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APPENDIX B

HYDROLOGIC ANALYSIS

Basically, the proposed project involves diverting enough
supplemental water from the Trinity River into Richland-Chambers
Reservoir and Cedar Creek Reservoir to increase their yields by 30
percent. The hydrologic feasibility of this concept was studied by means
of computer model simulations of reservoir performance. Reservoir
operation studies were made with and without the proposed supplemental
diversions. Data reflecting stream flows and evaporation losses were
based on observed historical conditions during the 48-year period from
1941 through 1988, adjusted to refiect future conditions as of the years
2020 and 2050. The methodology and results are described in this
appendix. Figure B-1 is a schematic representation of the upper Trinity
River Basin, showing the relationship of major reserveirs, along with
their drainage areas and dates of closure. Figure B-2 is a flow diagram

of the analysis.

Hydrologic Data
A1l but the last two years of the necessary reservoir inflow and
evaporation data were already available from previous studies (1). Data

for 1987 and 1988 were derived as follows:

(1) Numbers in parentheses match references listed at the end of Section

Bl

B-1



SCHEMATIC DIAGRAM OF STREAMS AND RESERVCIRS
IN THE UPPER TRINITY RIVER BASIN
-With Drainage Areas and Cleosure Dates-
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RESERVOIR YIELD AND MAKEUP DETERMINATION

Historical Hydrology - 48 vears Reservoir Operation Criteria
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The evaporation data for Cedar Creek Reservoir were extended for
1987 and 1988 using the Texas Water Commission evaporation data for
quadrangles E-11 and E-12 (2). Table B-1 shows the results.

The evaporation data for Richland-Chambers Reservoir were determined
by using quadrangles E-11, E-12, F-11 and F-12. Table B-2 shows the
results.

The inflows to Cedar Creek Reservoir were determined by analysis of
the recorded operation of the reservoir. This involved a basic
reservoir operation study for the two years 1987 and 1988 years in
which everything is known except the inflow, which is then
determined. See Table B-3.

Local gages upstream and near Richland-Chambers Reservoir were used
to determine its 1987 and 1988 inflow (3). The extension of the

inflow data is shown in Table B-4.

Daily Trinity River Flow, 1965-1988

The daily Trinity River flow at the diversion point made use of the

USGS Trinidad gage flow measurements (3). As an example, see Table B-5.

Daily Trinity River Flow, 1941-1965

Daily Trinity River flows from 1941 to 1965 made use of the flows

measured by the USGS gage at Rosser (3). Table B-6 shows some of the

Rosser daily flow data.

A double mass curve for the Trinidad gage and the Rosser gage was
determined from records of flow observations during their common

B-2



Table B-1

Cedar Creek Reservoir - Net Evaporation

Units - Feet

1987
El1l E12 Evap.
0.07 6.04 0.06
(0.03) (0.08) (0.05)
0.17 0.08 0.13
0.43 0.39 0.41
0.14 0.14 0.14
0.25 0.18 0.22
0.56 0.42 0.49
0.81 0.64 0.73
0.41 0.30 0.36
0.45 0.29 0.37
0.03 0.00 0.02
(0.01) (0.13) (0.07)
3.28 2.27 2.78

Net Evap = .5096 E11 + 0.4904 El2

1988
Ell E12 Evap.
.19 0.13 0.16
.04 (0.01) 0.02
.17 0.08 0.13
.29 0.21 0.25
.41 0.43 0.42
.44 0.44 0.44
.54 0.44 0.49
.76 0.59 0.68
.43 0.38 0.41
.29 0.20 0.25
.17 0.05 0.11
.04 0.01 0.03
vy 2.95 3.37
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Table B-2

Richland-Chambers Reservoir Net Reservoir Evaporation

A
E1l
(Ft)

.07
.03
.17
.43
.14
.25
.56
.81
.41
.45
.03
.01

OO OO0 OO OO

w

.28

Ell
(Ft)

.19
.04
.17
.29
.41
.44
.54
.76
.43
.29
.17
.04

OO ODODOOOODOOO0O

w

A7

B
E12

(Ft)

.04
.08
.08
.39
.14
.18
.42
.64
.30
.29
.00
.13

OO DO OO OO OOO

~N

27

E12
(Ft)

.13
.01
.08
.21
.43
.44
.44
.59
.38
.20
.05
.01

OO OO0 OO0 OCO0OO0O

N

.95

¢
F1l

(Ft)

.10
.03
.16
.41
.14
.20
.52
.76
.36
.48
.05
.01

1
DO OO0 O OO OOOO0O

(7%}

.14

Fl1
(Ft)

.15
.06
.14
.29
.36
.41
.56
71
.54
.39
.21
.03

OO0 ODOODOOQO OO

w

.85

D .28*(A+C)+.22*(B+D)
F12

(Ft)

0.08 0.07
-0.07 -0.05
0.14 0.14
0.35 0.40
0.11 0.13
0.19 0.21
0.33 0.47
0.47 0.68
0.18 0.32
0.40 0.41
0.03 0.03
-0.05 -0.05
2.16 2.76

D .28* (A+C)+.22* (B+D)
Fl12

(Ft)

0.13 0.15
0.04 0.03
0.09 0.12
0.19 0.25
0.41 0.40
0.38 0.42
0.45 0.50
0.48 0.65
0.41 0.45
0.25 0.29
0.08 0.14
-0.03 0.02
2.88 3.42
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Table B-3

Cedar Creek Reservoir Inflow Calculation

Elevation Contents Area Net Evap. Spills Pumpage Reservoir
1987 Evap.* Loss Inflowsx
{(Ac-Ft) (Acres) (Ft) (Ac-Ft} (Ac-Ft) (Mil. Gal.) (Ac-FY)

1 321.96 678,036 33,660 0.06 2,019 27,062 3,363.050 38,720

2 321.94 677,349 33,640 {0.05) (1,687 0 2,616.330 12,210

3 322.11 683,214 33,827 0.13 4,388 80,527 1,782.690 45,900

4 321.98 638,726 33,680 0.41 13,700 0 2,916.150 44,550

5 321.45 660,623 33,150 0.14 4,666 0 2,942.500 25,620

6 321.80 672,543 33,500 0.22 7,370 13,665 1,761.910 26,440

T 321.80 672,543 33,500 0.49 16,270 0 3,574.790 7,230

8 321.21 652,527 32,910 0.73 23,648 0 3,427.460 120

9 320.18 618,481 31,880 0.36 11,385 ] 3,184.070 4,39
10 31%.66 601,711 31,369 0.37 11,467 0 3,079.990 0
11  318.88 577,062 30,614 0.01 307 0 3,262.290 9,720
12 318.98 580,189 30,707 {0.07) (2,149) 23,589 3,069.580 127,3%
Total ' 2.80 91,383 144,843  34,980.810 342,230
Elevation Contents Area Net Evap. Spills Pumpage  Reservoir
19388 Evap.* Loss Inflow**
(Ac-Ft) (Acres) {Ft) (Ac-Ft) (Ac-Ft) (Mil. Gal.} (Ac-Ft)

