Scanned pages of the 1908
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SACRAMENTO RIVER, CALIFGOD,. P

LETTER

i FROM

THE SECRETARY OF WAR,

TRANSMITTING,

WITH A LETTER FROM THE GHIEF OF ENGINEERS, REPORTS OF
EXAMINATION AND SURVEY OF SACRAMENTO RIVER, CALI-
FORNIA, FROM ITS MOUTH TO FEATHER RIVER.

Decemper 9, 1908.—Referred to the Committee on Rivers and Harbors and
ordered to be printed with illustrations.

War DeparTMENT,
Washington, December 7, 1908.

Siz: I have the honor to transmit herewith a letter from the Chicf
of Engineers, U. S. Army, dated 4th instant, together with copies of
reports from Capt. Thomas H. Jackson, Corps of Engineers, dated
August 6, 1907, and October 10, 1908, of a preliminary examination
and survey, respectively, of Sacramento River, California, from its
mouth to Feather River, made by him in compliance with the
provisions of the river and harbor act of March 2, 1907.

Very respectfully,

Luke E. WrigHT,
Secretary of War.
The SeeakEer or THE HousE oF REPRESENTATIVES.

War DeparTMENT,
Orrice or T CHIEF OF ENGINEERS,
Washington, December 4, 1908.
Sik: I have the honor to submit herewith, for transmission to
Congress, reports of August 6, 1907, and October 10, 1908, with maps,
by Capt. Thomas H. Jackson, Corps of Engineers, on preliminary
examination and survey, respectively, authorized by the river and

Maps and descriptions submitted by N. Suard, Esq for Snug Harbor Resorts, LLC August 2016




SACRAMENTO RI VER, CALIFORNIA,

} harbor act approv 7
r act approved March 2, 190
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9 1eet below Sacramento is worthy of bei . |
§ jei e : eing undertalon
g{cgzﬁ“‘(ﬁ?;n‘;l n(;(t)i.(rtnmellllt,] th that further improénwnl I|I|‘lll‘l
Sacrs a 1at called for by the existi ject i )
ad\‘;rsable ;1} the present time. Jahaas. o
As one of the most serious problems i i i
’ L : s 8 in connec :
mento River is the control of floods, the e
sented is in harmony with ;
be adopted.
Very respectfully,

Sacramento River, Cali

gation, depths of 9, 19
and 9 feet up to the mouth of l"u':ll
» and estimates therefor are includd |

, the division enginess

l i Sacrne
1 plan of improvement pre.
any rational system of control that tlnny

; W. L. MagsSuaALL
Chief of Enginecrs, U. 8. .'I"rm.y.

The SECRETARY oF WaR.

PRELIMINARY EXAMINATION O
" EXY N4 1 I SACRAMENTO RIVEI p
FROM ITS MOUTH TO FEATHER IU\'I*I]:. o

Ux ITEDSST.-\;‘ Es Excineer Orrics,
; an Francisco, Cal., August 6, 1907,
lin’?'m- I’ ha_wu the honor to submit the following report 'upo’n i pro-
mmlzrtll{:rzo%am]]‘mfi?n (i{' the Sacramento River, California, from ity
the Ifeather River, made in compliance with first i :
ment, Office of the Chief of Engin Ul . Ay, datel N
y O : eers, U. S. Army, dated'J
1907, and pursuant to the re v S it oF iver and hatie .
i zr‘lovesl b quirement of the river and harbor
‘he river and harbor act of June 3, 1896, provi i :
. . 2, 1090, ided for t .
gllcénlt) "(:1]'}:1 hm]ncwl nlf' three engineers of the lUuited Staieshzi‘}r;pyfn?:;
"pose of making surveys and examinations of the S )
and Feather rivers, and submit t} easiblo plan for thauil
ers, § . the most feasible plan for the i
provement of said rivers and the mainten: f vigation thanil
and to have charge of the work | 8 Yecommendid & vt
tiolns et Fov L R A k by them recommended as appropria-
n its report (printed in the Annual Re i
; rinte ; eport, of the Chief of i
:e}er.t. tf()i' 18991, []) 3171) the Board submitted a project for obta];:rﬂﬁl
east channel depth of 7 feet in the Sacramento River below Sacrag

A

mento, by means of a system
| dredging, if necessary, at an
| depth above Sacramento to Colusa, and for a 3-foot depth
Colusa to
. channel widths by temporary works, at an annual expense of $25,000.
| This constitutes the present project for the improvement of the Sacra-
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SACRAMENTO RIVER, CALIFORNIA.

of wing dams, to be supplemented by
estimated cost of $280,000; for a 4-foot
above

Red Bluff, by the removal of snags and the concentration of

mento River.

The river has responded readily to treatment and little difficulty
has been experienced in obtaining the depths called for in the present
project in the portion of the river under consideration. Operations
under this project have resulted in obtaining the least depth of T feet
in the 64 miles of the river from its mouth up to Sacramento and 4
feet in the 91 miles from Sacramento up to Colusa.

This river empties into Suisun Bay, which has a least nevigable
depth of about 13 feet at mean low water.

The part of the river under consideration is naturally divided at
Qacramento into two parts, so far as the commerce and width of
ctream and depth of water are concerned. Above Sacramento the
river is from 600 to 1,000 feet in width at low stages, while below,
except for the last few miles, it is from 400 to 600 feet. The lower
portion carrying in addition the water from the American River,
which enters at Sacramento, is consequently much deeper.

In the lower 50 miles or so the river has a sort of delta formation,
with numerous sloughs, all carrying water at the higher stages and
many carrying water at all stages. To reclaim the islands thus
formed and the lowlands that extend along the entire river on both
cides high levees have been constructed along what was probably the
Jow-water channel, so that at present the river flows ordinarily be-
tween these levees. ;

With the exeeption of an occasional shoal at points where the river
broadens, below where there has been a break in the levee during
flood season, or below a large slough, there is a much greater depth
of water throughout than called for under the existing project, and
these shoals appear only at the low-water stage, which is a short
one—about two or three months. This is due to the fact that enor-
mous quantities of the water brought down during the spring floods
escape into the large lowland basins along the upper river and its
tributaries, and it takes several months for this water to drain back
into the river.

