
UNITED STATES DEPARTMENT OF THE INTERIOR 
Ray Lyman Wilbur, Secretary 

GEOLOGICAL SURVEY 

W. C. Mendenhall, Director 

Water-Supply Paper 638 

CONTRIBUTIONS TO THE HYDROLOGY 
OF THE UNITED STATES 

1931 

NATHAN C. GROVER, Chief Hydraulic Engineer 

UNITED STATES 

GOVERNMENT PRINTING OFFICE 

WASHINGTON: 1932 

For sale by the Superintendent of Documents, Washington, D. C. - - - - - - - - - - 35 cente 





CONTENTS 
[The letters in parenthe.."es preceding the titles ar~ those used to designate the papers for advance 

publication] 

Page 
(A) A preliminary report on the artesian water supply of Memphis, Tenn., 

by F. G. Wells________ _____________________________________ _ 1 
(B) Water-power resources of the Rogue River drainage basin, Oregon, by 

B. E. Jones, Warren Oakey, and H. T. Stearns______ ____________ 35 
(C) Outline of methods for estimating ground-water supplies, by 0. E. 

Meinzer_______________________________________________ _____ 99 
(D) QualityofwateroftheColorado River in 1928-1930, byC.S.Howard_ 145 

Index------------------------------------------------------- - 159 

ILLUSTRATIONS 

Page 
PLATE 1. Map of Memphis, Tenn., showing location of wells_______ In pocket. 

2. Altitude of the water level in the Auction A venue "wet well" 
and the Central A venue well, pumpage of the Memphis Arte
sian Water Department from the Wilcox group, altitude of 
the Mississippi River at Memphis, and rainfall at Bolivar, 
Tenn_________________________________________________ 22 

3. Map of southwestern . Oregon showing developed and proposed 
power sites in the Rogue River Basin_____________________ 44 

4. Profile of the Rogue and Illinois Rivers showing location of dam 
sites------------------------------------------ - ------- 44 

5. A, Rogue River entering the canyon section 12 miles below 
Grants Pass; B, Rogue River 24 miles below Grants Pass____ 44 

6. A, Rogue River looking upstream from Howard Creek; B, 
Rogue River half a mile above Bunker Creek______________ 44 

7. A, Rogue River in sec. 13, T. 34 S., R. 8 W., half a mile below 
Almeda; B, Rogue River half a mile above Curry-Josephine 
countyline----------------~--------------------------- 44 

8. A, Canyon in volcanic ash near headwaters of Rogue River; B, 
CraterLake___________________________________________ 44 

9. A, Natural bridge formed by lava tube through which Rogue 
River flows; B, Canyon of Rogue River above Prospect_____ 44 

10. A, Rogue River above bridge at Prospect; B, Mill Creek Falls, 
RogueRiver______________________ ____________ _________ 44 

11. A, Mouth of Rogue River; B, Hamaker reservoir site, Rogue 
River-------------------------------------------- - ---- 52 

12. Plan, cross section, and area and capacity curves, Taylor 
Creek reservoir site, Rogue River Basin___________________ 60 

13. A, Lost Creek dam site, Rogue River Basin; B, Taylor Creek 
damsite, Rogue River Basin____________________________ 60 

14. A, Josephine Creek dam site for Kerby Reservoir, on Illinois 
River, Rogue River Basin; B, Hell Gate dam site, Rogue 
River Basin____________________________________________ 68 

m 



IV ILLUSTRATIONS 

Page 
PLATE 15. A, Lower end of Kerby reservoir site on Illinois River, Rogue 

River Basin; B, Dam site for reservoir on Applegate River, 
Rogue River Basin_______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 68 

16. A, Kerby dam site, Illinois River, Rogue Rjver Basin; B, 
Diversion dam of Prospect power plant, Rogue River Basin_ 68 

17. A, Raygold power plant, Rogue River Basin; B, Prospect 
power house No.2, Rogue River Basin__________________ 68 

18. A, Ashland power house, Rogue River Basin; B, Rapids on 
Rogue River above Gold HilL__________________________ 76 

19. A, Dam and pumping plant of Grants Pass Irrigation District 
at Savage Rapids, Rogue River; B, Butte Creek dam site, 
Rogue River Basin____________________________________ 76 

20. A, Ament Dam, Rogue River above Grants Pass; B, Rock 
Point Dam site, Rogue River Basin; C, Trail Creek dam site, 
Rogue River Basin_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 84 

21. A, Horseshoe Bend dam site, Rogue River Basin; B, Rogue 
River 2 miles above Mule Creek; C, Swing Bridge dam site, 
just below Grave Creek, Rogue River Basin______________ 84 

22. Plan, cross section, and area and capacity curves, Copper Can-
yon powersite, Rogue River Basin______________________ 84 

23. A, Rogue River below the mouth of Stairs Creek; B, Mule 
Creek Canyon, Rogue River, three-quarters of a mile above 
StaksCreek__________________________________________ 92 

24. A, Agricultural land in Rogue River Valley near Illahe; B, 
Illinois River at Fall Creek dam site ___________ --------- 92 

25. A, Copper Canyon dam site, Rogue River Basin; B, Rogue 
River from Trout Creek_______________________________ 92 

FHmRE 1. Log of well C--25 of the Memphis Artesian Water Department_ 13 
2. Average daily pumpage of Memphis Artesian Water Depart-

ment, 1897 to 1928___ __ _____ _ _ _ _ _ __ _ _ _ _ __ _ _ __ _ _ _ _ __ _ _ _ 21 

3. Monthly averages for the period May, 1927, to September, 
1929, of the altitude of the water level in the Auction 
A venue" wet well" and the Central A venue well, the pump
age of the Memphis Artesian Water Department from the 
Wilcox group, the altitude of the Mississippi River at 
Memphis, and the rainfall at Bolivar, Tenn______________ 24 

. 4. Rise of water level in the Auction A venue "wet well" with rise 
in the Mississippi River notwithstanding increase in pump-
ing from the Wilcox group_____________________________ 26 

5. Rate of rise of water level on shutting down pumps at the 
Auction Avenue station on October 25, 1891, and March 6, 
1898________________________________________________ 27 

6. Profiles of pressure-indicating surface in 1898, 1902, and 1928_ 31 
7. Profiles of pressure-indicating surface in 1914 and 1928____ __ 32 
8. Plan, cross section, and area and capacity curves, Hamaker 

reservoir site, Rogue River Basin_______________________ 59 
9. Plan, cross section, and area and capacity curves, Lost Creek 

reservoir site, Rogue River Basin_______________________ 61 
10. Plan, cross section, and area and capacity curves, Applegate 

. reservoir site, Rogue River Basin_______________________ 63 
11. Plan, cross section, and area and capacity curves, Josephine 

Creek dam site and Kerby reservoir site, Rogue River Basin 65 
12. Plan, Butte Creek dam site. Rogue River Basin____________ 78 



lLL USTRATIONS v 

Page 

FIGURE 13. Plan and cross section, Trail Creek dam site, Rogt:e River 
Basin_______________________________________________ 80 

14. Plan, cross section, and area and capacity curves, Horseshoe 
Bend power site, Rogue River Basin______________ _____ 87 

15. Plan, cross section, and area and capacity curves, Stairs 
Creek power site, Rogue River Basin___________________ 89 

16. Plan, cross section, and area and capacity curves, Fall Creek 
power site, Rogue River Basin_________________________ 93 

17. Plan, Collier Bar dam site, Rogue River Basin ___ .:_ _________ 96 
18. Map of the Colorado River drainage basin, showing sam-

pling points_________________ ________________________ 146 
19. Average daily load of dissolved matter carried by the Colo-

rado River and its principal tributaries_________________ 149 





QUALITY OF WATER OF THE COLORADO RIVER IN 1928-1930 

By C. S. HowARD 

SAMPLES 

This report gives the results obtained in the continuation of a 
study of the Colorado River begun in 1925.1 The analyses represent 
composites of daily samples collected by the observers at the gaging 
stations on the Colorado River at Cisco, Utah, and Lees Ferry and 
Grand Canyon, Ariz.; on the Green River at Green River, Utah; 
and on the San Juan River near Bluff, Utah. Analyses are given 
for samples collected about once a month from the Williams River at 
Planet, Ariz. The Arizona stations are operated under the direction 
of W. E. Dickinson, district engineer of the Geological Survey at 
Tucson, Ariz., and the Utah stations under the direction of A. B. 
Purton, district engineer of the Geological Survey at Salt Lake City, 
Utah. The average discharges given in Table 3 were calculated from 
data furnished by these district engineers. Complete discharge . 
data for this period will be published in the regular series of water
supply papers. 

The samples were collected at Cisco by Dan Granell, A. J. Clark, 
and B. M. Tanner; at Lees Ferry by 0. R. Clark, J. S. Gatewood, and 
M. B. Scott; at Grand Canyon by Charles Wells, D. H. Barber, and 
D. D. Lewis; at Green River by H. T. Howland and F. N. Hansen; 
on the San Juan River by J. A. Allis, N.D. Nevills, and J. E. Ring
wood; and on the Williams River by H. S. Leak. The points at which 
samples were taken are shown in Figure 18. 

