Module RCHRES

4.2(3) Sinulate a Free-flow ng Reach or M xed Reservoir
(Modul e RCHRES)

Thi s nodul e simul ates the processes which occur in a single reach of open or cl osed
channel or a conpletely m xed |ake. For conveni ence, such a processing unit is
referred to as a RCHRES throughout this docunentation. In keeping with the
assunption of conplete mxing, the RCHRES consists of a single zone situated
bet ween two nodes, which are the extremties of the RCHRES

Fl ow through a RCHRES is assumed to be unidirectional. The inflow and outfl ow of
materials through a RCHRES are illustrated in Figure 4.2(3)-1. Wter and ot her
constituents which arrive fromother RCHRES s and | ocal sources enter the RCHRES
through a single gate (INFLO. Qutflows may |eave the RCHRES through one of
several gates or exits (CFLO. A RCHRES can have up to five OFLO exits.
Precipitation, evaporation, and other fluxes also influence the processes which
occur in the RCHRES, but do not pass through the exits.

The ten maj or subdivisions of the RCHRES nodul e and their functions are shown in
Figure 4.2(3)-2. RPTOI, RBAROI, and RPRINT perform the storage and printout of
results fromthe other nodul e sections of RCHRES (HYDR through RQUAL). Wthin a
nmodul e section, simulation of physical processes (longitudinal advection, sinking,
bent hal release) is always perforned before simulation of biochem cal processes.

The user specifies which nodule sections are active. |If any "quality" sections
(CONS through RQUAL) are active, section ADCALC nust al so be active; it conputes
certain quantities needed to sinulate advection of the quality constituents.
Besides fulfilling this requirenent, the user nmust ensure that all the time series
required by the active sections are avail able, either as supplied input tinme series
or as data conmputed by another nodul e section. For exanple, if RQUAL is active,
the water tenperature nust be supplied, either as an input tinme series or by
activating section HTRCH which will conpute it.

Water Rights Categories

The HYDR section of RCHRES allows the optional sinmulation of water "categories",

which are used to facilitate the nodeling of water rights or ownership. |If this
option is turned on (by including the CATEGORY block in the UC), each RCHRES in
the run keeps track of the user-defined categories of all inflows, storages, and

outflows, as well as precipitation and evaporation fluxes. Up to 100 categories
can be specified in the CATEGORY bl ock. Details of this option are provided in the
di scussi on of HYDR bel ow (Section 4.2(3).1), and the CATEGORY bl ock documnent ati on
(Section 4.12 of Part F). Al so, refer to the description of HYDRinputs in Section
4.4(3).2 of Part F.
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Figure 4.2(3)-1 Fl ow of materials through a RCHRES
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Module RCHRES
4.2(3).01 Sinulate Sinking of Suspended Materi al
(subroutine Sl NK)
Pur pose

SINK cal cul ates the quantity of material settling out of a RCHRES and determ nes
the resultant change in concentration of the material wthin the RCHRES.

Met hod

The portion of material settling out of a RCHRES during an interval is calcul ated
by the equati on:

SNKOUT = CONC* ( KSET/ AVDEPE) (1)

wher e:
SNKQUT

fraction of material which settles out (reduction of
concentration/interval)

CONC = concentration of material before deposition

KSET = sinking rate (ft/interval) (dependent upon RCHRES
characteristics and type of material)

AVDEPE = average depth of water (feet)

In any interval in which KSET is greater than AVDEPE, all the material in the
RCHRES si nks out of the water.

The mass of material sinking out of the RCHRES is cal cul ated as:

SNKMAT = SNKOUT*VOL (2)
wher e:

SNKMAT = mass of material that settles out during the interval
(rmass.ft3/1/interval or mass.nB/1/interval)
vol ume of water in RCHRES (ft3 or nB)

VOL
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4.2(3).1 Simulate Hydraulic Behavior (Section HYDR of Mdul e RCHRES)
Pur pose

The purpose of this code is to sinulate the hydraulic processes occurring in a
reach or a mxed reservoir (RCHRES). The final goal of the process may be to route
fl oods, study reservoir behavior, or analyze constituents dissolved in the water.

Schematic View of Fluxes and Storage

Figure 4.2(3).1-1 shows the principal state variable (stored volume) and fl uxes
with which this part of HSPF deals.

Al water entering the RCHRES from surface and subsurface sources arrives through
"gate" INFLO this quantity is called 1VO.. The user indicates the tinme series
which enter this gate in the EXT SOURCES or NETWORK Bl ock in the User's Control
Input (UCI). If no tine series are specified, the system assunes the RCHRES has
zero infl ow

The volune of water which |eaves the RCHRES during a simulation tine interval,
t hrough gate OFLQ(N), is called OVOL(N). The total outflow is ROVOL.

The input of water fromprecipitation falling directly on the water surface and the
| oss of water by evaporation fromthe surface can al so be considered. The user
activates these options by supplying the time series PREC and/or POTEV in the
User's Control Input (External Sources block). These tine series are in units of
depth/interval. The code nultiplies these quantities by the current surface area
of the RCHRES to obtain volumes of input or output. If either tinme series is
absent fromthe UCl it is assuned that the option is inactive and the correspondi ng
flux is zero.

The basic equation is that of continuity:

VOL - VAOLS = | VOL + PRSUPY - VOLEV - ROVCQL (1)
wher e:
VOL volunme at the end of the interval

VOLS volunme at the start of the interval
This can be witten as:
VOL = VOLT - ROVOL (2)

wher e:
VOLT = IVOL + PRSUPY - VOLEV + VOLS

The principal task of this subroutine is to esti mate ROVOL and, hence, the vol une
at the end of the interval (VQ.).
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Figure 4.2(3).1-1 Flow diagramfor the HYDR Section of the RCHRES

Appl i cation Mdul e
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Cal cul ation of Qutflows and VOL

If water is available, it is assuned that the total volune of water |eaving a
RCHRES in an interval is:

ROVOL = (KS*ROS + COKS*ROD) *DELTS (3)
wher e:
KS = weighting factor (0 <= KS <= 0.99)
COKS = 1.0 - KS (conpl ement of KS)
RCS = total rate of outflow fromthe RCHRES at the start of the interval
ROD = total rate of demanded outflow for the end of the interval
DELTS = simulation interval in seconds

That is, the nmean rate of outflowis assunmed to be a wei ghted nean of the rates at
the start and end of the interval. The weighting factor KS is supplied either by
the user or by default. Care should be exercised in selecting a val ue because, as
KS increases from0.0 to 1.0, there is an increasing risk that the conputation of
outflowrates will becone unstable. Theoretically, a value of 0.5 gives the nost
accurate results, provided oscillations do not occur. The default value of 0.0 has
zero risk, but gives |less accurate results. Users are advised to be very careful
if a nonzero value is used; users should not select a value greater than 0.5.

Conbi nati on of Equations 2 and 3 yields:
VAL = VOLT - (KS*ROS + COKS*ROD) *DELTS (4)
There are two unknown values in this equation: VOL and ROD. Thus, a second

relation is required to solve the problem To provide this function, it is assuned
that outfl ow demands for the individual exits are of the form

oD(1) = f1(VaL, t)
oD(2) = f2(VaL, t)
OD(NEXI TS) = fNEXI TS(VAL, t) (5)

That is, the outflow demand for each exit is a function of volume or tine or a
conbi nation. This topic is discussed in greater detail in Section 4.2(3).1.1.2.
It follows that the total outflow demand is of simlar form

ROD = funct (VA t) (6)
At a given tine in the sinulation, t is known and the above functions reduce to:
OX(N) = fN(VQL) (7)
ROD = funct (VQL) (8)

Equati on 8 provides the second relation required to solve the probl em
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Equations 4, 7, and 8 are shown in Figure 4.2(3).1-2. The point of intersection
of Equations 4 and 8 gives the values RO VO, and hence (1), (2), etc.

wher e:
RO =total rate of outflow fromthe RCHRES at the end of the interva
Q' N) =rate of outflow through exit N at the end of the interva

In HSPF, it is assumed that each outfl ow demand can be represented by one or both
of the follow ng types of conponents:

Conponent = function(VQOL). This is nost useful in simulating RCHRES s where
there is no control over the flow or where gate settings are only a function

of water level. This conponent is supplied to the programin the formof an
FTABLE.

Conponent = function(tine). This is nmost useful for handling demands for
muni ci pal, industrial, or agricultural use. The function may be cyclic (for

exanpl e, annual cycle) or general (for exanple, annual cycle superinposed on
an increasing trend). The user nust supply this conponent in the formof an
i nput tinme series.

If a user indicates that both types of conponent are present in an outfl ow demand,
then the user nust also specify how they are to be conbined to get the demand
HSPF al l ows the followi ng options:

1. (N = Mn [fN(VQL),gN(t)]. This is useful in cases such as the foll ow ng:

Suppose a water user has an optinum demand which nmay be expressed as a
function of time (g(t)); however, his punp has a limted capacity to deliver
water. This capacity is a function of the water level in the RCHRES from
whi ch the punp is drawing the water. Thus, it can be expressed as a function
of the volune in the RCHRES (f(VQL)). Then, his actual demand for water wll
be the mnimumof the two functions. Note that g(t) is an input tinme series
(QUTDGT). See the Tinme Series Catal og (Section 4.7).

2. OO(N = Max [fN(VAL), gN(t)]
3. (N = fNVQA) + gN(t)

If one or nore outflow demands have an f(VQL) conponent (Fig.4.2(3).1-2a),
subroutine ROUTE is called to solve the routing equations. In this case, the
eval uation of the outflow demands and the solution of the equations can be quite
conpl i cat ed.

If there is no f(VQOL) conponent in any demand, the process is nuch sinpler (Figure
4.2(3).1-2b). Subroutine NORQUT is called in this case.
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Representing the Geonetry and Hydraulic Properties of a RCHRES

HSPF makes no assunptions regarding the shape of a RCHRES. It does not require
that the cross-section be trapezoidal or even that the shape be prisnoidal. This
is one reason why both free flowi ng reaches and reservoirs can be handl ed by the
same application nodul e. Both of the shapes shown in Figure 4.2(3).1-3a are
acceptable. However, HSPF does assune that:

1. There is a fixed relation between depth (at the deepest point in the RCHRES)
surface area, and vol une.

2. For any outflow demand with an f(VOL) conponent, the functional relation is
constant in tine (wWth the exception discussed in Section 4.2(3).2.1.1).

These assunptions rule out cases where the flow reverses direction or where one
RCHRES i nfl uences anot her upstreamof it in a tine-dependent way. No account is
taken of nmonmentum  The routing technique falls in the class known as "storage
routing” or "kinematic wave" methods.

The user specifies the properties of a RCHRES in a table called RCHTAB (Figure
4.2(3).1-3b). It has colums for the depth, surface area, volume, and vol une
dependent functions (fN(VQOL)). Each row contains val ues appropriate to a specified
wat er surface el evation. The systemobtains intermedi ate val ues by interpol ation
Thus, the nunber of rows i n RCHTAB depends on the size of the cross section and the
desired resolution. The table is either included in the User's Control Input (in
the function tables (FTABLES) block) or it may be stored in a Watershed Data
Managenent (WDM file. A subsidiary, stand-alone programcan be used to generate
this table for RCHRES's with sinple properties (for prisnoidal channels wth
uni form flow, use Manning's equation).

Auxiliary Vari abl es

Besi des cal culating outflow rates and the volunme in a RCHRES, HSPF can conpute the
val ues of sone auxiliary state variabl es:

1. If AUXIFG=1, DEP, STAGE, SAREA, AVDEP, TWD, and HRAD are conput ed, where: DEP
is the depth at the deepest point; STAGE is the water stage at a related
point; SAREA is the surface area of water in the RCHRES, AVDEP is the average
depth (vol une/surface area); TWDis the top width (surface area/l ength); HRAD
is the hydraulic radius.

2. |If AUX2FG=1, AVSECT and AVWVEL are conputed, where: AVSECT is the average cross
section (volune/length); AWEL is the average vel ocity (di scharge/ AVSECT).

3. If AUX3FG=1l, USTAR and TAU are conputed, where: USTAR is the bed shear
velocity; TAU is the bed shear stress.

Note that these are point-valued tine series; that is, they apply at the boundaries
(start or end) of simulation time intervals.

The user specifies whether AUXIFG AUX2FG and AUX3FG are ON or OFF. If certain
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constituents are being sinulated, one or nore of these flags might be required to
be ON. For example, simulation of oxygen (group OXRX) requires that both AUX1FG
and AUX2FG be ON. AUX3FG nmust be ON if sedinment is sinulated (group SEDTRN).

4.2(3).1.1 Calculate Qutflows Using Hydraulic Routing (subroutine ROUTE)
Pur pose

RQUTE computes the rates and volumes of outflow froma RCHRES and the new vol une
in cases where at |east one outfl ow demand has an f(VCOL) conponent.

Met hod

The problemis to solve sinultaneously Equations 4 and 8. The cases which arise
are shown graphically in Figure 4.2(3).1-4. Equations 7 and 8 are represented by
a series of straight Iine segnments. The breakpoints in the lines correspond to a
row of entries in RCHTAB (the FTABLE). A segnent of Equation 8 can be represented
by the equati on:

(VOL - V1)/(ROD - RODL) = (V2 - V1)/(ROD2 - RODL) (9)

where V1,V2 are volunes specified in adjacent rows of RCHTAB, for the |ower and
upper extremties of the straight-line segnent, respectively. RODlL and ROD2 are
t he correspondi ng total outfl ow denands.

The first step is to find the intercept of Equation 4 on the volume axis:
VCOLINT = VOLT - KS*ROS*DELTS (10)

If VOLINT is |less than zero, the equations cannot be solved (case 3). Equation 4
will give a negative value for VO, even if RODis zero. Physically, this neans
that we started the interval withtoolittle water to satisfy the projected outfl ow
demand, even if the outflowrate at the end of the interval is zero. Accordingly,
t he code does the follow ng:

VOL = 0.0
RO =0.0
a*) =0.0
ROVOL = VOL

If VOLINT is greater than or equal to zero, the outflow rate at the end of the
interval will be nonzero (case 1 or 2). To determ ne the case:

1. The intercept of Equation 4 on the Volune axis is found:
O NT = VOLI NT/ ( DELTS* CCKS) (11)

2. The maxi mumout f | ow demand for which the volunme is still zero (RODZ) is found.
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If ONT is greater than RODZ, Equations 4 and 8 can be solved (case 1). The
sol ution invol ves searching for the segment of Equation 8 which contains the point
of intersection of the graphs, and finding the coordinates of the point (RO VQ).
This is done by subroutine SOLVE.

If ONT is |ess than or equal to RODZ, Equations 4 and 8 cannot be sol ved (case 2).
Physically this neans that the RCHRES wil | instantaneously go dry at the end of the
interval with total outflowrate at that tine equal to O NT. Accordingly, the code
assigns a zero value to the RCHRES volunme, and the total outflow is equal to the
i ntercept of Equation 4 on the volume axis in Figure 4.2(3).1-4. As many of the
i ndi vi dual demands (Q(*)) as possible are satisfied in full by the avail able water.
The remaining water is used to partially satisfy the demand of next highest
priority, and any others are not satisfied at all.

4.2(3).1.1.2 Find the Qutfl ow Demands which Correspond to a Specified
Row i n RCHTAB (subrouti ne DEMAND)

Pur pose

DEMAND finds the individual and total outfl ow demands whi ch apply at the end of the
present interval for a specified level (row) in RCHTAB.

General Met hod

The approach is to deternmi ne the outfl ow demand for each active exit and accunul ate
themto find the total dermand.

Eval uating the Demand for Exit N

The outflow demand for an individual exit consists of one or both of two
conponents. Their presence or absence is indicated by two fl ags:

Conponent Fl ag
f N( VOL) ODFVFGE( N)
aN(t) CDGTFG(N)

Fi ndi ng the fN(VOL) Conponent
If ODFVFEN) is zero, there is no fN(VOL) component.
If ODFVFEN) is greater than zero, there is a fN(VOL) conponent. The val ue of the

flag is the colum nunber in RCHTAB containing the value to be used to find the
conponent :
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col = ODFVFE N)
ODFV = fN(VOL) = (col um val ue) * CONVF (12)
where CONVF is a conversion factor which can vary throughout the year. It is

supplied by the user in the RCHRES Bl ock of the User's Control Input. 1t can be
used to i ncorporate effects into the sinulation of, for exanple, seasonal variation
i n channel roughness.

If OOFVFEN) is less than zero, there is an f N(VOL) conponent, but the function fN
is tinme varying. In this case the determ nation of the conponent is |less direct.
The absolute value of ODFVFG N), say |, gives the elenent nunber of a vector
COLIND() which contains a user-supplied tinme series. The values in this time
series indicate which pair of colums in RCHTAB are used to interpolate fN(VQ).
For exanple, if COLIND(I) = 4.6 for a given tine step, then the value is
i nterpol ated between those in colums 4 and 5:

COFV = fN(VAL) = [0.6*(col um5 val ue) + 0.4*(col um4 val ue) ] * CONVF (13)

If the user has selected this option, the tine series COLIND(I) nust be supplied
in the EXT SOURCES Bl ock of the UC.

Thi s nmethod of outflow demand specification is useful where a set of rule curves
(f(vQL)) are specified for releases froma reservoir, and it is necessary to nove
fromone curve to another (gradually or suddenly) as tine progresses in the

si mul ati on.

Fi nding the gN(t) Conponent

If ODGTFGN) is zero, there is no gN(t) conponent. |If ODGTFG(N) is greater than
zero, there is a gN(t) component. The value of this flag is the el ement nunber of
vector OQUTDGI() which contains the required tine series:

F&
CDGT

ODGTFE( N)
gN(t) = QUTDGI( FQ&X) (14)

Conbi ning the fN(VAL) and gN(t) Conponents

I f an outfl ow demand has bot h of the conponents descri bed above, the systemexpects
the user to indicate which of the follow ng options to use in conbining them

1. O(N) =Mn [fN(VQA), gN(t)]
2. 0N = Max [fN(VQL), gN(t)]
3. OD(N) = fN(VOL) + gN(t) (15)
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4.2(3).1.1.3 Solve Routing Equations used in Case 1.
(subroutine SOLVE)

Pur pose

SOLVE finds the point where Equations 4 and 8 intersect (case 1 in Figure
4.2(3).1-4).

Ceneral Approach

The general idea is to select a segnment of Equation 8, and determ ne the point of
intersection with Equation 4. |If this point |lies outside the sel ected segnent, the
code will select the adjacent segment (in the direction in which the point of
intersection lies) and repeat the process. This continues until the point lies
within the segnent under consideration. To mnimze searching, the segnment in
whi ch the point of intersection was last located is used to start the process.

Sol ving the Sinultaneous Linear Equations
Equations 4 and 9 can be witten as:

Al*VOL+ B1*ROD
A2*VOL+ B2* ROD

Cl (16)
2 (17)

These equations can be solved by evaluating the determ nants:

*Al Bl* *Cl Bl* *AL Cl1*
DET = * *  DETV = * *  DETO = * * (18)
*A2 B2* *C2 B2* *A2 C2*

In the code of this subroutine:

FACTAL = Al = 1.0/ ( COKS* DELTS) (19)
FACTA2 = A2 = RODL - ROD2 (20)
FACTBL = BL = 1.0 (21)
FACTB2 = B2 = V2 - V1 (22)
FACTCL = C1 = QNT (23)
FACTC2 = C2 = (V2*RODL) - (V1*RODR) (24)

By substituting Equations 19 through 24 in Equation 18, the determ nants are
eval uat ed as:

DET = FACTA1*FACTB2 - FACTA2 (25)
DETV = O NT*FACTB2 - FACTC2 (26)
DETO = FACTAL*FACTC2 - FACTA2*QO NT (27)

The coordi nates of the point of intersection are:

VOL
RO

DETV/ DET (28)
DETQ/ DET (29)
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4.2(3).1.2 Calculate Qutflows Wthout Using Hydraulic Routing
(subrouti ne NORQUT)

Pur pose

NORQUT is used to conpute the rates and vol unes of outflow froma RCHRES and the
new vol une i n cases where no outfl ow demand has an f(VOL) component; that is, where
all outflow demands are functions of time only.

Met hod

Equations 4 and 8 are illustrated for this situation in Figure 4.2(3).1-5. The
solution procedure is simlar to that used in subroutine ROUTE, except that:
because no outfl ow demands depend on vol unme, no table | ook-up and interpolation is
required to evaluate them and the simultaneous solution of Equations 4 and 8 is
easi er.

The intercept of Equation 4 on the volume axis is found, as before, using Equation
10. If VOLINT is less than 0.0, there is no solution (case 3). The code takes
simlar action to that taken by subroutine ROUTE for this case.

If VOLINT is greater than or equal to 0.0, the solution is either case 1 or case

2, as before. In either case, the first step is to evaluate the outfl ow denmands:
FG = ODGTFE N)
OD(N) = QUTDGT(FQ (30)
ROD =01 + ... CD(NEXITS) (31)

The intercept of Equation 4 on the volume axis (O NT) is found using Equation 11.
If ONT is greater than ROD, Equations 4 and 8 can be solved (case 1):

RO ROD
a*) = oxX*) (32)

And from Equations 4 and 10,

VOL = VOLINT - COKS*RO*DELTS (33)
If ONT is less than or equal to ROD, Equations 4 and 8 cannot be sol ved (case 2).

The physical neaning and the action taken by the code are identical to that
descri bed for subroutine ROUTE.

144



Module Section HYDR

®

o) ,:< 0(2)

21 o@3)

PD(1)>:< OD(2) + OD(3) N
~<———————i——— ROD | >
| |
. . ®
(O,VOLINT)
I Eq. 4 Eq. 8
()] : ‘(///
S on ! o2 !ogs RO,VOL
% < ( )>I< (2) >re (3) (RO, )
= | |
. . @
(O,VOLINT) I
Case

Ca
(O,VOLINT)] ——£3

(----) are coordinates

(OINT,0)

of points

Outflows and Outflow Demands

@ is row no. in RCHTAB which contains data for this level

Figure 4.2(3).1-5 Gaphical representation of the work perfornmed by

subrouti ne NOROUT
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4.2(3).1.3 Compute Values of Auxiliary State Variables (subroutine AUXI L)
Pur pose

AUXIL is used to conpute the depth, stage, surface area, average depth, top w dth,
and hydraulic radius corresponding to a given volune of water in a RCHRES.

Met hod of Conputing Depth

The basic problemis to interpolate a depth val ue between those given for discrete
val ues of volume in RCHTAB. This raises the question of how the interpolation
shoul d be perfornmed; for exanple, linear or quadratic. Watever method is used,
it should be consistent with the fact that volume is the integral of surface area
with respect to depth.

Most RCHRES's are long and relatively narrow (Figure 4.2(3).1-6). To perform
interpolation, it is assunmed that surface area varies linearly with depth between
nei ghboring levels (rows) in RCHTAB:

SAREA = SAL + (SA2 - SAl)*RDEP (34)

where SAREA is the surface area at depth DEP; SAl, SA2 are the tabul ated val ues of
surface area immediately above and below SAREA;, RDEP is the relative depth
( DEP- DEP1) / (DEP2- DEP1); DEP1, DEP2 are the tabul ated val ues of depth imredi ately
above and bel ow DEP.

By integrating the above equation with respect to depth and equating the result to
vol une:

(A*RDEP**2) + (B*RDEP) + C = 0.0 (35)
wher e:

A = SA2 - SAl

B = 2. 0*SAl

C=-(vaL - vO.1)/(vO.2 - vOL.1))*(B + A

Equation 35 provides a nmeans of interpolating depth, given volune. There is a
gquadratic relation between RDEP and VOL. The equation can be solved for RDEP
analytically, but, in HSPF, Newton's nethod of successive approxi mations is used
because it is generally faster in execution:

Cal culation starts with an estimte of RDEP. RDEP1 = 0.5

The function FRDEP = (A*RDEP1**2) + (B*RDEP1) + C is eval uated

The derivative DFRDEP = 2. 0*A*RDEP1 + B i s eval uated

A new val ue RDEP2 = RDEP1 - FRDEP/ DFRDEP i s cal cul at ed

Steps 2-4 are repeated with RDEP1 = RDEP2 until the change in RDEP
is snall

arwNE
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DEP2

! \ Stage might be the
water level at this
point relative to
some fixed datum

\4

DEP1

«— SA2, VOL2 apply
at this depth

_______ <— SA1, VOL1 apply
at this depth

Figure 4.2(3).1-6

Illustration of quantities involved in calculation of depth
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The depth is found using:

DEP = DEP1 + RDEP2*(DEP2 - DEPI1) (36)

Conput ation of Ot her State Vari abl es

STAGE is the name for any quantity which differs from DEP by a constant:

STAGE = DEP + STCOR (37)
wher e:
STCOR = the difference, supplied by the user

Surface area is conmputed using a formul a based on Equation 34:

SAREA = SAl + A*RDEP2 (38)
Average depth is conmputed as:

AVDEP = VOL/ SAREA (39)
The nean top width is found using:

TWD = SAREA/ LEN (40)

wher e:
LEN = l ength of the RCHRES, supplied by the user

The hydraulic radius is calculated as a function of average water depth (AVDEP) and
mean top width (TWD):

HRAD = (AVDEP*TW D)/ (2. *AVDEP + TW D) (41)
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4.2(3).1.4 Calculate Bed Shear Stress and Shear Velocity
(subrouti ne SHEAR)

Pur pose

SHEAR i s used to conpute the bed shear velocity and shear stress, based on the nean
particle size of bed sedinent and the hydraulic properties of the RCHRES (i.e.
average water depth, average velocity, hydraulic radius, and sl ope).

The met hod of cal cul ating shear velocity and shear stress depends on whether the
RCHRES is a lake or a river. |If the RCHRES is a | ake (LKFG=1), shear velocity is
conput ed using Equation 8.49 from "Hydraulics of Sedinent Transport”, by W H.

G af :

USTAR = AWVEL/ (1 7.66 + (ALOGLO (AVDEP/ (96.5*DB50)))*2. 3/ AKAPPA) (42)
wher e:

USTAR = shear velocity (ft/s or nis)

AWEL = average flow velocity (ft/s or nis)

AVDEP = average water depth (ft or m

DB50 = nedian dianmeter of bed material (ft or n)

AKAPPA = Karman constant (AKAPPA = 0.4)

The shear stress (TAU) on a | ake bed is cal cul ated as:
TAU = GAM (USTAR**2) / GRAV (43)

wher e:
TAU
GAM
GRAV

bed shear stress (I b/ft2 or kg/nR)
unit weight, or density, of water (62.4 Ib/ft3 or 1000 kg/ nB)
accel eration due to gravity (32.2 ft/sec2 or 9.81 nisec?)

If the RCHRES being sinmulated is a streamor river, both shear velocity and shear
stress are determ ned as functions of the slope and hydraulic radius of the reach:

USTAR = SQRT( GRAV* SLOPE* HRAD) (44)
wher e:

SLOPE = sl ope of the RCHRES (-)

HRAD = hydraulic radius (ft or m
and

TAU = SLOPE* GAMF HRAD (45)
wher e:

TAU = stream bed shear stress (Ib/ft2 or kg/nR)
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Water Rights Categories

Categories can be used to facilitate the nodeling of water rights in a RCHRES. |f
categories are being sinulated (NCAT > 0) in the CATEGORY bl ock), each RCHRES in
the run keeps track of the categories of all inflows, storages, and outflows, as
well as precipitation and evaporation fl uxes. Up to 100 categories may be
specified in the CATEGORY bl ock.

The storage of each category of water in a RCHRES is called CVOL(C). The inflows
of each category are CIVOL(C). The category outflows fromexit gate OFLQ(N) are
called COVOL(C,N), and the total outflow of each category is CROVOL(C). These
quantities are illustrated in Figure 4.2(3).1-7.

The initial storage of water in a RCHRES may be assigned to a single category, or
fractions of the storage can be assigned to specified categories. The default is
to divide the storage equally anong all active categories.

Al water entering a RCHRES nust be assigned a category. The inflow to each
category is input as tine series VO, and IVOL is computed as the sum

By default, precipitation is divided proportionally anong all categories present
in a RCHRES according to their current storage fraction CFRAC(C), which is
calculated as CVOL(C) divided by VO.. Optionally, it may be assigned to either a
single category or to several categories by user-defined fractions.

Assi gning evaporation |losses to categories is somewhat nore conplicated. By
default, evaporation is taken fromall categories proportionally based on CFRAC.
If a single category is specified, evaporation is taken fromthat category as |ong
as sufficient water is present. For more conplex situations, a priority may be
assigned to each of several categories. Miltiple categories may be given the sane
priority, and | osses may be divided anong them by either user-specified fractions
or by CFRAC (the default). VWen all specified categories are exhausted, any
remai ning loss is distributed anong the other categories by CFRAC

F(VOL) outflows are cal cul ated fromthe FTABLE normal ly. Most free-fl owi ng reaches
will use the default algorithm which is to pass all categories downstream
unchanged, i.e. according to CFRAC. For nore conplex situations, categories can
be assigned in the sane way as for evaporation, with separate priorities and
categories specified for each exit.

Time series demands (g(t) releases) are handled differently. The tine series
QUTDGT is replaced by COIDGI, which is an array specifying the denmand from each
category for each exit. |If there is not enough water in a category to satisfy the
demand, the release is cut back, and the storage of that category is reduced to
zero. Water is not "borrowed" from other categories to make up the flow  Any
deficit in the demand i s accunul ated t hroughout the run in the tinme series CDFVOL.
If a category is drawn fromnore than one exit, a priority may be established for
each demand. The priority may be specified as either a real nunber or a date, such
as an ownershi p date.
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PRSUPY VOLEV

] ‘ — COVOL(AA,1)_
—> COVOL(AA,2) L. CROVOL(AA)

- COVOL(AA5) |
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—— COVOL(2Z,2) |+ crOVOL(ZZ)

CIVOL(AA) — CVOL(AA)
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Inflows Storages I COVOL(ZZ,5)_
Category Total
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by exit Outflows

Figure 4.2(3).1-7 Flow diagramfor water categories in the HYDR Section of
t he RCHRES Application Mdul e
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If an exit uses FUNCT to conbine f(VOL) and g(t) denmands, then OUTDGT is cal cul at ed
as the sumof COIDGT for that exit, and the conbining function is applied nornally.

COvVOL is then the result of the actual releases of g(t) demands COIDGI and the

apportionment of f(VO.) flows by category. The outflow rate is called COC N).
The total category outflow volune and rate are CROVOL and CRO respectively.
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4.2(3).2 Prepare to Simulate Advection of Fully Entrained Constituents
(Section ADCALC of Modul e RCHRES)

Pur pose

ADCALC cal cul at es val ues for vari abl es which are necessary to simul ate | ongit udi nal
advection of dissolved or entrained constituents. These variables are dependent
upon the volunme and outfl ow val ues cal culated in the hydraulics section (HYDR).