The season of lowest water, however, is during the period when
{here is the most navigation, which makes the demand for increase in
depth the more urgent and important. Many boats and barges are
in commission only during this period. Again, the draft of the
larger boats plying on this river is so near the limiting low-water
depth that they can not be fully loaded during that portion of the
year when they would ordinarily carry the greatest cargoes.

The effect of the tide is felt at low-water stages as far upstream as
Sacramento, about 65 miles, but at the higher stages it does not
extend very far upstream. In the lower 20 miles or so, however,
the action of the tide is pronounced at even the highest flood stage.

The construction of the levees in the lower stretch of the river, and
especially below Grand Island, is said to have raised the flood plane
soveral feet at Rio Vista, a point about 16 miles from the mouth. No
survey of the river below Sacramento has been made during the past

Maps and descriptions submitted by N. Suard, Esq for Snug Harbor Resorts, LLC August 2016
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SACRAMENTO RIVER, CALTFORNTA, h

It is therefore recommended that a survey be made of that portion
of the river below Sacramento. The cost of this survey is estimated
nt 7,500,

In the consideration of this problem T have consulted with the
Sacramento and Feather River Board, and this board agrees in the
opinion that the river is worthy of improvement beyond the present
approved project, and that a survey should be made as recommended.

Very respectfully, your obedient servant,
Tmos. . Jacrson,
Captain, Corps of Engineers.
The Caier or Excrzeers, U. S, Aryy.
(Through the Division Engineer.)

[First indorsement.]

UntTep States Exerzeers Orrice, Pacreic Drvision,
San Francisco, Cal., August 13. 1907.

Respectfully forwarded to the Chief of Engineers, . S. Army,
recommended for approval,

The navigation interests of the Sacramento River are large, and if
n deeper chamnel, up to 15 feet, can be secured at a reasonable cost
it is In my opinion desirable. The lower reaches of the river are
rapidly changing, a number of new levees have been recently con-
structed so that information subsequent to the survey of 1895 is
ﬂl‘("(‘SHﬂI'.V.

The number of side <loughs to be surveyed, the desirability of
obtaining high and low water discharges at various points, and the
necessity of tidal observations at various stages of the river make
the estimate a very reasonable one.

Attention is invited to the recommendation = of a survey of Suisun
Bay, sent forward from this office, which bay is part of the channel
from the Sacramento River to San Francisco,

Joux Bmbre,
Lieut. Col., Corps of Engincers,
Division Engineer.
[Third indorsement.]

Boarp or ExeINEers ror RIVERS Axp Harsors,
Washington, D. C., February 2}, 1908,

Respectfully returned to the Chief of Engineers, U. S. Army.

The improvement of the Sacramento River has been the subject of
much study by a number of prominent engineers, boards, and com-
missions, and has involved questions of navigation and other interests
intimately connected. A number of valuable reports have been pub-
lished which indicate the expenditure of much time and thought.
In taking up the question of the improvement of this river, one is
impressed with the magnitude and variety of the problems involved,
and at once recognizes the necessity of having complete and accurate
data regarding the physics of the stream before it is possible to ex-
press a definite opinion upon the many problems presented. In
each of the important reports heretofore published the statement is
noted that estimates of i\Qst. discharge, slope, and predictions as to

+ -
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For the Board:

9
the probable result of the works proposed, are approximate only,
they are based on insuflicient datg.
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of such data as are essential for g Proper study of the improvemag
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plemented by a personal Inspection of the river by a commitfen of
the Board ang information obtained at public hearing holq nt
ortant interasty

Sacramento on January 90, 1908, that the many imp
that such 4 survey and i

D. W. Locswoon,
Colonel, Corps of Eazgaaarr’f];. i
* Senior Member of the Board.

[Fourth indorsement.]

War DeparTMENT, ]
O¥rice or THE CHIEF oF I‘ANGI‘.\I?.)I;:RB.I W
Washington, February 29, 1!
3 é Secretary of War. O
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0 the United Stateg, ;

t is recommended that such sum be allotted

for a complete and detajled survey,

L. A careful line of precise levels,

2. The es ablishment of Permanent bench marks,

3. A system of tertiary triangulation,

4. Sufficient topography to locate g]] Principal physical feqiy
such as levels, sloughs, cut-offs, creeks, and tributary ‘streams withi
the flood zone,

5. The establishment of Water gauges at critjcq] points, ki)

6. A series of discharge observations of sufficient extent (g do ? SACRAMENTO RIVER, CALIFORNIA,
mine the flow at high, medium, and Jow stages, j SURVEY ORSSSCRAME! TO FEATHER RIVER.

7. Sufficient hydmgrnph_v to determine existing depths, togot)
with characteristic eross sections, the ends of which should he may

for future reference.
at high, low, angd intermad|

as mﬂ,y b(‘.‘ neeo:
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: inc]uding the following:
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b March 2, 1908.
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Approved as recomn \ ERA TAUERRL . ) LW |
Acting Secretary of War,
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8 SACRAMENTO RIVER, CALIFORNIA.
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The United States Geological S L
Un $ I Survey h i i
e abiitogt iy reological Survey has gauging stationg
iﬂg‘ i ulb thutaries of this river, and their observations
that bureau, therefore it w i )
as not con |
ex,l:lc‘%lnded low-water discharge observastli(i?ll;fed Bemide
wate]re driesaions forf taking any observations were the unusugl I
e ec arge of the river this season, being probably Jess
- %uﬁ 3/ ar covered by the observations of the {Inited States Geolo,
uv’tiklab] ey, and the fact that their observations this season weo .
nals=v= ﬁ],"::fufm,ﬂl]t was desirable to know what portion of tl?([;“ ‘
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'dl\él_de.‘i s Bty (:Irl'irc):m channels into which the lower ri
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b ofﬁﬁg sgme {mle yet by that commission, and from the rec?nl'g‘
b 'l}ﬁoze opreescozi‘tii high, low, and intermediate stages can |
adg;;ted L Tt § were used in the determination of
‘he adopted grade line for this su i
~_The a _ s survey is af E
C((;Iél::sw}hz émd at elevation 8.5 at Sacr)amento. lm'zla‘l}]lle lti)r‘xvte:'vrzggl: '
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suriel‘?:l:);l?lg grade line is in general lower than that 0 «
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.Th showing tl i \
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is as n made to the scale of 1:60.,000
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} a esl eological Survey, those of the California Débris Commi wioll
rom local eounty railway location maps, and from (he of thi
survey. ; . G
lisf‘zofmaltlhihgg]tgge gs:tiﬁ\ (‘Ietl))logiﬁal Su];-vey there was obtained §
‘ g . precise level bench marks and thei i ior
ggggﬁ: {,{;?g wxfihm tflle limits of this survey, and 1%'&5’335’5&1: E:'
Wwere used as far as possible in making this sur "
Coﬁgﬁh 3nf0rmat10n_ was also obtained fromgthe Célil-’f‘fo(i-);;ia Déb: ’
b 1:53;(3:3, ?:dlglé?uifur%ey of th;e ;éortion of the river above Sacra-
' . { as been included in the ma i vey
This reduced the field work of this survey to that poizti(:)fn t()};,‘lsthst;l il