All the samples were collected in 4-ounce bottles and were sent to 
the laboratory in Washington for analysis. As a rule a single bottle 
was filled each day. It is believed .that the samples truly represented 
the river as to its content of dissolved mineral matter. 

METHODS OF ANALYSIS 

The analyses were made by the methods regularly used in the 
United States @eological Survey.2 The 4-ounce samples were allowed 

t Collins, W. D., and Howard, -c. S., Quality of water of Colorado River in 1925-26: U.S. Geol. Survey 
Water-Supply Paper 596, pp. 33-43, 1928. Howard, C. S., Quality of water of the Colorado River in 1926-
1928: U.S. Geol. Survey Water-Supply Paper 636, pp. 1-14, 1929. 

2 Collins, W. D., Notes on practical water analysis: U.s, Qool. Survey Water-Supply Paper 496, pp, 
235-261, 1928. 

145 
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to stand in the laboratory until the suspended matter settled, leaving 
the liquid above apparently free from even traces of silt. The clear 
liquid was drawn off through a siphon without disturbing the sediment 
and was collected in flasks to make three composite samples each 
month. 

For most of the samples the weight of the suspended material in 
each bottle was determined. The suspended matter was washed into 
an evaporating dish with distilled water and dried on a steam bath. 

I D A H 0 

NEVADA U 

·,, ·,, ·,, ·,, 
CALIF. 

c 0 

FIGURE 18.-Map of the Colorado River drainage basin, showing 
sampling points 

Correction was made for the weight of the soluble salts in the original 
water (usually 5 to 8 cubic centimeters) transferred to the evaporating 
dish with the suspended matter: The quantities of suspended matter 
reported for composite samples are averages of the determinations 
for the daily samples. · 

COMPOSITION:1. 0F WATER OF COLORADO RIVER AND 
TRIBUTARIES 

Table 3 gives analyses of samples collected from the Colorado 
River and some of its tributaries during the period of two years. 
The dates show the number of daily samples in each composite. The 
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plan was to have a single bottle filled each day except for the Williams 
River, for which a set of eight bottles was filled about once a month. 
Some of the samples were lost in transit, and a few that contained 
hydrogen sulphide when received were rejected. 

The results for dissolved solids are sums of the constituents deter
mined, with the bicarbonate divided by 2.03 to obtain the equivalent 
carbonate~ The total hardness is the calcium carbonate equivalent 
to the calcium and magnesium together. The noncarbonate hardness 
is the total hardness minus the quantity of calcium carbonate equiva
lent to the bicarbonate. The mean discharge is that for the period 
represented by each composite analysis. The quantity of dissolved 
solids in tons per day is obtained by multiplying the dissolved solids 
in parts per million by the discharge in second-feet and t.he facror 
0.002697. 

The average of the 36 analyses for a year at each of the stations 
is given in the table as Nos. 37, 75, 113, 11h, 189, and 227. These 
analyses represent accurately the compositioh of water that would be 
contained in -a vessel or reservoir that had received equal quantities 
of water from the river each day for the sanp.pling period. 

The weighted averages for each station are given as NOS. 38, 76, 
114, 152, 190, and .228. The quantities of tfte individual constituents 
in each analysis were multiplied by the meal discharge for the period 
represented by the analysis, and the sum of the 36 products for each 
constituent was divided by the sum of the discharges to obtain the 
weighted averages. These analyses represent approximately the com
position of water that would be found in f reservoir containing all 
the water passing the given station during i'the year, after thorough 
mixing in the reser:voir. Because the composite samples for analysis 
were made from equal daily samples, the analyses themselves do not 
represent accurately the water that wouldl be found in a reservoir 
containing the whole flow of the river cdvered by the individual 
analyses. The error due to this effect is n4t great, but its tendency 
is to make the weig. hted average show morf dissolved material than 
would be found in the water of a reservoir f toring the whole flow of 
the river for a year. The weighted averag1 shows less concentrated 
water than that represented by the aver, ge of the 36 individual 
analyses, because at times of high discharge the rivers carry the 
smallest amount of dissolved solids in parts per million. 
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TABLE 1.-Weighted averages of analyses from Colorado River and certain tribu
taries for the year ending September 30, 1930 

[Analytical results in parts per million] 

Green San Juan 
River River at 

at Green Goodridge, 
1{/~e~, Utah 

Silica (Si02) ---- - ----- - --------- -- - -- - - --- - --- 14 16 
Iron (Fe) ________ ___ --- - -- ___ ____ ________ c ____ .12 .10 
Calcium (Ca) __ ------- - ---------------------- 59 75 
Magnesium (Mg) __ --- - ---------------------- 23 17 Sodium (Na) __________________________ _______ 56 50 
Potassium (K) _______________________________ 3.8 3. 5 
Bicarbonate (HCOa) __ ------------------ _____ 179 159 

~~fo~rJ: [~8~~======================= = == = ==== 
177 214 

26 11 
Nitrate (NO a) ______ -------------------------- 1. 2 1. 7 
Residue on evaporation ________________ _____ __ 464 483 
Hardness as CaCOa (calculated): TotaL ________________________ ___ _________ 240 257 

• Noncarbonate_ --------------------------- 93 127 
Mean discharge __________________ second-feet__ 6, 290 2,380 
Dissolved solids ________________ tons per day __ 7, 630 2,990 

Colorado 
River at 

Cisco, 
Utah 

14 
.14 

73 
28 
80 
4.4 

156 
254 
55 
6.1 

619 

298 
169 

8, 420 
13, 500 

Colorado Colorado 
River at ~;:~~t 

Lees Ferry, Canyon, 
Ariz. Ariz. 

15 16 
.17 . 11 

76 81 
25 26 
74 85 

4. 3 5.0 
167 184 
247 252 
44 62 

2. 5 3. 4 
597 645 

295 311 
157 160 

18,000 18, 500 
27,800 31,100 

The weighted averages for the different stations given in Table I 
show a general similarity in composition of the waters at the different 
stations. The increase of about 50 parts per million of dissolved 
material shown for the Colorado River between Lees Ferry and Grand 
Canyon is made up largely of sodium, chloride, and bicarbonate. 

The quantity of dissolved solids carried by the Qolorado River at 
Lees Ferry is slightly greater than the sum of the quantities carried 
by the three tributaries above Lees Ferry. This difference is shown 
graphically in Figure 19, where the quantities of each constituent are 
represented in ton equivalents of the average daily load. 

Weighted averages for the Grand Canyon station for each of the 
five years and for the whole period are given in Table 2. It will be 
seen that the average daily load of dissolved solids is not directly 
related to the mean discharge and that the maximum and minimum 
results for the average residue on evaporation do not occur in the 
same years as the maximum and minimum discharge. 

TABLE 2.-Weighted averages of analyses from Colorado River at Grand Canyon/or 
the five years ending September 30, 1930 

[Analytical results in parts per million] 

Oct. 9, 1925, Oct. 1, 1926, Oct. 1, 1927, Oct. 1, 1928, Oct. 1, 1929, 5-year 
to Sept. to Sept. to Sept. to Sept. to Sept. period 
30, 1926 30,1927 30, 1928' 30, 1929 30, 1930 1925-1930 

Silica (Si02)--------------------- 19 17 17 18 16 17 Iron (Fe) ________________________ . 31 .24 .15 .23 .11 22 
Calcium (Ca) __ ----------------- 66 77 66 74 81 73 Magnesium (Mg) _______________ 21 22 22 23 26 23 Sodium (Na) ____________________ 75 77 65 73 85 74 
Potassium (K) __________________ 5. 7 5. 5 4. 3 6. 2 5. 0 5.4 
Bicarbonate (HCOa) ------------ 159 162 162 164 184 165 
Sulfchate (SO•) ----- - ______ ------ 201 235 187 229 252 220 Ch oride (Cl) ___________________ 56 53 48 48 62 53 
Nitrate (NOa) __________________ 1.6 2.4 2. 4 2. 5 3. 4 2. 4 
Residue on evaporation _________ 546 586 509 579 645 571 
Hardness as CaCOa (calculated) : 

TotaL __ -~------- ___ -------- 251 285 254 281 311 274 
N oncarbonate _______________ 121 152 121 146 160 139 

Mean discharge ____ second-feet__ 19,900 23,800 22,200 26,800 18,500 21,800 
Dissolved solids .. tons per day __ 28,100 36,600 29,400 40,100 31, 100 33,100 
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The llllalyses for the Williams River shoj bicarbonate as the prin
cipal acid constituent; in the Colorado, Green, and San Juan Rivers 
sulphate is the principal acid constituent. The discharge of the 
Williams River is so small that the chemical composition of the Colo
rado River at Yuma below the Williams is practically the same as at 
Topock, which is above the Williams.3 

500 
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t
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FIGURE 19.-Average daily load of dissolved matter carried by the Colorado River and its principal 
tributaries 

UTILIZATION OF THE WATER OF COLORADO RIVER AND 
ITS TRIBUTARIES 

The water of the Colorado River and its tributaries is nearly always 
turbid but when clarified is satisfactory for drinking. The water is 
suitable for all ordinary domestic uses but is harder than is usually 

a Howard, C. S., Quality of water of the Colorado River iu1926-1928: U.S. Geol. Survey Water-Supply 
Paper 636, pp. 4-5, Table 2, 1930. 
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considered satisfactory for public supplies. · Water from the Green 
River at Green River, Utah, and fro'm the Colorado River at Cisco, 
Utah, is used in locomotives after treatment. 

