Graphical Constituent Loading Analysis
System (GCLAYS)

Initial release in 2001

GCLAS can compute @@M@
discharges/loads and time-

weighted mean concentrations

Sl [ le[>]u @ e
f I. . Sample Time vs, Adj Susp. sed. ﬁ:;:;::;:;:;;:;:;::;:;:;;;:;:::;:;;;;:;;;:;:::;:;:;;:;:;::;:;:;;:;:;::;:;:;;;:;:::;:;;;:;:::| |
of water-quality constituents
04196000‘
. 600 10000
at about any time scale L e T
. . g 400 - _L; Date | Time IR_epr as L] maL[E
(typically daily) R | e o T e
oo 4000 105887114 0000 Sinal 5 1
Requires concentration data at LR O Gl e
q Uuznmzls - 5 1|0 15 20 25 e ”H oo :—IWWMMHMD.DD s gs 1
- n 10171987 118:30:00 | Gl
a high enough frequency to IR ' B T

reasonably define the
chemograph

2 USGS



%Sun@ B Windows 8 == Windows 10

microsystems

2 USGS


http://www.ub.uni-bielefeld.de/graphics/sponsoren/2002conf/sunlogonth-v-blu.jpg
http://www.ub.uni-bielefeld.de/graphics/sponsoren/2002conf/sunlogonth-v-blu.jpg
http://za.sun.com/aboutsun/developers/images/java2.gif
http://za.sun.com/aboutsun/developers/images/java2.gif

Why use GCLAS?

Provides a uniform set of tools for constituent loading
computations

Speeds record computation/recomputation

Enhances ability to perform certain exploratory
analyses (e.g. assessment of cross-section
coefficients)

Enhances ability to archive and restore data for later
analyses and(or) review

Not dependent on statistical assumptions or having a
good surrogate for the constituent of interest
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Is flow a good surrogate for
concentration?
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Is flow a good surrogate for
concentration?
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Sometimes surrogates other than
flow work well
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Sometimes there are no good

surrogates
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Computations based on methods
described by Porterfield

a USGS

science for a changing world

Techniques of Water-Resources Investigations
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Clock time {eol. 1): The actual time, given in 24-hour time,
for which velues are tabulated. Sufficient values must be
chosen ta asdure that the maximum chznge in successive
values of water discnarge and sediment concentration ix
within the )imits specified by the allowable ramge in stame
and by the guide to subdivision (fig. 36).

Time interval (eol. 2): The sum of one-hall the time back tc
the preceding clock time and one-hal{ the time to the following
clock time. The first interval. of 2.5 hours, is one-halfl the
time frem midnight (0000 hrs) and 3 R.m. (0500 hrst. The
second interval, of 3.5 hours, is ene-half the time frem mid-
night to & a.m. (2.5 hrs) plus one-half the time from & a.m.
ta 7 a.m. (1 hr). This moy alse he computad by taking ane-half
the difference of alternate hours {exeept the first ond last}

as foliows:

First interval:

Second interval:

Third interval:

Midinterval Method

Table 4.—Computntion of subdivided day, midinterval method

0500-0000

2

0700-0000
2

0800-0500
2

= 2.5

= 3B

= 2.0

Cols. 3-6: See expianaticn for columna 2.5, tabie 3.

Interval
G, 1al

l)( concentration {eol. 7): See explamation for eolumn
e 3.