[ ] E «
}E]OW laCIEIlllthO Wlth q.O"n(hIlL’S m the river ‘11)0‘(‘ Sacrﬂ]nento

?I‘ }::'mnf}:hl é)f the American River.

e field work was begun about M

L gun 1 ay 1 and completed about

sc:ke gf it ie data obtained has been plotted on 26 sheets to. 1
escription of the river and its commer i i

re}]])ptl'lt on the preliminary examination. dateéce‘ﬁrzvgssfl genwl()q(t o

which T desire to refer in connection with this report, ! o
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SACRAMENTO RIVER, CALIFORNTIA. 9

F'rom an examination of the records of the United States Geological
Survey covering the period 1903-1907, inclusive, it is estimated that
the average low-water flow of the Sacramento River below the mouth
of the American is as follows: August, 9.230 cubic feet per second;
September, 7,820 cubic feet per second ; October, 9,580 cubic feet per
gecond ; with a minimum discharge of 5900 cubic feet per second for
September, 1905.

The discharge for August, 1908, is estimated by the district engi-
neer of the United States Geological Survey as 6,740 cubic feet per
second. It 1s estimated that the discharge for September. 1908, was
considerably less than that of August, and that it was less than the
discharge of September. 1905. The observations of this office during
the period August 3-17 gave a discharge of about 7,400 cubic feet
per second, of which about 27 per cent flowed through Steamboat
Slough and about 24 per cent through Georgiana Slough.

A comparison of this survey with that of the survey of 1895-96
shows that the river is improving as a navigable channel and that
it is recovering from the effects of unrestricted hydraulic mining. V
It is estimated that the river bed for a distance of 14 miles imme-
diately below Sacramento has lowered 2 feet in the past twelve
years. The American and the Feather rivers, however, are still full
of débris, and the effect of the sand deposits in the American River
on the Sacramento River are noticeable for a considerable distance
below the mouth of that river. and the fact that these two rivers con-
tain probably more than 500,000,000 cubic yards of fine material,
all of which must eventually pass down the Sacramento River to
Suisun Bay, must be borne in mind in any consideration of the im-
provement of this river.

It is estimated that the maximum flood discharge of the river dur-
ing the flood of March, 1207, if it had been confined to the river
channel, would have exceeded 500,000 cubic feet per second. It is
seen, therefore, that the minimum low-water discharge is about 1 per
cent of the maximum flood discharge.

Owing to the extreme low water this season, it is probable that the
conditions regarding navigation are worse than they will be for
many years to come. and the low-water plane assumed is undoubtedly -
considerably below the average low-water plane. It is estimated that
in the vicinity of Sacramento it is about 2 feet below the low-water
plane of 1907. .

The discharge of this river at flood stages is so great that the quan-
tity of material brought into it by its débris-bearing tributaries will
probably destroy each season any channel secured during the previous
low water, hence its permanent improvement involves the removing
of the present deposits in its tributaries, the Feather and American,
as well as the present deposit in its bed.

The original soundings for this survey in the vicinity of Sacra-
mento were made in May when the river was at about a 16-foot stage.

About the latter part of July it became evident that the river bed
had changed sufficiently to justify re-sounding in the 13 miles
immediately below Sacramento. This was done in September when
the river was at its lowest stage (about a 5}-foot stage). A compari-
son of these soundings shows that the deposit in the channel in the
distance mentioned was at least 3,000,000 cubic yards. This gives
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I/ however, is gradually getting rid of its hydr
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some idea of the quantity of m
stages,
The improvement of this river is further complicated by the arond
flood discharge, for the estimated flood-carrying capacity of the rivuy
is only about 60,000 cubic feet per second, or about 12 per ceng of i
estimated maximum flood discharge. (Flood of March, 1907.) 3

he great problem of the Sacramento River is its flood control, and

the data obtained by this survey will be of service in the solution

of that problem and ‘the execution of the resulting project. Improve.

ment for navigation is of secondary importance, and no project fop

such improvement should be considered that will decrease the presont
flood capacity of the river or will interfere in the execution of a
control project. Any means of river improvement that involves (ly
use of jetties, etc., and reduces the flood capacity should be avoid
if possible,

The only available method, therefore, of oht
is by means of dredging, and that method
projects and estimates of this report. Any work done under
recommended project will in ne way interfere with the execution ¢
flood-control projects, and it may be made to assist materially in {
completion, )

The river from Sacramento to the Feath
water navigable depth of 4 feet. The survey shows that there
low-water depth of 6 feet thronghout this portion of the river, exep,
for about 1} miles, practically all of which is below the mouth of
American River, and that there is a low-water depth of 9 feet
about 16 miles of the 21 miles, :

The river below Sacramento has navigable low-water depth ¢
7 feet, which has been maintained under {he present project. T
survey shows that, considering a 200-foot channel width, there is los
than 9 feet for a distance of about 3 miles; that there is Joss than
feet for a distance of about 9 miles; and that there is less than 15 fu
for a distance of about 15 miles. Considering a narrower channg
these distances are considerably reduced, :

An examination of this survey shows the great superiority of
Old River over Steamboat Slough as a navigable channel, its one d
advantage being its greater length. Moreover, practically all of |

" important landings are on Qld River. Therefore, in preparing
estimates on the several projects, the improvement of Old River
the main navigable channel is considered. i

As stated before, any improvement by dredging will be of a t¢

porary benefit and confined to a single low-water season. The riy

i aulic mining depe

and the navigable depths are improving. Hence, as the bed of

river lowers, the amount of dredging to be done annually to maint

in(’:t'eusml depths should decrease, 5

‘here are two methods of dredging and disposing of the d o
material : }

First. Use of hydraulic dredges which will deposit the d -;
material on the banks in storage.