The usefulness of the water of the Colorado and its tributaries for 
irrigation is wholly dependent on the drainage of the irrigated land. 
With good drainage and liberal use of the water no trouble should be 
experienced from the ordinary constituents of the water. Without 
adequate drainage the soil may be seriously damaged. 

SUSPENDED MATTER 

The figures for suspended matter given:in the table of analy$es are 
accurate for the samples received. The samples, however, were 
taken at convenient sampling points and do not represent accurately 
the quantity of suspended matter' being carried by th~ river. Other 
samples collected for a study of ,the silt problem indicate that the 
quantities reported in this table are probably low, but the determina
tions are of value in indicating the quantities carried on days when 
regular silt samples were not taken. 

Results have been reported 4 for the quantity of suspended matter 
carried by the Colorado River in 1925-1928. They were computed 
from weighted averages of results for samples collected several times 
a week solely for measurement of the silt content. In order to obtain 
more accurate figures daily loads have been calculated for each day 
during the period 1926-1930. For days when silt samples were col
lected the results of their examination were used to calculate the load. 
For the other days the load of suspended matter was estimated from 
consideration of the suspended matter in the samples collected for 
analysis -of the mineral content, together with discharge data for the 
period. This method gives results for the annual loads that are some
what lower than those previously :reported.5 The weighted average 
load of suspended matter carried past the Grand Canyon station 
in the year ending September 30, ~926, was 225,000,000 tons. The 
sums of the daily, loads for each succeeding year were 396,000,000, 
172,000,000, 480,000,000, and 236,000,000 tons respectively. 

' Howard, C. S., Suspended matter in the Colorado River in 1925:-1928: U. S. Geol.-Survey Water~Supply 
Paper 636, pp. 15-44, 1930. · 

6 Idem, p. 24. 



ANALYSES 

TABLE 3.-Analyses of water from Colorado River and certain tributaries 

[0. S. Howard, S. K. Love, W. L. Lamar, K. T. Williams, and T. Judson, analysts. Analytical results in parts per million] 

Colorado River at Grand Canyon, Ariz. 

Hardness as 
OaOOa (cal-

Sus- Resi- Cal- Mag- . So- Potas- Bicar- Sui- Ohio- Ni- Dis- culated) 
due on Silica Iron No. Date of collection Analyst pended evapo- (SiOz) (Fe) cium nesium dium sium bonate phate ride trate solved 

matter ration (Oa) (Mg) (Na) (K) (HOOa) (S04) (01) (NO a) solids Non-.. Total carbon-
ate 

-- ·--------- ----c ------------------
1928 

1 Oct. 1-5, 8-10 _____________ S. K. L. __________ 2,070 1,398 18 0.06 142 59 209 6.6 215 612 164 16 1, 333 597 421 2 Oct. 11-20. __ -- --- ----- - __ ____ .do ____ ----- -- 20,000 1, 586 15 .07 208 56 196 7. 7 206 798 128 5.4 1, 516 750 581 3 Oct. 21-3L __ ------------- ___ _ .do ___ :. ________ 8,800 1, 253 16 . 07 151 45 166 9. 6 198 585 112 5.5 1,188 562 400 4 Nov. 1-10_. ____ __ ________ _ _____ do ____________ 10,100 1,103 16 . 06 125 41 159 8.3 201 494 109 7.2 1,059 481 316 5 Nov. 11-20 ________________ ____ .do ____________ 2,600 1,134 20 .09 121 46 173 5.1 216 492 121 10 1,095 491 314 
6 Nov. 21-30 ________________ ____ .do ____________ 1,660 1, 091 18 .08 112 45 168 5.4 219 453 124 8.3 1,042 464 285 
7 Dec. 1, 3-10 _______________ ____ .do ______ ------ L, 230 1,090 15 .07 111 48 170 5.0 222 443 . 136 8.6 1,046 474 292 
8 Dec. 11-20 ________________ ____ .do ______ ------ 770 1,142 16 .07 112 50 182 5.1 235 452 153 7.5 1, 093 485 293 
9 Dec. 21-31. ___________ ____ _____ do __ __ ------- 320 1, 416 18 .05 134 59 235 5.9 276 533 220 13 1,354 577 351 

1929 
10 Jan. 1-2, 4-10 _____________ _____ do.~ : _------- 480 1, 326 18 .06 131 57 210 5.6 276 500 190 12 1,260 561 335 11 Jan. 11-17 _________________ __ ___ do. ___ ------- 230 1, 251 18 .06 125 54 197 5.0 279 452 184 11 1,183 534 305 12 Jan. 21-22, 24-31.--------- _____ do. ___ ------- 460 1,154 22 .12 114 50 186 4.3 250 429 167 12 1,108 490 285 
13 Feb. 1-10----------------- ____ .do ____________ 

1,090 1,063 20 .12 108 46 161 4. 3 233 391 150 12 1,007 459 268 
14 Feb. 11-19.--------------- _____ do. ___ ------- 610 1,100 19 .08 108 45 175 4.3 227 403 165 11 1,049 454 269 
15 Feb. 2~28 ________________ _____ do. ___ ------- 570 1,166 20 .10 113 49 181 4.5 238 434 165 13 1,097 483 288 
16 Mar. 1-10 _________________ .. ____ do ____________ 1, 790 1,090 12 .14 107 46 175 3. 5 224 413 158 10 1,035 456 273 
17 Mar. 11-20 ________________ ____ .do ____________ 20,600 900 11 .20 104 33 125 6.1 190 392 79 9.0 853 395 240 
18 Mar. 21-31. _______________ 0. S. H __________ 6, 900 856 15 .13 98 32 126 6.4 200 341 88 5. 2 810 376 212 
19 Apr. 1-10·-----"---------- _~ ___ do ____________ 16,700 698 13 .13 89 25 95 5.3 193 265 70 2.1 660 325 167 
20 Apr. 11-20.------- -------- T. J. _____________ 8, 700 581 14 .10 71 24 78 6.1 182 218 56 2. 7 560 276 127 
21 Apr. 21-30_ --------------- S. K. L __________ 9,000 466 18 .16 59 20 59 7. 7 172 162 36 .40 447 230 89 22 May 1-10 _________________ ____ _ do _________ ___ 5,400 463 14 .10 58 21 53 5.0 172 160 38 2. 9 43'/ 231 90 
23 May 11-20 ________________ S. K. L.,O.S.H. 7,100 332 12 . 31 48 16 37 6.6 155 102 22 1.2 322 186 59 24 May 22-31. _______________ ____ ~do ______ -- --- _ 9, 400 272 11 . 33 42 13 27 4.6 136 77 15 1.8 259 158 47 
25 June 1-10 _________________ 0. S. H.--------- 5, 400 270 17 .12 42 12 27 5.6 132 77 14 1.3 261 154 46 
26 June 11, 13-20 _____________ _____ do _________ ___ 3, 500 230 14 .18 36 12 20 7.0 117 63 15 1.2 226 139 43 
27 June 21-30 ___ _____________ __ --.do.~-------- __ 2,090 249 13 .29 40 12 23 4.5 125 72 18 . 78 245 149 47 
28 July 1-10. _ --------------- _____ do. ___ --·---- 1,530 289 22 .24 42 13 31 3.5 . 121 86 23 l.O 281 158 59 

Mean 
dis-

charge 
(second-

feet) 

---· 

6, 200 
14,000 
9,160 

11,900 
9, 250 
8, 550 
8, 380 
5, 740 
3, 940 

5, 770 
5,120 
6,120 
7, 360 
5,630 
6,430 
8, 280 

23,700 
14,500 
29,200 
23,500 
36,500 
31,700 
62,900 
92,800 
84,100 
86,400 
67,700 
45,600 
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TABLE a.-Analyses of water from Colorado River and certain tributaries-Continued 

Colorado River at Grand Canyon, Arlz.-Continued 

I 
Sus- Resi- Cal- Mag- So- Potas- Bicar- Sui- Ohio- Ni- Dis-

No. Date of collection Analyst pended due on Silica Iron cium nesium dium sium bonate phate ride trate solved evapo- (Si02) (Fe) matter ration ·(Ca) (Mg) (Na) (K) (HCOa) (S04) (01) (NO a) solids 

