Interactive comment on “Reconstructing the natural hydrology of the San Francisco Bay-
Delta watershed” by P. Fox et al.

Authors Responses to Vorster Comments (SC 2029)

The comments are shown numbered below with responses in italics below each comment. Sub
comments have been identified in brackets (e.g., [1], etc.) within the original comments. Those
specific comments are addressed within the response section.

1.

This reviewer has investigated natural and unimpaired flows in the Bay-Delta-River
system over the last two decades. I was a primary author of the 1998 publication, From
the Sierra to the Sea, The Ecological History of the San Francisco Bay-Delta Watershed
(TBI 1998), which was partially funded by water users and agencies who provided
exhaustive technical review including Dr Phyllis Fox, the paper’s lead author,
particularly on Delta outflow and salinity.

Comment noted.

2. The findings from that work and subsequent analysis concurs with the observation that

the unimpaired Delta outflow is not the same as the natural Delta outflow because
vegetation conversion, levee building and elimination of flood basin storage altered the
flow pattern. Despite the assertion that “this is the first estimate of natural Delta outflow
into the San Francisco Bay-Delta estuary” I reviewed other estimates of natural or
predevelopment outflow using similar simple average annual water budgets (e.g. Fox
1987, Dawdy 1987 and Williamson et al 1989) and computed one myself based upon
mapping of the natural vegetation distribution. I noted a wide variation in the computed
outflow estimates (from 15 billionm3yr-1 to 31 billionm3yr-1 ) attributable primarily to
the values assigned to the areal extent of different vegetation types and their ET rates as
well as assumptions about the source of water supplying the natural vegetation. Using a
different approach Ingram et al 1996 converted paleosalinity estimates into a paleo-
discharge value for Delta outflow that are much higher than the water budget estimates
(an average of about 39.5 billionm3yr-1 for the past 700 years). This paper should note
the previous water budget estimates and other methods used to estimate natural Delta
outflow.

We agree that others have attempted to estimate natural Delta outflow. We specifically cite
three published studies based on different techniques (Ingram et al. 1996, Malamud-Roam et al.,
2006; Meko et al. 2001). These studies estimate flows under Paleolithic or distant past
conditions using tree rings and isotope measurements of core samples. They are not comparable
to ours as they estimate flows during specific, historic years, e.g., 869 to 5,100 years ago. Our
estimate is not an estimate of actual flows that occurred in any specific year, but rather, they are

an estimate of natural outflows that assumes the contemporary precipitation and inflow pattern



to the Valley Floor with the Valley Floor in a natural or undeveloped state. See manuscript, pp.
3853-3854, lines 25-30.

The other estimates cited in this comment either have not been published anywhere (Vorster), or
are only available in the grey literature (Fox 1987; Dawdy 1987) and thus have not been subject
to peer review. We note that Mr. Vorster has asserted for many years that he has estimated
natural Delta outflow. However, he has never published his estimate and has declined to
provide a copy or any information on his estimate in response to several requests by Dr. Fox and
others. The Williamson et al 1989 study simulates ground water flow in the Central Valley
under natural conditions and does not claim to estimate natural Delta outflows, but does contain
a pre-development water balance that was developed without any supporting natural vegetation
mapping. We will revise the manuscript to clarify that this is the first “published” estimate of
natural Delta outflow based on “natural vegetation mapping”.

3. This paper and the paper by Howes et al in press 2015 attempts to refine the estimates of
the natural vegetation assemblages and ET rates but does not fully analyze one of the
fundamental simplifying assumptions of their water budget approach: all of the rim
station runoff and precipitation is a potential supply source for vegetative demand. Their
attempt to address this issue with the different “cases” of vegetation demand is an
incremental but incomplete step in what needs to be a more refined attempt to determine
where the natural vegetation assemblages were in relation to the sources of their supply
and how they responded to the seasonal and yearly variation in supply. [1] Nearly half
of the total area of water demanding vegetation is grasslands and vernal pools, and
another 27% are seasonal wetlands and oak woodlands and savanna for a total of 75% of
the total area that was either not in the floodplain of the primary surface drainages or
were far enough away from the perennial water courses to be seasonally water limited.
[2] The pre-development groundwater budget by Williamson et al. 1989 calculates that
only about 9.2 billionm3yr-1 of the low-lying central part of the Valley where
groundwater levels are less than 3 meters are derived from stream channels while this
study calculates more than twice that amount (20.8 billion m3yr-1). My average annual
water budget estimates a lower net ET of the rim inflow from areas of seasonal wetlands
and grasslands. [3]

[1] Our cases are not an attempt to address the juxtaposition of vegetation and water supply, but
rather, as we explain on page 3861, lines 1-10, a sensitivity analysis to address uncertainties in
the areal extent and water use of natural vegetation. The presence of vegetation indicates the
Juxtaposition with a water source.

[2] We agree that most of the grasslands, vernal pools, seasonal wetlands and foothill
hardwoods were seasonally water limited. This was addressed in our work using two methods.



First, as explained in Section 3.4.1 of our manuscript and in Howes et al 2015, for vegetation
relying solely on precipitation (rainfed grasslands, chaparral, foothill hardwoods), a daily soil-
water balance was used to estimate ET. For seasonal wetlands, we adjusted ET measured at a
seasonal wetland near Upper Klamath Lake, Oregon to study area climatic conditions. For
vernal pools, we estimated ET from pool stage and soil moisture in vernal pools in California.
We did not assume a full water supply for any of these vegetation types. Second, as discussed in
Section 3.4.3 of our manuscript, we conducted a sensitivity analysis to address the uncertainty in
both natural vegetation areas and evapotranspiration rates. The cases we selected focused on
grasslands (including vernal pools) and valley/foothill hardwood, as they represent the greatest
portion of the Valley Floor.

[3] The commenter’s flows, 9.2 vs. 20.8 billion m3/yr, are not cited nor supported with
calculations. Our investigation indicates that the 9.2 billion m3/yr is apparently the “stream
channels and riparian vegetation” evapotranspiration estimated in Williams et al. 1989, Figure
19 (7.5 MAF/yr x 1.2335 billion m3/yr/MAF/yr = 9.2 billion m3/yr). We did not report a
corresponding number in our manuscript. However, it is roughly approximated as the sum of
open water evaporation plus evapotranspiration from large stand wetlands and riparian forest.
This calculation for all of our cases yields 10.0 billion m3/yr
(2.3+3.3+0.1+2.8+0.0+0.1+0.6+0.7+0.1 = 10.0), which is roughly equal to Williams’ estimate
of 9.2 billion m3/yr. Thus, the commenter must have included vegetation types that were not
directly supplied by stream channels and is thus making an irrelevant comparison.

4. The study does not include the Tulare Basin in its water balance and assumes the DWR
calculated unimpaired inflow would be the natural inflow. The unimpaired inflow from
the Tulare Basin calculated by DWR is not a natural inflow. It is quantified as the
modern day flow in James Bypass (CDWR 2007) which are derived from the flood
control release into the Kings River). Historic evidence suggest that the natural inflow
from the Tulare Basin would have included semi-regular seasonal flows from the Kings
River north and occasional overflow from Tulare Lake. In a report on the Tulare Lake
Basin Hydrology and Hydrography for the Environmental Protection Agency (available
at http://www.epa.gov/region9/water/wetlands/local-wetlands.html I conjectured, based
upon historical reconstructions, that Tulare Lake would have overflowed into the San
Joaquin River Basin in nearly 40% of the years in the 20" century. The DWR calculated
average annual unimpaired inflow from the Tulare Basin is about 0.09 billionm3yr-1
while the above evidence suggests it would be significantly higher. Quantification of the
natural inflow from the Tulare Basin should be part of future research.

We agree that the DWR calculated unimpaired inflow is not the natural inflow from
Tulare Basin and that it is the measured flow in James Bypass on the Fresno Slough, which
connects the two drainages. These flows are a tiny fraction of the total unimpaired flow (0.8%)



and thus do not affect our conclusion. They, were selected as they represent a worst case that
would overestimate natural Delta outflow. Our research and a water balance, discussed below,
suggest the long term annual average flow between these basins was close to zero.

We also agree that under natural conditions, there was periodic exchange of surface
water between the Tulare Lake and San Joaquin River hydrologic regions. Surface water was
generally believed to flow from south to north from the Kings River fan through Fresno Slough
and other smaller channels (DPW, 1931"). The Kings River fan in the east and the Los Gatos
Creek fan to the west create a natural ridge which separates the majority of the Tulare Lake
Hydrologic Region from the northern section. The elevation difference between the low point on
this ridge and the San Joaquin River at Mendota is approximately 30 feet. Under natural
conditions, except in very wet years, the ridge would have separated surface waters in the San
Joaquin River and Tulare Lake hydrologic regions.

Similarly, a groundwater ridge would have divided most of the Tulare Lake Hydrologic
Region from the San Joaquin River Hydrologic Region, maintained by recharge from the Kings
and Kaweah rivers as they enter the floor of the valley. Except in very wet years, groundwater
elevations would have sloped from these rivers northwards to the San Joaquin River and
southwards to what was known as “Tache Lake”.

Historical accounts record that in exceptionally wet years, such as 1862, Tache Lake spilled
over the ridge, described above, and drained northwards through Fresno Slough to the San
Joaquin River. The following description from the Report of the Commissioner of Public Works
to the Governor of California, dated 1895, supports the assumption that flow from the Tulare
Lake Hydrologic River into the San Joaquin River occurred infrequently:

Precipitation of moisture is so light throughout the southern portions of the Sierra
Nevada Mountains, the upper parts of the San Joaquin Valley, and the eastern slope of
the Coast Range, that the years in which more water has reached this part of the valley
than is required to replace the amount annually evaporating from the surface of the San
Joaquin Valley lakes have been rare. The entire drainage basin above Tulare Lake,
including a part of the flow of Kings River, therefore becomes tributary to San Joaquin
River only at long intervals. This can be best illustrated by a brief history of the
Sfluctuations of the Tulare Lake water surface.

After several wet winters preceding 1853 the lake was found full, though possibly not
quite as high as in 1862 or in 1868.

From 1853 until 1861 the low-water plane of the lake receded — at what rate each year
cannot now be determined; but in 1861 the water surface was as low as 204 feet, if the
testimony of some of the residents at the lake at that time, in reference to the rise of water
the following winter, can be relied upon. The heavy rainfall of 1861 to 1862 caused the
water surface of the lake to rise to the highest stage at which it has been known — 220 feet
above low tide in Suisun Bay. Its area was increased from 300 to nearly 800 square
miles. Its contents were increased by 300,000,000,000 cubic feet [6.8 MAF] of water
during this one winter.

! California Department of Public Works (CDPW): San Joaquin River Basin, Bulletin No. 29, 1931.



Eye witness accounts by qualified observers before the area was developed, summarized in
Fox (1987) suggest the flow could go either way, from the San Joaquin to the Tulare or vice
versa, depending upon the wetness of the year.

In 1850, Lieutenant Derby, an early explorer and mapmaker in the area, explored the
“Tulares Valley” in a wet year, in search for a site for a military outpost and attempted to cross
between the basins at Fresno Slough in April. He reported that the ground between the lake and
the San Joaquin River was “entirely cut up by small sloughs which had overflowed in every
direction, making the country a perfect swamp...In all of these sloughs a strong current was
running southwest, or from the San Joaquin river to the lake.” (Farquhar 1932°).

In 1853, the U.S. War Department made surveys for a railroad route. Blake, the
geologist, described the overflow area, noting that “when the level of the river [San Joaquin] is
greatly raised by freshets it overflows it banks, and the water passes to the lakes by this slough
[Fresno Slough]. At seasons of low water, all communication between the river and lake is
prevented by a bar at the mouth of the slough.” (Williamson 1853°, p. 192).

The study cited by this commenter (ECORP Consulting 2007) does “conjecture”, without
any supporting calculations, that Tulare Lake would have overflowed into the San Joaquin River
Basin in nearly 40% of the years in the 20" century (ECORP 2007, p. 7). However, it is silent
on what happened in the other 60% of the years and fails to provide any estimate of the flows in
the 40% of the years it claims there were overflows to the north. This conclusion is also
inconsistent with all of the historical evidence.

A water balance suggests that over the long-term, the net water exchange between these
two basins was nearly zero (Fox 1987, Table 8). Drought is more common in the Tulare Basin
than in the Valley Floor, and early explorers often reported the subject lakes as dry, so no flows
would be exchanged. Further, as noted above, under many conditions, water moved from the
San Joaquin Basin into the Tulare Lake Basin, or in the opposite direction.

5. The average inflow and outflow should be compared to the measurements and estimates
of Sacramento River at Freeport and Collinsville as well as other upstream locations by
state engineer William Hammond Hall in the 1879-85 period (Hall 1986). [1] The annual
flow estimates for the Collinsville location at the downstream end of the Delta (i.e., the
location of Delta outflow) ranged from 22 to 40 billionm3yr-1, averaging 32 billionm3yr-
1 for 1879-1885 period, which encompassed both above and below average precipitation

* F.P. Farquhar, The Topological Reports of Lieutenant George H. Derby, Part II. Report on the Tulare Valley of
California, April and May 1850, California Historical Society, v. X1, no. 2, pp. 247-265, 1932.

3 R.S. Williamson, Report of Exploration in California for Railroad Routes to Connect with the Routes Near the 35
and 32d Parallels of North Latitude, in Explorations and Surveys for a Railroad Route from the Mississippi River to
the Pacific Ocean, U.S. War Department, 1853.



years in the watershed (see for example the annual Nevada City precipitation in the
California Water Atlas p. 7 (Kahrl 1979)). [2] Although localized alterations of natural
landscape by hydraulic mining and land reclamation had already occurred by 1879,
particularly along the lower portions of the Sacramento and Feather Rivers, the Valley
wide hydroscape was still largely representative of natural conditions making Hall’s
observations an important point of reference for natural flow estimates. [3]

[1] As we explain in our manuscript, pp. 3853-3854, lines 25-30, we are not estimating the flow
in any specific year or years, but rather natural outflows that would occur with contemporary
precipitation and inflows to the Valley Floor for 1922 to 2009 with the Valley Floor in a natural
or undeveloped state. The cited Hall flows for the period 1879 to 1885 are not measured flows,
but rather rough estimates. Hall (1886) states: “The flow of the Sacramento river at Collinsville
— the point of its junction with the San Joaquin and entry into Suisun bay — has never been
directly measured.” Hall (1886, pp. 406-407) then explains why the flows at Collinsville and at
Sacramento cannot be measured. Elsewhere, Hall explains why the flows in 1879 to 1885 are
not representative of natural conditions. See response 5-[3]. As the cited report, Hall (1886), is
not available on the web, we are attaching relevant extracts in our response to this comment.

[2] The precipitation at a single gage is not adequate to determine the relative wetness of the
water years 1879 to 1885. The California Department of Water Resources developed the Four
River Index (the Feather, Yuba, American, and Sacramento Rivers) from tree ring data, which
can be used to assess the relative wetness or dryness of a given historic period. The mean
reconstructed unimpaired Four River Index flow over the period 901 to 1977 is 21.3 billion
m3/yr.* The mean estimated actual flow for the five years of Hall data is 31.6 billion m3/yr.
Thus, these estimates were made during a relatively wet period or are overestimates, due to the
crudeness of the methods employed. Further, the correlation between individual Four River
Indices for each year from 1879 to 1885 and the estimated Hall flows is weak (* = 0.39),
confirming the very rough nature of Hall’s estimates.

[3] We disagree that the valley wide hydroscape was still largely representative of natural
conditions in 1879 to 1885. Another Hall report, written in ]880,6 describes the many
modifications to the natural system and their affects on flow, which are considerable. These
include: significant reduction in the flood-carrying capacity of river channels by mining debris,
resulting in wide spread flooding, construction of levees to keep flood waters out of the swamp
and basin lands, installation of cut-offs in the upper Sacramento River, and significant
harvesting of natural vegetation . For example, as to the Feather River, the major tributary to
the Sacramento, Hall writes: “The channel of the Feather River has been subjected to such

* http://treeflow.info/cali/sacramentofour.html.

> http://treeflow.info/cali/sacramentofour.txt.

® William Ham. Hall, State Engineer, Report of the State Engineer, Legislature of the State of California — Session
1880, Part 11, Sacramento, 1880, Drainage of the Valleys and the Improvement of the Navigation of Rivers, pp. 7-



considerable changes during the last 10 or 15 years, that a description of its present condition
would not convey a just idea of the real character of the river.” Hall 1880, p. 27. Elsewhere,
Hall notes, “The Feather River () and its main tributaries, as well as the American River () for
considerable distances within the foothills and at points well up in the mountains, and many of
the side ravines tributary to all these main canons, are now vast reservoirs of detritus...” Hall
1880, p. 13. The modifications to the natural system were so extensive by 1879 as to bear no
resemblance to the natural system. As the 1880 Hall report is not available on the web, we are
posting relevant excerpts with our response to this comment.