Second. Use of clam-shell dredge, which will deposit the dra
material on the present levees o in the river bed outside
deepened channel.

aterial carried by the river at the Towar

18

aining increased dept
1s recommended in (|

er River has a present low
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Sacr d the 9-foot channel

“or - hannel above Sacramento, anc o e

1 b t'lthsﬁeggi?ltlact;& that one-half of the ezECilvatl;led n;::ié :'all('ltxﬁlmml
hl-)[.O“j :1 r f lby each of these methods. For t e gt iy
(hspt(l)s‘e hc?we\'er. the quantity of material is so 1g1eathe g yei
(l?‘ft 1,"’;11'0 based on the placing of all the m‘sAiter‘mb ?inmight ik cAny
oot e_;,] able uantity of material in the river 1e g e
e telgverﬂcfl)w the levees above in case of a sudd( en I‘t11 b i o
thetlott hosite the point where it is stored, unt it d
llhC ]mtlo(e::n?pl All emergency work, however, will probably
AOWnsLI Y .

> 8 d. ¥ i i
hlv’lt‘ Rf\x;@fgﬂi I:)lg]t}i](:;i()ll to the excavzatec}l maltel }11511 ;glglange ﬂ)(z:vn;,:,;(:aas
ing. hi y and filling the dredged chan 2
{ilgilgﬁeglgl}llmgg t?iml?chnnnﬁs will undoubtedly be filled anyway
indicated s 3 ¢ ;

“Th n.of '] he banks
¥ %{i‘{@ﬁqolfit§g;‘15?)? the storage (l)1f the gll‘;dg;sl(zfol{l\fli:‘leé 1?ﬁeogrgd(; ina of
i rious ially for the projects redg :
és at‘rse:lxgixftrée’aessgi (;:]hle i:]at,e with the 12 and 15 foot projects below

: | o A
-‘il:f(?ramentﬂ, i ‘Isni%]v?ztr ?J}i::;eihe surface of the river, ex-
[1ver 1 £ i

o l'in(llozg?gs%tgll}estlile, and the ground adjacent Fofth:il rH‘ gr dsllg gf
o atf1 - it, making it difficult to drain the wntell rothwt- iy 8
;'m;ga%pc{:qngion’s back into the river, and at most places ths
1n d

i d
doni. nstruction of the levees on the land sndelltff ho}cgatclt]: g;t:;i%i ¢

rIt‘ fi:flo will be expensive, unless they‘lnc]f(tse ‘:Iiﬁlee o
il ed on the deposited dredged material mtm il
thians n sufficient land should be secured to p LR Sl
i o ber of years and the entire area utlhzel g g i
folll‘ . ni]l]lmacgmit of the securing of large tracts of ] ;l;l(t s AR
. 'Esb‘{e sites. 1t will also make it possible to Seilhin'hlv Fersitit
TOGRE ® nable cost, as much of it is at present not | gy me
b _Lea;u ht that in the case of the 9-foot projec ity 3

s ls‘t (;ni%e 12 and 15 foot projects below, thlsf St(t)mgd'lect i
'."%-lt.p dtn for at least five years, and for the G-ISOl}elqu g
Sa ?19111 nto and the 9-foot project below it shouf L
Samm‘;i n years, based on a final average depth ()f ‘e];).i(.)“q ity
o l};I the river and the observations o f\:u dos SLEaE

Eﬁﬁiﬁ%ﬁ show that no hard material will be foun
?illi)its of the proposed dredging. el ‘

Estimates on the various projects are t?um ; :

First. Channel width 0f4200 feet at bottom. i

e B o 1ot ‘ojected depth in the vicinity

ir ing to 2 feet below the proje . piaic
fg:églm]zﬁo%l:g to 1 foot below the projected depth farther dow
oI o i .

ing i th

Stl‘?‘am.th Six cents per cubic yard where the d]I’;edgl?}%elfl Ii?ir:fi xf,fgl &

: Oufxeli dredges, 12} cents per anbic yard w elre e e
sy ith hydraulic dredges and the quantity 1s _ezrl_,‘i Al
d(inrolziewtlhe dredging is done with hydraulie dredges an
w

is small.
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Niz-foot 1o1-
been maintained without difficulty. The only dredging that has been
done was this season when a cut was made through a bar about :3]
miles below Sacramento, at a cost of about $3,000. It is considered,
however, that a depth of 7 feet at low water 1s not sufficient for the

1D ;
vater channel above St)crﬂmnntu.

EIE,UUO cubie yards, at g cents
.1.,4.),000 cubie yards, at 15 cents__
65 acres, at $200

Total L

A itttz S G T yresent commerce.
Fipal natntenance s s T o et A o ] The larger boats of the type now navigating the lower Sacramento
Ninefoot Tow omter hsilbies s U i River at times draw as much as 6} feet, and it is probable that they
1,660,000 cubi ohong ; . would occasionally load still heavier than at present if there was a
520 acres, at §2ggrds, at 12} cents_______ greater depth available. The fruit season was at its height this year
----------------------------------------------- $207 at about the low-water stage of the river, and at that time the steamers
ity Rt P were carrying their greatest cargoes. It is thought that the depth at
ARl ainiainie T T TrTorho e low water should be increased to 9 feet in order to admit of heavier

ioading, if desired, and to admit of greater speed and safety.

An Increase in the navigable low-water channel depth to 12 feet
would not produce any material ‘increase in the present commerce in
the Sacramento River, for there is no type of vessels on this coast

Nine-
foot low-water channel below Sacramento,

200,000 cubie
iy yards, at ¢
200,000 cubie yards 6 cents_

125 aer b at 16'centy] | TR - - r t _
B acres, at §200 adapted to that draft. The only benefits derived would be greater
Total facilities for safe navigation to the present vessels, due to the excess
Annual maintenanee 10T Tt depths, which benefits are not commensurate with the estimated cost

_______________ and maintenance.
Twelve-foot low-water channel below . : An increase in the navigable low-water channel depth to 15 feet

1,760,000 cubic yards, at 12 Sooramin would permit many of the steam schooners now engaged in the coast-
550 acres, at §900__ doents. TSGR g wise trade to reach Sacramento, but the incréase in commerce would
o fiica e AT 0 220, (0K not be great, and it is thought it would not be commensurate with
Annual itfiﬁt‘e‘gg,; _______________________ _ the original cost of about $800,000 and the excessive maintenance cost

OB - o of about $425,000.
----------------- ) It is therefore recommended that the project for a 9-foot low-water

channel from Sacramento to the mouth of the river be adopted, at a

Fifteen-foot 10w,
“water channel beloy
cost of $67,000 and an annual maintenance of about $42,000.