--------------------------
1929 

29 July 11-20. _ -------------- C. S. H __________ 3,500 426 22 0.60 61 18 48 5.6 147 151 37 0.21 416 
30 July 21-3L _______________ ____ .do ____________ 24,000 658 17 . 51 80 23 91 8.5 164 272 61 .18 634 
31 Aug. 1-3, 5, 6, 9, 10 ________ ____ .do ____________ 51,000 1,014 39 .37 142 35 104 14 202 503 43 1.1 981 
32 Aug. 11-13, 11~-20 __________ _ ---.do ____________ 26,000 747 20 .23 96 23 102 4.5 186 327 44 .80 709 
33 Aug. 21-3L ______________ ____ .do ____________ 4,100 710 18 .17 96 26 95 3.4 178 291 68 1.2 686 
34 Sept. 1, 2, 4-10_ -----------

_____ do ____________ 33,000 911 37 .05 119 35 107 8.3 194 426 66 .60 895 
35 Sept. 11-20 ________________ S. K. L __________ 14,400 814 20 .30 106 29 94 5.3 175 368 50 1.6 760 
36 Sept. 21, 23-30_ -----------

___ •• do ____________ 35,000 805 22 .38 104 26 99 5. 3 191 354 50 1.3 756 
----------------- ------ ----

37 Average of analyses 
1-36 __________ ------ ------------------- 9, 400 863 18 .17 99 35 122 5.9 196 350 93 5.5 824 

38 Weighted average of 
analyses 1-36 .. _____ ------------------- 11,900 579 18 .23 74 23 73 6.2 164 229 48 2.5 555 

Colorado River near Cisco, Utah 

1929 
39 Oct. 1-3, 5-10 _____________ S. K. L. _______ ___ 350 789 14 0.06 82 38 98 4.8 160 340 61 6. 5 723 
40 Oct. 11-15, 17-20 __ -------- ____ ~do ____________ 1,490 839 16 .19 90 39 103 3.8 167 364 62 6.5 767 
41 Oct. 21-3L _______________ _____ do . .: ___ ______ _ 350 945 16 .08 95 49 127 3. 7 185 423 82 11 898 
42 Nov. 1-10 __ _______________ _____ do ____________ 114 1,013 14 .08 100 50 135 3. 2 192 445 85 12 939 
43 Nov.ll-20 ________________ ____ .do ____________ 121 1,081 13 .06 106 51 152 6.6 207 463 104 10 1,008 
44 Nov. 21-30.---------- - ---- ~ ____ do _____ _ ------ 94 1,071 15 .08 109 52 151 5.0 219 461 104 13 1, 018 
45 Dec. 1-10 ______ ___________ ____ .do ____________ 163 1,075 15 .06 107 52 155 5. 1 215 468 107 14 1,029 
46 Dec. 11-12, 16-20 _______ __ _ ____ .do ____________ 53 1,074 14 .08 109 50 159 5.3 215 469 110 13 1, 035 
47 Dec. 21-3L _______________ ___ _ .do ____________ 97 1, 386 14 .08 127 61 215 6. 1 246 544 180 16 1, 284 

1930 
48 Jan. 1-10 ________ ____ ______ W. L. L __________ 135 1, 242 13 .07 115 56 186 7. 0 226 498 152 12 1, 150 
49 Jan. 11-13, 18--20 ____ ______ _____ do ____________ 152 1, 277 17 .07 118 60 193 9.3 227 525 ·156 13 1, 203 
50 Jan. 21-3L ________________ ____ . do ___ ___ ___ ___ 112 1, 263 14 .08 116 56 189 7.4 228 493 151 14 1,153 
61 Feb. 1-10 _________________ _____ do ____________ 880 1, 137 15 .09 105 51 168 6.4 213 447 134 12 1, 043 

Hardness as 
CaCOa (cal-

culated) 

Non-
Total carbon-

ate 

-----

226 106 
294 160 
498 333 
334 182 
347 201 
441 282 
384 241 
367 220 

-----
389 229 

281 146 

361 230 
385 248 
438 287 
455 298 
474 305 
486 306 
481 305 
478 301 
568 366 

517 332 
541 355 
520 333 
472 297 

Mean 
dis-

charge 
(second 

feet) 

---

26,800 
31,200 
51,900 
33,600 
13,700 
26,400 
25,900 
33,200 
---
--------
26,800 

7, 310 
7, 240 
5, 250 
5, 090 
4, 610 
4,120 
8,920 
8,570 
2, 760 

2, 720 
2,400 
1, 990 
3, 390 

Dis-
solved 
solids 
(tons 
per 

day) 

--

30,100 
53,300 

137,000 
64,200 
25,400 
63,700 
53,100 
67,700 
--
-------
40,100 

14,300 
15,000 
12,700 
12,900 
12,500 
11,300 
10,900 
9,970 
9,560 

7, 790 
8,440 
6,190 
9, 540 
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52 Feb. 11-19 ________________ ____ .do ____________ 450 1, 092 13 .04 100 50 172 6. 7 
53 Feb. 2Q--28 ________________ ____ .do __ __________ 1,320 1, 131 10 . 05 101 52 178 6.1 
54 Mar. 1-10 _________________ ____ .do ____________ 740 1, 202 10 . 05 111 53 191 6. 7 
55 Mar. 11-20 ________________ ____ .do ____________ 3,000 1, 122 10 .11 102 52 174 3.5 
56 Mar. 21-3L _______________ ____ .do ____________ 215 1, 017 6.4 .05 99 46 153 8.2 
57 Apr. 1-8, 10 _______________ ____ .do ____________ 1, 380 897 13 .08 89 41 130 6.6 
.58 Apr. 11-20 ________________ ____ .do ____________ 3,100 347 13 .08 54 15 35 5.6 
59 Apr. 21-30.--------------- ____ .do ____________ 2, 490 331 13 .09 51 14 35 5.6 
60 May 1-10 _________________ -- --.do ____________ 1, 430 340 13 .09 48 15 37 4.6 
61 May 11-20 ________________ _____ do ____________ 

950 508 14 .06 61 23 63 5.0 
62 May 21-3L _______________ 0. S. H _____ _____ 2, 900 336 17 .38 49 17 30 4.0 
63 June 1-10 _________________ 

K. T. W --------- 1, 380 278 14 .40 41 13 28 3.0 
64 June 11-20 __________ ______ _ ---.do ____________ 1,020 257 11 .08 43 11 25 2.4 
65 June 21-30 ________________ _ ---.do ____________ 780 360 11 .08 53 16 41 2.6 
66 July 1-3, 5--10 _____________ ____ .do ____________ 350 563 13 .02 63 25 78 3.5 
6.7 July 11-20 ________________ - ____ do _______ _____ 3,800 785 15 • 12 91 34 105 4.8 
68 July 21-23, 25--3L _________ ____ .do ____________ 1,800 853 13 .06 98 38 110 3.8 
69 Aug. 1-JO _________________ --- .. do ____ __ ______ 14,000 875 20 .20 114 34 107 5.1 
70 Aug.11-20 ________________ _ _ _ __ clo ___________ _ 13,800 784 14 .10 114 32 91 4. 6 
71 Aug. 21-3L ____________ __ _____ do ____________ 820 905 14 .06 98 43 130 4.0 
72 Sept. 2--6, 8-10------------ -- ___ do ____________ 1,330 1,296 14 .06 128 59 204 5.1 
73 Sept.11-20. ___ ----------- _____ do ••• ~-- ______ 33 1,332 14 .06 134 64 193 4.8 
74 Sept. 21--30----------------

_____ do ____________ 3,800 1, 531 15 .08 1.58 68 225 4.2 

75 Average of analyses 
39--74__ ____ ---------- ------------------- 1,800 898 14 .10 94 41 127 5.1 

76 Weighted average of 
analyses 39--74 ______ -------------------1 2,320 619 14 .14 73 28 80 4.4 

Colorado River at Lees Ferry, Ariz. 

1929 
77 Oct. 1-10 _________________ S. K. L __________ 3, 500 615 12 0.07 79 26 73 4.3 
78 Oct. 11-20. __ -------------

_____ do ____________ 3,000 714 12 .06 85 31 89 3. 5 
79 Oct. 21-3L _______________ _____ do ____________ 2, 240 760 11 .06 89 34 98 3.4 
80 Nov. 1-10 _________________ _____ do ____________ 1, 020 864 9.6 .10 96 38 108 6. 7 
81 Nov. 11-20 ________________ _____ do ____________ 920 903 12 .18 97 41 119 5.4 
82 Nov. 21-30 ________________ _____ do ____________ 700 954 12 .20 103 44 127 5. 9 
83 Dec. 1-10-----------------

_____ do ____________ 
750 1,014 14 .12 108 47 134 8.2 

84 Dec. 11-20 ________________ ____ .do ____________ 600 982 14 .13 103 45 133 5.1 
;85 Dec. 21-3L _______________ _____ do •••••• - ----- 350 966 14 .12 100 45 136 4.6 

1930 
'86 Jan. 1-10------------------ W. L. L---------- 280 1,174 10 .08 123 52 167 8.8 
87 Jan. 11-20-----------------

___ .• do ____________ 214 1, 076 10 .10 113 48 156 8.2 
88 Jan. 21-3L ________________ _____ do ____________ 194 1, 18.'5 9.0 .09 125 53 174 8.2 
89 Feb. 1-10. ______ ---------- _____ do ____________ 

590 1, 087 11 .06 113 47 1.'58 3.2 
90 Feb. 11-19 ________________ _____ do ____________ 1,120 931 7.0 .07 101 41 130 3.2 

a Includes equivalent of small quantity of carbonate (CO a). 

