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DISCUSSION
ON
HYDRAULIC PHASES OF SOME OF THE
DATA COLLECTED BY THE YANGTSE RIVER COMMISSION
AND
OTHER RIVER COMMISSIONS IN CHINA
BY
GEORGE G. STROEBE

(CONTINUED)

(G) CALCULATION OF KUTTER’S “n”” YOR YANGTSE

The hydrometric work of the Commission has been largely

for the purpose of finding the discharge of the Yangtse and its
tributaries corresponding to various stages of water level. Never-
theless the Commission has made a number of studies to relate
mean velocity, hydraulic radius and slope in the Yangtse with a
view primarily to investigate momentum effects. The procedure
adopted was as follows.
(a) Procedure. Once a month the velocity of the current through
the river cross section was measured in the morning, at noon and
in the afternoon. This means that three independent sets of cur-
rent mater readings from river surface to botiom, and one com-
plete sounding of the entire cross section was taken between dawn
and dusk of the same day.

Only one cross section at a gaging station was measured
in order to determine the sectional area of the stream. The fall
of the river was ascertained by measuring on one side of the river
the elevation of the water surface in 3 stilling boxes, one called
Gage B placed at the section gaged, another called Gage A at a
point one kilometer above Gage B, and a third called Gage C placed
one kilometer below Gage B.

In these stilling boxes the water surface was measured on



& small gage board graduated in millimeters by averaging readings
taken at 2 minute intervals, beginning 10 minutes before the cur-
rent meter velocity determinations and ending 10 minutes after
them. The 3 stilling boxes were linked by a line of precise levels
run with great care since the fall of the Yangtse is so slight.

From the sole view point of checking Kutter's formula the
method just described is justly critizable. As was said before, the
field work was not done primarily to check the formula. To do
that it is admittedly better to measure many cross sections in a
long reach and average those sections, averaging also the slope
throughout the sections, However the work tabulated below is ap-
parently fuller than soine of Humphrey and Abbott’s determina~
tions on the Mississippi, used later by Kutter in deriving his formuia,
for in some of their field work their readings were taken on water
surfaces at only two points about 1/4 mile apart to determine slope
(like at Vicksburg).

Although this work was done for a different purpose, never-
theless the value of Kutter's ‘“n”” can be computed from it. For
the data see Report pages 250, 366, 367, 368 and 519.

(b) Tables. The tabulations follow:~

KUTTER'S “N” FOR YANGTSE RIVER,
FOR CHIHKIANG STATION YEAR 1925
(See Pages 368, 423-429)

HGagﬁ " |Length] 8% 1ywiq h[ Area | Poncd
eight lLeng : idt rea | Peri-
Ro.\ wiz Date Sm. .D?rl:th m. |sg.m,y meter
1|40.991 . 8:30 A.M. | 2000 | 20.5 * 838 | 11170 | 840
| June 22 1
2 | 40.941 { Noon . | . 11170 | 840
[ : June 22
3|40.895 ) 4:30 P.M.! ,, \ L i1170| 840
June 22 , :
4141574 1 7:30 AM. | 19.9 | 840 | 11700 | 846
July 14 ]
5 w o, w (11700 | 846
: {

41.406 ' Noon ’

July 14

ZoHHE

& B

1]



i |

6| 41,852 | 4:30 P.M.| 2000 | 19.9 | 840 | 11700 | 846 |
July 14 ] v
744,396  7.00 A.M. .e 21.9 | 1228 14600i 1235
Aug. 31 . | -
8 | 44.365 | Noon ' . ' 14600 . 1235
Aug. 31 1 !
9] 44.309 [ 4:30 P.M. . . w 4 14600 , 1235
Aug. 31
10 | 43.142 | 7:30 A.M. vs 21.1 | 1226 14050 ! 1230
Sep. 28 :
11 | 43.108 | Noon vs - . 14050 1233
Sep. 28 |
12 { 48.059 | 4:30 P.M. | , w1 14050 1280
Sep. 28 i }
13 | 42.562 | 7:30 A M. - 20.7 | 1220 13690 - 1225
Qct. 23 | '
14 | 42.552 | Noon e bow | w 136900 1225
Oct. 23 |
15 | 42.539 | 4:30 P.M. | ., . . 13690 1225
Oct., 23 ! :
16 | 39.583 | 7:30 A M. e 18.0 836 10850 . 850
Nov, 24 -. . :
17 | 39.555 | Noon . . ' 10350f 850
! Nov. 24 |
18 | 39.520 | 4:30 P.M. | ,, bl 10350 850
Nov. 24 %
19 | 37.992 | 8:00 AB.M. " 15.4 ]34 8870« 840
Dec. .
20 { 87.974 | Noon . " . 8870 . 840
' Dec, 8 | ! ‘
21 | 37.960 | 4:00 P.M. ' Wl 8870 340
Dec. 8 | *.[ |
Hy:i‘RiEad ' Discharge Velocity| ~ Slope Chezys_hutters No-
m. ) } m3 :;ec ; mm. [RTwit) . .uC” ) uN” N .
13.298 19107 | 1.710 ' 0.0000670 | 57.287 | 0.03)2 | 1
13.298 18732 1.677 |, 0.0000665 | 56,942 0.0305 1 2
- 13.298 18676 1,672 |, 0.0000640 | 57.320 | 0.0305 3
- 13.830 19106 1.633 : 0.0000530 | 60.458 | 0,0298 >
13.830 ' 192R%2 1.648 . 0.0000555 | 59.483 | 0,0301 5
13.830 19238 1,646 0.0000570 | 58 618 | 0.0306 6
11.821 33062 | 2,607 0,0001190 | 69.502 | 0.02086 7
11.821 33091 ! 2,609 0.0001130 ] 71.3382 | 0.0200 8
11.821 37522 2.570 ; 0.0001110 { 73.954 | 0.0202 9
11.423 29407 2,093 | 0.0000910 | 64.918 | 0.0233 | 10
11.4238 29476 | 2,098 ' 0.0000900 | 65.441 | 0.0231 | 11
11,423 29221 2.080 0.0000830 | 65.604 | 0.0231 | 12
11.175 28927 2.113 ( 0.0000735 | 70.858 | 0.0211 | 13
11,175 28817- 1 2.105 ~ 0,0000810 | 70.000 | 0.0214 | 14
11.175 28749 ' 2,100 " 0., 0000300 170,234 1 0.0213 | 15