Sacramento,
4,300,000 cubic yards, at 124 cents

3¢ .
By o $20(-)““““""--—‘~_—:::_-::—.._:"_—_j """""""" Very respectfully, your obedient servant,
Anuun;r(:,t]?llﬁl‘t; _______________________________ Tuos. H. Jacksox,
mance . T TIEARE : Captain, Corps of Engineers.
__________________ 20, 00 The Curer or Excrxeers, U. S. Arvy.

(Through the Division Engineer.)
[First indorsement.]

Sax Frawncisco, CaL., October 13, 1908.
Respectfully forwarded to the Chief of Engineers, U. S. Army,
approved.

At present there

‘ s s a 4-foot low- |
i ow-water ; (
is fﬁ:g)r:c};]oizhobt!l of the Feather River, wl?ﬁ-in Ipqel‘ ‘fl oot
ipment is ay 33111b1e to Colusa. Colusa is the .O‘;stg'reat o
trofies g tllrlm le i:rom points along the upperp riIx]r - nd
foae pd_s I the stretch between Colusa ]er’ —
il th(?:g iately l[);.EIOW Colusa. Ag stated :11?1( e
" 3 : S no object in considering ; il
wi‘: l:ni(:auci-}:z-&f éhe Feather River and Sacragmlenrf{: a:ed
urthen‘r{:?ledptp'ths betw]reen the former point’ 1?1?19
] re, 1t 1s considered th avai ' y
;lgpth ‘1%% suflicient for the present agrﬂ;grpresent Heipated il
ove Sacramento city. g Y Inhdna

In view of
of the above fa
cts
mprovement between Sacram

Jou~ BippLe,
Lieut. Col., Corps of Engineers,
Division. Engineer, Pacific Division.
[Third indorsement.]

Boarp or ENcINEERS FOrR R1vers Axp Harsors,
Washington, D. C., November 9, 1908.

Respectfully returned to the Chief of Engineers, U. S. Army.

The within is a report on the comprehensive survey of the Sacra-
mento River from its mouth to Feather River, which was made as a
result of favorable recommendations on a preliminary examination
called for by the act of March 2, 1907. At the time of the Board’s
investigation, which involved a public hearing and an inspection of
the river, it was impressed with the magnitude and importance of

+ha inmbtanants annasnnad

the river is not :
: considered worthy
iver beyond its present ca ue-l'ltto and the mouth of the Fl;l;y
recommended, pacity, and no further improvement

€ present project calls for
Sacramento of 7 feet, and (;u.ll'illll

avigable low-water chan
: nel b
g the past three vears thi

Maps and descriptions submitted by N. Suard, Esq for Snug Harbor Resorts, LLC August 2016
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warrant the expenditure involved, and it recommends the adoption
ol a project below Sacramento city for a channel 9 feet in depth and
200 feet in width, at a first cost of $67,000, including the necessary
puchase of land, and an annual charge for maintenance thereafter of
. $12,000.

) amount of prodyce &rowWn In the immediate ; One of the most vital problems that confront the people of this
7 'Y section of the country is the question of flood control. The plan of
improvement recommended herein for the benefit of navigation in-
volves dredging only and will not conflict with any project that may
be adopted in the interests of the more important question. The
survey and its resulting maps and data should be of great value in
the solution of the flood problems.

With reference to the section of river between Sacramento eit
and Feather River, the district officer states that it now has a deptﬁ
of 4 feet, which is the depth provided for by the existing project
between Sacramento city and Colusa, and that the controlling depth
is a short distance below Colusa. There appears to be no particular
advantage in having a greater depth below the Feather River than
between that point and Colusa, as the same boats are used over the
whole distance and the character of the commerce is the same. In
view of these facts, the Board econcurs with the district officer and the
8-foot depth division engineer in the opinion that Sacramento River between the
Annual mainter mouth of Feather River and Sacramento city is not worthy at this
g‘foot depth@er. ' i§ i time of improvement to a greater extent than is authorized by the

' B {‘xi?tln% prﬁ]ecta
or the Board :

trsiﬁc cloyrespondmglv Increased 1
ca 7 i

i prm};g:rfgt% ]13\(3 expressed a desire for an im :

Homi i T a depth of 15 feat to Sacrament, by

o of the Feathep River, TIn order fh‘lg ([E;]ty, and'tg |

: e merj

cas 1 gh 0} ere S( ates were ll]ade 1("‘ (,']l

ase mia i I)e 1{!” C ]lS](l 3 i d, estim
an 9 ee C e[ (& “11Ito a e I th |

6 d f) t m 1 )th b(ft“ 32N Sa(:l'!l]]l(‘]]i I]d th eather

and for 9, 12 anq 15 feet i
i eet y
mates are Summarized as (}ollll:)“('i&ae Pth o Seeri

Between Sacramentn and Feather River,

9.1 D. W. Locgwoop,
‘{ng‘!’iffﬁ_ﬁlﬁt _____________ Oolonel, Corps of Engineers,
ig_f()ot depih f‘_"_‘i’ice Senior Member of the Board.

hnual maintenance
15-foot depthic U O- e___
Annual maintenaneg . 77T
__________ e ‘War DEPARTMENT,

UN11ED STATES ENGINEER OFFICE,
San Francisco, Cal., October 10, 1908.