6. The natural/unimpaired issue obfuscates the Delta outflow issue since the species
declines and the X2 relationships were developed in the altered 20" century estuarine
system. More relevant is the change in actual Delta outflow in the 20" century as large
dams and water transfer projects significantly altered the timing and magnitude of Delta
outflows. The effects of these alterations can be discerned by comparing the computed
actual Delta outflow (Dayflow) in the 1922-43 (pre-project) period (prior to the
construction of Shasta and Friant Dams and Federal Delta export facilities) with that of
the 1968-94 (post-project) period (after the State Water Project dams and export facilities
were completed). When all but the “wet” year types are examined, annual Delta outflow
is 30% to 60% less than comparable years of the pre-project period, with even greater
percentage reductions in spring outflows in drier year types. The average annual Delta
outflow during the pre-project period was about 15% more than the post-project period,
but the average rim station inflow was 17% less in the pre-project period than in the post-
project period (i.e., the pre-project period had less rim inflow but more Delta outflow).
Noteworthy is that the driest 11-year period in the 20" century — the 1924-34 pre-project
period- had about half the runoff of the wettest post-project 11-year period (1995-2005).

While we do not agree with the reviewer’s statement that “The natural/unimpaired issue
obfuscates the Delta outflow issue...”, we do agree that changes in Delta outflow in the 20"
century is relevant and important in understanding the altered Bay-Delta system. The lead
author published research on this topic:

Fox, J.P., T.R. Mongan, and W.J. Miller (1990). Trends in Freshwater Inflow to San Francisco
Bay from the Sacramento-San Joaquin Delta, Water Resources Bulletin, 26 (1), 101-116.

The authors continue to research changes to flows in the Bay-Delta system and plan to submit
this work for a future peer reviewed publication.

7. Unimpaired runoff can be used along with actual runoff as one of the metrics of
hydrological alternations in the system since 1922, particularly on an annual and seasonal
basis for Delta outflow and on a monthly time step for the rivers below the dams. Neither
DWR or others who use it purport it to represent natural Delta outflow, although there is



consensus that it is an adequate representation of the magnitude and timing of natural
flow peaks of the runoff into the Central Valley, with recognition that the hydrograph
peaks would be reduced and the falling hydrograph limbs would be extended as flows
moved down-Valley towards the Delta due to engagement of the floodplains and
attenuation by the flood basins as well as groundwater contribution to the summer
baseflow.

We agree with the reviewer that unimpaired runoff is an adequate representation of natural flow
patterns onto the Valley floor; our water balance makes this assumption and the manuscript
discusses the state of knowledge on that subject. However, we have no basis to agree with the
reviewer, nor has it been demonstrated that, unimpaired runoff can be used as an effective
metric of alterations to Delta outflow. Unimpaired runoff encountered a landscape that was
radically different from the current landscape (Fox and Sears 2014). These differences would
have altered the volume and timing of unimpaired runoff ending up as Delta outflow.

We disagree that no one uses or has used unimpaired flows as natural flows. This use has been
widespread since the early 1980s when unimpaired flows were first published. This was the
original motivation for our work. See, e.g., Cloern and Jassby (2012)’; Dynesius and Nilsson
(1994)%; and Fleenor et al. 2010.°

8. This paper does not prove provide a coherent ecological explanation for how the rough
equivalency of the average annual simple “natural” water balance for the 1922-2009
hydro-climate with the current (2011 level of development) average modeled outflow for
the 1922-2003 period provides insight on “understanding of the biological functions
provided under natural conditions™ or [ 1] support a conclusion that “it is unlikely that
reduction in annual average Delta outflow have caused the decline in native freshwater
aquatic species”. [2]

[1] The manuscript asserts that, and there is near-universal agreement that, knowledge of
natural hydrology provides insight for understanding the biological functions provided by
natural flows because native species evolved with natural hydrology. The reviewer mistakenly
asserts that the manuscript argues the rough equivalency between average annual outflows
under current and natural conditions provides such insight. Rather, the purpose of our work was
to demonstrate that unimpaired Delta outflows are not natural outflows. This is a very
important conclusion because many have erroneously assumed unimpaired flows are equivalent

7 Cloern, J.E., Jassby, A.D., 2012. Drivers of Change in Estuarine-Coastal Ecosystems: Discoveries from Four
Decades of Study in San Francisco Bay. Reviews of Geophysics. v. 50:1-33.

¥ Dynesius, M., and Nilsson, C. Fragmentation and Flow Regulation of River Systems in the Northern Third of the
World, Science, 266 (5186), 753-762, 1994.

 William F. Fleenor, William A. Bennett, Peter B. Moyle, and Jay R. Lund, On Developing Prescriptions for
Freshwater Flows to Sustain Desirable Fishes in the Sacramento-San Joaquin Delta, Center for Watershed Sciences,
University of California, Davis, 2010.



to natural flows and thus have asserted that declines in current outflows, relative to unimpaired
outflows, is a cause of species declines. See responses to Swanson.

[2] Assuming one accepts the study findings of rough equivalency between average annual
outflows under current and natural conditions, it follows from simple logic that it is unlikely that
reduction in annual average Delta outflow have caused the decline in native freshwater aquatic
species. The manuscript caveats this conclusion by acknowledging that fisheries respond to
inter- and intra-annual variability in Delta outflow.

9. Tagree with recommendations for additional research particularly more detailed
landscape reconstruction and an assessment of the flows on a monthly time-step. In
addition I also recommend assessing the impact of forest practices and land use on the
quantity and seasonality of rim station inflow. Although the conclusions of the study to
this point have limited relevance to the efforts by regulatory to establish flow standards to
protect beneficial uses of the Bay-Delta Estuary and its tributaries, I encourage continued
collaborative work to gain a better understanding of the watershed’s historic landscape
ecology. [1] Unfortunately the State Water Contractors and SLDMWA have politicized
these efforts. Early in this study I offered to provide all of the data and information from
the TBI 1998 study and to provide input and review. The funders turned down my offers
despite some of the authors encouraging that input. [2]

[1] We agree with the reviewer that future research on the impact of forest practices and land
use on the quantity and seasonality of rim station inflow is needed and we will add this
recommendation to the manuscript. The authors understand that our findings will be
controversial and will motivate scientific debate and additional research. We believe this is a
good outcome and look forward to future technical debate and collaborations with the reviewer
and other fellow scientists and engineers working on Bay-Delta issues. As a first step in this
process, the reviewer was invited to participate in a panel discussion on natural flow at the
October 2014 Bay Delta Science conference in Sacramento,; unfortunately the session was not
accepted by the conference organizers.

[2]Dr. Fox was a participant in the TBI 1998 study. She provided much of the information this
study relied on from her extensive personal library on the history of California water, which
includes many original documents and maps. Thus, our study team already had the offered
information. There was no intent to “politicize” the study.



Relevant excerpts of references attached to Author’s Reply to Vorster Comments

These references are not readily available so the relevant sections have been included here.

Reference PDF Page

Hall, W.H. (1886) Flow of Stream in Physical Data and Statistics of California... 11

Hall, W.H. (1880) Report of the State Engineer... 36
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MEMORANDUM.

WATER SUPPLY—STREAMS.

Mhe rivers, whose water quantities are presented in the following tables,
gnow or will be notable irrigation feeders. The tables as printed do not
de the data of nearly all the streams of the State important in this
pnection.  They do contain all data sufliciently complete in the indi-
Bun! instances to justify arrangement in continuous tables of discharge,
hich has been collected by this department.  The discharge of other
pains is known generally for their low-water periods only, or for times
Bitered through the Spring, Summer, and Fall of various years, from 1879
ward. This clags of data is at hand for the principal streams of San
fernardino and Los Angeles counties, and will necessarily be printed in full,
Pith o synopsis of the information in this volume, in the report on irriga-
jon now in mcpmnhun [t would have been mere repetition to have
ginted it herein also, Tho streims of the southern counties last named

W36, and the results also will appear in the report.

§The river observations of the l)op.utmcm‘ have been made in the streams
the Great Central Valley—Sacramento, San Joaquin, Tulare, and Kern
' ]eys—of the State, and in Los z\n;,v]m-x San Gabriel, and Santa Ana
alleys in the southern part. The streans of the Saeramento valley, and
_rtlcularlv the Sacramento river itself. have heen more p.xrtlcul‘u'ly the
phjects of systematic flood-flow observations, in connection with the arte-
al drainage questions. Those of San Joaquin, Tulare. and Kern valleys
have been the more closely obrerved throughout the years for purposes of
fhe irrigation water supply study, and those of the southern valleys have
been observed also for the latter purpose, but with far less precision and
poularity.

.The gaugings made have been of many classes and grades, according to
gircunistances, purpose, and means available; ranging from those of most
ponplete and accurate character. conducted at much expense, by large
fully equipped parties of observers, on the greater streams, to simple, rough
Bucasurings by a single observer, on the smaller streams.  Supplementing
ghese stated measurements of volume, the rise and fall of the waters has
Been observed and recorded from gauge rods on all the main streams, at
one or more stations, and on a number of the smaller ones, daily, for
periods on the various streams ranging from one to seven years; and
repewed sounding sections have heen at times made to ascertain the extent
of change in bottom clevations. and seetional dimensions of the waterways.
Data thus obtained forms the bagis of the following tables.  Its character,
extent, degree of Tullness, and value, methods of observation, and vesults,
will be written of with due atlention in a future pnblication of the Depart-
ment . where also will appear all that is fitting should be gaid as {o the
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sin also collect the drainage waters from the Coast Range. brought from
e west by Cache, Putah, and other erecks, which quantity, immediately
Rer storms, is very large.  [n winters of heavy rainfull it is continuous
 tlow in large volume, but in Summer and Fall it always sinks to an
nount, inappreciable as compared to the river flow, and frequently ceases
focether.  Thus at high-water stages large volumes of Sacramento river
ater escape around the Sacramento channel-station, and joined by other
sters enter the river below, forming with the flow past Sacramento its
al output into the bay. The volume of escape from the Sacramento,
bd of delivery from the Coast Range, has been obgerved and estimated
i a flood period of 1879, and is the only reliable information upon which
» base a calculation of discharge to be applied as a correction to the

embarrassing circumstances under which the work has been car fed ;
}v:lr(l,.uml. the disastrous effect which such influence necessaril Aln .
investigations of this class. ¢ hecessartly has oy
Certain of the streams were chosen for the nwre extended and svals
atic observations, in & manner Lo well distribute the loeations -~ :
ally and hydrographieally throughout the valley. Less eareful :ixllzi‘eixt‘: ‘
observations were' made on intermediate streams. The actual d ¥
ob_.qxcl:vatlon were thus much fuller for some stremus than for othersa
missing data were supplied to make the tables full for ﬂ\'cr.;lge discha
by estimating tht; probable output of streams, upon the busis of their .
age areas, knowing from observations on them or on similarl sit
!l-i]tfeztms of the same character, the discharges which they wouldyprob .
l'ai:)fu]l)](.r square mile of drainage area, in years of known amounts N 15(\)1111}; of flow pum,l.}sucnmmnm,] | o .
The tables are thus fille ) ] . ) . ‘Furthermore, at all stages of the river, there is an appreciable cscape o
;m(l};g:l?]lzle‘?,l.‘ﬁlilg:f cgll!t’l(‘lzlﬁl(:tr{(‘{zr“]3“}}}:':]‘:’2':)‘(‘{“5‘ f‘)" I" ]P(:ll’md of six yeargibacramento waters thy‘ough the Georgiana and Three-mile sloughs, below
are estimated to October, 1885, Full sets (Lf " l’“"“( (duily, by this officdiiacraincnto, into the San Joaquin. In times of high flood this is generally
enabled the greatest, loasi ﬁlid'a\'er'n » ru \; «)f)sti‘l‘\:;tmns for any montigs very large em: though ut‘su(:h tirmes it viries not, Ol.l]y w1t:]1 the f'stagc of
that time.  Where only «'l.\"(‘l':lgc \'Ollugi‘ncs.‘ 1L|:~0 i f‘lb(, 1}argt.3 to be given fig e Sacramento itself, but with that q‘f the San Joaquin, which being low
heén full, or the mean How has sim o héexxl ‘.A lgl\"utlt lt 1¢ records have ng pr.high at periods different from the Saeramento, affords sometimes a free
Wherever the discharges per s ua]rc' e }LS Ll)nl‘l cd as above explaim putlet for surplus floods, and at others tcarcely an appreciable reliof. Some
they are marked by an asterisk ]( *) 1ave been thus approxima bructical kn_m_vledgc is had of this output at certain times of interest, but
he arrangement of the tables g;q to grouni ; v g 18 not su_ﬂ'xmcnt to scale its quantity for varying stages. ,
division of the year—from low w'lt:)r > ot Itng] of ]I'IOI]thS follows Hence, it has not been possible to note with any degree of accuracy the
Novemiber to October, inclusive; and N ‘Hl(’] ‘)_“_l‘}lﬂﬁerf season— catest and least discharges for each month. The maximum noted for
months is followed by 4 tri-mbnt]ilv Fou&"(.)naI '::) v exhi t:n.l or the twel ‘ebl‘um'y, 1881, is the maximun for the whole period. ‘It is apprommglte.
The tables of discharges Nos. 1 {0 21. of the l: u})llhg O’ the Kane data, be least wnount of flow during the period oceurred in September, 1885.
followed by a table of average for the whole severa -Styruups in detail, arg The flow as given in the table is an estimate of the total output of Sacra-
rages for the whole period—November 1, 1878, mento river and tributaries, as pussing Collinsville and escaping into the
fsan Joaquin by Georgiana and Three Mile sloughs.

October 31, 1884,
Sacr o — The {law e . . :
Sacramento river—The flow of the Sacramento river at Collinsville—tha) Tributaries of the Sacramento.—There is a quantity of data at hand
relating to the flow of the tributaries to the Sacramento, and to the main

ggmt nlf its Jlix.nctvlan with the San Joaquin and entry into Suisun bay—h:
>ver bheen directly meas or reasons which wi : ) clatl . o - )

¥ measured, for reasons which will be discussed in river itself at other points than at the Sacramento station, which has been
acquired by observation in many instances exact and extended, but in no
case 18 it sullicicntly complete to seale the discharge of the tributary

{)roplcr 1)11b119:1t1().11. Its tlow past the city of Sacramento, 57 miles abovel
188 been determined by o number of low, medium stage, and flood wated

fitircams for tabulation. These data will also appear with the discussions
of the water supply question.

tglaut,t';'mgs n; 1181/9 alnd 1880. and lew water gaugings in 1885; and its flue
1ations noted by daily roc sorvations i SN 3
y daily rod observations from Octoher, 1878, to the presen
Cosumnes viver.—"This is the most northern of the tributarics to the
San Joaquin. The table presents an approximate statement of its water

time; and there were made oceansional examinations of the channel in the
quantities at the point of its flow from the mountuins into the valley, and

interval,
does not include the output. of Deer and Carson crecks, which join it below.

forl.i})(:n‘ﬁlw basis ()E the gauging results, a scale of discharge was projected:
he channel at Sacramento, giving the probable water quantity ﬂowing

The obscrvations on this river were amongst the least complete and satis-
fuctorlar of all whose tabulation has been attemnpted.

for each foot of elevation of surface, from lowest to highest observed stage
Mokelumme river—This large strean is the next of its class which enters

These deduced data applied to the results of the daily rod-observations
;‘S"Z':‘%dt.gc“e"“]l}f- for five-day or longer periods when' the river \\'z;s not
which t}clc}‘titﬁqf“:oel (t)‘t;cf]illl:tlg::}?n«mha]\el.nl?‘gr?]('dtﬂ?cl f:s}tmmted volumes on i the valley from the east, south of the Cosummes. Its channel has b?ell
Thus. a good result. relinble ‘fo rgqlll - t“ ]-1 e, have been made. repeatedly cx‘m}nne(l and its flow measured at a station near the Lone Star
channel at Sacramento. but this does practical purposes, 18 had for the S mill north of Clements. Gauge rod observations have heen made at this
. s does not represent the flow of the river, Jl station and at the Westmoreland bridge. 12 miles above, quite fully, for a
Jarge part of our period, and occasionally fos the remaining time. These
data form the basis of what is believed fo be a good practical estimate of

?,(‘)((‘)tl}l fmm above this point, at all stages. When the waler surface comes
he 18-foot mark on the Sacramento gauge. which corresponds to about

water quantities brought into the valley during each month of the period
covered, as shown in the table.

41 000 1 1 \{ : .
3 cubic feet in \olume of flow (varylng ﬂCCOT(]lI]g to the positjon Df4
Calaveras river.—'1 his stream is Bituuted next south of the Mokelumne.

E'h;f shifting bottorn plane), the stream ix” losing an appreciable part of jts
olume through breaks (crevasses) in its western bank, between Knights

Its drainage basin does not extend back to the higher mountains as do
those of the adjacent rivers north and south of it.  1tis a stream of medium

. : )
ILxmldlng and Sacramento.  This water tlows down the valley over the low
ands west of the river into the Cache Slough hasin, whenee it again joing

class. less constant of flow than the Mokelumne, and more go than those

the river between Sacrane . KT TR
en Sacranento and Collinsville. Into these low lands and
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ranked as creeks merely. The Department gaugings and oliservations were

made at a station several miles above Bellota.  Although not complete far
the period, the data thus obtained has afforded a good basis for the esti-
mates of water quantitics embodied in the table.