12,177 12720 1.229 | 0.0000620 1 48.850 | 0.0395 | 16
12,177 12648 1.222 | 0.0000500 | 49.532 | 0.0362 { 17
12,177 ' 1¥627 | 1.220 | 0.000050: | 49.532 | 0.0862 | 18
10.560 - 8U63 0,909 | 0.0000325 | 49.0586 1 0.0423.| 19
10,560 | 8064 0.908 | 0.0000330 | 48.636 | 0.0427 | 20 |
10,560 | 8018 | 0.904 | 0.0000325 | 48.812 | 0,0422 | 21
KUTTER’S “'N” FOR YANGTSE RIVER,
FOR CHIHKIANG STATION YEAR 1926
(See Pages 519, b71-575).
S oo it e B
Heig _ engt . idt e eri-
No. W.H.Z, Fate m. Depth m. |sq.m.| meter
m. m. m.
138,451 | 8:00 A.M.! 2000 | 14.4 840 7390 880
Jan. 23 -
2 | 38.452 | Noon wot o Y 7390 | 880
Jan. 23 | -
3(38.449 | 4:00 P. M. 'e . ' 7390 880
Jan. 23
4138.578 | 800 AM.| ,  14.5 | 842 | 7520 850
l Feb. 9 :
b ! 38.581 | Noon N " 7520 850
Feb. 9
6 | 38.583 | 4:00 P.M. ' - " 7520 8b0
Feb, 9 .
7, 38.423 , 8:00 A M. n o 13,7 {1 840 7170 843
Mar, 21
8 | 38.433 | Noon ’e ’e »o 7170 8438
Mar. 21
9 38.434 | 4:00 P.M. » - ' 7170 848
: Mar. 21 ‘I
10 | 40,111 ; 8:00 A.M. woo 16.5 850 8700 860
o Apr. 19 | ‘
111 40,183 | Noon ’ ool . 8700 | 860
( Apr. 19 ' | !
12 40.238 [ 4:00 P.M. ! ., | . | . | &0l 860
| Apr. 19 | : ';
13 | 40.8%4 | 8:00 A.M.; - " 862 9290 830
May 156 |
14 | 40.825 | Noon - ' . 9290 880
May 15 ' '
15 | 40.752 | 4:00 P.M, O . .| 9290 880
May 16 l 4 R

AR

bR

b1

B



B |

Hyd. Rad.l[Discharge Velocity Slope  [Chezy’s| Kutter's .N
HR” | 0.
m. . m7/sec. | m/sec “sr i O N

l
8.3977 4877 0.660 | 0,0000310 | 40.900 | 0.0503 | 1
8.3977 4877 0.660 | 0.0000815 ! 40.741 | 0.0605 | 2
8.3977 4826 0.653 | 0.0000335 | 87,833 | 0,0550 | 8
8.8470 5256 0.699 | 0.0000250 | 46.850 | 0.0428 | 4
8.8470 5272 0.701 | 0.0000240 | 48,118 | 0,0440 | 5
8.8470 5309 0.706 | 0.0000280 | 49,509 | 0,0429 | @
8.4550 4954 0.691 | 0.0000285 | 49.025 | 0.0423 | 7
8.4550 4990 0.696 | 0.0000240 | 48.862 1 0.0423 | 8
8.4550 | 5019 | 0,700 | 0.0000220 | 51.327 . 0.0420 | 9

10.1160 | 8848 | 1.017 | 0.0000390 | 51.208 ' 0.0377 | 10

10,1160 9179 | 1.055 | 0.0000385 | 53,472 i 0.0357 | 11

10.1160 D396 | 1.080 | 0.0000340 | 58.252 ; 0.0326 | 12

10.6570 | 12356 | 1.830 | 0.0000445 | 60,686 ; 0,0220 | 13

10.5570 | 11817 | 1.272 | 0.0000440 | 59.026 ' 0.0303 | 14

10.6570 | 11854 | 1.276 | 0.0000420 | 60,618 | 0.0296 | 15

KUTTER'S “N” FOR YANGTSE RIVER,
FOR CHENGLINGKI STATION YEAR 1925
(See Pages 368, 416-419)
et | Length | M5 | ywiath | Avea | poed
Height | ... ngth v | Wi ' ea eri-
No. W.H.z.| = Date m, D;?th; m, |sq.m.| meter
m, ' 1 | : m.
1/24.631|7:00 AM. | 2000 | 13.6 | 1922 | 18620 | 1930 |
: July 24 i
2 | 24.613 | Noon ., . | . 11820 1930
July 24 |

8|24.603|5:00 PM. ,, , . 118620 ° 1930
- July 24 | i -;

4128.009 ] 7:00 AM. " ,, . 17.2 1984 | 22810; 1990

Sep. 17. | | ,
5| 28.097 | Noon wo w1 ., | 22810 1990
Sep. 17 ! ! {
6|28.107 | 5:00 P.M. ,, 1, | , [2810 1990
! Sep, 17 . | |
7125.394 | 8:00 AM. ,, | 15.83 | 1924 | 17770 1930
Oct. 23 i ‘ .
8 | 25.406 | Noan w ot ow ., ol 1930
Oct. 23 i
- 9125.418 | 400 P.M. ., 117770 1930

=




AT T

e | r—

1500

Bl PO it A tev iy ra- 8- ot i

10 | 23.551 | 8:00 AM.| 2000 | 14.4 16640 | 1910
Nov. 26 _
11 | 23.542 | Noon l o, ., g 16640 | 1910
. Nov. 26
12 | 23.635 | 4:00 P.M. . 'y ' 16640 1910
Nov. 26
13 119,912 | 8:00 A.M, ve 10,5 | 1840 | 10040 | 18560
| Dee. 15
14 | 19.903 | Noon . ., 110040 | 1850
. Dee, 15
15 (19,890 | 4.00 P.M. | . ‘e ’s 10040 1850
: - Dec. 16
Hyd. Rad. | Discharge | Velocity Slope Chezy’s | Kutter’s
“R”’ 3 No.
- m. | m", sec. | m,'sec, . g i i N
9. 648 23266 1.249 0.0000365% 66,577 0.0263 | 1
0,648 23834 1,280 | 0.06000400 65,173 ; 0.0264 21
9,648 23741 1.275 | 0.0000445 + 61.535 | 0.0279 3
11,462 38207 1.675 | 0.0000045 233,287 | 0.0094 4
11.462 38252 1.677 | 0.0000050 .221.538 | 0.0097 5
11.462 37431 1.641 0. 0000055 |206.676 | 0.0143 6
2,207 24523 1.380 | 0,0000225 | 95.%00 ] 0.0178 7
9,207 24558 1,382 0.0000240 | 93,000 | 0.0186 8
9, 207 24256 1,365 0.0000240 ' 91.358 | 0.0186 9
8.712 19236 1.156 | 0.0001350 | 66,209 0,0261 | 10
8.712 19535 1.174 | 0.0000375 | 64.971 | 0.0268 | 11
8.712 19552 1.175 | 0.0000375 64.971 | 0.0263 | 12 |
5,427 9136 0.910 [ 0.0000580 51.296| 0.0294 |13
5.427 9217 0.918 | 0.0000580 51.745) 0.0292 | 14
5.427 8875 0.884 | 0.0000555 50.921 ] 0.0299 {15
KUTTER'S “N” FOR YANOTSE RIVER,
FOR CHENGLINGKI STATION YEAR 1926
(See Pages 519, 565-567)
| Gagﬁ b 1 Leneen | Max 1 h \ﬁi’)etted
Height _ ' ength vt Width | Area eri-
No.|w H.z.| Date m. _D;?th» m. {sq. m.| metter
Com o m.
'1]18.580 | 8:00 A.M.| 2000 | 9.4 | 1815 | 8020 | 1830
o Jan. 20
21 .18.593 | Noon v . . 8020 | 1830
- 1 Jan. 20 _
3 118.621 | 4:.00 P.M. ' ' P 8020 | 1830
: Jan. 20 . " - '
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e |