201 473 122 11 1, 047 
202 509 109 10 1, 075 
214 521 140 10 1, 148 

4 208 472 133 11 1, 060 
205 407 123 9.1 953 
200 348 106 8. 2 840 
160 109 24 4.1 339 
140 116 25 3. 0 332 
128 114 28 3. 4 326 
140 201 45 5.6 487 
130 113 23 2.4 320 
104 100 20 2.4 273 
118 84 17 2.1 254 
124 136 27 3.6 351 
127 233 59 6.5 544 
159 346 72 8.0 754 
174 378 70 9. 0 806 
186 405 56 3. 9 837 
204 361 48 3.1 768 
177 414 84 11 885 
196 598 147 21 1, 273 
194 653 119 20 1, 297 
222 743 138 26 1, 487 

184 383 90 9.6 853 

156 254 55 6.1 593 

160 272 31 4.0 580 
171 312 46 5.2 668 
174 334 56 5.2 716 
195 363 69 5.8 792 
200 381 76 6. 2 836 
211 401 86 5. 5 888 
220 428 96 8. 2 952 
217 403 95 7.8 913 
220 392 100 7.5 908 

249 478 135 10 1,107 
242 430 126 8.8 1, 019 
262 472 138 8.3 1,117 
245 43.'5 127 8.3 1,023 
215 381 100 6. 7 876 

455 290 
466 300 
495 320 
468 298 
436 268 
391 227 
196 65 
185 70 
182 77 
247 132 
192 86 
156 71 
153 56 
198 96 
260 156 
367 237 
401 258 
424 272 
416 249 
421 276 
562 401 
597 439 
674 492 

403 253 

298 169 

304 173 
340 199 
362 219 
396 236 
411 247 
438 265 
463 282 
442 264 
434 254 

521 317 
479 281 
530 315 
475 274 
421 244 

3,800 
4,010 
3, 230 
3, 290 
3, 350 
7, 320 

18,600 
20,400 
16,400 
10,800 
22,600 
29,100 
30,500 
18,500 

7, 530 
6,830 
6, 890 
9, 760 

11,500 
4, 720 
3,480 
3,220 
3,450 

--------
8,420 

17,300 
15,700 
12,200 
10,200 
9,820 
8, 090 
7,870 
8, 000 
5,550 

5, 340 
5,400 
3. 740 
6;360 
8,040 

10,700 
11,600 
10,000 
9,410 
8,610 

16,600 
17,100 
18,300 
14,400 
14,200 
19,500 
21,400 
20,900 
17,500 
11,000 
13,900 
15,000 
22,000 
23,800 
11,300 
11,900 
11, 3()() 

_!3,800 

-------
13,500 

27,100 
28,300 
23,600 
21,800 
22,100 
19,400 
20,200 
19,700 
13,600 

15,900 
14,800 
11,200 
17,500 
19,000 
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TABLE 3.-Analyses of water from Colorado River and certain tributaries-Continued 

Colorado River at Lees Ferry, Ariz.-Continued 

Hardness as 
. CaCOa (cal- Mean Dis-

Sus- Resi- . . Cal- Mag- So- Potas- Bicar- Sui- Chlo- Ni- Dis- culated) dis- so~yed 
No. Date of collection Analyst pended ~~:~~ rMloa) ~~0e) cium nesium dium sium bonate pha te ride trate solved charge (¥~:1: 

m atter ration- 2 (Ca) (Mg) (Na) (K) (HCOa) (S04) (Cl) (NOa) solids Non- (second- per 
Total carbon- feet) day) . 

ate 

--- ---·---- ----- ----------- --1- ------- -----

lll30 
91 Feb. 20-28 .•. ------- - ----- W. L. L_________ 2, 600 960 7. 0 0. 07 105 40 135 4. 8 205 418 92 6. 7 910 426 258 11,900 29,200 
92 Mar. 1-10 ............ . .. . . . ..... do______ ______ 1, 700 938 9. 8 .10 95 41 137 6. 6 205 402 90 4.1 887 406 238 9, 610 23,000 
93 Mar. 11-20 ________________ .... . do____________ 1, 040 983 4. 4 . 05 99 43 142 6. 9 210 405 105 5.1 914 424 252 8, 190 20,200 
94 Mar. 21-3L ___________________ do___________ _ 1, 770 912 10 .06 93 41 121 9.1 206 373 90 4. 5 849 401 232 9, 900 22,700 
95 Apr. 1-10.-------------- -- .... .do____________ 1, 520 797 8. 6 . 06 84 36 110 6. 4 198 · 323 78 3. 5 747 358 195 10, 100 20,300 
96 Apr. 11-12, 14--20__________ C. S. H.--------- 6, 900 492 24 • 41 63 23 66 3. 5 180 176 41 • 54 486 252 104 37, 500 49, 200 
97 Apr. 21-30 ____________ _________ do ____________ 4,400 349 19 .17 52 18 38 4.6 161 115 24 .48 351 204 72 38,300 36,000 
98 May 1-10----------------- K. T. W --------- 3, 300 304 16 • 24 47 14 32 3. 5 145 97 20 1. 2 302 175 56 38,300 31,200 
99 May 11-20 _______ ___ ______ ..... dO------------ 1, ?60 375 14 . 08 53 18 42 3. 8 150 133 28 2. 2 368 206 83 24,200 24,000 

100 May 21-:31. ____________________ do_______ ____ _ 2, 030 383 14 .14 53 18 46 3. 7 149 142 29 1. 8 381 ·206 84 33,800 34, 709 
101 June 1-10 _______________ _______ do____________ 4, 900 294 15 . 10 48 13 29 2. 9 139 96 16 • 60 289 173 59 56,800 44, 300 
102 June 11-20 ________________ _____ do____________ 330 261 14 .16 41 12 26 2. 7 121 84 16 1.0 256 152 52 57,500 39,700 
103 Juno 21--30 ____ ____________ ____ .do___________ 2, 500 317 18 . 21 47 14 34 3. 2 129 115 20 • 55 315 175 69 40,300 34,200 
104 July 1-10. _ --------------- _____ do____ __ __ __ __ 530 374 13 • 12 51 17 44 3. 4 130 138 32 2. 0 365 197 91 18,300 18,000 
105 July 11-20 ___ _______ ____ __ ..... do ____________ 9,300 645 19 .54 83 27 80 4.3 178 264 51 .40 617 318 172 15,600 26,000 
106 July 20-31. -- ------------- _____ do ____________ 13,500 776 19 . 39 100 28 99 4. 5 175 361 47 . 20 745 365 221 17,800 35,800 
107 Aug. 1-10 ... --- - -- - ----- - - ..... do____________ 20, 500 932 20 .18 126 32 107 4. 6 178 453 50 • 20 881 446 300 20, 500 48, 700 
108 Aug. 11-20 _______ _________ __ ___ do ____________ 44,000 1, 087 21 .13 156 36 114 5. 3 191 560 38 . 20 1, 02.'\ 538 381 34,700 95, 900 
109 Aug. 21-31.. ___________________ do____ ________ 9, 100 662 16 • 30 85 25 86 5. 6 188 286 41 1. 0 638 315 161 16,800 28,900 
110 Sept. 1-10.---------- - - ~ - -- .. . .. do______ ______ 5, 500 756 23 . 25 94 30 97 6. 4 174 339 55 3. 3 734 358 215 11,000 21,800 
111 Sept. 11-20--------- -- ----- .. . .. do____________ 6, 500 1, 120 12 . 08 141 42 144 6. 2 189 543 81 8. 2 1, 071 525 370 8, 460 24,400 
112 Sept. 21--30 _______ _____________ _ do__ __ __ __ __ __ 1, 760 1, 076 13 .10 120 46 148 6. 4 186 498 93 17 1, 033 489 336 6, 810 19,000 

--- -------------------------
113 Average of · analyses 

77--112 .. ----------- ---------- - ------ - - 4, 500 778 14 .15 91 34 102 5. 2 188 328 67 4. 5 738 365 210 - - ------ -------
114 Weighted ave.rage of 

analyses77-112. ________________________ 6,100 597 15 .17 76 25 74 4.3 167 247 44 2.5 571 295 157 18,000 27,800 
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115 
116 
117 
118 
119 
120 
121 
122 
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124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

151 

152 

1929 
Oct. 1, 4-10 ____ _____ ______ 
Oct. 11-20 __________ __ __ __ 
Oct. 21-3L _____________ __ 
Nov. 1, 3-10 ______________ 
Nov. 11-20 ___________ __ ___ 
Nov. 21-30 _____ ___ __ ______ 
Dec. 1, 2, 4-10 _____________ 
Dec. 11-19 __ __________ ____ 
Dec. 22-3L _________ __ __ __ 