Time ‘Water Sediment Interval X

Clock interval, Gage Shift disch i ion,
tHme t height carrection q [ te
{hrs) (hrs} (£t) (£t} (els) (mg/1) (eol. 2 % eol. §)
(1} {2} (3) (4) (8) (6) (7)
€009 2.5 4.17 0 174 8 20
0500 3.5 4,19 0 182 8 28
0700 2.0 4.32 0 234 40 80
0900 2.0 4.60 0 370 20 180
1160 1.5 4.67 ¢ 408 100 150
1200 1.0 4.73 0 442 120 120
1300 1.0 5.22 0 T44 320 320
1400 1.0 6.22 0 1,740 1,000 1,000
1500 1.0 7.20 0 3,120 1,900 1,900
1600 1.0 7.83 0 4,220 2,850 2,850
1700 1.0 8.26 0 5,090 4,000 4,000
1800 1.0 8.50 0 5,620 5.300 5,300
1500 1.0 8.56 0 6,750 7,000 7,000
2000 1.0 8.60 o] 5,840 6,400 6,400
2100 1.0 8.54 0 5,710 4,950 4,960
2200 1.0 8.41 0 5,420 4,200 4,200
2300 1.0 8.31 0 5,200 3,700 3,700
2400 .5 8.10 0 4,760 3,300 1,660

Total .cvvieeeers — 24 144.365 — 54,168 — 43,848

‘Weighted

MEAT ... —_— — 6,02 — 2,260 —_— 1,830

In GCLAS, concentrations interpolated to
times of unit streamflow values

Computations done at same time step as

streamflow
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Graphical Representation of Midinterval Method

(example from pg 51 TWRI 3-C3)

Graphical Representation of CCLAS Interpolated Concentrations
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Multiple Input Formats
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Flexible Input/Output Units

[ﬁ/F'aram and Year (R EEEGEN ETECHEGE

-izhoose Water Year and Concentration Parameter
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VWater Year: | 1995 w Load unit:

. tid -
Wiater Year rande: | oet W [|9 i Sap M

Select a concentration parameter fram the list ahove, then select outp -

for loads (if different than defaul) Mgld <

Ibd
Skip-= =-Prey Mext-= Finish kaid
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Multiple Concurrent Views
of Data

File Options Help
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Metadata (if needed)
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Normal View
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Dynamically Linked Views

A< [+[+][«][>n select pts ==£[{ 7 1935FHOSPHORUS TOTALD4138000sandusky.nuts 95
Sample Time ws. Adj] MITROGEMN AMMORIA, TOTAL (85 M) g;
200 8000 fAn4'1 55000 |
E 7000
& 1.50 raandusw.nuts.aﬁ_ﬂﬂﬁm rsandusk\,r.bcard.!aﬁ |’sandu5ky.nuts.95|
o [ sample 00610
e I E - -
s Date | Time |Represent.[ || mo/l | Coeff [Adjusted ]
0.500 [Mo1zzi189520:00:00 Sinolevert 1l 182 100 182
| 01,231 99540000 SinaleVert.| || 1.38] 100 1.28l

20 21 22 23 24 | Mo1/2amagsh 20000 Single vert, . I 1540 1000 154
Jan 1995 [ M01s23190820:00:00Sinalevert. | 1 1400 1000 1.40
Time == ;

+1885 A4 22 04 D0 DD raen 128

2 USGS



a00a
2400

=
2000
1500
21000
[
= s00

n.ao

Drill Down for Detall

= 1600

—{&00
—{&00
— 400

Dctober

annn

2500
52000
[hi)
51500
= k)
21000
=
O 500
0.0

— 1400
— 1200
—1aao

a4

Movember | December  January
I N 7

— 400
— 200
v "

P o i T N I e .

|
12 4 6 & 10 12 14 1E\\1g\;?ﬁ“?j“zr——ﬁﬁ——eﬁy-4y;_,

[ Dec 2000

2500
gzuun
[
E1sun
21000
[
O A00
0.0

)

G:00 12:00 18:00 0:00 G:00 12:00 18:00 0:00

2000-12-16 | 12-17

Time

2 USGS



Graphically Add/Edit
Estimates
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Linked Transport Plot to

Ald Estimation
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Reference Curves
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“Usable” VValues
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values used to compute averages
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Compute Loads of Any
Constituent
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Can Calculate Loads for Periods of
Zero and Reverse Flow
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Cross-section coefficients

Used to adJ USt Flgure 6 - Distibution of sand (coarser than 0.062mm) in Cross Slﬂﬂ“ﬂn.

