAT

SUBB 2. too 1. 1. 0. .00

2COMB1NEDAT

COM I II. 9.50 i. *. 2. .0*

ROUTED TO

ROUTS 10. 10.00 t. *. I .0*

••• NORMAL END OPHBC-1 •••
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APPENDIX A-5

HEC-1 INPUT/OUTPUT SUBBASIN 2 AND 3
25-YEAR STORM
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TBBHEC-I VBMSION CONTAINS ALL OFnONSEXCSPTBCOHOtaCS, AND THE HUMBER OP FtAHSAJlB REDUCED TO 3

HBC-l INPUT PAOE i

LINE m..

•DIAGRAM

1  ID SCS STORM HYDROORAPH FOR 900 AREA RUNOFF

2  ID COMBINE 2 SUBBASINS FOR TOTAL DOCHAROE

3  m 25 YEAR STORM WITH 24 HOUR RAINFALL DOTRUBUTtON

4  m

5 n 30 3APRS9 0600 120

6 K> 5 2

7 IN 15

i KK SUB A

9 KM COMPUTING OUTFLOW HYDROORAPH FOR SUBBASIN A

10 PB

tl PC .0302 .0571 .0960 .1243 .179$ .2229 .2967 .32S7 .3943 .4393

12 PC .506$ .5516 .6190 .6630 .7251 .7960 $639 .9175 1.002 1.061

13 PC 1.157 1.225 1.330 1.403 1.527 1.615 1.742 1.929 t.9$0 2.101

14 PC 2.4$3 2.$1$ 3.162 3.302 3.4U 3.591 3.730 3.912 3.929 4.003

15 PC 4.10$ 4.175 4.273 4.337 4.429 4.4$7 4.565 4.61$ 4.696 4.749

16 PC 4. $32 4. $$2 4.959 5.009 5.0$1 5.12$ 5.199 5.246 5.316 5.362

17 PC 5.430 5.475 5.541 5.5V 5.650 5.693 5.756 5.799 5.959 5.900

IS PC 5.960 5.999 6.05$ 6.096 6.153 6.261 6.269 6.292 6.336 6.371

19 PC 6.423 6.457 6.50$ 6.541 6.590 6.622 6.669 6.700 6.746 6.776

20 PC 6. $20 6. $49 6. $91 6.919 6.960 7.000

21 BA .03

22 LS 0 $0 0

23 UD 1.50

24 KK SUBB

25 KM COMPUTINa OUTFLOW HYDROORAPH FOR SUBBASIN B

26 BA .005

27 LS 0 t5 3

2$ UD .50

29 KK CX>M1

30 KM CXHHBININa HYDROORAPHS FROM SUBBASINS A AND B

31 HC 2

32 KK ROUTE

33 KM ROUTDK3 HYDROORAPH THROUGH CHANNEL TO RESERVOIR

34 RM 1 .5 .2

35 ZZ
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SCHEMATK DtAQRAM OP STREAM METWORX

!NPUT

USE OOROUnsO (-">) DIVERSSOH OR PUMP FLOW

NO. C) CONNECTOR (<—) RETURN OP DIVERTED OR PUMPED FU>W

t  SUB A

24 SUBS

29 COMt...

V

V

32 ROUTE

(•••) RUNOFF ALSO COMPUTED A T THIS LOCA TION

I  ••••

FLOOD HYDROORAPH PACKAGE HEC-1 (BU XT SI2K VERSION) -FEE l,l»IS

U.S. ARMY CORPS OF ENGINEERS. THE HYDROLOGIC ENGINEERING CENTER, fOf SECOND STREET. DAVIS. CA. 9S61S

SCS STORM HYDROGRAPH FOR fOO AREA RUNOFF

COMBINE 2 SUBBASINS FOR TOTAL DISCHARGE

2S YEAR STORM WITH 24 HOUR RAINFALL DBTRUBUTION

610 OUTPUT CONTROL VARIABLES

IPRNT S PRINT CONTROL

IPLOT 2 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

FT HYDROGRAPH TIME DATA

NMOf X MINUTES 04 COMPUTATION INTERVAL

IDATE SAPRSP STARTING DATE

TTME 0600 STARTING TIME

NQ IX NUMBER GFHYDROGRAPHORDOfATES

HDD A TE SAPRSR ENDING DA TE

NDTDHS I7X ENDtNG TOHB

COMPUTATION OTTERVAL .XHOURS

TOTAL TIME BASE X.X HOURS

ENGLISH UNITS
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STATION SUB A

(O) OUTFLOW

2. 4. 6. 10. 12.

.0 .0

DAHXUNPEK

XtOO lO

30630 20

30700 30

307X 40

30t00 SO

30S30 60

30900 70

30930 to

31000 9.0

31030 to o

31100 11. .O. . .

31130 12. O

31200 13. O

31230 14. (

31300 IS.

31330 16.

31400 17.

31430 It.

31SOO 19.

31S30 20.

31600 21

31630 22.

31700 23.

31730 24.

31t00 2S.

31t30 26.

31900 27.

31930 22

32000 29.

32030 30.

32100 31

32130 32

32200 33.

32230 34.

32300 3S.

32330 36.

40000 37.

40030 32

40100 39.

40130 40.

.0 .0 .0

0. 0. 0. ft ft

(DPREOP, (X) EXCESS

t  .6 .4 .2 .0

O.

.O

. o.

LLL

1.1.1.1.

.  1.1.1.1.1

.  1.1.1.1 L

.  1.1.1111

.  1.1.1.1.11.

.  LLLLX.

. LLLLLLX.

.  1.1.1.U.XX.

1.1.1.1.1.XXX.

.11.1111 XXX.

LLLLLXXXXX.

LLLLUCXXXXX.

1.1.111XX3CXXXX.

■  UJ.U.1.1.11 xxxxxxxxxxxxxxxx.

LLLLLLLLLXXXXXXXXXXXXXXXXXXXXXXXXX.

.  LLLLXXXX3CXXXXXXX.

LLXXXXXXXXXX.

LL3CXXXXXXX.

LLXXXXXXX.

. LXXXXXXX.

. LXXXXXXX.

. LXXXXXX.

. LXXXXXX.

. LXXXXXX.

o  xxxxxx.

o  LXXXXX.

o  LXXXXX.

o  LXXXXX.

■ ■ ■O- LXXXXX.

■O LXXXXX.
o  xxxxx.

o  xxxxx.

o- xxxxx.

o- xxxxx.

o- LXXXX.

o  LXXXX.

o  LXXXXX.

o  XXX.
40200 41 O. . xxxx.
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*0730 41

40X0 43.

403X 44.

40400 45.

404X 46.

40500 47.

405X 44.

40600 49.

406X X.

40700 51 O

407X 51 O .

40400 53. O .

404X 54. O

40900 55. O

409X X.O

41000 57.0

4tOX 540

41100 590

41IX 60O

41200 6IO

4I2X 620

41300 630

413X 640

41400 650

4I4X 660

41500 670

415X 640

41600 690

416X TOO

41700 710

417X 720

41400 730

414X 740

41900 750

419X 760

42000 770

420X 740

42100 790

421X 40O

42200 410

422X 420

42300 430

423X 440

50000 450

300X 460

XlOO 470

XIX 440

50200 490

502X 90O

0

O

O

O

a

o

o

o

o

xxxx.

xxxx.

xxxx.

XX2CX.

LXXX.

uocx.

X2CX.

XX.
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SOXO 9IO.

S0330 920

S0400 930

50*30 MO

50500 950

50530 9eO

5000 970

50630 MO

50?00 990

50730 lOOO

50K0I0IO.

506301020

50900 I03O

50930 I04O

510001050

510301060

51100 107O

51130 106O

512001090

51230 llOO

51300 lllO.

51330 1120

51*001130

51*30 11*0

515001150

51530 1160

516001170

51630 1160

51700 1190

517301200—

STATION SUBB

.0

(O) OUTFLOW

■ * .6 1.2 1.6

.0 .0 .0

2.0 Z* 2.6 .0 .0 .0 .0 .0

(LlPKEaP, (X) EXCESS

■0 .0 .0 .6 .6 .* .2 .0
DAHKMNFEE
tntM !/»_

30630 20 LLL.

30700 30 LLLL.

30730 *o LLLLL.

30600 50 LLLLL.

30630 60 LLLLLX.

30900 7. O LLLLLX.

309X to LLLXX.

31000 9. 0 LLLLXXX.
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3I0X 10.

3uao II...

31130 IZ

31200 13.

31230 14.

31300 IS.

31330 It.

31400 17.

31430 It.

31300 19.

31330 20.

31600 21. . .

31630 22.

31700 23.

31730 24.

31100 23.

31130 26.

31900 27.

31930 23.

32000 29.

32030 30.

32100 31. . .

32130 32.

32200 33.

32230 34.

32300 33.

32330 36.

40000 37.

40030 3t

40100 39.

40130 40.

40200 41

402X 42.

40300 43.

40330 44.

40400 43.

40430 46.

40300 47.

40330 4t

40600 49.

40630 30. C

40100 31. O.

40130 3ZO

40100 330

40330 340

40900 330

40930 360

41000 370

41030 330

O.

. O.

o

o

. o

o

o

o

o.

o.

o.

. o.. .

o

o

o

o

o

o

o

o

o

. o

. o

. o

. o

. o

.o

.o

o.

. LLLLXXX.

IILUCXXX.

ULLXXXXX.

LLLLXXXXXX.

LLLLXXXXXXX.

ULLXXXXTOTCX.

LLLLLUCXXXXXXXXXXXXXXXXXX.

LLLLLLXXXXXXXJCXXXXXXXXXXXXXXXXXXXX.

LLXXXXXXXXXXXXXX.

LXX3CXXXXXXXX.