Appr oach

The outfl ow of an entrained constituent is a wei ghted nean of two quantities: one
is an estimate based on conditions at the start of the time step, the other
reflects conditions at the end of the tinme step. The weighting factors are called
JS and CQJS (conplenent of JS), respectively. The values of the weighting
coefficients depend on (1) the relative volunme of stored water in the RCHRES
conpared to the volunme leaving in a single tine step and (2) the uniformty of the
velocity across a cross-section of the RCHRES. In order to represent these
factors, two variables are defined: RAT and CRRAT. RAT is the ratio of RCHRES
volume at the start of the interval to the outfl ow vol ume based on the outflowrate
at the start of the interval:

RAT = VOLS/ ( ROS*DELTS) (1)

wher e:
VOLS
RCS
DELTS

vol une of water at the start of interval (ft3 or nB)
outflowrate at start of interval (ft3/s or nB/s)
nunber of seconds in interval

The paraneter CRRAT is defined as the ratio of maxi mumvelocity to nean velocity
in the RCHRES cross-section under typical flow conditions. CRRAT nust al ways have
a value of 1.0 or greater. A value of 1.0 corresponds to a totally uniform
velocity (plug flow) across the RCHRES

Determ nation of JS and CQJS
If the value of RAT is greater than that of CRRAT, it is assuned that all outflow

over a given time interval was contained in the RCHRES at the start of the
interval, and the nean rate of outflow of material is entirely dependent upon the

rate of outflow at the start of the interval (JS = 1.0). |If the value of RAT is
| ess than CRRAT, it is assunmed that part of the water in the outflow entered the
RCHRES as inflow during the sane interval; in this case, the concentration of

inflowing material will affect the outflow concentration in the sanme interval, and
JS will have a value less than 1.0. The relationship of RAT, CRRAT, and JS is
illustrated in Figure 4.2(3).2-1. CASis (1.0 - JS).

Another way to interpret the relationship of these variables is that no infl ow ng

material is present in the outflowin the same interval if the outflow volune is
| ess than (VOLS/ CRRAT).

153



Module Section ADCALC

1.0

0.0

/ CRRAT

RAT

Figure 4.2(3).2-1 Determnation of weighting factors for advection

cal cul ati ons
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Cal cul ation of Conponents of Qutfl ow Vol une

Conponents of outflow volume based on conditions at the start of the interval
(SROVQL) and the end of the interval (EROVOL) are cal cul ated as:

SROVOL = JS*ROS*DELTS (2)
EROVOL = CQIS*RO*DELTS
wher e:
SROVOL = outfl ow vol ume conponent based on start of interval
(ft3/interval or nB/interval)
EROVOL = outfl ow vol une conponent based on end of interval
(ft3/interval or nB/interval)
RCS = outflowrate at start of interval (ft3/s or nB/s)
RO = outflowrate at end of interval (ft3/s or nB/s)
DELTS = nunber of seconds in interval

Li kewi se, if there is nore than one exit gate for the RCHRES, the correspondi ng
out fl ow conmponents for each unit, based on conditions at the start and end of each
interval, are cal cul ated as:

SOVOL(N) = JS*OS(N) *DELTS (3)
EOVOL(N) = CQIS*Q(N) *DELTS
wher e:
SOVOL(N) = outfl ow vol une conponent based on start of interval for exit
gate N (ft3/interval or nB/interval)
EOVOL(N) = outflow vol ume conmponent based on end of interval for exit gate N
(ft3/interval or nB/interval)
OS(N) = outflowrate at start of interval for exit gate N (ft3/s or nB/s)
AN = outflowrate at end of interval for exit gate N (ft3/s or nB/s)
DELTS = nunber of seconds in interval

It should be noted that SROVOL, EROVOL, SOVOL(N), and EOVO.(N) are not actual
outflows fromthe RCHRES, but instead are conponents of outfl ow based on conditions
at the start or end of the interval. These variables are used in subroutine ADVECT
to estinmate the advection of constituents.
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4.2(3).3 Simulate Conservative Constituents
(Section CONS of Mdul e RCHRES)

Pur pose

CONS simul ates constituents which, for all practical purposes, do not decay with
time or | eave the RCHRES by any mechani smot her than advection. Exanples include:
total dissolved solids, chlorides, and pesticides and herbi ci des which decay very
slowy. Figure 4.2(3).3-1illustrates the fluxes of conservative nmaterial that are
nodel ed i n CONS.

Met hod
Subroutine CONS perforns three functions. First, a value for inflow of materi al

(INCON) is obtained and converted to internal units. The inflow is the sum of
i nputs fromupstreamreaches, tributary |and areas, and atnmospheric deposition:

| NCON = | CON + SAREA* ADFX + SAREA* PREC* ADCN (1)
wher e:

INCON = total input to reach (mass/interval)

ICON = input fromupstreamreaches and tributary |land (mass/interval)

SAREA = surface area of reach (area)

ADFX = dry or total atnospheric deposition flux (mass/area per interval)
PREC = precipitation (depth)
ADCN = concentration for wet atnospheric deposition in mass/vol une

The at nospheric deposition inputs can be specified in two possible ways dependi ng

on the formof the available data. |If the deposition is in the formof a flux
(mass per area per time), then it is considered "dry deposition". If the
deposition is in the formof a concentration in rainfall, then it is considered

"wet deposition", and the programautomatically conbines it with the input rainfall
time series to compute the resulting flux. Either type of deposition data can be
input as atine series, or as a set of nonthly values. The atnospheric deposition
time series are docunented in the EXTNL table of the Time Series Catalog for
RCHRES, and are specified in the EXT SOURCES bl ock of the UCI. Mnthly values are
i nput in the MONTH DATA bl ock.

After computing inflows, CONS calls subroutine ADVECT to perform | ongitudinal
advection of this material and the material already contained in the RCHRES.
Finally, CONS calculates the mass of material remaining in the RCHRES after
advection; this value, RCON, is necessary for the nmass balance checks on
conservatives and is cal cul ated as:

RCON = CONfVOL (2)
wher e:

RCON = nmass of material in RCHRES after advection

CON = concentration of conservative after advection

VOL = volunme of water in RCHRES at end of interval (ft3 or nB)
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ICON (N)
ICON Y ROCON
P D
Outflow
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Storage | _ _ _ _ _ >

Figure 4.2(3).3-1 Flow diagramfor conservative constituents in the CONS
section of the RCHRES Application Mdul e
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Addi tional Requirenents

HSPF al | ows a maxi numof ten conservative constituents. The user selects the units
for each constituent; thus, different conservative constituents may have different
units. However, in order to provide this flexibility, additional input is
required. For each constituent the foll owi ng i nformation nust be provided in the
User's Control Input:

1. CONID: the nane of the constituent (up to 20 characters |ong)

2. QIYID: this string (up to 8 characters) contains the units used to
describe the quantity of constituent entering or |eaving the
RCHRES, or the total quantity of material stored init.
Exanpl es of possible units for QIYID are 'kg' for kil ograns
or 'lIbs' for pounds

3. CONCID: the concentration units for each conservative (up to 8
characters long); exanples are 'ng/l' or 'Ilbs/ft3

4. CONV: conversion factor fromQIrYID) VOL to desired concentration
units: CONC = CONV*(QTY/VQOL) (in English system VOL is
expressed in ft3) (in netric system VOL is expressed in nB)
For example, if:

CONCID is ng/l

QIYID is kg

VOL isinnB
then CONV = 1000.0
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4.2(3).3.1 Simulate Advection of Constituent Totally Entrained in Wter
(subrouti ne ADVECT)

Pur pose
ADVECT conputes the concentration of material in a RCHRES and the quantities of
materi al that | eave the RCHRES due to | ongitudinal advection through active exits.
ADVECT is a generalized subroutine, and is called by each nodul e section which
simul ates constituents which undergo normal |ongitudinal advection
Assunpti ons

Two assunptions are made in the solution technique for nornmal advection:

1. Each constituent advected by calling subroutine ADVECT is uniformy di spersed
t hr oughout the waters of the RCHRES.

2. Each constituent is conpletely entrained by the flow, that is, the material
noves at the sane horizontal velocity as the water.

Met hod

The equation of continuity may be witten as:

| MAT - ROVAT = (CONC*VQOL) - (CONCS*VOLS) (2)
wher e:

IMAT = inflow of naterial over the interval

ROVAT = total outflow of material over the interval

CONCS = concentration at the start of the interval

CONC = concentration at the end of the interval

VOLS = volune of water stored in the RCHRES at the start of the interval

VOL = volune of water stored in the RCHRES at the end of the interval

The ot her basic equation states that the total outflow of material over the tine
interval is a weighted nmean of two estimates; one based on conditions at the start
of the interval, the other on ending conditions:

ROMAT = ((JS*ROS*CONCS) + (CQJS*RO*CONC) ) *DELTS (3)
wher e:

JS = wei ghting factor

Cys =1.0 - JS

ROS = rates of outflow at the start of the interval (nmB/s or ft3/s)

RO = rates of outflow at the end of the interval (nB/s or ft3/s)

DELTS = length of interval (seconds)

Usi ng Equations (2) in Section 4.2(3).2 (Subroutine ADCALC), Equation (3) can be
witten:

ROVAT = ( SROVOL* CONCS) + ( EROVOL* CONC) (4)
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where SROVOL and EROVOL are as defined earlier.
By conbi ning Equations (2) and (4) we can solve for CONC
CONC = (I MAT + CONCS*(VOLS - SROvAL))/ (VOL + EROVAL) (5)

The total anobunt of material |eaving the RCHRES during the interval is calcul ated
from equation (4).

If there is more than one active exit from the RCHRES, the anpunt of materi al
| eavi ng through each exit is cal cul ated as:

OMAT = SOVOL* CONCS + EOVOL* CONC (6)
wher e:
OVAT = anount of material |eaving RCHRES through individual exit
SOVOL = outfl ow vol une conponent for individual exit based on start
of interval
EOVOL = outfl ow vol une component for individual exit based on end

of interval
(SOvVOL and EOVOL are defined in Section 4.2(3).2)

If the RCHRES goes dry during the interval, the concentration at the end of the
interval is undefined. The total ampunt of material |eaving the RCHRES is:

ROVAT = | MAT + ( CONCS*VOLS) (7)
If there is more than one active exit from the RCHRES, the anpunt of materi al
| eaving through each exit froma RCHRES whi ch has gone dry during the interval is
cal cul ated as:

OVAT = ( SOVOL/ SROVOL) * ROVAT (8)

The units in the precedi ng equations are:

VALS, VOL m3 or ft3 (call these volunits)
SROVAL, et c vol uni ts/interva
CONCS, CONC user defined (call these concunits)

| MAT, ROVAT, etc concunits * volunits/interva
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4.2(3).4 Simul ate Heat Exchange and Water Tenperature
(Section HTRCH of Modul e RCHRES)

Pur pose

The purpose of this code is to simulate the processes which deternine the water
temperature in a reach or mxed reservoir. Water tenperature is one of the nost
fundament al indices used to determ ne the nature of an aquatic environment. Most
processes of functional inportance to an environnent are affected by tenperature.
For exanple, the saturation |evel of dissolved oxygen varies inversely wth
temperature. The decay of reduced organic matter, and hence oxygen demand caused
by the decay, increases with increasing tenperature. Sone form of tenperature
dependence is present in nearly all processes. The preval ence of individua
phyt opl ankt on and zoopl ankton species is often tenperature dependent.

Required Tinme Series

Five tine series of meteorological data are required to sinulate the tenperature
bal ance within a RCHRES. These are:

solar radiation in |angleys/interval

cl oud cover expressed as tenths

air tenperature in degrees F (English) or degrees C (Metric)
dewpoi nt tenperature in degrees F (English) or degrees C (Metric)
wi nd speed in mles/interval (English) or knlinterval (Metric)

ORwnE

Note that solar radiation data are usually available as daily totals. The user
must generally convert these data to hourly or two hourly val ues before using them
in HSPF. If the standard HSPF di saggregation rule were used, a daily value would
be divided into equal increments for each interval of the day; this would not
account for the rising and setting of the sun. A similar kind of preprocessing
needs to be done if daily max/mn air tenperatures are used

Schematic View of Fl uxes and Storages

Figure 4.2(3).4-1 illustrates the fluxes involved in this nodule section. There
are no significant internal sources or sinks of tenmperature within a RCHRES.
Changes in heat content are due only to transport processes across the RCHRES
boundaries. Mbdul e section HTRCH consi ders three maj or processes: heat transfer
by advection, heat transfer across the air-water interface, and optionally, heat
transfer across the water-sedi nent (bed) interface. The processes of diffusion and
di spersion are not considered i n HSPF.

Heat transfer by advection is simulated by treating water tenperature as a therma

concentration. This enables the use of subroutine ADVECT, a standard subroutine
whi ch cal cul ates advective transport of constituents totally entrained in the
novi ng wat er.
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Heat is transported across the air-water interface by a nunber of nechanisns, and
each nust be evaluated individually. The net transport across the air-water
interface is the sumof the individual effects. Mechanisns which can increase the
heat content of the water are absorption of solar radiation, absorption of | ongwave
radi ati on, and conduction-convection. Mechani sns whi ch decrease the heat content
are em ssion of |ongwave radi ati on, conduction-convection, and evaporati on.

Shortwave Sol ar Radi ati on

The shortwave radi ation absorbed by a RCHRES is approximated by the foll ow ng
equat i on:

QSR = 0. 97* CFSAEX* SOLRAD* 10. 0 (1)

wher e:
&SR

shortwave radiation (kcal/n2/interval)

0.97 fraction of incident radiation which is assunmed absorbed
(3 percent is assuned refl ected)
CFSAEX = ratio of radiation incident to water surface to radiation
i ncident to gage where data were collected. This factor also
accounts for shading of the water body, e.g., by trees
SOLRAD = sol ar radiation (langleys/interval)
10.0 = conversion factor fromlangleys to kcal /n?

Longwave Radi ati on

Al terrestrial surfaces, as well as the atnosphere, enit | ongwave radiation. The
rate at which each source enits |ongwave radiation is dependent upon its tenper-
ature. The |l ongwave radi ati on exchange between the atnmosphere and the RCHRES is
estimated using the fornul a:

@B = SI GWA* (( TWKELW**4) - KATRAD* ( 10**- 6) * CLDFAC* ( TAKELV**6) ) * DELT60 (2)
wher e:

B = net transport of |ongwave radiation (kcal/n2/interval)

SIGVA = Stephan-Boltzman constant nultiplied by 0.97 to account
for emssivity of water

TWKELV = water tenperature (degrees Kelvin)

KATRAD = at nospheric | ongwave radiation coefficient with a typica
val ue of 9.0

CLDFAC = 1.0 + (.0017*C**2)

TAKELV = air tenperature corrected for elevation difference (deg K)

C = cloud cover, expressed as tenths (range = 0 - 10)

DELT60 = DELT(m nutes) divided by 60

Bot h at nospheric radiation to the water body and back radi ati on fromthe water body
to the atnosphere are considered in this equation. @B is positive for transport
of energy fromthe water body to the atnosphere.
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Conduct i on- Convecti on

Conducti ve-convective transport of heat is caused by tenperature differences
between the air and water. Heat is transported from the warner nedium to the
cool er nedium heat can therefore enter or |eave a water body, depending upon its
temperature relative to air tenperature. HSPF assunes that the heat transport is
proportional to the tenperature difference between the two nmedia. The equation
used is:

H = CFPRES* ( KCOND*10**- 4) *W ND* (TW - Al RTMP) (3)
wher e:

-H = conductive-convective heat transport (kcal/n2/interval)

CFPRES = pressure correction factor (dependent on el evation)

KCOND = conductive-convective heat transport coefficient

(typically in the range 1 - 20)

WND = wind speed (nfinterval)

TW = water tenperature (deg O

AIRTMP = air tenperature (deg O

His positive for heat transfer fromthe water to the air.
Evaporati ve Heat Loss

Evaporative heat transport occurs when water evaporates from the water surface.
The amount of heat |ost depends on the | atent heat of vaporization for water and
on the quantity of water evaporated. For purposes of water tenperature sinulation,
HSPF uses the follow ng equation to cal cul ate the anount of water evaporated:

EVAP = ( KEVAP* 10**-9)*W ND* ( VPRESW - VPRESA) (4)
wher e:

EVAP = quantity of water evaporated (niinterval)

KEVAP = evaporation coefficient with typical values of 1 - 5

WND = wind novenent 2 m above the water surface (nfinterval)

VPRESW = saturation vapor pressure at the water surface (nbar)

VPRESA = vapor pressure of air above water surface (nbar)

The heat rempved by evaporation is then cal cul at ed:

QE = HFACT* EVAP (5)
wher e:

E = heat | oss due to evaporation (kcal/nR/interval)

HFACT = heat | oss conversion factor (latent heat of vaporization

multiplied by density of water)

164



Module Section HTRCH

Heat Content of Precipitation

In nmodul e section HYDR, an option exists to include the input of water from
precipitation falling directly on the water surface. |If this option is activated,
it is necessary to assign a tenperature to the water added to the RCHRES in this
manner . HSPF assunmes that precipitation has the sanme tenperature as the water
surface on which it falls.

Bed conducti on

Heat movenent between water and bed sedinment contributes significantly to the
diurnal variation of water tenperature, especially in shallow streans and rivers.
Simul ation of bed conduction is optional, and the user may select from three
alternative methods to represent this process.

Method 1:
If BEDFLG = 1, streanbed conduction is conputed as a sinple function of the
difference in tenperature between the water-streanbed interface (tenperature =

wat er tenperature) and the streanbed at an equilibriumground tenperature at sone
depth bel ow the bed. The equation is:

QBED = KMUD * (TGRN\D - TW

wher e:
BED = heat flux fromground to water (kcal/nR2/interval)
TGRND = equi libriumground temperature (C
TW = water tenperature (O
KMUD = water-ground heat conduction coefficient (kcal/nR/Cinterval)

KMUD can be estinmated as the thermal conductivity of the streanbed material divided
by the depth (bel owthe water-sedi nent interface) where equilibriumtenperature is
assuned to occur.

Method 2:

I f BEDFLG = 2, bed conduction is based on the nmethod of Caupp et al. (1994) that
was used in nodeling the Truckee River. The nethod is an extension of Method 1 to
include a finite sedinment or mud |ayer (consisting of water-saturated sedinment)
overlying the ground, which is at an equilibriumtenperature. Heat fluxes between
the ground and sedi nent and between the sedinment and water are conputed, as well
as sedi ment and water tenperatures. The algorithm which includes a differencing
schene for updating the sedinent temperature is described bel ow

The heat transfer between the ground and sedinment is conputed as foll ows:

QGRMUD = KGRND* ( TGRND - TMJD)
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wher e:
QCGRMUD = heat transfer fromground to sedinment |ayer (kcal/nR/interval)
KGRND = ground-sedi ment heat conduction coeffi cient
(kcal /m2/Clinterval); (default value = 1.419)
TGRND = equilibriumground tenperature (O
TMUDD = sedinent tenperature (Q

This heat transfer is used to update the sedinment tenperature as foll ows:

TMUD

TMUD + QGRMUD/ CPR/ MUDDEP

wher e:
CPR

heat capacity of sedi nent (1000 kcal / nB/C)
(CPR is assunmed to be the heat capacity of water)
MJUDDEP = depth of sedinment |ayer (m

Finally, the new sediment tenperature is used to conpute the heat transfer between
t he sedi ment and water col um:

QBED = KMUD*(TMUD - TW

wher e:
BED = heat flux fromsedinment to water (kcal/n2/hr)
KMUD = water-sedi nent heat conduction coefficient (kcal/n2/ C hr)
TW = water tenperature (O

Method 3:

I f BEDFLG = 3, the bed conduction conputation is based on the nethod proposed by
Jobson (1977, 1979) in which the advection-di spersion equation for heat is solved
analytically. Jobson's solution reduces the bed conduction to a convergent series
consi sting of the product of the followi ng quantities:

1. Tenperature change (deg C) of the water over a specific period (TSTOP
intervals) prior to the current time interval. ()T

2. Heat flux per degree C between the bed and water (over the TSTOP tine period).
The units are kcal /nf/Cinterval. ()H

Assuming time intervals of one hour, the equation is:
QBED = (. tstop [DELH(I) * DELTT(1)]

wher e:
" (1=1, 1sT0) = SuUMMAtion over the past TSTOP hours

DELH(I) = heat flux frombed to water at current interval resulting from
a 1.0 degree C tenperature increase at hour | (kcal/n2/ C hr)
DELTT(1) = tenperature change over hour
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Therefore, at each tine step, the total bed conduction flux is sinply the
summat i on, over TSTOP, of the product of these two arrays. As inplenmented i n HSPF,
the tenperature change at the current tine step is conmputed twice. The first
conputation includes all heat flux conponents except bed conduction; then the
resulting tenperature change is used to conmpute the bed conduction flux, which is
used to conmpute the final water tenperature change.

Val ues of DELH and TSTOP can be devel oped from Jobson's equations; a utility
program is available to compute these inputs as a function of the thickness and
thermal properties of the bed. Not e: The input val ues of DELH depend upon ti ne-
step, i.e., the units are kcal/n2/Cinterval. Al so, DELH values are negative.

Net heat exchange

The net heat exchange at the water surface is represented as:

Qr=QR- @B- H- GE+ QP+ QBED (6)
wher e:

QI = net heat exchange in kcal/n2/interva

SR = net heat transport fromincident shortwave radiation

B = net heat transport from |l ongwave radiation

H = heat transport from conduction-convection

(E = heat transport from evaporation

QP = heat content of precipitation

(BED= net heat exchange w th bed
Cal cul ation of Water Tenperature

O the five heat transport nechanisnms across the air-water interface, three are
significant and dependent upon water tenperature. In order to obtain a stable
solution for water tenperature, these three terms (@B, Q4 QB are evaluated for
the tenperature at both the start and end of the interval, and the average of the
two values is taken (trapezoidal approximation). For this purpose, the unknown
ending tenperature is approxi mated by perform ng a Tayl or series expansi on about
the starting tenperature, and ignoring nonlinear terms. This fornulation |eads to
the foll owi ng equation for the change in water tenperature over the interval

DELTTW = CvQr*Qr/ (1. 0 + SPD*CvVQl) (7)
wher e:

DELTTW = change in water tenperature (deg O

CvQr = conversion factor to convert total heat exchange expressed in
kcal /n2/interval to deg Cinterval (volume dependent)

Qr = net heat exchange in kcal/n2/interval (with ternms eval uated at
starting tenperature)

SPD = sumof partial derivatives of @B, H, and QE with respect to

wat er tenperature
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The heat exchange cal cul ations do not give realistic results when the water body
becones excessively shallow Consequently, heat transport processes are not
considered if the average depth of water in the RCHRES falls bel ow 2 i nches. When
thi s happens, the water temperature is set equal to the air tenperature.

4.2(3).4.1 Correct Air Tenperature for Elevation Difference
(subroutine RATEMP)

Pur pose

The purpose of this code is to correct air tenperature for any el evation difference
bet ween the RCHRES and t he tenperature gage

Appr oach

The | apse rate for air tenperature is dependent upon whether or not precipitation
occurs during the time interval. |If precipitation does occur, a wet |apse rate of
1. 94E-3 degrees C/ft is assuned. Otherwise, a dry |lapse rate which is a function
of the time of day is used. A table of 24 hourly dry lapse rates is built into
HSPF. The corrected air tenperature is:

Al RTMP = GATMP - LAPS*ELDAT (8)
wher e:

Al RTMP = corrected air tenmperature (deg O

GATMP = air tenperature at gage

LAPS = lapse rate (degrees Cft)

ELDAT = elevation difference between mean RCHRES el evati on and gage

el evation (feet) (ELDAT is positive if the mean RCHRES
elevation is greater than the gage el evation)
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4.2(3).5 Simulate Behavior of Inorganic Sedinment
(Section SEDTRN of Modul e RCHRES)

Pur pose

The purpose of this code is to sinmulate the transport, deposition, and scour of
i norganic sedinent in free-fl owi ng reaches and m xed reservoirs. The nodeling of
sedi nent in channels may be needed for analysis of such problens as:

1. Structural instability of bridge piers or water intakes caused by scouring.

2. Reduction of reservoir capacity and clogging of irrigation canals and
navi gabl e wat erways due to deposition

3. Reduction of |light available to aquatic organisns caused by suspended
sedi nent .

4. Transport of adsorbed pollutants such as fertilizers, herbicides, and
pesti ci des.

Schematic View of Fl uxes and Storages

Figure 4.2(3).5-1 shows the principal state variables and fluxes with which nodul e
secti on SEDTRN deal s.

Both the m gration characteristics and the adsorptive capacities of sedi nent vary
significantly with particle size. Consequently, HSPF divides the inorganic
sedinent load into three conmponents (sand, silt, and clay), each with its own
properties. Parametric information required for cohesive sedinments (silt and cl ay)
i ncl ude:

particle diameter - D

particle settling velocity in still water - W
particle density - RHO

critical shear stress for deposition - TAUCD
critical shear stress for scour - TAUCS
erodibility coefficient - M

corwNE

Par anet er val ues required for noncohesive, or sand, particles depend on the nethod
used to conpute sandload (alternate methods are described in the functional
description of subroutines SANDLD, TOFFAL, and COLBY). |If the Toffaleti nethod is
used, values must be defined for nedian bed sedi ment di aneter (DB50) and particle
settling velocity (W. The Col by method requires a value for DB50, and the power
function method requires both a coefficient (KSAND) for the power function and an
exponent (EXPSND).

As Figure 4.2(3).5-1 indicates, the sane material fluxes are nodeled for all three

fractions of sedinent. Only the nethodol ogy used to determ ne fluxes between
suspended storage and bed storage differ.
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ISED (J) ROSED (J)

RSED (J)

> Suspended
storage

Deposition
or
scour

. J=1 for sand
A 4 J=2 for silt
RSED (J+3) J=3 for clay
Bed
Storage

Figure 4.2(3).5-1 Flow diagram of inorganic sedinment fractions in the SEDITRN
section of the RCHRES Application Mdul e
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HSPF assunmes that scour or deposition of inorganic sedinment does not affect the

hydraulic properties of the channel. Furthernore, it is assuned that sand, silt,
and cl ay deposit in different areas of the RCHRES bed; consequently, the deposition
or scour of each material is not linked to the other fractions (i.e., "armnoring"

is not nodel ed). Longitudinal nmoverment of bed sedinents is not nodel ed.

The details of the transport, deposition, and scour techniques are outlined in the
functional descriptions of the | ower |evel routines of the SEDTRN nodul e section
Fol I owi ng t hese cal cul ations, the depth of sedinment in the RCHRES bed i s det erm ned
in order to warn the user whenever the deposited sedi nent exceeds a pre-specified

level. First, the volume occupi ed by each fraction of bed sedi nent is cal cul at ed:
VOLSED(J) = RSED(J+3)/RHQ(J)*1. OE06 (1)
wher e:
VOLSED(J) = vol ume occupi ed by bed sedinent of fraction J (nmB8 or ft3)
RSEDX J+3) = bed storage of sedinment fraction J (ng.nB/l or ng.ft3/1)
RHO( J) = particle density of fraction J (gnifcnB)

The volunes of the three fractions of bed sedinent are sumred, and the total bed
volume is adjusted to account for the fraction of the volune which is void of
sedinent (i.e., the porosity):

VOLSEDA = VOLSED/ (1.0 - POR) (2)
wher e:
VOLSEDA = vol une of bed adjusted to account for vol une occupied
by materials other than sedi nment
VOLSED = vol une of sedinent contained in the bed (sand + silt + clay)
PCOR = porosity of bed sedinent (ratio of pore volune to total vol une)

Finally, the depth of bed sedinent is calculated for use as an indicator of
excessi ve deposition

BEDDEP = VOLSEDA/ ( LEN* BEDW D) (3)

wher e:

BEDDEP depth of bed (mor ft)

VOLSEDA = vol une of bed (nB or ft3)
LEN = length of RCHRES (mor ft)
BEDWD = effective width of bed for cal cul ati on of bed thickness

(an input paraneter expressed in mor ft)

If the calculated value for BEDDEP exceeds a user specified value, a warning
message is printed to alert the user to potential nodeling problens.

The PERLND nodul e of HSPF sinulates renoval of total inorganic sedinent due to
washoff fromthe | and surface and erosion fromgullies. Therefore, the user nust
divide this total sedinment into the three conponents (sand, silt, and clay) so that
this material can be routed through the channel systemin the RCHRES nodul e.
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4.2(3).5.1 Simul ate Cohesive Sedi nents (subroutine COHESV)
Pur pose

COHESV simul ates the deposition, scour, and transport processes of cohesive
sedinents (silt and clay).

Met hod

The nodeling effort consists of two steps. First, subroutine ADVECT is called to
perform advective transport (see section 4.2(3).3.1). Then subroutine BDEXCH is
cal l ed, and deposition or scour is cal cul ated based on the bed shear stress and the
Krone and Partheni ades equations. (see section 4.2(3).5.1.1).

4.2(3).5.1.1 Sinulate Exchange w th Bed
(subrouti ne BDEXCH)

Pur pose

BDEXCH si mul at es the deposition and scour of cohesive sedinment fractions (silt and
cl ay) .

Appr oach

Exchange of cohesive sedinents with the bed is dependent upon the shear stress
exerted upon the bed surface. The shear stress within the RCHRES is calculated in
subroutine SHEAR of the HYDR section. Wenever shear stress (TAU) in the RCHRES
is less than the user-supplied critical shear stress for deposition (TAUCD),
deposi tion occurs; whenever shear stress is greater than the user-supplied critical
shear stress for scour (TAUCS), scouring of cohesive bed sedinents occurs. The
rate of deposition for a particular fraction of cohesive sedinent is based on a
simplification of Krone's (1962) equation to the follow ng form

D = WCONC*(1.0 - TAU TAUCD) (4)

wher e:
D

rate at which sedinment fraction settles out of suspension
(mass/len2.ivl)

W = settling velocity for cohesive sedinment fraction (len/ivl)
CONC = concentration of suspended sedi nent fraction (mass/|en3)
TAU = shear stress (Ib/ft2 or kg/nR)

TAUCD = critical shear stress for deposition (Ib/ft2 or kg/nR)

The rate of change of suspended sedinent fraction concentration in the RCHRES due
to deposition can be expressed as:

d(CONC)/ dt = - (DI AVDEPM) (5)
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wher e:
AVDEPM = average depth of water in RCHRES (n

By substituting the expression for deposition rate (D) from Equation 4, the
foll ow ng equation is obtained:

d(CONC) / dt = - (W CONC/ AVDEPM * (1 - TAU TAUCD) (6)
By integrating and rearranging this equation, a solution nmay be obtained for the

concentration of suspended sedi nent | ost to deposition during a sinulationinterval
( DEPCONC) :

DEPCONC = CONC*(1.0 - EXP((-WAVDEPM *(1.0 - TAU TAUCD)) (7)
wher e:

CONC = concentration of suspended sedinment at start of interval (ng/l)

W = settling velocity for sedinment fraction (mivl)

AVDEPM = average depth of water in RCHRES in neters (calculated in HYDR)

TAU = shear stress (Ib/ft2 or kg/ nR)

TAUCD = critical shear stress for deposition (Ib/ft2 or kg/nR)

The user nust supply values for settling velocity (W and critical shear stress for
deposition (TAUCD) for each fraction of cohesive sedinent (silt and clay).