Concentratlons from pOI nt ' Cross-section Coefficient (CC) = C, .., /Cmint e
] ) _ Omg/i atsurtace 40 770 690 880 - 660 350

or S|ng|e-ve rt|Ca| (SV) S veminvedicsl - 1220 1350 1400 1600 1420 1190 C,,..=~1360mgn

samples to be more
representative of cross-
section mean

Based on comparisons
between concurrent
point/SV concentrations
and depth & width
Integrated concentrations
(e.g. EDI/EWI)
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Cross-section Coefficients
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Coefficient Calculation Tool

(Calculate Coefficients rﬁpph_.r Coefficients rCnmpute Loads |

GetfCale. Cross-sectional Coefficient %
Time/date | 0 |  Caonc. | Representation ot
1997-10-14 17.00:00 |58 13 Single Vertical Get |
1997-10-14 17:05:00 aa 17 Cross Section g
Clear|| Hh
|-h
u:
Calc.
@
a1}
S-S
7
P!:'im : ; P ety
Coefficient types; |Single Vertical -
Date Tirme ] Coeff. Canc.
1001 411997 17:05:00 a8 1.31 17
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Visualization of Coefficient
Trends
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Cross-section Coefficients

Can be applied as:
Constant
Vary as a function of time
Vary as a function of streamflow
Vary as a function of time and streamflow
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Visualization of Coefficient
Time Series
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Compute Loads for Any Period Less
Than or Equal to a Water Year

Compute Luads|

5 Qctoher Movermber Decemhber “W

= 2 Zont. |L|:|a|:| 2 Cont. |L|:|a|:| o Conc.  ||Load
| < =) 1. [ [N} N i e L
18 |65 11 1.8 g6 g 1.8 387 30 32 =
19 |65 ] 16 87 ] Z1 353 25 24
20 b 7 1.3 EH] 5 2.1 EIE il 17 I T -
21 fd B 1.1 a5 7 1.8 288 17 13
22 |59 7 1.2 151 12 A A 267 15 11 Load Unit: |4y -
73 |58 ] 1.4 244 17 11 538 559 82 . —
24 |58 10 16 272 14 10 572 g2 183 HEIEMBTES:
285 |G 11 1.8 218 16 8.3 2720|342 3080
26 |71 12 74 I 75 T030 Jaai 3360 Start: | 10/0111947 )00:00:00
27 (116 13 4.1 156 12 50 2880|250 2030
28 132 14 1.9 241 3 28 18230 191 054 End: |09/3001998 23:59:59
29 142 12 17 166 EE! 107 1120 133 407
a0 (119 10 3.3 HE B3 105 797 101 714 resettime compute willy compute ”
31 100 12 3.3 - - - 551 75 122
Month [2010 [[12 Bh 4200 |18 343 31500 ||a% 15900

474000 367000
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Create Dally-Value Outputs

Compute Loads |

D Qctober Movember December :
a
Y o Zant. |L|:|a|:| o Con. |L|:|a|:| 2! Zant. |L|:|ad
T =N H] TS [ =] 5] [TENE] I B ] K ||‘
=] I Il reTs 0 1 a [[3a7 TN [Ew [
Daily Loads {rounded)
s Frint Daily Load Report Daily Loads {unRounded)
1 fid T a5 T . .
23 75 = T3 TE] T] Daily Mean Concentration {rounded
33 a0 [£] 1.4 T4 11 Daily Mean Concentration (unRounded)
24 a8 10 1.6 27 14 10 By aa 193
25 [&1] 11 1.8 218 1H 9.3 2720 342 4080
26 71 12 24 178 15 75 4020 481 4260
27 116 13 4.1 156 12 a.0 2930 240 2030
28 132 14 4.4 241 44 28 1830 191 454
29 1432 12 47 46h a4 107 1120 |[134 107
an 1149 10 3.3 h18 F3 1048 7ar 101 214 tr - GCLAS output —-—-————————————
2 100 12 3.4 - - - B8 78 122 :;
Month (2010 12 i 4200 18 343 21400  |[89 18300 # site 04158000
[F74000 I67000 |- - - - - - # parmcods 20155