1 321.92 676,660 33,620 0.16 5,374 6,168 3,389.880 19,540

2 321.85 674,256 33,550 0.02 673 28,751 2,650.680 43,060

3 322.01 679,760 33,711 0.13 4,315 34,550 3,633.000 45,940

4 321.89 675,630 33,59 0.25 8,333 0 3,938.150 2,710

5 321.37 657,917 33,070 0.42 13,778 0 4,174.070 8,840

6 320.84 640,168 32,540 0.4 14,168 0 4,048.890 4,260

T  320.16 617,831 31,860 0.49 15,386 0 4,292.310 0

8 319.22 587,732 30,940 0.68 20,708 0 4,305.670 110

9 318.18 555,461 29,967 0.41 12,172 0 4,395.250 7,830
10 317.%9 537,633 29,410 0.25 7,311 0 4,003.030 9,190
11 317.24 527,223 29,078 0.11 3,225 0 2,438.265 25,920
12 317.75 542,434 29,563 0.03 889 0 1,895.210 10,620

29,686
Total 3.39 106,391 69,469 43,164.405 178,020
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Extension of Inflow to Richland-Chambers Reservoir

Table B-4

Richland Cr.
nr, Richland
{Ac-Ft)

40,810
25,550
40,890
2,470
40,810
78,320
19,260
57

239

8

251
33,160

281,825

Richland Cr. Chambers Cr.
nr. Rice
{Ac-Ft)

nr. Richland
{Ac-Ft)

19,880
28,290
17,140
4,590
187
2,900
7

0
1,750
3,740
47
1,040

80,271

nr. Rice
(Ac-Ft)

29,380
51,500
49,170
5,510
33,140
83,640
4,290
141
138

20
4,050
26,140

287,119

10,720
20,420
15,790
5,540
483
1,220

54,368

Chambers Cr. Richland Cr.
nr. Dawson
{(Ac-Ft)

21,630
1,800
18,570
1,180
21,910
37,280
14,580
10

4

170

32
1,340

115,546

nr. Dawson
(Ac—Ft)

11,420
9,670
9,190
4,130

90
107
91
23
345
83
215
83

5, 447

{Ac-Ft)

6,500
5,610
18,170
450
1,650
22,490
112

0

0

0

3

174

55,759

Richland Cr. Wazzhachie Cr.

{Ac-Ft)

= oo
o e bt O
8583

S O O N

—

12,674

291
6,130
7,229

QOO OOQOQOLO

13,650

291
6,130
7,229

SO OO0 OO0

13,650

Vaahachie Cr. Corsicana Reservoir
nr. Bardwell Diversion Inflow
{Ac-Ft)

{(Ac-Ft)

59,220
92,410
66,800
8,990
71,300
144,600
11,690
270
470

0
5,840
81,710

543,360

Corsicana Reservoir
rr. Bardwell Diversion Inflow
(Ac—Ft)

{Ac-Ft)

23,950
45,870
17,180
5,910
810
5,670
0

0
1,850
5,170
890
1,470

108,780



24
28

26
27
28
29
30
31

Tstal

Mcarn
Max
¥in

Ac-F=x

Oct
457
405
428
415
446

562
562
625
562

510

426
395
3758
365
375

395
482
510
520
938

1450
gg%
525
510
478

448
- 436
418
4236
426
419

1387
229
1450
385
32503

WTR YR 196%

TOTAL

530
499
488
488
488

488
488
468
478
468

44884

1701328

Table B-5

Example of USGS Flow Records at the Trinidad Gage

STREAMFLOW

Dec
436
457
468
€25
914

774

28
562
520
520

499
520
625
625
583

541
820
562
562
604

799
789
667
604
562

604
583
541
520
488
499

1821¢
587
914
436
36119

a3

Jan
520
5g2
510
48
583

541
510
457
405
265

245
328
k33
355

315

34%
358
228
225
345

415
530
520
499
[3:21

446
426
415
(133
10€0
1329

14942
422
132¢
325
29649

4661

WALTER YEAP OCT

MEA}!
Feb
937
646
562
541

g10

4§46
415
415
1410
2550

£350
€980
5060
17490
27430

374¢
3820
4100
4140
4010

3200
2450
2140
1320

822

776
868
9g¢c

£6873
2z2es
€980
415
132641

HMAX

Mar
1140
1160
1010

868

914

£68
778
7583
709
604

520
510
510
646
730

Jos
1860
2380
1440

667

499
478
468
446
446

436
426
£98
3350
4£80
3360

340€1
1099
4680
425
€7559

l9¢es TO

Apr
1780
1160

914

778

688

625
583
562
520
478

499
468
541
520
69¢

1770
1340
1540
2110
3560

2620
1510
2910
8340
11700

14400
25100
36200
43100
42300

209210
6977
43100
468
415160

66300

SEP  196¢

May
42300
54200
63100
£2800
6£300

66200
58400
49100
41800
37000

34500
31300
26100
23400
21g00

20800
193800
13000
18200
17600

17200
168090
16300
15900
15200

14300
13400
12200
10600
8730
7700

g23290
29784
€6300
TT00
1831212

MIN

Tun Juel
T340 Ta00
-220 7100
nL00 6860
40 £74¢C
€740 6€£20
€400 €300
§E50 6000
£250 e&q
£700 5950
5500 S00C
5450 5e50
450 5600
5450 S350
ZE50 4550
6740 £32
400 £485¢C
7580 1380
7460 2140
7300 2310
8180 2070
8580 177¢
9c00 304C
G250 3880
8580 4190
9430 2280
280 1230
2720 1570
812 1320
7820 osh
TSEQ gee

- €ET

215400 12£77¢%

7213 4097

8560 7407

4550 €E”

429223 251454
3ot 2L-FT

Aug
520
520
488

499

520
499
499
499
604

1290
1400
937
667
agE
1480

22174
718
1540
405
q29g1

3374533

Sep
2570
1980
1320
1240
1040

Tee
€25
541
530
625

730
1240
1210

914

776

753
845
1710
1540
1180

1040
g2z
709
646

€04

562
530
530
1170
1480

30271
1009
2570

530

60042
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pevay
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0
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1200
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1206
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1200
1200

plzin
2044
5120
t1ss
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Example

Table B—6

of USGS Flow Records at the Rosser Gage

STREAMFLOR {CFS),

fe:
£nl
0
582
et

RK]3

1147
2786
2E50
2l
010

R
3280
03

4660

Jan
198¢
erid
16a¢
L3l

1028

B
1060
118¢
1100

982

v
i

332
8<c
752
742
2
720
£97
&74
803
582

302
302
43¢
49¢

£
B rY

i
348

£Y-
LI

443
43¢
193¢

Ll
a — o
PR Y - = I
oG g oG

tn
-
[ I TN

KATER YEAR OCT

EEAN
Fe:
270
2980
2980
1200
{200

1200
1204
1200
£200
L300

£200
12
{20
1206
1208

450
430
45¢
490
490

430
490
176
770
7

770
770
77

e
2
1980

450
b1B2%

TR B

!