Fol I owi ng the cal cul ati on of DEPCONC, the storage of sedinment in suspension and in
t he bed i s updated:

SUSP = SUSP - ( DEPCONC*VCL) (8)

BED = BED + ( DEPCONC*VQL) (9)
wher e:

SUSP = suspended storage of sedinent fraction (ng.ft3/1 or ng.n8/1l)

BED = storage of sedinment fraction in bed (ng.ft3/1 or ng.n8/1)

VOL = volunme of water in RCHRES (ft3 or nB)

The rate of resuspension, or scour, of cohesive sedinments fromthe bed is derived
froma nodified formof Partheni ades' (1962) equati on:

S = M(TAU TAUCS - 1.0) (10)
wher e:

S = rate at which sedinent is scoured fromthe bed (mass/len2.ivl)

M = erodibility coefficient for the sedinent fraction (kg/nR.ivl)

TAUCS = critical shear stress for scour (lbs/ft2 or kg/nR)

The rate of change of suspended sedinent fraction concentration in the RCHRES due
to scour can be expressed as:

d(CONC)/ dt = S/ AVDEPM (11)
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By substituting the expression for scour rate (S) from Equation 10 the foll ow ng
equation i s obtained:

d(CONO)/ dt = (M AVDEPM *( TAU TAUCS - 1.0) (12)
By integrating and rearranging this equation, a solution nmay be obtained for the

concentration of suspended sedinment added to suspension by scour during a
simul ation interval (SCRCONC) :

SCRCONC = M AVDEPM 1000* ( TAU TAUCS - 1.0) (13)
wher e:

M = erodibility coefficient (kg/nR.ivl)

AVDEPM = average depth of water (m

1000 = conversion fromkg/n8 to ng/l

The user is required to supply values for the erodibility coefficient (M and
critical shear stress for scour (TAUCS) for each fraction of cohesive sedinent
(silt and clay) which is nodel ed.

Fol I owi ng the cal cul ati on of SCRCONC, the storage of sedinment in suspension and in
t he bed i s updated:

BED
SUSP

BED - ( SCRCONC*VOL) (14)
SUSP + ( SCRCONC*VOL) (15)

I f the amount of scour calculated is greater than avail able storage in the bed, the
bed scour is set equal to the bed storage, and the bed storage is set equal to
zero. Since the value specified for TAUCS should be greater than that for TAUCD,
only one process (deposition or scour) occurs during each simnulation interval.

4.2(3).5.2 Simul ate Behavior of Sand/ Gravel (subroutine SANDLD)
Pur pose

SANDLD simul ates the deposition, scour, and transport processes of the sand
fraction of inorganic sedi nent.

Met hod

Er osi on and deposition of sand, or noncohesive sedinment, is affected by the amount
of sediment the flow is capable of carrying. If the anmount of sand being
transported is |l ess than the flow can carry for the hydrodynam c conditions of the
RCHRES, sand will be scoured from the bed. This occurs until the actual sand
transport rate becones equal to the carrying capacity of the flow or until the
avail abl e bed sand is all scoured. Conversely, deposition occurs if the sand
transport rate exceeds the flow s capacity to carry sand.
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Subroutine SANDLD al | ows the user to cal cul ate sand transport capacity for a RCHRES
by any one of three nethods. Depending on the value of SANDFG specified in the
User's Control Input, either the Toffaleti equation (SANDFG=1), the Col by nethod
(SANDFG=2) , or an input power function of velocity (SANDFG=3) is used. |If sand
transport capacity is calculated using the Toffaleti or Colby nethods, the
potential sandl oad concentration is determ ned by the follow ng conversion

PSAND = ( GSI * TW DE* 10. 5) / ROM (16)

wher e:

PSAND = potential sandload (ng/l)

GSl sand transport capacity (tons/day/ft of width)
(calculated in COLBY or TOFFAL)

TWDE = width of RCHRES (ft)

10.5 = conversion factor

ROM = total rate of outflow of water fromthe RCHRES (nB/sec)

If carrying capacity is a power function of velocity, PSAND is cal cul ated as:
PSAND = KSAND* AVWELE** EXPSND (17)

wher e:
KSAND
EXPSND
AWELE

coefficient in the sandl oad suspension equation (input paraneter)
exponent in sandl oad suspensi on equation (input paraneter)
average velocity (ft/sec)

The potential outflow of sand during the interval is:

PRCSND = ( SANDS* SROVOL) + ( PSAND* EROVQL) (18)
wher e:

PROSND = potential sand outfl ow

SANDS = concentration of sand at start of interval (ng/1l)

SROVOL and EROVOL are as defined in Section 4.2(3).2

The potential scour from or deposition to, the bed storage is found using the
continuity equation

PSCOUR = (VOL*PSAND) - (VOLS*SANDS) + PROSND - | SAND (19)
wher e:

PSCOUR = potential scour (+) or deposition (-)

VOL = volunme of water in RCHRES at the end of the interval (ft3 or nB)

VOLS = volume of water in RCHRES at the start of interval (ft3 or nB)

ISAND = total inflow of sand into RCHRES during interva
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The ternms in Equations 18 and 19 have the units of concentration. The potenti al
scour is conpared to the anpbunt of sand material on the bottom surface avail able

for resuspension. |If scour demand is | ess than avail abl e bottom sands, the demand
is satisfied in full, and the bed storage is adjusted accordingly. The new
suspended concentration is PSAND. |If the potential scour cannot be satisfied by

bed storage, all of the available bed sand is suspended, and bed storage is
exhausted. The concentration of suspended sandl oad is cal cul ated as:

SAND = (1 SAND + SCOUR + SANDS*(VOLS - SROVOL))/ (VOL + EROVOL) (20)

wher e:
SAND
SCOUR
SANDS

concentration of sand at end of interva
sand scoured from or deposited to, the bottom
concentration of sand at start of interva

The total amount of sand | eaving the RCHRES during the interval is:
ROSAND = SROVOL* SANDS + EROVOL* SAND (21)

I f a RCHRES goes dry during an interval, or if there is no outflowfromthe RCHRES,
all the sand in suspension at the beginning of the interval is assuned to settle
out, and the bed storage is correspondingly increased.

4.2(3).5.2.1 Cal cul ate Sand Transport Capacity by Using Toffaleti's Method
(subroutine TOFFAL)

Pur pose

TOFFAL uses Toffaleti's nmethod to calculate the capacity of the RCHRES flow to
transport sand.

Met hod

In Toffaleti's methodol ogy, the actual stream for which the sand discharge is to
be calculated is assumed to be equivalent to a two-dinmensional stream of wdth
equal to that of the real streamand of depth equal to the hydraulic radius of the
real stream (FHRAD).

For the purposes of calculation, the depth, FHRAD, of the hypothetical streamis
divided into four zones shown in Figure 4.2(3).5-2. These are: (1) the bed zone
of relative thickness Y/ FHRAD = 2*FDI AM FHRAD; (2) the | ower zone extending from
Y/ FHRAD = 2*FDI AM FHRAD to Y/ FHRAD = 1/11.24; (3) the mddl e zone extending from
Y/ FHRAD = 1/11.24 to Y/ FHRAD = 1/2.5; and (4) the upper zone extending from Y/ FHRAD
=1/2.5to the surface. (FDI AMis the nedian bed sedinent dianeter). The velocity
profile is represented by the power relation

U= (1 + O\V)*V*(Y/ FHRAD) ** C\V (22)
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wher e:
U = flow velocity at distance Y above the bed (ft/sec)
\% = nean streamvelocity (ft/sec)
CNV = exponent derived enpirically as a function of water
tenperature (0.1198 + 0.00048* TMPR)
TWPR = water tenperature (degrees F)

The concentration distribution of sand is given by a power relation for each of the
three upper zones; i.e., by Equations 23-25 in Figure 4.2(3).5-2. The exponent,
Zl, in Equations 23-25 is given by:

ZI = (VSET*V)/ ( CZ* FHRAD* SLOPE) (26)

wher e:
VSET
SLOPE
(074

settling velocity for sand (ft/s)

sl ope of RCHRES (ft/ft)

enpirical factor derived as a function of water
tenmperature (260.67 - 0.667* TMPR)

Expressions for the sand transport capacity of the lower (GSL), mddle (GSM, and
upper (GSU) zones are obtained by substituting U from Equation 22 and the
appropriate value for sand particle concentration (Cl) for each zone into the

followi ng equation and integrating between the vertical limts of the zone:

GSl = INT [LLI to ULI] (C *Udy) (27)
wher e:

GSI = sand transport capacity for zone |

INT = integral of functionin ( ) over limts in [ ]

ULl = depth Y at upper limt of zone |

LLI = depth Y at lower limt of zone |

Cl = concentration of sand in zone |

The resulting equations for sand transport capacity in the three zones are:

GSL = CM *(((HRAD/ 11.24)**(1.0 + C\V - 0.758*Zl) - (28)
(2*FDIAM **(1.0 + CNV - 0.756*Z1))/(1.0 + C\V - 0.756*Zl))

GSM = CM *( ( (HRAD/ 11. 24) ** (0. 244*Z1 ) * ((HRAD/ 2. 5) ** (1.0 + CN\V - ZI) -
(HRAD 11.24)**(1.0 + CNV - Z1)))/ (1.0 + O\ - Z1)) (29)

GSU = CM *(((HRAD/ 11. 24) **( 0. 244*Z1 ) *(HRAD/ 2. 5) ** (0. 5% ZI ) * (30)
(HRAD**(1.0 + CNV - 1.5*71) - (HRAD2.5)**(1.0 + CNV - 1.5*Z1)))/
(1.0 + CN\NV - 1.5*Z1))
i n which

CM = 43.2*CLI*(1.0 + CNV)*V*HRAD** (0. 758*Z] - CNV) (31)
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A value for CLI, the concentration of sand in the |ower zone, can be obtained by
setting the expression for GSL in Equation 28 equal to the follow ng enpirical
expression and sol ving for CLI

GSL = 0.6/ ((TT*AC K4/ \V**2)** (1. 67) * 44Dl AM 0. 00058) ** (1. 67)) (32)

wher e:

GSL sand transport capacity

TT enpirical factor derived as a function of water
tenmperature (1.10*(0.051 + 0.00009* TMPR))

AC = enpirical factor derived as a function of the kinematic
viscosity of water (VIS) and shear velocity based on
shear stress due to sand grain roughness (USTAR)

K4 = enpirical factor derived as a function of AC, slope
of the RCHRES (SLOPE), and particle diameter for which
65% by wei ght of sedinment is finer (D65).

\% = nean streamvelocity (ft/sec)

FDI AM = nedi an bed sedi nent di ameter (ft)

Val ues for factors AC and K4 are given in Figure 4.2(3).5-3. The dinensions of AC
are such that GSL is expressed in tons per day per foot of width. Consequently,
when CLI is eval uated and substituted back i nto Equations 28-30 the resulting units
of sand transport capacity for all three zones are tons per day per foot of w dth.

Prior to calculation of sand transport capacity for the zones, Equation 25 is
sol ved to be sure that the val ue for concentration at Y=2*FDl AM does not exceed 100
Ibs/ft3. If it does, the concentration at this depth is set equal to 100 I bs/ft3
and an adjusted value of CLI is calculated and used in Equations 28-30. The
transport capacity of the final zone, the bed zone (Figure 4.2(3).5-2), is also
determ ned using the adjusted value of CLI and the foll owi ng equati on:

GSB = CM*(2*FDIAM **(1.0 + CNV - 0.758*Zl) (33)

The total sand transport capacity (GSI) for the RCHRES is the sumof the transport
capacities for the four zones:

GSl = GSB + GSL + GSM + GSU (34)
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4.2(3).5.2.2 Cal cul ate Sand Transport Capacity by Using Col by's Met hod
(subroutine COLBY)

Pur pose

COLBY cal cul ates the capacity of the RCHRES to transport sand based on the nedi an
bed sedi nent di aneter (DB50), average streamvelocity (V), hydraulic radius (HRAD),
fine sediment | oad concentration (FSL), and water tenperature (TEWPR)

Met hod

The sol ution technique used in this subroutine is based on enpirical rel ationships
devel oped fromFigures 4.2(3).5-4 and 4.2(3).5-5. 1In general terns, the solution
consi sts of three operations:

1. Qotain one value for sedinent transport capacity froma matrix of values by
i nterpolation. The dinmensions of the matrix (G are 4x8x6 and correspond to
ranges of hydraulic radius, velocity, and mean diameter of bed sedinent,
respectively. Since Colby's curves were developed on a log-1og scale, it is
necessary to performa series of three linear interpolations of |ogarithnic
values to derive the value for sedinent transport appropriate for the
hydraulic paraneters in the RCHRES. This value (GIUC) is not corrected for
the effects of fine sedinment concentration or water tenperature.

2. Correct sand transport capacity value to account for water tenperature in
RCHRES. A nultiplier is obtained froma matrix of values by interpol ation
The dinmensions of the matrix (T) are 7x4 and correspond to ranges of water
temperature and hydraulic radius, respectively. A linear interpolation of
logarithmc values is performed to derive the appropriate tenperature
correction factor. Cenerally speaking sand transport capacity, measured in
tons per day per foot of streamw dth, decreases with increasing streamw dth
(see Figure 4.2(3).5-5).

3. Correct sand transport capacity value to account for fine sedinent load in
RCHRES. A nultiplier is obtained froma matrix of values by interpol ation
The dinensions of the matrix (F) are 5x9 and correspond to ranges of fine
sedi nent | oad concentration and hydraulic radius, respectively. Again, a
linear interpolation of logarithmc values is perforned to derive the

appropriate correction factor. Sand transport capacity increases wth
increasing fine sedinent load and with increasing stream wi dth (Figure
4.2(3).5-5). It should be noted, however, that the correction factor is not
large for typical stream conditions. For exanple, the multiplier

corresponding to a fine sedinment | oad of 10,000 ppm (w th hydraulic radius of
1 foot) is 1.17.
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The follow ng additional coments are inportant to understanding and using the
CCOLBY subroutine in HSPF:

1.

2

Fine sedinent |load is defined as the sumof suspended silt and cl ay.

If the value for nedian bed sedinent dianeter, hydraulic radius, or average
velocity for the RCHRES for a given simulation interval falls outside the
range of val ues considered in Col by's graphs, a solution for sand transport
capacity cannot be obtained by the Col by nethod. In this case, an error
message is printed which specifies which paranmeter is out of range, and
subroutine TOFFAL is automatically called to obtain a solution using the
Tof fal eti method.

Accept abl e ranges of paraneter values for COLBY are:
(a) nedian bed sedinent dianmeter 0.1-0.8 mm

(b) hydraulic radius 0.1-100 ft

(c) average velocity 1.0-10.0 ft/s

Both the Col by and Toffaleti formulations equate depth of flow to hydraulic
radius. This approximation is best for wide rivers. Subroutines COLBY and
TOFFAL were obtained and nodified from Battelle Northwest Laboratories
SERATRA nopdel (Onishi and Wse, 1979). In this nodel, the depth of flow
values in Figures 4.2(3).5-4 and 4.2(3).5-5 are equated to hydraulic radius
val ues, and the HSPF version of COLBY has done the sane. To the best of our
know edge the accuracy of this approxi mation for narrow streans has not been
docunent ed.
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4.2(3).6 Sinul ate the Behavior of a Generalized Quality Constituent
(Modul e Secti on GQUAL)

Pur pose

The purpose of this code is to enable the nodel user to sinulate the behavior of
a generalized constituent. The constituent which is nodel ed may be present in the
RCHRES only in a dissolved state, or it may al so be sedi nent-associated. |f the
generalized quality constituent, which will be called a "qual" throughout this
di scussion, is not associated with sedi ment, nodule section GQUAL only considers
the foll owi ng processes:

1. Advection of dissolved materi al

2. Decay processes. One or nore of the follow ng can be nodel ed:
hydrol ysi s

oxi dation by free radi cal oxygen

phot ol ysi s

vol atilization

bi odegr adati on

generalized first-order decay

TP oe

3. Production of one generalized quality constituent as a result of decay of
anot her generalized quality constituent by any of the |listed decay processes
except volatilization. This capability is included to allow for situations
i n which the decay products of a chemcal are of primary interest to the user

The following additional processes are considered if the generalized quality
constituent being nodel ed i s sedi nment-associ at ed:

4. Advection of adsorbed suspended materia

5. Deposition and scour of adsorbed material with sedi nment

6. Decay of suspended and bed materi al

7. Adsorption/desorption between dissolved and sedi ment - associ at ed phase.

Schematic View of Fluxes and Storage

Figure 4.2(3).6-1 illustrates the fluxes and storages nodel ed in section GQUAL.
Note that the arrows indicating fluxes fromeach of the sedinent fracti on storages
are not all |[abeled. For instance, although deposition and scour transfer

materi als between the suspended storage and bed storage of all three sedinent
fractions (sand, silt, clay), only the flux arrow for deposition/scour of clay is
| abel ed. Deposition/scour flux arrows for sand and silt are | eft unl abel ed so t hat
the fl ow di agram does not becone overly cluttered and i nconprehensi ble. The sane
convention is used for the other fluxes contained in the flow diagram (i.e., an
unl abel ed flux arrowindicates that a flux of the sane nature as a parallel |abeled
flux occurs).
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Appr oach

The first portion of GQUAL eval uates the nature of the data which will be used for
the GQUAL simulation. Since it is anticipated that sone users of section GQUAL
will be using this section independently of many of the other sections of the
RCHRES application nodule, a variety of data types are allowed. In particular,
nost data required for simulation of individual decay processes can be supplied in
the formof a single constant, 12 nmonthly constants, a time series value fromthe
I NPAD, or in cases where the data value is calculated in another active section of
RCHRES, the | ast conputed val ue may be used. Data types which may be obtai ned from
any one of these sources include:

wat er tenperature

pH (for hydrolysis)

free radi cal oxygen (for oxidation)

total suspended sediment (for photolysis)
phyt opl ankt on (for phot ol ysis)

cl oud cover (for photolysis)

wind (for volatilization on | akes)

NooakwbE=

GQUAL utilizes six routines to perform the simulation of a generalized quality
constituent. These six routines and their functions are:

OXREA: conpute oxygen reaeration rate (used to sinulate volatilization)
ADVECT: sinul ate advection of dissolved nmateria

DDECAY: simul ate decay of dissolved materia

ADVQAL: advect sedinent-associated nmateri al

ADECAY: simul ate decay of qual adsorbed to suspended and bed sedi ment
ADSDES: simul ate exchange of materials due to adsorption and desorption

CohwnNE

Details on the nethods used by these routines are provided in functiona
descriptions 4.2(3)3.1, 4.2(3).7.1.2, and 4.2(3).6.1 through 4.2(3).6.4,
respectively.

Before ADVECT is called, GQUAL suns the inputs of dissolved qual from upstream
reaches, tributary |and areas, and atnospheric deposition

| NDQAL = | DQAL + SAREA* ADFX + SAREA* PREC* ADCN (1)
wher e:

I NDQAL = total input of dissolved qual to reach

I DQAL = input of dissolved qual fromupstreamreaches and tributary |and

SAREA = surface area of reach

ADFX = dry or total atnospheric deposition flux in mass/area per interva

PREC = precipitation depth

ADCN = concentration for wet atnospheric deposition in mass/vol une
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At mospheric deposition inputs can be specified in tw possible ways dependi ng on
the formof the available data. If the depositionis in the formof a flux (nass
per area per tine), then it is considered "dry deposition". |If the deposition is
inthe formof a concentrationinrainfall, thenit is considered "wet deposition”,
and the program automatically conbines it with the input rainfall time series to
conpute the resulting flux. Either type of deposition data can be input as a tinme
series, which covers the entire sinulation period, or as a set of nmonthly val ues
that is used for each year of the simulation. The specific atnospheric deposition
time series are docunented in the EXTNL table of the Time Series Catalog for
RCHRES, and are specified in the EXT SOURCES bl ock of the UCI. The nonthly val ues
are input in the MONTH DATA block in the UC.

GQUAL is also responsible for the cal cul ation of increases in qual resulting from
decay of a "parent" chem cal. The HSPF code is designed so that a user may specify
that a "daughter"” chemical is produced by any or all of the six decay processes
(except vol atilization) which degrade a parent qual. However, certain restrictions
are placed on the daughter/parent relationship. Sinmulation of up to three
generalized quality constituents is allowed. Qual #2 may be produced by decay of
qual #1. Qual #3 may be produced by decay of qual #1 and/or qual #2. O her
rel ati onships are not allowed. The user should sequence quality constituents
accordi ngly. The amount of daughter qual produced by decay of a parent by a
particul ar decay process is conputed as:

PDQAL(1) = DDQAL(K, J)* (I, J, K) (1)

wher e:
PDQAL( |)

anmount of daughter qual | produced by decay of parent qual J
t hr ough process K (concu/l)*(ft3/ivl) or (concu/l)*(n8B/ivl)

DDQAL(K,J) = anount of parent material decayed by process K
expressed in sanme units as PDQAL(I)
c(1,3,K = amount of qual | produced per unit of qual J

degraded by process Kin units of concu I/concu J

After the anmount of decay resulting fromall active decay processes and t he anount
of input of qual produced by decay of parent qual (s) have been cal cul ated, the new
di ssol ved concentration of a qual is conputed as:

DQAL(1) = DQAL(1) + (PDQAL(I) - DDQAL(7,1))/VQL (2)
wher e:

DQAL( ) = concentration of dissolved qual I

PDQAL( 1) = amount of qual | produced by decay of parent qual (s)

DDQAL(7,1) = total amount of qual | degraded by the decay processes

VOL = volunme of water in the RCHRES
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Addi tional Requirenents

HSPF all ows a maxi mum of 3 general quality constituents. The user selects the
units for each constituent; thus, different constituents may have different units.
For exanple, the user may simul ate fecal and total coliforns expressed i n organi sns
per m and a pesticide expressed in mlligranms per liter in the sane sinulation

In order to provide this flexibility, additional input is required. For each
constituent the follow ng i nformation nust be provided in the User's Control Input:

QD the name of the constituent (up to 20 characters | ong)

QIYID: this string (up to 8 characters) contains the units used to describe the
quantity of constituent entering or |eaving the RCHRES, and the tota
quantity of material stored in it. Exanples of possible units for QIYID
are 'Morg' for millions of organisms or '|bs' for pounds

CONCI D: the concentration units for each decay constituent (up to 4 characters
| ong); exanples are '# or ' It isinplied that these units are "per
I n

ng .

CONV: conversion factor fromQrYID VOL to desired concentration units: CONC =
CONV*(QTY/VAL) (in English system VOL is expressed in ft3; in metric
system VOL is expressed in nB)

For example, if:
CONCIDis nmg/l,
QryID is kg, and
VQOL is nB,

then CONV = 1000.

4.2(3).6.1 Si mul ate Decay of Dissolved Material (subroutine DDECAY)
Pur pose

DDECAY sinmul ates the degradati on of generalized quality constituents by chem ca
and/ or biol ogi cal nmeans. Six processes are considered:

hydrol ysi s

oxi dation by free radi cal oxygen
phot ol ysi s

vol atilization

bi odegr adati on

generalized first-order decay

CohwnNE
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Di scussi on

HSPF includes detailed degradation nethods only for the dissolved state of the
quality constituent (qual); decay of qual material in the adsorbed state i s handl ed
by a lunped first-order decay function in subroutine ADECAY. Fornulations of the
degradati on processes are based on studies conducted by Smth et al. (1977, 1979),

Zepp and dine (1977), Falco et al. (1976), and MII et al. (1980). Most
formul ations are simlar to those included in the SERATRA nodel (Onishi and W se,
1979). Al'l  degradation processes nodeled in DDECAY contain a temperature

correction factor
Met hods
Hydrol ysi s

Hydrolysis is defined as any reaction that takes place in water, wthout the aid
of light or mcroorganisnms, in which a conpound is transformed to a different
conpound as a result of reaction with water. The rate of change of dissol ved qua
concentration due to hydrolysis is sensitive to changes in pH and water
temperature. In HSPF, the equation presented by Smth et al. (1977) is nodified
to include a tenperature correction factor and rewitten as:

KHYD = (KA*10.0**(- PHVAL) + KB*10.0**(PHVAL - 14.0) + KN)* (3)
THHYD* * TW20

wher e:
KHYD = hydrolysis rate constant for qual adjusted for pH
and water tenperature conditions of RCHRES

KA = hydrolysis rate coefficient for qual in acidic solution (pH5)
KB = hydrolysis rate coefficient for qual in basic solution (pH9)
KN = hydrolysis rate coefficient for qual in neutral solution (pH7)
PHVAL = pH of water in RCHRES

THHYD = tenperature correction parameter for hydrolysis

TW0 = TW(water tenperature in degrees C) - 20.0

The hydrolysis rate coefficients (KA, KB, KN) for a particular qual are determ ned
by standard | aboratory tests (ASTM 1980). Depending on the availability of data
and the needs of the nodel user, pHinformation for the hydrol ysis equation can be
supplied as (1) one constant value, (2) twelve nonthly values, or (3) a tine
series. The tine series can either be an input tinme series or the results of pH
simulation if section RQUAL is active and pH is simnul ated.

Oxi dati on by Free Radi cal Oxygen

Two general types of oxidation reactions can be distinguished for evaluating
chem cal oxidation processes in an aquatic environnent (MIIl et al., 1980):

1. Reaction of an excited state of a nolecule with oxygen, in which the excited

state is produced by direct photolysis or by interaction wth a
phot osensitizer; this process is terned photo-oxidation
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2. Reaction of the ground state of the chemical with oxidants in solution, in
whi ch the oxidants are forned by reactions of dissolved or suspended natura
materials in solution, these reactions are terned thernmal oxidation
aut oxi dation, or sinply oxidation. The ultimate driving force for oxidant
formation may, however, often be photochenical reactions of the natural
material s.

In HSPF, photo-oxidation is considered as one of the photo-initiated degradation
processes collectively labelled as photolysis. Consequently, only thernmal
oxidation is considered in the following forrmulation. The rate of oxidation of
di ssolved qual is expressed as a function of free radical oxygen concentration
(ROC) and water tenperature:

KROX

KOX* ROC* ( THOX* * TW20) (4)

wher e:
KROX = oxidation rate constant for qual adjusted for free
radi cal oxygen concentration and water tenperature
KOX = base oxidation rate coefficient for qual
RCC free radi cal oxygen concentration (nmoles/I (M)
THOX = tenperature correction paraneter for oxidation
TW20 = TW(water tenperature in degrees C) - 20.0

The oxidation rate coefficient (KOX) for a qual is determned from | aboratory
tests. MII et al. (1980) cites two groups of oxidants which are likely to be
i mportant in natural waters: alkyl peroxy radicals and singlet nolecular oxygen

The overall free radical oxygen concentration can be specified by the user as a
constant value, twelve nonthly values, or a tinme series.

Phot ol ysi s

Phot ochemi cal transformation of chem cals can occur when energy in the form of
light is absorbed by a nol ecule, placing it in an excited state fromwhich reaction
can occur. Direct photolysis of chem cals occurs when the chem cal nol ecule itself
absorbs |ight and undergoes reaction fromits excited state. Indirect photolysis
occurs when anot her chemi cal species, called a sensitizer, absorbs |light and the
sensitizer transfers energy fromits excited state to anot her chem cal, which then
undergoes reaction. There are many types of photochem cal reactions, including
oxi dation, reduction, hydrolysis, substitution, and rearrangenment. |In practice it
is possible to neasure the rate constant for photochem cal reaction or a reaction
quantumyi el d w thout knowi ng the types of reactions which are occurring (MII et
al ., 1980). The formul ation of photolysis developed for HSPF is intended to
measure the net degradati on of a generalized quality constituent which results from
phot ochem cal reactions.