agency_cd 2ite no datetime 00 80155
M 5o 15s 20d 14n

5G5S 041898000 1997-10-03 0.0

5G5S 04128000 1557-10-04 0.6%9
USG5 041898000 1997-10-05 2.9

U5G5 04198000 13597-10-06 2.5

USG5 04198000 19897-10-07 2.2

5G5S 04198000 1357-10-08 2.0
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Create Unit-Value Outputs

Compute Loads |

o March il il ay | :W
a
! A Zaont. |L|:|a|:| o Zant. |L|:|a|:| 2 Con. Load
1 18000 38 1840 17000 36 1R300 12000 2T 1]
2 17500 34 16BN 1HA00 37 1R300 11300 25 R i Linear
3 184500 31 1540 ] 34 1410 11400 23 714 -
4 [leson |27 T350 |[17100 |30 T30 (10900 |21 K LoadUnit: | ig
a 17500 24 1140 ] 26 1140 10300 14 37 Hurm. Months: 1
5] 18000 31 14490 1E100 22 944 G640 17 445
7 19700 30 1530 1RO00 1 9273 10100 15 411 Staet (1oiovr0o1 lloooono
3 23800 24 1880 14700 22 931 9940 14 3673
9 2100 44 3430 1RZ00 22 4980 9950 15 417 . .eq-
10 27400 45 3530 16400 43 1030 9530 18 464 End. {03/30/2002 [23:59:59
11 27800 47 3130 1E100 EE 1140 Y620 20 a2l | R — compute wil compute
12 28800 36 2830 1E100 2T 1180 9340 22 a97 | :
13 2ATRON sl 2REMN 1RO 77 1180 qFAN 28 Fig’-i - p,o—"“"'”;
'1| F GCLAS output —-----————-———--— M’f
# —
$ site 04192000
# parmcode 80155
agency cd site_no datetime tz_cd 00_g0135
L= 15= 20d &= 14n
USGS 04198000 1997-10-02 19:00 Use 3.84987
USGS 04198000 1997-10-02 19:30 use 3.84221
USGS 04198000 1997-10-02 20:00 use 3.83454
USGS 04198000 1997-10-02 20:30 Use 3.63846
USGS 04198000 1997-10-02 21:00 UsE 3.63117
USGS 04198000 1997-10-02 21:30 use 3.62389
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Create Printable
Report