Nar
470
444
426
419
407

418
447
LH
410
415

L4
403
2950
2900
2960

2906
2900
2900
2900
2300

2906
2960
2900
2900
2900

2909
2900
17700
22500
21406
16800

127322
4§07
2280¢
400

131547

1942 10 SEF 1943

Aor
11000
7830
3390
4370
3530

3230
2460
1850
3760
6E5¢

7700
E360
3T
3730

< (i

4190
4356

-
423

321¢
2310

~an
-t

218¢
1320
23%0
2010

1660
1410
113¢
584
BBE

113482
3782
11000
£38
225048

22900

MIN

May
81E
768
72
£74
£

(217
960
1991
2140
RIED

e
16
7E30
g1l
BzB{

S
4580
433¢
3858
300¢

1930
2380
7668
770
720

BN
4300
336¢
4100
49L¢
4330

126578
4083
828

&0

VA4
251054

Jun
4240
4580

Tor
e

e300

zpes
QoY

BooO
LET00
21500
20800
1950

$7200
4440
10800
8340
£98C

4700
30%0
72
1807

{200

984
826
792
637
£28

R
354
R37
792
1036

$27539
£420
21400
559
235054

+nE
‘e

Jul
1200
{410

8tz

£51
30z

434
358
354
33

328

41
371
425
345
30

320
293
124!
2%
236

240
22
22
218
211

204

~nne
Ky

248
240
233
233

11908
384
12060
204
23612

A2-TT 1k

48

]

Aug
21
i
04
197
130

130
180
150
190
136

180

Sep
204
190
190
2
128

3270
1960
£74
457

343

7
23
25t
131

F&M

pats
28
m
398
303

25k
33
e
218
218
26
2
256
362
303

13430
448
327
190
HETE



period of record (1965-1989}. The Cedar Creek Reserveir spills were
removed from the Trinidad gage flows prior to summing the flows.
Example double mass data are shown in Table B-7.

The double mass curve is plotted in Figure B-3, which shows a
relatively constant slope of 1.097.

The estimated daily flows at the Trinidad gage from 1941 to 1965
were then determined by multiplying the daily Rosser gage flows by

1.097. An example is shown by Table B-8.

Historical Hastewater Return Flows, 1970-1988

d.

The monthly return flows for this time period were determined by
first obtaining NCTCOG data (4) in the form of a Lotus file. Table
B-9 shows an example of the NCTCOG data.

Tﬁéi\NtTCngidata were edited to remove flows that would be
intercepted ;y\Feservoirs and to add other flows as determined by
the Texas Water Commission (5). Table B-10 shows an example of data
cbtained from the TWC. This body of data began in 1970 when the
self-reporting to the TWC started. The added sources are the City
of Forney, the Dallas Water Treatment Plant (east side)}, the Dallas
Water Treatment Plant (EIlm Fork), the North Tarrant County
Wastewater Treatment Plant, City of Hutchens, City of Wilmer,
Dallas/Fort Worth Airport, Palmer, Crandall, and Red Oak. An

example of the modified data is shown in Table B-11.

The many sources of return flow were grouped into Fort Worth, TRA,

B-9



1964

1963

1966

1967

1968

10
11
12

1
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Trin. River
& Trinigad
(Ac-Ft.)

247,557
301,646
434,003
159,523
533,276
243,987
77,512
556, 262
260,985
3,787
29, 460
46, 588
32,503
44,884
36,119
29,649
132,641
67,559
415, 150
1,831,218
429,223
251,454
43,981
50,042
68,553
23,998
28,258
25,535
23,538
33,35
68,100
77,99
223,418
80,475
24,238
59, 016
132,464
172,945
129,701
321, 101
220,185
674,499
685,586
786,347

Tabie B8-7

Exappls of Double Wass Curve Computations

Spills
froa

Cadar Cr.
Reservoir
(Ac-Ft.)

195,37

=R == - = — R - = - B B - R B R — A o R e - - I A~ B e B~ = e g

L]

13

19
16,654
143,004
50,267
132,805
104,167
151,831

Flow &

Trinidad Cusulative Trin. River
excluding Trinidad
Spills flows

(Ac-ft.)

247,557
301, B4E
434,002
159,523
533,276
243,987
71,512
556, 262
260,985
36,787
29, 460
46,588
32,502
44,884
26,119
29,649
132,641
67,559
415, 160
1,625,946
429,223
251,454
43,981
§0,042
68, 553
22,998
28,258
25,535
23,538
32,356
68, 100
77,9%
223,418
80,475
24,238
59,016
132,351
172,926
113,047
188,097
169,918
540,694
581,419
£34,516

(Ac-Ft.)

21,557

549,203

363,206
1,142,729
1,676,005
1,919,992
1,997,504
2,553,766
2,814,751
2,851,528
2,880,998
2,927,586
2,960,083
3,004,973
3,041,092
3,070,741
1,203,382
3,270,941
3,686,101
5,322,047
5,751,270
8,002,724
6,046,705
6,106,747
6,175,300
6,199, 298
6,227,556
6,253,091
6,276,629
6,309,985
§,278, 085
5, 456,079
6,679,437
6,759,972
6,784,210
5,843,226
£,975,577
7,148,503
7,264,550
7,449,647
7,619,565
8, 160,259
8,741,678
9,376,194

near
Rosser
(Af-Ft.)

211,914
228, 244
445,130
167, 540
531,570
233,058
69,937
515, 101
229,845
15,334
10, 484
45,527
30,742
41,431
33,439
26,957
124,058
56, 809
414,772
1,200,634
449,355
249, 120
50,422
54,165
| 66,409
23,066
25,470
23,901
22,750
31,351
68,662
79,363
224,806
75,433
22,661
57, 564
116,551
101,772
91,664
159,828
142,969
498, 089
485,930
533,791

Cumulative
Rosser

flovs

(Af-Ft.)