The basic equation for rate of loss of a qual in dilute solution in an environ-
ment al water body due to absorbance of |ight of wavel ength | anbda is given by:

KPHOL = ((PH *I NLI TL)/ DEP) * FSLAM FQLAM (5)
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wher e:
KPHOL = rate of |oss of qual due to photolysis by light of wavel ength | anbda
PHI = reaction quantumyield for photolysis of qual (noles/einstein)
INLITL = incident light intensity of wavel ength | anbda (ei nsteins/cn®. day)
DEP = depth of water
FSLAM = fraction of |ight absorbed by the system
FQLAM = fraction of absorbed |ight that is absorbed by qual

The solution technique outlined by MIIl and inplenmented in HSPF uses seasonal

day- averaged, 24-hour light intensity values (LLAM for 18 wavel ength intervals
from300 nmto 800 nm In order to use these values, the relationship between the
light intensity variable (INLITL) in Equation 5 and the tabul ated val ues for LLAM
must be defined. The relationship derived by MIIl for relatively clear water or
shal | ow depths can be witten as:

INLI TL = LLAM 2. 3* BETA (6)
wher e:

BETA = LLI T/ DEP

LLIT = path Iength of light through water

DEP = depth of water

Further, the effects of cloud cover on light intensity are introduced by adding
factor CLDLAM

INLI TL = (LLAM 2. 3* BETA) * CLDLAM (7)

wher e:
CLDLAM

fraction of total light intensity of wavel ength
| anbda which is not absorbed or scattered by cl ouds

CLDLAM i s cal cul ated as:
CLDLAM = (10.0 - CCrKCLDL)/10.0 (8)
wher e:

cC
KCLDL

cloud cover in tenths
efficiency of cloud cover in intercepting |ight
of wavel ength | anbda, a user supplied paranmeter (default value 0.0)

By substitution of Equation 7 into Equation 5, the general equation for the
photolysis rate of a qual due to absorbance of |ight of wavel ength | anbda can be
expressed as:

KPHOL = ((PH *LLAMCLDLAM) / 2. 3* BETA* DEP) * FSLAMF FQLAM (9)

The general mat henmati cal expression for the fraction of Iight absorbed by the water
system (FSLAM is:

FSLAM = 1.0 - 10**(- KLAMLLIT) (10)
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The exponential coefficient, KLAM in this equation has two components for
| aboratory conditions:

KLAM = ALPHL + EPSLAM C (11)

wher e:
ALPHL

base absorbance termfor |ight of wavel ength | anbda
for the system(/cm

EPSLAM = absorbance termfor |ight of wavel ength | anbda
absor bed by qual (I/nole.cnm
C = concentration of qual (noles/l)

For environmental systens, the effects of |ight absorbance by suspended sedi nent
and phytopl ankton are introduced to the formul ati on, and KLAMi s expanded to:

KLAM = ALPHL + EPSLAMFC + GAMLAM SED + DELLAM PHYTO (12)
wher e:
GAMLAM = absorbance termfor |ight absorbed by suspended sedi nent (I/ng/cm
SED = total suspended sedinent (ng/l)
DELLAM = absorbance termfor |ight absorbed by phytopl ankton (I/mg/cm
PHYTO = phytopl ankton concentration (ng/l)
Because the concentration of qual is assumed snall, the fraction of total

absorbance of light in the water systemresulting from absorbance by the qual is
assuned negligible, and the term (EPSLAMC) is dropped from Equation 12. By
substituting the nodified value of KLAMinto Equation 9 , setting LLI T = BETA*DEP
(fromEquation 6), and assum ng that BETA=1.2 (MI1l, 1980), the final formof the
expression for FSLAM i s obtai ned:

FSLAM = 1.0 - 10**(-1. 2* KLAM DEP) (13)
The remai ning termof the general equation for photolysis (Equation 9) which nust

be evaluated is FQLAM the fraction of total absorbed light that is absorbed by the
qual. This termis eval uated as:

FQLAM = ( EPSLAM C) / KLAM (14)
Equation 9 can be rewitten as:

PHOFXL = ((PHI *LLAM CLDLAM) / 2. 3* BETA* DEP) * (15)

((
(1.0 - 10**(- 1. 2*KLAVF DEP) ) * ( EPSLAM: C/ KLAM)

To obtain the rate of |oss of qual due to photolysis from absorption of Iight of
all wavelength intervals, Equation 15 nust be sumred over LLAM

KPHO = (PHI/(2.76*DEP))*(SUM[1 to 18] ((LLAM (16)
CLDLAM EPSLAM KLAM * (1.0 - EXP(- 2. 76* KLAM DEP) )
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The equation for the degradation rate due to photolysis used in HSPF is further
conplicated by correction factors for surface shading and water tenperature. The
final rearranged and expanded formulation is:

KPHO = (CF*DELT60/24.)*PH *(SUM [1 to 18] ((LLAMCLDLAM 2. 76* (17)
KLAMFDEP) * (1.0 - EXP(-2.76*KLAM DEP))* EPSLAM ) * THPHO* * TW20
wher e:
SUM = summation of function in () over limts in [ ]
CF = factor accounting for surface shading
DELT60/ 24 = conversion fromday to interva
THPHO = tenperature correction paraneter for photolysis
TW20 = TW(water tenperature in degrees C) - 20.0

For simulation intervals of |ess than 24 hours, photolysis is assumed to occur only
bet ween 6: 00 AM and 6: 00 PM duri ng approxi mate daylight hours. In order to obtain
a solution which is reasonably consistent with the input seasonal, day-averaged,
24-hour light intensity values, the daily light intensity is assuned to be
uniformy distributed over the 12 hours from6:00 AMto 6:00 PM Consequently,
cal cul at ed photol ysis rates are doubl ed duri ng dayli ght hours and set equal to zero
for non-daylight hours. It should be noted that five |ook-up tables for solar
intensity values (LLAM are incorporated into HSPF. Tables 4.2(3).6-1 through
4.2(3).6-5 show the values for seasonal day-averaged, 24 hour light intensity at
10, 20, 30, 40, and 50 degrees latitude. The Run Interpreter checks the input
latitude for the study area and sel ects the appropriate table fromwhich to extract
val ues. Additional input required to sinulate photolysis in subroutine DDECAY
i ncl ude:

Mol ar absorption coefficients for each of the 18 wavel engt hs

Reaction quantumyield for qual (PH)

Temperature correction paraneter for photolysis (THPHO

18 val ues for base absorbance termfor water system (ALPHL)

18 val ues for absorbance for |ight absorbed by suspended sedi ment (GAM.AM
18 val ues for absorbance for |ight absorbed by phytopl ankton (DELLAM

Cl oud cover values. Either atine series or 12 nonthly val ues may be suppli ed.
Total suspended sedi ment values. Either a tinme series or 12 nonthly val ues.
Phyt opl ankt on values. Either a time series or 12 nonthly.

coNoukrwnpE
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Table 4.2(3).6-1 Solar Intensity Values for Latitude 10 N

Wavel engt h, Solar Intensity, mlli-einsteins/cnk/ day
Nanomet er s Spring Sunmrer Fal | W nt er
300 1. 02E-2 4. 66E-4 4.19E-4 3. 20E- 4
303.75 1. 78E-2 3.16E-3 2.87E-3 2.39E-3
308.75 2. 85E-2 9. 37E-3 8. 51E- 3 7. 26E-3
313.75 3. 27E-2 1. 90E- 2 1. 73E-3 1.51E-2
318. 75 4.18E-2 2.91E-2 2. 66E- 2 2. 38E-2
323.1 3. 70E- 2 2. 65E-2 2.91E-2 2. 36E-2
346 3.39E-1 3.29E-1 2.99E-1 2.92E-1
370 4.33E-1 4.38E-1 3.85E-1 3. 44E-1
400 8. 40E- 1 8.37E-1 7.64E-1 6. 96E- 1
430 1.16 1.17 1.07 9. 80E-1
460 1.47 1. 47 1.36 1.23
490 1.50 1.50 1.37 1.27
536. 25 2.74 2.69 2. 46 2.26
587.5 2.90 2.79 2.52 2.35
637.5 2.90 2.80 2.60 2.43
687.5 2.80 2.80 2.60 2.30
756 2.70 2.70 2.50 2.40
800 3.00 2.50 2.30 2.10

Table 4.2(3).6-2 Solar Intensity Values for Latitude 20 N

Wavel engt h, Solar Intensity, mlli-einsteins/cnR/ day
Nanomet er s Spring Sunmrer Fal | W nt er
300 3.51E-4 4. 44E-4 2. 74E- 4 1.47E-4
303.75 2.51E-3 3.15E-3 2. 20E- 3 1.47E-3
308. 75 8. 09E- 3 9. 61E-3 6. 89E- 3 5. 34E- 3
313.75 1.81E-2 1.97E-2 1.48E-2 1.15E-2
318.75 2.82E-2 3.02E-2 2.33E-2 1.88E-2
323.1 2.83E-2 3.03E-2 2.33E-2 1.88E-2
340 3.29E-1 3.47E-1 2.68E-1 2.21E-1
370 4.24E-1 4.47E-1 3.45E-1 2. 86E-1
406 8.41E-1 8.83E-1 6. 96E- 1 5.97E-1
430 1.17 1.23 9. 80E-1 8. 40E- 1
460 1.47 1.55 1.24 1.06
490 1.50 1.58 1.26 1.09
536. 25 2.68 2.81 2.30 1.95
587.5 2.80 2.96 2.35 2.03
637.5 2.80 2.90 2.42 2.07
687.5 2.80 3.00 2.40 2.10
750 2.76 2.80 2.20 2.36
800 2.50 2.70 2.26 1.60
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Table 4.2(3).6-3 Solar Intensity Values for Latitude 30 N

Wavel engt h, Solar Intensity, mlli-einsteins/cnk/ day
Nanomet er s Spring Sunmrer Fal | W nt er
300 2. 30E-4 3. 65E-4 1. 35E-4 4.10E-5
303.75 2.13E-3 2.32E-3 1.44E-3 6. 50E- 4
308.73 7.26E-3 9. 02E-3 4. 84E-3 2. 76E- 3
313.75 1. 65E-2 1.92E-2 1.16E-2 7.55E-3
318. 75 2. 64E-2 3.02E-2 1.89E-2 1.31E-2
323.1 2. 69E-2 3. 04E- 2 2. 30E-2 1. 34E-2
340 3. 20E-1 3. 74E- 1 2.23E-1 1. 70E-1
370 4.14E-1 4.37E-1 2.84E-1 2.19E-1
400 8. 27E-1 9.07E-1 6. 23E-1 4.75E-1
430 1.15 1.34 8. 50E- 1 6. 69E- 1
460 1.45 1.59 1.09 8. 50E- 1
490 1.48 1.62 1.11 8. 80E- 1
536. 25 2.64 2.89 2.00 1.57
587.5 2.74 3.03 2. 07 1.63
637.5 2.76 3.00 2.09 1.67
687.5 2.80 3.00 2.10 1.73
750 2.70 2.90 2.10 1.63
800 2.50 2.80 1.90 1.60

Table 4.2(3).6-4 Solar Intensity Values for Latitude 40 N

Wavel engt h, Solar Intensity, mlli-einsteins/cnR/ day
Nanomet er s Spring Sunmrer Fal | W nt er
300 1. 09E-4 2.49E-4 1. 09E-4 5. 38E- 6
303.75 1.37E-3 2.32E-3 1.37E-3 1. 56E-4
308. 75 2. 96E- 3 7.93E-3 5. 35E-3 1.02E-3
313.75 7.99E-3 1.81E-2 1.38E-2 3. 79E- 3
318.75 1.38E-2 2.91E-2 2. 319E-2 7.53E-3
323.1 1.42E-2 2.97E-2 2.39E-2 8. 10E- 3
340 1. 78E-1 3.54E-1 1.08E-1 7.52E-2
370 2.30E-1 4.58E-1 3.84E-1 1.47E-1
400 5. 26E-1 9.71E-1 7.91E-1 3.38E-1
430 6. 76E- 1 1.28 1.11 4.80E-1
460 8. 90E- 1 1.43 1.39 6. 10E- 1
490 9.23E-1 1.63 1.42 6. 20E- 1
536. 25 1.69 2.92 2.52 1.12
587.5 1.73 3.05 2.62 1.16
637.5 1.78 3.00 2.60 1.19
687.5 1.50 3.10 4.70 1.39
750 1.70 2.90 2. 60 1.20
800 1.60 2.90 2.50 1.16
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Table 4.2(3).6-5 Solar Intensity Values for Latitude 50 N

Wavel engt h, Solar Intensity, mlli-einsteins/cnk/ day

Nanomet er s Spring Sunmrer Fal | W nt er
300 3. 71E-5 7.88E-6 1.52E-4 4. 00E-7
303.75 7.10E-4 1. 75E-3 2. 25E-4 1.57E-5
308.75 3. 55E-3 6. 53E-3 1.29E-3 1. 78E-4
313.75 7.30E-3 1.63E-2 4.39E-3 1. 20E-3
318. 75 1. 84E-3 2. 67E-2 8. 64E- 3 2.93E-3
323.1 1. 96E-2 2. 77E-2 9. 20E- 3 3. 68E-3
340 2. 66E-1 3.43E-1 1.24E-1 6. 29E- 2
370 3.48E-1 4. 44E-1 1.66E-1 8. 21E-2
400 7.24E-1 9. 04E-1 3. 65E-1 1.96E-1
430 1.02 1.26 5.17E-1 2. 75E-1
460 1.29 1. 60 6. 60E- 1 3.51E-1
470 1.32 1.63 6. 80E- 1 3.55E-1
536. 25 2.34 2.90 1.22 6. 30E- 1
587.5 2.40 3.04 1.25 6. 40E- 1
637.5 2.44 3.00 1.31 6. 90E- 1
687.5 2.50 3.10 1.34 7.10E-1
750 2.50 2.90 1.31 7.10E-1
800 2.30 2.90 1.24 6. 90E- 1
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Vol atilization

Vol atilization of a chemical that is dissolved in water is defined as the transport
of the chemical from the water to the atnosphere. The concentration of the
chem cal in water decreases even though a transformati on does not occur. Thus,
volatilization is not a degradation process in the strict sense, since the chem ca

which |eaves a water body by volatilization is not biologically or chemcally
degraded. Current evidence suggests that volatilizationis likely to be the major
aquatic fate of |ow nol ecul ar weight, nonpolar conpounds that are not rapidly
bi odegraded or chemcally transformed. Volatilization rates of higher nolecul ar
wei ght conpounds can al so be significant under certain conditions (Smth, 1979).

In HSPF, the volatilization rate of a qual is tied to the oxygen reaeration
coefficient:

KVOL = KOREA* CFGAS (18)

wher e:
KVOL = rate of loss of qual fromwater due to volatilization
KOREA = oxygen reaeration coefficient cal cul ated by subroutine OXREA
CFGAS = ratio of volatilization rate of qual to oxygen reaeration
rate, an input paraneter

The val ue for input parameter CFGAS can be determ ned as the ratio of the nol ecul ar
di ameter of oxygen to the nol ecul ar di ameter of the qual.

Bi odegr adati on

Bi odegradation is one of the nost inportant processes for transformation of
chem cal conpounds when they enter natural environments. Many organic chem cals
are used by living cells for carbon and energy sources. M croorgani sns netabolize
a wde variety of organic compounds, including many man-nmade chem cals (Chou
1980). The rate of biodegradati on of a dissolved qual is expressed as a function
of the concentration of biomass which degrades the qual (BIO and water
t emper at ur e:

KBl O = KBMASS* Bl O ( THBI O* * TW20) (19)

wher e:
KBI O

bi odegradati on rate constant for qual adjusted for
bi omass concentration and water tenperature

Bl OCON = base bi odegradati on rate coefficient for qua

Bl O = concentration of biomass that is involved in qual degradation
THBIO = tenperature correction paraneter for biodegradation

TW20 = TW(water tenperature in degrees C) - 20.0
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Bi omass data may be supplied as a constant, 12 nonthly values, or a time series.
HSPF allows for the fact that a different population of mcroorgani sns can be
i nvol ved in the biodegradation of each different generalized quality constituent

by requiring the user to specify a unique set of biomass data for each constituent
whi ch is sinulated.

Ceneral i zed First-order Decay
Ceneralized first-order decay of dissolved qual nmay be sinmulated in addition to,
or instead of, the individual decay processes outlined above. The equation used
to calculate rate of decay is:

KGEN = KGEND* THGEN** TW20 (20)

wher e:
KGEN

generalized first-order decay rate for a qua

corrected for tenperature

base first-order decay rate for a qua

tenmperature correction paraneter for first-order decay

KGEND
THGEN

After decay rates for all of the processes which are active for a qual have been
calculated, they are sumed to determine a total decay rate. At this point the
total loss of qual material resulting fromdecay is eval uated:

DDQALT = DQAL*(1.0 - EXP(-KTOID))*VOL (21)
wher e:
DDQALT = | oss of qual due to all forns of degradation
expressed in (concu/l)*(ft3/ivl) or (concu/l)*(nB/ivl)
DQAL = concentration of dissolved qual (concu/l)
KTOTD = total decay rate of qual per interva
VOL = vol ume of water in the RCHRES

Finally, to determ ne the amount of material degraded by each individual process,
a linear proration is performed based on the total decay of material

DDQAL(1) = (K(1)/KTOTD)* DDQALT (22)
wher e:
DDQAL(1) = loss of qual due to decay by process |, expressed
in (concu/l)*(ft3/ivl) or (concu/l)*(nB/ivl)
K(I) = decay rate due to process | (/ivl)
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4.2(3).6.2 Simulate Advection of Mterial on Sedi nent
(subroutine ADVQAL)

Pur pose

ADVQAL simul ates the advective processes for the quality constituent attached to
one sedi nent size fraction. Processes handled in this subroutine include:

1. Inflowto the RCHRES of qual attached to suspended sedi nment.

2. Mgration of qual from suspension in the water to the bed as a result of
deposition of the sedinment to which the qual is adsorbed.

3. Mgration of qual fromthe bed into suspension in the water as a result of
scour of the bed sedinments to which the qual is adsorbed.

4. Qutflow fromthe RCHRES of qual attached to suspended sedi nent.
Met hod

The novement of adsorbed qual is conpletely determned by the novenent of the
sedinent to which it is attached. Al fluxes of adsorbed qual are expressed as the
product of the flux of a sedinment fraction (sand, silt, or clay) and the
concentration of qual associated with that fraction (expressed in concu per ng of
sedi nent). Likew se, storages of adsorbed qual are expressed as the product of the
sedi nent fraction storage and the associ ated concentration of qual. A sinplified
fl ow di agram of sedi nent and associ ated qual fluxes and storages is provided in
Figure 4.2(3).6-2 to facilitate the follow ng discussion. Note that ADVQAL is
designed to operate on one sedinment fraction and one qual each time it is called

by GQUAL.

If the sediment simulation in nmodule section SEDTRN indicates that scour of bed
storage of a sediment fraction occurs, the follow ng actions are taken in ADVQAL:

1. Bed storage of adsorbed qual is updated.
2. Flux of qual frombed to suspension (DSQAL) is set equal to the bed storage
of the qual (RBQAL) if the entire bed storage of the sedinment fraction is

scour ed.

3. If only part of the bed storage of the sedinment fraction is scoured, the fl ux
of qual frombed to suspension is cal cul ated as:

DSQAL = BQAL* DEPSCR (23)
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Sediment QUAL
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Figure 4.2(3).6-2 Sinplified flow diagramfor inportant fluxes and storages
of sedi ment and associ ated qual used in subroutine ADVQAL
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wher e:

DSQAL = anmount of qual scoured from bed and added to suspension
expressed in (concu/1)*(ft3/ivl) or (concu/1)*(nB/ivl)
BQAL = concentration of qual on bed sedi nent fraction
under consideration in concu/ng sedi nent
DEPSCR = anount of sedinment fraction which is scoured from
the bed expressed in ng.ft3/1.ivl or ng.nB/I.ivl
Concentration of adsorbed qual in suspension is updated to account for scour

SQAL = (1 SQAL + RSQALS - DSQAL)/ (RSED + ROSED) (24)

wher e:

5.

SQAL = concentration of adsorbed qual in suspension
expressed as concu/ ng suspended sedi ment fraction

ISQAL = inflow of qual to the RCHRES as a result of inflow ng sedi nent
fraction, expressed as (concu/l)*(ft3/ivl) or (concu/l)*(nB/ivl)

RSQALS = storage of qual on suspended sedi nent fraction
expressed in (concu/l)*ft3 or (concu/l)*n8

RSED = anount of sedinent fraction in suspension at end of interval
expressed in ng.ft3/1 or ng.n8/lI

ROSED = anount of sedinment fraction contained in outflow fromthe RCHRES

during the interval expressed in ng.ft3/1.ivl or nmg.n8/1.ivl
Amount of qual |eaving the RCHRES as outflow is determ ned as:

ROSQAL = ROSED* SQAL (25)

If the sediment sinulation in nodul e section SEDTRN indicates that deposition of
suspended sedi ment occurs, ADVQAL perforns the foll ow ng operations:

1.

2

3.

Concentration of qual on total suspended sedi nent fraction (inflow + suspended
storage) for the RCHRES is cal cul ated:

SQAL = (1 SQAL + RSQALS)/(RSED + DEPSCR + ROSED) (26)

Amount of qual leaving the RCHRES due to outflow of sedinment fraction is
det er m ned:

ROSQAL = ROSED* SQAL (27)

Amount of qual |eaving suspension due to deposition of the sedinent to which
it is adsorbed is found by:

DSQAL = DEPSCR* SQAL (28)
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4. The concentration of qual on sedinment in suspension is set equal to zero if
t he suspended storage of sediment is zero.

5. The concentration of qual on bed sedinent is set equal to zero if the storage
of bed sedinent at the end of the interval is zero.

6. If there is bed sedinment at the end of the interval, the bed storage of qual
associated with the sedinment fraction is cal cul ated as:

RBQAL = DSQAL + RBQALS (29)

7. The concentration of qual on bed sedinment is determ ned:

BQAL

wher e:
BSED = storage of sedinment fraction (sand, silt, or clay)
in the bed, expressed as ng.ft3/l or ng.n8/lI

RBQAL/ BSED (30)

The final operation which ADVQAL performns is the conputation of outfl ow of adsorbed
qual through individual exits (when nmore than one exit is specified). The al gorithm
is:

OSQAL (1) = ROSQAL* CSED( 1)/ ROSED (31)
wher e:

OSQAL(1) = outfl ow of adsorbed qual through exit gate |

ROSQAL = total outflow of adsorbed qual from RCHRES

CSED(1) = outflow of sedinent fraction through exit gate |

4.2(3).6.3 Si mul at e Decay of Adsorbed Materi al
(subrouti ne ADECAY)

Pur pose

ADECAY i s a generalized subroutine which cal cul ates the anount of decay experienced
by a generalized quality constituent (qual) adsorbed to inorganic sedinment. This
subroutine is called twi ce (once for decay on suspended sedi nent and once for decay
on bed sedinent) for each generalized quality constituent which is sedinent-
associ at ed. (The user specifies that a qual is sedinent-associated by setting
QALFE 7)=1 for the qual in the User's Control Input.) HSPF assunes that the decay
rate of a particul ar adsorbed qual is the same for all fractions of sedi ment (sand,
silt, and clay), but may be different for suspended sedinment than it is for bed
sedi ment .
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Met hod
Necessary information which nmust be supplied to the subroutine includes:

1. ADDCPM 1) - decay rate for qual on sedi nent being
consi dered (suspended or bed)

2. ADDCPM 2) - tenperature correction coefficient for decay

3. RSED(1-3) - the storage of each sedinment fraction
expressed in ng.ft3/1 or ng.nB/l (for
ei t her suspended or bed sedi nent)

4. SQAL(1-3) - the concentration of qual associated with

the 3 fractions of sedinment (concu/ng)
First, the tenperature-adjusted decay rate is cal cul at ed:
DK = ADDCPM 1) * ADDCPM 2) ** TW20 (32)

wher e:
TW20 = TW(water tenperature) - 20.0 in degrees C.

Next, the fraction of adsorbed qual which decays during the sinulation interval
(FACT) is calculated using the general formfor first-order decay:

FACT = 1.0 - EXP(- DK) (33)

The concentration of qual decayed from each sedinent fraction (DCONC) is
determ ned, and the concentration of qual associated with each fraction i s updated:

DCONC

SQAL( 1) *FACT (34)

SQAL(1) = SQAL(I) - DCONC (35)

Finally, the mass of qual decayed from each sedinent fraction is cal cul ated:

SQEC(1) = DCONC*RSED(I) (36)
wher e:
SQDEC(1) = amount of qual decayed from sediment fraction |I expressed in
(concu/1)*(ft3/ivl) or (concu/l)*(n8/ivl)
DCONC = concentration of qual decayed from sedi nent fraction (concu/ng)
RSED(I) = storage of sedinent fraction | (nmg.ft3/1 or ng.nB/1)
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4.2(3).6.4 Simulate Adsorption/Desorption of a Generalized Quality Constituent
(subrouti ne ADSDES)

Pur pose

ADSDES si nul ates the exchange of a generalized quality constituent (qual) between
the dissolved state and adsorbed state. Kinetic equilibrium between dissol ved
state and six adsorption sites is nodel ed: suspended sand, silt, and clay, and bed
sand, silt, and clay.

Met hod

The basic equation (Onishi and Wse, 1979) for the transfer of a chem cal between
t he di ssol ved state and an adsorbed state on sedinent type J is:

-d(RSEDJ*SQALJ) /dt + RSEDI*KJIT*(KDIJ*DQAL - SQALJ) =0 (37)
wher e:
RSEDJ = total quantity of sedinent type J in the RCHRES
(mg.ft3/1 or ng.nB8/1)
SQALJ = concentration of qual on sedinment type J (concu/ng)
DQAL = concentration of dissolved qual (concu/l)
KDJ = distribution coefficient between di ssolved state and sedi nent type
J (liters/ng) (adsorbed concentration/dissolved concentration)
KIJT = tenperature corrected transfer rate between dissol ved

state and sedi nent type J

Thus, adsorption of a qual by sedinment or desorption fromsedinent is assuned to
occur toward an equilibriumcondition with transfer rate KIT if the particul ate
gqual concentration differs fromits equilibriumvalue. Equation 37 is actually 6
equations (one for each sedinent type J) with 7 unknowns (DQAL and 6 val ues of
SQALJ). The necessary seventh equation is that of conservation of material. The
following relation gives the total quantity of qual in the RCHRES, both before and
after exchange due to adsorption/desorption:

SUM[1 to 6] (RSEDI*SQALJ) + VOL*DQAL = TOT (38)

wher e:
VOL = volune of water in the RCHRES

To solve numerically, Equation 37 is expressed in finite difference form

- RSEDJ* ( SQALJ - SQALJO) + RSEDJ*KJT* KDJ* DQAL* DELT (39)
- RSEDJ*KJT* SQALJ*DELT = 0O
wher e:
SQALJ = concentration of qual on sedinent type J at end of
simul ation interval (subsequent to adsorption/desorption)
SQALJO = concentration of qual on sedinent type J at start of interval
DELT = sinmulation time step
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The product of the transfer rate for sedinent type J and the sinulation tinme step
is calculated (AKJ = KIT*DELT), and the resulting value is substituted into
Equations 38 and 39. Two forns of Equation 38 are witten. Equation 40 expresses
conservation of material at the beginning of the simulation interval and Equation
41 expresses conservation of material at the end of the interval:

- SUM[1 to 6] ((RSEDJ*SQALJO - VOL*DQALO = -TOT (40)
- SUM[1 to 6] ((RSEDJ*SQALJ) - VOL*DQAL ) = -TOT (41)
Equation 39 is rewitten as:

RSEDJ( (1.0 + AKJ)/(AKJ*KDJ))*SQALJ - RSEDJ*DQAL = (42)
( RSEDJ* SQALJO) / ( AKJ* KDJ)

Equati ons 41 and 42 can be witten in matrix formand sol ved for unknowns SQALJ and
DQAL usi ng standard procedures such as Gaussi an elimnation or the Crout reduction.
The sol utions are:

DQAL = (TOT - SUM[1 to 6] (RSEDJI*CJ)/AJJ)/ (43)
(VOL + SUM[1 to 6] (RSEDJ/AlJ))

SQALJ = (CJ/AJJ) + (DQAL/AJJ) (44)
wher e:

DQAL = concentration of dissolved qual after adsorption/desorption

SQALJ = concentration of qual on sedinment type J after adsorption/desorption

AJJ = (1 + AKJ)/ (AKI*KDJ)

al = (SQALJQ AKJ*KDJ)

By conbi ni ng Equations 40 and 43, TOT can be elimnated, and a final solution for
DQAL can be obt ai ned:

DQAL = (VOL*DQALO + SUM[1 to 6] (SQALJO - CJ/AJJ)*RSEDJ)) (45)
/(VOL + SUM[1 to 6] (RSEDJ/AJJ))

I n subroutine ADSDES, the followi ng variables are used to facilitate the eval uation
of Equations 44 and 45:

Al NVJ 1.0/ AJJ = (AKI*KDJ)/ (1.0 + AKJ) (46)

CAI NVJ

CJ/IAJJ

(SQALJQ (1.0 + AKJ)) (47)
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4.2(3).7 Simulate Constituents Involved in Biocheni cal Transformations
(Section RQUAL of Modul e RCHRES)

RQUAL is the parent routine to the four subroutine groups which sinulate
constituents involved in biochem cal transformations. Wthin nodul e secti on RQUAL
the foll owi ng constituents nmay be simnul at ed:

di ssol ved oxygen

bi ocheni cal oxygen demand
anmoni a

nitrite

nitrate

ort hophosphor us

phyt opl ankt on

bent hi ¢ al gae

zoopl ankt on

dead refractory organi c nitrogen
dead refractory organi c phosphorus
dead refractory organic carbon
total inorganic carbon

pH

car bon di oxi de

Four additional quantities are estimated from sinulation of these constituents.
These quantities are total organic nitrogen, total organic phosphorus, total
organi c carbon, and potential biochem cal oxygen demand. The definition of these
quantities is determined by their method of cal cul ation:

TORN = ORN + CVBN+(ZOO + PHYTO + BOD/ CVBO) (1)
TORP = ORP + CVBP*(ZOO + PHYTO + BOD/ CVBO) (2)
TORC = ORC + CVBC*(Z0OO + PHYTO + BOD/ CVBO) (3)
POTBOD = BOD + CVNRBO*(ZQOO + PHYTO (4)
wher e:

TORN = total organic nitrogen (nmg NI)
TORP = total organic phosphorus (mg P/1)
TORC = total organic carbon (ng C1)
POTBOD = potential BOD (ng Q1)
ORN = dead refractory organic nitrogen (nmg N1)
ORP = dead refractory organi c phosphorus (ng P/1)
ORC = dead refractory organic carbon (ng C1)
BCD = bi ocheni cal oxygen demand from dead nonrefractory organic

materials (mg Q1)
CVBN = conversion fromng biomass to ng nitrogen
CvBP = conversion fromng biomass to nmg phosphorus
CvBC = conversion fromng biomass to ng carbon
CVNRBO = conversion fromng biomass to nmg bi ochem cal oxygen demand

(with allowance for non-refractory fraction)
CvBO = conversion fromng bionmass to nmg oxygen
Z00 = zoopl ankton (ng bi omass/|)
PHYTO = phytopl ankton (ng bi omass/1)
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Subroutine RQUAL perfornms two tasks. First, RQUAL is responsible for calling the
four subroutine groups which simulate the constituents |listed above. These four
groups and their functions are:

1. OXRX simul ate primary di ssol ved oxygen and bi ochem cal oxygen
denmand bal ances

2. NUTRX: determ ne i norganic nitrogen and phosphorus bal ances

3. PLANK: si mul at e pl ankt on popul ati ons and associ ated reactions

4. PHCARB: simulate pH and inorganic carbon species

The four groups are listed in their order of execution, and the execution of a
group i s dependent upon the execution of the groups |isted above it. For exanple,
subroutine group PHCARB cannot be activated unless OXRX, NUTRX, and PLANK are
active. On the other hand, the reactions in OXRX can be performed w thout the
reactions contained in the other three subroutine groups.

The ot her function of RQUAL is to determ ne the val ues for variabl es which are used
jointly by the four subroutine groups. The follow ng variables are eval uat ed:

1. AWELE: the average velocity of water in the RCHRES (ft/s)

2. AVDEPE: the average depth of water in the RCHRES (ft)

3. DEPCOR conversion factor fromsquare neters to liters
(used for changing areal quantities fromthe bentha
surface to equival ent volunetric val ues based on the
depth of water in the RCHRES)

4. SCRFAC. scouring factor to be used for cal cul ati on of bentha
rel ease rates of inorganic nitrogen, orthophosphorus,
car bon di oxi de, and bi ochem cal oxygen denand

SCRFAC has one of two val ues depending on the average velocity (AVWELE) of the
water in the RCHRES. AVVELE is conpared to the val ue of paraneter SCRVEL, the user-

specified velocity at and above whi ch scouring occurs. |If AVWELE is |less than the
val ue of paranmeter SCRVEL, then SCRFAC is set equal to 1.0, and there is no
i ncrease of benthal release rates due to scouring. If AVVELE is greater than

SCRVEL, SCRFAC is set equal to the value of parameter SCRMJL, which is a constant
mul tiplication factor applied directly to the rel ease rates to account for scouring
by rapidly noving water.
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4.2(3).7.1 Simulate Primary DO and BOD Bal ances
(Subroutine Goup OXRX of Mdul e RCHRES)

Pur pose

The purpose of this code is to sinulate the primary processes which determ ne the
di ssol ved oxygen concentration in a reach or mxed reservoir. Dissolved oxygen
concentration is generally viewed as an indicator of the overall well-being of
streans or | akes and their associ ated ecol ogi cal systens. In relatively unpolluted
waters, sources and sinks of oxygen are in approximte balance, and the
concentration remains close to saturation. By contrast, in a stream receiving
untreated waste waters, the natural bal ance is upset, bacteria predonm nate, and a
significant depression of dissolved oxygen results (O Connor and Di Toro, 1970).