Stanislaus river—"The character of the watershed of this river is similar
to that of Tuolumne, more fully described below. The discharge is given

for the river at Oakdale. The stage of the river was regularly recorded for
only a small portion of the period covered by the table, and hence the. ]

resulls given are largely based upon estimates made by the method of

drainage areas, as above explained.  No allowanee is made for water di-

verted from the stream above Onkdale. )
Tolumme river—This is a river of the first class, having a large highe

mountain drainage basin, situated unext south of the Stanislaus. The.
gaugings were made at a station near the railroad bridge. south of Modesto.’
A scale of discharge at different stages was drawn up, as explained for the-

Sacramento. A rod record was kept from 1879 to 1882, inclusive, and
occasional obsgervations made sinee the last date.  From these data, as a

basig, with estimates of tlow per square mile of drainage arca as heretofore. ;
explained, the results in the table are presented as sufficiently exact for all:

purposes of a general water supply discussion.

The output includes the contributions of Dry creek, a tributary entering
the river just above the point of observation. The drainage area covers
only the mountain drainage basins of the river and creelk. there being no
appreciable contribution to their flows through the valley part of their

courses.  The flow of several mining ditehes, taken from the Tuolumne

rivery in the mountaing above, has not been taken into consideration.  For
very low-water periods this would materially afleet the results,  Much of
this water finds its way back into the river, and the stream receives water
at such times which has been stored during times of floud.

Merced river—This is a river having a high-mountain watershed, but
not in so great a proportion of its whole basin as have the Tuolumne and
the San Joaquin. The results in the table apply to a station at Merced
Falls, a point in the valley, but above all diversions by irrigation canals.
Gaugings have been made at this station. and also at McSwain’s ferry, and
at the railroad bridge near Livingston (Cressey). Rod records were kept
for parts of the period at MceSwain's ferry. and at the railroad bridge, and

ocensional observations made at other times. From these datn actual

water quantities were ealeulated for mouch of the period, and such results
have been supplemented by the method of drainage per square mile of
aren of basin, as elsewhere explained. These results have heen corrected
for quantities diverted by the canals, and so the tabuladed data relate to
the amount of water brought into the valley.

Bear creek and Mariposa creck.—These arve small streams whose water-
sheds do not extend back to the regions of perennial snows. Their flow is
characterized by sudden rises after heavy raing, and periods of low flow
mtervening.  Scales of discharges for these streams were based on cross-
sectional dimensions and slopes of channel-ways. Tor several seasons
gauge rod records afforded definite data of water stages in them. Actual
discharges per square mile of drainage arca calculated from these data
together with ratios obtained by comparizon of such results with those
gimilar for other adjacent streams, form the basis for approximations of
water quantities during the time when gange records were not kept.

Chowehilla. ereck—The station of observation was al a point near Bu-
chanan, where a rod reeord was kept, for portions of the period,  The flow
of this stream is specially charaeterized by sudden short freshets, of which
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not nearly all have heen reported. A scale of discharge was estimated
from channel dimensions and slopes, whieli with the data above named
form the basis of the tabulated results.

Fresno ereek (or virer )—This stream is one of the largest ereeks or smallest
rivers whose flow has been observed.  Its drainage basin is similar to those
of the three crecks last mentioned.  The point of ohservation was at the head
of the Fresno River Canal and Irrigation Compuny's canal, about three miles
above the railroad crossing near Minturn.  The actual record of water flue-
tuations was for one season only. The figures in the table are, hence,
largely estimated discharges from the drainage area, based on the results
of one year's observation, and checked by oceasional observations through
the remainder of the period.  The results presented apply to the stream as
it entera the valley part of its course.

San Joaquin river—This river is of the first class in the group, having

an elevated watershed in large part within the snow-line. The points of

observation have been at Hamptonville (formerly Jones’ store), at the edge
of the valley, and the railroad crossing near Sycamore. Gaugings and
special examinations were made many times during the period from 1878
to 1884, at both of these places. A good record of water elevations was
kept at the railroad bridge from 1879 to 1882, inclusive, and a similar
record at Hamptonville for one season.  For the period covered by the table,

ractically, no water was diverted from the stream above the lower station.

he results of the data of that point admitted of direct application to the
upper station; no aceount being had of logs or gain in the river channel,
which is known not to he urge.  The results were worked out hy the method
of scale of discharge, and supplemented by that of drainage per square
mile, as already explained, and are presented as worthy of full reliunce for
all purposes of a water supply study. for the period covered.

Kings viver—"This is one of the most important irrigation feeders in the
State, having a high watershed of the best character for plentiful and well-
delivered supply, largely within the snow line. Many gaugings have been
made of Kings river at a number of points between Slate Point. at its
debouchement from the mountains. five miles above Centreville, and Tulare
lake, its outfall basin about sixty-five miles below. The character of the
channel of this stream at all available locations near the mountains. or in
the cafion, hag not admitted of a first class series of observations being
made there, without the construction of a gauging section, at an expense
which the known resourees of the Departnient have at no time justified.
Thus at Slate Point, the upper station where easurements were made
and a rod gauge eslablished, the flow was influenced in varying amounts
by the alternate formation and washing away of cobblestone and gravel
bars immediately below.,

At the railroad bridge erossing, south of Kingsburgh, a good gauge-rod
record has heen kept for the entire period. and its results, with those of the
gaugings. have afforded ihe data for what is believed to be a fair approx-
Imation to the actual water quantities which passed that point. But
between this station and the mountains a number of canals take water
from the stream, in volumes which at ordinary stages together constitute a
large part of the flow. These canals have been repeatedly gauged and
records kept, or observations made of their tflow during one or more seasons,
go that the amounts of their abstraction from the river are approximately
known, and have heen applied to the data of flow at the Kingsburgh bridge
in preparing the table of water quantities delivered by the river into the
vallay.  The methods employed throughout have heen similar to those for
the San Joaqguin.
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Taure No. l—Continued.
SACRAMENTO RIVER,

S. E. DEPT. STATISTICS, COLLECTION NO. 6

' H " s Cume P 1 Amount
D o Pegss, | e
. i Total [Hwnl o, of Water || off por
WATER SUPPLY—STREAMS e I
. of. Feot,| wg. mide
Moan, } Max. Min, v cu. ft.
18R0- 1881,
Tanie No. 1. .
AT A g e s . T R B - -
’ SACRAMENTO RIVER. ) November .................. 7,000 18,144,000,000 0.27
At Coltinaville, Deai T . B December ..o ... || 20,000 53,0110,000,000 076
v Avea, Y, 087 synare miles, Janunrey oLl ] 254,:410,000,000 3.62
T : . February ...... .. ... - L5000 278,185,000,000 1,48
Discitana® 1x Cunte Frwr ‘ Amouat Murch. ... 77.000 908,206,000,000 2.93
— PER BEND. Total Divetiar Depth | Deained- 38 April . ) 90,000 233,280,000, 343
{ — “ ‘:‘Il‘h'l'f"c:;‘lll.h.h I;)I‘Ill:‘l"‘:" u::glmr' 4 May ... ‘7‘,"(",") 187,160,0010,000 Q.EE:I
Mean. | Max. | Min, | o, Feet, || 8. mile June. . 5T T G 4,800,(00,000 0.0
- ] _ i | | | in cu. 1, July cooooi 14,000 37 ,4892,000,000 . 0,53
j oo - e e -8 August ... ... .00 21,424,000,000 0.30
1878 18741, Seplenber .o . (j,(y()ﬂ 16,@13.,000,00() 0.25
_ L October.ae oo oo 7,000 18,746,000,000 0.27
77\ I — —_— ]
November 8.000) 5 . . i
o e T eees b 20,726,000,000 || . ‘ " ot o o
{)ﬂtﬁgml{u - 4,000 24’;“2 o gg [ Per.: Nov-Jan,....... . -l‘l’,.u.iu gzlﬂ,,l'l.n,uno,ouo 0..'!!{.3 lg
E ary ... 12,060 s iaee00000 | o I Per.: Web~April .. 43,300 717678000000 || 0.865 3,50
February .. 30,000 79576000000 |77 046 3 111 Per.: May-July .. 35,440 289,752,000,000 | 0349 1.39
Mareh 110,06 201380, 000 000 |77 e IV Per.: Aug-Oct.._.____.. 7,200 57,018,000000 | 0069 | 0.8
pril ... 110,000 467190 000 0 ) . —_
May ..o | 75,000 7...:1::}8{3:};:}: 18 November | to Ovtober 31 || 44000 | 1eo000 | . £,380,565,000,000 || 1.675 148
June... 5.0 TG 30,000,000 s —_—— S
Ay T e ' 2B 0000 Y I
L}‘J'ﬁuxﬂ"* """"" R0 S TRG00,000 o ” 1881- 1882,
Octoiae! a0 TS 810000100 0 e o -
"""""""""""" S SLATL000000 b 0.30 x b 1 8900 | 21 951,000,000 | 051
— - ! i November ... ......__.... 820000 .. 21,25 ,000 ..., X
I Per: N ] f - December .. . L TBO00 42,84.5':000,000 [ 0.61
er ove b, oo A T O (0K . January oo IR KILH ) I 4,272 000,000 0.092
]l 1 J:vr.: Feh-April o000 silseo | m._,';,.."‘)‘m“'lif:: ::”ﬁ“. 9{}7‘ February -.ooo.. IR T R 321000000 0.84
l‘\} Per.: May-July..... . . 45,200 BOSASO00000 1| 042t 2z Mareh ..., P 5000 14730000000 2,00
Per: Aug~Oct.._.. _...h Tiiso GLUB5.000,000 || 0074 Y April ... L 0,000 233 280,000,000 343
November 1 to October 31 — - Muy ooooen U200 246,376,000,000 3.50
ver 1 to October 316 36490 | ... 1.150.607 v : June... T4,000 | 191, 808,000,004 2.82
* : g 2,350,607,000,000 JRET 1.39 Tuly o 1170 15,596,000.000 0.65
| — August ... 8000 21,424,000,000 0.30
1879~ 1850, Seplember ool S 6500 16,845,000,000 0.25
Ovtober oo 10,10 2, TROLRI0,000 0.8
500 19,44 10,600,000 B - )
::'-“"” FLA05 OG0 : {,'” i\‘:nlw_'hmf'i ''''''' IHI‘:; }ﬁ‘};{:i{:))gg% 8})‘}; 9(l’:.')‘
28 (H) T84, 000,00 M Ver.: NebApril........ prodils PO g 20
21,000 BOTOD 000NN I Per.: May-Jaly ..., 10,85 A81,710,000,000 || 0.583 232
22000 B O16000.000 IV et Aug-Oet......o... 5,140 65,052,000,000 || 0078 031
| ?’).»),000 2’“‘»‘:’“);000:"0” J . - = )] a4 0N 2, Qn
135,000 A1 530,000, (K0 November L to October 31. .. 35,230 | ... oo, 1,110,924,000 000 1330 1.35
110,000 285‘]"0‘000’(100 - 119 —
J20000,00 1 . —— e L
53,000 41,984,000,000 || - 77" 202 .
15,000 48,201,000,000 0.6
9,000 234K 00,0000 0.3
[BEL 20,085,000, 000 0.9
. Nov . | N .
11 Dors WOy -=eee- | 20,050 e, 1630000000 | 0201 0.80
1T Peri: May—duly 001 gy |- B56,055,000000 | 0.4 175
IV Per.: Aug.-Oct ... .. Traa . TRSARLO00000 | 0.950 379
. sUCL L | D20 SOLGLET 000000 | 0010 0.44
November 1 to Octoher :il,.., ST R - .,(,.qu,;;,‘ouwm'“'—“—m- E——
1 St » (M EH WA
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Tanne No. I—Continued,

SACRAMENTO RIVIER,

Tanee No, l—(-(?()lntirlllctl.

SACRAMENTO RIVER.

f i T-lnm-m rat 1N Cowme Feer Depth ?)',?‘?:::ﬁ
i Insenanae iy Cone Feer ‘ PRI SECOND. ‘°\! o
| [ TR I Depth 1L SRCOX ‘Total Discharge. of Water [l off per
Prroon, . Tatul Dikcharge of Witer| PEion. e Cubic Feet. Drained | sec. per
| [ Catlie Foot, “ruinul off. Feet.|| sq. mila
| Mewn | v, | Miu ’ | Mo | Max ) Ml in eu. .
‘ ‘ 15841885,
' I8R2-1 883, '
R ‘ Sy f
T Tt e - - - : — - 18,144,000,000 0.27
November ... ... .. 4,0 B2RRM0,000 : November ... ”fm """""""" | 83018000000 L18
December ; ‘ 0, e . f December ..... won | 211,020.000,000 343
January (oo 112,000 32,135,000,000 ’ January ... ,"f: W | | 125.788,000,000 L.98
February 7 A AT, 000,000 "'"')\‘00 """""""" w'340m0m0 L
Mareh 0. ... 0 566,235,000.000 ﬁg':\m SRRt et 75, 168,000,000 111
April ... L 1216000000 | o7gH April ... R Y A R 61.591,000.000 0.88
May ... CRO000 . 21-4,240,000,00K) R TR EE TP PR : ;::m [fro 6,284,000,000 0.53
Jurie 200 |10 el TRZEI 000000 : T A A 17,107,000,000 0.25
July ... 12,000 32186000000 ,”‘,m o 14,729,000,000 0.2t
August oo ] 700 ES, 746,000,000 S "':,”“ R ) 13,478,000,000 0.20
September 1,500 1G,R48,000,000 September .- R L 13,026,500,000 0.20
Qctober...__.. ... A 7000 TR R0 1 October..oooooooo ] B2 e
‘ R R R
R R oo 05 32,180,000000 | 0412 || 160
I Pers Novedan,.ooo | mano | 07, KE2000,0000 U 0.1 18‘ I Per.: Nov.bun......... e el ;;:;1‘39[;:000:000 0.339 L40
1T Yer.: Feb-April 000 3700 26577000000 | 0345 I er.: Feboodpril-o......} 30480 Lo T T1520,000000 | 0139 0.55
II1 Per.: May-July 41,420 | BOB20T00000 | 0.807 I Per.: May-Jaly ........ S T oA 42,133,000,000 | - 0.051 |~ 0.20
1V Per.: Aug-Oct. ... ... (810 . .d,.;lmnuumu 0.065 IV Per.: Aug-Octooooooon b S04 B
— - - |- - yetober 31, wiao ...l poso | 780,900,000,000 || 0911 0.4
November 110 October 81, wea60 | (. TR, L1D,000,000 | 0.025 November I to Outober 31 2470 1. !
| | - - -
1883 1884,
November . L,:140,000,000 “
December. . I‘!Bl 7 Of)(NDOﬂ [
January __ 32,186, (K)()(KND
February .. . m 144 mnnm
March .1, .. .. “l | "uunm o !
CAprib ool i, 2 ll‘(b(lﬂ()l)()() \
May .. | 207 258,000 00()
June.. "H‘NOO()OOOO |
July ... K3,015,000,000 .
August ____ .L,lnmx)(m [ "
September . . 19,410,000,000 .
October. . .. ... .. .. L, l"IO()OOU()

T Per.: Nov-Jan.. ..., 8,9 ; 71,393,000,000 0,086
Il Per.: Feb-April._ . cee] V0280 1 ........ P DG A HL000,000 0.6H8
111 Per.: May-July ... ... IS S0 DU B G13,A06,000,000 0734
IV Per: Aug-Oct... ... . ‘ 0080 - . - 7:um0000(m 0.088 |
November 1 to October 81| 41250 . . ‘ ........ J 1304,493,000,000 \ 1572




416

At Live Oak Susprnsion Bvidsye.
—_

Praion, ‘

Novembor
Decemnber
J.mu ary

|
I Per :Nquau ..........
[T Per. F(‘b~‘\[l‘l]
111 Der: May-July..
LV Per: Aug.-Qpf

Novewber 1 to October 31 |

November
Decombar
January

lvl-lum\
Maurely
J\]m]
May
June
IulvA

1 Per.: .\'l)\’.«.’:lll ........ |
LT Per; Wb I
I P, Muy-July. ... ... ‘

IV Per.: Aug~oef .. ‘

November 1 1o October 31.