211,914

540,158

985,288
1,152,828
1,684,398
1,917,456
1,987,393
2,502,494
2,732,339
2,767,673
2,798,157
2,843,684
2,874,426
2,915,857
2,949, 296
2,976,253
3,100,311
3,157,120
3,571,893
4,712,527
5,221,882
5,471,002
5,521,424
5,575,589
5,641,998
5,665, 064
5,690,534
5,714,435
5,737,185
5,768,736
5,837,398
5,916, 761
6,141,567
6,217,000
6,239, 661
§,297,225
6,413,776
6,513,548
§,607,232
6,767,060
6,910,029
7,408, 118
7,894,048
8,427,839

i0



£€-g9 aanbtga

Double Mass Curve Analysis

50,000,000

40.000,0004f

25,000,000

10,000,000

Trinity River near Rosser - Ac-Ft

E;,()()()’()()().ﬂmMmmmmmm.mmmwwmanmmwm%mmmmm@mwmewmmm“w.H”m"wmmw.m“q_dw"mmmmw"mwmmwmmmwmwwﬂ,whwmm”“""mwmmm",w

0+ ; ; ,
0 20,000,000 40,000,000
Trinity River @ Trinidad - Ac-Ft

—

—

60,000,000



JAN-55 JAK-55

FEB-SS

O O e Pt R e

8 R R R R R R R PRI RO RY e e b 1 be ke s pee Rea e
-k OO D O N T P G R ke G D DO g O U A e P OO

[V TR S S

P T
o R e DD

Izbje B-8

Eagmole of Estimation of Dajly Trinjty River Flows st Trinidad

ROSSER

2
179
147
137
142
147
152
147
147
161
L1s
312
327
256
209
185
i73
167
240
221
197
197
179
167
157
157
157
162
152
157
152
147
152
152
270
794
686
626
44D
248
246
227
203
185
173

TRINIDAD
[1.097*Rosser)

242
196
161
150
154
161
167
161
161
177
11y
lé2
35%
281
229
203
190
183
263
242
216
216
196
183
172
172
172
178
167
172
167
161
167
167
296
871
753
687
§83
327
2
249
223
203
190

Units - CFS

Return
Flov
138
135
125
138
135
15
138
135
138
135
135
125
138
135
118
135
135
133
135
135
135
135
135
135
138
135
138
138
135
135
135
13¢
13¢
134
134
13
14
134
13
134
I3
134
13
134
13

Nstural
Flov

107
61
2t
15
21
M3
32
26
2%
7]
325
207
A
186
L8
[
55
{1
128
107
&1
1 )]
61
1
Ly
37

43
32
Ly
32
27
33
RH)
162
b2
618
553
348
143
136
118
29
69
5%

Adjusted CC 2020 cC 2050
Natural
Flow

107
bl
25
15
21
26
32
26
26
42

325

207

224

146
94
68
55
48

128

107
81
81
61
48
37
37
37
&3
32
37
32
7
3
13

162

137

619

553

349

193

136

115
89
69
56

Totsl
Flow
S08
862
827
816
B22
827
B3}
827
827
Bl
1126
1008
1028
97
895
869
856
849
929
908
882
882
862
8é9
838
338
838
1T
833
838
833
828
834
834
963
1538
1620
1354
1150
994
937
916
290
§70
257

Totel
Flow
1037
991
956
945
951
856
962
956
956
972
1255
1137
1154
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JOINT SYSTEMS

FWRY = Font Worlh Rwverside Plant
FWVC = Fort Worth Vitage Creek Plant
TRAC = Trinity Rver Athanty Cental Plant

HNALC = Dallas Cential Regeanal Vastewaler Plant

NALS - Dallas Soultisiia P2gional Wastewater Plani

IRAT  Trnily Miver Authosty Ten Mie Cro. k Plant

GHDC = Gartard Duck Creek Plant

NTMO - Norh Tevas Momicipal Werar Disvist Met pite | lant
DENT = Dentan Pe -an Creek Plant
GRRT - Garland Ruw'ett Plant

NERT -- Narth Tesas Municipgt ater D
NTWE = Nerth Teras W pas Wate: Peot

ot Plam
ot Witson Creat Plant

COMKUNITY SYSTEMS

AZLA = Azte Ash Cieck Plant

AZIW = Azle Walmn Cresk Plant

DBC#6 = Datias County WCID #6 Plan!

FMND = Flower Moung Plant

FRASC = Frisco Stewan Creek Plant

FRCC = Frsco Cotonwood Creek Flant

GRAP - Grapevine Peazh Streer Piant

HALT = Hallom City Plant

KLEB = Dallas Klaberg flant

LAKC = Lake Cities MU# Flaat

1V = Lewisville Plant

LELM = title Exm Plant

MCKS = McKinney South Plant

MIOL = Midiothian Plant

NTBC = North Texas Municipal Water District BuMalo Creck Pam
NTF8 = North Texas Mumcipal Watel District Floyd Branch Plarmt
NTMU = Nerth Trras Muncipal Water Distict Mirphy Flant
NTSQ = North ™ :xas Muscipal Water Dislagt Squabiio Craek Plant
SEGOQ = Seagovilie Plant

TCOL = The Celony Plant

TROF = Trophy Club MUD Plant

WYLl = North Texas Munizipal Water Distret Wylie Plant
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Table 2-11

fyzmple Dats For Modified NCTCOG With Adged Sources
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Dallas, and "other”. An example of the flow after grouping is shown
in Table B-12. Figure B-4 is a plot of return flows from 1970 to

1990.

Historical Wastewater Return Flows, 1941-1970

a. Prior to 1970, the historical return flows were determined from data
from Fort Worth (6), Dallas (7) and TRA (B). Examples are presented
in Tables 13, 14 and 15.

b. For some of the years, only the yearly averages were available. In
those years, the monthly values were estimated by wusing the
historical pattern of monthly flows from years which had monthiy
records.

c. The "other" contributions were estimated from the historical data
and were taken to be 10 percent of the total from 1969 back to
through 1960. Before 1960, the other return flows were estimated at
15 percent of the total, to allow for the fact that the TRA
operation was not present.

d. These data were used to estimate the monthly return flows prior to
1970. Where monthly flow records were available, they were used.
Where only the yearly data were available, they were distributed in
a typical pattern throughout the year. The estimated monthly
historical wastewater return flows were assumed to be constant

throughout the month.
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Month

Jan-70
Feb-70
Mar-70
Apr-70
May-70
Jun-70
Jul-70
Aug-70
Sep-70
Oct-70
Nov-70
Dec-70
Jan-71
Feb-71
Mar-71
Apr-71
May-71
Jun-71
Jul-71
Aug-71
Sep-71
Oct-71
Nov-71
Dec-71
Jan-72
Feb-72
Mar-72
Apr-72
May-72
Jun-72
Jul-72
Aug-72
Sep-72
Oct-72
Nov-72
Dec-72