419880 | 8:00 A.M.| 2000 | 10.6 | 1840 | 10530 | 1860
Feb, 20 -
- 5| 19.879 | Noon 'e b 10530 ; 1860
Feb. 20 i
619,882 1 4:00 P.M. N 10530 | 1860
Feb, 20
71 22.239 | 8:60 A.M. ’s 13.5 | 1900 | 15250 | 1920
Mar, 12
81 22.239 | Noon vs ' . 15250 | 1920
I .- Mar, 12 :
9 22.247 | 4:00 P.M. vs ' - 15250 | 1920
Mar, 12
10| 22.362 | 800 A.M. ’s 13.8 | 1908 | 15500 ; 1925
Apr. 22 |
11} 22,429 | Noon 0 .y . ] 15500 { 1925
Apr. 22 |
12 | 22.499 | 4.00 P.M. ' ' ,, 15500 | 19256
Apr, 22 :
13 ] 24.709 | 8:.00 A.M. | » 15.9 1940 1 20990 | 1960
May 18 5 ,
14 | 24,694 | Noon '’ w | . 120990 | 1960
May 18 g l
15 | 24.683.1 4.00 P.M. . . 20990 | 1960
May 18 ’ \
. |.. - .
Hyd. Rad. | Discharge | Velocity| Slope | Chezy’s | Kutter’s
. ¢(R33 ‘ 3 .- NO.
S .m. | m“/sec. | m/sec. i i i “N,y 1
1 .
4.3825 | 7707 | 0.961 | 0,0000680 | 55.668 | 0.0249 | 1
4.3825 7876 0.982 | 0.0000670 | 57.308 ; 0,0287 2
4.3825 7595 0.947 | 0.0000645 | 56,336 | 0.0247 3
5.661 | 10720 1,018 | 0,0000400 | 67.657 | 0.0217 4
5.661 | 10309 | 0.979 | 00000380 | 66.749 | 0.0282 | 5
5.661 10477 0,995 | 0,0000405 | 65.711 | 0,0230 6
7.943 16394 1.075 | 0.,0000380 ; 61,993 {1 0.0292 (4
7.943 16470 1.080 i 0.0000385 | 61.700 | ©,0236 8
7.943 16684 1,094 | 0,0000385 | 62.561 | 0.0270 9
8.052 19344 1.248 | 0.0000275 | 83.870 ; 0.0200 | 10
8.052 | 19546 | 1.261 |0.0000235 | 91.234 | 0,0183 | 11
8.062 20026 1.292 | 0.0000250 | 91 063 | 0.0224 | 12
10.709 | 25230 | 1,202 | 0,0000200 | 82.182 | 0.0221 | 13
10.709 25419 1.211 | 0.0000180 | 87.871 | 0,0229 | 14
10,709 | 24978 | 1.190 | 0.0000200 | 82.132 | 0.0244 |-15




KUTTER'S “N” FOR YANGTSE RIVER,
FOR HANKOW STATION YEAR 1926
(See Pages 44, 112, 135A, 366, 407, 408, and 615).

Gagﬁ Lo Max an | A V\I”etted
Height ngth s | Widt rea eri~
No. W.H.Z. Date m. Den?th m. |S8q.m.| meter
{ m. ) 1 m. -
- 1]13.049 | 7:30 AM.| 2000 | 12.1 | 1396 | 11240 | 1400
_ ~ }Jan.- b o _-
" 2]18.041 { Noon N ., | 11240 | 1400
. Jan, § : S
31| 13.032 1 4:30 P.M. . . » o 111240 | 1400
' . |dan. B '
Hyd.RRai Discharge| Velocity | Slope Chezy’s | Kutter’s N
i L} ] . 0’
: m.. ’ ma,’fse{_:a m/sec. usn ucn uNn | .
8.029. | 6868 | 0.611 |0.0000325 | 36,904 | 0.0560 | 1
| 8.029 6913 0.615 | 0,0000330 [ 87.777 | 0,0555 | 2
8.029 6766 | 0.602 §0.0000335 | 36.819 { 0.0359 | 3
KUTTER'S “N’ FOR YANGTSE RIVER,
FOR WUCHANG STATION YEAR 1925
(See Pages 112, 13bA, 367, 383, 409-412)
' HGégﬁt Length M&8% 'wigen A | benig |
1 Heig ng : idt rea eri-
Ne. W.H.Z. Date m. Depth m. sg.m. meter
S| om. . ‘ n.
1 14.916 [ 8:00 AM.. 2000 21.3 | 1040 | 14160 | 1050
; Feb. 24 | -
2 11,968 500 P.M. ' ., 114160 | 1050
. Feb., 24 )

8 :15.?95 8:00 A.M. w1 22,0 § 1006 § 156270 ;| 1060
: ¢ Mar, 20 | :
4 i 15.821 | Noon ' . ., | 15270 | 1060

i Mar, 20 __ ’
6 15,84 1500 PM. | ., ' ,, | , |1p270; 1060
4y | Mar.20 | | - -
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8 [17.062 | 9:00 A;M.| 2000 | 23.5 | 1070 | 16690 | 1080

- Apr, 18 .

7 17.034 | Noon g ., ., | 16690 | 1080
: : Apr. 18 _

8 16.993 |5:00 P.M.| ., 116690 | 1080
L | Apr. 18 . '

- | - I Ai -
Hyd. Rad. Discharge Velocity Slopa Chezy's 1 Ku_tter’s

SRy 3 No.

. m,sec., 1, 'sec. “g i i “N" -
13.485 10733 0.768 | 0.0000100 : 60,111 ; 0.0476 | 1
13.486 10776 0. 761 0.0000135; 56,431 | 0,0482 | 2
14.406 12674 | 0,830 | 0.0000160 : 54,677 | 0,0494 | 8
14,406 12292 - 0,805 | 0,0000150 | H4.762 | 0.06502 | 4
14,406 12460 0.816 | 0,0000145 | 66,470 | 0.0486 | b
15.454 13469 0.807 | 0.G000050 | 91 810 | 0.0347 | 6
15,453 13869 0.831 ; 0.0000060 | 86,301 | 0.0383 | 7
15,453 13953 0.836 | 0,0000075 | 77.624 | 0.0391 | 8

KUTTER’S “N” FOR YANGTSE RIVER,
FOR KIUKIANG STATION YAER 1925
(See Pages 112, 135B 366, 418 and 414).

: Gage

Lo h'MaK widsh | A _;\getted
Height ngt 3 idt rea @ Peri-
No. w.H.zZ. Date m. Dfr?th m. sq.m., meter
room, ' i m. -
1| 8,450 (8:00 AM. | 2000 | 12,4 | 1576 | 13570 | 1580 {
: Jan. 30 ' " 1
21 8,457 | Noon o " " 13570 | 15680
Jan. 30 | R
8| B.473 400 P M. vs " 13570 | 1580
- Jan. 30 . o
4| 9.967 | 8:00 AM. . 15.2 | 1636 | 16040 | 1640
Feb. 26
B! 9,976 { Noon . )y . 16040 | 1640
Feb. 26
61 9.9851 4:00 P.M. . " " 16040 | 1640
Feb, 26 |
7 110,617 | 8.00 A.M. w1 18,1 | 1638 {16910 1640
Mar. 21 i \
8 110.641 | Noon " " " 16810 i 1640
b Mar, 21 . S