. . - ¢ N 417
. Dere. Starisries, CorLiemion No. 6. S. E. Deprr. StaTistics, CorLecrion No. 6.
Tavrr Noo 2 Continued.
Tasne No, 2, -
, " COSUMNES RIVER.
COSUMNES BRIV
— - T e Auwnnt
[),,,,,,(,(/p {rea, 6«” Isesanar o Ceowee Prpy ‘ Depth Drained
; PRI SECON D, I et Diveturge. [|or \\'ulnlr off por
—_— ——— e —— N b Rent, Drained | aoc, per
Imvcis kG 1N Cone By ' S Lt I | Cublo 1 off. Peet.|l sq. milo
FER BECOND, Tutal Discha f oy Menn. Mux. Min. in cu, ft,
wtnl Disch; rgo of Waty -
— Culje Feot /| Drain —
Mear. Mux, ‘ Mirn, 1880~ 1881,
- - - e |
IST-1879, . 35000000 ... ... ! :82(2,
,,,,,,,,,,, e TITONMN oo “
-, ‘ — Lo ’ ] 130N | ¥2.80
L ! HL()(;0.000 ‘v_ """"""" ! ~5‘()‘?‘ | P ‘ 7 A "")OU“')“ - *i’%
e YR000,000 |- SN Ty . b 2051 K000 .
A 3 [
777-0‘“’,-000 ! ]{‘:.:(, -n.n(]mmnu :'3:0
=ANM6,000,000 1)/} .. Wor | T 232 ()0, 000 - *-‘;.50
HOC0000,000 | TH N .. 1018 Lo 3.157,00“.(”) -------- ;’,‘?
S 118000 000 |1 T T . Ti1 Voo AG6.000,000 |22 200 | %030
, S, 000 T S R & o 243,000,000 -l
380 9,020,000,000 [ YU st . S 226,000,000 *0.15
o2 1,1:30.000,000 “ 155,000,000 *0.19
16 BHL000000 ¥ N ober . ... h
2 40 000,000 - — -
v 46.000.000 0 ' 5161000000 | 0.320 1.12
i I Per.: Nov-fun. ... S 18,i55,000000 | 1154 4.18
5 ol T Fer.: Meb-april. .. T T kasomon | 0705 | 279
118 3,000,000 ‘ 0058 I Per.: May-Jtuly. ....._.. l"'l;' Lo \ GLLOUOO00 | 0.037 0.13
T 15,72 1,000,000 0.972 ¥ Per.: Aug-Oct. . = ' =~ o o
I w00 | 1167 ! iy sz ) #7.285,000000 | 2.306 2.04
o4 I 127,000,000 0.0%8 foveniber | to October 31 ' !
L1 ‘ ,,,,,,, ‘ ....... | SHUBRO0000 | 2oz ! 1881-1582.
- T = - = = ~ —— - T
e e 503,000,000 | ____! *0.30
) Rovember ... ... o T 1,308,000,000 | +0.90
N S — Pecember om0 LASRGO0000 | 20.0
o [ |,',urm,u‘u().| N “ amml‘,\' R R 1,263,000,0080 ) “9' K:
e | % Lhiomien
iAl, RTINS | B MO AL -
111 RIS ‘ ~~~~~ T ‘ 12,!15:11“0,(“) ........ : 88
G LR | el T Lo 7#317"::‘{"":’:: 190
1,582 7000000 i wrglIune. i A 1,864,000,00
5,101 Emononn |l G s e 1R300 *1L.00
50N s ion000 | sjonSEA upust 135,000,000 *0.09
UR o cnfRenber GELO0G0 *0.40
Bis WI0000 | sg ool October ... . i
2 TN e E— .
7 I 16,000 000 3200000000 | 0.204 0.52
| A AL L TEOSG000.000 | 0,738 207
- rooehe apnl o 2LAG000000 | 1.329 448
2 LSRN0 | 011G : I Per.: May-July......._. “,f:l' """" 'é',zlm:;kﬂﬁmm 0.143 0.50
14035 |,'>:c)lo::¢»|;4»:(p|;tn (1930 EIV Per: Aug-Oct ... e — 5
s | EILO00000 | 2oty : | 1938 b 39040000000 f 2414 213
13l LOS3 000 000 0005 0.28% November 1 1o October 31 s ' . I |
v | T ALTTLOM00 390 ‘7 803 - a
- N N [




S, E. Derer,

TanLE No. 2—Continuedd.,

COSUMNES RIVER.

Pruiton,

November

December ... ... [ '

danuary ..o Ll
IFebruary .

Srarisrics, Cornrcrion No. 6.

‘ Drxenang

e Mgy ]!—

Tital Dischurge.

Mo, |

Max. Min. |

b Freat,

[AN2-1883.

280,000,000
268,000,000
032,000,000
702,000,000
1 398,000,000
1.510.000,000
14119,.000,000
15,013, 000,000
1.%3,000,000
1,000,000
11,000,000

September oo / .
October. .. oo s7 233000000 ...
e | - i

I Per.: Nove=Jan,. ._...__. JU) I 1,489,000.000 “

11 Per.: Iteb.-April ... 50 .. 6610000000 0.409
IIT Per.: May-July. ... ... 214 15585000000 | 1.044

IV Per; Aug—Oct. ... ... 186 . | FORO.000000 | 0.068
November | o Octobier 31, .. 820 26,00 D000 I 1,611

‘i 1881 1881,

S — P 7] T E _
November ... ... ... ___.. ne ... | P I 335000000 ...
December .. ... .. HE ... b 311,000,000 B
Junuary ool | EGT , e y AR8000000 | o
Pebruary ..o T, 740 .. S, AA60000000 | L.
Muarch ... ... ... BARO FooL 319000000 L
April .. BANO L] 90020,000.0(0)
May ... SO0 I 7 4,000,000
June. .. 2320 L 3000000 .
July ... 2300) a0 i 2T \
August ... R0 1,773,000 (60) ..
September oo 116 ‘ ‘ 301,000,000 ! .
Outober. ... . ... ... ... 87 ZAZO000 | ’
o -~ N

I Yer.: NoveJan.......... 130 TOBLONK 0,064 ” 3
11 Per.: Feb-April. ... L, 24919 LLOBMON0N 1404
111 Per.: May-July_.._...._ [k . 19, 2002.000 000 1.230
IV Per.: Aug-Octo .. ....... | 263 i ‘\ ZONT000000 0,120 ‘
November 1 to October 31,1 1,446 ' o l -1:»,}<17-zf.0070m7‘ 2833

»of Foothilly.

S. E. Depr. Sratistics, ConLecrion No. 6.

Tanty No. 3.
DRY CREEK,

419

Drainage Area, 83 square miles.

" F— . P Amount
P "\I.I:,';:';:,::s::" e Depih Druined
Prrion ‘ | Totad Thacharge, | of Water [ off per
—_ [ Cubic Fueot, Drained }f sre. per
‘ Mean, Miix. | Min, ‘ off. Feet. ! i':"(::{'};v
“ 18781879,
pmber ... " ... .. 0 *0.00
ember ... ...l 0 *0.00
ary ... 225,000,000 *0.30
1,02K,000,000 *1.50
e 2,274,000,000 | *3.00
.......... 1,102,000,000 *1.50
e 308,000,000 *0.40
.......... ) LER,000,000 *).20
,,,,,,,,,,,,,,,,,,, 40,000,000 *0,06
st 0 *0.00
pletuber - Lol U *0,00
,,,,,,,,,,,,,,,,,,,,, 0 *0.00
i Per.: Nov.-Jan.. ....._.. 225,000,000 1 0.028 0.10
B Per.: Feb-April__. 4,:404,000,000 0.559 2,03
ML Por: May-luly ..., 401,000,000 || 0.002 0,22
[V Per.: Aug-Oct.. ... B 0 0.000 0.00
[ 1 !
pvember 1 to Ovtober 31, } W62 H 5,120,000,000 |, 0.649 057
‘ ERTO-188D,
Joveinher 0 *0,00
Pecernber .. 330,000,000 #0.70
uury 10,000,000 *0.45
february 351,000,000 1 *0.50
DIR,000,000 *1.25
5,868,000,000 *8,00
2 348 000,000 *3.00
203,400,000 *0.40
,,,,,,,,,,,,,,,, 40,000,000 *0.05
,,,,, 143,(0H,000 *0,02
.......... 0 *0,00
,,,,,, 0 *0.00
Per.: Nove=lan, ..., ‘ R70000,000 | 0.110 0.39
Pero: Fel, Apriloooo o } . 7, HCT (0,000 0.008 3.26
Per: May-July ... ... R 2681000000 | 0.348 1.19
Yer: Ang-Oct......... ! 16,000,000 | 0.002 0.01
1.20

10,7:44,000,000 " 1.361




420 8. E. Dept. Sraristics, Connkctior No. 6.
Tar.e No, 3—Continued.
DRY CREBK.
U Drsenanae s Crune Feer h
e Speosn,
Pragon, Tuta) Discharge, |l of:
Cabic Feet.
Mean, Mux. | Min, | off.
| -
| 19801881,
Novemher ... . ... 0
Decembier 330,000,000 || 7"
Sl 0

£ 345,000,000
3,7615,000,000
1A 1G,000.000
..... 14657.000.000
...... 303,000,000
..... LOD,000,000
)]
0
0
0
.. |
I Ver.: Nov-Jan..._...... 272 )
Il Per.: Feh-April. E,;iz,‘()(m)().% ggg
1I1 Per.: May-July . v~il:"(~'00'000 0.052
IV Yer.: Aug-Oci...... ... 0| 0.000
. - —
November 1 to October 81 9,880,000,000 1.253
ISSI~1R82,
November .. ... 148,000,000 P
})ecemh.cr ...... N0,000000 || 10T
.qul\un'r) Seemees RO 1., :
\I(E )rlllmr.\ .. GR3,000,000 | _. 1
;\ :r(l | R, 2,27H000,000 ;‘ e p
\l!le\l ...... LoA67, 000,000
May ... 153000000
une 0
July . 0
:‘xugnst‘lu.. O
September . 30,000,000
October. ... .00 LB3.000,00 K
I Per.: Nov~dan.. ... e .. 503 ‘ 0
IT Per.r Feb-April.__. ... 575 “.\ ~}'A)21€'0038’((::: :}'132} |
1T Per: May-July (.07 | 19 } 13000000 ‘ ity
IV Per: Aug-Oel.. ... } HDL':II(H):(M)(I u:()z-l 0.
November | bo October 81, .. 1y oL ‘ ........ | 6,279,000,000 ‘——0‘%

8. E. Derr. StaTisrics, CoLLEcTION No. 6. 421
Tauri No, 3--Continued.
DRY CREKK.
[ Disenanar v Cunpe Free “ 1 Auniount
PRI SEOOSD. ' Dupth Drndnsd
Pinton Total Discharge, of Witer | off per
) ) . ; - Cubic Feet. l'rulp.-d wec. per
“ Meun. Max. Min. | uff. Feet. &q. milo
5 | | | | in o ft,
l J8H2-1RR3,
. _ — .
3 218,000,000 *0.30
{4 R D 225,000,000 *0.30
168 | 450,000,000 0,60
| I R Y $H1,000,000 *).60
jts T I DS O, 380,000,000 *0,90
A 20 DR S, 734,000,000 *1.00
s 450,000,000 | 0,60
{1 I, 0 *0,00
[ 0 *0.00
[ (N P Q *0,00
[ T 0 *0.00
| 55 7 P P 40,000,000 *0.06
Per.: Nov-Jan..__..__.. ‘ 803,000,000 0.40
Per.: Feb-April__. ... 1,755,000,000 0.81
Per.: May-July __._.... ‘ 450,000,000 | O 0.20
‘Per.: Aug~Oct......._.. | 40,000,000 (| 0.005 0.02
embuer Lt Oetober 31,,.4{ 3,1338,000,000 ] 0807 0.36
1
“ 18%3- 1884,
ovember ] » 0 *0.00
ecember 40,000,000 *0,05
3R0O,000,000 *0.0
£ 437 000,000 *4 (0
031,000,000 | {00
2,476,000,000) *3.00
450,000,000 *0.00
734,000,000 *1.00
¢ *0.00
( *0.00
(0 0,00
0 *0.00
R i - o
1 Per.: Nov.=-Jan.. 420,000,000 0.053 0.19
II Per.: I'eb.-April 8, 144,000,000 1.032 3.71
I Per: May-July 1,184,000,000 0,150 0.5
IV Pers Aoge-Oct. Lo [} 0,000 0.00
ovember [ to October 31... ,7:18,000,000 1.235 1.09




499 8. E. Derr. Srarierics. CoLLrcriox No. 6. S. K. Depr. Startistics, CoLLEcTioN No. 6. 423

Tama: No. 4—Continued.

Iamk No. I, MOKELUMNIE RIVER.

MOKELUMNE RIVER.

\
i Daestanar ix-Cone Frs Amount
At Lone Stay Ml (hase of foothills). Drainage Avee, 637 squeare miles. ‘ e ‘.l'l:u: ::m:::" e . . Depth (| Drained
e Iriton, i lu:ul| lihn:hu‘rgu, olf, \\;ntvlr off per
i T - - Mabic Feot, rained (| wee, per
| Dise Il,\'l‘.,l..l:.\l.;r(‘;j:::H Frer Popth I):;::'l:,:i Mean. Max. ' Min. ofl, Fent, i:‘nl.c::“il’:‘
F— SRR Potad Discharg, of Witer |l per — o e
Pruior. — c Ty T Cubie Peot, Trezdtnal | woc, por - _‘ o
. Wi Foot.l| s, mil 3
M, ' Mas. * Min. o |‘~ o il ) " 1880-18N1.
S o 4 T - T 7-‘
ISTR- 1879, j\)'o\'cm]ber .................. ’ L5 T PR S i 254,000,000 *0.15
! ecember .___.. 291 998 |_....... 781,000,000 0.44
} - January (... 1,087 RA36G 192 2,777:000,000 1.58 .
NOVEDIOT o e oo ( HGO00,000 +0.05 February o.oo... B0 [ 8RA2 (3 T,2370,000,000 A6
December . ‘ S0 | S owos 3 Mareh .o.o 0o . L | sol 798 F0L5,000.000 171
Janunry ____ I STRON0LNN *0.50 April ool R N £ 4,556 1,810 8,252,000,000 4.86
Februnry .. 200,000,000 § 1.82 May .. A 4,20% 1,670 8,125,000,000 4.60
March. ... . R K 3420 [y AH67,000000 | | 2,08 June 1,237 2701 hil 3,207,000,000 1.88
April oL . SN2 IA7) TOROOG0 . 4.67 - July 154 520 |........ | 526,000,000 0.26
May ..... G170 1R BHOK000000 | . ; 104 - August .. - L O 262,000,000 *0.15
June..... abli | 1,57 9406000000 | .. | 558 September ... L, ) N o 254,000,000 *0.15
July ... LUT | 288 R KTT XTI S 0.82 Octoher. ..o G 177,000,000 *0.10
August .. I P Eonoouo |f *0.25 ) . I | . .
Seplembuer . . i GTO00000 |1 40,04
October ... ... ...... . ALOOODO | *0.03 } l‘ ll :cr.: i\:nl:'.-.l\:m._i ........ ]3.81‘.:,1“)1’;((;,3(&0 ?%1? g?;
A er.: Peb-Aprit.. ... ... . 8,672,000,000 05 .7
- - : e T e 111 Per.: May-July.. ...... 1ZRAR.000,000 || 0.724 246 :
I Per.: Nov-Jan.......... : 32 ‘ 1,052,000,000 | 0.051 020 IV Ter.: Aug-Oct.....___. (93,000,000 }  0.039 0.13 '
IT Ter.: Feb~April... ‘ 14,511,0N0,000 0.816 287 § — g
IlI\} Per.: May-July ... 19.540,000,000 1.100 3{? - November 1 to October 31... 1,143 BRO2 e 36,035,000,000 2.0 1.74 | “l‘
TV Uer: Aug=Octe ..., HET, 000 0031 . — _ . L !
November 1 to October 31, || L1381 | 6170 o . i 35,065 (00,0 2000 | 172 l 18811882, '
\
! 18791880, NOVEIDEr «ooeeteuenenenens 207 537,000,000 %0.30
‘ %)G(tcl nher ... ... li‘.!-ll 1,671.0¢ :),000 *0,95 ‘
- January (o Hl 1,H83,000,000 *(0.00 !
ol I 158,000,000 ‘ ,,,,,,, “ Felruary .. L 1LA0000,000 0,95 g
RIS G2l 0 roanongon |00 March LOT1 | 5,278, 000,000 *3,00 ‘
. K1) LNN one ‘ TAGONONG | ‘ April oL A 6,812,000,000 *4,00
P n O8N “ GUSOORAY May .. AT 13,195,000,000 *7.50
(2L} 28 H20 1,723,000,000 || ... . June.. 3,285 R,515,000,000 *5.00
4,553 | D2 U8 11.801,900,000 | July .. 88 2,110.000,000 *1.20
5031 | &071 1 38 13475,000,000 | August it 177,000,000 *0.10 -
Rl 7R 1,85 IHGHOTOIT Seplember ool LI PO 108,000,000 *(),0)6)
3 o7ih | heot [ ‘ T THDO0N0 Octuber. ool ] G000 *0.35
Augrust oo HWin EE KA 40,000 00 U . .
September ... ..o Lf!i Lt [ommmeen | ?f‘»,l)ﬂn,tnkb B ‘ 1 Per: Nov . Y- N ‘.
October o ooueoe 164 . L. ‘.......- 430,000,000 H ; " Cr.: i‘ol\ -J\"IHZI. -------- | 4;1 ]-;,»?‘l,m,&(nm 0.213 0.73 :
| : ¥ ‘er.: Feb-April ... 76N 3,509,000 0.760 2.70 .
— — — - - 3 TIT Ver: May-July . .00 cwr |l 238200000000 || 13401 4.56 4
1 Per,t Noveedan, ..o Pt I 107 N I 2 L0 (| 0121 IV Pers Aug-Octe...o.o. el HENOGM (1 0,053 018
11 Per: Febe-April. . 1RO% | g UNN b oS R A —
1T Per: May-July... ANYT ROV e 36,541,000,000) 2057 November 1 to Ovtober 31l 1305 1o L. 42,166,000,000 2373 198
IV Per.: Aug-Oct.......... 184 480 Lo 1460000000 1] 0.083 o - 5
—_—— ; | — '
November 1 to Octeber 31001 1,725 9642 ‘ ....... ‘ S1LET4,000,000 3.079 8
‘ !