Example of Grouping of Historical Return Flow

Table B-12

Fort
Worth

56.9
59.2
76.1
64.2
62.8
54.3
49.1
49.8
58.3
50.1
45.6
43.2
45.6
48.8
49.7
52.9
51.0
49.7
50.4
53.4
48.5
56.1
54,2
75.1
59.7
53.9
49.4
52.6
55.8
50.1
47.0
49.3
48.9
61.5
61.2
54.0

- Units-MGD -

TRA Dallas
21.0 111.2
21.0 127.7
21.0 122.8
21.0 117.3
21.0 119.6
18.1 120.2
17.2 103.5
18.0 106.4
20.6 123.0
20.8 120.4
20.0 107.9
23.1 106.8
23.0 108.8
23.7 110.9
24.1 112.0
24.8 119.8
26.1 121.1
26.8 122.6
26.6 121.9
29.2 134.1
24.1 123.8
32.4 126.8
25.6 119.8
40.0 121.5
32.8 140.5
26.0 128.9
25.9 120.8
26.7 120.1
27.6 120.4
27.1 117.8
24.7 112.4
25.5 113.8
27.1 114.7
29.5 117.3
31.1 112.1
8 5

30.

106.

Other

21.
23.
24.
22.
22.
21.
18.
19.
22.
21.
19.
19.
20.
22.
20.
20.
19.
22.
20.
24.
24.
27.
24.
28.
26.
24,
24.
25.
26.
26,
25.
26,
26.
26.
28.
26,

HEMNOTNONUNTNWOWOLRRAOR,ODONOHOMTWONWNDEWOLDNNLDE-O

Total
MGD

210.
231.
244.
225.
226.
214,
188.
193.
224.
212.
192.
192.
197.
205.
206.
217.
218.
221.
220.
241.
220.
242.
224.
265.
259.
233.
220.
224,
230.
221.
209,
215.
216.
234.
232.
217.

UM OWOWWLWNAERNENOOODONUMINONOONPEPODOBBNOOTWORNOODONOSO
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Waste Water Flow - MGD

TRINITY RIVER

Wastewater Return Flow

800
700-
600+

400+
300
200+
100*/\

i

Jan-70 Jan-74 Jan-78 Jan-82 Jan-86 Jan-90

Figure B-4



Table B-13

Example of Data From Fort Worth

OPERATING RESULTS 1925 - 1873

RIVERSIDE PLANT

COST

DAYS TREATED SUSPENDED LBS. BOD PER

PLANT TOTAL  AVERAGE BOD ma/L SOLIDS mg/L REMOVED 1000 LBS PER
YEAR  OPER. M.G. M.G.D. IN OUT 1IN OUT  PER DAY BOD REMVD M.G.
1925 355 1,825,267 5.142 392 38 351 39 10,892 7.52  $15.92
1925% 149 975.710  6.571 461 52 351 55 22,430 4,26 14,54
1926 357 2,163,305 6.050 532 38 382 27 24,966 3.07 12,65
1927 352 2,370.670 6.735 445 37 357 54 22,918 3.26 11.11
1928 329 2,245,113 6.824 508 4y 334 65 26,408 3.41 13.21
1929 52 232,391 4,469 3h2 33 321 63 11,517 ok %
1930 295 2,380.683 8.070 380 33 318 32 23,355 6.54 18.94
1931 355 3,776.080 10.637 418 30 341 33 34,421 4,22 13.66
1932 291 3,111.590 10.683 339 27 322 34 27,824 6.81 17.73
1933 354 3,762.970 10.630 377 25 328 36 22,34 7.47 15.71
1934 365 3,405,450  9.330 332 17 336 30 24,979 L, 84 12.96
1935 350 3,648,330 10.424 372 31 323 42 29,646 3.60 10.25
1936 318 2,951.320 9.281 418 38 345 43 29,432 3.24 10.26
1837 358 4,062.570 11,348 438 27 354 43 38,899 2.72 9.34
1938 351 4,125,295 11.753 369 34 369 34 33.815 3.52 10.12
1939 349 3,560,580 10.202 438 20 367 30 35,567 3.24 11.30
1940 362 3,966.550 10.957 L27 24 391 31 36,829 3.53 11.87
1941 288 3,661.820 12.715 357 43 311 34 33,299 5.07 13.27
1942 303 3,754.610 12.391 460 68 377 47 Lo,512 4.61 15.06
1943 333 4,503.250 13.523 460 50 360 42 46,243 3.39 11.58
1944 345 4,415,040 12,797 481 50 410 Lk 46,001 3.82 13.74
1945 288 4,320.780 14.982 402 53 375 L8 43,670 L. 45 12.98
1956 252 3,519,850 13.957 382 55 323 46 38.094 6.46 17.62
3 emel g 2B oz momam R

,080. 17. . .01 11.

194 333 s.9s2.478 17.886 3%k 33 3B 1% RN = LE
1950 311 5,398.434 17.379 340 28 298 33 41,061 5.88 13.90
1951 354 6,898.958 19.483 343 31 314 Lo 49,771 k.99 12.76
1952 354 8,511,271 24,043 324 25 318 35 59,145 5.05 12.42
1953 359 8,954.190 24.956 338 26 31k 35 64,384 5.34 13.77
1954 355 8,966.725 25.172 365 29 328 41 70.098 5.14 14.30
1955 365 9,948.616 27.286 354 39 323 45 71,311 5.51 14.40

o
“~
o e
Iy

ale ot
e

Fiscal year changed from May 1 to October 1,
Plant in operation only 52 days
Plant in operation only 96 days



Table B-14

Example of Data from Dallas
Central Wastewater Treatment Plant Flow (MGD)

Year* Flow Year F1ow
1943 20.0 1967 106.4
1944 20.6 1968 111.0
1945 17.9 1969 114.9
1946 25.3 1970 116.5
1947 29.6 1971 120.1
1948 30.0 1972 112.8
1949 36.7 1973 124.7
1950 32.7 1974 132.8
1951 34.1 1975 123.2
1952 34.7 1976 131.8
1953 31.0 1977 140.4
1954 53.1 1978 152.9
1955 50.0 1979 143.3
1956 58.8 1980 143.9
1957 74.9 1981 158.8
1958 69.1 1982 142.3
1959 76.9 1983 147.6
1960 81.5 1984 166.0
1961 80.0 1985 162.6
1962 79.5 1986 152.0
1963 79.0 1987 134.4
1964 88.4 1988 140.1
1965 84.7 1989 153.5
1966 88.1
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Example of Data from the TRA
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Natural Flow

The natural flow is the historical flow without the wastewater

included.

a.