Capraiy: I have the honor to submit the following report on the survey of
o . and estimates on projects for improving navigation on the Sacramento River
urm%) the next high-w: L b zely ( " from the mouth of the Feather River to Collinsville, made under your direction
of 12 feet to S B + r s i and in aceordance with the recommendations (February 24, 1908) of the Board

3 g 8 of Engineers for Rivers and Harbors,

SURVEY,

REPORT OF ASSISTANT ENGINEER H. H. WADSWORTH.

aracter of ho

raffic, t] i i ‘
» the amount of this commerce would not he ;lucﬁi(fi%rr?: to j

. the
great cost of such an !mprovement. In this view the Boarg

cur, believing it to he ; i
bl ucmmento]gﬁ;.mtmable at any reasonable cost

he distrjct oflicer recommends

Authority to make the survey was received on March 12, coupled with in-
structions to make a more comprehensive survey than the preliminary estimate
of cost contemplated. A further allotment of funds was asked for, and notice
that this additional allotment had been made was received on April 12, 1908.
In the meantime the necessary equipment was secured and parties organized.
All parties were in the field before the 1st of May. This season has been ex-
ceptionally favorable for the prosecution of the work, both on account of the
absence of high water in the rivers early in the season and by reason of exten-
sive shutting down of many engineering enterprises, which made it possible to
secure surveyors for this temporary employment, (

As the survey of the San Joaquin River was carried on under direction of
Colonel Biddle contemporaneously with that of the Sacramento River, and as
the two river systems are intimately connected in many ways, and as a single
map of the whole area from the .mouth of the Feather on the north to the
latitude of Stockton and Antioch on the south, and from the longitude of Stock-
ton to that of Collinsville is desired, the whole work was treated as a single

and descriptions submitted by N. Suard, Esq for Snug Harbor Resorts, LLC August 2016
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~
survey and the severa] parties distri
e y distributed a i
”,;"‘(:l' "rll:el llxlclzux}(;-qmre? ,‘:ll"olllld within the ti::?gl?;(l)i‘ted
"POse of this survey this w ¢ !
faoe " S nEmope his 'V this whole area ws (
cum-dinufe:l‘lvs;g \eeos;lis;;ltggnihboth triangulation andu;r:lr\?g't:g f‘.ll:carergfaa“
197 gartes ; » the axes of which were the idians .
, d the arc of a great circle at right angles to th;ﬂe;]igi{?é]i;]il:ﬁnﬂg

about in such a wn)::ll

38° 407,
T i :
Tk 111‘31-36:111?(;1tli]:?el(;t-;;li]lnllilltlﬁi gi the sll'rrvey are referred to this
e e azimuths any line differ by 180° ey, "
within tﬁltef}pu’mth referred to this meridian an& the treu‘een." B i, ]
A l’])li‘lV[S (!:f tl'te survey is 0° 00’ 07.8’’ for ‘each 1 Oﬂmmlth b
weét cnonli‘r‘l;:’l of ,.t‘h'.‘q reference meridian, which ls ihe’ 'UU
e tifl‘\'mi'ql‘lals\vlr.:;tle (;f cn:]n'ergence of meridians wsg
. P T ; 'K, In advance the triang ion
IfJI-:')?!I:irsdcilt“r:;;t"mlf"_’l (J.hsorr.rtimls. The 1-es?11;t;111]; :;';..(1'111.,,1\::{:}nu'n,l R
o u.m“e"?]l.l]lt‘.la H well within the limits of ur:lcm'acy ofet-l\J:; ?lln? by
“iond wprg ulso'llmf]o;mti the precise-level work of the United S]tflt?;m(gntl!“
y we L " the control of thi 'VYey, so f: b
i “for S survey, so far g 4
o lo?)lujll';te jQ_'.(}I.lell(‘l] small seale map (5,000 fcjei ;% 11”1'11}:?1;119'1‘? the whola il
St ai:ms}j lfllti)lm binlf:t_s of th_e Geological Survey were used fl(:r itillll‘in“d;ow .
skt e Immediate proxXimity of the river, so f:u‘ as fhetsleto
For areas not cover
are: ered by sheets of the Geolosics v o
cn’lil‘ltllszyd{ll]g};fl .;1‘}1!:}1 "nlfl‘;'f'l." ]loc:ltiun maps are 11\‘(:;ci'lclnl'sf?ll}i‘rff ,i;ecent]y b
¢ € ol levels for this sury t that al
e 2 X ¢ S survey is the same as thy ]
Fel:,ather,“zll?)dbjl‘ mt)l;eri(‘:.lzlfornm. Débris Commission Dfl%&l;’l&ﬂ;ﬂlg’n i
from B. M. of the U ?rg- ‘It is'3.60 feet below mean sea level as il“' [
g m__. tine e mtg.} States Geological Sury ey at Sacrament 1et,erln|
logical Surve i (f}nemo B. M. had been determined by a .I}nlted S I'he-
Army Point {i b{‘%ﬂlSc-level line from a Coast ang (;eod(;tl v hal
ot ke Q’ur enicla, thg: elevation of which, as accepted b ctﬁur{rey o
e ,:ls.dv.mm\]'eyédjsb():lo foot greater than its elevation :lli)ve(in nlt(;d o el
Pt phuw)formc “},' observations of the Coast and Geodetie S‘fim o
- S:i(:r:mwﬁto R._l{l '..e_‘ of the state engineering department angd rln{ey. {
R gl tll‘le'l‘ made by United States engineers in 1895 P |
s, ‘Buro-in ?uqll'ecorded lujiglxt of the zero of the gauge of I!Jmld A I
Mo m‘\de\;‘ (l)]n OB k‘.|Io’r.-|m0ntn is 0.78 foot below the datum of ?l :ed g
e thmugil Mg - M.'s of the United States Geological Surv t Antil
D e 1§1r- evels, on the original B, M. of the state en ley fler
bk piacé ESWO!]];I(I){];A?(;génl’:;elzho‘:{rg t(limt the datum i)l;mé m‘.g iat
e ! - ; W the datum plane of this Vi g
Statelsrgcel(:leo Ig\ e]]slme' from Sacramento to (?nllins\-i]Iengnillr-il:l‘e ) th '
s l;:,f:lca uf‘\ey. and partly by a party on this ’sur\' i St
elevations :)(fdce[’hse?lv;lgﬂns at Collinsville, extending ;)rereﬁ’ et
several tidal planes at the ], er o ]
S 4 atter place as
ponding elevations at Army Point, Benicia, as (lleternn]i;efimli);w he Ooalt