LXXXXXXXXX.

LXXXXXXXX.

. LXXXXXXX.

. LXXXXXXX.

LXX3CX3CX.

UCXXXXX.

LXX3CXXX.

XXXXXX.

XXXXXX.

LXXXXX.

LXXXXX.

.  . . LXXXXX.

LXXXXX.

XXXXX.

xxxxx.

XXXXX.

xxxxx.

xxxxx.

LXXXX.

LXXXXX.

XXX.

xxxx.

xxxx.

xxxx.

xxxx.

xxxx.

xxxx.

LXXX.

XXX.

XX.
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41100 S90

4I1M> too

41200 6IO.

41230 620

41300 630

41330 640

41400 6SO

41430 ftO

41300 670

41330 ttO

4ItOO 690

41630 no

41700 710.

41730 720

41100 730

41630 740

41900 730

41930 760

42000 770

42030 TtO

42100 790

42130 too

42200 tlO.

42230 620

42300 630

42330 640

30000 630

30030 660

30100 670

30130 6tO

30200 690

30230 90O

30300 910.

30330 920

30400 930

30430 940

30300 930

30330 960

30600 970

30630 9tO

30700 990

307301000

306001010.

306301020

309001030

309301040

310001030

310301060

31100107O
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SU30 tOtO

S1200I090

SI230 llOO

SIXOUIO.

S13X U20

SHOO U30

SI4X 1140

sisoo use

SISX li60

51600 tlTO

SI6X lltO

stToo Ufa

517X1200-

STATION CXMl

(O) OUTFLOW

0. 2. 4. 6. t. 10. 12

DAHRMNPEF

30600 to , . .

306X 20

30700 30

307X 40

30600 SO

30SX 60

30X0 70

309X to

31000 9. O

3I0X to. O

3ttM tt. . .O.

3ttX t2 O .

3t200 t3. O

3t2X t4.

3t300 tS.

3t3X to.

3t400 t7.

3t4X tt

3tS00 t9. O

3t5X X. O

3tfOO 2t O.

3t6X 22

3t700 23.

3t7X 24.

3tt00 25.

3ttX 26.

3tX0 27.

3t9X 2t . . O.

32000 29. . O .

320X X. . O .
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o

o

o

o

o

o

o

o..

o

o

o

o

o

32100 31 O.

32130 3Z

32200 33.

32230 34.

32300 33.

32330 36.

40000 37.

40030 3i.

40100 39.

40130 40.

40200 41

40230 42.

40300 43.

40330 44.

40400 43.

40430 46.

40300 47.

40330 46.

40600 49

40630 30.

40700 31

4O730 32 O

40600 33. O

40630 34. O

40900 33. O

40930 36.0

41000 37.0

41030 360

41100 390

41130 60O

41200 610

41230 620

41300 630

41330 640

41400 630

41430 660

41300 670

41330 660

41600 690

41630 TOO

41700 710

41730 720

41600 730

41630 740

41900 730

41930 760

42000 770

42030 760

42100 790
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42130 no

42200 $tO.

42230 $20

42300 I30

42330 340

30000 ISO

30030 no

30100 t70

30130 UO

30200 no

30230 90O

30300 9IO.

30330 920

30400 930

30430 940

30300 930

30330 960

30600 970

30630 960

30700 990

30730 lOOO

30100 tow.

306301020

309001030

309301040

310001030

310301060

31100 107O

31130 106O

312001090

31230 llOO

31300 mo.

313301120

31400 1130

314301140

31300 tl30

31330 1160

31600 1170

31630 1160

317001190

317301200—

STATION ROUTE

(0 INFLOW, (O) OUTFLOW

0. 2. 4. 6. $. 10. 12. 0. 0. 0. 0.

DAMRMNFER

30600 11 . . . , , .

30630 21

310



30700 31

30730 41

30000 SI

30030 a

30900 71

30930 0.1

31000 9.0I

31030 10. Ol

31100 11. .O.I. . .

31130 IZ OI .

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 10

31SOO 19.

31S30 20.

31600 21.

31630 2Z

31700 23.

31730 24.

31000 2S.

31030 26.

31900 27.

31930 20

32000 29.

32030 30.

32100 31.

32130 3Z

32200 33.

32230 34.

32300 3S.

32330 36.

40000 37.

40030 30

40100 39.

40130 40.

40200 41. .

40230 4Z

40300 43.

40330 44.

40400 4S.

40430 46.

4OS00 47.

40S30 40

40600 49.

40630 SO.

O I

O I

. O I

I  .

o . I

O  .1 .

.O I.

OI.

I.e.

I. a

.1 a .

i.o .

.  I a.

.ID .

to . . .

lo . . .

lo. . . .

m .

to

to .

I  . . . .

lo . . . .

I  . . . .

K) . . . .

K)

I.

to

K).

I.

to.

I .

lO .

I .

to .

10 .

40700 SI I.O.
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49790 SI I O

*0m S3, to.

40330 S4. lO .

40900 SS. K>

4O930 S6.10

41000 S7.I

41030 SUO

41100 S9I

41130 601

41200 611.

41230 621

41300 631

41330 641

41400 6SI

41430 661

41S00 671

41S30 661

41600 691

41630 m

41700 711.

41730 721

41600 731

41630 741

41900 75/

41930 761

42000 771

42030 761

42100 791

42130 601

42200 611. .

42230 621

42300 631

42330 641

SOOOO 6SI

S0030 661

SOlOO 671

S0130 661

S0200 691

30230 901

S0300 911. .

30330 921

30400 931

30430 941

30300 931

30330 961

30600 971

30630 961

sonoo 991

S07301001

312



som ion.

sotxuai

SOKOIOSI

S09X1041

sioootoa

sioxtoa

itioo Km

SU30 lOU

S1200 ion

S1230 iia

SlXOlllI.

S1330 1121

S14001131

S14301141

SISOO list

SIS30 net

sieoo im

S16301in

31700 iin

317301201—

RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

FEAX TMEOF AVERAGE FLOW FOR MAXIMUM FERJOD BASIN MAXIMUM TIMEOF

OPERATION STATK3N FLOW PEAK AREA STAGE MAX STAGE

&-HOUR 24-HGUR 72-HOUR

HYDROGRAPHAT

SUB A 10. 9.30 7. 4. 2. .03

HYDROGRAPHAT

SUBB 3. too I. 0. .00

2COMBDrEDAT

OOMl IZ 9.30 .04

ROUTED TO

ROUTE It. 10.00 .04

'—NORMAL END OFHEC-l —
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APPENDIX A-6