2. 1. DepT. Sratistics, CoLLkction No. 6. ‘ & E. Depr. STATIETICS. CoLLecTiox No. 6.

"w . :
Panne No, I—Continucd.

MOKELUMNI RIVIEL

Tanee Noo b

CALAVERAS RIVER.

Do a e ix e gy ‘ ‘ » o .  milea.
- ‘ o H Dopth Bellot. Drainage Avea, §91 square miles
. Total Disharge. of Water Y ’ —
Mess \ . : Calie et “m“."’d | seganuk 18 Cente Frxr |l “ Dopth || Drained
. | Mesn, Max. Min. ‘ «fl. Foet, PER SHCOND. I qota) Dischnree. ! of Water || off por
| ‘ — ‘ oo Prgton. H — —_ T Cubie Foot. Dridned || see. p;]-r
R S Beet.]) sq. mils
(BOHE BN * | e ‘ Max. | Min. ‘ “ ¢ i by
Novenher | T ‘ IR78-1RTO.
Decemnler agiooooon V| : “
Junuary . oo ] 3 L _ o B . . L ’!_—-
February - ooooomomn LAIOS 0000 . " } H 0| 1 w00
Marel oo TR0 o;'cmlhvl ,,,,,,,,,,,, - 0 oo
Apgil I 1583,000,000 ... ' Jecember - 614,000,000 047
Muy 5, 100,000,600 ‘ -------- | “‘gu“r-‘i SremmmeieemmiTT 1,568,000,000 1.3
June 10557.000000 ... ebruary - L 00,000 w7
July GRIZO00000 11 {arch o - ‘ 000 2
August . Lim000000 1. [ pril e O b 00,000 b
September - TOL00000 | ... || 0 ay -.---- e - - 00000 030
Octoher ... ... | TLH0N0 [ e - I R b B 0000 s
----- 22000000 S Rt AR AR A ' 0 *0.00
— T —— o ugust ... - [ - .
I l'er.: Nov,-l . — N ptember .o o - A g ‘8(())8
Il Ver.: i“eb.'-_‘.\‘:.l:-'ii """"" 2 1000000 || 0124 0. Octobey oo e
IIH Per.: May-July ... ... 17;):1 :.')l}).t:i)() 0421 | 1. - i
V Peri: Aug-Oct ..o L0000 1.077 ‘ . Nov (§14.000000 || 0044 0.16
November 1 to (ctaber 81 | 1200000 0068 R LN v TR Z'.:M‘ 6191000000 || 0402 | 164
ovember 1 1o etober 31| Anizaonono | 1ol | LA 01 Per: May-July oo o ‘ 763,000 0056 | 019
- Ao H HioL | L IV Per: Aug-Och oee 0| 0000 0,00
I - - - ' _ i —— —
I8R3- 1881, Yovember 1 to October 31 7,568,000,000 | 0.5 0.49
- _ \4 . . I U
Noverher oo ... 0 - - | r~—4 It 1K70-1880,
December oo oo p i BE0M0000 T ‘
Januury oonon.. ‘ .. A0 O0K) Y S o ‘ ‘ #_._‘__’__,___w—————
February .oooo... SAO0O00 025 November ‘ o ‘ 0 *0.00
March ... . it | 4 '1. :_"‘(K’”‘(,m“ FE H *3.00° ] :‘DO‘ "”‘l ):T I oo “ 05 = [reene \‘ 00,000,000 . +0.60
April ... DI . a7 P T o0 ! ecemnber . R ‘ 4 ‘ LR Pttty op
May oL Sl l(\)_‘_.:lfilwl,ln)n o ! *3.00- féll‘;‘r‘::lut\ e e AN _f__t ‘ ‘‘‘‘‘‘‘‘ H 00 - : et
June..oo 4 5 TN *5.00 M .|‘ L T ‘ 614 T . | 1600000 1o 1,95
July ... e | -l . 700,000,000 A *$ 50" arch ... - S SR AN 10,817/000,000 oo <850
Aupust ..., e .- . 7038000000 . . %400 3 [EEEEE R ! [mm \ 3’:”:"0““‘000 | T *3.00
September oo .. : . fereees 1,750,000 S 00000 l ________ 0,40
O = enee e K TN %000 I'-l'l)(l“'_(}(m *”“ - .05
e PRBARTL XYY . *0.15 2,‘_:“)0“00 ‘ ________ %0.02
’ = — S . o
1 Per.: Nove-Jan.._...... RGN ‘ | ; “ - ol .. *).00
IH Per.: Feb-April...... | oganr [ Ao | Ths' b S S L —
Per.: May—duly ... e ceeeeen 25,714,000, 1.448 5. __ _ . d
IV Ver: Aug-0ct .0 B ettt g 20000000 1323 e I Per: Nov-Jan ! L 000000 | 0.100 0.35
\ A A ‘ i I 11 Ver.: FebApril . 15445 000,000 | 0.975 351
November 1 to Qetober 3. .| 1,667 il I ey LI Per.: May-July ARIT000000 | 0.328 1.16
N C o sRa00000 | 2008 254 IV Per: Aug-Ock.. .--. l 27000,000 || 0.002 0.01
- b November 1 to October 31. 3 w‘ 19,374,000,000 \ 1404 1.25
L — e —




426 ,\' I opp Qg Lo - 4 N . i}
- £ Deer. Srarisries, Coreeriox No. 6. &, E. DepT. Sraristics, CoLLEcTION No. 6. 427
Tants No.s—Continued. Tanek No.s—Continued.
_— CALAVERAS Rivig CALAVERAS RIVER
Pruaan, " ) ll Totul Diw hnrge, ‘ vE SN, Tutal Discharge,  |j of Water[| off per
\ Cabie vt Prieo, - — e - CUnbie Feet. Dratned || wac. per
- ) I Mewn, My, Min | Mean, Max. Min, “ off. Feot. lan.c::tlr;e‘
_ |‘\ 1880-1881, | 18821883,
e o
November ‘ 0
Doyembher .. Vo 391,000,000 %0.30
joeenber ... s 69,000,000 B | 504,000,000 o
February 3,945,000, ooo ,,,,,,,,,, : l 500000 *1.00
Mureh 2.0 00 6,1:31,000,000 “ 1 1,608 0000')() ........ *0.80
"""""" "mnuuoooo\ T 7 eaans *1.50
>h(x)0000 L. T 545,000,000 5. ... *2.00
- 25,000,000 ,.n.,omfm ........ *1.00
i 192,000,000 | ‘,, ,,,,,,, QUS,000,000 1oL *0.40
_________ - 131,000,000 | (U8 PO *0.00
-\;'pti‘lulnl """""" | 0 M st T 0 Wk
October.... .. . ' O | Bante ' X
- | ' i ?fﬁ,'é‘rber """ 198,000,000 {}. ... - ‘ *0.16
I Per.: Nov.-J; | o — - — | o
Il Per,: 1'.-1:~ { l)',},] """" ‘! | ,’,‘,’ S A ' LI ,000,000 ?' 0.83:4 I Per.- Nov—lan, ... ! N X ........ ! 2,100,000,000 | 0,152 0.54
11T Per.: May- Iul\' """" - ‘ ------------- | UL 706000000 0.842 I Per.: Feb- \pm ,,,,, ) IO I I P (G,087,000,000 | 0.441 1.61
IV Per.: Aug-0ct.. . 7 o AR R R M“WMUOO‘ 0.081 FIT Per.: Mav-july . 2oL Heevens : 1,423,000,000 | 0.132 047
\ ) A S | 0l 0000 RV Per.: Aup-Oct.._ . 2y M. | 198,000,000 | 0014 095
ovember | ) . " T T = —ie— — —_— — . — "
rer Lo Qetober 31 ‘ i “ """" I‘ """"" ‘I T 125,000400 “\ L r Novemnber 1 to October §1 TR I ! 10,208,000,000 ‘ 0.740 066
T -— : L o | ‘
\ : _ S R
I8N1-1882, T8RS~ 1884,
Novembwry ... ]‘ - - b \ N
Poecomber 7T . o November 62,000,000 *6,05
January . 198 00()000 “ ________ ’ 1 1 : Rovenber .- ! 131:000,000 *0.10
February 920000000 ' 0T i 525,000,000 *0.4
March .. L069,000.000 | ; ,152,000,000 *5.00
April ... 603,000,000 1l el T T ‘ 7.880.000,000 *3.00
Muy . 4 hl»nl)(m(m 77777777777777 l.'{u,sn()(m(l() *5,00 .
Junie. T T ! 315,000,000 *1.00
July . G3S,000 00k Voo sosoN v T 1.273.000.000 *1,00
August . o 525,000,000 *0.40
September ... o Tt D00 S July oo ot oo
October. ... 7T O September . . 0| .00
""""""" 200000 || Octobur. ... “ 100
— |
1 l(‘[‘ . \'()\-_] an JE— — - - - — : |
II Per.: F il LI000,000 0081 wr.: Novolun. TR U 798.000,000 | 0.053 0.19
I Yer: \ﬁ,b\. ‘f,’,,’?' 25000000 0731 | e 1{.’,‘,_.\';";,1 2401000000 | 1480 5.33
v P(-r” Aug-Oet, HAZT 000001 00618 111 1Per: May-) lll\' RNBRXTYIXERG) .22 0.80
el SESLCUTR O | IV fer: Aug. Oci.. 0] 0000 0.00 :
November 1 to O X — S — ;
¢ October 31, 20036,000000 | 1453 | November 1 to October 31 O [ 21,245,000,000 | 1.758 1.56
T T - — = - [
N ) o ! —




428 8. E. Drpr. 8ramisrics, CorvLicrion No. 6,

Tanne No. 6.
STANISLAUS RIVEL

At Qakdatre, Drainaye drea, 1061 a

[
]
' Disenarae ax Cegoe gy ‘
PRI SECOND, ! )
Ieaeton, o Tord Dischurge,
Y /- ) Cabic Frot.
|\ Mo, I Max Min,
- e

‘
‘\ IRTS- 1870,

November 101,000,000
Decenher .. 112,000,000
hlnu:uy R I IU(.'ll(}D'O{)()
February . -4 H"4 000,000

March ...

5 .. 12,16,000,000

Aprit ... 1807 RN n 63,000,000

May 4,008 X ) |u,71m,00u;000 .....
June 4,387 i 1in LERT1,000,000 1

July L 1A84 3u0 | 4,240 mno(n)o

Angust ., ;

Ky
o ll(l()ﬂ[ill

Seyptember . h
5000 000 |

Uctober

I Ver.: Nov.-Jan.

I 1 527.000,000 0.055

II Per.: Feb-April .. 28, 104,000,000 0.960

1 Per.: May-Tuly 2012/000,000 \ 0.901

IV Per.: Aug-~Oct.. 4R 000000 0.015

November 1 to October .,1_._“ L o880 L. i i, »monlmoo H 1.081
“ 1579~ 1850,

1422 000 (00 I
187 OUUI)(K)
Mlnnllﬂnn
1318 000 K10 \

\Iovumber................-.‘ I
December ..
Janmary .

Februg u'v

Muareh . 1 h‘i/ (K)IH)H(I
i':..prll T4 0%4000,000 |
{uy ... R 19421 000000
June 10,520 5,240 20,067 000,000
daly LI 4430 1 1,680 K,717,000,000
Augast LTI ' ________________ 1OGR,000 D06
September 0T T ey [T ‘ 240, 8H)
Octaber. ..o ... | AAAAAAAA ‘ ,,,,,,,, * H(;_(N)l,l,ll(u)‘
- _— e -
1 ljer. Nov.-Jan, BB L ‘ """,’{(N)lmﬁ(i I mm‘

IT Per: Feb-April Mo 17,980 00,000 (LA 490 -
llly Per,: Muy-July GAOGE T 10080 I,c;H(nN 18, 't).c)nnn(u) ‘ 1045 5.76
IV Peri: Aug-Oct. 00000 g T * ........ a,-u w000 1 o077 X
. . . . — B P T |————
Nevember 1 to October #1. 2,250 ‘ 10980 . ____. “ ;],1(3.(»)0,0(JO ;‘ 2,420 ‘ 2.14

027 |

S. E. Dert. Sraristics, CorLecrion No. 6. 429
Tanre No. G—Continued.
STANIRLAUS RIVIEER,
D o e pagen | it
‘ PEKBECORE Total Ischirge. | of Wator)| off per

o, - Colie Peet, Drained || soc. por
Dewen. l Max. ‘ Min. ol Feet. i‘:}‘d‘)“}‘t’
18801881,

, - | _
el 53,000,000 ||......_. *0,02
Borember - vearomon | K08
""" 5,';29,000,000 el %200
12000000 | ..o 5,00
. 5 4.2(1 000,000 *2,00
B 12,253,000,000 *4 50
14,073,000,000 *5.00
,,,,,,,,,, TORE000.000 *2450
R 2570000000 | 0.91
o UL N00000 0.34
,,,,,,,,,,,,,,, 363,000,000 | 013
,,,,,,,,,,,,,,,,,,,,, 321,000,000 011

7! | 7.370.0 0] 25
der.: NoveJan., ... a2 7.370,000,000 |  0.251 0.88
1 et oy Tapen 30500000000 | 1044 ] 878
q1T Per.: May-July ... ) 23727000000 |  0.809 2,82
V Per.: Aug-Oct. ...._._. | l(»lROOOOOO ‘ 0.056 0.20
: | o i -
November 1 to October 31 } 2 OIIS AAAAAAAA ; AAAAAAAA ‘ (»3.314,000.000 " 2,159 I 1.98
‘ 1481~ 1882,

] : e ‘ 389,000,000 ‘ ........ 0.14
‘gggfrl:l];;l R 3 980,000,000 i 142
[ January 1066000,000 | ... ... 0.38
“Februar 21198.000,000 | 0.86
] 12 779,000,000 || 000 4.54
,,,,,,,,,,,,,,,, 3 m"(mnn(u) [T 340
R 13.806.000,000 ... 1,01
............... Juzjomlm)L-...... *5.00
: 5,067,000.000 |....._.. :(1)?8

R Auvpust ... ... 2R1.0000000 || . .
At Tootme | 010
Qcetober ..o . 1267000000 . *0.45
- - e s
T Ter.: Nov-Jan, ... ... BSR4 2dc0 ‘\ 5H1,000000 | 0186 | 0.65
IT "t:'.: I"('l).~1\]lv'l'il ,,,,,,,, A | 0030 S0 24 77H000,000 0.846G 3.07
11 Ler.: May=July ... 1,088 32:194,000,000) 1.109 3.88
IV Per. Aug-Oct. 22 - 1,820,000,000 | 0.062 0.2
Noventher 1 to October 31 2016 0930 L 64,534,000,000 | 2.203 1.94




430 S. E. Deer. StaTistics, CoLLECTION No. 6.
Tante No. i—Continued.
STANISLAUS RIVER.
Tnsomare 1y Cune Fewr || H Modcato.
e Syeaxn. Dopth § ——_— =
e, , ) Totad Dschintgo. of ¥ Pt
‘ ‘ ‘ 1 Cabie Proct. | Dmlned
| Menn, Mux, Min, ‘ l
R L T — | ]
I 188 18R
. 0 ar B i ‘ .‘
Nouvember 434,000,000 ! .

December .
January
February

562,000,000 H
L 06,000,000
LO15000,000

l‘(iT.")‘OO(l,OOO R -
z 102 SALS.000.000 |
orroneno 700

10,507 000,000
2.815,000,000

N\ e

e $11.000000 .10
aeltnﬁ)n‘lb«_ ...... A o000 |20 .
etober ...l L 430,000,000

I Per

r.: Nov=lun.