Schematic View of Fl uxes and Storages

Figures 4.2(3).7.1-1 and 4.2(3).7.1-2 illustrate the fluxes and storages nodel ed
in this subroutine group. |In order to account for tenporal variations in oxygen
bal ance, state variables for both dissolved oxygen and bi ochem cal oxygen demand
must be maintained. The state variable DOX represents the oxygen dissolved in
water and i medi ately avail able to satisfy the oxygen requirenents of the system
The BOD state variable represents the total quantity of oxygen required to satisfy
the first-stage (carbonaceous) biochem cal oxygen demand of dead nonrefractory
organic materials in the water

Subr outi ne OXRX considers the foll owi ng processes in determ ning oxygen bal ance:

| ongi tudi nal advection of DOX and BCD

si nki ng of BCD materia

bent hal oxygen denand

bent hal rel ease of BOD nmateri al

reaeration

oxygen depl etion due to decay of BOD material s

SO hwnE

Addi ti onal sources and sinks of DOX and BOD are sinulated in other sections of the
RCHRES nodul e. |If nodul e section NUTRX (Section 4.2(3).7.2) is active, the effects
of nitrification on dissolved oxygen and denitrification on BOD bal ance can be
considered. |If nodul e section PLANK (Section 4.2(3).7.3) is active, the dissol ved
oxygen balance can be adjusted to account for photosynthetic and respiratory
activity by phytoplankton and/or benthic algae and respiration by zoopl ankton.
Adj ustnents to the BOD state variable in section PLANK include increments due to
deat h of plankton and nonrefractory organic excretion by zoopl ankton
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Benthal
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Reaeration
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Figure 4.2(3).7.1-1 Flow diagramfor dissolved oxygen in the OXRX
subroutine group of the RCHRES Application Mdul e
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Figure 4.2(3).7.1-2 Flow diagramfor biochem cal oxygen

demand i n the OXRX

subroutine group of the RCHRES Application Mdul e
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Subroutine OXRX uses five subroutines to sinulate di ssol ved oxygen and bi ochem ca

oxygen demand. Advection of DOX and BOD is perfornmed by ADVECT. Sinking of BCOD
material is carried out by SINK OXBEN cal cul ates bent hal oxygen demand and
bent hal rel ease of BOD materials. The oxygen reaeration coefficient is determ ned
by utilizing OXREA, and BCD decay cal cul ations are perforned i n BODDEC

Si nce subroutine OXREA nmay al so be called by nodule section GQUAL to obtain the
oxygen reaeration coefficient (KOREA) for cal culation of volatilization rates for
generalized quality constituents, the change in dissol ved oxygen concentration in
water due to reaeration is calculated in OXRX rather than OXREA. The equation for
reaeration is:

DOX = DOXS + KOREA*( SATDO - DOXS) (1)

wher e:

DOX di ssol ved oxygen concentration after reaeration (ng/l)

DOXS = dissol ved oxygen concentration at start of interval (nmg/l)
KOREA = reaeration coefficient calculated i n OXREA
SATDO = saturated concentration of dissolved oxygen (ng/l)

The saturation concentration of dissolved oxygen is conputed at preval ent
at nospheric conditions by the equation

SATDO = (14.652 + TW(-0.41022 + TW(0.007991 - 0. 7777E-4*TW))* (2)
CFPRES
wher e:
SATDO = saturated concentration of dissolved oxygen (ng/l)
TW = water tenperature (deg O
CFPRES = ratio of site pressure to sea | evel pressure

(CFPRES is calculated by the Run Interpreter dependent upon
mean el evati on of RCHRES)
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4.2(3).7.1.1 Sinulate Benthal Oxygen Demand and Benthal Rel ease of BCD
(subrouti ne OXBEN)

Pur pose

OXBEN accounts for two possi bl e demands exerted on avail abl e oxygen by t he bent hos.
These two demands are categorized as benthal oxygen demand and bent hal rel ease of
BOD materials. Benthal oxygen demand results from materials in the bottom nuds
whi ch require oxygen for stabilization. This process results in a direct |oss of
oxygen from the RCHRES. The second demand on oxygen caused by the rel ease and
suspension of BOD materials is a less direct formof oxygen demand. This process
i ncreases the pool of BOD present in the RCHRES and exerts a demand on the
di ssol ved oxygen concentration at a rate determined by the BOD deconposition
ki neti cs.

Bent hal Oxygen Demand

The user approxi mates the oxygen demand of the bottom nuds at 20 degrees Cel sius
by assigning a value to BENOD for each RCHRES. The effects of tenperature and
di ssol ved oxygen concentration on realized benthal demand are determ ned by the
foll ow ng equati on:

BENOX = BENCD* ( TCBEN** TW20) * (1.0 - Exp(- EXPOD* DOX)) (3)
wher e:
BENOX = anount of oxygen denmand exerted by benthal nuds (ng/nR/interval)
BENOD = reach dependent bent hal oxygen demand at 20 degrees C
(mg/ n2/interval)
TCBEN = tenperature correction factor for benthal oxygen demand
TW0 = water tenperature - 20.0 (deg O
EXPOD = exponential factor to benthal oxygen demand function
(default value = 1.22)
DOX = dissol ved oxygen concentration (ng/l)

The first portion of the above equation adjusts the demand at 20 degrees Cel sius
to a demand at any tenperature. The second portion of the equation indicates that
l ow concentrations of dissolved oxygen suppress realized oxygen demand. For
exanmpl e, 91 percent of BENOD nmay be realized at a dissolved oxygen concentration
of 2 ng/l, 70 percent at 1 ng/l, and none if the waters are anoxic.

After the value of BENOX has been cal cul ated, the dissol ved oxygen state variable
i s updat ed:

DOX = DOX - BENOX* DEPCOR (4)
wher e:
DEPCOR = factor which converts fromng/n2 to ng/l, based on the average

depth of water in the RCHRES during the simulation interva
(DEPCOR is cal culated in subrouti ne RQUAL
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Bent hal Rel ease of BOD

Bottom rel eases of BOD are a function of scouring potential and di ssol ved oxygen
concentration. The equation used to cal cul ate BOD rel ease is:

RELBOD = (BRBOD(1) + BRBOD(2)*Exp(- EXPREL* DOX) ) * SCRFAC (5)

wher e:

RELBCD BOD rel eased by bottom nmuds (ng/ n2 per interval)

BRBOD( 1) base rel ease rate of BOD materials (aerobic conditions)
(mg/ m2/interval)

BRBOD(2) = increment to bottomrel ease rate due to decreasing
di ssol ved oxygen concentration

EXPREL = exponential factor to BOD benthal release function
(default value = 2.82)

DOX = di ssol ved oxygen concentration (ng/l)

SCRFAC = scouring factor dependent on average velocity of water

(SCRFAC is calculated in subroutine RQUAL)

The above equation accounts for the fact that benthal releases are mninmal during
conditions of low velocity and anpl e di ssol ved oxygen. Under these conditions a
thin layer of hardened, oxidized material typically retards further release of
materials fromthe benthos. However, anaerobic conditions or increased velocity
of overlying water disrupts this layer, and release rates of BOD and other
materials are increased. Solution of Equation 3 indicates that 6 percent of the
increnental release rate (BRBOD(2)) occurs when 1 ng/l of dissolved oxygen is
present, 75 percent occurs when 0.1 ng/l is present, and the entire increnent
occurs under anoxi c conditions.

4.2(3).7.1.2 Calculate Oxygen Reaeration Coefficient (subroutine OXREA)

Pur pose

Vari ous met hods have been used to cal cul ate atnospheric reaeration coefficients,
and experi ence has shown that the nost effective nmethod of cal culation in any given
situation depends upon the prevalent hydraulic characteristics of the system

(Covar, 1976). Based upon user instructions, subroutine OXREA cal cul ates oxygen
reaeration by using one of four built-in solution techniques.

Appr oach

The general equation for reaeration is:

DOX = DOXS + KOREA*( SATDO - DOXS) (6)
wher e:

DOX = dissol ved oxygen concentration after reaeration (ng/l)

KOREA = reaeration coefficient (greater than zero and | ess than one)

SATDO = oxygen saturation |evel for given water tenperature (ng/l)

DOXS = dissol ved oxygen concentration at start of interval (ng/l)
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Lake Reaeration

In a |l ake or reservoir, calculation of reaeration is dependent upon surface area,
vol ume, and wi nd speed. The wind speed factor is determ ned using the foll ow ng
enpirical rel ationship:

W NDF = W NDSP*(-0.46 + 0.136*W NDSP) (7)
wher e:

W NDF
W NDSP

wi nd speed factor in | ake reaeration cal cul ation
wi nd speed (nisec)

For low wind speeds, less than 6.0 ms, WNDF is set to 2.0. The reaeration
coefficient for |lakes is cal cul ated as:

KOREA = (. 032808* W NDF* CFOREA/ AVDEPE) * DELT60 (8)

wher e:
CFOREA

correction factor to reaeration coefficient for |akes; for |akes
wi th poor circulation characteristics, CFOREA may be | ess than
1.0, and lakes with exceptional circul ation characteristics nmay
justify a value greater than 1.0

average depth of water in RCHRES during interval (ft)

conversion fromhourly tinme interval to simulation interva

AVDEPE
DELT60
St ream Reaer ati on
One of three approaches to cal culating streamreaerati on may be used:

1. Energy dissipation method (Tsivogl ou-Wallace, 1972). Oxygen reaeration is
cal cul at ed based upon energy di ssipation principles:

KOREA = REAKT*( DELTHE/ FLOTI M) *( TCA NV**( TW - 20.))*DELTS (9)
wher e:
REAKT = escape coefficient with a typical val ue between

0.054/ft and 0.110/ft.

DELTHE = drop in energy line along |l ength of RCHRES (ft)

FLOTIM = time of flow through RCHRES (seconds)

TCA NV = tenmperature correction coefficient for gas invasion rate

with a default val ue of 1.047

DELTS = conversion factor fromunits of /second to units of /interva
DELTHE, the drop in elevation over the length of the RCHRES, is supplied by the
user. REAKT, the escape coefficient, referred to in Tsivoglou' s work, is also
supplied by the user. The value for FLOIIMis calculated by dividing the length
of the RCHRES by the average velocity for the sinulation interval. Tsivoglou's

met hod of calculation is activated by setting the reaeration nethod flag (REAMFG
to 1.
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2. Covar's nmethod of determning reaeration (Covar, 1976). Reaeration is
cal cul ated as a power function of hydraulic depth and velocity. The genera
equation is:

KOREA = REAK* ( AVWELE** EXPREV) * ( AVDEPE* * EXPRED) (10)
*(TCA Nv**(TW - 20.))*DELT60
wher e:
KOREA = reaeration coefficient (per interval)
REAK = enpirical constant for reaeration equation (/hour)
AWELE = average velocity of water (ft/s)
EXPREV = exponent to velocity function
AVDEPE = average water depth (ft)
EXPRED = exponent to depth function
TCA NV = tenmperature correction coefficient for reaeration
defaulted to 1.047
DELT60 = conversion factor fromunits of per hour to units of per interva

Dependi ng on current depth and vel ocity, one of three sets of val ues for REAK
EXPREV, and EXPRED is used. Each set corresponds to an enpirical fornmula
whi ch has proven accurate for a particular set of hydraulic conditions. The
three formul as and t heir associ ated hydraul i c conditions and coefficients are:

1. Onen's fornula (Onen et al., 1964). This formula is used for depths of
less than 2 ft. For this formula, REAK = 0.906, EXPREV = 0.67, and
EXPRED = -1. 85.

2. Churchill's fornmula (1962). This forrmula is used for high velocity
situations in depths of greater than 2 ft. For this formula, REAK =
0. 484, EXPREV = 0.969, and EXPRED = -1.673.

3. O Connor - Dobbi ns formula (1958). This forrmulais used for | ower velocity
situations in depths of greater than 2 ft. The coefficient values are:
REAK = 0.538, EXPREV = 0.5, and EXPRED = -1.5.

This method of calculation of reaeration is activated by setting the
reaeration nethod flag (REAMFG to 2.

3. Users may select their own power function of hydraulic depth and velocity for
use under all conditions of depth and velocity. In this case, the user
supplies values for REAK, EXPREV, and EXPRED. This option is selected by
setting the reaeration nmethod flag (REAMFG to 3.

Reaerati on may be nodel ed as a constant process for any given tenperature. In this
case, the user must supply a value for REAK, and a value of zero for both EXPREV
and EXPRED. Note that subroutine OXREA requires i nput val ues for REAK, EXPREV, and
EXPRED only if REAMFG is 3.
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4.2(3).7.1.3 Calculate BOD Decay (subroutine BODDEC)
Pur pose

Subroutine BODDEC adjusts the dissolved oxygen concentration of the water to
account for the oxygen consumed by microorganisns as they break down conplex
materials to sinpler and nore stable products. Only carbonaceous BOD i s consi dered
in this subroutine. The BOD decay process is assumed to follow first-order
kinetics and is represented by:

BODOX = ( KBOD20* ( TCBOD**( TW - 20.))) * BOD (11)

wher e:
BODOX = quantity of oxygen required to satisfy BOD decay (ng/l per interval)
KBOD20 = BCD decay rate at 20 degrees C (/interval)
TCBOD = tenperature correction coefficient, defaulted to 1.075
TW = water tenperature (degrees O
BCD = BOD concentration (ng/l)

If there is not sufficient dissolved oxygen available to satisfy the entire denmand

exerted by BOD decay, only the fraction which can be satisfied is subtracted from
the BOD state variable, and the DOX variable is set to zero.
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4.2(3).7.2 Simulate Primary Inorganic N trogen and Phosphorus Bal ances
(Subroutine Goup NUTRX of Mdul e RCHRES)

Pur pose

Thi s code simul ates the primary processes whi ch determ ne the bal ance of inorganic
ni trogen and phosphorus in natural waters. Wen nodeling the water quality of an
aquatic system consideration of both nitrogen and phosphorus is essential.
Nitrogen, in its various fornms, can deplete dissolved oxygen |levels in receiving
waters, stinulate aquatic growh, exhibit toxicity toward aquatic life, or present
a public health hazard (EPA, 1975). Phosphorus is vital in the operation of energy
transfer systens in biota, and in many cases is the growh limting factor for
al gal comunities. Consequently, it is necessary to nodel phosphorus in any study
concerned with eutrophication processes.

Schematic View of Fl uxes and Storages

Figures 4.2(3).7.2-1 and 4.2(3).7.2-2 illustrate the fluxes and storages of four
constituents which are introduced into the RCHRES nodeling systemin subroutine
group NUTRX. In addition to these constituents, the state variables for dissol ved
oxygen and BOD are al so updated. If subroutine group NUTRX is active (NUTFG = 1),
nitrate will automatically be simulated; the user nust specify whether or not
nitrite, total amoni a, and/or orthophosphorus are to be sinmulated in addition to
nitrate by assigning appropriate values to NO2FG TAMFG and PO4FG in the User's

Control Input. In addition, if amonia or orthophosphorus is sinulated, the user
may specify whether to simulate the adsorbed (particulate) fornms of ammonia and
ort hophosphorus. |f either adsorbed nutrient is simulated, Section SEDTRN nust be

active to provide the inorganic sedinent (sand, silt, and clay) concentrations and
fluxes. |If all possible constituents are sinul ated, subroutine NUTRX consi ders the
foll ow ng processes:

| ongi tudi nal advection of dissolved NG3, NO2, NH3, and PO4

bent hal rel ease of inorganic nitrogen (NH3) and PO4 (if BENRFG = 1)
anmmoni a ioni zati on (NH3/ NH4™ equili brium

ammoni a vaporization (if AWFG = 1)

nitrification of NH3 and NO2

denitrification of NGB (if DENFG = 1)

ammoni fication due to degradati on of BOD materials

adsorpti on/desorption of NH3 and PO4 to inorganic sedinment in

the water colum (if ADNHFG = 1 or ADPOFG = 1)

deposi tion/scour and | ongitudinal advection of adsorbed NH3 and PO4
(if ADNHFG = 1 or ADPOFG = 1)

N RWNE

©

Addi tional sources and sinks of NO3, NH3, and PO4 are sinulated in the PLANK
section (4.2(3).7.3) of this nodule. If section PLANK is active, the state
variables for these three constituents can be adjusted to account for nutrient
upt ake by phytopl ankton and/ or benthic al gae, and for respiration and inorganic
excretion by zoopl ankt on.
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Figure 4.2(3).7.2-1 Flow diagramfor inorganic nitrogen in the NUTRX
subroutine group of the RCHRES Application Mdul e
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Figure 4.2(3).7.2-2 Flow diagramfor ortho-phosphate in the NUTRX subroutine
group of the RCHRES Application Mdul e
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Subroutine NUTRX utilizes nine principal routines to sinulate inorganic nitrogen
and phosphorus. Advection of dissolved NO3, N2, NH3, and PO is performed by
ADVECT. BENTH determ nes the anount of inorganic nitrogen and phosphorus which is
released to the overlying waters from the benthos. The nitrification and
denitrification processes are sinmulated by NTRIF and DENT, respectively.
Adsor ption/desorption of NH3 and PO4 is conmputed by ADDSNU, and the advection and
deposition/scour of the adsorbed fornms are sinulated in ADVNUT. The ammoni a
ioni zation and volatilization calculations are performed in AMM ON and NH3VQOL,
respectively. Finally, the production of inorganic nitrogen and phosphorus
resulting fromdecay of BOD materials is simulated by DECBAL

Bef ore ADVECT is called, NUTRX suns the i nputs of dissolved NG3, NH3, and PO4 from
upstream reaches, tributary | and areas, and atnospheric deposition (deposition of
NC2 is not considered):

I NNUT = | NUT + SAREA* ADFX + SAREA* PREC* ADCN (1)
wher e:

INNUT = total input of dissolved nutrient to reach

INUT = input of dissolved nutrient fromupstreamreaches and tributary |and

SAREA = surface area of reach

ADFX = dry or total atnospheric deposition flux in nass/area per interva

PREC = precipitation depth

ADCN = concentration for wet atnospheric deposition in mass/vol unme
At mospheric deposition inputs can be specified in two possible ways dependi ng on
the formof the available data. |If the depositionis in the formof a flux (mass
per area per tine), then it is considered "dry deposition". |If the deposition is

inthe formof a concentrationinrainfall, thenit is considered "wet deposition”,
and the program automatically conbines it with the input rainfall time series to
conpute the resulting flux. Either type of deposition data can be input as a tine
series, which covers the entire sinmulation period, or as a set of nmonthly val ues
that is used for each year of the simulation. The specific atnospheric deposition
time series are docunmented in the EXTNL table of the Time Series Catalog for
RCHRES, and are specified in the EXT SOURCES bl ock of the UCI. Mnthly values are
i nput in the MONTH DATA bl ock in the UC .
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4.2(3).7.2.1 Sinulate Benthal Release of Constituents (subroutine BENTH)
Pur pose
This subroutine checks to see whether present water conditions are aerobic or

anaerobi c, calcul ates benthal release for a constituent based on this check, and
updates the concentration of the constituent.

Appr oach

The equation used to calcul ate rel ease is:
RELEAS = BRCON( | ) * SCRFAC* DEPCOR (1)

wher e:

RELEAS anmount of constituent released (ng/l per interval)

BRCON( 1) benthal rel ease rate (BRTAM or BRPO4) for constituent
(mg/ m2 per interval)

SCRFAC = scouring factor, dependent on average velocity of the water
(SCRFAC i s computed in RQUAL)

DEPCOR = conversion factor frommnmg/n2 to ng/l (conputed in RQUAL)

The di ssol ved oxygen concentration bel ow whi ch anaerobi c conditions are consi dered
to exist is determned by the input parameter ANAER Two release rates are
required for each of the constituents: one for aerobic conditions and one for
anaerobic conditions. Typically, the aerobic release rate is less than the
anaerobic rate, because a | ayer of oxidized materials forns on the benthal surface
during aerobic periods, and this layer retards the release rate of additiona
bent hal material s. BRCON(1) is the aerobic release rate and BRCON(2) is the
anaerobic rate. The choice of which release rate is used is determ ned by
conparing the current value of DOX to ANAER

If anmonia is sinmulated, the inorganic nitrogen rel ease fromthe benthos i s assuned

to be in the form of amonia, and the NH3 (TAM state variable is updated. |If
amonia i s not sinulated, benthal release of inorganic nitrogen is assunmed to not
occur. I f orthophosphate is simulated, an additional call is nmade to BENTH to

account for rel ease of POM.

Simul ati on of benthal release processes is activated by assigning a value of one
to BENRFG in the User's Control Input for RQUAL.
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4.2(3).7.2.2 Sinmulate Nitrification (subroutine N TR F)
Pur pose

NITRIF sinmulates the oxidation of ammonium and nitrite by chenpautotrophic
bacteri a. Thi s oxidation provides energy for bacteria nuch the sanme way that

sunlight provides energy for photosynthetic algae. The N trosonbnas genera are
responsible for conversion of amonium to nitrite, and N trobacter perform
oxidation of nitriteto nitrate. Oxidation of inorganic nitrogen is dependent upon
a suitable supply of dissolved oxygen; subroutine NITRIF does not sinulate
nitrification if the DO concentration is below 2 ng/l.

Met hod

The rate of nitrification is represented by a first order equation in which
nitrification is directly proportional to the quantity of reactant present, either
amonia or nitrite. The equation used to calculate the anount of NH3 oxidized to
NC2 i s:

TAMNI T = KTAM2O*( TCNI T**(TW - 20.))*TAM (2)
wher e:

TAMNIT = anount of NH3 oxidation (ng NI per interval)

KTAM2O = ammoni a oxi dation rate coefficient at 20 degrees C (/interval)

TCNIT = temperature correction coefficient, defaulted to 1.07

TW = water tenperature (degrees O

TAM = total ammoni a concentration (nmg N 1)

Simlarly, if nitrite is sinmulated, the amount of nitrite oxidized to nitrate is
determ ned by the equation:

NO2NIT = KNOR20 * (TCNIT**(TW- 20.)) * N2 (3)
wher e:

NC2NI' T = amount of NO2 oxidation (mg N I/interval

KNO220 = N2 oxidation rate coefficient at 20 degrees C (/interval)

NC2 = nitrite concentration (ng N 1)

The ampount of oxygen used during nitrification is 3.43 ng oxygen per ng NH3-N
oxidized to NO2-N, and 1.14 ng oxygen per ng NO2-N oxidized to NO3-N. In the
RCHRES nodul e, these figures are adjusted to 3.22 ng and 1. 11 ng, respectively, to
account for the effects of carbon di oxi de fixation by bacteria (Wzerak and Gannon,
1968). Thus, the oxygen demand due to nitrification is evaluated as:

DCDEMD

3.22 * TAMNIT + 1.11 * NN T (4)

wher e:
DODEND

| oss of dissolved oxygen fromthe RCHRES due to nitrification
(mg QI per interval)
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If the value of DODEMD is greater than avail abl e di ssol ved oxygen, the anounts of
oxidation fromNH3 to NO2 and fromNO2 to NO3 are proportionally reduced, so that
the state variable DOX maintains a non-negative val ue. If nitrite is not
simul ated, the calculated anobunt of oxidized ammonia is assunmed to be fully
oxi dized to nitrate.

4.2(3).7.2.3 Sinulate Denitrification (subroutine DENT)
Pur pose

DENIT simul ates the reduction of nitrate by facultative anaerobi c bacteria such as
Pseudononas, M crococcus, and Bacillus. These bacteria can use NO3 for respiration

in the sane manner that oxygen is used under aerobic conditions. Facul tative
organi sms use oxygen until the environnment becones nearly or totally anaerobic, and
then switch over to NO3 as their oxygen source. In HSPF, the end product of

denitrification is assuned to be nitrogen gas.

Appr oach

Denitrification does not occur in the RCHRES nodul e unl ess the dissol ved oxygen
concentration is below a user-specified threshold value (DENOXT). If that
situation occurs, denitrification is assuned to be a first-order process based on
the NO3 concentration. The anount of denitrification for the interval is
cal cul ated by the foll owi ng equati on:

DENNGB = KNO320 * (TCDEN**(TW20)) * NO3 (5)
wher e:

DENNC3 = amount of NO3 denitrified (ng NI per interval)

KNO320 = NGB denitrification rate coefficient at 20 degrees C (/interval)

TCDEN = temperature correction coefficient for denitrification

NC3 = nitrate concentration (ng N 1)

4.2(3).7.2.4 Sinulate Adsorption/Desorption of Amonia and Ot hophosphorus
(subrouti ne ADDSNU)

Pur pose

Thi s subroutine simulates the exchange of nutrient (amonium and orthophosphorus)
bet ween the dissolved state and adsorption on suspended sedinent. The sorbents
consi dered are suspended sand, silt, and clay, which are simulated in section
SEDTRN. The adsorption/desorption process is not sinmulated in bed sedi nents.

Appr oach

The adsorption/desorption for each sedinent fraction is represented with an
equilibrium Ilinear isotherm i.e., a standard Kd approach, which is described as
fol | ows:
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SNUT(J) = DNUT * ADPMJ) (6)
wher e:
SNUT(J) = equilibriumconcentration of adsorbed nutrient on sedinment
fraction J (ng/kg)
DNUT = the equilibriumconcentration of dissolved nutrient (ng/l)
ADPM J) = adsorption paraneter (or Kd) for sedinment fraction J (|/kg)

This expression for SNUT(J) is substituted into the following mass bal ance
expression for total nutrient in the reach:

NUM = DNUT*VOL + 3 [SNUT(J)*RSED(J)] = total nutrient in reach (7)
J=1,3
wher e:
NUM = variable used to represent total nutrient mass in the reach (ng)
VOL = vol unme of reach (1)
RSEDXJ) = mass of sedinment fraction J in suspension (kg)

After substituting, rearranging, and solving for DNUT, the follow ng expressionis
obt ai ned:

NUM
DNUT = 3] (8)
VOL + 3 [RSED(J)*ADPMJ)]
J=1,3

In the above equation, the value of NUM is obtained from a "non-equilibriunf
version of Equation (7) in which tenporary DNUT and SNUT val ues i nclude the effects
of other processes such as advection, scour/deposition, nitrification, etc, that
have occurred during the interval. Therefore, the overall procedure involves
performing all processes that affect the nutrient concentrations, and then
partitioning (equilibrating) the total mass of nutrient among the four phases,
i.e., dissolved phase and three sedi nent fractions.

Note, the wunits listed for sone variables in the preceding discussion are
simplified fromthe internal (code) HSPF units.
4.2(3).7.2.5 Sinulate Advection and Deposition/ Scour of Adsorbed

Ammoni a and Ot hophosphorus (subrouti ne ADVNUT)

Pur pose

ADVNUT si mul ates the advective processes for a nutrient (NH3 or PO4) attached to
one sedi ment size fraction. Processes handled in this routine include:

1. Inflowto the RCHRES of nutrient attached to suspended sedi nent.

2. Mgration of nutrient fromsuspension in the water to the bed as a result of
deposition of the sedinment to which the nutrient is adsorbed.
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3. Mgration of nutrient fromthe bed into suspension in the water as a result
of scour of the bed sedinments to which the nutrient is adsorbed.

4. Qutflow fromthe RCHRES of nutrient attached to suspended sedi nent.
Met hod

The novement of adsorbed nutrient is conpletely determ ned by the novenent of the
sedinent to which it is attached. Al fluxes of adsorbed nutrient are expressed
as the product of the flux of a sedinment fraction (sand, silt, or clay) and the
concentration of nutrient associated with that fraction (expressed in ng per kg of
sedi nent). Likew se, storages of adsorbed nutrient are expressed as the product
of the sediment fraction storage and the associated concentration of nutrient.
Note that the nutrient storage in the bed is essentially infinite. Nutrients that
deposit to the bed are assuned to be |l ost fromthe RCHRES, and scoured sedinent is
assuned to have a constant (user-specified) adsorbed nutrient concentration; thus
the scoured nutrient flux is limted only by the storage of sedinent in the bed.
A sinplified flow di agram of sedi nent and associ ated nutrient fluxes and storages
is provided in Figure 4.2(3).7.2-3 to facilitate the foll owi ng di scussi on. ADVNUT
is designed to operate on one sedinent fraction and one nutrient each tine it is
cal l ed by subroutine NUTRX

If the sediment simulation in nmodule section SEDTRN indicates that scour of bed
storage of a sedinent fraction occurs, the follow ng actions are taken i n ADVNUT

1. The flux of nutrient frombed to suspension is cal cul ated as:

DSNUT = BNUT* DEPSCR (9)
wher e:
DSNUT = ampunt of nutrient scoured frombed and added to suspension
(mg/1)*(ft3/ivl) or (mg/l)*(nmB/ivl)
BNUT = constant concentration of nutrient on bed sedinent fraction
under consideration (ng/ng sedinment)
DEPSCR = anmpunt of sedinent fraction which is scoured from

the bed (nmg.ft3/1.ivl or ng.nB/Il.ivl)

2. The concentration of adsorbed nutrient in suspension is updated to account for
scour:

SNUT = (I SNUT + RSNUTS - DSNUT)/(RSED + ROSED) (10)
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wher e:
SNUT = concentration of adsorbed nutrient in suspension
(mg/ ng suspended sedi nent)
ISNUT = inflow of nutrient to the RCHRES as a result of inflow ng
sedi nent fraction ((mg/l)*(ft3/ivl) or (mg/l)*(nB/ivl))
RSNUTS = storage of nutrient on suspended sedinment fraction
((my/1)*ft3 or (mg/l)*nB)
RSED = anmount of sedinent fraction in suspension
at end of interval (ng.ft3/1 or ng.nB/I)
ROSED = anount of sedinment fraction contained in outflow fromthe RCHRES

during the interval (mg.ft3/1.ivl or ng.nB/I.ivl)

3. The concentration of nutrient on bed sedinent is set equal to zero if the
storage of bed sedinent at the end of the interval is zero.

5. Amount of nutrient |eaving the RCHRES as outflow is determ ned as:
ROSNUT = ROSED* SNUT (11)

If the sedinment sinulation in nodul e section SEDTRN i ndi cates that deposition of
suspended sedi ment occurs, ADVNUT perforns the foll ow ng operations:

1. Concentration of nutrient on total suspended sediment fraction (inflow +
suspended storage) for the RCHRES is cal cul at ed:

SNUT = (1 SNUT + RSNUTS)/ ( RSED + DEPSCR + ROSED) (12)

2. Anmount of nutrient |eaving the RCHRES due to outflow of sedinent fraction is
det er m ned:

RCSNUT = ROSED* SNUT (13)

3. Amount of nutrient |eaving suspension due to deposition of the sedinent to
which it is adsorbed is found by:

DSNUT = DEPSCR* SNUT (14)

4. The concentration of nutrient on sedinment in suspension is set equal to zero
if the suspended storage of sedinent is zero.

The final operation which ADVNUT performns is the conputation of outfl ow of adsorbed
nutrient through individual exits (when nore than one exit is specified). The
algorithmis:

OSNUT(1) = ROSNUT* OSED( 1) / ROSED (15)
wher e:

CSNUT(1) = outfl ow of adsorbed nutrient through exit gate |

ROSNUT = total outflow of adsorbed nutrient from RCHRES

CSED(1) = outflow of sedinent fraction through exit gate |
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4.2(3).7.2.6 Sinulate lonization of Amonia to Ammoni um
(subrouti ne AMM ON)

Appr oach

The total dissolved amonia state variable (TAM consists of two forns, NH,” and
NH,. The ionized formis dom nant at typical pH s and tenperatures found i n nature;

however, the wun-ionized form is toxic to aquatic species at fairly |ow
concentrations, and may be significant at sone extreme environmental pH s.

Therefore, while the process formulations in HSPF are based on the total ammoni a,

the un-ionized formis conputed and out put.

The fraction (FRAC) of total amonia that is present as un-ionized ammonia is
cal cul ated as:

10°"
FRAC = ) (16)
10" + RATIO
wher e:
RATIO = ratio of ionization products for water k, and ammoni a (k)

RATIO is computed using an enpirical relationship based on pH and tenperature as
described by Loehr et al. (1973):

RATIO = -3.39753 | 0g,(0.02409 TW 10° (17)

The pH used in Equation 16 may be obtained from Section PHCARB (if it is active)
or specified by the user in the formof a constant value, 12 nonthly val ues, or an
i nput tinme series.