1930 Jan. 1, 3-10 _______ ____ ____ 

Jan. 12-20------------ -----Jan. 21-24 ____ _____ ____ ____ 
Feb. 2, 4-10 ________ _____ __ 
Feb. 11-19 ___ ___ ____ ______ 
Feb. 2G-28 ____________ ____ 
Mar. 1-3, 5-8, 10 _________ _ 
Mar. 11-20 ________ _______ 
Mar. 21-3L ___________ ____ 
Apr. 1-3, 6-10 ______ _______ 
Apr. 11-13, 15-20 __________ 
Apr. 21-28, 30 _________ __ __ 
May 1, 3, 5-10 ________ ____ 
May 11-20 __ . _______ _______ 
May 21-3L _____ __ ______ __ 

June 1-8, 10.--------- ----June 11-20 ________________ 
June 21-25, 27-30. ________ 
July 2, 4-10 ____________ ___ 
July 11-20 ________________ 
July 21-27, 29-3L _________ 
Aug. 1-10 _________________ 

Aug. 11-20---------"-- ----Aug. 21-3L _______________ 
Sept. 1-10 __ -------- ______ 
Sept. 11-12, 14-20 _________ 

Sept. 21-30---------- -- ---

Average of analyses 
115-150_ -- - --- - -----

Weighted average cf 
analyses 115-150 ____ 

S. K. L __________ 4, 600 670 __ ___ do ____________ 
3, 900 760 _____ do ____________ 3, 200 813 _____ do ____________ 1,180 883 _____ do ____________ 

880 934 __ ___ do ____________ 620 979 _____ do ____________ 620 1, 047 c ____ do ____________ 620 1, 038 W. L. L __________ 330 1,046 

_____ do ____________ 
217 1, 234 _____ do ____________ _ 
220 1,137 _____ do ____ ________ 
217 1, 169 _____ do ____________ 
340 1, 145 ___ __ do ______ ______ 790 1,006 _____ do ____________ 2, 700 978 __ ___ do _____ _____ __ 1, 980 963 _____ do ___________ _ 

1, 200 1, 027 ____ _ do ____________ 3,100 963 ____ .. do ____ ________ 2, 360 836 _____ do __________ __ 10,900 554 C. S. H __________ 5, 900 382 
_____ do __ ------- __ 4, 900 346 
K. T. W --------- 2,110 385 _____ do _______ ---- 2, 900 420 _____ do __________ _ 6, 600 349 _____ do ___________ 3, 600 289 __ ___ do~ __________ 2, 600 328 _____ do ___________ 720 410 _____ do ______ _. ____ 22,700 783 

_____ do ___ -------- 18,700 819 _____ do ___________ 33,000 989 
_____ do ___ -------- 58,000 1,102 
_____ do __ --------- 12,200 689 
_____ do __ - - ------- 6, 300 801 ____ _ do ___________ 9, 200 1, 216 _____ do ___________ 1, 600 1,0W 

------

------------------- 6,400 821 

-- ~-- -------------- 9,300 645 

(»lorado River at Grand Canyon. Ariz. 

19 o~l 82 26 85 5.1 
21 . 13 88 32 103 3.8 
37 .14 94 35 Ill 4. 3 
17 .20 95 40 122 7. 6 
18 .08 101 42 134 6.2 
15 .08 105 45 147 5.4 
15 .08 112 47 154 10 
16 .08 105 46 149 9.1 
16 .10 105 45 161 8.8 

15 .10 124 53 198 9. 3 
11 .09 114 50 178 8.5 
18 . 05 119 50 185 9. 0 
16 .04 ll.'i 50 177 8.2 
12 .05 106 44 158 6. 7 
13 .04 105 42 148 5.1 

7. 2 .12 95 40 152 5.8 
14 .05 101 44 161 6. 9 
12 .06 99 40 148 7. 0 
12 .11 86 35 124 6. 9 
8. 2 .12 69 23 71 6. 7 

16 .12 57 18 40 4. 5 
14 .07 53 16 30 5.0 
14 .08 54 17 48 3. 8 
15 .24 56 19 52 4. 2 
17 .09 59 15 35 3. 5 
16 .08 48 12 31 3. 2 
14 .10 50 14 36 3.5 
19 . 10 52 18 56 3.2 
17 .14 101 27 110 6.6 
18 .06 106 28 110 6.6 
23 .14 132 34 121 4.6 
20 .08 155 35 126 5.3 
19 .18 85 26 104 4. 2 
21 • 16 96 30 120 4. 6 
19 . 20 153 44 166 5. 3 
13 . 0~ 118 44 166 4. 3 
-------------

16 .11 94 34 117 5. 9 

16 .11 81 26 85 5.0 

168 267 60 4.4 632 
184 303 71 7. 2 720 
188 334 81 5. 5 795 
202 352 94 6. 9 824 
218 378 103 6.1 896 
228 402 118 5. 6 955 
240 424 130 6.1 1, 016 
233 399 126 7.4 972 
240 377 144 7. 0 982 

268 457 184 9. 6 1,182 
261 409 172 7.1 1, 078 
268 423 1711 8. 0 1, 120 
2.'i7 429 158 9. 2 1, 089 
236 375 134 7.1 959 
210 399 113 5. 6 934 
202 394 116 6. 2 916 
224 394 136 5. 6 973 
234 360 122 5. 0 908 
215 302 106 4. 0 782 
187 199 51 3.1 523 
177 113 32 1.6 369 
172 97 29 1.0 330 
158 127 38 3. 3 383 
155 147 40 3. 0 413 
174 104 23 3. 0 345 
143 86 22 2. 2 291 
139 107 27 2. 0 322 
138 141 49 2.8 409 
194 324 80 .50 762 
192 365 64 2. 2 794 
204 463 64 . 80 943 
203 557 50 . 20 1,049 
200 285 58 1.0 b81 
190 336 83 5.1 789 
205 568 114 8.2 1, 179 
209 458 130 18 1, 054 

---------- - -
203 324 92 5.0 788 

184 252 62 3. 4 622 

312 174 
351 200 
378 224 
402 236 
425 246 
447 260 
473 276 
451 260 
447 250 

527 308 
490 276 
502 283 
492 282 
445 252 
435 263 
402 236 
433 249 
412 220 
358 182 
267 114 
216 71 
198 57 
205 75 
218 91 
209 66 
169 -s2 
182 68 
204 91 
363 204 
380 222 
469 302 
531 364 
319 155 
363 207 
563 395 
475 304 
-----

375 209 

311 160 

17,900 
15,900 
12, 700 
10,700 
10,200 
8, 580 
8,170 
8, 290 
6,120 

5,500 
5, 940 
4,160 
6, 370 
8,130 

11,700 
10,300 
8, 570 

10,900 
10, 500 
36, 800 
37,000 
39,000 
24,900 
33, 500 
56,400 
5u, 900 
41,800 
19,400 
17,800 
19,300 
22,600 
38,000 
17,800 
11, 100 
8, 920 
6, 760 

---

--------

18,500 

30,500 
30,900 
27,200 
23,800 
24,700 
22, 100 
22,400 
21,700 
16,200 

17,500 
17,300 
12, (100 
18,700 
21,000 
29,500 
25,400 
22,500 
26,700 
22, 100 
51,900 
36,800 
34,700 
25,700 
37,300 
52, 500 
44,700 
36,300 
21,400 
36,600 
41, 300 
57,500 

108,000 
32,700 
23,600 
28, 500 
19,200 
--
-------
31, 100 
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TABLE 3.-Analyses of water from Colorado River and certain tributaries-Continued 

Green Ri·ver at Green River, Utah 
.. 

Sus- Resi- Cal- Mag- So- Potas- Bicar- Sui- Chlo- Ni- Dis-
due on Silica Iron No. Date of collection Analyst pended evapo- (SiOz) (Fe) cium nesium dium sium bonate phate ride trate solved 

matter ration (Ca) (Mg) (Na) (K) (HCOa) (S04) (Cl) (NO a) solids 

-- ·------- -- -----
1929 

153 Oct. 1-10_ - ----- ---------- S·. K. L __________ 2,800 619 17 0.14 67 29 82 4.2 190 255 36 1.5 585 
154 Oct. 11-20_ --------------- _____ do._--------- 2,460 585 19 .11 64 31 76 3. 7 194 238 34 1.6 563 
155 Oct. 21-3L --------------- _____ do._--------- 1,080 607 14 .16 67 34 82 3.4 201 253 39 1.6 593 
15b Nov. 1-10.--------------- _____ do·. _--------- 640 646 13 .06 69 35 83 3.4 213 262 43 1. 5 615 
1b7 Nov. 11, 13-20 ____ ________ _____ do. __________ 460 701 8.0 .08 75 37 93 5.1 223 285 48 1.8 663 
158 Nov. 21-30 ________________ _____ do._--------- 420 742 14 .06 81 40 104 3. 7 255 304 51 2.0 725 
159 Dec. 1-9 ___________ ___ ____ ___ __ do._--------- 330 720 12 .06 80 39 99 4.5 254 286 52 1. 8 699 
160 Dec. 11-20 ________________ _ ___ do._--------- 440 656 11 .08 73 35 90 4.0 234 262 46 2. 2 639 
161 Dec. 21-3L _______________ _____ do._--------- 189 766 12 .08 81 40 97 8.3 246 304 52 1.9 717 