HEC-1 INPUT/OUTPUT SUBBASIN 2 AND 3
100-YEAR STORM

314



nooD BrDaooMHi FAOUOB BBC-i (mtmiu vsaaioN) -pbb ums

U.S. AJtMYoonrs OFBNOBnSKt, THEHYDKOLOOICSNOBIBBIUm CBSTEM, tOf SECOND STEEET, DAVB, CA. 9S6I6

THBHBC-t VESSKN CONTAINS ALL OFnONS EXCEPT BOONOSaCS, AND THENVMBEK OP FLANS ABE EEDOCED TOS

HBC-l INFVT FACE I

LINE m. I Z 3. 4 i. t. 7. Z 9. 10

'DIAOKAM

1  m SCS STOIM HYDSOaSAFH FOB 900 AREA RUNOFF

2  m COkOINB 2 SUBBASINS FOR TOTAL DtSCHAROE

3  ID 100 TEAR STORU WITH 24 HOUR RAINFALL DBTRaunON

4  ID

i rr 30 3JiPB99 0600 120

6 K> 5 2

7 IN 15

i a SUB A

9 KM COMfXTHNQ OUTFLOW HYDBOORAPH FOB SUBBASIN A

10 PB

n PC .0346 .0653 .1096 .1421 .2054 .2547 .3276 .3756 .4506 .5021

12 PC .5792 .6304 .7063 .7577 .6402 .6963 .9674 1.049 1.145 1.213

13 PC t.322 1.400 1.520 1.604 1.745 1.645 1.990 2090 2263 2402

14 PC 2.l3t 3.220 3.614 3.773 3.960 4.104 4.263 4.357 4.469 4.575

IS PC 4.695 4.771 4.664 4.957 5.061 5.126 5.216 5.276 5.367 5.426

IS PC 5.522 5.560 5.6S7 5.724 5.607 5.661 5.942 5.996 6075 6126

n PC 6.206 6.257 6.333 6.363 6457 6.506 6.576 6626 6696 6743

It PC 6.tli 6.656 6.923 6.967 7.032 7.155 7.164 7.160 7.241 7.261

19 PC 7.341 7.360 7.437 7.475 7.531 7.566 7.622 7.657 7.710 7.744

20 PC 7.794 7.627 7.676 7.906 7.954 6000

21 A4 .03

22 £5 0 60 0

23 UD 1.50

24 XX SUBS

23 XM COkmrnNO OUTFLOWHYDROORAFHFOR SUBBASINS

26 BA .003

Zt LS 0 n 3

2* UD .30

29 XX COkil

30 KM COkiBINlNaHYDROORAFHS FROM SUBBASINS A AND B

31 HC 2

32 XX ROUTE

33 Xkt ROUTINO HYDROORAFHSFROkl SUBBASINS A AND B

34 Rkl I .3 .2

33 ZZ
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aCSEklATKDIAaiUM OP STREAMNBTWOKK

INPUT

USE (VIROUTINO (—»DIVERSION OR PUMP PtjOW

NO. OCONNBCTOR (<—) RETURN OP DIVERTED OR PUMPED PLOW

I  SUBA

SUES

29 CXMfl

V

V

J2 ROUTE

(•••) RUNOPPALSO COMPUTED AT TUB LOCATION

I  ••••

FLOOD HYDROORAPHPACEAOEHEC-t (IBMXTS12E VERSION) -PEE I.19U

US ARMY CORPS OP ENODfEERS THE HYDROLOOK ENOINEERINO CENTER, m SECOND STREET, DAVB, CA. 9S6lt

SCS STORM HYDROORAPH FOR 900 AREA RUNOFF

COMBINE 2 SUEEASmS FOR TOTAL DOCHAROE

100 YEAR STORM WITH 24 HOUR RAINFALL DBTRIEUTJON

StO OUTPUT CONTROL VARIABLES

IPRNT S PRINT CONTROL

D'LOT 2 PLOT CONTROL

QSCAL 0. HYDROORAPH PLOT SCALE

IT HYDROORAPH TIME DATA

NMD4 30 MOWTESDI COMPUTATIONINTBRVAL

IDATB 3APRt9 STAXTTNODATB

TTTME OfOO STARTINO TIME

NQ 120 NUMBER OP HYDROORAPH ORDB4ATES

NDDATE SAPRS9 ENDINO DATE

NDTTMB 1730 ENDINO TtMB

COMPUTATION INTBRVAL .30 HOURS

TOTAL TlhaBASE 3B.30HOURS

ENOLBH UNITS
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STATKXi SUBA

(O) OUTFLOW

2. 4. 6. $. 10. 12

.0 .0

DAHXMSPBR

30600 lO

30630 20

30700 30

30730 40

30000 SO

30030 60

30S00 70

30930 OO

31000 9.0

31030 10. O

31100 11. .O.

31130 12

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 10.

31S00 19.

31S30 20.

31600 21.

31630 22.

31700 23.

31730 24.

31000 2S.

31030 26.

31900 27.

31930 20.

32000 29.

32030 30.

32100 31.

32130 32

32200 33.

32230 34.

32300 3S.

32330 36.

40000 37.

40030 30.

40100 39.

40130 40.

40200 41. .

40230 42

40300 43.

O

.0 .0 .0

14.

.0

0. 0. 0. 0.

(LlPRBCir, (X) EXCESS

.6 .4 .2 .0

 .

O

. o

o

o.

LLLL.

11.111

.  rrnrr

LLLLLL.

LLLLLL

LLLLLX.

LLLLLLX.

LLLLLXX.

LLLLLX3CX.

LLLLLUCXX.

LLLLLL3CXXX.

LLLLLXXXXXX.

LLLLL3CXXXX3CX.

LLLLLXXXXXXXXX.

. UJ.I.I.1.11.LXXXXXXXX3C3CXXXXXXXXXX.

.LLLLLLLLLXXXX3CXXXXXX3CXXXXXXXXXXXXXXXXXX.

LLLXXXXXXXXXXXXXXX.

O. . . . . UJOCXXXXXXXXXX.

.O . LXXX2CXXXXXX.

■O. LXXXXXXXXX.

LXXXXXXXX.

LXXXXXXXX.

unaoncxx.

xxxxxxx.

LXXXXXXX.

LXXXXXX.

LXXXXXX.

LXXXXXX.

LXXXXXX.

o

o

■o. LXXXXXX.

o  XX3CXXX.
o  X3CX3CXX.

o  XXXX3CX.
o  LX2CXXX.

LXXXXX.

LX3CXXX.

xxxxx.

LXXXXXX.

xxxx.

xxxxx.

LXXXX.

LXXXX.

317



4QU0 44.

40400 4S.

40430 46.

40300 47.

40330 41

40600 49.

40630 30.

40700 31 O.

40730 33. O.

4OaO0 33. O .

40630 34. O

40900 33. O

4O930 36.0

41000 37.0

41030 360

41100 390

41130 60O

41200 610

41230 620

41300 630

41330 640

41400 630

41430 660

41300 S70

41330 660

41600 690

41630 TOO

41700 710

41730 720

41600 730

41630 740

41900 730

41930 760

42000 770

42030 790

42100 790

42130 60O

42200 610

42230 620

42300 630

42330 640

30000 630

30030 660

30100 670

30130 MO

30200 690

30230 90O

30300 910

30330 920

30400 930

30430 940

30300 930

O.

o .

o .

a .

a .

o  .

a

LXXXX.

xxxx.

xxxx.

X3CXX.

xxxx.

XX.
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S0S30 960

soeoo 970

S0630 9tO

scrm 990

507X1000

sotooioio.

S0$Xl02O

50900 1030

S09X1040

51000 I05O

510X1060

51 im 107O

511X lOtO

512001090

512X llOO

51300 lllO.

513X1120

51400 1130

514X1140

51500 1150

515X 1160

51600 1170

516X lltO

517001190

517X1200—
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STAHON SUBB

(O) OUTFLOW

■ 4 t 1.2 l.« 2.0

.0 .0

DAHRMNPER

30600 to

2.4

.0

2.1 3.2 3.6 .0 .0 .0

(DPREOr. 00 EXCESS

.0 .$ .6 .4 .2 .0

3O630 20

30700 30

30730 40

3OSO0 S.O

30S30 6. O

30900 7. O

30930 t. O

31000 9. a.

31030 10. . O

31100 11 O.

31130 12.

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 It.

31S00 19.

31520 20.

31600 21

31630 22.

31700 23.

31730 24.

31100 23.

31t30 26.

31900 27.

31930 2t.

32000 29.

32030 30.

O.

O

O

O

O

O

O

32100 31 O. .

32130 32.

32200 33.

32230 34.

32300 3S.

32330 36.

40000 37.

40030 31.

O

o

o.

o.

o.

o.

o .

40100 39.

40130 40.

o.

o .

40200 41 O.

402X 42. . O

40300 43. . O

LLLL.

.  LLLLL

.  1.1.1.121.

.  1.1.1.1 IX.

.  1.1.1.1 IX.

. U.1.1.XX.

.  1.111XXX.

. LLLXXXX.

. 1.1.U.XXXX.

LLUCXXXXX.

LLLXXXX3CXX.

LLLXXXXXXXX.

LLLXXXXXXXXX.

LLLXXXXXXXXXXX.

LLLLLXXXXXXXXXXXXXXXXXXXXXXXX.

LLLLLXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.

LXXXXXXXXXXXXXXXXX.

LXXXXXXXXXXXXX.

xxxxxxxxxxx.

XXX3CXXXXXX.

.XX3CXXXXXX.

LXXXXXXXX.

. LXXXXXXX.

. xxxxxxx.

. LXXXXXXX.

. XX3CXXXX.

. xxxxxxx.

. LXXX3C3CX.

. LXXXXXX.

LXXX31XX.

. xxxxxx.

. xxxxxx.

. xxxxxx.

. xxxxxx.

. xxxxxx.

.  LXX3C3CX.

.  xxxxx.

. LXXXXXX.

xxxx.

xxxxx.

.  xxxxx.

.  xxxxx.
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*0330 44.

404C0 4S.

40430 46.

40SOO 47.

40S30 4$.

40600 49.

40630 SO. I

40700 SI. O.

40730 S2.0

40600 S30

40630 S40

40900 SSO

40930 S60

41000 S70

41030 S60

41100 S90

41130 60O

41200 610. .

41230 620

41300 630

41330 640

41400 6SO

41430 660

41S00 670

41S30 660

41600 690

41630 TOO

41700 710. .

41730 720

41600 730

41630 740

41900 7SO

41930 760

42000 770

42030 760

42100 790

42130 60O

42200 610..

42230 620

42300 630

42330 640

SOOOO ISO

S0O30 660

SOlOO 670

S0130 660

S0200 690

S0230 90O

S0300 910...

S0330 920

S0400 930

S0430 940

SOSOO 9SO

O

O

O

O

O

O

LXXXX.

XXXX.

xxxx.

XXXX.

xxxx.

XX.

321
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SOSX 960

SOtOO 970

50630 MO

50700 990

507X1000

50X0 tOtO.

50tXt020

50X01030

509X1040

510001050

510X1060

511X 107O

51IX 10$O

512001090

512X llOO

51300 lllO.

513X1120

51400 1130

514X 1140

51500 1150

515X 1160

51600 1170

516X lltO

51700 1190

517X 120O~

322



STATION CX)MI

(O) OUTFLOW

0. 2. 4. 6.

DAHKMNPER

30600 to .

30630 20

3O70O 30

30730 40

30600 SO

30630 6.0

30900 7.0

3O930 6. O

31000 9. O

31030 10. O

31100 11 O.

31130 12. 0

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 16.

31S00 19.

31S30 20.

31600 21. . .

31630 22.

31700 23.

31730 24.

31600 2S.

31630 26.

31900 27.

31930 26 . O

32000 29. .O

32030 30. . . O

32100 31 O...

32130 32. . O.

32200 33. O.

32230 34. . O .

32300 3S. . O .

32330 36. . O .

40000 37. . O .

40030 36 . O .

40100 39. . O .

40130 40. . O .

40200 41 O.

40230 42. .O .

40300 43. .O .

403X 44.

40400 43. O

40430 46 O

10. 12. 14. 16.

.O

.O

323



•«*» 47.

40S30 4t.

40600 49.

406X SO. .

40700 St O

40730 S2. O.

40600 S3. O .

40630 S4. O

40900 SS. O

40930 S6.0

41000 57.0

41030 S60

41100 S90

41130 60O

41200 610

41230 620

41300 630

41330 640

41400 6SO

41430 660

4IS00 670

4IS30 660

41600 690

41630 TOO

41700 710

41730 720

41600 730

41630 740

41900 7SO

41930 760

42000 770

42030 760

42100 790

42130 60O

42200 610

42230 620

42300 630

42330 640

SOOOO 6SO

S0030 660

SOlOO 670

S0130 660

S0200 690

S0230 90O

SQ300 910

S0330 920

30400 930

S0430 940

SOSOO 9SO

S0S30 960

30600 970

30630 960

324



S0700 990

S07301C0O

SOtOO lOlO.