The daily return flows were subtracted from the daily measured
historical flows to produce the natural flow. See Table B-8 for an
example of the results.

The estimated natural flows were adjusted as required to eliminate

occasional negative values.

fFuture Return Flows

Estimates were derived for the return flows expected at the Trinity

River diversion point as of 2020 and 2050.

d.

The historical yearly ratios of return flows reaching Trinidad to
the total water use in Dallas and Tarrant Counties were determined.
See Table B-16.

From 1974 through 1990 the ratios varied from 0.57 to 0.70 and
averaged 0.64. To allow for some additional wastewater recycling
and to be conservative, a value of 0.55 was chosen for use in this
study.

The Dallas County projected water use as predicted by the TWDB was
used in the projection (9). Comparisons were made to the Turner,
Collie & Braden projections (10) for the Dallas Water Utilities and

the results were found to be reasonable. See Figure B-5.
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Table B-~16

Historical and Extrapolated Return Flow
Units - MGD

(1) (2)

********Total water Use*********tt* Return

Year Tarrant Co. Dallas Co. Surx  Flow{a) (2)/(1)
1974 i64.1 270.7 434.8 272.4 0.63
1977 189.6 344 .4 534.1 303.6 4.57
1980 215.9 376.1 592.0 335.7 0.57
1984 214.6 410.4 625.0 427.4 0.68
1985 222.0 431.8 653.8 450.4 0.69
1986 225.8 418.3 644.1 445.4 0.69
1987 233.3 422.8 656.1 438.2 0.67
1988 248.2 459.2 707.5 403.7 0.57
1990 277.9 % 459.8 737.7 518 0.70

0.64 Avg.

(use 0.55 to be conservative)
2020 374.2 * 566.7 940.9 517 801 CFS§
2050 524.1 * 678.3 *x*x 1 ,202.4 601 **x% 930 CFS

References: * TCWCID#1 Rpt. 1990, F&N/Alan Plummer
** Linearly extraporated from TWDB projections.
x**Reduced by 60 MGD tc account for average pumpback
from Dallas South WWTP. (TC&B '90 rpt.)
Others: Water Use - Texas Water Development Board
Return Flow - Texas Water Commission and NCTCOG

{a) This is the return flow that flows into the Trinity River
and is not intercepted by reservoirs.
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2020

The Tarrant County projected water use was taken from the F&N/Alan
Plummer 1990 report on the TCWCID#1 regional water supply (1).

The Dallas County projected water use and the Tarrant County
projected water use were added together and multiplied by 0.55 to
obtain the estimated 2020 and 2050 return flows.

The 2050 return flow projection was reduced by 60 mgd to reflect the
alternative recommended by TC&B for pumping part of the output of
the Dallas southside WWTP to Lake Ray Hubbard starting in 2035.
Table B-8 shows the results of about 800 cfs for 2020 and 930 cfs
for 2050. Figure B-6 shows the total return flow and its
relationship to the maximum pumping that would be needed for makeup
water. Figure B-7 shows the comparison between the estimated
Tarrant County return flow and the peak pumping rate required for
the makeup water.

and 2050 Trinity River Daily Flow

To obtain the 2020 and 2050 Trinity River estimated daily flows, the

projected 2020 and 2050 return flows were added to the daily naturai

flows to get the total Trinity River flows. Table B-8 presents an

example of the total predicted daily flows at the proposed diversion

points.

Wastewater Fractions

a.

The wastewater fractions were calculated by dividing the wastewater
(801 for 2020 and 930 for 2050) by the total flow for each day. An

example is shown in Table B-8.
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The total Trinity River flows in 2020 and 2050 will be sufficiently
large such that the desired diversion rates can be maintained
throughout any month. Because of this, the monthly averages of the
wastewater fractions were determined for each month by averaging the
daily fractions during the month. These data are shown in the
example in Table B-8. During the critical period of 1948-1957, the
fraction of wastewater in the available makeup river water can be

seen to increase in Figure B-8.

Monthly Reservoir Operation

a.

The pumping criteria adopted for the study of reservoir performance
call for pumping of supplemental diversions whenever the reservoir
levels drop five feet below the top of the conservation pools.
Pumping rates were limited to 110 cfs for Cedar Creek Reservoir and
125 cfs for Richland-Chambers Reservoir with allowance for 20%
average downtime. An alternative operating criterion was also
considered in which lesser pumping rates were used between five feet
and 10 feet below the top of conservation storage in the reservoirs
with higher rates when the lakes were more than 10 feet down. It
was found that the long-term volume of water pumped would be less
under that set of operating rules. It is anticipated that the final
pumping criteria will be dependent upon tradeoffs between reservoir
levels, months of the year, pumping costs and capital costs.

The desired 30% increase in yield was achieved, resulting in a

227,500 af/yr yield from Cedar Creek Reservoir and a 273,000 af/yr
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yield from Richland-Chambers Reservoir.

c. Calculations were made on a monthly basis. An example of the
computer output is presented in Table B-17.

d. The monthly wastewater fractions were used in the monthly reservoir
operation computer program to determine the amount of wastewater
pumped in the makeup water to Cedar Creek Reservoir and Richland-
Chambers Reservoir. The amount of return flow in the makeup water
pumped for the 2020 conditions when 5,360 acre-feet per month is
pumped to Cedar Creek Reservoir can be seen in Figure B-9. Table B-

18 presents a summary of the results.

Impact of Diversions on River Flow

The maximum pumping considered above is 235 cfs while the 2020
return flow is estimated to be 800 cfs and the 2050 return flow is
estimated to be 930 cfs. The estimated minimum flow remaining in the
river after the maximum diversion would be 565 cfs in 2020 and 695 cfs in
2050. This compares to a historical minimum flow at the Trinity River
Rosser gage during the drought of the 1950's of 96 cfs on October 3,
1953. The return flow estimates for that time period indicate that all
of the 96 cfs was wastewater return fiow. The estimated historical
return flow during the critical period varied from around 100 cfs to 180
cfs. Without the historical return flow, the Trinity River would have
had many days of zero flow during the 1950's. It has been estimated that

at the proposed diversion point there would have been 55 zero-flow days
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Table B-18

Summary of Results of Computer Simulations

Parameter Cedar Creek
Reservoir
Original Yield 175,000 af/yr
New Yield 227,500 af/yr
Percent increase in yield 30 %
Maximum diversion rate 110 cfs
Downtime allowance 20 %
Max. Monthly diversion 5,360 af/mo
Max. Yearly diversion 64,320 af/yr
Avg. 48 yr diversion 1,600 af/mo
19,200 af/yr
Avg. Critical Period 4,264 af/mo
diversion 51,168 af/yr