9'10.674 | 5:00 P.M. | 2000 | 15.1 | 1638 16910 | 1640
Mar. 21
10 | 11.827 | 7:00 AM.| ,, | 16.6 | 1668 | 18930 | 1670
Apr, 23
11 | 11,789 | Noon . . ' 18930 { 1670
| Apr. 23
12 | 11.755 | 5:00 P.M.| ., . ., 118930 | 1670
Apr. 23
13! 16.678 | 7:00 AM.| ., | 20.8 | 1756 | 27980 | 1760
| May 23 - :
14 | 16.674 | Noon R .| 27980 | 1760
May 23 |- ' '
16 16.663 5:00 P.M- .n. - .H 3 i 27980 1760
C May 23 S | [

Ao N

: | : -
Hyd. Rad. ' Discharge { Velocity ’ Slope

| Chezy’s Kutter’s

“R? ) _ No.
©. | m°/sec. m,'sec. l “gr i “er N
k | ! ' L 1l l

8.58 | 7925 | 0.58 |0.0000235 | 41.106 | 0.0533 | 1
- 8.589 8074 | 0.595 | 0.0000225 ' 42.806 | 0.0513 | 2
8.589 | 7165 | 0.528 |0.0000230 387.567 | 0.0599 | 3
9,788 | 10613 | 0.662 | 0,0000265 41.105| 0.0547 | 4
'9.788 | 10843 | 0.676 | 0.0000246 43.655 0.0511 | 5
9.788 | 11068 | 0.690 | 0.0000235 45.496 | 0.0492 | 6
10.311 | 12260 : 0.725 {0 0000200 50.487 | 0.0455 | 7
10.811 | -12429 | 0.735 |0.0000195 b51.834 | 0.0443 | 8
10.311 | 12496 | 0.739 | 0,0000245 46.507 | 0.0483 | 9
11,835 | 12588 , 0.665 | 0.0000195  42.721 | 0.0586 | 10
11.385 | 12494 ' 0.660 | 0.0000185 | 44.564 | 0.0365 | 11 |
11,835 | 12494 | 0.660 | 0.0000185 ' 44.564 | 0.0565 | 12
15.895 | 34103 | 0.219 | 0.0000160 76.42%/! 0.0323 |13
15.898 | 34080 | 0.218 | 0.0000150 78.886 | 0, 0316 |14
15.893 | 34856 | 0.210 | 0.0000150 78.368 | 0.0318 | 15

(e¢) Lescription of Chihkiany Gaging Section. The plan of the Chih-
kiang section is shown on pages 383 and 547 and cross sectionsg on
pages 423-429 and 571-575. The plan and sections show that the
curvature of the river at this place has thrown the river quite largely
over to its right bank. It is also to be noticed that in July, August,
september and October shallow ground on the left bank is submerged.
The left bank is silty; the right bank slightly rocky.

(d) Descriptior of Chenrlingki Gagi g Section. The plan of the
Chenglingki gaging saction is shown on pages 547 and 543. The
river is straight for 2 kilometers above and 4 kilometers below tha
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section. The section is about 2 kilometers below the confluence of’
the main Yangtse and the river outlet of Tungting Lake and 3
kilometers above the Mopanshih Rocks. The eross section is shown
on pages b6b-667. It is not a first class section, but it was impos-
sible to find a better section for a long distance below the said
confluence and above numorous rocks and islands that are below
the section. The bed is silt.

(e) Description of Hankow Gaging Section. The cross section of
the Yangtse at Hankow gaging station is shown in the book of
Reports on pages 407 and 408. The plan of the river at Hankow is
shown on pages 112and 615. The section of Lhe river is regular. The
river is straight for some kilcmeters above and below section,
but at low water a bar beginning 2 kilometers below the section
throws the navigation channel of the river over to the left bank as
seen oh platé b_age 621. The bed of the stream at the section is silt.
(f) Description of Wuchang Gaging Section. The cross section of
the Yangtse at Wuchang gaging station is shown in the book of
Reports on pages 409-412. The plan of the river at Wuchang is
shown on pages 112 and 615, The river is straight for some kilo-
meters above and below the section. At the gaging section the
right half of the section of the river is, at low water, twice as
deep as the left half of the section. The bed of the river at the
section is silt.

(¢) Description’ of Kiukiang Gaging Section. The plan of the
Kiukiang gaging section is shown on pages 112 and 135 B and the
cross sections on pages 413 and 414, The river is straight for a
long distance abave the section but Oliphant Island begins 2 miles
below the section. A cross section of the river between the gaging
section and Oliphant Island may be seen on pages 203 and 204, The
bed of the river at the section is silt.

(h) Variation in Slope. In the computations the slope of the river
at the gaging station is calculated as being the slope between the
uppermost and lowermost gages, A andC, which were 2 kilometers
apart. This slope does not always agree with the slopes between
Gage A and Gage Band between Gage Band Gage C. which were only 1




kilometer apart. There may be several reasons to account for this.
The stilling boxes were at the edge of the river where the velocity
past them is not the real velocity of the river; the section of the
river is not exactly uniform; there may have been wind; the dif-
ference 'may have been caused partly by surges which so many,
even artificial, streams seem to poussess; there may have been tran-
sverse slope;. and lastly the barometric pressure at points A, B and
C might be different, and this might cause considerable variation
in slope.

(i) Kutter’s “‘n”’ Decreases with Depth. It may be seen from these
determinations that for a given section Kutter's “‘n’’ decreases with
inereasing depth, a resuit which is well known to hydraulicians,

(H» RELATION BETWEEN MEAN VELOCITY, HYDRAULIC
RADIUS AND SLOPE IN A STREAM OF VARIABLE FLOW.

(a) Formulae for Uniform Flow. For the case of uniform flow in
atreams many attempts have been made to express by means of

a formula the relationship between mean velocity, hydraulic radius

and slope. In 1775 Chezy deduced his formula.
vV = e/T8

in which v = mean velocity of the stream, ¢ = constant; r =
hydraulic radius ard s=slope. As the equation indicates, the term
¢ is a constant and embraces all the factors affecting velocity
exeept hydraulic radips and slopz. About a hundred years later
Ganguillet and Kuttor introduced a new “‘coeffcient of roughness”
called n and made the ¢ of chezy’s formula a function of n, slope
and hydraulic radius. Bazin proposed another value for Chezy’s
¢ which involved a coefficient of roughness and hydraulic radius
but which was independent of slope, In 1900 Hessle derived an-
other value for Chezy’s ¢ involving a coefficient of smoothness,
the hydraulic radius but not siope. Besides these there have been
many others which cannot be mentioned hers.

Lately the exponential formulae have come inte use. They,

are of the general form v = crPsY, In connection with » paper by

Mr. Ellis on the ‘Flow of Water in Irrigation Canals” (Trans, Am,

#%Eg EoHHE
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Soc. C.E. Vol. LXXX), a discussion of all the available experiments
on 1ecord given therein shown that all the usual formulae cen be
written in the ¢xponential form with p varying from 0.67 to 0.75
ard g varying from 0.6 to 0.57. It is to be noted that small
changes in the value of p do not affect the result greatly but that
small changes in the value q do change the result very rapidly
and materially. Many years ago Reynolds established a relationship
between p and q.

(b) Variable Flow. Tha formulae quoted above apply however only
to uniform channels with a unifor slops. A practical problem arises
as to the applicability of these formulae Lo natural streams wherain
the velocity and hence momentum, is continually changing due to
changing sections, slope and direction. The phenomenon of variable
flow is noticeable in all tidal rivers, and Is evident to some ex-
tent in all rivers where shoals cause a variation in section and also
in son'e artificial canals (See discussion on Tieton Irrigation Canal,
Washington, Trans Amer. Soc. C. E. Vol. LXXI page 179). The
energy lost in natural, sinuous and irregulariy sectioned streams
may be so great as to amount easily to the entire friction head
obtained from the formulas.

