CE 719 WATER QUALITY MODELING

DROUGHT Rl SK

DROUGHT FLOAMS

THE RELEVANT FLOWS FOR CERTAI N USES
ARE[ Rl CKERT AND MCKENZI E (1977)]:

DROUGHT FLOWS- -
oxygen depl etion
al gal bl oons

t hermal di scharges
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CE 719 WATER QUALITY MODELING

FLOODS
er osi on

pat hogen transport and
contam nati on

poi son transport and contam

| N THE EAST, LOW FLOANS OCCURS DURI NG

LATE SUMMER, EARLY AUTUMN, SO
CONCENTRATI ON EFFECTS ARE
AGGRAVATED BY HI GH WATER/ Al R
TEMPERATURES

LECTURES 6&7—DROUGHT RISK
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CE 719 WATER QUALITY MODELING

W TH RESPECT TO ECOLOG CAL

DI STURBANCES, WE WANT TO KEEP THE
FREQUENCY LOW ENOUGH SO THAT
SPECI ES PERSI ST. THE RELEVANT | SSUE
ARE DI SCUSSED I N,

CLEMENT S CLI MAX THEORY

MACARTHURS S COLONI ZATI ON
THEORY

PERSI STENCE THEORY
| nf | uence of diversity
absence of benthal | nvertebr

good I ndicators of recent
di st ur bance
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CE 719 WATER QUALITY MODELING

hi gher animals too nobile and
subject to mgration/invasi on

|F A REACH | S DENUDED OF FI SH, THEY
CAN USUALLY RE- ESTABL| SH THEMSELVES
IN A FEW WEEKS BY M GRATI ON FROM
UPSTREAM AND DOWNSTREAM REACHES
[ HYNES (1970)] .

BENTHAL | NVERTEBRATES MOVE
DONNSTREAM BY NOCTURNAL DRI FT AND
UPSTREAM DURI NG BRI EF FLYI NG ADULT
STAGE. THEY GENERALLY REQUI RE
SEVERAL MONTHS TO REPOPULATE A
DENUDED REACH [ HYNES (1970)].

THUS, FOR DENUDATION OF A LIM TED
REACH AN ALMOST ANNUAL EVENT 1S
ACCEPTABLE.
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CE 719 WATER QUALITY MODELING

TH S DOES NOT APPLY TO | NTERM TTENT
STREAMS FOR VHICH THERE | S LI TTLE
DATA.

THE USUAL DROUGHT FLOW IS THE ANNUAL
/- DAY AVERAGE LOW FLOW

VELZ (1970)--1T ACCOUNT FOR THE
VEEKEND SHUT- DOMN OF
| NDUSTRY

VELZ (1947)-- SHOULD USE AS
AVERAG NG PERI OD THE TI ME- OF-
TRAVEL ALONG THE RI VER BECAUSE
TH S REPRESENTS THE SYSTEM S
RESPONSE TI ME.

SHOULD ALSO CONSI DER OTHER
AVERAG NG PERI ODS
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CE 719 WATER QUALITY MODELING

NOTES:

response tinme of mcrobes tc
| Nncreases I n iInputs

frequency of scour events due

o/

reservolr drawdowns and t hund

storns

durations that result 1 n act
denudati on of benthos (7-day
average may be too large a f

durations that match water ¢
st andards, especially for pc

T~

U
)]

1. DURI NG ANY AVERAG NG PERI OD S
FLONS ARE LESS THAN THE AVERAGE AN
THESE LOW FLOAS MAY PERM T

UNI NTENDED HARM
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CE 719 WATER QUALITY MODELING

RETURN PERI ODS [ R GGS (1977) ]

THE OEPA USES RI GGS METHOD. FI RST,
RANK ORDER THE ANNUAL SMALLEST 7-

DAY AVERAGE DROUGHTS FROM SMALLEST

TO LARGEST:

VWHAT GETS YOU | NTO TROUBLE?

for floods, flows |arger than
desi gned for, use exceedance

probabilities

for droughts, flows | ess than
desi gned for, use nonexceedan

probabilities

|~4
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CE 719 WATER QUALITY MODELING

example drought return period calculation

non-
flow ranked exceeda return
(cf9) ed flow rank ncd _ period
year (cfs) (m) probabi
(Po)
1981 10 5 1 0.143 7.00
1982 20 7 2 0.286 3.50
1983 20 10 3 0.429 2.33
1984 5 15 4 0.571 1.75
1985 15 20 5 0.714 1.40
1986 7 20 6 0.857 1.17

CONSI DER THE TABULATED DROUGHT

FLOWS.