S0$30I02O

S09001030

50930 I04O

StOOOIOSO

51030 106O

51100 I07O

51130 I0$O

51200109O

51230 llOO

51300 lllO.

51330 1120

514001130

51430 1140

51500IISO

515301160

51600 1170

51630 lltO

51700 1190

517301200—

325



STATION ROUTE

(E INFLOW, (O) OUTFLOW

0. 2. 4. 6. I. 10. 12

DAHRMNFER

30400 tl . . . .

14. 16.

30630 21

30700 31

30730 41

30600 SI

30630 60I

30900 7.1

30930 6.0I

31000 9. OI

31030 10. OI .

31100 11. . .O.I .

31130 12 OI

31200 13.

31230 14.

31300 IS.

31330 16.

31400 17.

31430 16.

31S00 19.

31S30 20.

31600 21.

31630 22.

31700 23.

31730 24.

31600 23.

31630 26.

31900 27.

31930 26.

32000 29.

32030 30.

32100 31. .

32130 32.

32200 33.

32230 34.

32300 3S.

32330 36

40000 37.

4O030 36

40100 39.

40130 40.

40200 41. .

40230 42.

40300 43.

40330 44.

40400 4S.

40430 46.

O I .

O I.

O. I

O I

O I

o

I

.  I o

. lO

. lO

lO

lO

/o.

I.

to.

m .

I .

ID .

I  .

I  .

I  .

.lO

lO

lO

I

I o

I o

o

I  .

. O .1

O.I

I. .a.

I . o .

o .

lO

I
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40500 47.

40530 4t.

40600 49.

40630 50.

40700 51.

40730 52.

40K0 53. I O.

40630 54. I O .

40900 55. lO

40930 56. lO

41000 57.1

41030 56IO

41100 5910

41130 601

41200 611

41230 621

41300 631

41330 641

41400 651

41430 661

41500 671

41530 661

41600 691

41630 701

41700 711.

41730 721

41600 731

41630 741

41900 751

41930 761

42000 771

42030 761

42100 791

42130 601

42200 611.

42230 621

42300 631

42330 641

50000 651

50030 661

50100 671

50130 661

50200 691

50230 901

50300 911.

50330 921

50400 931

50430 941

50500 951

50530 961

50600 971

50630 961

lO

1.

lO

lO

l .O. .

l.O

121



X700 991

S07XIOOI

sotoomi.

509301021

509001031

509301041

51000 1051

51030 1061

51100 1071

511301091

51200 1091

51230 not

513001111.

51330 1121

514001131

51430 1141

51500 1151

51530 1161

51600 1171

51630 1191

517001191

517301201—

RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS. AREA IN SQUARE MILES

PEAK TIME OF AVERAOE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

6-HOUR 24-HOUR 72-HOUR

HYDROGRAPHAT

SUB A 12. 9.50 9. 4. 2. .03

HYDROGRAPHAT

SUBB 3. 9.00 2. 1. 0. .00

2 COMBINED AT

COM 1 14. 9.00 10. 5. 2. .04

ROUTED TO

ROUTE 14. 9.50 10. 5. 2. .04

NORMAL END OF HEC-1 •••
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APPENDIX B

ELECTRON MICROGRAPHS PARTICLE ANALYSIS
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APPENDIX C

INPUT/OUTPUT HEC-6 MODEL
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APPENDIX C-1

HEC-6 SEDIMENT TRANSPORT MODEL
DISCHARGE = .5 CPS @ .54 DAYS
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T1 SEDIMENT TRANSPORT FOR A 2S-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASINI ASPHALT RUNOFF. HECfiECt97I

T3 BASIN WAS SUBDIVIDED INTO 5 DISnCT ZONES FOR RUNOFF ESTIMA TIONS

NC 0 0 .0130

XI 170 3 0.0 40

GR 99.5 0.0 98.5 20 99.5 40

H 170 98.4 20.0 20

XI 330 3 0.0 40 160 160 160

GR 100 0 99 20 100 40

H 330 98.9 20.0 20

XI 490 3 0.0 40 160 160 160

GR 100.5 0 99.5 20 100.5 40

H 490 99.4 20.0 20

XI 650 3 0.0 40 160 160 160

GR 101 0 100 20 101 40

H 650 99.9 20.0 20

XI 810 3 0.0 40 160 160 160

GR 101.5 0 100.5 20 101.5 40

H 810 100.4 20.0 20

SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

INTO 5 CLASSES-VERY FINEjnNEMEDIUM.AND COARSE AND VERY COARSE.

BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

TRANSPORT CAPACITY* USER SPECIFIED

MODEL VERIFIED FOR Q=9 CFS REPRESENUNO MAX AT 100 YEAR STORM

SO 0 1

EJ

*I

*2

*3

*4

*5

It

13

14 1

L Q .000

LSILT .0000

L VPS.0000

FS .0000

MS .0000

CS .0000

1

I

.10

1  1.80

5 2.65

1.0 100 120

.0000 .000 .000

.0000 .0000 .00

.0000 .000 .00

.0000 .000 .000

.0000 .000 .00

VCS .0000 .0000 .0000 .0000

0  .95.067 .

.08

.067

.08

.067

.08

.067

.08

.067

.08

011 .025 .21N170 0

\n 25
iN330 0

N  .25

'N490 0
\N .25

\N650 0

N  .25

\N810 0

ON .25

SHYD

' * B RUN 1, THE FOLLOWINO HYDROLOOK DATA ILLUSTRATES CHANNEL SEDIMENT

Q  5

R 98.5

T  65

W .54

SSEND

.95

.95

.95

.95

.011 .025 .21

.011 .025 .21

.011 .025 .21

.011 .025 .21
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T1 SEDIMENT TEANSPORT FOR A2S-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASIN1 ASPHALT RUNOFF. HECDEC197I

T3 BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMATIONS

ALER ASEL CE CC LFA NR TAN CRL

P 0.050000 0.000000 t.OOOOOO I.OOOOOO 1

ALER ASEL CE CC LFA NR TAN CRL

t.OOOOOO t.OOOOOO

SEC NO. 170.000

SEC NO. 330.000

SEC NO. 490.000

SEC NO. 650.000

SEC NO. StO.OOO

NO. OF CROSS SECTIONS READ IN = 5

NO. OF INPUT DATA MESSAGES^ 0

END OF GEOMETRIC DA TA

*t SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

*2 INTO 5 CLASSES-VERYFINEJTNEMEDIUM,AND COARSE AND VERY COARSE.

*3 BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

*4 TRANSPORT CAPACITY'USER SPECIFIED

*5 MODEL VERIFIED FOR Q'9 CFS REPRESENTING MAX AT tOO YEAR STORM

BASIC BACKWATER TAPE

SEDIMENT TRANSPORT FOR A 2S-YR STORM ***HEC-2 FORMAT***

MARE ISLAND 900 AREA SUBBASIN t ASPHALT RUNOFF. HEC.DECt97t

BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMATIONS
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SEDIMENT PARAMETER DATA

SPI aa MNQ SPOF ACOR

n  50. 0 1 1.000 32.174

MTCL lASL LASL SGSL DTSL STSD PUSD UWSD CCSD

13 1 1 1 1.800 0.020 0.020 82.000 65.000 5.700

MTC lASA LASA SPOS OSF BSAE PSI UWD

14 1 1 5 2.650 0.667 0.500 30.000 93.000

FOLLOWINQ GRAIN SIZES UTILIZED

SILT SIZES' 0.000026

SAND SIZES UP' 0.000288 0.000580 0.001160 0.002319 0.004639

Q-QS RATING TABLE

L Q

LSILT

L VPS

L FS

L MS

L CS

L VCS

VOLUME VS DEPTH OF DEPOSITS

VOLUME MOVEABLE 9 ELEVATIONS

SEGNO. SHAPE FACTOR BED WIDTH 9 LEFT SIDE RIGHT SIDE THALWEG

170.00 20.0 98.50 98.50 98.50

330.00 20.0 99.00 99.00 99.00

490.00 20.0 99.50 99.50 99.50

650.00 20.0 100.00 100.00 100.00

810.00 20.0 100.50 100.50 100.50
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IS ACTIVE BED, ORAIN SIZE DISTRIBUTION BY SIZE FRACTION,(N-CARDS)

N170 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

2500000.000 iOOOOOO.OOO

N 330 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N490 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N 650 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N810 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

ACTIVE DEPOSITS, VOL. IN TONS

NONE SPECIFIED, ASSUMED ZERO

MAKE SUM OF FRACTIONS ON N-CARD(******** )LESS THAN XPI (N-5) ( 0.95000 )

SECTION NO" 170.000

**SUBROUTINE STMOD2**

INPUT DATA *DIAaNOSnC*

NO. OF INPUT DATA MESSAGES" I

END OF SEDIMENT DATA
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♦ BRVNt, THE FOLLOWmOHYDROLOaiC DATA ILLUSnATES CHANNEL SEDIMENT

DOWNSTREAM BOUNDARY DATA

WATER DISCHARGE * O.SO

ELEVATION' 98.50

TEMPERATURE' 65.00

FLOW DURATION(DAYS) 0.54

SEDIMENT ROUTING, Q VS QS RATING TABLE

** SUBROUTINE INLOAD *• Q ABOVE TABLE **

**WATER DISCHARGE.WATER - SEDIMENT RATING TABLE *• 0.50 I.II I.I05I7I
*  * *

ACCUMULATED AC-FT BY ENTRY * SILT * SAND *

DAYS POINT* INFLOW OUTFLOW TRAP EPF* INFLOW OUTFLOW TRAP EPF* INFLOW OUTFLOW
*  * t

0.54 810.000* 0.00 * 0.00 *

TOTAL' 170.000* 0.00 0.00 0.74* 0.00 0.00 0.67*

SECTION BED CHANGE WSELEV THALWEG Q
ID NO FEET FEET EL FEET CPS SILT

810.000 0.03 100.60 100.53 0. I. I.