(¢) Chatley Formula for Variable Flow. Recently attempts have
been made to express the relation between instantancous velocity
and simultaneous slope. Some pioneer work in this field has been
done in the last few years by Dr. Herbert Chatley, Dr. Se. (Eng),
M. Inst. C, E,, the present Engineerin~Chief of the Whangpoo River
Conservancy, Shanghai. In a short resumé of some of his work
which appeared in *‘Engineering’, Sept. 5. 1919 page 322, he states
**it was found that in fairly straight and uniformly sectioned reaches
(of streams entering the Whangpoo River, a tiributary of the Yang-
tse River near Shanghai) when the flow is steady the exponential
form v = cr0’7so‘5 gives consistent results’’, and ‘it was found
that when the flow was unsteady in regular channel, the velocity
foliowed a form:~

v = cr0‘7 (s- 1_;_).0.5

in which a is the acceleration in the velocity of the stream and £,



the acceleration of gravity.”

(d) Evolution of the Formuia. In the fvllowing pages I propose
to discuse the Chatley formula for variable flow in streams. In the
article in ‘‘Engineering’’ referred to above, the author states that the
formula was evolved through the discovery of the “‘acceleration
slope™ in rivers, which may be briefly be stated as follows: *The
deviation of the slope from the usual formula value corresponding
to the velocity is almost exactly proportionate to the acceleration’.
The discovery of “‘acceleration slope’” came about through a gra-
phical analysis applied to ohserved data in the flow of tidal streams
near Shanghal.

(To be continued)
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THE ECONOMICS OF TRANSPORTATION ON THE YANGTZE

RIVER BELOW HANKOW
BY
HERBERT CHATLEY, D. Sc. (Engineering),
M. Inst. C. E.

et 20 - - 440 IR et

In order to arrive at a definite notion of the economic
advantages of improved depths in the Yangtse river it is obviously
necessary to know something of the relation between the draft of
ships and the cost of transportation. The resistance to the motion
of a ship is divided by naval architects into two portions, skin fric-
tion and wave making force. Speaking rather broadly both these
depend principally on the area of the wetted surface. The shape
of the underwater volume also plays a part but as it is the cons
stant endeavour of ship designers to attain the best form “*lines’
there is no necessity to discuss shapes when dealing with the pro-
blem in a broad way.

The area of the wetted skin of a ship depends on the length,
breadth and draft but as there is a tendency for all three to remain
in about the same proportion, we may say roughly that the wetted
area varies as the square of the draft. The carrying capacity of a
ship, which is measured either by the net tonnage (volume of the car-
rying spaces) or the dead weight tonnage (difference between light
and loaded displacements), very roughly varies as the cube of the
draft. Hence the wetted surface per unit volume of capacity varies
inversely as the draft. This is the fundamental geometrical fact
which favours the use of big ships.

The cost of running a ship per ton of capacity, travelling
between two points, may be regarded as made up of two factors.

a) Propulsion factor, covering fuel and lubricants, deprecia-
tion and engine repairs, all depending on the wetted surface per
unit volume ard the square of the speed thrcugh the water,

b) Operation factor, covering wages, food, and interest on
capital, depending on the time and therefore (for a given journey)
varying inversely as the speed over the ground. These items also



depend to a certain extent on the plan area of the ship per unit
volume, which varies inversely as the draft.

The cost of transporting one ton of cargo between two
points may then very roughly be written as

AV B
. D Tt DV
where A & B are coefficients

V is the velocity (disregarding currents)

D is the draft.

By the theory of maxima and minima it may be shown that
the most economic speed is that which makes the first term twice
the second. On the face of it this *‘cruising speed” has no rela-
tion to draft but in actual fact the effect of draft in the second
term is exaggerated in the above formula, so that the cruising speed
increases slowly with the draft. This discrepancy will be neglected
here but may need consideration in a more detailed analysis,

The position then is that, at the economical speed, the
costs of propulsion per ton of capacity form about two-thirds the
total cost and vary inversely as the draft.

Before proceeding to consider just what this means in regard
to economics on the Yangtze, the question of *‘stay-in-port’® must
be considered in relation to draft. The cost of berthing per ton of
capacity, in so far as it depends on the length of the ship, is favou-~
rable to deep drafts, since the length per ton of capacity (for simil-
arly proportioned ships) varies inversely as the square of the draft,
but on the other hand a3 it is expensive to maintain great depths
at berths, berthing charges are usuaily based partly on draft. For the
present purpose the berthing charge will be considered as constant
per ton of capacity. The time required for the discharge of cargo,
on the basis of a constant rate per fcot of wharf (or ship when
overside), obviously depends on the sectional area of the ship, i. e.
varies directly as the square of the draft.

This is very unfavourable to deep drafts and in every port
efforts are made to speed up discharge and loading as much as pos-
sible. Very roughly speaking tho unit cost of transportation be-
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g ween and bhandline st two ports may be written as follows:
YT,
b

where the first terin represents the cest of transportation during

+ ZT, D

a time Ty (fixed by the cruising speed) and Ty 1s the total time
of stay in the two ports Tixed by the cargongandlmg facilities.
Y and 4 are coctficients. This expression will be a nunimum tor
that value of 1) which makes the sccond term twice the first, so
that there is a particular eccnomie draft deperding on the hand-
hing facilities and the relation of the tuin2 of stay-in-port to the
time of travel.

In the case of a steamer travelling from Shar ghai tc Han-
kow and back, the toial virr: of stay in the various ports bears a
large proportion to the time oi trivel and until the speed of hard-
ling and discharging cargn can ve raised this ract will always
ssmewhat discount the bene,its of inereased draft.

Taking all these factors into consideration it may be con-
jectured that about half the tiansportation charges bet ween Shanghai
and Hankow are independent of draft and that the other half would
be under certain conditions inversely preportionate to the draft.
Thus if the cost per ton of taking a certain cargo 1rom a wharf
in Shanghai to 2 wharf in Hankow is say 34.50 in vessels draw-
g 12 ft, it might be only %4.04 in vessels drawinr 15 ft, 23.75
in vessels drawing 18 ft. and $3.37 in vessels drawing 24 ft. These
figures are only illustrative, but if cn this basis one million tons
of caryo per season is carried in 12 {t, drait ships the saving would
be $459,000, $750,000 or $1,230,000 if 15 ft, ?8 ft. or 24 ft. ships
could be used. /

The actual conditions aré however rot nearly so simple as
this. The trade fluctuates with the season and the shipping com-
panies run their deeper draft (14 it.) shins light in the low water
seasun or luy some of them off. In the Summer the volume of
export busine<s is normally larger and deed dratt . uv to 28 it.)
ocean going ships make special journeys to Hankow. If large im-
provement (say to 30 ff. threushont at low stage) could be made



in the river, douktless the whole shipping system would be trans-
formed but an improvement to say 15 ft. at low stage might have
very little effect except in cutting out some extra lightering charges
at the low stage and in the very gradual replacement of 12 ft. draft
vessels by those of 15 ft.