A FLOWOF 5 CFS OR LESS OCCURS ONLY

ONCE IN 6 EVENTS SO I TS NON

EXCEEDANCE PROBABI LI TY I S

LECTURES 6&7—DROUGHT RISK
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CE 719 WATER QUALITY MODELING

APPROXI MATELY 1/6. SI M LARLY, FLOWS
EQUAL TO OR LESS THAN 7 CFS OCCUR
TWCE IN 6 YEARS, SO I TS NON\-
EXCEEDANCE PROBABILITY IS 2/6.

NOTE THAT _ALDROUGHTS ARE COUNTED,
EVEN | F THEY HAVE THE SAME FLOW
ACTUALLY, DUE TO MEASUREMENT ERRORS
AND ROUNDI NG, THE FLOANS ARE NOHE
SAME. THE FACT THAT THE SAME FLOW
HAS TWO DI FFERENT NON- EXCEEDANCE
PROBABILITIES | S A MEASURE OF
SAMPLI NG ERROR

90f28
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CE 719 WATER QUALITY MODELING

| N ORDER TO AVAO D BI AS DUE TO SMALL
SAMPLE SI ZES, ASSI GN A NON-
EXCEEDANCE PROBABI LI TY USI NG
GUMBLE S OR HAZEN S EQUATI ON:

GUMBEL - -
. m
PO_n+1
where, m = the rank of the droug

for snall est:

n = the nunber of drought
events:

P. = the non-exceedanced

probability.
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CE 719 WATER QUALITY MODELING

THE NON- EXCEEDANCE PROBABILITY |I'S

THE PROBABI LI TY THAT A DROUGHT EQUA

TO OR LESS THAN THE TABULATED FLOW
WLL OCCUR TH S ARE ANNUAL EVENTS,
SOIT IS THE PROBABI LI TY THAT THE E
OCCURS | N A RANDOMLY CHOSEN YEAR

W TH RESPECT TO RETURN PERI GDS, NOT
THAT A FLON EQUAL OR LESS THAN 5 CF
OCCURS ONLY ONCE IN THE 6 YEAR
RECORD, SO I'TS RETURN PERICOD | S
APPROXI MATELY 6 YEARS.

TH' S IS THE RECI PROCAL OF THE
APPROXI MATE NON- EXCEEDANCE
PROBABI LI TY (1/6).

TO AVA D Bl ASI NG DUE TO SVALL SAMPL
SI ZES, USE GUMBEL S ESI MATOR:

VE

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

n+1

1
IDO
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CE 719 WATER QUALITY MODELING

DROUGHT DATA CAN BE FI TTED BY SEVERAL
STATI STI CAL DI STRI BUTI ONS. THERE | S
NO THEORTETI CALLY CORRECT

DI STRI BUTION, SO THE CHO CE | S
ENTI RELY BASED ON EMPI RI CAL
GOODNESS- OF- FI T CRI TERI A.

FOR FLOODS, THE USUAL (3 PARAMETER)
FORMULA ( HYDROLOGY COWM SSI ON,

1967, 1976) IS THE LOG PEARSON TYPE
111. TH S 1S ALSO USED BY CEPA FOR
DROUGHT S

ANOTHER COVMON (2 PARAMETER) MODEL
|S GUMBEL S FORMULA.

ALL FORMULAS CAN BE WRI TTEN AS,

X = X+Ks,

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

THE STATI STI CS FOR THE RANKED FLOAS
ARE:

70 = 12.83 cfs
S;0 = 649 cfs
log7Q = 1.0537

Siog70 = 0.2488

LECTURES 6&7—DROUGHT RISK
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CE 719 WATER QUALITY MODELING

GUMBEL S METHQOD

)

QT:Q

i} — Ly +In[In(Tp)]]

Qr, = Q—{{0.4501+0.7797In[In(Tp,)]}} s

where, Yg = Euler s Ganmms;

= 0.57722.

FOR OUR DATA SET, ANDCF 10 YRS,

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

Q; = 12.83—

D

(0.4501 + 0.7797InIn10) x 6.49

5.69 cfs

FOR OTHER RETURN PERI ODS WE WOULD
HAVE:

5 YRS- -

Q; = 12.83—

D

(0.4501 + 0.7797InIn5) x 6.49

7.50 cfs
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CE 719 WATER QUALITY MODELING

FOR 15 YRS--

Q; = 12.83—

D

(0.4501 + 0.7797InIn15) x 6.49

4.87 cfs
FOR 20 YRS- -
Qr = 1283-

D

(0.4501 + 0.77971n1n20) x 6.49

4.36 cfs

170f28
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CE 719 WATER QUALITY MODELING

7-DAY AVERAGE DROUGHT FLOW (cfs)
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CE 719 WATER QUALITY MODELING

LOG PEARSON TYPE |11

THE PUBLI SHED TABLES FOR THE LOG
PEARSON TYPE |11 FREQUENCY FACTORS
ARE FOR FLOODS.