Geodetic Survey, are a] iv
S S Ky S0 given. These elevations are referred to the dul

meridian, so tl

Vv’

v

Mean sea level
Half-tide level ... "
Mean lower low water. .
Mean higher high water. . ..
Mean of three lowest tides
Lowest tide observed i3

Triangulation ~The tri : : . lhe ;
1' & g angulation system of th > i o
wr;x_:; it:)ctrnot(:’:gnto to Collinsville, hut the stations s'efg‘;.’!;f];;:lﬁuww of
Ml ""e&unysnhlle. and in several cases they were not vi'silll:l::ny .'
s o gt g WA (Qi:xf;;lll p::l?‘(tlii‘:;onnl]triangllllatinn stations were establi: I
m%!r posl:ll]ous e could readily tie on to them and get chocl
or a distance of about 30 miles b
elow  §

difficult for triangulation on account of the gfg;l;;m:;l tt(i)mtl::i {t:g::.tMJ
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river. Whenever practicable the three angles of triangles were read, but in
most cases two only were observed. Iach observed angle was measured by
turning it off on the circle (cumulative) at least six times and dividing the
final reading by the number of observations. An ordinary engineer's transit
was used for this work.

Monuments consisting of 3-inch galvanized-iron pipes with brass caps, set in
concrete, were set to mark the stations, or when these were on buildings, water
towers, or windmills the monuments were placed near by and tied to the station.

Precise leveling.—The preliminary values for elevations of B. M.'s on an
uncompleted precise level line of the Geologieal Survey extending from Sacra-
mento to Rio Vista were obtained from that survey., This line was extended
down the river to Collinsville, as noted above., or this work a . L. Berger
precise-leveling instrument was used and excellent results were obfained.

All parts of the line were run at least twice (forward and back). When-
ever the relative elevation of two successive B, M.'s ns obtained from the second
running of the line differed by more than 0.02 /1) feot, where D is the distance
in miles between the B. M.'s, this part of the line Was run a third time. A
third running was seldom necessary. The monuments, consisting of braks-
capped pieces of pipe set in concrete, described nhove under the heading of
“ Triangulation,” are marked “U. 8 E. D. B, M, No,—" The elevation of
these, when located along the precise-level line, were determined by the pre-
cise-level party.

Topography and hydrography.—The detail topogranphie nnd hydrographic work
was done by two parties. Traverse lines were run on ench side of the river,
and on each side of Steamboat Slough. Cross seetlonn were generally run at
intervals of 1 mile.

In territory which had been mapped by the Geologlenl Survey, these cross-
section lines were run to a distance of about 1,000 feol from the river. At
other places they were run an average distance of nhont 1 mlle, The traverse
lines on opposite sides of the river were connectod ni freguent intervals and
closures made. They were also tied to and checked by the (rinngulation survey.

Levels were run over all traverse and cross sectlon lnes, Checks were made
on all benches (within reach) of the Geologicnl Survoy nnd of the precise level
lines. The elevations of existing water gauges woere determined and many
gauges were set for use in connection with soundings,

Such topographic details as levees, slonghs, fences, nnd hulldings wore located
largely by stadia.

Soundings were taken with a pole when the depths did nol exceod about 12
feet. For greater depth a lead and tagged line was used,  SHoundings, except in
the lower, deep portion of the river, were generally spneed 80 (o 40 foot npart on
lines 200 feet apart. They were reduced (o an assimed low water pourface
grade line and platted on the field sheets, Before belug teaced an netinl low
water surface grade line was determined by numerous gnuge obseryations nnd
soundings were reduced-to this grade line,

This adopted grade line is at the mean lower low water (elevation 0.00) nf
Collinsville and at elevation 85 at the foot of I, streel, Sncrnmento,  ("Fhis cor
responds to a height *'of 54 on the Weather Bureau gnuge at that polnt,)
Since this water-surface grade line was adopted the water hus fuetuntod bhut
littie from this gauge height at Sacramento, having fallen on one or fwo diuys nx
low as 5.2 and risen as high as 5.6, Unless there I8 an unexpectod conthninmnes
of hot, dry weather, it is not thought there will be much further drop of the
river height. It has not been so low before since 1879,

For determining intermediate points on the water-surface reference grade
line a date was selected when the predicted height of the lower low waler wns
at the mean lower low water, and, in fact, when the tide gauge at Collinsville
registered that stage of the tide.

An observer was stationed at each of the numerous permanent and tem-
porary tide gauges which had been established and stage of water al low tlde
was taken.

The resulting grade line is lower at Sacramento than that used on previous
surveys (on account of this year's very low stage of the river). It is higher at
Collinsville and Rio Vista and some distance farther upstream, because 1t does
not represent an extreme low stage of the tide, but corresponds with the mean
lower low water, which is used as reference plane for soundings on churin of
the Coast Survey, and is the plane to which the tide-table predictions vefer,
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On account of extensive deposits which formed in the river between 8 .
mento and Freeport after the survey of this portion had been made, the
was re-sounded at the low stage between these Dpoints, ]

A comparison made by platting the two sets of soundings extendirg over thq
134 miles of river below Sacramento show that between May and Septemboy,
while the river at Sacramento fell from a stage of 16 feet to n stage of 5) M
on the Sacramento gauge, a fill of over 3,000,000 cubic yards occurred,

Comparisons with older surveys show that the general present tenden s
the river at this place is to lower its bed so that this shoaling must be due ton
temporary arrest of the movement of the enormous quantity of materinl holn g

«carried down from the mouth of the American River, and it will doubtless bo
moved on again during the next flood season, i

The survey of the Sacramento River from the mouth of the Feather to A
mouth of the American, made by the California Débris Commission, is lncd? 1
Dborated with this.