I Ler Peb-Apeil ! 000000 | 0978 )

Ill\lr {‘c[ \\iiw-z;)l\’ \“ 27,785, 000,000 |1 0.049 Y Per.: Nov-lan, .-
or.: Aug-Oct, ... ... 183000000 | 0.063 H1 Per.: Feb.-April

November 1 to October 31._.|‘ I._. m;w .ry&um 7.389 4‘| 11121 A‘l‘l‘g——‘(l)‘c]{‘

|‘ 1=K IRNL

November
December
Janvary

February

MHNODODO

362,000,000

TOENRY NG !
T 'nn OO0 EHR)

Mareh oo
April
?{l:r( ,,,,,,,,,,,, 1260 LU |
jute.... 13,621 000,000
July ... 11.255,000000 | ... ...
Aug .. 281,000,000
beptcmher S0, 000, 000
October. ... ... {220 | ‘
e —— — -~ " - — I - - - _
I Per.: Nov.~Jan. ' 008 ( ! !
: Nov-Jun, ........ o LRILOD O 0053 .
l%% {:e: “LI)- Aprilo.oo... i L0 \ REATT 0,000 11»7,2 | 3.84 —
v l’cr \nv—l(:xlv ........ ' ‘I,ﬂ:’.j L AT 003000 Oew) 1,051 4.48 ] Yer:
er Aug-Oct. | TEEONON0 1 (125 h 045, 1 Ver:
Novembe daber 31 2am T T w3 b 1L er:
ovember 1 to October 31. ..}) 2,308 e * ,,,,,,,, I TH251,000,(000 yH ~ 2.24 b 1V Por.:

——

YEanior.

8. E. Depr.

Nov.-Jan.

I'eb.-

ovember 1 to October

April

| November 1 to October 31..

Dise A nu 1y vuse Fem ‘

Mean.

May-July ...
Aug-U(,l

SrarrsTics, COLLECTION No. 6. 431

Paner Noo 7.

TUOLUMNE BIVIER.

Drainage Area, 1635 spuare miles.

T ‘l—- l Antount

Depth ‘lhnhnd
‘I of Wuter \ ofl por
wec. pl‘r
wy. mile
in cu, ft

SECoND. Potal Discharge.

Cubic Feet.

i

Drained
‘l

i . H lulf Feat.
Max. ‘ ‘
|

18781879,

- e S
¥ nnOO()ﬁ(l ........ | 004
1 000,000 1 " ‘\ 0.04
"8‘)00000(] ‘ .29
Anooom I..

Ryt ‘)00 000,1XK \l

G0 ‘

BR300 2800 ‘ ll :
Qean | 470 LAG23.000,000 ‘
1LN70 - 4G 14,101,000000 |
AT A 5.205,000,000 . -
| N 00000 l|
''''''' RS 10200000 1. -
U ALOGUD00 h

L -
3
a 1624, oomm ! ou&§ 01
: ‘-)'?\ "'[4'5%6' L1001 (00,000 || ~ 0.520 192
e . 70191000000 | 0.512 285
Awns ) B 572,000,000 , 0.015 0.05
N |

(;3‘31‘;,000,000 l‘ mssr 127

1870-1880.

- i

|
| . “ 242,000,000 ... ---- g(r)(f
R R \l 20000 [ o 050
Voo 50 T, 000,000 02
T 130 ll I A3, 000 000 | a8
‘ .‘:)(' \ .L 22 "N)()UOO” 335
&0 0 T TB.000,000 .
%:, 0 | u,i‘ |‘ 97.778,000,000 |l g.?‘})
17050 | 10310 l 36,484 000000 \ 890
N T \o.,ooo 000 |- 14
e :'Y""' ‘ M
‘”. = 547 000,000 o.gg
EA R AR 151,000,000 | 0
s e |
| 7 sl 200
| : 4, T4 L0000 ‘ (LOR \ X
“»«‘:IM| l“» ‘S(':l’ll\ -m'num\(x\u ‘ u.ﬁ()‘l ‘1'{’,‘1)
\| lmwla [ 17,050 | st 667, -)(moun |\ 1.8.1:.' 6"")
47 ‘_’,‘Jnu I i \\0" 000,000 0.083 | 24
o — e o | 222
Ty 19300 . e 115,166,000,00 525 |
| R ! S I T




4392 &. E. Drpr. Staristics, COLLECTION No. 6. 8. E. Derr. Srarisrics, CoLLkcTioN No, 6. 433
Panne No. 7—Continued. TanLe No. i—Continued,
TUOLUMNE RIVER. TUOLUMNE RIVER.
f . - v Crare Fr | o ‘ {l Amount Diseianer iy Cene Feer Amount
‘ s “A:‘:"" ;N (<~lr\':~lc R o ‘ 1 Depth Drained ~ \n-uu Smrum:. " . Depth || Drumned
. “ l“',“' ]lim:]nllu-‘, of Water || off pue PrRrion. o o L loli\I Illw‘lmmo. of Water | off per
(A - — - = Cubi Foot ‘ l‘ll_mggw'! "m'c.";l»’ol; Cubic Feet. Dralned || see, per
ofl. el 1. . Y i
“ Me | Max. | Min tl ‘ e e, . | e Max. | Min. | ot veot ﬁ?c::u:'to
| . i otz SRS S R
L - - -
1HR0- 1881, 1582~ 1883,
I
o o | —_— - _
- an I " I 1 0.02 Novembe =7 )
her as . loeenns \ aoonion 1o 0. mber .o 1,477,000,000 »0.35
December 121101 vt B DT zaone00n 06T P HC00000 ol
FARTUTY cnnommeamnmeamen e DRS00 | L I TILVON N L7 . Lanuary ... 1,752,000,000 *0.40
Tebruiry .. G5 | G0 [ 2440 ) 16311000 | ! 412 ° {‘{fh}’""r.\‘n 1,185,000,000 #0.30
Mareh ... - wAT | 10310 Bt | TI00.000000 [ 118 Murch ..... 3,508,000,000 *0.80
ADFl oo, 6.260 10,200 16,255,000000 ... ‘ 3.82 ?? ml ... 9,496,000,000 *2.00
\ﬁw O, 7OTL] RA30 ansz oo 100200 444 ny ... . 21,906,000,000 *5.00
T o AR R0 13,5 13,000,000 . 8.19 June..o.ool i 17,952,000,000 *4.00
Tuly . : 1o | 1380 T LI o122 f\uly A On /375,000,000 *100
}\u'vu.s.l . LY A 1M7,000000 ... \ 0.24 ugust ... 1,312,000,000 *0.30
September - 125 20000 | oo 0.08 #18,000,000 %020
OCLODET . —momm e cme e |10 217,000,000 " e 0.08 702,000,000 %016
— —_— - - — i h— — - -
e o] e Ik |
. by ase | oovaon : 285 083 1 Per.: Nove-Jan, ........ 4,105,000,000 | 0,000 )
Per.: Novedin, oeen.s Corgae boavaan oL ‘ 10710000 023 : rer.: No } 105,000, 0 032
1 dend PebeAprl 00 | s 00 | 240 03RS0 ) 0K 83 I Der Mool o . AT 000000 | 0970 X5
111 Per.: May-July 4327 | BG30 L.l . 34371000000 | 0811 25 8 v pend May-duly - k 44,237,000,000 | 0.970 3.39
IV Per.: Aug-Oct....o.ce. T (R I | LGIS000000 | 0085 | 124 er.: Aug—Oct..oooeo.. 2,862,000,000 |  0.063 0.22
November 1 to October .'n_“i| PUCE U EMAAL LY ‘ ........ }' GLOBS 0000 | LINT ” 178 b November 1 to October Sl 2004 [oooo|oooaae 5,993.000,000 | 1434 1.97
I 1881-1882. 1883-1834.,
- - - - “a
‘ 08,000,000 | I November .oeeeeeiceannan... 848,000,000 *0.20
%EZ;‘.‘I&’?I LG60.000.000 ... '?eccmber . 876,000,000 *0.20
: 1660000000 1 January - 1,098,000,000 0,25
! 1,1386.000.000 I February .. 1,228,000,000 *3.00
. Seuneno0m 1 March ... 17.,52:4,000,000 *4.00
OR300 ‘ April ... 19,077,000,000) *4.50
T I \ May .o 19,710.000,000 *{ 50
550 . 20,85 000,000 ‘1 ________ | b June.._.. 21,203,000.000 *5.00
w00 | 7352000000 1oL July ..... 17,524,000,000 *4.00
....... ‘ LAB000000 .o August .__. £.370,000,000 *1.00
[ nepaooone Beplember .. /48,000,000 »0.20
2 33700000 TR October. ..ol Ghi5,000,000 *0.15
i T
| o | 2 295 (00,000 h 0.084 ‘ I Per.: Nov.-Jan. ........ 2 899 00 0
.t NoveJun, coeeee-- 482 3.325,000/ OF ST : 2,822,000,000 ||  0.062 0.22
ﬁ D Pone ,'\‘Il,';u,___ ilo2aom 1600000 | 0365 Iﬁ ‘}-,‘:fq I\“[ch;f\vnl--- STE000000 | 0.829 2.98
1II Per.: May-July ooo.o. GO L o ot I e NedmGus i andteodl I oY I
1V Per.: AugeOciieeanoe. ‘ F3 T PO R |\ 4457,000,000 | 0098 | | er.t Aug-Uct......... ‘ £,883,000,000 | 0.120 045
November 1 to October :ﬂ_._g' 2314 ‘ 13,670 ‘ ........ I 73, 133.000,.000 ” L4503 142 F November 1 to October :;1‘__| 3,178 ' ________ foeeenens 104,971,000,000 2302 104

28 *
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434 5. K. Derr. Stamistics, Conneerion No, 6, . , S. E. Derr. Srarigrics, Cornrcrion No. 6. 435 2
' , TasLe No. B—Continued.
Tanue No, K. i
. 3 MERCED RIVER,
MERCGED RIVEDR, - -
3 {
At Merced Falls. Drainage drea, 1076 agi g obasens wew v Quine B | Depth fl\)'::l?::"(?
. ] Pru rhn S Tednl Dischavge, of Watr lt off po(:‘
“ DIH"H,\IX:.E: B Crae Prer Depth.” - : — T T Cabie Koot, Dm(:wcl e, por
Praiow. ; PR SECONE. | Tats) Dishirgo, of \i’%w} .\ Mu, Max. ‘ Min. off. Fout. ,ﬁ?'u::u}:
T Cabin Feast, Drained _ i
Moun, Max. Min, || off. Feet. ([
o ‘ \ | | i . 18801881,
. 1875~ 1874, 5 \
| ! OVembeT - oo | 2 ‘ ........ e 614,000,000 +0.22
i T S y 5 ecember ) . J . #,457,000,000 +1.20
November ' 1638, 000,000 Iy MUATY e AL D47 000,000 1190
Deceber 174,000,000 i Jebruary H 8,320,000,000 13.20
January . e . i i 918,000,000 rch ... 4 178,0()(),000 1145
February 1,506 . 3,6:43,000,000 : ril 2,000,000 12,60
Mareh .. 00 . 5.618,000,000 Y- 11 81 000,000 *1,10
April ... i S,0R7,000, 000 . une. 8 1.41 000,000 *3.10
My . 35 AU 00000 R uly - i 1,033,000:000 *1.40
June. 8,647,000,000 i MEUSE - o X 1,008,000,000 1+0.35
July ... 2,582,000, 000 terber . 434,000,000 +0.12
August _.. 41,000,000 u Jetober ..ol ! . 201,000,000 10.07
September .. R 104,000,000 R _
October. ... ... | 20 LU0 00
| - I Per.: Nove=dan, ... .. 1.12
‘11 Per.: Feb.-April .. \18 2.39
I Per.: Nov-Jan.__._____. 1,200,000,000 0.043 . I Per.: May-July._.. ‘74 5 (IOO (000 . 2,87
II Per.: Teb.-Apil ... ... 17.3 LLS000.000 0570 IV Per.: Ang-Oct, ..._..__. 1, .44 000000 1| 0.051 0.18
P Pers: Muy-July .o ... ‘_'n 173,500,000 0.672 : - —_ - 1 —
IV Per.: Aug-Oct. R;’,(,"u(m,(u)n I 0098 ‘” oveiber 1 to Uclniwr 3. : 1,760 | oL Lo ‘ H6,143,000,000 ‘ 1.848 104
—_— i ! i
November |t October 31 BO66T K00 | 1,522 LY \
| | Y 1881-1882,
) 187D~ 1850, ; ;
T Novemnber ; 194,000,000 10.07
; T December .. . 32 8015,000,000 10.30
November o.ooveeoeeeee ... . A AG000,000 | ... ... 4016 January ... .- AL 1000000 10.16
December - .. 1,730,000000 I, ... 10,00 Fehnx'lrv . . 1 a"”( 100,000 10.23
hmunry ..... SR 104G, (00,000 | 40.38 March .o . g 3 lH X (](N)(m{l +1.10
February . 1 887,000,000 |, +0.70* April i HSGEM0,000 12,10
March .- 2,1631,100,000 +0.75° May 40,790,000,000 13,40
April __ LLOLEU0.000 395 June. £6:47.000,000 +3.10
May __. .. '(r 7 num)(m ‘ . +4:50" July o 2,882,000,000 +1.00
June.......... . .. n 13 qq i) |(| ok || +1.75. ‘August o HTEON0,000 10.20
July . e TS0y | 12.5 Sep: demlior | 334,000,000 1012
A “gus( . o (| 7400, 1 ........ +0.70 Qerober .ol A0 i 1,2906,600,008) 1040 '
Scpu'mhu‘ - o 837 (Pl)ll (LT DR, 10.30 4 SUUNR B, !
Qetober. oo oo oL 208 790, o §o 10.25 . ' i
b I Ter.: Nov=Jan,.oo...._. 311 PR PO 1,520,000,000 0.18
- ; : b 1T v Feb-April ... oo [0 IO IR 11,713,000,000 1.42
1 l'er.. Nov-Jan, ... ..... : X 3,214,000,000 0,107 0.88° 101 Per.: May-Jduly. . ... AL DO S £21,825,000,000 X 2.45
Il Per.: Feb~April 13,00 5.000,000 0.502 17 IV Per.: Aupg-Oect, | 2,206,000,000 0.073 0.26
111 Per.: May-July.. Sl 422 33,563,000,000 | 1119 3.92. . — | —
IV Per.: Aug-Oct. ... 0 3,574,000,000 | 0.119 - 042" November 1o October 30.__} Liso Lo e k 36,764,000,000 [} 1,225 1.08
November [ to October 311 1,755 | ... .l ... 03,000,000 | LR 1.63 L f Kstimated in purt froms v rererds,
T Estimated in part from rod records, M .
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436 8. E. Depr. Statistics, CoLLECTION No. 6. 8. E. Drpr. Sraristies, Connecrion No. 6. . 487

Tannr No. 8—Continued.

MERCED RIVER. T'avLe Na, .

BEAR CREEK. ’

P h Drainage Avea, 166 squave miles.
f +€ Water
PERIOD, c_m._.:wu:w.__ _ scuanok 1x Cumpe Feer Amount
. . Poot, R SECOND.
Menn. | Max. Min. PER SECOND, Total Discharge, o»@ﬂﬁ“ . uwm.nhvﬂwn
; . \ . f Cubie Feot. wna.za 8§00, por
. o Tean, Max, Min, off. Feot. | uq. mil
188213883 ! _ . milo
November -..eeeeeeenneanan- 3,000,000 |[........ 1878-1879, :
wmomz_rﬁ .................. ﬂw_ﬁwﬂ”“ ........ —i
Junuary ool L0000 (oL 40 SN Noveber L. . N
,H.,k..(ﬂ_:_ﬂwz - 04,000,000 ; " 0 0 0 0.00
- S LR B0 AR SR RERLEEEE : 0 0
Mareh ceeeevceenreieneonaans 2,450,000,000 |I........ - January ... 0 M 0 0.00
April o 8,000,000 (L.l  *2I SN Tobrunry . o5 1o : 0 0.00 .
MBY evmoaeomi it 137,000,000 |12 2100 March oo il B 0 51,000,000 015
- June LLA3G000.000 4 AL L T o ] 0 151,000,000 0:34
ey 41 00 o0 SoeteStebebste TR N NN 110000000 04
g August ... 1.010,000,000 , 3 R 0 o 0 0 0.00
: September coeveenianannnn. 614,000,000 ... %O Tuly . ____ T o 0 a 0 m 0.00
. October... 474,000,000 ; e 0 0 o 5 m%
B R R U 0 0 0 0.00
e e o ol srkannnnen | oanes | o e e a e U () {) y
L I Per.: Novedan. coeeeeeod|| 822 oo |oceaooe 2550,000000 [ 0.085 o 0 0.00
Feb~April 1302 0 L feeaaiil w.:ﬁb%‘w% Wmcw
v I11 Per.: May-July_coeeeanlf| 3,674 |coenoiofoaaaaas 29,204,000,000 .97 I Per.: Nov=dun.. ... .. 0 0
: IV Per.: Aug-Oct. ... LT IR NS 2,008,000,000 ||  0.699 wa WS.: m.%c.uwv_l_ ..... 16 570 m 352,000 oow m%m wwm
: - 3 1 Per.: May-TJuly _...___. i 0 et ¢ .2
- November 1 to October 31...j[ 1365 |- _f..-..... 43,028,000,000 1434 Per.: Anp-Oné. .00 o 0 m m mm% m%
18831584, o T B o 362000000 | 0.076 | o7
) i
\ November _oovoonoenan . 397,000,000 1879-1880.
Wooon_cﬁ eeeevccnn ;
Jamuary oo 2T 635,000,000 0. | *O22 3 November ... ______ 0 0 0 0 050
X ] memmme] SV LD e e ceea e nm el TR OSIASEI T - || SVS S LCCCIMIDEYr (L o= cessecas &
Moapan . Sy ol W o iy p— i1 .
- April cooo ] B e 2690,000,000 1L f February ... o 200 0 Hmw.ooo.ooc caceeen 0.16
' . MAY e N F March .0 31 - Ded mmmeanen .0.36
, Junen 10 R 16,874,000.000 (|2 " S T Pl 1 84,000,000 |.-2770 010
R 115000000 2222 S My . I ol B » 0.93
August ool 3,026,000,000 ... . *L.05 SR Tune.. ... ... RN o 0 0 0.14
Soptember con.oaeoaanan oo 611000000 4. ... 02D July ... 0l C i 0 0 0 m [ 0,00
. OCLODBr - e ceeaaaanniaenas 460,000000 122227700 w0 GRG0 0 o o 0 e R
e B ol o
I Per.: Nov.-Jan,. ... 1,493.000,000 T 0 \ 0 0.00
I veér.: Feb-April ........ 714,000,000 ; O N
LT Yer.: May-July _...___. ( [ er.: Novitlan, i5 20,7 0 .
1V Per.: Aug-Oct. el £,190,000,000 Hﬁ W.M” _(.4_::.: m:.__.__:.:.I 137 w.cwm: m L mx_vww%wﬁ MWWWW me
- L May-Jualy (oo oL, rked €7 ; Rt b g g
November 1 to October E..._, ERTEN IO I 78.370,000,000 | 2612 IV Per.: Aug—Oct. .. 70 " i o (1,000,000 0013 005
November 1 to Ociober 31. .. 40| 2080 0 1,244,000000 | 0269 0.24
Lo i) Al . g




‘
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TanLi No, d—Continued. Tasne No, 9—Continued.
BBAR CRIEK. BEAR CREBK.

ineaanae 18 Coynny Frir Amount

" . toph PER SECOND, , Depth || Denined

PERIN, Potal Dischagge. | of Wator Prrios, Wotul Bishrge, || of Walor [ off por

| Cabi ol l)ynu:ml T Cubie Foot, I[mhm:l Heo. por

Mean. ‘ Max. | Min. | U Feet. Mewu., | Max, | Min. ofl, ' Feel.{ sq. milo

i ‘ ‘ I | R in cu. ft.