FOR ANY G VEN FLOWN ALL FLOAS LARGER
THAN | T ARE FLOODS, AND ALL FLOAS
SMALLER THAN | T ARE DROUGHTS.

THEREFORE, FOR A 3 VEN FLOW THE
EXCEEDANCE AND NONEXCEEDANCE
PROBABI LI TTES SUM TO UNI TY:

P+P_ =1

1 1
— +— =1
T Tp

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

FOR A 10 YR DROUGHT, THE EQUI VALENT

FLOOD | S,

.= =111,

10-1

THE TABLE ALSO |INCLUDES A SKE

CCEFFI Cl ENT:

n'y (% —X)°>
C = | =1
© (n=1)(n-2)s>

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

FOR THE DATA I N THE EXAMPLE:
C, = —0.427

NOTE: IN THE LOG PEARSON TYPE |
PROCEDURE, THE  MEAN, STANDARD
DEVI ATI ON AND SKEW COEFFCI ENT ARE
CALCULATED FOR THE LOGS OF THE FLOW

THE  CORRESPONDI NG  FREQUENCY
FACTOR (K) FOR T =111 AND
C. = 0427 1S,

K = —1.319 (linear interpolation)
THE ESTI MATED FLOW | S,

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

logQ+ = 10gQ + Ks1940

1.0537 —1.319 x 0.2488

logQ; = 0.7256

THE ACTUAL FLOW I S,

0.7256

Qr = 10 = 5.32 cfs

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

PROBABI LI TY OF FAI LURE DURI NG A
SPECI FI ED T1 ME PERI CD

THE PROBABI LI TY OF FAILURE IN A G VE
YEAR | S THE NONEXCEEDANCE

PROBABI LI TY FOR THE DESI GN ( USUALLY
7QL0) FLOW

THE PROBABI LI TY OF SUCCESS IN A G VE

YEAR |'S MERELY 1 M NUS THE FAI LURE

PROBABI LI TY:
P.=1-P

S 0]

THE PROBABI LI TY THAT THERE ARE NO
FAI LURES IN A SPAN OF N YEARS | S
SI MPLY THE SUCCESS PROBABI LI TY

RAI SED TO THE NTH PONER:

J, =P = (1-P )"

S

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

AND THE PROBABILITY OF AT LEAST (
FAl LURE DURI NG THAT SPAN I S,

J,=1-3,=1-(1-P)"

FOR A PLANT WTH A 20 YEAF
AMORTI ZATION PERIOD AND A 10 YEAR
DESI GN DROUGHT, WE CET,

J., = 1-(1-01)% = 0878

FOR A PERMT LIFE OF 5 YEARS, WE GET

J., = 1-(1-01)° = 0.19

240f28
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CE 719 WATER QUALITY MODELING

SERI AL CORRELATI ON

THESE CALCULATI ONS ASSUVE

STATI STI CAL | NDEPENDENCE AMONG THE
FLOANS. IF THAT IS NOT TRUE A MORE
SCOPHI STI CATED APPRQOACH |'S NEEDED.

LECTURES 6&7—DROUGHT RISK



CE 719 WATER QUALITY MODELING

A SI MPLE TEST FOR SERI AL CORRELATI ON
| S,

correlation between lagged flows

year Qi Qi1
1981 10

1982 20 10
1983 20 20
1984 5 20
1985 15 5
1986 7 15

260f28
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CE 719 WATER QUALITY MODELING

FOR

Data 4

25

20

15

(6]

10

TH' S PLOT:

r = —-0.314

% = 0.0988

20

25
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CE 719 WATER QUALITY MODELING

NOTE THAT MOST STREAMS ARE
REGULATED. TH'S MEANS THAT AL
DROUGHT FLOAM HAVE A SIMLAR
MAGNI TUDE, AND THERE MAY BE LI TTLI
DI FFERENCE BETWEEN THE 5-YR AND
100- YR DROUGHT. THUS OUR FAlLURE
FREQUENCI ES MAY BE VERY MJCH H GHER
THAN ESTI MATED ABOVE.

LECTURES 6&7—DROUGHT RISK