1930 
162 Jan.l-10 ____ ____ ---------- W. L. L _________ 207 816 12 .07 89 43 104 5.9 G265 308 62 2.0 756 
163 Jan. 11-14, 19-20 __________ ____ _ do __ ---- ~---- 153 800 14 .04 87 41 102 5.6 G265 310 60 2.2 752 
164 Jan. 21-3L _______________ _____ do __ --------- 340 816 11 .09 89 43 105 6.4 273 315 62 2. 2 768 
165 Feb. 1- 10----- - ---------- - _____ do __ --------- 1,470 728 10 .08 82 38 91 6.1 G257 275 54 1.8 685 
166 Feb. 11-19 ______ ______ ____ _____ do __ --------- 910 665 11 .03 72 34 93 3.8 218 271 48 2.1 642 
167 Feb. 20-28 _______ _________ __ ___ do._--------- 3,000 688 9.2 .06 70 34 101 3.4 199 300 44 2.4 662 
168 Mar. 1-10_ -------- ----- -- _____ do __ --------- 1,060 676 7.0 .07 68 34 94 6.1 204 304 46 1.8 661 
169 Mar. 11-20_ -------------- ____ _ do __ --------- 1, 710 720 4.6 .05 77 38 101 4. 5 228 299 50 1.6 688 
170 Mar. 21, 23-3L __ _________ _____ do ___________ 2,250 630 14 .08 69 32 88 4.5 205 264 41 1.3 615 
171 Apr. 1-10 ________ ___ __ ____ _____ do __ --------- 2,230 655 13 .06 70 34 91 4. 2 210 269 43 1.4 629 
172 Apr. 11-20 __________ _____ _ ____ _ do __ --------- 6, 600 388 15 .09 52 19 44 4.3 194 130 19 .61 380 
173 Apr. 21-30 ________________ _____ do __ --------- 4, 600 365 9.8 .06 57 18 35 4. 3 176 124 16 1.8 353 
174 May 1-10--------------- -- _____ do. _------- -- 2,470 273 9.8 .07 43 15 24 3.0 153 78 13 1.0 262 
175 May 11-20 ________ ______ __ _____ do __ --------- 1, 250 320 11 .10 45 17 34 4.2 154 110 17 • 74 315 
176 May 21-'-3L _______________ K. T. W --------- 8,800 321 14 .11 46 17 36 3. 7 164 102 18 .80 318 
177 June 1-10----------- ------ _____ do._--------- 3,300 239 17 .48 37 13 21 2.9 130 68 12 1.2 237 
178 June 11-20---------- ----'-- __ ___ do __ --------- 2,900 258 14 .08 40 13 25 2.1 139 75 10 1.0 249 
179 June 21-30------~--------- _____ do __ --------- 1,540 249 13 .08 39 13 24 2.2 129 73 12 1.2 241 
180 July 1-3, 5-10 _____________ _____ do._--------- 420 303 14 .04 44 15 32 3.8 155 91 18 .80 295 
181 July 11-20 __________ ______ _____ do ___________ 7, 500 447 18 .08 57 21 56 4.2 180 168 25 .90 439 
182 July 21'-3L _______________ _____ do.---------- 2, 900 444 17 .04 59 21 54 2. 7 187 156 26 1.8 430 
183 Aug. 1-9 _____ : _____ _______ _____ do._----- ____ 20,200 881 20 .13 116 38 98 4. 2 217 420 32 .20 835 
184 i~f M=~======= ========= =====~~::::::::: ::~ ~:~ 

763 19 .OS 93 30 99 4. 3 216 340 34 .40 726 
185 461 14 .24 59 19 63 5.0 184 172 27 .40 450 

Hardness as 
CaCOa (cal-

culated) 

Non-
Total carbon-

ate 

-----
286 131 
287 128 
307' 142 
316 142 
339 157 
366 158 
360 152 
326 134 
366 165 

399 182 
386 169 
399 175 
361 150 
319 141 
314 151 
309 142 
348 162 
304 136 
314 142 
208 49 
216 72 
169 44 
182 56 
185 50 
146 39 
153 39 
151 45 
172 44 
229 81 
234 80 
446 268 
356 178 
225 75 

Mean 
dis-

charge 
(second-

feet) 

---
4, 520 
4,400 
3; 610 
3, 370 
2, 930 
2,080 
2, 560 
2, 580 
1,350 

1,570 
1,140 
1,070 
3,060 
3,840 
5, 710 
3,680 
3, 550 
4, 650 
4, 350 

13,500 
12,900 
14, 100 
9, 490 

11,900 
19,500 
19,300 
13,600 
6, 240 
5,470 
5,160 
5, 270 

12,800 
6, 760 

Dis-
solved 
solids 
(tons 
per 

day) 

--

7,130 
6,680 
5, 770 

.. 5, 590 
5, 240 
4,070 
4, 820 
4,450 
2,610 

3, 200 
2,300 
2, 220 
5, 650 
6, 650 

10,200 
6, 560 
6, 590 
7, 710 
7,380 

13,800 
12,300 

9, 960 
8,060 

10,200 
12, 500 
13,000 
8,840 
4, 960 
6,480 
5, 980 

11,900 
25, 100 
8, 200 
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186 Sept. 2-10 __ ---- --- 7 - ----- _____ do ___ -------- 6, 900 627 17 .28 79 27 79 4. 8 184 
187 Sept. 11-20.·. ------------- _____ do ___________ I, 590 544 11 . 16 65 26 72 4. 8 189 
188 Sept. 21-30. __ ------------ _____ do ___ -------- 6, 200 701 11 .14 79 31 96 5. 3 191 

------------------
189 Average of analyses 

153-188.- ----- -- -- ------------------- 3, 700 578 13 .10 68 29 74 4.4 202 
190 Weighted averages of 

analyses 153-188. ____ ------------------- 5,100 464 14 .12 59 23 56 3. 8 179 
I 

San Juan River at Goodridge, near~ Bluff, Utah 

1929 
191 Oct. 1-10_ ---------------- s. K. L_ _________ 16,200 361 20 0.14 60 13 35 2. 9 129 
192 Oct. ·11-20 __ ------------ __ _____ do ___________ 11,200 473 16' .10 73 17 49 2. 7 139 
193 Oct. 21-3L _______________ _____ do __ ------ - -- 10,100 513 14 .09 79 18 49 5.4 154 
194 Nov. 1-9_ ------- ----- ---- _____ do ___ -------- 6, 300 591 13 .25 88 23 56 5. 9 161 
195 Nov. 11-15, 17-20 _________ _____ do ___________ 6, 500 613 12 • 31 90 25 59 5. 9 168 
196 Nov. 21-30_ -------------- _____ do __ ----- - --- 10, 100 630 9.0 .16 94 25 62 5. 3 171 
197 Dec. 2-10 ___ __ ____________ _____ do ___ -------- 6, 300 724 15 .15 102 29 75 3.4 180 
198 Dec. 11-20 ________________ _____ do"_--------- 6,800 741 13 .10 102 31 72 6.0 180 
199 Dec. 21-30 ________________ _____ do. __ -·------ 1,920 895 13 .08 124 36 94 3. 5 224 

1930 
200 Jan. 1, 4-10 __ _____________ W. L. L ___ ____ __ 5, 500 684 8. 2 .12 101 26 68 5. 0 168 
201 Jan. 11-18, 20 _____________ _____ do ___ -------- 3,100 823 6.0 .07 118 31 85 5. 3 200 
202 Jan. 21-3L _______________ _____ do._--------- 4, 200 896 11 .08 128 35 92 4. 5 220 
203 Feb. 1, 2, 4-10 _________ ____ ____ _ do __ --------- 6, 000 741 17 .07 91 31 82 2.6 137 
204 Feb. 11-19 ________________ _____ do __ --------- 9,400 713 11 .07 93 28 79 3. 2 147 
205 Feb. 20-26, 28 _____________ ____ _ do ______ ------ 11,400 803 8.8 .06 105 33 87 3.0 169 
206 Mar. 1, 3-10 _____ _________ ---~_do ___________ 28,000 768 6.0 .07 103 33 81 4. 2 0169 
207 Mar. 11-20 ________________ _____ do ___________ 7, 500 705 11 .06 97 30 74 4. 6 171 
208 Mar. 21-3L ______________ _ ____ _ do ____________ 9,800 583 14 .10 87 24 55 4. 6 175 
209 Apr. 1-10 ________________ : ___ .do ____________ 15, 100 479 13 .05 74 20 40 4. 2 164 
210 Apr. 11-20 ________________ ___ __ do ____________ 12,000 314 13 .05 54 12 26 4. 0 142 
211 Apr. 21-24, 26-:Z9 __________ .K. T. W __ ------- 12,600 301 17 .08 55 12 25 2. 9 152 
212 Mey 1-10---------------- , ____ do ____________ 8, 600 285 16 .08 50 11 24 2. 6 132 
213 May 12-20 ________________ _____ do ______ ______ 10,000 347 14 .04 60 14 31 2. 4 144 
214 May 21-3L _____ _________ ___ __ do ____________ 