4.2(3).7.2.7 Sinulate Amonia Volatilization
(subroutine NH3VQL)

Appr oach

The anmount of total ammonia |lost fromthe RCHRES due to ammonia volatilization is
calculated by a standard two-layer nodel of mass transfer across the air-water
interface; this is based on Henry's Law and the flux of mass through the water and
air films. The inverse of the overall mass transfer coefficient is given by the
foll ow ng expression:

1 1 8.21x10°° * TWKELV
B = KRN = R + R (18)
KR NH3KL HCNH3 * NH3KG
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wher e:
KR = overall mass transfer coefficient (cnihr)
KRINV = inverse of coefficient (hr/cm
NH3KL =liquid filmmass transfer coefficient (cn hr)
NH3KG = gas filmmass transfer coefficient (cmhr)
HCNH3 = Henry's Law Constant for ammoni a (atm m?® nol e)
8.21E-5 = the ideal gas constant (atm m® K/ nol e)
TWKELV = water tenperature (degrees K)

Conputation of the liquid-film coefficient is based on correlation with the
reaeration rate (i.e., the rate of transfer of oxygen gas across the interface).
The proportionality constant is a function of the ratio of the nol ecul ar wei ghts.
Therefore, the liquid-filmcoefficient is given by:

NH3KL = [ KOREA * AVDEPM * 100/ DELT60] * [1.878**( EXPNVL/2.)] (19)
wher e:

KOREA = the oxygen reaeration rate (per interval)

AVDEPM = average depth of the reach (n

100 = conversion fromneters to centineters

DELT60 = conversion fromunits of per interval to units of per hour

1.878 = ratio of nolecular weight of oxygen (32) to anmonia (17)

EXPNVL = user-specified exponential factor

Note that in the first part of the above equati on, KOREA i s being converted to the
sanme units as NH3KL, i.e., cnihr.

In a simlar manner to the liquid-filmcoefficient, the gas-film coefficient is
conputed from the water evaporation rate which is primarily driven by the w nd.
The gas filmcoefficient is conputed as:

NH3KG = 700. * WNDSP * 1.057**( EXPNVG 2.) (20)

wher e:
700

an enpirical constant relating the wind speed in mis and the
evaporation rate in cni hr

W NDSP = wi nd speed (m's)
1.057 =ratio of water nolecular weight to that of amonia
EXPNVG = user-specified exponential factor

The Henry's constant for ammnia (HCNH3) is interpolated froma table of val ues
based on tenperature and pH

The reach-specific, first-order rate constant for volatilization is conputed by:

KNVOL = KR * DELT60/ ( AVDEPM * 100) (21)
wher e:

KNVOL = first-order rate constant for volatilization (/interval)

100 = conversion fromunits of 1/cmto 1/ m
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Finally, the volatilization |loss is conputed as:

NH3VLT = KNVOL * TAM (22)
wher e:

NH3VLT = vol atilization loss during the interval (nmg NI)

TAM = concentration of total ammonia (ng N I)

Si mul ation of ammoni a volatilization is activated by setting AM/FG equal to one in
the User's Control |Input. O course, total amonia simulation nust also be
activated by setting TAMFG equal to 1.

4.2(3).7.2.8 Perform Materials Bal ance for Transformation from Organic to
I norgani ¢ Material (subroutine DECBAL)

Pur pose

DECBAL adjusts the inorganic nitrogen and orthophosphorus state variables to
account for deconposition of organic materials.

Met hod
In subroutine NUTRX the total BOD decay for the tinme interval is used to conpute

t he correspondi ng anounts of i norganic nitrogen and ort hophosphorus produced by the
decay are determ ned as:

DECNI T = BODOX* CVON (23)

DECPO4 = BCDOX* CVOP (24)
wher e:

BODOX = total BOD decay (mg Q| per interval)

CVON = stoichionetric conversion factor fromng oxygen to ng nitrogen

CVOP = stoichionetric conversion factor fromng oxygen to ng phosphorus

The values for DECNIT and DECPO4 are passed to subroutine DECBAL. If amonia is
simul ated, the value of DECNIT is added to the NH3 (TAM state variable; if not,
DECNIT is added to the NO3 state variable. |f orthophosphorus is sinulated, the
val ue of DECPO4 is added to the PO4 state vari abl e.

229



Subroutine Group PLANK

4.2(3).7.3 Simulate Pl ankton Popul ati ons and Associ at ed Reacti ons
(Subroutine Goup PLANK of Mdul e RCHRES)

Pur pose
PLANK si nul at es phyt opl ankt on, zoopl ankt on, and/or benthic al gae.
Schematic View of Fl uxes and Storages

Figures 4.2(3).7.3-1through 4.2(3).7.3-4 illustrate the fluxes and storages of the
six constituents which are i ntroduced i nto the RCHRES nodel i ng systemi n subroutine
PLANK. In addition to these constituents, the state variables for dissolved
oxygen, biochem cal oxygen demand, nitrate, total amonia, and orthophosphorus are
al so updated. If subroutine group PLANK is active (PLKFG = 1), dead refractory
organics will automatically be sinulated. The state variables for these organics
are ORN (dead refractory organic nitrogen), ORP (dead refractory organic
phosphorus), and ORC (dead refractory organic carbon). The user nust specify
whet her or not phytopl ankton, zoopl ankton, and/or benthic al gae are sinul ated by
assigning appropriate values to PHYFG ZOOFG and BALFG in the User's Contro
Input. The state variable PHYTOrepresents the free fl oating photosynt heti c al gae,
ZOO represents the zoopl ankt on which feed on PHYTO, and BENAL is the state vari abl e
for al gae attached to the benthal surface.

Subroutine group PLANK is a large and conplex code segnent. It uses twelve
subroutines to perform simulation of the three types of plankton. Longitudina
advection of PHYTO and ZOO is performed by ADVPLK, a special advection routine for
pl ankton. ORN, ORP, and ORC are advected by ADVECT. The sinking of PHYTO ORN
ORP, and ORC is performed by subroutine SINK. The user controls the sinking rate
of these constituents by assigning values to paraneters PHYSET and REFSET in the
User's Control Input. PHYSET is the rate of phytopl ankton settling, and REFSET is
the settling rate for all three of the dead refractory organic constituents.
Advection and sinking are performed every interval

Bef ore ADVECT is called, PLANK suns the inputs of ORN, ORP, and ORC from upstream
reaches, tributary |and areas, and atnospheric deposition

| NORG = | ORG + SAREA* ADFX + SAREA* PREC* ADCN (1)
wher e:

I NORG = total input of organic to reach

|ORG = input of organic fromupstreamreaches and tributary |and

SAREA = surface area of reach

ADFX = dry or total atnospheric deposition flux in nass/area per interva

PREC = precipitation depth

ADCN = concentration for wet atnospheric deposition in mass/vol unme

At mospheric deposition inputs can be specified in two possible ways dependi ng on
the formof the available data. |If the depositionis in the formof a flux (nass
per area per tine), then it is considered "dry deposition". |If the deposition is
inthe formof a concentrationinrainfall, thenit is considered "wet deposition”,
and the program automatically conbines it with the input rainfall tinme series to
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section of the RCHRES Application Mdul e

PHYREF

BALREF

Benthic
algae
death

\ A 4
Dead
refractory
> organics [ T T T T &
storage |k = = = = -
A
SNKOUT ZREF
L. Zooplankton
Sinking death and
excretion
v
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conpute the resulting flux. Either type of deposition data can be input as a tinme
series, which covers the entire sinulation period, or as a set of nmonthly val ues
that is used for each year of the simulation. The specific atnospheric deposition
time series for NUTRX are docunented in the EXTNL table of the Tinme Series Catal og
for RCHRES, and are specified in the EXT SOURCES bl ock of the UCI. The nonthly
val ues are input in the MONTH DATA block in the UC .

The remai nder of the processes nodel ed i n PLANK are only perforned when t he average
depth of water in the RCHRES is at |least 2 inches. Experience has shown that the
algorithnms used to represent these processes are not accurate for excessively
shal | ow waters. If 2 inches or nore of water is present in the RCHRES, PLANK
perfornms a series of operations which are necessary to determne the availability
of light to support algal growh. First the light intensity at the RCHRES surface
is calculated by the foll ow ng equation

INLIT = 0. 97* CFSAEX* SOLRADY DELT (1)
wher e:
INLIT = 1light intensity i medi ately bel ow water surface (I|angleys/ m n)
0.97 = correction factor for surface reflection (assunme 3 percent)
CFSAEX = input paraneter that specifies the ratio of radiation at water
surface to gage radiation values. This factor also accounts
for shading of the water body, e.g. by trees and streanbanks
SOLRAD = sol ar radiation (langleys/interval)
DELT = conversion fromunits of per interval to per mnute
After the light intensity at the water surface has been calculated, PLANK
determ nes the factors which dimnish the intensity of light as it passes through
the water. In addition to the natural extinction due to passage through water

extinction may result from interference caused by suspended sedinent or
phyt opl ankton. If SDLTFG is assigned a value of one, the contribution of total
suspended sedinment to light extinction is calcul ated as:

EXTSED = LI TSED* SSEDT (2)

wher e:
EXTSED = increnent to base extinction coefficient due to total
suspended sediment (/ft)
LITSED = nultiplication factor to total suspended sedi nent conc.
(supplied in User's Control |nput)
SSEDT = total suspended sedinent (sand + silt + clay) (ng/l)

The contribution of suspended phytopl ankton to light extinction is determ ned by
the enmpirical relationship

EXTCLA = 0. 00452* PHYCLA (3)
wher e:
EXTCLA = increment to base extinction coefficient due to phytoplankton (/ft)

0.00452 = multiplication factor to phytopl ankton chl orophyl|l a concentration
PHYCLA = phyt opl ankt on concentration (mcronoles/| of chlorophyll a)
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After values for INLIT, EXTSED, and EXTCLA have been calculated, PLANK calls
subroutine LITRCHto determine the Iight correction factor to algal growh and the
amount of light available to phytoplankton and benthic algae. Once these
cal cul ati ons have been conpl eted, PLANK checks a series of flags to determ ne which
types of plankton are to be simulated. If PHYFG is assigned a value of one,
simul ati on of phytoplankton is perforned. Zooplankton are simulated if ZOOFG i s
given a value of one. Zoopl ankton sinulation can be perfornmed only if the
phyt opl ankt on section is active. Finally, a value of one for BALFG activates
bent hi ¢ al gae si mul ati on.

4.2(3).7.3.1 Advect Pl ankton (subroutine ADVPLK)
Pur pose

ADVPLK perfornms the advection of phytoplankton and zooplankton. The nornal
advection met hod (subroutine ADVECT) used in the RCHRES nodul e assunmes that each
constituent concentration is uniformthroughout the RCHRES. This assunption is not
valid for plankton. Bot h phyt opl ankt on and zoopl ankton |ocate their breeding
grounds near the channel boundaries. Since the water near the boundaries noves
downst ream nmuch nore slow y than the nmean water velocity, the plankton popul ati ons
have a much | onger residence tinme in the RCHRES t han woul d be i ndi cated by t he nmean
flowime. The geographical extent of the plankton breeding grounds is inversely
related to the flowrate. At low flows, |large areas of slow noving waters which
are suitable for breeding exist along the channel boundaries. As flowates
increase, nore and nore of these areas are subject to flushing. The speci al
advection routine is critical to plankton sinmulation, because the only source of
pl ankton is within the reach network. Thus an upstream RCHRES wi th no pl ankton
inflows can maintain a significant plankton population only if the growh rate of
pl ankt on exceeds the rate at which plankton are advected out of the RCHRES. Since
bi ol ogical growh rates are typically nuch slower than "normal " advection rates,
few free-fl owi ng RCHRES s coul d mai ntain a pl ankt on popul ati on wi thout the use of
t he speci al advection routine.

Met hod

Figure 4.2(3).7.3-5 illustrates the rel ationships used to perform pl ankton
advecti on.

ADVPLK assumes that a certain concentration of plankton (STAY) is not subject to
advection, but any excess of organisns will be advected in the normal way. A snall
popul ati on (SEED) of plankton are never subject to advection, even during the
periods of greatest flow The maxi mum concentration of plankton which is not
subj ect to advection (MXSTAY) occurs during low flow conditions. Each simulation
i nterval ADVPLK cal cul ates STAY based on the values of these two paraneters and
OREF. OREF is the outflow rate at which STAY has a val ue m dway between SEED and
MXSTAY. First, the average flow rate through the RCHRES for the interval is
cal cul at ed:

OFLO = (SROVOL + EROVOL)/ DELTS (4)
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Figure 4.2(3).7.3-5 Relationship of paraneters for special advection of plankton
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wher e:
CFLO average flowrate (ft3/s or n8B/s)
DELTS = nunber of seconds per interva
SROVOL and EROVOL are as defined in Section 4.2(3).2

The concentration of plankton which is not subject to advection is then determ ned:

STAY = (MXSTAY - SEED)*(2.0**(-OFLQ OREF)) + SEED (5)
wher e:

STAY = plankton concentration not advected (ng/l)

MXSTAY = maxi mum concentration not subject to advection

SEED = concentration of plankton never subject to advection

OREF = outflow rate at which STAY has a val ue m dway between

SEED and MXSTAY (ft3/s or nB/s)

The amount of plankton not subject to advection is converted to units of mass
(MSTAY) by multiplying STAY by the volune in the RCHRES at the start of the
interval (VOLS). The concentration of plankton which is advected is:

PLNKAD = PLANK - STAY (6)

ADVPLK cal |l s subroutine ADVECT to perform | ongitudinal advection of the quantity
PLNKAD. The updated val ue of PLNKAD i s then added to the anount of plankton which
di d not undergo advection to deternine the concentrati on of plankton in the RCHRES
at the end of the interval:

PLANK = PLNKAD + MSTAY/ VCL (7)
wher e:

PLANK = concentration of plankton at end of interva

PLNKAD = concentration of advected pl ankton which remain in RCHRES

MSTAY = mass of plankton not advected

VOL = volunme in RCHRES at end of interva

If the concentration of plankton in the RCHRES at the start of the interval is |ess
than the value assigned to SEED, advection of plankton is not performed in the
RCHRES, and the value of PLANK at the end of the interval is calculated as:

PLANK = (MSTAY + | PLANK)/VCL (8)

wher e:
| PLANK = mass of pl ankton which enters RCHRES during interva
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4.2(3).7.3.2 Calculate Light-related Informati on Needed for Algal Sinulation
(subroutine LI TRCH)

Pur pose

Subroutine LITRCH determ nes the light correction factor to algal growh and the
amount of |ight avail able to phytopl ankton and benthic al gae.

Met hod

The overall light extinction factor for the interval is obtained by addi ng EXTSED
and EXTCLA to the base extinction coefficient (EXTB). The value of EXTB is assuned
constant for a particul ar RCHRES and nust be assigned in the User's Control Input.
The resulting sum (EXTCO is used to calculate the euphotic depth, which is the
di stance below the surface of the water body at which 1 percent of the |ight

incident on the surface is still avail abl e:

EUDEP = 4. 60517/ EXTCO (9)
wher e:

EUDEP = euphotic depth (ft)

EXTCO = total light extinction coefficient (/ft)

HSPF assumes that growth of al gae occurs only in the euphotic zone (that is, the
wat er above euphotic depth). Wen EUDEP has been calculated, it is possible to
assign a value to CFLIT, the light correction factor to algal growh. A value of
1.0 is assigned to CFLIT if the cal cul ated euphotic zone includes all the water of
the RCHRES. CFLIT = EUDEP/ AVDEPE, if the euphotic depth is |less than the average
depth of water (AVDEPE). CFLIT is used in subroutine ALGRO, to adjust the conputed
rate of algal growh.

Finally, the anmount of l|ight available to phytoplankton and benthic algae is
cal cul at ed. The equation used to calculate the amount of |ight available to
phyt opl ankt on assunes that all phytopl ankton are at m d-depth in the RCHRES or the
m ddl e of the euphotic zone, whichever is closer to the surface:

PHYLI T = I NLI T* Exp( - EXTCO* (. 5* M n( EUDEP, AVDEPE) )) (10)

wher e:

PHYLIT = |ight avail able to phytopl ankton (I angl eys/ m n)

INLIT = 1light available at water surface (I|angleys/ m n)
EXTCO = light extinction coefficient (/ft)
AVDEPE = average depth of water in the RCHRES (ft)
Exp = Fortran exponential function
M n = Fortran m ni mum function
The equation used to calculate the amount of |ight available to benthic algae

assunes that all benthic al gae are at AVDEPE bel ow t he surface of the RCHRES:

BALLI T = I NLI T* Exp( - EXTCO* AVDEPE) (11)
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4.2(3).7.3.3 Simul ate Phytopl ankt on (subroutine PHYRX)
Pur pose

PHYRX sinmul ates the algae which float in the water of a RCHRES. Because these
organi snms use energy fromlight to produce organic nmatter, they are called prinmary
producers and are considered the first trophic level in the aquatic ecosystem The
bi ol ogi cal activity of the ecosystem depends upon the rate of primary production
by these phot osynthetic organisns. The activities of the phytoplankton are in turn
affected by the physical environnment. Through the process of photosynthesis,
phyt opl ankt on consune carbon di oxi de and rel ease oxygen back into the water. At
the sanme tinme, algal respiration consunes oxygen and rel eases carbon dioxide

Phyt opl ankt on reduce the concentration of nutrients in the water by consuning
phosphates, nitrate, and ammoni a. Through assimlation these nutrients are
transformed into organic materials which serve as a food source for higher trophic
levels. A portion of the organic matter that is not used for food deconposes

which further affects the oxygen and nutrient levels in the water. VWere the
phyt opl ankt on popul ati on has grown excessi vely, nuch of the avail abl e oxygen supply
of the water may be depleted by deconposition of dead al gae and respiration. 1In
this situation, phytoplankton place a serious stress upon the system

Appr oach

To describe quantitatively the dynam c behavior of phytopl ankton popul ations, a
nunber of assunptions must be made. PHYRX treats the entire phytoplankton
popul ation as if it were one species, and the nmean behavior of the population is
described through a series of generalized mathematical fornulations. Wile such
an approach obscures the behavi or of individual species, the overall effect of the
phyt opl ankt on popul ation on the water quality can be nodeled with reasonable
accuracy.

The HSPF system assumes that biomass of all types (phytoplankton, zooplankton,
bent hi ¢ al gae, dead organic materials) has a consistent chem cal conposition. The
user specifies the biomass conposition by indicating the carbon:nitrogen

phosphorus ratio and the percent-by-weight carbon. This is done by assigning
values to the followi ng paraneters:

1. CvBPC. nunber of noles of carbon per nole of phosphorus in bionass
(default = 106)

2. CVBPN. nunber of moles of nitrogen per nole of phosphorus in
bi omass (default = 16)

3. BPCNTC. percentage of biomass wei ght which is carbon (default = 49)

The algorithns used in PHYRX and its subroutines require that the phytopl ankton
popul ati on be expressed in units of mcronoles of phosphorus per liter. PHYRX
converts the value for state variable PHYTO in mlligranms bionass per liter into
m cronol es phosphorus per liter and assigns this value to the internal state
vari abl e STC (standi ng crop).
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PHYRX uses five routines to sinulate phytopl ankton. ALGRO conputes unit growth and
respiration rates and determ nes the growth limting factor for the phytopl ankt on.
If the amount of growth exceeds the anmount of respiration for the interval, GROCHK
adjusts growth to account for nutrient limtations. PHYDIH cal cul ates the anmount
of death occurring during the interval. State variables ORN, ORP, ORC, and BOD are
updated by ORGBAL to account for materials resulting from phytopl ankton death.
Finally, NUTRUP adjusts the values for PO4, NO3, and TAM(total ammoni a) to account
for uptake of nutrients by phytoplankton. In addition to these updates, the
di ssol ved oxygen state variable is adjusted in PHYRX to account for the net effect
of phyt opl ankt on phot osynt hesis and respiration:

DOX = DOX + ( CVPB* CVBO* GRCPHY) (12)

wher e:

CvPB = conversion factor from m cronol es phosphorus to ng bi omass

CvBO = conversion factor fromng bi onass to ng oxygen

GROPHY = net growt h of phytopl ankton (m cronol es phosphorus/| per interval)

After all the operations in PHYRX and its subroutines have been perfornmed, the
value of STC is converted back into units of mlligrans biomass per liter and
becones the updated val ue of PHYTQO

4.2(3).7.3.3.1 Calculate Unit Gowmh and Respiration Rates for Al gae
(subroutine ALGRO

Pur pose

ALCGRO cal cul ates the unit growh rate of al gae based on light, tenperature, and
nutrients. Each time step, ALGRO determnes the rate limting factor for grow h,
and passes a |label which identifies the limting factor to the subroutines
responsi ble for printed output. The |abels and their neanings are as foll ows:

LT Gowmhis light limted.

" NON Insufficient nutrients are available to support grow h.

'TEM Water tenperature does not allow al gal grow h.

"NT Gowmhis limted by availability of inorganic nitrogen.

' PO4 Gowmhis limted by availability of orthophosphorus.

"NONE' There is no limting factor to cause | ess than maxi nal grow h.
" WAT Insufficient water is available to support growt h.

ALGRO is also responsible for calculating the unit respiration rate for al gae.
This routine is used in the simulation of both phytopl ankton and benthi c al gae.
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Appr oach

ALGRO perfornms a series of initial checks to determ ne whether or not conditions
are suitable for growth during the interval. If the light intensity for the
interval is less than 0.001 |angleys/mn, insufficient light is available for

grom h, and growmh is not calculated. Likewise, if the concentration of either
i norgani ¢ nitrogen or orthophosphorus is |less than 0.001 ng/l, no growth occurs.
If these checks indicate that conditions are suitable for growh, ALGRO next
determ nes the effects of water tenperature on the growh potential.

Temper ature Control

The user specifies the tenperature preferences of the al gae by assigning values to
three paraneters: TALGRL, TALGRM and TALGRH. If the water tenperature is |ess
than the val ue assigned to TALGRL or greater than the val ue assigned to TALGRH, no
grow h occurs. For water tenperatures between TALGRL and TALGRH, a correction
factor to maxinmum growh rate (MALGR) is cal cul ated. This correction factor
increases in value linearly from 0.0 at TALGRL to 1.0 at TALGRM  Thus, TALGRM
specifies the mninum tenperature at which growth can occur at a naximm rate.
ALCGRO assunes that there is no tenperature retardation of maxi numgrowth rate for
tenmper atures between TALGRM and TALGRH. The tenperature corrected maxi mum grow h
rate is:

MALGRT

MALGR* TCVALG (13)

wher e:
MALGRT = tenperature corrected maxi mum al gal growth rate (/interval)
MALGR = maximumunit growmh rate for al gae
TCMALG = temperature correction to growth (TCVALG ranges between 0 and 1)

Once the tenperature correction to potential growth rate has been made, ALGRO uses
Monod growth kinetics with respect to orthophosphorus, inorganic nitrogen, and
light intensity to determ ne the actual growh rate. The procedure taken in ALGRO
is to consider each possible limting factor separately to determ ne which one
causes the small est algal growth rate during each simulation interval. This nethod
does not preclude that interactions between factors affect the actual growth rate;
in cases where it has been established that there is such an interaction, as in the
upt ake of phosphate, the phenonena are included in the nodel. If none of the
factors considered is limting, growh will be maxi mal and tenperature dependent.

Phosphorus Limted G owh

Al gae are dependent upon uptake of orthophosphorus to provide the continual supply
of phosphorus necessary for ordinary cellular netabolism and reproductive

processes. In phosphorus-limted situations, the resultant growh rate has been
shown to be dependent not only on the concentration of phosphate ions, but on
nitrate concentration as well (D Toro, et al., 1970). The phosphorus limted

gromh rate is determ ned by:

GROP = MALGRT* PO4* NOB/ ((PO4 + CWMVP) * (NGB + CMVNP)) (14)

240



Subroutine Group PLANK

wher e:

GROP = unit growth rate based on phosphorus limtation (/interval)

MALGRT = tenperature corrected maxi mum al gal growth rate

PO4 = ort hophosphorus concentration (mg P/1)

NC3 = nitrate concentration (ng N 1)

CMWP = orthophosphorus M chaelis-Menten constant for phosphorus
l[limted growth (mg P/I) (CMW is defaulted to 0.015 ng P/ 1)

CMWP = nitrate M chaelis-Menten constant for phosphorus limted

gromth (ng V1) (CMWNP is defaulted to 0.0284 ng NI)
Nitrogen Limted Gowh

Nitrogen is essential to algae for assimlation of proteins and enzynes. 1In the
form of nitrate, nitrogen serves as the essential hydrogen acceptor in the
nmet abol i ¢ pat hways whi ch enabl e organisnms to grow. ALGRO allows for two different
sources of inorganic nitrogen. |If amonia is being sinmulated and a val ue of one
is assigned to the nitrogen source flag (NSFG, both ammonia and nitrate are used
by algae to satisfy their nitrogen requirenents. O herwise, only nitrate is
considered in the kinetics fornmulations. H gh ratios of anmonia to nitrate have
been found to retard algal growmh. |If a value of one is assigned to the ammonia
retardation flag (AMRFG, this phenonenon is simlated by the equation:

MALGN = MALGRT - 0. 757*TAM + 0. 051* NG3 (15)

wher e:
MALGN

maxi mumunit growmh rate corrected for amoni a retardation
(/interval)

MALGRT = tenperature corrected maxi mumunit growh rate

Nitrogen Iimtation on growh is calculated by the equation:
GRON = MALGN* MW (MW + CMWN) (16)

wher e:

GRON unit growh rate based on nitrogen limtation (per interval)

MALGN = maxi numunit growth rate (MALGN has the sane val ue

as MALGRT if AVRFGis set to zero)
MW = total pool of inorganic nitrogen considered available for growh
CMW = M chaelis-Menten constant for nitrogen limted growth (mg N 1)

(CVMWN is defaulted to 0.045 ng N I)

Light Limted Gowth

The equation used to determine the limtation on gromh rate inposed by Ilight
intensity was derived by Dugdal e and Maci saac (1971) based on uptake rates of
i norgani ¢ nitrogen under varying light intensities:

GROL = MALGRT*LI GHT/ (CMWLT + LI GHT) (17)
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wher e:
GROL = unit growh rate based on light limtation (/interval)
MALGRT = tenperature corrected maximumunit growh rate (/interval)
LIGHT = 1light intensity available to algae in RCHRES (| angl eys/ m n)
CMMLT = Mchaelis-Menten constant for light Iimted growh (Iangleys/mn)

(CMWLT is defaulted to 0.033 | angl eys/ m n)

Al gal Respiration

Algal respiration is dependent upon water tenperature and is calculated by the
equat i on:

RES = ALR20*( TW 20.) (18)
wher e:

RES = unit algal respiration rate (/interval)

ALR20 = unit respiration rate at 20 degrees C

TW = water tenperature (deg O

4.2(3).7.3.3.2 Check Nutrients Required for Computed G owth (subroutine GROCHK)

GROCHK assures that a mni mumconcentrati on of 0.001 ng/l of each nutrient remnains

in the RCHRES waters after growth occurs. |If this condition is not satisfied, the
conputed growth rate is adjusted accordingly. Ot hophosphorus and inorganic
nitrogen are always considered as nutrients. |If pHis simulated (PHFG = 1), the

user may specify that carbon di oxi de concentration al so be considered as alimting
nutrient by setting the value of DECFG equal to zero.

4.2(3).7.3.3.3 Calculate Phytopl ankton Death (subroutine PHYDTH)
Pur pose

PHYDTH cal cul ates al gal death each interval by using one of two unit death rates
specified inthe User's Control Input. ALDL, the lowunit death rate, is used when
envi ronmental conditions encourage sustained life. |In situations where nutrients
are scarce or the phytopl ankton popul ati on beconmes excessi ve, ALDH, the high al ga
death rate, is used.

Met hod

The high algal death rate, which has a default value of 0.01/hr, is used
if any one of three conditions exists:

1. the concentration of PO4 is |less than the val ue of paraneter PALDH
2. the concentration of inorganic nitrogen is less than the value of paraneter
NAL DH

3. the concentration of phytoplankton is greater than the val ue of paraneter
CLALDH
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Regardl ess of whether these tests indicate that ALDH or ALDL should be used, an
additional increment to death occurs if anaerobic conditions prevail during the
interval. The increnment to death rate due to anaerobic conditions is determ ned
by the val ue of paraneter OXALD. The anount of phytopl ankton death which occurs
during the interval is calculated as:

DTHPHY = ALD*STC (19)
wher e:
DTHPHY = anount of phytopl ankton death (mcronoles P/ per interval)
ALD = unit algal death rate determ ned by environmental conditions
(/interval)
STC = concentration of phytoplankton (mcromoles P/l)

4.2(3).7.3.3.4 Perform Materi als Bal ance for Transformation from Living
to Dead Organic Material (subroutine ORGBAL)

Pur pose

ORGBAL increnents the concentrations of dead organics to account for plankton
deat h. Pl ankton death may either be algal death, =zooplankton death, or
phyt opl ankt on i ngested by zoopl ankton but not assimlated. |n each case in which
ORCBAL is called, the increnments to ORP, ORN, ORC, and BCD are calculated in the
subroutine which nakes the call and passed on to ORGBAL. ORGBAL is nerely a
service programwhich perforns the additions to these state vari abl es.

4.2(3).7.3.3.5 PerformMaterials Balance for Transformati on from I norganic
to Organic Materials (subroutine NUTRUP)

Pur pose

NUTRUP adj usts the concentrations of inorganic chemcals to account for net growth
of algae. Net growth may be either positive or negative depending on the relative
magni tude of growh and respiration. The state variables which are updated by
NUTRUP i nclude P4, NG3, TAM and CQ2.

Met hod
The adjustments to PO4 and CO2 are straightforward. The PO4 state variable is

al ways updated; the CO2 state variable is only updated if pHis sinmulated (PHFG =
1) and carbon dioxide is considered as alimting nutrient (DECFG = 0). Adjustnent

of the inorganic nitrogen state variables is nore conplex. I[f ammnia is not
specified as a source of inorganic nitrogen for growh (NSFG = 0), only the NGB
state variable is updated to account for net growth. |[If ammonia is considered a

nutrient (NSFG = 1), negative net growth is accounted for by adding the total flux
of nitrogen to the TAMstate variable. If net growh is positive, a portion of the
nitrogen flux is subtracted from both the NO3 and TAM state vari ables. The
rel ative proportions of NGB and TAM are governed by the val ue of paraneter ALNPR
which is the fraction of nitrogen requirenents for growh which are preferably
satisfied by nitrate.
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4.2(3).7.3.4 Simul ate Zoopl ankt on (subrouti ne ZORX)
Pur pose

ZORX simul ates the growh and death of zoopl ankton, and the resultant changes in
t he bi ochem cal bal ance of the RCHRES. Zoopl ankton play an inportant role in
determining the water quality of rivers and | akes. By feeding on the algal,
bacterial, and detrital mass, they are a natural regulator in the aquatic
environment. At the same tine zoopl ankton are a source of food material for higher
trophic | evel s such as fish. Through excretion, zoopl ankton provide nutrients for
phyt opl ankt on growth. HSPF is only concerned with those zoopl ankt on whi ch feed on
phyt opl ankt on, although in reality zoopl ankton may be herbivores, omnivores, or
car ni vor es.