4 1880~ 1881, 1882- 1883,
NOVODET +eeoe oo | N 0 0 R | November ....o...o.o....... 65,000,000 f_....__. *0,15
Derember ... e J 15 121 0 B07.000000 ... December ... L. 46,000,000 f_______. %0.10
JUNVATY o oo oo NN IR 20 A0 | January ... 177,000,000 |- oo0- %0.40
Fehruary ooveeeecaeenannns 2| L 47! SN0 |- : » February . 0,000,000 |[222227] %0.20
March Do L 48 107 13 130,000,000 || ... : g March .. .. 455,000,000 1|-227 770 +1.00
Y | g " 20 " 16,000,000 [.... ... April L.eel 259000000 |01 *0.00
May coeeeiiaaaan P 1] 0 y 0. 134,000,000 #0,30
JUNC e et i e ecieaaiennnenans [ (] u ! O 0 40,00
July i )] 1] u O .. 0 0,00
Aupust oo ... ] 0 oy 0 e 0 #0.00
September . ooioaiiianaaon 0 0 0 O 0 #0.00
October. . ceeeeo s 0 n (L a ‘ ........ 0 *0.00
o |
l b
I Per.: Novedan, . ceueoan. o6 | 1920 0 761,000,000 ‘ 0.1 I Ver.: 288,000,000 | 0.062 0.22
11 Per.: Feb-April... Ri | 1,123 0| 000,000 | 0144 IH Per.: 794,000,000 || 0,172 0.61
111 Per.: May-July __.__... 0 0 0 0| 0.000 i }fr 134,000,000 || 0.029 0.10
IV Per.: Aug-Octiaa.oooo 0 0 o 0| 0.000 ‘ Cr.: ol 0.000 0.00
Novewber 1 to October 31, _f 46 RSN 0 L A27,000,000 0.308 November 110 October 31 .. BU foeoaoe 0 1,216,000,000 0.263 0.24
18511882, 1883-1884,

Novernther «oeemeenaeeooooa.| 0 November (1) I *0.00
December .. 0 .]I)ccez'uber --- 0 *0.00
January co.. ... ) 0 Muary .. ... 46,000,000 *0.10
Pebrusry - ..... 20,000,000 February .........._.. 1,654.000.000 *4.00
Mareh o0 248,000,000 f Mareh oL . . 2437,000,000 *5.50
April ..oooll 237,000,000 . 11\\’1)1'11--- ------ . 1, 711,000,000 *4.00
Muy .. 0 00 | uy - - 884,100,000 #2.00
June.. 0 .00 une. A 441,000,000 [|--...... #1.00
July ..o 0 .00; July ool 177,000,000 ||_.____. #0,40
August . ... 0 40.00; CAugust..o. ol__-. %0.00
September .. . LUK I, *0,00.3 Beptember ... oo *0.00
OCHODOT - e e e eeeaeeaes 000000 | *0.10"3 October. oo .. ol *0.00
T Per: Nove-Jun, .. .... 0 " o 0 ‘ 0,000 ‘ 0.00 T Per.: Nov-Jan, ........ 138 O S 46,000,000 | 0.010 0.04
11 Per.: Feb-April... [ 3 P I (85,000,000 | (148 | 054" 11 ,1~.cr.: Feb~Aprilo.. ... P N 5802000000 || 1.254 449
11 Per: May—guly oo 0 0 B o 000 0,00 L Pee.s May=July ... 21 O R 1,002,000000 | 0,324 L14
IV Pert Aug-Och. ... T RS 0 W 00,000 | 0010 ) 004 SR IV Ter: Aug-Octo oo 0 0 0 of 0000 0.00
November 1 to October 3t-.. 93 |iecenenn 0 ‘ 731,000,000 | 0.158 i 014 November1 to October 8t...Jl w82 | .. __ 0 7:350,000,000 || 1.558 140
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Tantw No, 10,

Tawris No. 10—Continued. }
\
MARIPOSA CREEK. ‘

MARIPOSA CREBK,

At Base of Foothills, Drainage Avea, 122 square miles. Disenanar 15 Cuie Fegr ‘ Amount
\ ‘ IR RECHND, Totad Dis hurg (.rh{'\l';'.::,r l)rnlll}\.(l
Dty I.‘.’.‘,:”i:i.‘::::ll‘ Fupr “ Depth ‘ {\):.::?::f Paon. | —— - ‘ - Cubie Poet, o Drndad nl;c. ];.)(lu‘
Penpm, I SRS, Total Disclurge, [l of Water!| off per Mean. | Max. ' Min, off. Foot. | sq. mily
} - Cibic Foct, Drained | sec. per, | , in cu. ft.
1| Mean. Max. Min. off. F"“"‘ i'q mwila ' .
i J y o cu b 1880-1881.
" 188187, T - |
| 0 0 0 0 *0,00 |
” T i ’ wl. 0 240,000,000 | %075
November (..o 0 0 [i] “ 0 ... |4 2 T Y S, 349,000,000 *1.10
December ' ‘ 0 ... 171 . Veemaemnn ! 414,000,000 *140
January ... 0 oo .. 1 I O e 102,000,000 *0.31
Tfebruary AR,000000 || ..o N PO 0 13,000,000 *0.04 ,
120000000 7. 0 1} 0 0 *).00 |
L0 | 0 0 ) 0 0,00 !
LL00000 .. 0 0 0 0 *0,00
0 ........ 0 Q0 0 0 *0.00
0 ... | 0 i 0 O feceeannn . ¥0.00
0| 0 0 0 [ N P, %0.00
e )
1)‘ . - 0
| I Per.: Nov=Jun......_... 0 05,000,000 l 0.178 0.62
f o B T II Per.: Feb~April_....... 0 520,000,000 || 0,156 0.56
1 Per.: Nov.-Jan.......... ‘ 0 0 ] 0 0000 11 Per.: May-July ... .__. : 0 0 0l 0.000 0.00
I1 Teer.: Feb-April...... | 36 .. 0 2R0,000000 0,082 IV Per.: Aug—Oct.. ... ... 0 0 0 0 0000 0.00
111 Per.: May-July ... ... A I P 0 L0000 0,003 ‘ )
IV Per:: AugeOcl. oo ... O i} Q N L.000 November | to Qetober 81, .. b D, 0 1,184,000,000 0334 0.30 |
- S I ‘
November 1 to October 31. .. 1 0 201,000,000 0.080 o ‘
o o ‘ 1881-1882.
\
1879-1880 ‘ \
November coooiooaioii . 0 t*0,00 ‘
I 1 - H . December ... ... ... 0 *0,00
Noveinber 0 0 0 " ‘ ,,,,,,,, I *0.00 January .« : 0 *#0,00
Necember__.__.. 15 | ... 0 40,000,000 . *0.13 February . HR,000,000 *0.20
T I PO L0000 %0.16 - March .. 118,000,000 *0.60
At 123,000,000 | . __. “0.40 - April ool 20,000,000 0,80
b2 T OO GO L %0.90 - Moy oo ! [ DR *0,00
XN N IR, GZOMM0 | #0.20 ' June_ ...l (L) D *0.00 !
18 e 3000000 1. %0.15" July el Of.cooen *0.00 :
12 0 31,000,000 ... %0.10" August ...l (10 *0.00
0 0 0 0y %0.00 September ... ... ... ... (V18| PR *0.00
0 0 0 O 4. *0.00 October. .ooeeeeaaan ool [ | I, *0.10 ‘
i) 0 0 [ ¥0.00 .
0 0 0 U ‘ #0.00 ,‘ ! ‘
ll I Per.: Nov-Jan._........ | € 0 U 01 0.0 0.00 ‘
- T i \ II Per: Peb-Aprit. oo (13 3 0 H10,000,000 0.150 0.54
I Per.: Nove-Jun..oo. .. ‘ 120 . 0 SLO000N0 0098 HU Per.: May-July ... ... : 0 0 0 04 0000 0.00
1T Per.: Feb-April...... . et | 2000000 0073 IV Per.: Aug-Octo......... } 0 01 0 0 0000 0.00
111 Per.: May-July c__. ... 10 ... 0 TR0 - 0,028 . {—— i
1V Por: Aug-Oct.. L0 0 " I‘ 0 . 0 ‘ 0000 | November | to October 81...|| 16 [-.....__ ) 0 510000000 | 0150 | 013 |
! - — 14 ;.
November 1 to Octaber 31, IER I l 0 422,000000 | 0124 ‘ !




442 S . Derr. Srarvisries, COLLECTION No. 6.
Parni No.o 10—Continued.
MARIPOSA CREEK.
; Prsenanar 1N Conee Feer ‘I \ A
| Prg SECaND Dapth [}
Perion : ) Tota) Dhise g of Water
T " - Cubie Vet Drained
Menwi. | s, ’ Min. off. eet.
- — I | o -

November ..ooociioaaiiaas
December. .. .
January ...

September ..

OCLODET e ceeeaccmnmmecmmns |
I Per.; Nov=Jan...-...--- \ [T P 0
I1 Per.: Web-April._..-- 1 b7 VRN SO
111 Per.: May-July ... ..--f 12 |ewuennss 0
IV Per.: Aug-Octooeenn--- 'l 0 0
il —T e — _

Noverber 1 to October 81...

N L’% ’ ______ o

Noverber cooceereecanonannn 0 --
December.. 0
January ... 32.000.000
Februnry 1,223,000000 ..o -..
Muarch . l TO7.N00,000
April Lo 1, ’moomm
M‘ny.._ ...... ‘G 000,000
JUNCaccaeneanan 316,000,000 H ........
July ceeavenen- 131, 000000 |
Awgrust oo ...
Septumber .. N (l
[T 7] R g 0
I

1 Per.; Nov=Jan......---. 132,000,000 ‘

11 Ver.: Feb.-April.o ..o 4,2%5,000,000
II1 T'er.: May-July ... --- . 1,100,000,000

1V Per.: Aug~Oct......aev- | 0 “ ________
November 1 to October 31.. “ 17l ~ ........ l 0 M 5,417,000,000 H 1.593

1882 1883,

1

327,000,000

1

oy 000D |

18R3-1881.

47,000,000 |
32000,000

$1.000,0K) ‘
(H(I(I()(KH) ‘

54,000,000

94,000,000
0

9,000,000
0

S. B, Derr. Srarisrics, Conierion No. 6.

TanLe No, 11,

CHOWCHILLA CRE

At Base of Foothills.

kK.

443

Drainage Area, 268 square miles.

1 0.537

' sonance v Cumoe Frer
! ’ PER SECOND. g Depth ﬁl“?‘lm
Preop. Total Discharge of What. T pe
Cubic b;(-:.-t." ' Drul:ee;ir ":gpe:
| Moan, ‘ Mux. “ Min, ofl. Faut, "'l~‘llﬁl“;

- _ o v cu. ft,

N I‘ 1878-1870.
_ _ S

November e 0 ‘

})ecemhcr ,,,,,,,,,,,,,,,, “ 0 :; ; 8 :: 000

ANUREY oo o 8 : pyed

- February ... ... ... ‘ sl o1 (1)?)10; 3 22000000 208

Mareh D0 o 3 "0 0 el setind oot
Apfll L o m 300 1'1 :S;‘:"mo'(um 0.24
May . ... . 14 140 | 0 §‘(;'%’0“0 9.8
Juie. ... e . [ 0 0 0 39.000,000 205
July ... ) 0 0 0 200
August . . " o 0 0 o0
Septentber ..o 0 0 0 o o

b October ... ol 0 o 0! o oo

o " N O il [}] 0.00

I Per.: Nov.-luan ;‘ 3 ] 14 ‘
N Tan. .. : 40 o ;

Il Per.: Feb-April ... RIS | l)(xlﬂ (()) 4:5:;'000'0(” ped o
IIT Per.: May-July ... __. ) i 10 0 '")'000‘000 e o
IV Ler: Aug=Oct. ... ] 1] 0 o BHOD0000 | o0 oo

B 0 0.000 0.00
November 1 to October 31 ; (
| | 1o o 183,000,000 = 0.061 0.06
- - — —_ {l
l - - )
I 1879~1880.
November ... ... . .. 0 | l !
Decernber ... : ! w'(: ?, ‘ o) ol o 000
oy ey b i ( 32,000,000 (| 0.05
]‘ebruur\ W7 | 1500 (: | 4}3’%‘8‘% """" 002
" i ,000,000 j.....-.. 0.63
Lot s q’(]. 1 tlJ y r)g},.()()(l,ouo ........ 0.07
o 3,28 ;,000,0(10 ________ 472
OSSRl I 5 142,000000 | __..... *0.20
: \ AR ‘-’- 0 [ ] U,UO0,0[)( ) +*0,10
August .. 0 I 0 0 o e
Beptember.. ... ... ... 0 0 0 N 0.0
October. ... ... ... ... 0 0 0 s
‘! 0 O feceeaaaa| *0.00
: Novelan, . . “ 102 l '
: FebA ml ‘ - e 0 3 ~|(b (00,000 0,000 0.02
' \lu)~Jllxl\ VVVVV o lgj - G380 3 i :,':.;000000 0.502 1.80
D Aupooct ‘ ol ° 212,000,000 0.028 0.10
- 0 ‘ ‘ 0| 0000 0.00
ovember 1 to ) o o7 B Ty
ctober 31. . 127 6,350 0 4,010,000,000 0.47




444 S. E. Derr, StaTistics, CoLLecTION No. 6.
Tannk No. H—Continued.
CHOWCHILLA CREERK,
[ Dagenanan 18 Conne [H A
| PEIL SEION D, Total i) ‘!"‘;!“":)r
" o rehnrge, 0l it
PErton, - —- _— Cubie Foot, I Drained
D Mam Max. | Mia, off. Feet.
i
|
l LS80-1881,
Novemiber .ooeeoreenna..... 0 0
December oo 201 H38,000,0600
. 205 | THOM )
.. 3ib SOT,000,000
I 3 29,000,000
. 11 29,000,000
1} 0
1] (L3N | P,
" (R3NP,
. 0N (1|
September ... 0 (LN | PR,
October..ooooeei . 0 O
|
. 1 ‘

I Per.: Nov-Jan.......... i 67 [oaeae... 0 1,325,000,000 0177
I1 Per.: I'eb-April ... _... 180 . 0 1,15%,000,000 0.154
11I Per.: May-July ......_. 0 0 0 0 0.000
IV Yer.: Aug-Oect..____.... 0 0 0 0l 0.000
November 1 (o October 31, .. i N PR, 1l 28,000,000 0.3

; 1881-1882,

[—
November ..o ouoeoia .. 0 o (1
December c.o.o_.o.oooooL 0 9% lee..... ol TL000,000 (... ...
January oo b ool e Li3, (EO,00
February . L1 0 HU7 0,000
Mareh ... 10,770 0 S TL000,0)
Apeil oo ek (05, (00,00
May i B el 0 145,000,000
June.... 0 o [ L P,
July ool 0 0| 0l
August .. _.._...... 0 0] (L
September . 0 0| O fceeeaann
October .o eeieeneennn. ) {] 0 O feaecnnae