Estimated Minimum River Flow at Trinidad

2020
2050

Fstimated Tarrant County Contribution
to the Trinity River flow

2020
2050

Richland/Chambers
Reservoir

2
2

800 cfs
930 cfs

318 cfs
446 cfs

10,000
73,000
30

125
20

6,050
72,600

2,700
32,400

5,070
60,840

af/yr
af/yr

o
%

cfs

)
%

af/mo
af/yr

af/mo
af/yr

af/mo
af/yr
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in 1954, 103 zero-flow days in 1955, 201 zero-flow days in 1956 and 32
zero-flow days in 1957. With the proposed diversions, the remaining 2020
flow of 565 cfs in the Trinity River greatly exceeds the historical
minimum of around 100 cfs and the natural flow minimum of zero. The
amount of water proposed for diversion can be visualized by comparison
with the predicted 2020 total flow in Figure B-10.

The 7-day, 2-year recurrence low flow for this section of the
Trinity River is increasing with time because of the increase in
wastewater return flow. This is evidenced by the 1976 (11) Texas Water
Quality Standards (TWQS) which have no 7Q2 flows defined at any location,
while the 1981 (12) standards show 382 cfs, 1985 (13) shows 405 cfsland
1988 (14) shows 460 cfs. A calculation of the minimum 7-day flow for
each year during the period of 1941-1988 is shown by Figure B-11. The
data of the figure reflect the progressive increase in return flow. A
frequency~of-recurrence analysis of this data suggests a 7Q2 value of 342
cfs for the entire period and a value of 443 cfs for 1965-1988 (based on
Weibull plot position). If the natural flow (without return flows) is
considered for the 7Q2 evaluation the Weibull positioning technique gives
a 7Q2 value of 189 cfs. The data indicate that the growing volume of the
return flows is increasing the base flow of the Trinity River and that
even after the diversions proposed in 2020 the minimum flow and the 7Q2

flow will be higher than the historical flows prior to 1991,
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APPENDIX €
ANALYSIS TECHNIQUES

The analyses of the individual parameters in sections I, II, and III of this appendix
involved two basic parts. Part one entailed the analysis of the complete data set as
a whole. Expected values and standard deviations were calculated for the whole data
set based upon the assumption that the data were log-normally distributed. Plots of
the parameter concentrations versus streamflow were made on rectilinear and log-log
scales.

The second part of the analysis involved the breakdown of parameter data based upon
different streamflow intervals. Four to five individual sub-data sets within each
parameter data set were created based upon streamflow intervals. Separate analyses
for each streamflow interval were performed to determine the expected values and
standard deviations for each parameter by streamflow interval, The expected
concentration values for each streamflow interval are plotted versus streamflow on
log-log scale.

The analysis of the metals data presented in section IV did not involve streamflow
intervals, but still included two different parts. The first part consisted of
calculating the expected value and standard deviation for each metal based upon the
assumption that the data were log-normally distributed. These calculations could
utilize only those data which were greater than the detectable 1imits of the sampling
equipment. The second part of the analysis considered the non-detectables as well as
the detectable data. Probability plots were generated for each data set with plotting
positions calculated for all non-detectables. Based upon the log-normal assumption, a
best-fit 1ine was drawn across the plot and the 50th, 90th, and 99th percentile values
were recorded. A copy of a reference supporting this method of analysis is included
in section IV-C of this appendix. The percentile values presented in the summary
table that were determined based upon the part two analysis are considered to better
represent the data than the expected value calculations which do not take into

consideration the non-detectables,




I. PHOSPHOROUS



I.A.1. SUMMARY OF ANALYSIS



TABLE C-1

SUMMARY OF PHOSPHOROUS CONCENTRATIONS BY
STREAM FLOW INTERVAL CLASS
TRINITY RIVER AT TRINIDAD:

1980-1989

Stream Flow Interval (cfs)

Parameter 1,000- 3,000- 6,000-
Designation Phosphorous Form 0-1,000 3,000 6,000 20,000 >20,000
P1 Total Phosphorous Avg.+1 std. dev. 5.18 2.65 0.88 0.66 0.32
Avg. 3.68 1.77 0.84 0.46 0.21
Avg.-1 std. dev. 2.17 0.88 0.81 0.26 0.11
P2 Dissolved Phosphorous Avg.+1 std. dev. 4.99 2.21 0.66 0.34 0.25
Avg. 3.43 1.41 0.55 0.25 0.16
Avg.-1 std. dev. 1.87 0.62 0.45 0.16 0.07
P3 Total Ortho Phosphorous Avg.+l std. dev. 4.68 2.00 0.69 0.33 -
Avg. 2.99 1.26 0.52 0.23 0.07
Avg.-1 std. dev. 1.31 0.53 0.34 0.12 -
P4 Total Ortho Phesphate Avg.+1 std. dev. 12.94 6.64 2.10 0.97 -
Avg. 9.83 4,16 1.90 0.71 0.21
Avg.-1 std. dev. 6.71 1.68 1.70 0.45 -




I.A.2. RAW DATA




TABLE C-2

TR1-PHOS. WR' TWC STATEWIDE MONITORING NETWORK

03/27/91 kg) AND USGS WQ PARAMETERS

307-1000 (WITH USGS FLOWS)
PHOSPHOROUS

PERIOD OF RECORD: 1980 - 1989

P-1 p-2 P-3 P-4
DATE  TIME FLOW  PHOSPHOROUS PHOSPHOROUS PHOSPHOROUS —PHOSPHATE,
INSTAN- TOTAL DISSOLVED  ORTHO, ORTHO,
TANEOUS DISSOLVED  DISSOLVED

(cfs (MG/L AS P) (MG/L AS P) (MG/L AS P) (MG/L AS PO4)