Schematic View of Fl uxes and Storages

Figure 4.2(3).7.3-3 illustrates the fluxes and storage of zoopl ankton nodeled in
ZORX. In addition to zooplankton, the state variables for dissolved oxygen,
bi ocheni cal oxygen demand, total ammonia, nitrate, orthophosphate, and refractory
organics are also updated. Subroutine ZORX considers the follow ng processes:

filtering and ingestion of phytopl ankton by zoopl ankton
assimlation of ingested materials to form new zoopl ankt on bi onass
zoopl ankton respiration

i norgani ¢ and organi c zoopl ankt on excretion

zoopl ankt on deat h

agbrwNE

Filtering and I ngestion

The anmount of phytopl ankton i ngested per mi|ligramzoopl ankton is cal cul ated by the
equat i on:

ZOEAT = ZFI L20* ( TCZFI L**(TW- 20.))*PHYTO (20)

wher e:

ZOEAT unit ingestion rate (ng phyto/ng zoo per interval)

ZF1 L20 zoopl ankton filtering rate at 20 degrees C
(liters filtered/ng zoo per interval)

TCZFIL = temperature correction coefficient for filtering

TW = water tenperature (deg O

PHYTO = phytopl ankt on concentration (ng phyto/l)

The filtering rate is dependent upon water tenperature and phytopl ankton concen-
tration. Rates for nost biological activities double for every 10 degrees Centri -
grade increase in tenperature. The filtering rate neets this criterion if the
default value of 1.17 is used for the tenperature correction coefficient TCZFIL.
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VWen the phytoplankton biomass is below a critical concentration, the unit
filtering rate will be nmaximal and constant. As the phytopl ankton biomass
i ncreases above the critical concentration, the limting rate is dependent on
i ngestive and digestive capabilities, and not on the concentration of the food
source. Under these conditions, the filtering rate decreases proportionally such
that the algal bionass ingested remains constant at the value of the paraneter
MZOEAT, which is defaulted to 0.055 ng phytopl ankt on/ ng zoopl ankt on per hour. The
code sinmulates this by reducing ZCEAT to MZOEAT, if Equation 20 gives a value
greater than MZOEAT. HSPF assunes that the filtering activities of zoopl ankton are
100 percent efficient; that is, the zooplankton ingest all of the food which is
contained in the water which they filter. The total amount of phytopl ankton
i ngested by the zoopl ankton is cal cul ated as:

ZEAT = ZOEAT*Z0O (21)

wher e:
ZEAT
ZCEAT
Z00

i ngest ed phytopl ankton (ng bi omass/| per interval)
unit ingestion rate
zoopl ankt on concentration (ng bi omass/|)

ZORX checks that the <calculated amount of ingestion does not reduce the
phyt opl ankt on popul ation to I ess than 0.0025 m cronol es of phosphorus per liter
if it does, the ingestion rate is adjusted to nmaintain a phytoplankton
concentration at this |evel

Assim | ation

Assim lation is the process by which ingested phytopl ankton are converted to new
zoopl ankton mass. The process of assimlation is never 100 percent efficient in
bi ol ogi cal systenms. Unassimilated food is excreted as organi c and i norgani ¢ waste
products. Zoopl ankton assimlation efficiency is dependent upon quality and
concentration of food. H gh quality food is assimlated at high efficiency
whereas low quality food is nostly excreted as waste resulting in lowassimlation
ef ficiency. The relationship between food concentration and assimlation
efficiency is mnore conplex. If the concentration of available food and the
filtering rate of an organi smare such that the organi smingests nore food than can
be readily used for growth and netabolism the organism s assimlation efficiency
decreases. The nodel represents the effect of food quality and concentration on
assimlation as shown in Figure 4.2(3).7.3-6.

The quality of the zoopl ankton food is assigned in the User's Control |nput by the
paraneter ZFOOD. Three qualities of food are allowed. Fromthese, one type nust
be chosen to represent the overall food source available to the zoopl ankton

1 = high quality food
ZFOOD = 2 = mediumquality
3 =1lowaquality

Depending on the value assigned to ZFOOD, the assimlation efficiency ZEFF is
cal cul ated by one of the follow ng equations:
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Figure 4.2(3).7.3-6 Zoopl ankton assim |l ation efficiency
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IF ZFOOD = 1 THEN ZEFF = -0. 06*PHYTO + 1. 03 (22)
| F ZEFF > 0. 99 THEN ZEFF = 0. 99

IF ZFOOD = 2 THEN ZEFF = -0. 03*PHYTO + 0. 47
| F ZEFF < 0.20 THEN ZEFF = 0. 20

IF ZFOOD = 3 THEN ZEFF = -0. 013*PHYTO + 0. 17
| F ZEFF < 0. 03 THEN ZEFF = 0. 03

These equations are extrapol ati ons fromresearch on Daphnia (Schindler, 1968). The
corrections to ZEFF set reasonable upper or lower limts on efficiency for
assimlating each type of food. The mass of ingested phytopl ankton assimlated by
zoopl ankton is cal cul ated as:

ZOGR = ZEFF* ZEAT (23)
wher e:

ZOGR = zoopl ankton growth (ng bi omass/| per interval)

ZEFF = assim |l ation efficiency (dinensionless)

ZEAT = ingested phytopl ankton (ng bi onass/| per interval)
Respirati on

Respiration is the biochem cal process by which organi c nol ecul es are broken down,
resulting in a release of energy which is essential for cellular and organi sma
activities. The oxidized nolecules may either be carbohydrates and fats stored
wi thin the organismor food passing through the organi sms digestive system In
either case, the end result of respiration is a decrease in zoopl ankton nmass and
a subsequent release of inorganic nutrients. The equation governing zoopl ankton
respiration is:

ZRES = ZRES20* (TCZRES**(TW- 20.))*Z0O (24)

wher e:

ZRES zoopl ankt on bi omass respired (mg zoo/l per interval)

ZRES20 = respiration rate at 20 degrees C (defaul t= 0.0015/hr)
TCZRES = tenmperature correction factor for respiration (default = 1.07)
Z00 = zoopl ankton (ng bi omass/|)

Excretion Products

Excretion is the ingested food which is not assim |l ated by the zoopl ankton. These
wast e products contain both refractory and nonrefractory materials. The anmount of
refractory organic excretion is cal cul ated as:

ZREFEX = REFR* ZEXMAS (25)
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wher e:
ZREFEX = refractory organic material excreted by zoopl ankt on
(mg refractory biomass/| per interval)
ZEXMAS = total mass of zoopl ankton excretion
(ZEXMAS is the difference between ZEAT and ZOGR)
REFR = fraction of biomass which is refractory

(REFR i s the conpl enment of paraneter NONREF)

The nonrefractory portion of the excretion is released to the water in the form of
inorganic nutrients and undegraded BOD materials. The relative abundance of the
materials is dependent upon the unit ingestion rate of the zoopl ankton (ZCEAT).
At higher ingestion rates, a larger fraction of the nonrefractory excretion is not
deconposed and is rel eased as BOD materials. In the nodel, the parameter ZEXDEL
is the fraction of nonrefractory excretion which is inmediately deconposed and
rel eased to the water as inorganic nutrients when the unit ingestion rate of the
zoopl ankton is maximal. If the unit ingestion rate is | ess than maxi mal, the nodel
assunes that all the nonrefractory excretion is released to the water as inorganic
nutrients. Thus, the anmount of excretion released as inorganic materials is:

ZI NGEX = ZEXDEC* ( ZEXVAS - ZREFEX) (26)
wher e:
ZI NGEX = anount of bi onass deconposed to inorgani c excretion
(rmg biomass/| per interval)
ZEXDEC = fraction of nonrefractory inorganic excretion

(ZEXDEC = 1 for ZOEAT <= MZOEAT and ZEXDEC = ZEXDEL for
ZCEAT > MZOEAT. Val ue of ZOEAT is that given by equation
20, i.e., prior to adjustnent.)

The remai ning portion of the excretion is considered to be BOD materials, and is
cal cul ated as:

ZNRFEX = ZEXMAS - ZREFEX - ZI NGEX (27)
wher e:
ZNRFEX = anount of bionass rel eased as nonrefractory organi c excretion
(rmg biomass/| per interval)
Deat h
Zoopl ankt on death is the termnation of all ingestion, assimlation, respiration

and excretion activities. After death, zoopl ankton contribute both refractory and
nonrefractory materials to the system Under aerobic conditions, the mass rate of
zoopl ankton death is determ ned by nmultiplying the natural zoopl ankton death rate,
ZD, by the zoopl ankton concentration. |f anaerobic conditions exist, an increase
in zoopl ankton death rate is nodeled by adding the value of the anaerobic death
rate paraneter, OXZD, to ZD. The default value of ZDis 0.0001/ hr and that of OXzZD
is 0.03/hr.
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Material s Bal ance for Rel ated Constituents

Research has shown that 1.10 ng of oxygen are consuned for every gram of
zoopl ankton mass which is respired (Richman, 1958). The DOX state variable is
reduced accordingly in ZORX If there is not sufficient oxygen available to
satisfy respiration requirenents, the deficit is added to the BOD state vari abl e,
and DOX is set equal to zero.

ZORX makes use of subroutine DECBAL to update the state variables TAM NO3, and PO4
to account for additions fromzoopl ankton respiration and i norgani ¢ excretion. The
amount of inorganic constituents produced by these two processes is cal cul ated by
the foll owi ng equations:

ZNI'T = (ZI NGEX + ZRES) * CVBN (28)
ZPOA = (ZI NGEX + ZRES)*CVBP
ZC2 = (ZI NGEX + ZRES)*CvBC
wher e:
ZNIT = increment to TAMor NO3 state variable (ng NI per interval)
P4 = increnent to PO4 state variable (ng P/l per interval)
yie o = increnent to CO2 state variable (ng C| per interval)

ZI NGEX = bi omass deconposed to i nhorgani c excretion (ng bi omass/| per interval)

ZRES = biomass respired by zoopl ankton (ng biomass/| per interval)
CVBN = conversion factor from bi onass to equival ent nitrogen

CvBP = conversion factor from bi onass to equival ent phosphorus
CvBC = conversion factor from bi omass to equival ent carbon

If amonia is sinmulated, the inorganic nitrogen released is added to the TAM
variable; otherwise, it is added to the NO3 variable. The value of ZCX2 is
conputed for use in subroutine group PHCARB if pH simulation is perforned.
Finally, ZORX calls subroutine ORGBAL to update the state variables for ORN, ORP,
ORC, and BODto account for additions fromzoopl ankt on death and organi c excreti on.
The amounts of organic constituents produced by these processes are cal cul ated as:

ZORN = ((REFR*ZDTH) + ZREFEX)* CVBN (29)
ZORP = ((REFR*ZDTH) + ZREFEX)* CVvBP
ZORC = ((REFR*ZDTH) + ZREFEX)* CVBC
ZBOD = (ZDTH*CVNRBO + (ZNRFEX* CVBO)
wher e:
ZORN = increment to ORN state variable (ng NI per interval)
ZORP = increment to ORP state variable (ng P/l per interval)
ZORC = increment to ORC state variable (ng C/I per interval)
ZBOD = increment to BOD state variable (ng Q| per interval
REFR = refractory fracti on of biomass
ZDTH = zoopl ankton death (ng bi omass/| per interval)
ZREFEX = refractory organic excretion (nmg biomass/| per interval)
ZNRFEX = nonrefractory organi c excretion (ng biomass/| per interval)
CvBO = conversion from bi omass to equi val ent oxygen
CVNRBO = conversion fromnonrefractory bi omass to equi val ent oxygen,

times NONREF
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4.2(3).7.3.5 Simul ate Benthic A gae (subroutine BALRX)
Pur pose

BALRX simul ates those algae in the RCHRES which are attached to rocks or other
stable structures. In free flowing streans, |arge diurnal fluctuations of oxygen
can be attributed to benthic algae. During the sunlight hours, if sufficient
nutrients exist to support photosynthesis, oxygen is produced in such |arge
gquantities that supersaturation often occurs. However, at night, when
phot osynt hesi s cannot occur, the benthic al gae can exert a significant demand on
t he oxygen supply of the RCHRES due to respiratory requirenents. Benthic al gae
i nfl uence the nutrient bal ance of the RCHRES by their extraction of nutrients for
gr ow h.

Appr oach

The growt h and death of benthic al gae are nodel ed in nmuch the sane manner as their
free floating relatives, the phytoplankton. 1In fact, four of the five subroutines
that are used for phytoplankton sinmulation are also used in the benthic algae
sinmulation. These routines are ALCRO, GROCHK, ORGBAL, and NUTRUP. There are two
maj or differences in nodeling the two types of algae. First, since the benthic
al gae are attached to materials in the RCHRES, they are not subject to | ongitudina

advect i on. Second, the manner in which death of benthic algae is nodeled is
sufficiently different from the method used for phytoplankton that a special

routi ne, BALDTH, is used. Wthin BALRX benthic algae are in units of mcronoles
phosphorus per liter so that the benthic al gae sinmul ation can take advant age of the
same subroutines used by PHYRX In order to obtain these units, the follow ng
conversion is perforned:

BAL = BENAL* DEPCOR/ CVPB (30)

wher e:

BAL bent hi ¢ al gae (m cronol es phosphorus/1)

BENAL = benthic al gae (ng bi onass/ nR)
CvPB = conversion factor from m cronol es phosphorus to ng bi omass
DEPCOR = conversion fromsquare neters to liters based on average depth of
water in RCHRES during the interval (DEPCOR is conputed in RQUAL)
Net Grow h

Unit growmh and respiration rates for benthic al gae are cal cul ated by subroutine
ALGRO  The user has the option of nmultiplying either of these rates by a constant
factor if there is evidence that the benthic al gae popul ati on does not exhibit the
same growh and respiration rates as the phytopl ankton popul ation. Thus, net
gromh rate is cal cul ated as:

GROBAL = (GRO*CFBALG - RES* CFBALR) * BAL (31)
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wher e:

GROBAL = net growth rate of benthic algae (mcromoles P/l per interval

GRO = unit growh rate as calculated in subroutine ALGRO

CFBALG = rati o of benthic al gae to phytopl ankton growh rates
under identical growmh conditions (default = 1.0)

RES = unit respiration rate as calculated in subroutine ALGRO

CFBALR = rati o of benthic al gae to phytopl ankton respiration rates
(default = 1.0)

BAL = benthic al gae concentration (mcronoles P/I)

After GROBAL has been cal cul ated, subroutine GROCHK is called to assure that the
cal cul ated grow h does not reduce any nutrient to a concentration |ess than 0.001
mg/l. If it does, GROBAL is adjusted to satisfy this requirenent.

Deat h of Benthic Al gae

Subroutine BALDTH cal cul ates the ampunt of benthic al gae death and passes this
i nformati on back to BALRX (variable DTHBAL). BALRX updates the state variable BAL
to account for net growmh and death. The value of BAL is not allowed to fall bel ow
0. 0001 micromol es of phosphorus per square neter.

Material s Bal ance for Rel ated Constituents

The DOX state variable is updated to account for the net effect of benthic al gae
phot osynt hesi s and respiration according to the foll ow ng equation:

DOX = DOX + ( CVPB* CVBO* GROBAL) (32)

wher e:

DOX concentration of dissolved oxygen (ng/l)

CvPB = conversion factor from m cronol es phosphorus to ng bi omass
CvBO = conversion factor fromng bi onass to ng oxygen
GROBAL = net growth of benthic al gae (m cronol es phosphorus/| per interval)

The additions to ORN, ORP, ORC, and BOD resulting from benthic algae death are
cal cul ated as:

BALORN = REFR* DTHBAL* CVBPN*. 014 (33)
BALORP = REFR*DTHBAL*. 031

BALORC = REFR*DTHBAL* CVBPC*. 012

BALBCD = CVNRBO* CVPB* DTHBAL
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wher e:
BALORN = increnent to ORN state variable (ng NI per interval)
BALORP = increnent to ORP state variable (ng P/ per interval)
BALORC = increnent to ORC state variable (ng C| per interval)
BALBOD = increnent to BOD state variable (ng Q| per interval)
REFR = refractory fracti on of biomass
DTHBAL = benthic al gae death (micronoles P/I per interval)
CVNRBO = conversion fromng biomass to equival ent ng
oxygen demand (allowing for refractory fraction)
CvPB = conversion from m cromol es phosphorus to ng bi onass
CVBPN = conversion from m cromol es phosphorus to m cronol es nitrogen
CvBPC = conversion from m cromnol es phosphorus to m cronol es carbon

When BALORN, BALCRP, BALORC, and BALBOD have been eval uated, subroutine ORGBAL is
called to perform the actual increnents to the appropriate state variables.
Finally, subroutine NUTRUP is called to update the inorganic state variables to
account for net grow h.

External Units

The out put values for benthic algae are in units of mlligrans bi omass per square
meter and m crograns chl orophyll a per square neter.

4.2(3).7.3.5.1 Calcul ate Benthic Al gae Death (subroutine BALDTH)
Pur pose

BALDTH cal cul ates al gal death each interval by using one of two unit death rates
specified in the User's Control Input. ALDL, the lowunit death rate, is used when
envi ronnmental conditions encourage sustained life; in situations where nutrients
are scarce or the benthic al gae popul ati on becones excessive, ALDH, the high al gal
death rate, is used.

Met hod

The hi gh al gal death rate, which has a default value of 0.01/hr, is used if any one
of three conditions exists:

1. the concentration of PO4 is |less than the val ue of paraneter PALDH

2. the concentration of inorganic nitrogen is less than the value of paraneter
NAL DH

3. the areal density of benthic algae is greater than the val ue of paraneter MBAL
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Regardl ess of whether these tests indicate that ALDH or ALDL (default equals
0.001/ hr) should be used, an additional increnent to death occurs if anaerobic
conditions are prevalent during the interval. The increnent to death rate due to
anaerobic conditions is determned by the value of paraneter OXALD. When the
bent hi ¢ al gae popul ation grows to a size greater than that which may be supported
on the bottom surface, algae begin to break away from the bottom a phenonmenon
known as sl oughi ng. Whenever the population calculated exceeds the maxi num
al | owabl e bottom density (MBAL), the sloughing process renoves the excess al gae.
The anmount of benthic al gae death which occurs during the interval is calcul ated
as:

DTHBAL = (ALD*BAL) + SLOF (34)
wher e:
DTHBAL = anount of benthic al gae death (mcronoles P/l per interval)
ALD = unit algal death rate determ ned by environmental conditions
(/interval)
BAL = concentration of benthic algae (mcromoles P/l)
SLOF = anmount of benthic al gae sl oughed (mcromoles P/l per interval)
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4.2(3).7.4 Simulate pH Carbon D oxide, Total Inorganic Carbon,
and Al kalinity (Subroutine Goup PHCARB of Mdul e RCHRES)

Pur pose

PHCARB cal cul ates the pH of the water within a RCHRES. The primary value of pHis
as an indicator of the chem cal environnent of the system Under nor nal
circunstances, pH is near neutral, that is, near seven. Most |ife sustaining
processes are inpaired at extremes of pH.

Met hod

Figure 4.2(3).7.4-1illustrates the fluxes and storages of constituents introduced
in this section. Determnation of pH requires sinulation of alkalinity, carbon
di oxi de, and total inorganic carbon. Wthin PHCARB, state variables for alkalinity
(ALK), carbon dioxide (CX2), and total inorganic carbon (TIC) are expressed as
nmol ar concentrations to correspond to the equilibrium expressions necessary to
determ ne pH The conversion fromng/l to noles/| takes place after |ongitudinal
advecti on has been consi dered. External ly, ALK, CO2, and TIC are expressed in

ng/ | .

Al kalinity

Al kalinity is defined as the anmount of acid required to attain a pH value equal to
that of a total inorganic carbon nolar solution of H2CO8. This pH value is near
4.5, which is approximately the | owest pH value tol erated by nost fornms of aquatic
life. Al kalinity is interpreted as the acid neutralizing capacity of natural
wat er s.

Alkalinity is simulated as a conservative constituent, in nodule section CONS.
Paranmeter ALKCON, in the User's Control Input for PHCARB, specifies which
conservative substance is alkalinity. For exanple, if ALKCON = 3 then subroutine
PHCARB wi || assume that alkalinity is the 3rd conservative constituent.

Car bon Di oxi de and Total I|norganic Carbon

HSPF assunes that changes in the TIC concentration occur only as changes in CO2
concentration. Thus, the sources of TIC are:

carbon dioxide invasion (input) fromthe atnosphere
zoopl ankton respiration

carbon di oxi de rel eased by BOD decay

net growmth of algae (if negative)

bent hal rel ease of carbon dioxide (if BENRFG = 1)

GRhwnE
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The sinks of TIC are:

1. carbon dioxide release to the atnosphere
2. net growth of algae (if positive)

Al of these quantities except carbon dioxide invasion are calculated in other
subroutines and passed i nto PHCARB.

Car bon D oxi de | nvasi on

In order to cal cul ate carbon di oxi de i nvasi on, the saturation concentration of CO2
must be determ ned. First, Henry's constant for CO2, defined as the nolar
concentration of atnmospheric CO2 divided by the partial pressure of C»2, is
cal cul ated by the equation:

S = 10. **(2385. 73/ TWKELV - 14.0184 + 0.0152642* TWKELV) (1)

wher e:

S Henrys's constant for CO2

TWKELV = temperature of water (deg K)
Usi ng Henry's constant, the saturation concentration of CO2 is cal cul ated as:
SATCO2 = 3. 16E- 04* CFPRES* S (2)
wher e:
SATCO2 = saturation concentration of CO2 (moles C2-CI)
CFPRES = correction to atnospheric pressure resulting from el evation
difference (calculated in the Run Interpreter)
S = Henry's constant for CQ2

The carbon di oxide invasion is then cal cul ated by the foll owi ng equati on:
ATCO2 = KC Nv*( SATCO2 - C2) (3)

wher e:
ATCO2

car bon di oxi de i nvasion expressed as noles CO2-C |
per interval

KCI NV = carbon di oxi de invasion coefficient (/interval)
SATCO2 = saturation concentration of CO2 (moles C2-CI)
607 = concentration of CO2 after |ongitudinal advection (noles C2-C/|)

A positive value for ATCO? i ndicates addition of CO2 to the water; a negative val ue
indicates a release of C2 fromwater to the atnmosphere. The value of KGNV is
dependent upon the val ue cal cul ated for KOREA, the oxygen reaeration coefficient,
i n subroutine group OXRX
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KCI NV = CFCl Nv* KOREA (4)

wher e:

KCl NV car bon di oxi de invasion coefficient (/interval)

CFCI NV = paraneter specifying ratio of CO2 invasion rate to @
reaeration rate
KOREA = oxygen reaeration coefficient (/interval)

Net Carbon Di oxi de Fl ux

The net carbon dioxide flux is determ ned by the foll ow ng equation:

DELTCD = ATCO2 + (ZCO2 - ALGCO2 + DECCC2 + BENCOR)/12000. (5)
wher e:

DELTCD = net CO2 flux (noles C2-C/| per interval)

ATCO2 = C2 invasion (noles CO2-C/1 per interval)

yie o = CX2 rel eased by zoopl ankton excretion and respiration

(mg C2-C'| per interval)

ALCC2 = C2 flux due to net growmh of algae (ng C2-C/| per interval)

DECCO2 = CX2 rel eased by BOD decay (ng C2-C/| per interval)

BENCO2 = benthal release of CO2 (ng C2-C/| per interval)

12000. = conversion fromnmy CX2-C/ | to noles C-C |

If DECFG the flag which decouples CO2 fromthe algal simulation, has a val ue of
one, ALGCX2 has a value of zero in this equation. Benthal release rates for both
aerobi ¢ and anaerobic conditions nust be included in the User's Control Input if
benthal release of CO2 is simulated. Si nce HSPF assunes that changes in total
i norgani ¢ carbon concentration only occur as changes i n carbon di oxi de, the update
to the TIC state variable for each sinulation interval is:

TIC = TIC + DELTCD (6)

wher e:
TIC

total inorganic carbon (nmoles C1)

The Carbonate System

The value of pHis controlled by the carbonate system There are three species of
i nportance to the system [H2CO3*], [HCOB], and [COB8]. [H2CXB*] is defined as the
sum of [H2COB] and [C2]; for nodeling purposes [H2CO3] is negligible relative to
[CO2]. The carbonate system can be described by the follow ng equations:

*[ HCOB] / [ H2OOB*] = K1EQU (7)
*[ C0B] /[ HO®B] = K2EQU
*[OH = KWEQU

[H

[H

[H

[H208*] + [HOGB] + [CB] = TIC
[HO®B] + 2*[CB] + [OH - [H = ALK
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wher e:
[H = hydrogen ion concentration (moles/I)
[CH = hydroxi de ion concentration (noles/l|)
[ C3B] = carbonate ion concentration (noles/l)
[ HCGB] = bi carbonate ion concentration (noles/I)
[ H2CCB*] = carboni c aci d/ carbon di oxi de concentration (noles/l)
K1EQU = first dissociation constant for carbonic acid
K2EQU = second di ssoci ation constant for carbonic acid
KWEQU = ionization product of water

The five unknown val ues ([ H2CO3*], [HCOB], [C3B], [H, [OH) can be determ ned when
KIEQU, K2EQU, KWEQU, TIC, and ALK are known. KIEQU, K2EQU, and KWEQU are all
functions of water tenperature and are evaluated by the foll ow ng equations:

KIEQU = 10. **(-3404. 71/ TWKELV + 14. 8435 - 0. 032786* TWKELV) (8)
K2EQU = 10. **(-2902. 39/ TWKELV + 6.4980 - 0.02379* TWKELV)
KWEQU = 10. **(-4470. 99/ TWKELV + 6.0875 - 0.01706* TWKELV)

wher e:
TWKELV = absolute temperature of water (deg K)

Cal cul ation of pH and CO2

Once values have been determned for KIEQU, K2EQU, KWEQU, TIC, and ALK, an
equi | i bri um equati on can be devel oped for hydrogen ion concentration ([H). The
five equations representing the carbon system (Equation 7) can be reduced to a
fourth order polynom al expression:

[H**4 + COEFF1*([H **3) + COEFF2*([H **2) + COEFF3*[H + COEFF4 = 0 (9)
wher e:

COEFF1 = ALK + K1EQU

COEFF2 = - KWEQU + ALK*K1EQU + KIEQU*K2EQU - Tl C*K1EQU

COEFF3 = -2. *KIEQU* K2ZEQU*TI C - KIEQU* KWEQU + ALK* KIEQU* K2EQU

COEFF4 = - K1EQU* K2ZEQU* KWEQU

[H = hydrogen ion concentration (noles/I)

The solution of this equation is performed by subroutine PHCALC Based on the
hydrogen ion concentration calculated in PHCALC, the concentration of CX2 is
recal cul ated as:

C2 = TId (1. + KIEQU HPLUS + KI1EQU* K2EQU ( HPLUS**2)) (10)
wher e:

car bon di oxi de concentration (noles C/1I)
total inorganic carbon concentration (moles C1)

TIC
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K1EQU = first dissociation constant of carbonic acid
K2EQU = second di ssoci ati on constant of carbonic acid
HPLUS = hydrogen ion concentration (noles H 1)

Finally, the units of TIC, CO2, and ALK are converted back to ng/l for use outside
of PHCARB

4.2(3).7.4.1 Cal cul ate pH (subrouti ne PHCALC)

PHCALC uses the Newton-Raphson nmethod to solve the fourth order polynom al
expression for the hydrogen ion concentration (Equation 9). The user specifies the
maxi mum nunber of iterations perforned by assigning a value to paraneter PHCNT.
PHCALC continues the iteration process until the solutions for pH concentration of
two consecutive iterations differ by no nore than one tenth of a pHunit. |If the
solution technique does not converge within the maxi mum allowable nunber of
iterations, PHCALC passes this information back to PHCARB by assi gning a val ue of
zero to CONVFG An error nessage is printed and then PHCALC is called again, to
repeat the unsuccessful iteration process. This time, the "debug flag" (PHDBFG
is set ON so that, for each iteration, PHCALC will print information which wll
hel p the user track down the source of the problem
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4.2(11) Copy Tine Series (Uility Mdul e COPY)

This utility nodule is used to copy one or nore time series froma source specified
in the EXT SOURCES or NETWORK Bl ock of the User's Control Input (UCl), to a target
specified in the NETWORK or EXT TARGETS Bl ock (Part F, Section 4.6).

To operate the COPY nodul e, the user nust specify the time interval used in the
i nternal scratch pad (I NDELT) and the nunber of point-valued and nmean-val ued tine
series to be copied (NPT and NWN in Part F, Section 4.4(11).1). U to 20
poi nt - val ued and/ or 20 nmean-val ued tine series may be copied in a single operation.

Modul e TSGET transfers the time series from the source(s), which may be either
external (e.g. WDM or DSS data set or sequential file) or the output(s) from one
or nore preceding operations, to the INPAD. DSS Data sets with tinme steps other

than the internal scratch pad time interval (INDELT) wll be automatically
aggregated or disaggregated. Data from sequential files nmust be at the | NDELT
interval. It also automatically alters the "kind" of time series, if appropriate,

and can nultiply each value by a user-specified factor

Modul e TSPUT then transfers the time series fromthe INPAD to the target which
again, can be either external or internal. The work perforned is a mrror inmage
of that done by TSGET; time series can be aggregated/di saggregated and/or
transformed in the sanme way.

Modul e COPY is typically used to transfer time series, such as precipitation and
potential evapotranspiration data, froma sequential file (e.g., ASCII data) to a
data set in the WoMfile or DSS. Thereafter, when these data are used as inputs
to simulation operations, they are read directly fromthe WM or DSS

COPY can al so be used to change the "kind" and/or interval of one or nore tine
series. For exanple, a WoM data set containing hourly precipitation data coul d be
i nput to COPY and the output stored in another WoMdata set with a daily tine step
The data woul d autonmatically be aggregat ed.
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4.2(12) Prepare Tine Series for Display on a Plotter (Uility Mdul e PLTGEN

This utility nodul e prepares one or nore time series for simultaneous display on
a plotter. As with the COPY nodule (Section 4.2(11)), the user nust specify the
i nput (s) (sources), using entries in the EXT SOURCES or NETWORK Blocks in his
control input (UC). The internal tine-step and the nunber of point- and/or
mean-val ued tine series to be displayed nmust al so be specified.

TSGET transfers the tinme series from the source(s) to the INPAD (as in COPY).
PLTGEN t hen out puts these data to a plot file (PLOTFL). This is a sequential file;
the first 25 records contain general information, such as the pl ot headi ng, nunber

of curves to be plotted, scaling information, etc. Each subsequent record
cont ai ns:
Col s Contents
1- 4 Identifier (first 4 characters of title)
6 - 10 Year
11 - 13 Mont h
14 - 16 Day
17 - 19 Hour
20 - 22 M nute
25 - 36 Value for curve 1, for this date/tine
39 - 50 Value for curve 2, for this date/tine
etc (repeats until data for all curves are supplied)

For mat : A4, 1X, 15, 41 3, 10(2X, GL2. 5)

The time resolution of the PLOTFL is the INDELT of the run, an integer multiple
of the I NDELT which is also evenly divisible into one day, one nonth, or one year.

A PLOTFL may contain only records greater than a certain threshold val ue, THRESH,
or during a certain span of time specified in the Special Actions Bl ock.