1, 430 275 18 .08 49 10 23 2. 6 136 
215 June 1-10 _________________ _____ do ______ ------ 2, 900 276 16 .06 53 10 20 2. 7 134 
216 June 11-16, 18-20 __________ ____ _ do _________ ___ 

7,000 206 13 . 06 39 7. 5 16 2.1 108 
217 June 21-30 ___ _____________ __ ___ do ____________ 4, 500 288 18 . 04 51 9. 2 23 3. 2 122 
218 July 1-10 _________________ _____ do ____________ 2, 010 335 18 .04 61 14 38 3. 7 126 
219 July 11-20 ___ _____________ _____ do ________ ____ 

78,000 1,181 25 .07 182 37 119 6.6 259 
220 July 21-3L _ -------- - --- --

_____ do ____________ 
44,000 750 24 .16 107 20 95 4.2 210 

221 Aug. 1-10----------------~ 
_____ do ____________ 

80,000 700 20 .10 97 20 92 4. 2 213 
222 Aug. 11, 12, 14-20 __________ ____ _ do ___________ _ 

48,000 673 19 .10 10-1 19 87 3. 7 202 
223 Aug. 21-3L _____ ____ ______ _____ do ____________ 5, 500 538 21 .06 84 17 64 3. 5 161 
224 Sept. 1-4, 8-10

7 
_ _____________ _ _ do ____________ 11,900 770 20 .08 114 26 91 4.0 175 

o Includes equivalent of small quantity of carbonate (COa). 

271 34 .20 603 
212 38 2.1 524 
310 43 . 80 670 --------
230 36 1.4 555 

177 26 1.2 448 

154 8.0 1. 7 358 
215 10 2. 9 454 
230 13 2. 3 487 
272 15 2. 3 555 
282 18 .83 576 
296 17 3. 5 596 
346 20 4. 7 684 
355 20 5.1 693 
425 26 5.1 837 

334 22 2.8 650 
399 26 3. 3 772 
432 26 5.1 842 
377 24 2. 7 695 
362 21 3.8 673 
411 23 3.1 757 
384 22 2. 5 716 
348 22 2. 3 673 
270 14 2. 0 557 
211 11 1. 5 456 
118 6. 0 1.2 304 
108 5. 0 1. 0 301 
104 5. 0 1.4 279 
136 8. 0 1.8 338 
93 6. 0 1.2 270 
96 4.0 1.0 269 
64 4. 0 1.3 200 

106 7.0 1.5 279 
170 12 1. 2 380 
606 22 .40 1,126 
353 14 1.4 722 
320 14 .50 673 
322 11 1.4 664 
254 14 3. 0 540 
398 21 2.8 763 

308 157 
269 114 
325 1b8 

-. -----
288 123 

240 93 

203 97 
252 138 
271 145 
314 182 
328 190 
338 197 
374 226 
382 234 
458 274 

359 221 
422 258 
464 283 
355 242 
347 227 
398 259 
393 253 
366 225 
316 172 
267 132 
184 68 
187 62 
170 62 
207 89 
164 52 
174 64 
128 40 
165 65 
210 107 
607 394 
350 177 
324 150 
330 165 
280 148 

0 392 248 

4, 780 
2, 960 
3, 650 

---

--------
6, 290 

2, 990 
. 2,170 

1, 500 
1, 250 
1, 070 

881 
864 
776 
403 

555 
484 
399 
763 

1,550 
1, 530 

924 
1, 210 
1, 570 
2, 790 
4, 810 
5, 710 
4, 200 
2, 820 
6, 020 
7, 630 
6, 490 
3, 030 

973 
2,400 
4, 260 
5, 370 
6,040 

915 
544 

7, 770 
4,180 
6, 590 
--
-------

7, 630 

2,890 
2,660 
1, 970 
1,870 
1, 660 
1,420 
1, 590 
1,450 

910 

973 
1,010 

906 
1,430 
2,810 
3,120 
1, 780 
2, 200 
2, 360 
3,430 
3,940 
4,640 
3,160 
2,570 
4,380 
5, 540 
3, 500 
2,280 

997 
7, 290 
8,300 
9, 750 

10,800 
1, 330 
1,120 
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TABLE 3.-Analyses of water from Colorado River and certain tributaries-Continued 

San Juan River at Goodridge, near Bluff, Utah-Continued 

Sus- Resi- Cal- Mag- So- Potas- Bicar- Sul- Chlo- Ni- Dis-
No. Date of collection Analyst pended due on Silica Iron cium nesium dium sium bonate phate ride trate solved 

matter evapo- (Si02) (Fe) (Ca) (Mg) (Na) (K) (HCOa) (S04) (Cl) (NO a) solids ration 

- - ------- ---- ----- ----- - ·--------
1930 

225 Sept. 11-20------ - -------- ~ K. T. W --------- 4, 300 756 21 0.12 106 27 90 4. 0 169 385 22 4.8 743 
226 Sept. 21-30 _______________ _ _____ do _________ __ _ 2,800 878 12 .10 123 31 105 3. 2 185 454 26 12 857 

---1------------------------------
227 Average of analyses 

191-226 __ _ ------------ ------------------- 14,200 602 15 .10 89 22 63 3. 9 167 283 16 2. 7 576 
228 Weighted average of 

analyses 191-226 ______ ------------------- 19,300 483 16 .10 75 17 50 3. 5 159 214 11 1. 7 466 

Williams River near Planet, Ariz. 

1929 
229 Oct. 23 ________ _____ ______ S. K. L __________ 4 406 30 0.06 46 17 72 4. 6 248 56 58 1.1 407 
230 Nov. 17 ___________________ ____ _ do ____________ 19 452 34 .08 43 14 98 6. 6 260 60 79 1.5 464 
231 Dec. 2L __________________ _____ do ____________ 11 439 35 .04 41 14 90 5.9 244 59 70 1.3 436 

1930 
232 Jan. 13------------ -------- W. L. L __________ 

~-------
402 27 .09 46 . 15 69 7.5 252 55 56 1.2 401 

233 Jan. 26--------------------
__ ___ do ____________ ------ -- 444 27 .08 42 15 91 7. 5 246 61 75 1.7 441 

234 Feb. 9------------ - ---- - -- _____ do ____________ -------- 440 29 .08 40 14 92 9.3 0 236 60 74 1.4 436 
235 Feb. 23 __________________ _ _____ do ____________ -------- 434 30 .04 40 13 93 7. 2 0 236 60 75 .64 435 
236 Mar. 9 ____________________ _____ do _____ _______ ------ -- 430 28 .06 40 14 90 4. 8 0 238 65 76 1.3 436 
237 Mar. 20 _________ ____ ______ _____ do ___________ 7, 500 273 31 .12 41 12 31 5.8 190 32 24 .38 271 
238 Mar. 2L ________ _____ __ ___ _____ do ____________ 8,600 267 19 .12 42 11 30 4. 6 192 29 22 • 41 253 
239 Mar. 23 ___________________ _____ do ____________ 2,170 388 31 .10 47 14 64 6. 9 235 50 56 1.3 386 
240 Apr. 26 _____ ___ ___ ________ _____ do ____________ 390 24 .06 47 15 68 6. 6 249 58 54 • 92 396 
241 June 22 ________ _______ ____ K. T. W --------- -------- 562 54 .04 39 9.1 136 7.4 204 75 134 1.8 557 
242 July 20 _____________ ____ __ _____ do ____________ ------ -- 457 38 .04 41 13 97 6. 6 242 61 81 2. 4 459 
243 July 2L __________________ _____ do ____________ 28,000 526 47 • 22 60 22 100 6. 6 427 11 73 5.4 536 
244 -Aug. 2L __________________ _____ do ___________ 83 476 44 .06 41 15 99 5.8 242 60 84 2.0 470 
245 Sept. 29 ___________ ___ _____ _____ do ____________ -------- 430 33 . o6 I 41 13 90 5. 0 243 57 ' 69 2.0 430 

0 Includes equivalent of small quantity of carbonate (CO a). 

Hardness as 
CaCOa (cal-

culated) 

Non-
Total carbon-

ate 

-- ---

376 237 
435 283 
-----

314 177 

257 127 

185 0 
165 0 
160 0 

176 0 
166 0 
157 0 
153 0 
157 0 
152 0 
150 0 
175 0 
179 0 
135 - 0 
156 0 
240 0 
164 0 
156 0 

Mean 
dis-

charge 
(second-

feet) 

---
405 
355 

-

--------

2,380 

16 
18 
19 

18 
18 
17 
18 
16 

784 
412 
82 
11 
14 
15 
16 
12 
17 

Dis-
solved 
solids 
(tons 
per 

day) 

--

81 
821 

--
-------
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