Loading

Compute Loads | MELN CONCEN- MELN CONCEN-
DISCHARGE TBATION LOAT DISCHARGE TRATION LOAD
D Qctober Fovember December DAY {fenass) (/L) itons) {ie 3 /5] tuwgsL) {tons|
a
d 2l Canc. |L|:|ad L] Zanc. |Lnad 2 Zanc.
| IS a7 =] L' |~ () PN 4 ot Oct.ober MNowvemher
1 e 4, 4 q Hog ju] 1_9 39? — ﬁ’
— 1 -— -—- -—- 35 1z a3
_ cardExports » 2.1 K 75 " e o L B
210 G5 —=1 M3 * 3 54 z3 4.1 24 z1 4.8
= 4 64 Z1 3.6 79 19 4.0
21 Fid fr T ] T 1.9 288 17 c £ 1= - ag 1m a4
27 a4 7 1.2 141 12 a.4 287 15 2 5E 1&g z.4 72 14 z.8
03 7 3] 14 Z.0 71 11 Z.0
23 A ] 1.4 244 17 11 a38 a4 s o 1s 1 a s 1z 21
24 a 10 1.6 272 14 10 arz a2 ] &0 11 1.5 68 15 2.7
10 EE 10 1.5 70 17 3.2
29 fil 11 1.8 218 16 @.3 2720 342 L 1 e s i 15 oo
2B 71 12 2.4 1748 15 7.0 4020 381 1z 47 10 1.z &7 11 z.1
13 43 1z 1.6 13 1a 1.7
27 116 13 4.1 156 12 a.0 2930 240 1a e 1: 2 s -~ 5 s
28 132 14 4.4 241 449 28 1830 191 15 60 15 z.4 8z 3 z.0
29 142 12 4.7 466 a4 107 1120 133 15 53 1z 1.7 85 2 z.0
17 57 ] 1.4 85 =) Z.0
an 1149 10 3.3 F18 i3 1048 AT 101 18 65 11 1.9 56 5 1.9
31 100 12 3.3 -- -- -- a1 7a ;3 2; 3 i: 2; : zi
month (2010 12 (3] 4200 18 343 31400 |[89 21 ca c 11 ag - 13
Annu. (474000 |52 A6¥000 | |- - -- -- -- 2z 39 7 1.z 151 1z 5.5
= = 23 3] a 1.4 244 17 11
B Z4 £g 10 1.6 Z7E 14 10
Z5 &0 11 1.8 £1% 1& a.3
Z6 71 1z Z.4 178 15 7.5
27 118 13 4.1 156 1z E.0
28 13z 14 4.9 241l 39 8
Z9 14Z 1z 4.7 E1-1 g4 107
30 119 10 3.3 618 63 105
31 100 1z 3.3 -—= -—= -—-
MONTH Z010 1z (1 4zZ00 13 343
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GCLAS Pros and Cons

Pros
Loads can be computed for nearly any time interval < water year
Cross-section coefficients can be evaluated & applied
More flexible than regression methods
No need to transform variables — no transformation bias

Not dependent on statistical assumptions or having a good surrogate for the
constituent of interest

Can be used with reference or surrogate data sets to improve estimates
GCLAS runs within several operating systems

Cons
Requires high-frequency concentration data
Cannot provide confidence limits on estimates
Not scriptable (not suitable for real-time applications)
Censored concentrations are assumed equal to censoring level
Depending on nature of inputs, results can have low to high uncertainty
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Censored concentrations are
assumed equal to censoring level

GCLAS treats censored data as being equal to
the censoring level (i.e. it ignores the < and >
symbols)

For “less than” values, that results in computing
an upper limit of daily mean concentration and
loading

GCLAS typically is not a good choice If there are
appreciable censored data
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Depending on nature of inputs, results
can have low to high uncertainty

2000 700

—>Streamflow Discharge -
A SSC EWI Sample Taken | ]
£ 600 £
= | o
£ 1500 _s00
] 2
L] ju
S - 400 =
£ 1000 | g
2 - 300 E
=) L
- -
£ 500 | - 200 5
s =
= - 100 ©
g g

0 — 02207335 Yellow River near Atlanta, GA 0

8/28/2009 8/29/2009 8/30/2009 8/31/2009 9/1/2009 9/2/2009 9/3/2009
R - —Streamflow Discharge e -
@ =-55C Measured | o
£ 600 E
c | o
£ 1500 500
] =
] g
= - 400 £
=] n 15
g 1000 -~ .\ ]
z - 300 g
o Q
= L -
E 500 a1
2 =
£ - 100 B
& Suag L ...“-m.... B
g~ 02207335 Yellow River near Atlanta, GA SEplagy G

0 -Mmm B T T T T T 0

8/28/2009 8/29/2009 8/30/2009 8/31/2009 9/1/2009 9/2/2009 9/3/2009
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For more information ...

GCLAS avallable at:
http://water.usgs.gov/software/GCLAS/

Contact Greg Koltun (gfkoltun@usgs.gov)
for more information
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