650.000 0.00 100.23 100.00 0. I. I.

490.000 0.00 99.65 99.50 0. I. I.

330.000 0.00 99.17 99.00 0. 0. 2.

170.000 0.00 98.62 98.50 0. 0. 2.

SEDIMENT LOAD IN TONS/DA Y

SAND

END OF JOB
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APPENDIX C-2

HEC-6 SEDIMENT TRANSPORT MODEL
DISCHARGE = 1.0 CPS @ .54 DAYS
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T1 SEDIMENT TRANSPORT FOR A2S-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASIN1 ASPHALT RUNOFF. HECJDEC1971

T3 BASIN WAS SUBDIVIDED INTO 5 DISTKT ZONES FOR RUNOFF ESTIMATIONS

NC 0 0 .0130

XI 170 3 0.0 40

OR 99.5 0.0 98.5 20 99.5 40

H 170 98.4 20.0 20

XI 330 3 0.0 40 160 160 160

CR 100 0 99 20 100 40

H 330 98.9 20.0 20

XI 490 3 0.0 40 160 160 160

GR 100.5 0 99.5 20 100.5 40

H 490 99.4 20.0 20

XI 650 3 0.0 40 160 160 160

GR 101 0 100 20 101 40

H 650 99.9 20.0 20

XI 810 3 0.0 40 160 160 160

GR 101.5 0 100.5 20 101.5 40

H 810 100.4 20.0 20

EJ

*1

*2

*3

*4

*S

II

13

14

L Q

SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

INTO 5 CLASSES-VERY FINEJTNEMEDIUM,AND COARSE AND VERY COARSE.

BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

TRANSPORT CAPACITY' USER SPECIFIED

MODEL VERIFIED FOR Q'9 CFS REPRESENTTNO MAX AT too YEAR STORM

SO 0 1

I

.000

I

I

.10

L SILT .0000 .0000

L VFS .0000 .0000

L FS .0000 .0000

L MS .0000 .0000

L CS .0000 .0000

1  1.80

5 2.65

1.0 100

.000 .000

.0000 .00

.000 .00

120

.000

.000

L VCS .0000 .0000 .0000

.000

.00

.0000

N170 0 .067 0 .95 .011 .025 .21

N  25 .08

N330 0 .067 0 .95 .011 .025 .21

N  .25 .08

N490 0 .067 0 .95 .011 .025 .21

N  .25 .08

N650 0 .067 0 .95 .011 .025 .21

N  .25 .08

N810 0 .067 0 .95 .011 .025 .21

ON .25 .08

SHYD

* B RUN I, THE FOLLOWma HYDROIXXHC DATA ILLUSTRATES CHANNEL SEDIMENT

Q  1

R 98.5

T  65

W .54

SSEND
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TI SEDMBNTTKANSPOllT FOR A 2S-YK STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASIN1 ASPHALT RUNOFF. HECJ>BC197t

T3 BASIN WAS SUBDIVIDED INTO S DISTICT ZONES FOR RUNOFF ESTIMATIONS

ALER ASEL CE CC LFA NR TAN CRL

P 0.050000 0.000000 1.000000 1.000000 1

ALER ASEL CE CC LFA NR TAN CRL

1.000000 1.000000

SEC NO. 170.000

SEC NO. 330.000

SEC NO. 490.000

SEC NO. 650.000

SEC NO. 810.000

NO. OF CROSS SECTIONS READ IN ' 5

NO. OF INPUT DATA MESSAGES' 0

END OF GEOMETRIC DATA

*1 SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

*2 INTO 5 CLASSES-VERYFINEJTNEMEDIUM.AND COARSE AND VERY COARSE.

*3 BED MATERIAL GRADATION WAS DETERMINED FROM KRCENTFINER CURVE

*4 TRANSPORT CAPACITY' USER SKCIFIED

*5 MODEL VERIFIED FOR Q'9 CPS REPRESENTING MAX AT 100 YEAR STORM

BASIC BACKWATER TAPE

SEDIMENT TRANSPORT FOR A 25-YR STORM ***HEC-2 FORMAT***

MARE ISLAND 900 AREA SUBBASIN1ASIHALT RUNOFF. HECJ3EC197I

BASIN WAS SUBDIVIDED INTO S DISTICT ZONES FOR RUNOFF ESTIMATIONS
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SEDIMENT PARAMETER DATA

SPI ma MNQ SPOF ACGR

n  SO. 0 1 l.OOO 32.174

MTCL lASL LASL SOSL DTSL STSD PVSD UWSD CCSD

13 I 1 1 1.800 0.020 0.020 82.000 65.000 5.700

MTC lASA LASA SPGS GSF BSAE PSI UWD

14 I I 5 2.650 0.667 0.500 30.000 93.000

FOLLOWING GRAIN SIZES UTILIZED

SILT SIZES' 0.000026

SAND SIZES UP* 0.000288 0.000580 0.001160 0.002319 0.004639

Q-QS RATING TABLE

L Q

LSILT

L VPS

L FS

L MS

L CS

L VCS

VOLUME VS DEPTH OF DEPOSITS

VOLUME MOVEABLE O ELEVATIONS

SEC NO. SHAPE FACTOR BED WIDTH & LEFT SIDE RIGHT SIDE THALWEG

170.00 20.0 98.50 98.50 98.50

330.00 20.0 99.00 99.00 99.00

490.00 20.0 99.50 99.50 99.50

650.00 20.0 100.00 100.00 100.00

810.00 20.0 100.50 100.50 100.50
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IN ACTIVE BED, ORAIN SIZE DISTRIBUTION BY SIZE FRACTION,(N-CARDS)

N170 0.000 0.067 0.000 0.9S0 0.000 O.OII 0.025 0.210 0.310

2500000.000 8000000.000

N 330 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

N 490 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

N 650 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

N 810 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

ACTIVE DEPOSITS, VOL. IN TONS

NONE SPECIFIED, ASSUMED ZERO

MAKE SUM OF FRACTIONS ON N-CARDC

SECTION NO' 170.000

''SUBROUTINE STM0D2"

INPUT DA TA 'DIAGNOSTIC'

* )LESS THAN XPI (N-5) ( 0.95000 )

NO. OF INPUT DATA MESSAGES' 1

END OF SEDIMENT DATA
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♦ B RUN t, THE FOLLOWma HYDROLOOIC DATA ILLUSTRATES CHANNEL SEDIMENT

DOWNSTREAM BOUNDARY DATA

WATER DISCHAROE' I.OO

ELEVATION' 98.S0

TEMPERATURE' 65.00

FLOW DURAnON(DAYS) 0.54

SEDIMENT ROUTING, QVSQS RATTNG TABLE

** SUBROUTINE INLOAD ** Q ABOVE TABLE **

**WATER DISCHARaE.WATER ■ SEDIMENT RATING TABLE •• I.OO l.Il 1.105171
*  * »

ACCUMULATED AC-FTBY ENTRY» SILT * SAND *

DAYS POINT* INFLOW OUTFLOW TRAPEFF* INFLOW OUTFLOW TRAPEFF* INFLOW OUTFLOW
* 0 0

0.54 810.000* 0.00 * 0.00 *

TOTAL' 170.000* 0.00 0.00 0.28* 0.00 0.00 0.45*

SECTION BED CHANGE WSELEV THALWEG Q SEDIMENT LOAD IN TONS/DAY

ID NO FEET FEET ELFEET CFS SILT SAND

810.000 0.02 100.68 100.52 1. 1. 3.

650.000 0.00 100.29 100.00 1. 1. 2.

490.000 0.00 99.74 99.50 1. 1. 1.

330.000 •0.01 99.25 98.99 1. 1. 3.

170.000 0.00 98.68 98.50 1. 1. 3.

END OF JOB
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APPENDIX C-3

HEC-6 SEDIMENT TRANSPORT MODEL

DISCHARGE = 1.5 CFS § .54 DAYS
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Tt SEDIMENT TRANSPORT FOR A 2S-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASINI ASPHALT RUNOFF. IIEC,DEC1971

T3 BASIN WAS SUBDIVIDED INTO 5 DISTKT ZONES FOR RUNOFF ESTIMATIONS

NC 0 0 .0130

XI 170 3 0.0 40

OR 99.5 0.0 98.5 20 99.5 40

H 170 98.4 20.0 20

XI 330 3 0.0 40 160 160 160

OR 100 0 99 20 100 40

H 330 98.9 20.0 20

XI 490 3 0.0 40 160 160 160

GR 100.5 0 99.5 20 100.5 40

H 490 99.4 20.0 20

XI 650 3 0.0 40 160 160 160

GR 101 0 100 20 101 40

H 650 99.9 20.0 20

XI 810 3 0.0 40 160 160 160

GR 101.5 0 100.5 20 101.5 40

H 810 100.4 20.0 20

El

*1 SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DPimED

*2

*3

H

*5

It

13

14

INTO 5CLASSES-VERYFINEjnNEMEDIUM.AND COARSE AND VERYCOARSE.

BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

TRANSPORT CAPACITY* USER SPECIFIED

MODEL VERIFIEDFOR Q=9 CFS REPRESENTINQ MAX AT tOO YEAR STORM

SO 0 1

1  1 1.80

I  1 5 2.65

L Q .000 .10 1.0 100

LSILT .0000 .0000 .000 .000

L VFS .0000 .0000

L FS .0000 .0000

L MS .0000 .0000

L CS .0000 .0000 .000 .00

L VCS .0000 .0000 .0000 .0000

.0000 .00

.000 .00

.000 .000

120

N170 0 .067 0 .95 .011 .025 .21

N  25 .08

N330 0 .067 0 .95 .011 .(OS .21

N  .25 .08

N490 0 .067 0 .95 .011 .025 .21

N  .25 .08

N650 0 .067 0 .95 .011 .025 .21

N  .25 .08

N810 0 .067 0 .95 .011 .025 .21

ON .25 .08

SHYD

* BRUNl, THE FOLLOWmaHYDROLOaiC DATA ILLUSTRATES CHANNEL SEDIMENT

Q  1.5

R 98.5

T  65

W .54

$SEND
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T] SEDIMENT TRANSPORT FOR A 25-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASINI ASPHALT RUNOFF. HECJJECt97t

T3 BASIN WAS SUBDIVIDED INTO S DISTICT ZONES FOR RUNOFF ESTIMATIONS

ALER ASEL CE CC LFA NR TAN CRL

P 0.050000 0.000000 1.000000 1.000000 1

ALER ASEL CE CC LFA NR TAN CRL

1.000000 1.000000

SEC NO. 170.000

SEC NO. 330.000

SEC NO. 490.000

SEC NO. 650.000

SEC NO. 810.000

NO. OF CROSS SECTIONS READ IN = 5

NO. OF INPUT DATA MESSAGES" 0

END OF GEOMETRIC DATA

*1 SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

*2 INTO 5 CLASSES-VERYFINEjnNEMEDIUM,AND COARSE AND VERY COARSE.

*3 BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

*4 TRANSPORT CAPACITY" USER SPECIFIED

*5 MODEL VERIFIBDFOR Q"9 CFS REPRESENTING MAX AT 100 YEAR STORM

BASIC BACKWATER TAPE

SEDIMENT TRANSPORT FOR A 25-YR STORM ***HEC-2 FORMAT***

MARE ISLAND 900 AREA SUBBASIN 1 ASPHALT RUNOFF. HEC,DEC1971

BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMATIONS
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SEDIMENT PARAMETER DA TA

SPI IBO MNQ SPGF ACGR

II SO. 0 I 1.000 32.174

MTCL lASL LASL SOSL DTSL STSD PUSD UWSD CCSD
IS I I I 1.800 0.020 0.020 82.000 65.000 5.700

MTC lASA LASA SPOS GSF BSAE PSI UWD

14 t 1 5 2.650 0.667 0.500 30.000 93.000

FOLLOWING GRAIN SIZES UTIUZED

SILT SIZES" 0.000026

SAND SIZES UP= 0.000288 0.000580 O.OOII60 0.002319 0.004639

Q-QS RATING TABLE

L Q

L SILT

L VFS

L FS

L MS

L CS

L VCS

VOLUME VS DEPTH OF DEPOSITS

VOLUME MOVEABLE Q ELEVATIONS

SEC NO. SHAPE FACTOR BED WIDTH @ LEFT SIDE RIGHT SIDE THALWEG
170.00 20.0 98.50 98.50 98.50

330.00 20.0 99.00 99.00 99.00

490.00 20.0 99.50 99.50 99.50

650.00 20.0 100.00 100.00 100.00

810.00 20.0 100.50 100.50 100.50
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INACTIVE BED, GRAIN SIZE DISTRIBUTION BY SIZE FRACTION,(N-CARDS)

N170 0.000 0.067 0.000 0.950 0.000 O.OtI 0.025 0.210 0.310

2500000.000 8000000.000

N 330 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N490 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N 650 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N810 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

ACTIVE DEPOSITS, VOL. IN TONS

NONE SPECIFIED, ASSUMED ZERO

MAKE SUM OF FRACTIONS ON N-CARD(***»**»* )LESS THAN XPI (N-5) ( 0.95000 )
SECTION NO = 170.000

**SUBROUTINE STMOD2**

INPUT DA TA 'DIAGNOSTIC*

NO. OF INPUT DATA MESSAGES'' I

END OF SEDIMENT DATA
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♦ B RUN 1, THE FOLLOWISa HYDROLOaiC DATA ILLUSTRATES CHANNEL SEDIMENT

DOWNSTREAM BOUNDARY DATA

WATER DISCHAROE* 1.50

ELEVATION' 9S.50

TEMPERATURE' 65.00

FLOW DURATION(DAYS) 0.54

SEDIMENT ROUTING, Q VS QS RATING TABLE

** SUBROUTINE INLOAD ** Q ABOVE TABLE »*

**WATER DISCHARGE.WATER - SEDIMENT RATING TABLE ** 1.50 I.II I.I05I7I
*  * *

ACCUMULATED AC-FT BY ENTRY * SILT * SAND »

DAYS POINT* INFLOW OUTFLOW TRAPEFF* INFLOW OUTFLOW TRAPEFF* INFLOW OUTFLOW
*  * *

0.54 810.000* 0.00 * 0.00 *

TOTAL' 170.000* 0.00 0.00 0.31* 0.00 0.00 0.37*

SECTION BED CHANGE WSELEV THALWEG Q

ID NO FEET FEET EL FEET CFS SILT

810.000 0.02 100.73 100.52 I. I. 2.

650.000 -0.01 100.28 99.99 I. I. 4.

490.000 0.00 99.70 99.50 I. I. 4.

330.000 0.01 99.34 99.01 I. I. 3.

170.000 ■0.01 98.71 98.49 I. I. 3.

SEDIMENT LOAD IN TONS/DA Y

SAND

END OF JOB
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APPENDIX C-4

HEC-6 SEDIMENT TRANSPORT MODEL
DISCHARGE = 2,0 CPS @ .54 DAYS
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TI SEDIMENT TRANSPORT FOR A2S-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASINI ASPHALT RUNOFF. HECJ3ECI971
T3 BASIN WAS SUBDIVIDED INTO SDISTKT ZONES FOR RUNOFF ESTIMATIONS

NC 0 0 .0130

XI 170 3 0.0 40

GR 99.S 0.0 98.S 20 99.S 40

H 170 98.4 20.0 20

XI 330 3 0.0 40 160 160 160

GR 100 0 99 20 100 40

H 330 98.9 20.0 20

XI 490 3 0.0 40 160 160 160

GR lOO.S 0 99.S 20 lOO.S 40

H 490 99.4 20.0 20

XI 6S0 3 0.0 40 160 160 160

GR lOI 0 100 20 lOI 40

H 6S0 99.9 20.0 20

XI 810 3 0.0 40 160 160 160

GR lOI.S 0 lOO.S 20 lOI.S 40

H 810 100.4 20.0 20

EJ

*I SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

*2 INTO 5 CLASSES-VERY FINEJ'INEMEDIUM,AND COARSE AND VERY COARSE.

*3 BED MATERIAL ORADATION WAS DETERMINED FROM PERCENT FINER CURVE

*4 TRANSPORT CAPACITY* USER SPECIFIED

*5 MODEL VERIFIED FOR Q*9 CFS REIRESENTINa MAX AT 100 YEAR STORM

II SO 0 1

13 I 1 1.80

14 I I S 2.6S

L Q .000 .10 I.O 100 120

LSILT .0000 .0000 .000 .000

L VFS.OOOO .0000 .0000 .00

L FS .0000 .0000 .000 .00

L MS .0000 .0000 .000 .000

L CS .0000 .0000 .000 .00

L VCS .0000 .0000 .0000 .0000

N170 0 .067 0 .95 .011 .025 .21 .31

N  2S .08

N330 0 .067 0 .95 .011 .025 .21 .31

N  .2S .08

N490 0 .067 0 .95 .011 .025 .21 .31

N  .2S .08

N6S0 0 .067 0 .95 .011 .025 .21 .31

N  .25 .08

N8I0 0 .067 0 .95 .011 .025 .21 .31

ON .25 .08

SHYD

* B RUN I, THE FOLLOWINa HYDROLOOIC DATA ILLUSTRATES CHANNEL SEDIMENT

Q  2

R 98.S

T  6S

W .S4

SSEND
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Tt SEDIMENT TRANSPORT FOR A25-YR STORM ***HEC 2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASIN1 ASPHALT RUNOFF. HECJ}EC197I

T3 BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMATIONS

ALER ASEL CE CC LFA NR TAN CRL

P 0.050000 0.000000 I.OOOOOO I.OOOOOO 1

ALER ASEL CE CC LFA NR TAN CRL

I.OOOOOO I.OOOOOO

SECNO. 170.000

SEC NO. 330.000

SECNO. 490.000

SECNO. 650.000

SECNO. 810.000

NO. OF CROSS SECTIONS READ IN = 5

NO. OF INPUT DATA MESSAGES'- 0

END OF GEOMETRIC DATA

*I SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED
*2 INTO 5 CLASSES-VERYFINEJTNEMEDIUM,AND COARSE AND VERY COARSE.
*3 BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE
*4 TRANSPORT CAPACirY- USER SPECIFIED

*5 MODEL VERIFIED FOR Q'9 CFS REPRESENTING MAX AT 100 YEAR STORM

BASIC BACKWATER TAPE

SEDIMENT TRANSPORT FOR A 25-YR STORM ***HEC-2 FORMAT***

MARE ISLAND 900 AREA SUBBASIN I ASPHALT RUNOFF. HEC,DECI97I

BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMATIONS
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SEDIMENT PARAMETER DATA