It is conceivable that the umprovements of depth n the
Yangtze at the eight well known splittings of the channel might
be effected to depths of 30 ft. without very much more difficulty
than small improvements of depth, since it will undoubtedly be quite
difficult and expensive to make any improvement at all, but if
such an ambitious idea were to be considered it must also be observed
that there are other places besides the eight notable ones where
the Winter depths are less than 30 ft. and that many of these are
below An-Ching where the width and volume of the river increase
the practical difficulties.

The growth of trade in the Yangtze Valley will doubtless
eventually rise to a figure at which the economic benefit of an
increased draft would be much greater, but it should be observed
that there are several other methods by which transportation costs
can be reduced. On various large rivers in other countries the
practice of using large lighter trains has proved very satisfactory,
especially if it can be combined with good wharfage and handling
facilities.

One of the advantages of this system is that the expensive
power unit, the tow boat, can be released from the cargo lighters
directly the latter reach their destination and be immediately applied

to other lighters, thus saving considerably in the matter of *‘stay-
in-port’’ charges.
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FIELD INSTRUCTIONS
SECTION 1 TOPOCRAPNY.

TRANSIT AND STADIA TRAVERSE.

General.

The following notes are intended for guidance, not in pre-
cise, but in secondary, traverse work. The precise work of the
Despartment is done in its triangulation. The stadia traverse lives
joining these triangulation stations should close with an accurdey
within 1:200 and an error of half that amount will usually be
obtainable.

The sub-party engaged in transit and stadia traverse con-
sists usually of an instrument man in charge, a recorder and map-~
per and rodmen. The party should be supplied with a transit gra-
duted to 30 seconds and Turnished with stadia wires, and with Line
rods, stadia rods, note-books and other supplies.

A transit and stadia traverse should always be run in eir-
cuits commencing and ending at a known station. Should the tra-
verse end without being tied to such a point, the direction of the
last line should be drtemined by azimuth observation.

Where level bench marks and marks of other organizations
as well as our own have been established along the route of mrvey
they should be tied to the line run. The hub at each station should
be witnessed by a stake on which is marked its number, Station
numbers should never be duplicated in a singie locality except when
prefixed by different letters.




The distance between instrument set-up shallr not execed
600 meters,

Observing and Recording.

The angles of a travese may be measured by any one of three ‘

ways: by measuring (a) the interior angle (b) the deflection angle,
or (¢) the azimuth angle.

The deflection angle in measured directly by sighting back
on the previous point with vernier at Oo and the telescope inverted.
then revolving the telescop about its horizontal axis to the direct
position and turning the upper limb to the right or left until the
next point sighted. The deflection angle as recorded in the notes
is marked R, or L. to indicate whether the telescope was turned
to the right or left.

By the azimuth methcd, the angles are usually measured as
follows: The trensit is set up at a point A, the vernier set at Oo.
the telescope turned until it points to the south and the lower plate
clamped. Either true or magnetic south may be used. The upper
clamp is locsened and the telescope sighted on B. The angle read
on the vernier as the azimuth AB, the cirele being read in a clock-
wise direction. The transit is next moved to B. Invert the teles-
cope and backsight on A, the vemierremaining at the reading it
had on B when at A; then clamp the lower plate, turn the telescope
to its ditect position and sight on C. The angle on the vernier is
the azimuth of BC. referred to the same meridian as the azimuth
of AB. As a check " ;

against large er-
rors in the angles,
the magnetic be-
aring of each time
should be read.This
check should be al~ }
ways applied in the field so that any mistake in reading the angles
can be rectified before leaving the work,

Suffieient sideshots should be taken from each transit station
to develope the topographic features fully. Such features as bench
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marks, signals, river banks, subsidiary streams and dikes should
be accurately located. Enough roed readings should be taken to in-
sure the correct plotting of contour lines,

The character of the vegetation and soil should be ascertained
and noted. Other features of topographic importance are mentioned
below,

PLANF TABLE TRAVERSE

General.

A thorough study of all the positions available for the control
of the area should be made and the position of the projection on
the field sheet arranged so 2s to include the greatest number of
desirable points. The triangulation points and as many located
points as possible as obtained from the triangulation party should
be plotted on the traverse sheet before the plane table work is begun.

Before commencing any field work the adjustment of the
alidade for collimation and parallax should be carefully verified.
The initial station should preferably be a triangulation station.

Traversing consists in obtaining not only mutual directions
and distances but also all the essential topographic features within
the area controlled by station occupied.

Accurcy of plane table traverse depends on two factors, name=~
ly the obtaining and plotting of distances and the correct orientation
of the plane table,

The Plane Table and Its Uses.

The plane table consists essentially of drawing board with
suitable leveling devics, mounted on a triped, and a ruler for draw-
ing The ruler is attached to a line of sight, usually a telescope,
but sometimes merely open sights, like those of a compass. The
combined ruler and telescope is called the alidade. This instru-
ment is largely used in detailed topographical surveys and is the
standard instrument for such work of many governmental survey.

Full details regarding topographic surveys with the plane table
will be found in 8 manual which may be obtained by chiefs of topogra~
phy parties by application to the Shanghai office. A simple case,
however, is given below in the use of the plane table out-lining

ol
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the Jocation of & number of places from one point by azimuth and
stadia distance,

The table is set up so that some convenient point on the
baper is over a selected spot on the ground, and clamped in proper
azimuth. The ruler is brought to the point on the paper (point
on the map that corresponds to the point on the ground underneath)
and swung about it until the line of sight is directed toward a
puint that is to be located, A line is drawn to scale along the ruler
to the desired point, which distance is found by measurement or
by stadia. The point is then located. A similar procedure locate
other points. This is called the method of radiation.

Another method sometimes used with the plane table to
advantage is known as the method of intersections. Let it be re-
quired to locate the points A. B. C, from points D and E. Measure
D E and lay off to scale on the paper a line equal to d e in pro~
per position so that the points desired will fall on the paper. Set
the table over D and orient on E. Swinging the alidade about d,
draw lines towards C. B. and A. Set the table over F and orient
on D. Swinging the alidade about e, draw lines toward C. B. and
A. and note the intersections of these lines with those drawn from
ad to correspo.ding points. These intersections locate the points.

i - ~
F; ./'z \T“:\'.
e N

4

e ST amem e ST |

Plane Table and Stadia Travese.

——y

The method of determining distance by stadia in our plane




table travers:s is recommended because it is rapid and sufficiently
accurate for the scale (1 to 10000) used on our field maps.

It not infrequently happens that the table cannot convernuently
be set over any one of the triangulation stations mapped on the
sheet. The method of resection is used.

In the figure below, if points A. B: C. have been properly
mapped on a. b. ¢. and if the table is let up so that a b is paraliel
to A. B. and consequently b ¢ is parallel to B. C. and lines are drawn
through a. b. and ¢ in the directions Aa. Bb. and Ce. they should
intersect in the point d which is over D over which the table is
set. The difficulty is to orient the table. This is done (when
three signa! points have teen mapped) by what is called the *“Three
Point Problem’. The {oliowing is perhaps the simplest solution.
The Three Point Problem.