Up to this date the field mapping of the survey has not been quite complet,
and considerable work remains to be done to complete the fracings. Soundi
in all parts of the river on which any deepening will be required to procure
15-foot channel to Sacramento have been charted and use made of them in p
paring the estimates of quantities for the several specified projects given halg

River discharge measurements.—Current meter observations were made at
station located a short distance ahove Courtland, between which point and ¢
mouth of the American River there are neither tributaries noy outlet slon
also at two stations at Walnut Grove, one on the main river ang one on @
giana Slough. At each of these stations there is a considerable tide, g
although no upstream current was observed, there was between tides a slaok.
water period of about forty minutes. This considerably complicated the (

lied by a large stenm

i - ozzle was used, water being sup-p b

ot Dllﬁ w(letxﬁats:-alti?r?aconaydeptn below 'that required for eitll)fr 3;‘;1;:‘351?;]'3;5 :
gurmipn'lprovgment for which estimates are called for was easily

(4}

I ihe th of the Feather to Walnut Grove,
L es extended from the mou ! ! i
iﬁeig;:]iliet‘:‘?ﬁ{s oE the survey, exe2e§)t about two weeks’ work on the

n September 28, : A

mgll‘,l?é l::;.lcitl)ug:snofplsilﬁlﬁeoshee%s (of which theu'ef v;'lllg ?\51 ?};} r::gq:) g:rg?lasllysc 2 l;

vovember 10, and the map o 4 ,
gg 5ﬂ gg)?)h:geg) %goieil;\c?l‘,‘-:\]'.ill prob'ably not be completed before December 10
il

N.
ESTIMATES OF COST OF PROJECTS FOR IMPROVEMENT OF NAVIGATIO

s al projects called for
ments of estimated costs of the. sever: i
T:.;e t(g:)(:x?éngfs%;%ncers is based on prices of_ b‘ ce]uts ;:g; ;!ll;giihi?ﬁgltor
hx d“'an and casting material either into the river a oillllg pedin B U1
i gtlhg'bsmk- 15 cents per cubic yard for dredging, towt g, D
Olm') 7 ound, for the 6-foot project above Sacrameut(])l u:bove Mgl
stomgf hg;iow S'acrnmento; 12} cents per cubic yard for the o Sh e
pg(:»rject nd 15-foot projects below and for the 9-foot project at:ﬂm
15[)000 ;‘1 acre for land required for the storing of dredg‘ed m?i e -as o ol
; P} nermuual maintenance cost is estimated at the S““emsgcertniﬁ rwd
drodgin n the case o & ool tnd i e R ok
H ‘mov f material down the riv arly Jreans
211:;111:11;‘: l(t)l‘n‘:::n ?::h?edgiug to approximately the same extent as original wi
¥ g rtion
WIIILIJ&:_-] e::::ag the 12-foot and 15-foot projects, redredging of only a po
e b G]TOI‘;:s?dpggv-lldgﬁa?Jél width of 200 feet; and of
sti redging are a { sy et g
Etmmti?ec{)ror? l:t((lihr;l[;;: to a depth of 10 feet. For the Lu?ell: E:a gjt;ﬂ:l‘) :;;rd ebe
and ‘:eq‘llarge tracts would be required, storage to a gl;%u e; anaCHite oF O
g.;;‘iiégd for, with a consequent extension of the time‘of e
¥ k)

storage ground.
i ! ‘amentn River.
Bstimates of cost of projects for improving navigation on Sacram
BETWEEN MOUTH OF FEATHER RIVER AND SACRAMENTO.

when the stage of the river at Sacramento ranged from elevation 9.1 to
(6.0 to 6.3 on the fauge). The several sets of observations agreed very clos
The mean results were: At Courtland, mean discharge, 7,877 cubic feet
second; at Walnut Grove, mean discharge, Ola River, 3,605 cubic feet
second ; at Walnut Grove (Georgiana Slough), mean discharge, 1.970 cubie
ber second. This would leave for the flow of Steamboat and Sutter slo
(not measured), 1,802 cubic feet per second.

While the above is not quite the minimum discharge for thig season, it

levee on the west side, measures 15,050 square feet, The levee on the east s
has recently bheen raised. Assuming a hydranlic grade at this point parall
with the mean surface slope of the river at a low Stage, which differs but
from that of the river surface during the March flood as shown by high

T

probably less than the minimum discharge for the average season. g Dredging. il | | Annual

There has been no opportunity to obtain a maximom discharge measur: R i A ST AR Té’l.tft mﬂi“‘;e

this year. The fiood of March, 1907, was much greater than: any previou, e SH coet, . VETB0

recorded flood. The measurements of flow made by the United States b i {sposition woabig Cost. |srorage, | Acres. | Cost. .

Survey on the upper Sacramento and many of its tributaries indi R0 X il 4

discharge of 554,700 cubic feet per second. This estimate is from KES

figures published in a paper in “ Proceedings Ameriean Society of { 275,000 | §16,500 By | ;

neers.” A large part of this passed through Yolo Basin and Ca r 6-foot ... g?‘“n;&”"”":l:::: 276,000 410250 | caaniaidl vl ess 000 |11l 1. il

and there were many breaks in the levees through which e e, §90,750 | $57, 750

from the river itself, 7 _ . = 20 | 101,000 | 311,500 | 207,500 b
The cross section of the river at the Courtland current meter station, e 1,660,000 | 207,500 Dl 00 : | : 4

the high-water mark of March, 1907, or practically to the present top of oot ;A do L A

LE.
BETWEEN SACRAMENTO AND COLLINSVIL

............ 200,000 | $12,000 |......... S T R PR B
marks in this vicinity, the velocity through this section wonld not ex 9-foot ... el A 200,000 | 30,000 & - (357,000 | 842,000 '
feet per second; or the capacity of the present channel at thig point, ey L e MR 25,000 | 2 oy H
this dangerously high point, is approximately 54,000 cubie feet per seq : 5 550 | 110,000 | 330,000 | 160,

The combined bank-full cap.-.'clty of Sutter, Steamboat, and Georgiana slo 12-foot...|..... L e S ”.33% ggg:% 5| 1,850 | 270,000 | 807,500 | 425,000
and the main river below Walnut Grove may be suflicient to carry this dis Wtoot 210 Gl L R 300, 000

T the water were not backed up by a much greater discharge into the

river through Cache Slough and held there by chokes farther downs

48 was the cage during the March, 1907, flood. This problem requires

further study. 5
Tests of formattm.—()bscr\-tlons of dredging operations that have b

Progress at various points along the river, and of the character of ma J

forming the levees, indicated that in deepening the channel no material w {

likely to be encountered that could not readily be handled by either suction : 0]

bucket dredges. Ior further information as to the character of the materi,

forming the river bottom a series of tests with n wrerer coloL -

Respectfully submitted. B B Waseiand

Assistant Engineer. i

. 08. H, JACKSON,
N Corps of Enﬁmeers.