SPI IBG MNQ SPGF ACGR

n  50. 0 1 1.000 32.174

MTCL lASL LASL SGSL DTSL STSD PUSD UWSD CCSD

13 1 1 I 1.800 0.020 0.020 82.000 65.000 5.700

MTC lASA LASA SPGS GSF BSAE PSI UWD

14 I 1 5 2.650 0.667 0.500 30.000 93.000

FOLLOWING GRAIN SIZES UTILIZED

SILTSIZES= 0.000026

SAND SIZES UP= 0.000288 0.000580 0.001160 0.002319 0.004639

Q-QS RATING TABLE

L Q

LSILT

L VFS

L FS

L MS

L CS

L VCS

VOLUME VS DEPTH OF DEPOSITS

VOLUME MOVEABLE @ ELEVATIONS

SEC NO. SHAPE FACTOR BED WIDTH @ LEFT SIDE RIGHT SIDE THALWEG

170.00 20.0 98.50 98.50 98.50

330.00 20.0 99.00 99.00 99.00

490.00 20.0 99.50 99.50 99.50

650.00 20.0 100.00 100.00 100.00

810.00 20.0 100.50 100.50 100.50

362



INACTIVE BED, GRAIN SIZE DISTRIBUTION BY SIZE FRACTION,(N-CARDS)

N170 0.000 0.067 0.000 0.9SO 0.000 0.011 0.025 0.210 0.310

2500000.000 8000000.000

N330 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

N490 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

N 650 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

N810 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310

0.250 0.080

ACTIVE DEPOSITS, VOL. IN TONS

NONE SPECIFIED, ASSUMED ZERO

MAKE SUM OF FRACTIONS ON N-CARD(*

SECTION NO= 170.000

**SUBR0UT1NE STMOD2**

INPUT DA TA 'DIAGNOSTIC*

> )LESS THAN XPl (N-5) ( 0.95000 )

NO. OF INPUT DATA MESSAGES' I

END OF SEDIMENT DA TA
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♦ B BUN t, THE FOLLOWDfO HYDBOLOOIC DATA ILLUSTRATES CHANNEL SEDIMENT

DOWNSTREAM BOUNDARY DATA

WATER DISCHARGE^ 2.00

ELEVATION* 98.50

TEMPERATURE* 65.00

FLOW DURATION(DAYS) 0.13

SEDIMENT ROUTING, Q VS QS RATING TABLE

•• SUBROUTINE INLOAD ** Q ABOVE TABLE **

**WATER DISCHARGE.WATER - SEDIMENT RATING TABLE ** 2.00 I.II I.I05I7I
*  0 t

ACCUMULATED AC-FT BY ENTRY * SILT * SAND *

DAYS POINT* INFLOW OUTFLOW TRAPEFF* INFLOW OUTFLOW TRAPEFF* INFLOW OUTFLOW
* 0 0

0.13 810.000* 0.00 * 0.00 *

TOTAL* 170.000* 0.00 0.00 O.IO* 0.00 0.00 -0.18*

0  0 0

SEDIMENT LOAD IN TONS/DA Y

SAND

SECTION BED CHANGE WSELEV THALWEG Q

ID NO FEET FEET EL FEET CFS SILT

810.000 0.00 100.73 100.50 2. I. 4.

650.000 0.00 100.37 100.00 2. I. 4.

490.000 0.00 99.77 99.50 2. I. 5.

330.000 0.00 99.35 99.00 2. I. 5.

170.000 0.00 98.73 98.50 2. I. 7.

END OF JOB
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APPENDIX C-5

HEC-6 SEDIMENT TRANSPORT MODEL
DISCHARGE = 3.0 CFS @ .13 DAYS
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Tt SEDIMENT TRANSPORT FOE A 2S-YR STORM ***HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASINI ASFHALT RUNOFF. HEC,DECt97I

T3 BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMA TIONS

NC 0 0 .0130

XI 170 3 0.0 40

GR 99.5 0.0 98.5 20 99.5 40

H 170 98.4 20.0 20

XI 330 3 0.0 40 160 160 160

GR 100 0 99 20 100 40

H 330 98.9 20.0 20

XI 490 3 0.0 40 160 160 160

GR 100.5 0 99.5 20 100.5 40

H 490 99.4 20.0 20

XI 650 3 0.0 40 160 160 160

GR 101 0 100 20 101 40

H 650 99.9 20.0 20

XI 810 3 0.0 40 160 160 160

GR 101.5 0 100.5 20 101.5 40

H 810 100.4 20.0 20

EJ

*l SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

*2 INTO 5 CLASSES- VER Y FINEJ1NE,MEDIUM,AND COARSE AND VER Y COARSE.

*3 BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CUR VE
*4 TRANSPORT CAPACITY* USER SPECIFIED

*5 MODEL VERIFIED FOR Q*9 CFS REPRESENTTNO MAX AT 100 YEAR STORM
II 50 0 I

13 1 1 1.80

14 1 1 5 2.65

L Q .000 .10 1.0 100 120

L SILT .0000 .0000 .000 .000

L VFS .0000 .0000 .0000 .00

L FS .0000 .0000 .000 .00

L MS .0000 .0000 .000 .000

L CS .0000 .0000 .000 .00

L VCS .0000 .0000 .0000 .0000

N170 0 .067 0 .95 .011 .025 .21 .31

N  25 .08

N330 0 .067 0 .95 .011 .025 .21 .31

N  .25 .08

N490 0 .067 0 .95 .011 .025 .21 .31

N  .25 .08

N650 0 .067 0 .95 .011 .025 .21 .31

N  .25 .08

N810 0 .067 0 .95 .011 .025 .21 .31

ON .25 .08

SHYD

* B RUN 1, TTIE FOLLOWING HYDROLOaiC DATA ILLUSTRATES CHANNEL SEDIMENT

Q  3

R 98.5

T  65

W .13

SSEND
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T1 SEDOtENT TRANSPOKT FOR A 2S-n STOKM ***HEC-2 FORMAT***

T2 MARE ISLASD 900 AREA SVBBASOi t ASPHALT RUNOFF. HBCJ)ECt97i
T3 BASm WAS SUBDIVIDED INTO S DISnCT ZONES FOR RUNOFF ESTIMATIONS

ALER ASEL CE CC LFA NR TAN CRL

P O.OSOOOO 0.000000 I.OOOOOO 1.000000 I

ALER ASEL CE CC LFA NR TAN CRL

I.OOOOOO 1.000000

SEC NO. 170.000

SEC NO. 330.000

SEC NO. 490.000

SEC NO. 650.000

SEC NO. 810.000

NO. OF CROSS SECTIONS READ IN * 5

NO. OF INPUT DA TA MESSAGES * 0

END OF GEOMETRIC DA TA

*1 SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED
*2 INTO 5 CLASSES-VERY FINEEINEMEDIUM,AND COARSE AND VERY COARSE.
*3 BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE
*4 TRANSPORT CAPACITY' USER SPECIFIED

*5 MODEL VERIFIED FOR Q'9 CFS REPRESENTING MAX AT 100 YEAR STORM

BASIC BACKWATER TAPE

SEDIMENT TRANSPORT FOR A2S-YR STORM ***HEC-2 FORMAT***

MARE ISLAND 900 AREA SUBBASIN 1 ASPHALT RUNOFF. HEC,DEC1971
BASIN WAS SUBDIVIDED INTO S DISTICT ZONES FOR RUNOFF ESTIMATIONS
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SEDIMENT PARAMETER DATA

SPI ma MNQ SPOF ACGR

n  SO. 0 ] 1.000 32.174

MTCL lASL LASL SOSL DTSL STSD PUSD UWSD CCSD

13 1 1 1 1.800 0.020 0.020 82.000 65.000 5.700

MTC lASA LASA SPGS GSF BSAE PSI UWD

14 1 1 5 2.650 0.667 0.500 30.000 93.000

FOLLOWING GRAIN SIZES UTILIZED

SILT SIZES' 0.000(06

SAND SIZES UP' 0.000288 0.000580 0.001160 0.002319 0.004639

()-QS RATING TABLE

L Q

LSILT

L VPS

L FS

L MS

L CS

L VCS

VOL UME VS DEPTH OF DEPOSITS

VOLUME MOVEABLE Q ELEVATIONS

SEC NO. SHAPE FACTOR BED WIDTH a LEFT SIDE RIGHT SIDE THALWEG

170.00

330.00

490.00

650.00

810.00

20.0 98.50 98.50 98.50

20.0 99.00 99.00 99.00

20.0 99.50 99.50 99.50

20.0 100.00 100.00 100.00

20.0 100.50 100.50 100.50
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INACTIVE BED, GRAIN SIZE DISTRIBUTION BY SIZE FRACTION,(N-CARDS)

N170 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

2500000.000 8000000.000

N 330 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N490 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N 650 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

N 810 0.000 0.067 0.000 0.950 0.000 O.OII 0.025 0.210 0.310

0.250 0.080

ACTIVE DEPOSITS, VOL. IN TONS

NONE SPECIFIED, ASSUMED ZERO

MAKE SUM OF FRACTIONS ON N-CARD(******** )LESS THAN XPI (N-5) ( 0.95000 )

SECTION NO= 170.000

**SUBROUTINE STMOD2**

INPUT DA TA *DIAGNOSTIC*

NO. OF INPUT DATA MESSAGES' I

END OF SEDIMENT DATA
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• B BUS t, THE FOLLOWISaHYDBOUXX DATA nXUSTBATES CHASSEL SEDIMENT

DOWNSTREAM BOUNDARY DATA

WATER DISCHARGE'' 3.00

ELEVATION" 98.50

TEMPERATURE" 65.00

FLOW DURATION(DAYS) 0.13

SEDIMENT ROUTING, QVSQS RATING TABLE

** SUBROUTINE INLOAD ** Q ABOVE TABLE **

"WATER DISCHARGE, WATER - SEDIMENT RATING TABLE *•

*  * *

ACCUMULATED AC-FT BY ENTRY * SILT *

DAYS POINT* INFLOW OUTFLOW TRAPEFF*

*  * *

0.13 810.000* 0.00 * 0.00 *

TOTAL" 170.000* 0.00 0.00 0.00* 0.00 0.00

3.00 1.11 1.105171

SAND *

INFLOW OUTFLOW TRAP EFF*

■0.46*

INFLOW OUTFLOW

SECTION BED CHANGE WSELEV THALWEG Q SEDIMENT LOAD IN TONS/DA Y
ID NO FEET FEET EL FEET CFS SILT SAND
810.000 0.00 100.82 100.50 3. 1. 3.
650.000 ■0.01 100.30 99.99 3. 1. 14.