If three points are mapped and mAay be seen from the posi-
tion of the table place a piece of tracing paper on the table, and
\A B assuming any conveniert

\ / point on the tracing paper,
\ /o draw lines from tnis toward

' _c the three field points. Re-
__\\ C / B move the alidade and shift
P the tracing paper till the
| three lines pass through
_ the three mapped points.
VA S Prick through the inter-
section of three lines. This

D i3 in general the point re-
quired. Now orient the table on any one of the points.
Stadia Errors.
| The source of the largest systematic errors in stadia mea-
surements lies in the difference in refractive power of the air
strata at the bottom of the rod as compared to that at the top.
All stadia readings within one meter of the ground should be avoid-
ed, espeeially in hot weather as readings above this limit are freer
from error. Stadia rods should he care fuily tested occasionally even
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though they were used with the same alidade and disphragm.
TOPOGRAPHY,

General.

By either one of the methods of traversing outlined above,
rantely: transit and stadia and plane table and stadia traverses,
sufiicient data must be taken and recorded to portray accurately
the varicus topagraphic and hydrographic features that come within
the scope of our work. The principal ones of these may be enume-
rated as follows: Contours, dikes and banks sand areas, Y. R.C,
triangilation stations, Navy and Customs signals, cicil divisions, shore
lines of river, stream and lakes, flood lines, towns and houses, ceme~
teries, berchmarks, principal temples and forts, communication lines,
cross sections, islands, prominent rocks, bridges, locks, darns,
mines, etc.

Contours.

Sufficient rod readings should be taken to insure a correct
location of the contours and to define all changes in the slope. Each
contour when drawn in the field should be followed out from the
beginning to end within the lumits of the sheet as an individual
line. Itselevation should bear a relationsh ip to those of the adjacent
contours in the proper order. Care must be exercised in connecting
and interpolating the plotted elevation points to conforin to the
actual physical configulation of the country. Contour drawing does
not mean merely connceting the points of the same clevation to-
gether.,

It is always desirable to draw contours in the ficld. But
when such a procedure does not become feasible, a field sketch to
assist the office mapper should be made by lightly drawing a skele-
tion composed of ridge lines and valley lines in their proper posi-
tions around the station.

The contour intervals for ardinray topography should be either
15 or 10 meters the choice depending on the nature of the country
and the scale of the sheet.

Cross Sections of dikes and streams.
Suificient data shond be taken to show the. completa cutline




of each cross section.

For a dike, readings should be taken at both top and bottum
of any slope. The outline should include the distance of about 100
meters measured away from the base of each side of the dike.

For a stream, the cross section should be taken approximately
at right angle to the direction of flow of stream and be plotted
with the observer looking down stream. To define the cross sec-
tion adequately, at least seven readings are necessary, viz., at top
of each bank, at each ed¢e of water, at maximum depth and at
quarter points of stream bed."! Additional points shouid be taken
to include a distance of about 100 meters beyond the bank or be-
yond the base of dike if there be any; that is, a cross seetion should
include the stream, the banks on each side, the dikes if any, and
should extend to the general surface of ground outside of each bank
or base of dike. Each cross section must be typical of the stream
and the maximum distance between them shall be one kilometer,
but additional ones may be taken whenever required or desirable.
Navy and Customs Stations.

These should be aceurately located and tied to our triangila-
tion systom by accurats double chaining and angle measurement.
Connections with the Navy stations should be so made that cur own
observation and computations for azimuth and gergraphic positions
may have a reliable check and comparison.

Names of places.

Care must be exereised in obtaining the names of towns and
villages, lakes, islands, ete. They should be recorded in Chinese
characters. ‘Whenever & place is known by more than one name,
the best known or most common one should be recorded. Whenever
possible all imponant names should be vetified in their written form.
Flood heights.

In inquiring for information on flood heights, it is necessary
to get as much confirmation as posiible from independant sources.
When taking flood leveral, take several determinations, obtain date
of occurrence, total duration and other desirsble information remem-
bered by old residents,
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The Work of the Yangtse River Commission in China

H. S. Sung,
Chief of Engineering Department.
Yangtse River Commission,
Narkizg

Introduction

I have been asked to speak to you about the Yangtse River
and the work that the Yangtse River Gommission is doing in China.
In order to make plainer to you the location of the Yangtse River
and its extent, I have prepared a map showing China and the
United States of America superimposed, with parallels of latitude
corresponding exactly, and the respective seaboards corresponding
approx:mately. On this map it appears as if the Yangtse rises
in Arizona, flows along the course of the Rio Grande and empties
into the Atlantic near Charleston. By way of parenthesis I may
point out while we are looking at this map that all the present
railvoads of China, as shown on the map lie, as it were, east of
Chicago. You are thoroughly familiar with the tremendous in-
fluences that railways have had in the development of the trans-
Mississippi River Country in America. Railroads will have a like
influence in China and you can see from this map the unparalleled
opportunities in the field of transportation that lie open to men
of vision who will be factors i1n creating the new China.

The Yangtes is 1,000 miles shorter than the Mississippi,
its peak floods are aboul the same but 1uzs total yearly discharge
I8 very much larger, the reason being that it lies 1n a rainier



latitude almost entirely to the south of that of the Mississippi.
The Amazon still farther south in the very rainy trepies 1s of course
the largest of all rivers, being in a class by itself.
Geography

The Yangtse River rises in the confused plateaus of the cen-
tral Asia mountains of Tibet 3,200 miles from the sea. For the
first 400 miles of its journey it flows on this flat tableland without
much fall, but at the edge of the plateau it begins a rapid descent
to that on reaching Batang ({%3#), the river has fallen no less than
7,000 feet. From Batang, the river flows southeriy to Liking.

From Liking the Yangtse changes direction very markedly
and flows north-eastly to the sea. In the first 1,500 miles or half
of its course, the river has rallen 15,000 feet or 10 icet per mile.
One can readily visualize the enormous potential water power that
must exist in this great river in the upper half of its course.

From Suifu, the head of steam navigat lon, a steamer can
take you directly to Shanghai, 1600 miles away. The journey is
usually accomplished however in stages. A small steamer takes
you from Suifu 250 miles to Chungking. A larger one not over
210 feet long for the high water season or 150 feet long for the
low water season, high powered and very responsive to the helm,
takes you from Chungking to Ichang, the last 125 miles of which
are through the worldfamous Yangtse Gorges. In the Wind Box
gorge, the river rises in summer floods 200 feet above its winter
clevation. Having now negotiated the gorges, a third aund larger
steamer takes you from Ichang to Hankow 350 miles. From Han-
kow the last lap of the journey to Shanghai is taken in the large
palatial boats that ply daily between those ports.

Silt

Having now gained a general idea of the river let us speak
more particularly of some of its characteristies. Let us first take
up the question of silt.