The contents of a sanple PLOIFL are listed in Figure 4.2(12)-1. To keep the
listing short, only the first four values have been incl uded

Aplot fileis intended to be read by a stand-al one pl ot program which translates
its contents into information used to drive a plotting device. Alternative uses
of a PLOTFL are:

1. To display one or nore tine series in printed form For exanple: To exam ne
the contents of a data set in the WDMfile, input it to PLTGEN and list the
contents of the PLOTFL on a line printer or termnal.

2. To transfer tine series to some other stand-alone program such as a
spreadsheet or graphical display program For exanple, one could specify the
contents of a PLOTFL as i nput to a programwhi ch perforns statistical analysis
or conputes cross correlations between tine series.
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Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot
Pl ot

HSPF FI LE FOR DRI VI NG SEPARATE PLOT PROGRAM
Time interval: 30 m ns

Module PLTGEN

Last nmonth in printout year: 9
Mean- val ued:

| DELT:

/1nch

30

0

t hen nean- val ued):

CaLCAD
1
1

No. of curves plotted: Point-valued: 2
Label flag: O Pl VL: 1
Plot title: Pl ot of reservoir flow ates
Y-axis label: Flow (ft3/sec)
Scale info: Ymn: . 00000E+00
Ymax: 1000.0
Ti me: 48. 000 i nterval s
Data for each curve (Point-valued first,
Label LI NTYP I NTEQ
I nfl ow 0 0
Qutfl ow 0 0
Time series (pt-valued, then mean-val ued):
Date/time Val ues
1974 53124 O . 00000E+00 1. 0000
1974 6 1 0 30 . 82838 1. 0000
1974 6 1 1 O 1.5071 1. 0000
1974 6 1 1 30 2.0631 1. 0000

TRAN
SUM
SUM

Figure 4.2(12)-1 Sanple PLOTFL (showi ng four tine points)
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Module DISPLY

4.2(13) Display Tinme Series in a Conveni ent Tabul ar For mat

(Wility Mbdul e DI SPLY)

The purpose of this nmodule is to permt any tine series to be displayed (at a
variety of tine intervals) in a tabular format. Sampl e outputs are shown in
Figures 4.2(13)-1 through -3. Salient features of this nodul e are:

1.

Any time series (input or conmputed) can be displayed. The user specifies the
time series in the EXT SOURCES or NETWORK Bl ock, as with any ot her nodul e.

As with any other nodule, the data are first placed in the |INPAD, by nodul e
TSCET. At this point they are at the time interval specified for this
operation in the OPN SEQUENCE Bl ock (1 NDELT). This m ght have involved
aggregation or disaggregation if the data were brought in fromthe WDMfile.
In general, |INDELT can be any of the 19 HSPF supported tinme steps, ranging
from1l mnute to 1 day.

The user can elect to display the data in a "l ong-span table" or a "short-span
table". The term"span" refers to the period covered by each table. A short-
span table (Figures 4.2(13)-1 and -2) covers a day or a nmonth at a time and
a long-span table (Figure 4.2(13)-3) covers a year

The user selects the tine-step for the individual items in a short-span
display (the display interval) by specifying it as a multiple (PlIVL) of
| NDELT. For exanple, the data in Figure 4.2(13)-1 are displayed at an
interval of 5 mnutes. This could have been achieved with the follow ng
scenari os:

| NDELT Pl VL
5 mn 1
1 mn 5

If the display interval is less than one hour, one hours worth of data are
di spl ayed on one printed "row' (Figure 4.2(13)-1). The nunber of itens in a
row depends on their interval (e.g., 60 for one mnute, 12 for 5 mnutes, 2
for 30 mMns.). A"row may actually occupy up to 5 physical |ines of printout
because a maxi mumof 12 itens is placed on aline. The entire table spans one
day.
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If the display interval is greater than or equal to one hour, a day's worth
of data are displayed on one "row' (Figure 4.2(13)-2). Again, the nunber of
items in a row depends on the display interval. In this case the entire table
spans a nont h.

A long-span table always covers one year; the display interval for the
individual itenms in the table is one day (Figure 4.2(13)-3). The user can
sel ect the month which term nates the display (Decenber in the exanple) so
that the data can be presented on a cal endar year, water year or sone other
basi s.

For the purpose of aggregating the data fromthe interval time step (INDELT)
to the display interval, day-value, nonth-value, or year-value, one of five
"transformati on codes"” can be specified:

Code Meani ng

SUM Sum of the data

AVER Average of the data

MAX Take the max of the values at the smaller tine step

M N Take the mi ni num

LAST Take the last of the values belonging to the shorter
time step

SUMis appropriate for displaying data |like precipitation; AVER is useful for
di spl ayi ng data such as tenperatures.

The nodul e i ncorporates a feature designed to pernmit reduction of the quantity
of printout produced when doing short-span displays. If the "rowvalue"
("hour-sum in Figure 4.2(13)-1; "day-average" in Figure 4.3(13)-2) is less
than or equal to a threshold value, printout of the entire rowis suppressed.
The default threshold is 0.0. Thus, in Figure 4.2(13)-1; data for dry hours
are not printed.

The user can al so specify the foll ow ng:

a. The nunmber of decimal digits to use in a display.

b. Atitle for the display.

C. A linear transformation, to be performed on the data when they are at the

I NDELT tinme interval (i.e. before nodule DISPLY perforns any
aggregation). By default, no transformation is perforned.

264



Module DISPLY

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°T

0°0

0 ¢

0°0

0°T

cT

0°0

0°T

0°T

0°T

0°T

0°T

0°0

0°0

0°T

0°0

0°T

0°0

0°0

0°0

0 ¢

0°0

0°0

1T

0°T

0°0

0°0

0°0

0°0

0°0

0°T

0°T

0°0

0°0

0°0

0°T

0°0

0°0

0°0

0°T

0°T

OT

0°0

0°T

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°T

0°T

0°0

0°0

0°0

0°T

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°T

0°0

L

A92qunN feAndalu]

sulw g

0°T 0°0
0°T 0°0
0°T 0°0
0°T 0°T
0°0 0°T
0°0 0°0
0°T 0°0
0°0 0°T
0°0 0°0
0°0 0°T
0°0 0°0
0°T 0°0
0°T 0°0
0°0 0°T
0°0 0°T
0°0 0°0
0°0 0°0
9 g
I jeAaa1ul

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°0

ayeq

¥/0T/9.6T AvVA 404 Axewuns
(o0T/un) -drosad 6£ WAM

0°T

0°0

0°0

0°T

0°T

0°0

0°0

0°0

0°T

0°0

0°T

0°T

0°0

0 ¢

0°0

0°T

0°0

0°T

0°0

0°0

0°0

0°0

0°0

0°T

0°T

0°0

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°0

0°T

0°T

0°T

0°0

0°0

0°0

0°0

0°T

0°0

0°0

0°0

0°0

0°T

0°T

0°0

0°0

0°0

0°S

0°9

0" ¢

0"

o'v

0°¢

0" ¢

o'v

0" ¢

0" ¢

0" ¢

0" ¢

0" ¢

0°9

0°S

0" ¢

0°¢

NNS

.61

=81

EVA

-9T7

-GT

vT

“€T

-ZT

‘1T

-0T

L

-9

:g

v

dNoH

265



Module DISPLY

¢'19
¢ 9.
6789
€769
97/9
¢'TL
1°TL
1729
1799
6729
2789
1729
"GS9
8789
9799
9789
970,
9°TL
6°TL
v°6S
L7/1S
6799
€799
9°TL
87¢9
¥°89
¢'19
cT

6799
¢°08
G €L
6°¢L
1°¢L
[AN=7A
6°G.
6°TL
6769
8°T.L
(A4
G799
€709
G €9
L769
1°€L
v vl
V-G
8°G/.
0°99
G €9
[ArA°]
6769
V-G
G729
0°v9
6799
1T

v 1.
6°v8
8781
172,
172,
676,
v°18
v L
V-G
¢ 9.
6792
¥°69
6799
8789
¢ €L
1°82
9782
976,
¢°08
v 1.
1°0L
2789
T°v.
976/,
87¢L
v 0L
v 1.
OT

v L
1706
9°v8
9718
,7°¢8
1768
v°/.8
v°€8
v°18
¢'18
"Zs8
L €L
[ARAA
9°v.
072,
L°€8
v°€8
v 8
2°G98
9782
v L
67V,
9782
v 8
9782
9°.LL
v L
6

6718
8°€6
6788
6°v8
6798
6788
8°T6
87.8
6798
6°v8
8°G8
879/
6792
6°8L
676,
6°.8
6798
6°.8
8788
8°€8
87¢8
676,
6718
87.8
87¢8
87¢8
8718
8

1°18
v°16
6798
1°€8
2°G98
6798
¥°68
97468
1°v8
2°€8
L°€8
L VL
67V,
971,
9782
2798
€°G8
2798
6798
1°18
€708
v 8L
,708
¥°G8
¥°08
,708
8764
L

A2qunN feAndalu]

surw 0zt

1764 ¢ 9.
€798 L°8L
0°€8 6792
276.L G €L
L°18 9.
0°€8 6792
€°v8 L79/L
8708 9°€L
¢°08 Sv.
v 6. 6°€L
1764 1°¢L
1°0L 0°€9
0°T.L 6°v9
67V, 8704
L°SL €' TL
"8 6792
6718 6792
,7°¢8 v L
676, 8704
976/, 1729
87V, L799
V-G 8704
¢ 8L €vL
€708 L7¢L
176, [AAS]
1792 1769
976/, 0769

9 S

s jenaalul

87¢L
5769
6769
9799
¢ 0L
6769
G729
1799
97/9
AWAY)
8°€9
8°vS
67.S
0799
2799
v 0L
670,
¢'TL
67659
[AWAS]
0°.S
"G99
8769
G €9
87.9
8709
€719
v

eyeq

/8/9/.6T HLINOW 4o} Arewuns
(4 -6aq@) eanjyeuasdwsl TZT WAM

1°0L
[ANA°]
T°v9
¢'19
1799
[ 4°]
¢ 09
2°89
1729
1729
RAS]
[ 1%
[AAT]
1729
[ANA°]
1799
1799
1799
¢' 1S
g 6V
2 6V
T°T9
1799
2799
¢ 0S8
¢ vs
1799
€

1°TL
2 €9
6°v9
[ANA°]
1799
2799
¢'19
2769
T°€9
T°€9
67.S
€76V
¢°€S
87¢9
2 €9
0799
0729
1729
§°¢S
S°0S
¥°0S
6°T9
0729
[AVAS]
S TS
(A1
€719
4

0°€L
€799
9799
¢ v9
0°89
G729
G°€9
S°T9
6°v9
0°99
G769
9°TS
€769
¢ v9
2799
8719
8789
6789
1799
¢°€S
8°¢S
9°€9
8789
€769
1°vS
S RAS]
0°89
T

V€L
§°8L
976/,
0°€L
67V,
¢ 9.
6°G.
97¢L
87¢L
0°€L
S°TL
€°€9
v°€9
9789
L70L
G G
6°G.
G792
v 1.
0799
2799
€789
0°€L
87¢L
L2799
[AWAS]
L7119

d3aNv

N M < 10 O~ 000 O 4 N M I I © I~
= A H " NN NN NN NN

o
A N M T 1O O~ 0O g 49

Avd

266



Module DISPLY

8°¢
I A
g 0€
1°G¢
8°€¢
I A
T°LT
T°LT
L°6
L7/l
G 9€
6°8€
(A1
v°8¢
L76¢
v°0¢
L°TT
€°TT
€°6
1°€¢
L7LT
g°¢
v
0°8T
G 9T
v-ET
1°6
8°TT
03ad

€79
€°0T
,L°8¢
LTV
0" TV
8°8¢
1°€¢
97/.¢
L76¢
G GE
8 0V
0" 9%
L79€
87¢ceE
G /L¢C
6°€¢C
L70¢
€°0¢
(AN T4
G GE
1°ve
1°6¢
6°¢cE
L79€
0°¢€e
€°GE
L7cYy
VAN 1%
NON

¢ 0o
€7LE
1°L€
6°9€
1°cv
8°8¢€
G GE
87.€
AWA
170
6°¢cE
8°vE
v°6€
G EY
[AVAS]
G769
6769
97¢9
0799
S TS
S I1%
v ey
AR4%
S oY
G789
6799
8799
2789
100

AT
L7€S
1799
€S
0°TS
v vS
2°89
6°T9
6789
G729
[ArAL]
6799
¥°09
1769
0°89
0769
9789
€799
€729
2 €9
"G99
8°TL
8°TL
1799
8719
L7¢L
6789
€789
d3s

8799
V€L
§°8L
976/,
0°€L
67V,
¢ 9.
6°G.
97¢L
87¢L
0°€L
S TL
€°€9
v°€9
9789
L70L
G G
6°G.
G799/,
v 1.
0799
2799
2789
0°€L
87¢L
L2799
[AVAS]
L7119
onv

6°€L
8°€L
V-G
6°TL
€vL
8764
6°8L
8°TL
079,
6781
L7¢L
6769
1°89
8°€L
€718
6708
L)
6718
6°v8
0°¢8
v L
1792
87¢L
L7¢L
0°€L
§°0L
€729
0729
anc

(A4
T°v.
6°€L
g ¢L
T°TL
G799
9769
1729
L2799
8799
G799
8769
2789
9769
[ARAA
[ARAA
8781
¢ LL
[AN=7A
97¢L
0°v.L
1°€L
v 1.
0°T.L
,°89
1799
€799
G729
NAC

G729
6799
0°¢9
1709
1789
2769
8789
€799
S°TL
€789
€789
2799
2°89
1709
0°€9
G789
0°.S
8789
6709
[ 4°]
[
9709
0 6V
€719
L76S
L 6V
€°GPy
v -6v
AVIN

S 8Y
€79
8°€EY
v ey
0" LY
97089
8709
6°vS
0°8Y
v -8y
2769
L799
T°TL
97/9
L°Vv9
8°vS
L8V
9°EY
1°vS
9°€Sg
1799
87V
8709
0°¢s
6°8Y
€76V
G 8V
Zg 6V
ddv

€°aPy
€LY
S I1%
€76V
87469
(A1
8°€EY
L°GE
1°8¥
87469
L7SS
vy
L70€
G /L¢
[
0°ve
(A4
v°9€
8°8¢€
1°G€
L°¢cE
1°T€
L°G¢
0°G¢
9°8¢
876¢
€°€e
1°€€
dvIN

2T/79/6T bBuipua poruaad 1oy Areuwns :Aepdsip eyep jenuuy

(4 -68@) eanyeusdwsl TZT WAM

Z°6¢€
[ A%
8 v
S LY
8 0V
€°9€
0°6¢
L7/l
¢ ve
9°6¢€
9°6¢€
9°€E
9°veE
(O 4%
[ A%
1°L€
0" 9%
[ 4%
G 9€
0°6¢€
L79€
g ¢ce
8°v¢
6°GT
9°¢T
6°T¢C
L7LT
v 6
g34

(A4
1°8T
1°0T
97¢¢
¢ lc
9°8¢
L°G¢
§°G¢
8°8T
L70¢
S T¢C
9°'TT
G €T
§°8¢
1°0€
G /L¢c
L79¢
¥°0€
9791
6°6
§°S9
S°0
0°8T
€°0¢
87°€T
0"
v°8T1
97/.¢
NV

N MO < 10 O~ 0 OO0 4 N M T I © I~
o A 1NN NN N NN NN

o -
4N ®ms0wo~oo 9 g

>
<
[a)

267



Module DURANL

4.2(14) Perform Duration Analysis on a Time Series (Wility Mdul e DURANL)

This nodul e exam nes the behavior of a tine series, computing a variety of
statistics relating to its excursions above and bel ow certain specified |evels
(Figure 4.2(14)-1). Sanple printout is shown in Figure 4.2(14)-2. The quantity of
printout produced can be regulated by the user with a print-level-flag (PRFG,
whi ch has a valid range of values from1 through 6

The basic principles are:

1. The module works on the tinme series after it has been placed in the I NPAD
The data are, thus, at the internal tine step of the operation (I NDELT). This
nodul e operates on a nean-valued input time series. Therefore, if a point-
valued time series is routed to it, TSGET will, by default, generate nean
val ues for each tine step, and these will be anal yzed.

2. Wien the value of the tine series rises above the user-specified level, a

positive excursion commences. When it next falls below the level, this
excursi on ends. A negative excursion is defined in the reverse way. (Figure
4.2(14)-1).

3. If the tine series has a value |less than -10.0**10 this is considered to be
an undefined event (e.g., the concentration of a constituent when there is no
water). In this case the value is in a special category - it is in neither
a positive nor a negative excursion

4. The above is true if the specified duration is one tinme step. In this case,
the results produced include a conventional frequency analysis (e.g., flow
duration) of the data. However, the user may specify up to 10 durations; each
is given as a multiple (N of the basic tine step (INDELT), Then, for an
excursion or undefined event to be considered, it has to endure for at | east
N consecutive intervals; else it is ignored

5. The user may specify an analysis season. This is a period (the sane in each

year) for which the data will be analyzed (e.g., Cct 1 through May 10). Data
falling outside the analysis season will not be considered.
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I
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Ti me
-------- >
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2nd | evel
1+
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(duration >=1)
(duration >=1)

Figure 4.2(14)-1 Definition of ternms used in duration anal ysis nodul e
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The anal yses perforned, and printout produced (Figure 4.2(14)-2), are:

1.

2

Introductory information - Title, start and end date/time, analysis season

The next seven sets of tables are all simlar in format; each contains data
on positive and negative excursions, for each level and duration, and
information on undefined event conditions which persisted for each of the
specified durations. The value of PRFG required to generate each of these,
and the table heading and the data displayed in it are:

a) PRFG > 0. "Fraction of time spent in excursions at each level wth
duration greater than or equal the specified durations. The fractionis
relative to the total time span.” These are the fractions of total
considered tine that each of the above-defined conditions existed.

b) PRFG > 1. "Fraction of tinme spent in excursions at each level wth
duration greater than or equal the specified durations. The fractionis
relative to the tine spent in excursions at each level." In the
"Positive Excursions" table, this gives, for each specified | evel, the
total tine that an excursion of duration N existed, divided by the tota
time that an excursion of duration 1 existed. A simlar definition holds
for the nunbers in the "Negative Excursions" table.

C) PRFG > 2. "Tinme spent in excursions at each level with duration greater
than or equal the specified durations.” The tables give the total nunber
of time steps for which the various conditions occurred.

d) PRFG > 3. "Nunber of excursions at each |l evel with duration greater than
or equal the specified durations”. These give the total nunmber of events
that were found (nunber of positive and negative excursions for each
| evel and duration, and nunber of "undefined occurrences"” of each
dur ati on).

e) PRFG > 4. "Average duration of excursions at each |evel given that the
duration is greater than or equal the specified durations”. These val ues
answer the question: "given that a specified excursion or undefined con-
dition occurred, what was the nean nunber of tinme steps that it
persi st ed?"

f) PRFG > 5. "Standard deviation of duration of excursions at each |evel
given that the duration is greater than or equal the specified
durations.” These tables are simlar to those discussed in (e) above
except that the standard deviation, instead of the nmean, is considered

0) PRFG > 6. "Fraction of excursions with duration N with respect to the
total nunber of excursions (duration 1) for each level". These tables
gi ve the nunber of excursions at each duration divided by the nunber of
excursions at duration 1 for each |evel

Sunmary information: Total nunber of tinme intervals analyzed, total nunber

of time intervals for which values were "undefined", total nunber of days
anal yzed, sanple size, max, min, mean, standard deviation
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Durati on anal ysis operation no. 1

Anal ysis of Subb. 4 Qutflow (cfs)

Start date: 1972/12/31 24: 0 End date: 1974/12/31 24: O
Anal ysi s season starts: 2/28 24: 0 Ends: 11/30 24: 0

PERCENT OF TI ME TABLES (W TH RESPECT TO THE TOTAL SPAN COF TI ME)

PCSI TI VE EXCURSI ONS

DURATI ONS
1 12 24
LEVELS
. 0000E+00 1.000 1. 000 1. 000
10. 00 . 7308 . 7259 . 7235
20. 00 . 5128 . 5062 . 5034
50. 00 . 1790 . 1674 . 1633
500. 0 .2273E-02 . 0000E+00 . 0OO0O00E+00
NEGATI VE EXCURSI ONS
DURATI ONS
1 12 24
LEVELS
. 0O000E+00 . OOOOE+00 .OOOOE+00 . OOOOE+00
10. 00 . 2692 . 2655 . 2645
20. 00 . 4872 . 4813 . 4762
50. 00 . 8210 . 8121 . 8030
500. 0 . 9977 . 9977 . 9977

UNDEFI NED EVENTS ( NO WATER)
DURATI ONS
1 12 24
. 0O0O00E+00 . OOOOE+00 . OOOOE+00

Figure 4.2(14)-2 Sanple Duration Analysis Printout
[ Conti nued on next 2 pages]
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PERCENT OF TI ME TABLES (W TH RESPECT TO THE TI ME SPENT | N EXCURSI ONS)

PCSI TI VE EXCURSI ONS

DURATI ONS
1 12
LEVELS
. 0000E+00 1.000 1. 000
10. 00 1. 000 . 9933
20. 00 1. 000 . 9871
50. 00 1. 000 . 9353
500. 0 1. 000 . 0000E+00
NEGATI VE EXCURSI ONS
DURATI ONS
1 12
LEVELS
. OO0OOE+00 . OO0OOE+00 . 0OO00O0E+00
10. 00 1. 000 . 9862
20. 00 1. 000 . 9879
50. 00 1. 000 . 9892
500. 0 1. 000 1. 000

UNDEFI NED EVENTS ( NO WATER)
DURATI ONS
1 12
. 0O000E+00 . OOOOE+00

TI ME SPENT | N EXCURSI ONS

PCSI TI VE EXCURSI ONS

DURATI ONS
1 12
LEVELS
. 0000E+00 . 1320E+05 . 1320E+05
10. 00 9647. 9582.
20. 00 6769. 6682.
50. 00 2363. 2210.
500. 0 30. 00 . 0000E+00
NEGATI VE EXCURSI ONS
DURATI ONS
1 12
LEVELS
. 0O000E+00 . OOOOE+00 . OOO0OE+00
10. 00 3553. 3504.
20. 00 6431. 6353.
50. 00 . 1084E+05 . 1072E+05
500. 0 . 1317E+05 . 1317E+05
UNDEFI NED EVENTS ( NO WATER)
DURATI ONS
1 12
. 0O000E+00 . OOOOE+00

24

1. 000
. 9899
. 9817
. 9124
. 0000E+00

24

. 0000E+00
. 9828
. 9775
. 9780
1. 000

24
. 0000E+00

24

. 1320E+05
9550.
6645.
2156.
. 0000E+00

24

. 0000E+00
3492.
6286.
. 1060E+05
. 1317E+05

24
. 0000E+00
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STANDARD DEVI ATI ON OF TI ME SPENT | N EXCURSI ONS

PCSI TI VE EXCURSI ONS

DURATI ONS
1 12
LEVELS
. 0O000E+00 . OOOOE+00 .OOOOE+00 .OOOOE+00
10. 00 922.9 2032. 2181
20. 00 321.6 581.1 602. 0
50. 00 71.65 132.1 128.7
500. 0 . 7423 . O0O00OE+00 . OOOOE+00
NEGATI VE EXCURSI ONS
DURATI ONS
1 12 24
LEVELS
. 0O000E+00 . OOOOE+00 .OOOOE+00 . OOOOE+00
10. 00 107. 2 113. 8 113.3
20. 00 127.0 140.0 141. 4
50. 00 167.6 188.1 191.6
500. 0 1202. 1202. 1202.
UNDEFI NED EVENTS ( NO WATER)
DURATI ONS
1 12 24
. 0O0O00E+00 . OOOOE+00 . OOOOE+00
SUMVARY
TOTAL LENGTH OF DEFI NED EVENTS: 13200.

TOTAL LENGTH OF UNDEFI NED EVENTS

TOTAL LENGTH OF ANALYSI S:
SAMPLE SI ZE

SAVPLE NMAXI MUM
SAMPLE M NI MUM
SAVPLE MEAN
SAVPLE STANDARD DEVI ATI ON

13200

. 1307E+05
2.290
37.80

550. DAYS

164.0
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4. Lethality analysis:

The function of this section of the DURANL nodul e is to assess the risk associ ated
wi th any contam nant concentration tine series generated by the HSPF application
nmodul es. The net hodol ogy |inks frequency data on instream contam nant |evels to
toxicity information resulting fromboth acute and chronic | aboratory bi oassays.
The nethodology is based on the Frequency Analysis of Concentration (FRANCO
program devel oped by Battelle, Pacific Northwest Laboratories as part of their
Chem cal Mgration and Ri sk Assessnment (CRMA) Met hodol ogy.

Laboratory toxicity experiments provide the main basis for developing a risk
analysis for fish or other aquatic organisnms. A conmon nethod of sunmarizing the
results of these experinents is to use a lethal concentration where 50%of the fish
die (LC50). Usually information for LC50 concentrations at 24, 48, and 96 hours
can be derived from laboratory experiments in the form of pairs of |[ethal

concentration and duration values. By connecting these pairs with straight |ine
segnments and extending the function in a reasonabl e manner at each end, a function
is defined such that an event defined by a particular concentration level with a
particul ar duration can be classified as exceeding or not exceeding the function

i.e., exceeding an LC50 val ue. (Figure 4.2(14)-3). An event exceeds the LC
functi on when the concentration defining the event and the duration of the event
results in the pair falling above and to the right of the combined LC50, or gl oba

exceedance, curve.

If LCNUMis greater than zero, a gl obal exceedance sunmary table is printed which
gives the fraction of time that a gl obal exceedance curve is exceeded. Up to 5 LC

curves can be analyzed at one tine. It should be noted that the gl obal exceedance
summary el i m nates doubl e counting by reporting only those exceedance events with
the | owest concentrations that occur in different contam nant peaks. ( FRANCO

docunent ati on shoul d be consulted for nore detail ed di scussion).

If LCOUT=1 and LCNUM=0, a |l ethal event summary is printed to suppl ement the gl obal

exceedance information. The table gives a summary of all lethal events including
ending tinme, lethal curve nunber, nunber of intervals in event, and concentration
level. Printout is to unit PUNIT, which should be unique to the duration anal ysis;

ot herwi se, the output fromthe |l ethal event sunmary will be m xed with the printout
from applicati on nodul es.
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LCONC (mg/l)

0.002
0.001

24 48 96 192 288
DURAT (hours)

Figure 4.2(14)-3 Sanple Lethal Concentration (LC) Function for d obal
Exceedance Cal cul ati on

275



4.2(15)

Module GENER

Cenerate a Time Series fromOne or Two O her Tine Series (Uility
Modul e GENER)

This nmodul e is designed to performany one of several possible transformations on

i nput time series.

( OPCODE) .

The transformation is specified by supplying an "option code"
If Aand B are the input time series and Cis the conputed tine series,

then the transformati ons perforned for each possible value of OPCODE are:

OPCODE

1
2
3

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

TRt

TRt

PRPRPRRRIVPPRRRINPPE

Action

Abs val ue (A
Square root (A
Truncation (A)
e.g. If A=4.2, C4.0
=-3.5, C=3.0
Ceiling (A). The "ceiling" is
the integer >= given val ue.
e.g. If A=3.5, C4.0
A=-2.0, C=-2.0
Fl oor (A). The "floor" is the
i nteger <= given val ue.
e.g. If A=3.0, C=3.0
=-2.7, C=-3.0
| oge (A
 0g10 (A
K(1) +K(2) *A+K(3)*A**2 (up to 7 ternmns)
The user supplies the nunber of
ternms and the values of the
coefficients (K).
K** A
Ax*K
A+K
Sin (A
Cos (A
Tan (A)
Sum (A)
A+B
A-B
A*B
A B
MAX (A B)
M N (A B)
A**B
cunul ative departure of A below B
K
Max (A K)
Mn (A K
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Note that if OPCODE is | ess than 15, or OPCODE equal s 25 or 26, only one input tine
series is involved (unary operators); if OPCODE is 24, no inputs are required
(constant); otherwise two inputs are required (binary operators). As with the
ot her operating nodules, the input tine series are first placed in the | NPAD by
nmodul e TSGET (This may involve a change of time step and/or "kind"). Therefore,
by the time nodule GENER works on them they are nean valued time series with a
time step equal to | NDELT.
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4.2(16) Miltiple Sequential Input of Tine Series froman HSPF
Stand Alone Plotter File (Uility Mdule MIJTSIN)

This utility nodul e reads a sequential external file previously witten on disk
This file has the same format as the PLOTFL produced with utility modul e PLTGEN
(Section 4.2(12)). The user specifies the nunber of point and/ or mean-val ued tine
series to be read and the nunber of lines to skip at the begi nning of the externa
file.

The missing data flag, MSSFG is used to specify how MJTSIN reacts to m ssing
data. A M SSFG value of 0 indicates that MUTSINis to report an error and quit if
any data are mssing. Therefore, inthis case, the internal tine-step (DELT) nust
equal the tine-step of the external file, the starting time of the run nust
correspond with the first entry read fromthe external file, and no entries nmay be
mssing. A MSSFG value of 1 indicates that MUTSINis to fill mssing sequentia
file entries with 0.0. A M SSFG value of 2 indicates that MJTSIN is to fill
mssing entries with -1. 0E30. A M SSFG val ue of 3 indicates that MJUTSINis to fill
m ssing values with the value of the next available entry.

Note that the date and tine appearing in each record of the file nmust be in the
same format as that used by the PLTGEN nodule to wite a PLOTFL. (Section
4.2(12)). That is, the full year/nonth/day/hour/mnute string nust be present and
atine, e.g., mdnight is coded as 74 01 02 24 00, not 75 01 03 00 00.

The EXT TARGETS and/or NETWORK bl ocks are used to specify where TSPUT pl aces the
time series data read in fromthe external file.

MJTSI N has four potential uses:

1. It may be used to forma sinple interface with other continuous nodels. The
ot her nodel can output its results in the formof an HSPF PLOTFL (or a format
conversi on programcan be used), and MJTSIN can be used to input this data to
HSPF. Conversely, data can be output from HSPF, using the PLTGEN nodul e, for
i nput to the other nodel

2. MJUTSIN may be used to transfer data in a WoMfile to another WDMfile. This
transfer requires the use of PLTGEN to output the data fromthe source file
and MJUTSIN to input to the target file.

3. MJUTSIN can be used to transfer data between different types of conputer
hardware where WDM or DSS files are inconpatible (e.g., Unix to persona
conputer and vice versa).

4. MJTSIN may also be used to input point valued data or data with a tine

interval not included in the standard HSPF sequential input formats (Part F
Section 4.9).
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4.3 Modul e TSPUT

Modul e TSPUT is conplenentary to, and may be viewed as a mrror image of, nodule
TSGET (Section 4.1). TSCGET obtains time series froma WM Tfile, DSS, sequentia
file, or the INPAD and places its output in the I NPAD. Conversely, TSPUT obtains
atine series fromthe I NPAD and places its output in the WoMfile, DSS, or back
inthe INPAD. It has simlar capabilities to TSGET, to alter the tinme step, "kind"
or to performa linear transformation on the tine series with which it deals.

Conpared to TSGET, nodul e TSPUT contains one major complicating factor. \When a
time series is to be witten to a WOMor DSS data set, the action taken depends on
how any pre-existing data are to be treated. The possible access nodes, ADD and
REPL, are discussed in Part F, Section 4.6.
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