* 01/09/80 11:40 560 4,4 3.9
* 02/12/80 16:30 4380 0.81 0.47
* 03/19/80 15:00 983 2.3 2
* 04/23/80 16: 50 815 2.6 2.1
* 05/13/80 15:15 1040 2.3 1.9
*  06/03/80 14:15 753 4.5 3.2
* 07/15/80 13:20 490 5.3 3,7
* 08/20/80 13:30 496 6 6
* 09/11/80 11;45 657 6.1 S.1
* 10/21/80 11: 50 1000 1.6 0.88
*  11/05/80 12:30 558 4 3.7
* 12/08/80 12:00 626 4.8 4.7
* /2/81 13:00 612 4.7 4.6
* 02/18/81 11:30 562 2.5 3.5
* 03/10/81 11:30 2700 2.9 1.5
* 04/13/81 15:00 641 4.3 4
*  05/07/81 09: 30 50% 2.4 2.3
* 06/10/81 13:30 21100 0.39 0.3
*  07/08/81 12:30 10500 0.25 0.18
*  08/10/81 13:30 562 3.6 3.4
*  09/08/81 16:10 727 1.3 1.2
* 11/09/81 14:45 35000 0.17 0.17
* 01/19/82 12:30 6320 0.32 0.28
= 03/02/82 12:40 9030 0.3 0.24
* (05/18/82 13:00 22000 0.19 0.05
* 06/22/82 13:3B 10400 0.29 0.13
*  08/03/82 12:30 7400 0.46 0.24
x 10/25/82 13:40 1100 2.4 2.6 2.4
* 01/18/83 12: 50 1320 1.8 i.6 1.3
* 03/01/83 12:10 3870 0.9 0.47 0.3
* 04/20/83 09: 10 951 1.9 1.8 1.2
* 06/07/83 12:15 2390 1.6 1.3 i
* 09/07/83 10:45 1045 1.1 ] 1.2
* 11/25/83 11:45 2940 2.3 1.4 1.4
* 01/10/84 12:00 813 3.6 3.5 3.8
* 03/27/84 11:40 10400 0.57 0.17 0.1
*  05/08/84 11:55 1060 0.92 0.9 0.87
* 06/19/84 14:50 654 3.3 3 0.89
= 09/17/84 13:00 566 4,5 4.4 4,2
* 10/17/84 15:20 1560 1.2 0.65 0.62
=  01/08/85 17:30 2270 1.7 1.4 1.2
* 02/13/85 14:30 1160 2.1 2 1.9
* 03/14/85 17:00 8860 0.8 0.4 0.3
x 06/25/85 19:00 1380 0.93 0.62 0.67
* 09/17/85 16: 30 2890 2.7 0.43 0.35



TABLE C-2

TRI-PHOS.WR? TWC STATEWIDE MONITORING NETWORK

03/27/91 kgt AND USGS WQ PARAMETERS

307-1000 (WITH USGS FLOWS)
PHOSPHOROUS

PERIOC OF RECCRD: 1980 - 1989

p-1 p-2 P-3 P-4

DATE  TIME FLOW  PHOSPHOROUS PHOSPHOROUS PHOSPHORDUS —PHOSPHATE,
INSTAN- TOTAL DISSOLVED QRTHO, ORTHO,

TANIOUS DISSOLVED  DISSOLVED

(cfs) (MG/L AS P) (MG/L AS P} (MG/L AS P) (MG/L AS PQ4)

* 11/13/85 08:00 1400 2.6 2.7 2.2 6.7
* 01/29/86 08:30 1440 3.3 3.2 3.2 8
* 04/15/86 10:15 6820 0.49 0.29 0.25 C.77
* 06/17/85 09:45 14300 0.21 0.16 0.15 C.46
* (7/22/86 10:00 126C 0.81 0.64 64 2
*  09/05,/86 09:45 2420 1.3 1.2 3.1 3.4
* 11/12/86 12:30 2030 3. 2.4 . 6.7
* 01/21/87 08:10 6420 0.62 0.42 0.37 1.1
* 04/14/87 10:00 3580 0.82 0.53 0.56 1.7
*  06/09/87 10:10 8450 0.52 0.3 0.26 s.8
x 07/14/87 10:15 2300 0.84 0.83 0.64 2
= (09/01/87 09: 50 750 2.4 2.5 2 6.1
* 11/03/87 11:00 635 4 4 3.9 12
* (11/05/88 10: 00 1310 1.9 1.6 1.3 4
* 03/29/88 10: 20 89s 2.9 2.9 2.5 7.7
* 06/07/88 12:10 1210 0.7% 0.74 0.68 2.1
* 07/12/88 12:30 946 2.8 2.5 2.3 2.1
* 08/07/88 10: 50 1060 0.89 0.84 0.77 2.4
* 11/16/88 10: 00 614 5 4,9 4.3 13
* 01/11/89 10:30 740 4.2 4.1 4,2 13
* 04/13/8% 10:00 4210 0.85 0.74 0.67 2.1
* 06/14/89 10:30 35800 0.11 0.09 0.07 .21
* 07/18/89 11:00 12200 0.7 0.17 0.14 0.43
* 08/29/89 11:00 1760 0.97 0.94 0.93 2.9

* WO data obtained from USGS WRD Reports



I.B.1. TOTAL PHOSPHOROUS



P1_QINT.WRI TABLE C-3
03/27/91 kg!
307-1000 STATISTICAL ANALYSIS OF
TOTAL PHOSPHORUS CONCENTRATIONS
IN TRINITY RIVER AT TRINIDAD

X y=1n(x})
DATE  STREAMFLOW TOTAL NATURAL LOG

PHOSPHORUS OF TOTAL
CONCENTRATION PHOSPHORUS

(mg/1)

(cfs) Tn(mg/1)
--07/15/80 490 5.3 1.668
08/20/80 496 6 1.792
11/05/80 558 4 1.386
01/09/80 560 4.4 1.482
02/18/81 562 2.5 0.916
08/10/81 562 3.6 1.281
08/17/84 566 4.5 1.504
01/21/81 612 4.7 1.548
11/16/88 614 5 1.609
12/08/80 626 4.8 1.569
11/03/87 635 4 1.386
04/13/81 641 4.3 1.459
06/19/84 554 3.3 1.194
0§/11/80 667 6.1 1.808
04/08/81 727 1.3 0.262
01/11/89 740 4.2 1.435
06/03/80 753 4.5 1.504
09/01/87 790 2.4 0.875
01/10/84 813 3.6 1,281
04/23/80 815 2.6 0.956
03/29/88 895 2.9 1.065
05/07/81 909 2.4 0.875
07/12/88 946 2.8 1.030
04/20/83 951 1.9 0.642
03/19/80 983 2.3 0.833
--10/21/83 1000 1.6 0.470
05/13/80 1040 2.3 0.833
03/07/83 1045 1.1 0.095
05/08/84 1060 0.92 -0.083
09/07/88 1060 0.89 -0.117
10/25/82 1100 2.4 0.875
02/13/85 1160 2.1 0.742
06/07/88 1210 0.79 -0.236
07/22/86 1260 0.81 -0.211
01/05/88 1310 1.9 0.642
01/18/83 1320 1.8 0.588
06/25/85 1380 0.93 -0.073
11/13/85 1400 2.6 0.956
01/29/86 1440 3.3 1.194
10/17/84 1560 1.2 0.182
08/29/89 1760 0.97 -