The Yangtse carries an immense burden of silt. In high
water 30 tons of silt per second puss Hankow which is 600 miles
up the river from the sesa. Tocarry this load would take a continuous

It
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freight train 2,000 miles long from Sz:chuen to the sea running
at the usual freight train speed. This amout of silt is sufficient
to cover the entire city of Shanghai (both settlements) to a depth
of 25 feet per year. It colors the Yellow Sea yellow for a long
distance from the river’s mouth. The deposited silt is building up
the coast of Asia at the river’s mouth at the rate of 1 mile in 60
years. This figure is definitely known from temple records which
show the date of construction of dikes tohold the sea back., That there
was an ancient Yangtse River and on ancient Yellow Sea hundreds
of thousands of years ago is known by a study the silt found in
artesian well borings in shanghai, Borings 1,000 feet deep have
been made in shanghai before the drill enters rack. To found
skyscrapers in Shanghai on piles driven to rock would obvicusly
be impossible, and therefore Shanghat buildings never will be tall.
In the 1,000 feet of alluvial deposit below Shanghai, stretches of
pure silt 300 feet deep bave been plerced. This silt is the same
as the present Yellow Sea silt. What untold ages must have been
taken in its formation. Other evidences of the work done by the
ancient Yangtse River and its sister river, the Yellow, are shown
in one of these photograph, which is a geologist’s sketeh of what
the east coast of Asia looked like once. The present province of
Shantung was a rocky island in the midst of that ancient sea and
the Gulf of pechihli came down back of ‘‘Shantung” island to
Narkiang and Shanghai, We know this from geveral facts. The
excavation of the bridge fourdations at Tientsin revealed salt water
oyster shells of an extinct species estimated to be 1,000,000 years
old, lying 80 feet below the present surface. Again, as shown in
one of the sketch reproduced from drawings in Mr. John R. Freemen’s
artiscle in Amer. Soc. C. E. Transactions, the Yellowa River has
built up its flood plain so that it is now running on a ridge.
Periodically, it leaves this ridge and inundates the low-lying country
to the right hand or left thus gradually building up the terrain.
Discharge

Let us now take up the matter of the discharge of the

Yangtse. Volumetric measurement of the Yangtse at Hankow, 600




miles from the sea shows that the river varies from about 5,000
cubic meters per second 1n winter to 65,000 cubic meters per second
in summer. In 1924 its mean annual discharge at Hankow was
33,000 cubic meters per second. Thomas-Watt gives the mean an-
nual discharge of the Mississippi at St. Loius as 225,000 cubic feet
per second { =6,400 cubic meters per second, or 1/5 of the mean
annual discharge of the Yangtse. Tbe period of high water in the
Yangtse is one of long duration, usually about 4 months. In fact
the river is often high eﬁough that for 6 months, from April to Octo-
ber ocean-going vessels ply the river as far as Hankow, 600 miles
from the ocean. It is no uncomnion sight at Hankow to sse dur-
ing these 6 months freighters from England, Germany, Denmark,
Sweden, Noiway, America and Japan at one time. DBecause of this
large commerce carried on the Yangtse and centered at Hankow.
Hankow is justly termed the Chicago of China’’, and, although far
inland, is the fourth port of importance in China as regards Cus-
toms’ receipts.
Slope

——

Earlier in this discourse. 1 mentioned that the average
slope of the uapper half oi the Yangtse is 10 feet per miile. In the
reach between Chungking and lchang contalning tne gorpges, the
slope averages 1 foot per mile. At low water from Hankow to the
sed 600 miles, the total fall is only 40 feet, or 8 4 inch ner =iile-
an almost inconceivably flat grade to propel such a large quantity
of water so rapidly.

The grades of the Yangtse have been ascertained by link-
ing up the various gages on the river by a line of precise leveis.
In running the precise levels from Woosung to Ichang a distance
of 1,770 kilometers, the work was of course done twice for a check
and the two determinations difiered at Ichang 1,770 k. m. irom
the sea by only 31 milimeters. The discrepancy allowed by many
governments for such precise levelling ‘s 4 milimeters</ distance
in kilometers which formula applied for this distance gives 168
milimeters. The work of the Yangise River Commission’s engine-
ers was therefore well within the limit 9f 4olerance ior nigh
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class work.
Available Navigation Depths

I have mentioned in the foregoing what a wonderful river
the Yangtse is for mavigation during 4 to 6 months or the year.
One of the chart will show that for many weeks-even months some-
times-during the winter season navigation is restricted to vessels
drawing less than 10 feet of water. The obstructions between
Hankow and the sea, limiting vessels to this draft, are only 8 in
number and total in miles less than & of 1% of the length of the
river downstreams from Hankow. ‘Ihe Marine Department of the
Chinese Maritime Customs has furnished to navigatore for a number
of decades past periodic maps of the navigationally difficult places
on the river. These historically valuable maps of the past taken
in conjunction with the data secured as to presentday conditions, con-
stitute a wonderful guide in analyzing the causes of the difficuities
on the river. The Yangtse River Commission has for 7 years been
making a study of these river conditions, past and present, and
expects soon to be in a position to recommend to the Central Govern—
ment what specific steps must be taken at each place on the river
to overcome the diificulties presented. Thus when the Government
is in a position to finance the improvement, the Commission will
be m a position to give sound advice on the project. It :s only
by an intelligent study of a river cver years that its va gavies are
appreciated and scund engineering conclusions made as to remedial
measares. To study the symptons of the ills from which the Yang-
tse is suffering and ta diagnose the cause and prescribe the pro-
per engineering remedy is one of the chief function and purpose
of the Yangts River Commission.

¥lood Prevention

While the chief work of the Yangtse River Commission
has peen the gathering of data for river regulation, it has also
done much in the matter of gathering data fer flosca prevention.’
Many waps have been made, some being controlled by high grade
secondary triangulation. Existing dykes in certain imperiled dis-
tii.v8 bave been profiled and cross sectioned. Tributaries have




been cross sectioned, gaged, and mapped for long diatances. The
heights of flood have been ascertained by actual inquiry and studies
of certain large lakes like the Tungting and Poyang a covering a total
of 900 square kilometers at high water have been made in order to
ascertain their actual and future value as impounding reservoirs for
flood watars. Fortunately the Yangtse is flanked by a multitude
of lakes, some large and some small, which act as flood water
reservoirs, The existence of these natural basins no doubt is the
reason why the Yangtsze, although several times the size of the
Yellow River, is not menaced by floods like the Yellow, whose
flood plain contains few basins for the conservation of flood waters.

The Yangtse River Commission bas also made studies of the
conservation of land on sowme of the tributaries on the Yangtse. At
Hankow the Yangtse rises 50 feet in summer above its winter
level. In the process it backs up alorg the course of its tributaries
and in doing s> inundates vast areas of rich farm'ing land. The
Commission has made a detailed study on an important tributary
near Hankow whereby with a dam the Yangtse waters could be
excluded, with the use of gates the impounded rainwaters could
be sluiced, and with a lock ccmmerce could be maintained. Such
fields of endeavor seem to offer a profitable venture in conservation
on some of the rivers of China.

Rower Development

With regard to the power development of the Yangtse
River rather liitle is known in detail about the possibilities of
power in this reach of the river but the potential water power
seems to be tremendous.

Take for instance the case of the gorges. One of the
lantern slide which we will see giving the profile of the river
through the 200 kilometers of the gorges shows that at low water
the Yangtse falls about 36 meters (=125 feet ) and at high water
about 54 meters (=175 feet) in this reach of 200 kilometers. The
low water flow is about 4,000 cubic meters per second equal to
the flow at Niagara. The high water flow is about 50,000 cubic
nicters per second. The potential power at low water would be 2,000,




000 horse power. With the unknown foundation in this deep and swift
Yangtse, however, to i}lace a dam at Ichang 125 feet above the
level of low water would seem at present impracticable. There
will doubtless come a time when with an increasing demand for
power in the new China, favorable development of power froin the
Yanztse may be made in many favored places.

In conclusion I wish to thank you for your kind attenticn
and to express the hope that you all may visit China after the
close of the World Engineering Congress, We shall be glad to
see you and to explain to you more in detail the problem of the
Yangtse which is really an immense one, and to show you what

we hope to do to conserve this mighty river for the benefit of
mankind.
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