490.000 0.01 99.77 99.51 3. 1. 7.

330.000 0.00 99.41 99.00 3. 1. 7.

170.000 0.00 98.78 98.50 3. 1. 8.

END OF JOB
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APPENDIX A-6

HEC-1 INPUT/OUTPUT SUBBASIN 2 AND 3

100-YEAR STORM
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TI SEDIMENT TRANSPORT FOR A2S-YR STORM **»HEC-2 FORMAT***

T2 MARE ISLAND 900 AREA SUBBASIN / ASPHALT RUNOFF. HEC,DEC1971

T3 BASIN WAS SUBDIVIDED INTO 5 DISTICT ZONES FOR RUNOFF ESTIMATIONS

NC 0 0 .0130

XI 170 3 0.0 40

GR 99.5 0.0 98.5 20 99.5 40

H 170 98.4 20.0 20

XI 330 3 0.0 40 160 160 160

GR 100 0 99 20 100 40

H 330 98.9 20.0 20

XI 490 3 0.0 40 160 160 160

GR 100.5 0 99.5 20 100.5 40

H 490 99.4 20.0 20

XI 650 3 0.0 40 160 160 160

GR 101 0 100 20 101 40

H 650 99.9 20.0 20

XI 810 3 0.0 40 160 160 160

GR 101.5 0 100.5 20 101.5 40

H 810 100.4 20.0 20

El

*I

*2

*3

*4

*5

II

13

14

SEDIMENT MODEL INCLUDES, SILT, AND SAND. TOTAL SAND LOAD IS DIVIDED

INTO 5 CLASSES-VERYFINEJTNE,MEDIUM,AND COARSE AND VERY COARSE.

BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

TRANSPORT CAPACITY'' USER SPECIFIED

MODEL VERIFIED FOR Q=9 CFS REPRESENTINa MAX AT 100 YEAR STORM

50 0 I

I

I I

I  1.80

5 2.65

L Q .000 .10 1.0 100

L SILT .0000 .0000 .000 .000

L VFS.OOOO .0000 .0000 .00

L FS .0000 .0000 .000 .00

L MS .0000 .0000 .000 .000

L CS .0000 .0000 .000

L VCS .0000 .0000 .0000

N170 0 .067 0 .95

00

.0000

120

.011 .025 .21

N 25 .08

N330 0 .067 0 .95 .011 .025 .21

N .25 .08

N490 0 .067 0 .95 .011 .025 .21

N .25 .08

N650 0 .067 0 .95 .011 .025 .21

N .25 .08

N810 0 .067 0 .95 .011 .025 .21

ON .25 .08

SHYD

* B RUN 1, THE FOLLOWINa HYDROLOOIC DATA ILLUSTRATES CHANNEL SEDIMENT

Q  6

R 98.5

T  65

W .13

SSEND
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Tt SEDIMENT TRANSPORT FOE A 25-YR AND tOO YEAR STORM

T2 MARE ISLAND 900 AREA SUBBASDH ASPHALT RUNOFF.

T3 BASIN WAS SUBDIVIDED INTO S DISTINCT ZONES FOR TRANSPORT ESTIMATIONS

ALER ASEL CE CO LFA NR TAN CRL

P O.OSOOOO 0.000000 1.000000 t.OOOOOO J

ALER ASEL CE CC LFA NR TAN CRL

t.OOOOOO t.OOOOOO

SEC NO. 170.000

SEC NO. 330.000

SEC NO. 490.000

SEC NO. 650.000

SEC NO. St0.000

NO. OF CROSS SECTIONS READ IN - 5

NO. OF INPUT DA TA MESSAGES = 0

END OF GEOMETRIC DATA

*t SEDIMENT MODEL INCLUDES, SELT, AND SAND. TOTAL SAND LOAD IS DIVIDED

*2 INTO 5 CLASSES-VERYFINEJTNEMEDIUM,AND COARSE AND VERY COARSE.

*3 BED MATERIAL GRADATION WAS DETERMINED FROM PERCENT FINER CURVE

H  TRANSPORT CAPACITY" USER SPECIFIED

*5 MODEL VERIFIED FOR Q'9 CFS REPRESENTING MAX AT tOO YEAR STORM

BASIC BACKWATER TAPE

SEDIMENT TRANSPORT FOR A 25-YR AND tOO YEAR STORM

MARE ISLAND 900 AREA SUBBASIN t ASPHALT RUNOFF.

BASIN WAS SUBDIVIDED INTO 5DISTINCT ZONES FOR TRANSPORT ESTIMATIONS
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SEDIMENT PARAMETER DATA

SPI aa MNQ SPGF ACGR

II 50. 0 I 1.000 32. m

MTCL lASL LASL SGSL DTSL STSD PUSD UWSD CCSD

13 I 1 I 1.800 0.020 0.020 82.000 65.000 5.700

MTC lASA LASA SPGS GSF BSAE PSI UWD

14 1 1 5 2.650 0.667 0.500 30.000 93.000

FOLLOWING GRAIN SIZES UTOJZED

SILT SIZES' 0.000026

SAND SIZES VP' 0.000288 0.000580 0.001160 0.002319 0.004639

Q-QS RATING TABLE

L Q

LSILT

L VPS

L FS

L MS

L CS

L VCS

VOLUME VS DEPTH OF DEPOSITS

VOLUME MOVEABLE & ELEVATIONS

SEC NO. SHAPE FACTOR BED WIDTH O LEFT SIDE RIGHT SIDE THALWEG

170.00 20.0 98.50 98.50 98.50

330.00 20.0 99.00 99.00 99.00

490.00 20.0 99.50 99.50 99.50

650.00 20.0 100.00 100.00 100.00

810.00 20.0 100.50 100.50 100.50
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INACTIVE BED, GRAIN SIZE DISTRIBUTION BY SIZE FRACTION,(N-CARDS)

N170 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310
2500000.000 8000000.000

N330 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310
0.250 0.080

N 490 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310
0.250 0.080

N 650 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310
0.250 0.080

N810 0.000 0.067 0.000 0.950 0.000 0.011 0.025 0.210 0.310
0.250 0.080

ACTIVE DEPOSITS, VOL. IN TONS

NONE SPECIFIED. ASSUMED ZERO

MAKE SUM OF FRACTIONS ON N-CARD(******** )LESS THAN XPI (N-5) (0.95000 )
SECTION NO* 170.000

**SUBROUTINE STMOD2**

INPUT DA TA *DIAGNOSTIC*

NO. OF INPUT DATA MESSAGES* 1

END OF SEDIMENT DATA
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♦ B RUN 1, THEFOLLOWDfOHYDROLOaiC DATA ILLUSTRATES CHANNEL SEDIMENT

DOWNSTREAM BOUNDARY DATA

WATER DISCHAROE- 6.00

ELEVATION" 98.50

TEMPERATURE" 65.00

FLOW DURATION(DAYS) 0.13

SEDIMENT ROUTING, Q VS QS RATING TABLE

** SUBROUTINE INLOAD ** Q ABOVE TABLE **

**WATER DISCHARGE, WATER • SEDIMENT RATING TABLE ** 6.00 1.11 1.105171
»  * t

ACCUMULATED AC-FT BY ENTRY * SILT * SAND *

DAYS POINT* INFLOW OUTFLOW TRAP EPF* INFLOW OUTFLOW TRAP EFF* INFLOW OUTFLOW
*  * *

0.13 810.000* 0.00 * 0.00 *

TOTAL" 170.000* 0.00 0.00 0.00* 0.00 0.00 -1.76*

*  * 0

SEDIMENT LOAD IN TONS/DA Y

SAND

SECTION BED CHANGE WSELEV THALWEG Q
ID NO FEET FEET EL FEET CFS SILT

810.000 0.00 100.89 100.50 6. 1. 7.

650.000 ■0.01 100.50 99.99 6. 1. 14.

490.000 0.00 99.89 99.50 6. 1. 12.

330.000 0.00 99.53 99.00 6. 1. 13.

170.000 ■0.01 98.87 98.49 6. 1. 15.

END OF JOB
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VITA

Paul Dean Kuhlmeier was born on January 7, 1956 in Sioux Falls, South

Dakota. He received B.S. and M.S. degrees in Civil Engineering in 1978

and 1981, respectively, from the South Dakota School of Mines and

Technology, Rapid City, South Dakota. Mr. Kuhlmeier has also studied

business administration at Rutgers University and Central Michigan

University, computer science at Augustana College (South Dakota) and

economics at South Dakota State University.

Mr. Kuhlmeier began his career with the U.S. Soil Conservation Service as

a survey technician in 1976. Over the past 13 years he has held

environmental engineering and management positions in government,

industry, and private consulting. Presently, he is project director at

International Technology Corporation in Knoxville, Tennessee where he

focuses on hazardous waste problems. Mr. Kuhlmeier is a registered

professional engineer, land surveyor, and geologist in several states.

He is also a certified wastewater treatment plant operator,

Mr. Kuhlmeier maintains active membership in numerous professional

societies including American Water Works Association, Water Pollution

Control Federation, American Society of Civil Engineers, American

Geophysical Union, American Chemical Society, and the National Water Well

Association.
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