I

1 Per.: NovJan.._....... ‘ 27 oo 0 217,000,0(K) 0.028
IT Per.: Feb-April....oo. S e 10,750 0 4201000000 || 0,563
11 Per.: May-July ... ' {1 T PO 0 145,000,000 0.019
IV ler: Aug-Octo......... ‘ 0 0 0 0 0.000

145 ’ 10,770 foeenen . 0.611

November 1 to Qctober 3!,._’

1,5%3,000,000 '

S. E. Depr. StaTistics, CoLLection No. G. 445
)
Tanre No. 11—Continued.
CIHHOWCIHITLLA CREEK.
RQ . 3 o Amount
I'IN(‘"A,I::;:';?(N(,:::?” Py Depth I):'Illl’nud
Pruion Total Diselinrge, of Water || off por
N © Cabiv Foet, l)ml_nod BoC, por
CMean. | Max. | sn, off. Feet. || s, milo
1882-1883.
NOVEIIDCr «aeeoeeeennns 0 157,000,000 “0.20
December oo 2T i L 72,000,000 *0,10
Januury .. P, 214,000,000 *0.30
February ... e 128,000,000 *0.20
.............. 718,000,000 “1L00
...... B TR 347,000,000 *0.50
.......... - 0 287,000,000 *0.40
o 0 0 *0.00
............ 0 0 0,00
Aupust .. 1) 0 *0.00
g September 0 0 *0,00
B October. ..l 0 0 *0,00
.......... 423,000,000 0.056 0.20
. ¢ Feb-April....... 1,193,000,000 I 0.159 0.58
111 Per.: May-July ___.__.. 257,000,000 {  0.038 0.14
B IV Per.: Aug—Octo__....... 0 0 0 of 0.000 0.00
“November | to October 21 (£ I 0 1,903,000,000 || 0,254 042
1883-1884.
November (18 PO, *0.00
December (L F, . *0,00
72000000 [[oeeeaa. *0,10
3,358,000,000 *5.00
4,300,000,000 6,00
2,770,000,000 *L00O
21553,000,000 *3.00
2 084,000,000 3,00
718,000,000 *1.00
: 72 *0.10
Beptember [0 PO *0.00
R October Ofleenaaann *0.00
B T Per: NoveJano......... O ... 0 72,000,000 0.010 0,03
“ 11 Pers FebeAprilooo oo [T 1 R B R 10,143,000,000 1.399 5.01
IIT Per.: M ay-July ..., (155 20 PR SRR 4,955,000,000 0.661 2,33
g IV Pers Aug-Octeoooo Gl 1] T2.000,000 1 0.010 0.03
“November 1 to October 31...| 492 |____.._.|......_ f 15,542,000,000 | 2.080 1.84
I |




446

1’]}

E.D

At Base uf” Foothills.

EPT. STATISTICS, COLLECTION No. 6.

Tanpe No, 12,

FRESNO CRERK.
Drainage dvea, 202 sqiiare y

Disesance ix Coupe Fret N :
PEICSEOONT, | | DPepth
Prnton. ‘ - ) - ‘ Tatad Discharg, of Water
! | - Cubie Feet, . Drained
}. Mo \ Mave | Mis ‘ “""'- Fect. |l 8.2
. o kR i ‘ i in
| : ——
1 ISTR-18T0,
1]
0
73,000,000 3
103,000,000 :
000, 00K i
AOLIN0, 000
SO (KRN
BSU0K0 0
i .
0
o 0,
(i ‘
I Per.: Nov.-Jun._._..._ . 9! 80 \R 73,000,000 ' 0.010
II Per.: Feb~April .. NoH | w2 g 13000000 | 0120 0
TII Per.: Muy-July 31 e | o L7000 | 0032 0,
IV Per.: Auge-tef.. " " 0 S 0,
November | to October .'n_.l“ 30 ‘ T { o L2000 | 010
— P N A B e
TR7O-1R80.
November.._.......__...... 0 0.
December .. 1 242,000,000 *0
.‘ll“mmury lli:()t‘ul:‘)()l) *0,
¥ cfl)ruury . 376,000,000
Mureh ... 43,000,000 .
i\]lr'l] e 2,520,000,000 ]
Jln_\ O 145,000,000
une. . TOLODN00 *,
July ... " uo'
August ... 0 uo'
September ..o O | *0,
Qetober . ..._........ ... ... | 0 L)
1 I:ur.: N.u\'.—.)nn: ‘ S300,000,1XH) ‘\ no10 ~ 0,14
I I.cr.: IPob-April . RREHATVIXTY 0199
111 Pert May-July (..., SIB D0 |1 .08 0.1
IV Per.: Aug-Ocliooooo .. | ’ R B Y 0/
November 1 to October 31, . IR L I S 3,79549,000,000 0447 "}—0

S. E. Depr. Statistics, CoLLECTION No. 6. 447
Tansre No. 12—Continued.
. PRESNO CREBK.
. _— . Amount
Duse "‘\,’.l:::;;‘.:,:y::‘" Funr H Depth || Drained
Prntan , Total Dischinrge, of Water || off por
) : " - Drained ([ sec. per

Mean. Mix. \ Mir. ‘

J Cabic Feet,

off, Feet,

8. mile
ucu, ft,

‘ 1RRO-1881.

ovember ... Liiooi.s 0 *0.00
December .. 583,000,000 *(),80
amuary ... 1,457,000,000 *2.00
chruury . 1.316,000.00M) *2,00
e March ... ooL..o.... : 728,006,006 *1.00
PADTHl o] RS OKNOM *0.40
May ...... 14,000,000 *0.20
June... () *0.00
July ...... 0 +0.00
August. ... 0 *0.00
Septeniher . 0 *0.00
October. cooeer i \ it *().00
i |
I Per.: Nov-Jan......._.. 2,040,000,000 0.4
II Per.: Feb-April........ 2,327,000,000 111
- JII Per.: May-July (... ... 14,000,000 0.07
IV Per.: Aug~Oct.. .. ... 0 0.00
\
November | to October 4). .. {1437 20 P [N £381,000,000 ({X)]
!
Y 18511882,
l
November ...__..__.__... 0 *0.00
. December .. 72,000,000 *0.10
SJanuary (oo 145,000,000 *0,20
- February _ .. 394,000,000 *0,60
March ... ; 2,014,000,000 *4.00
April .. 1 705,000,000 *1.00
May ... 145,000,000 *0.20
June... 0 *0.00
July ... 0 *0.00
Augush . ... 0 *0,00
‘September .. . > 0y ®0.00
QOctobuer . oooii e ! 72,000,004 *0.10
1 Per.: Nov=Jan...... ... 217000000 | 0028 0.10 .
IT Per: Feb-April.... 4,013,000 000 0.529 1.8
TI1 Porc: May-Jdnly oo 145,000,000 0.010 0.07
IV Pert Awge=Oet.. ... T2,(R0,000 0.010 003
 Novembier 1 to October 31| Lt . | 4447000000 | 0587 | 052




3 ) Sy o e arrerios (O rron N
448 S, B. Depr. Srarierics, CoLLection No. 6. 3. E. DepT. STATISTICS, (,«)L'LEc'uos No. 6. 449
Taspk No. 12—Continued. Tanni No. 13
FRESNO GREKK. SAN JOAQUIN RIVER. '
’ T —— _— At Hamptonville, Drainuge Avea, 1637 square miles,
- PR BECONT, o] Dischinrgs. ol \*l'u‘tcl' d - ' ’ l Amount
. P, E— S Cubide Pact, I)')'Ml‘m(l Aee, por m"c"";_‘:.iltx :‘:“_f"sl;w Hakr Depth Prained
Ao, Mix. Min, . Feet. ]l 6q. mile Prron. o Tuta) Discharge, of Water | off per .
T Clabic Pevt. ];rmi;lotz sec. p.?r
! N AL off. Feet.]l sq. mile
I Mean. Max, Min, i!? o, 1t
| 82— 1583, o o
B v — LR78- LSTi
November o _____._._... 140,000,000
December - 72,000,000
Junuary .... 220,000,000 November ool 520,000,000 *0.20
February --. 131,000,000 Decemnber . 1,008,000,000 %025
March oo 728,000,000 Junuary .. 3010 370 1,631,000,000 0.37
April .. 453,000,000 ‘Tebruary .. 8,420 6520 $,100,000,000 0.78
May ... 92 000,000 Murg:lu ..... . y 3310 1,300 5,232 000,000 119
June. @ April ... s sonn | 2360 9,718,000,000 2.34
July .. . u May...... Aa02 1 10030 1 2,850 14,200,000,000 3.2
August ___.. . 0 June.. 6479 1 1LGI0 | 4,200 16,537,000,000 3.8
September .. o 0 July .. : 1460 | 1300 6,165,000,000 141
OCtOLOT - oo eeeeeeeeaenn , 0 August . 1,300 Hisl 2,106,000,000 048
j . September . . ] 180 310 18K,000,000 0.23
A R 480 i 1,000,000,000 0,23
I Per.: Nov~Jan.......... 432,000,000 || 0.057 ‘ I
II Per.: Yeb~April.... 1,312,000,000 0.173 R 0 ;
IT1 Per.: May-July ......__f 262,000,000 0,038 I Per.: Nov.-Jan..... e | Moo 3558000000 | 0.078 0.27
IV Per.: Aug-Oct. o ooooo.. 0 0.000 IT Per.: Feb-April __. 2,248 | 85060 620 18,050,000,000 || 0.391 143
_ IIT Per.: May=July __. 4048 | 11,640 1,300 36,905,000,000 0.508 2.83
November 1 to October 31. .. (T3 PO PO 2,0306,000,000 0.208 - IV Pers: Auge-Octe. ..., B1hH 1,300 260 4,001,000,000 0.000 0.31
November 1 to Octoler 81 . } (I8 I IR A TV D, 62,i307,000,000 1371 1.21
15841884, — ..
' 1879-1880.
November - ooavienn- ‘ 0 0 Lo —
December .. - 0 0 }
January .. 2% 72,000,000 November _________________. 411 370 1,065,000,000 0.25
February . B (I 1] 3,408,000,000 “ December ........ A Lo 700 3,051,000,000 0.70
March - .. 1,682 4,5370,000,000 Janwary oo .. 825 7m 2,211,000,000 0.50
S 1,088 2,820,000,000 February ...l .. 2 770 243,000,000 | 0.67
May - 816 22,186,000,000 March ool J L2en 1120 3,200,000,000 0.75
Juune.. .- 816 2,115,000,000 April .. 4,840 1,300 ! 12,560,000,000 2.95
Tuly ... ) 272 725,000,000 May .. 13,170 0,420 35,107,000,000 8.02
August ... . 27 72,000,000 June.. w120 | 2 14,150 46,964.000,000 | 11.09
Septemier ..oon 0 0 July ... ROt | L0 | 3350 21401 ,000,000 4.89
October. .o, . : 0 I AUZUSE oo qoise ] 84 | 4631,600,000 1.0
| September ... ... .. V34 hatl] i) 1,903,000,000 0.45
Octoler._.. 4 180 380 1,150,000,000 0.26
T Per.: Nove=Jan, . ceccoaas il * 72,000,000 0.010 S o L L -
11 T'er.: PebeAprilooooo.o 1,363 T0H08 000000 | 1,398 | |
IIT Per.: May=July —o...... RE 5,028,000,000 (LGS I Perr Nove-Jan,...oooo VOB LT 370 13,327, (00,000 0.138 0,49
[V Vers AUpmOCh. oo i 72000000 | 0.010 1 Ter: Web=April ...} cas2 | 16580 | 700 IR D3000,000 | 0101 144
- - I11 Ver.: May-duly ..ooo . LU24 | 25000 ) 335 103,532,000,000 2.267 7.9
November 1 to October 31. .. 499 | 15,770.000000 | 2,081 1V Per.: Aug-Oct.o....._. 038 | LT00 380 7.493,000.000 || 0.168 ] 0.59
' November 1 to October 31| 4200 [ 956001 3w 135,845,000000 | 2975 262
. ' i | !
26 *




450 &, 1. Drpr. Statistics, COLLECTION No. 6.
Tam.k No. 13—Continued.
SAN JOAQUIN RIVER.
Discuanar 1N Cumo Feer i Amonnz
‘ FERL SRECOND, Dopth | Drafned |
Pruton o L Tuotal Dischurge. of Water — off per
. | Culic Foet l';rn}lml s0C. pn;r
. . i ol Feet. | . milo §
“ Meuu, Mun, Min, H | i cu. fr. B
| 1880-1881.
Noveuher cceecrinemannns 370 UST 00000 L. : 0.2
December _........- 395 5,360,000000 . 1.23
January ..o 1,024 10,335,000,000 S 2
Februury ... ... 2440 15,338, 004,000 . 3.87
Mareh coceoaeniaians o 0 78000000 | 1.741
April e 13,200 [ 5, 00 20,759,000000 b 4.80:§
May ceeeieaiiaan 16500 | 5000 | 2gas0000000 1. 5.58
June. ..ol 19,230 4,300 | 13,31.000,000 ‘ 3.63
July oo HRL U 2,200 | wnmmnm . 1.87
AUgust oo TR R KT R ‘ SATLONLN | 0.77:
September ... .. . LT 400 TALLIO0000 || ... 0.36
October.... ..., - 1153 | 40 430 1,2535,000,000 0.28
1 Per.: Nov.~Jun, 2000 | 59,800 370 16,655, (K10, 000 0.365
IT Per.: Feb-April - SR8 | 22450 | 2,440 43,745,000,000 | 0058 |
111 Per.: May-July __ I 6023 | 16,500 | 2200 47,884,000,000 ©  1.049
IV Per.: Aug-Oct........... 771 1410 430 | 61127000000 1 0.134
November 1 to Outober HI...‘ 3620 | 50,500 | 370 ’ V1AL 00,000 “ 2500 222 4
18811882,
It — - —_—
November 411 530 350 1,146,000,000 ‘ . ‘
December (154 2,740 340 1,603.000000 . ...
January ... 303 330 200 810,000,000 .. ...
February - 340 520 280 TH,000000 1
Muarch ... [l 3,800 310 A076000000 | L
April oo 4400 1 7360 [ 2540 883,000,000 1L
May .. RRa0 | 12,860 | 7,360 23,70:4,000,000
June.. TR67 | 13950 | 4,280 20,391,(x,000
July ... 2018 | 6,900 700 7,818,000,000
August ... sul | 1680 150 1,5%4,000,000
September ... . RATI I DO FO 22,000,000
October ..o iiaaaaa et i 135 W O 1,511,000,000 ..
h I |
I Per.: Nov-Jan,......... | ws| zme| w0 scomemonn ‘ 1081 ‘
11 Per.: Feb.-April... RS i) 7,360 13,/52.000,000 & 0.299
1T Per.: May-July .. SL6531 L 13,980 700 h1 ‘H 2, (06,000 1.137
IV Yer: Aug.—()ct..,........‘1 AT Z71T000000 | 0.081
I R
November 1 to Oclober 31... ‘ B TE IR R XY (1 O, \ T2,080,0001000 ‘ 1.6509 |

’ 1.216

3. E. Depr. Sratistics, CoLLrcrioN No. 6. 451
Tanne No. 13—Continued.
SAN JOAQUIN RIVER.

"‘ Discuancs 18 Cunto Frer ‘ Amount

| PER $RCOND, I Depth || Druined

Prrion. - . B 'I‘umlbl)i-;rhurgﬂ‘ (;l; l.::‘lr off per

| Cuabic Feet, rain neC, per

doMew. | Max. | Min. ‘ off. Feet. || sq. milo

o o | | ! o cn. ft.

_ = . _ |
1R82-18K3.
_ B .

November - ..., H 1,371,000,000 *0.30
‘December ... S 857,000,000 |i *0.20
January ... - 857,000,000 *0.20
February . . 774,000,000 *0.20
Mm‘(ih 3,080,000,000 *(,70
oL e a0

MOY e momee e G787, 1,50
e e e
‘ Augusn._-............4._...\\ T312ZH0,000 )
%ept({ml)ur | 1,063,000.000 0,25
ctober ..o S84,000,000 ..o oL.. *0.20

. |

I Per.: Nove=Jun.......... ‘ 3,080,600 3 9
“II Per.: Peb-April.... ... ' 33)7100"0% 0.505 o7t
I Per.: May-July -2 39,796,000,000 || 0.872 3.08
IV Per.: Aug-Oct..__.__.__| ,2539,000,000 ‘ 0.071 0.25
November 1 to Octobur 'ilu.“ 1,700, 55,515,000,000 1.08

1883 -1884,

Januur) .-
February ...

¢ Nov.-lun.. :
: Peb-April oo o
May-July
Aug.-Oct.,.

November 1 to Octoter 31.. ‘ K

548,000,000
670,000,000
1,098,000,000
65,160 OON,O00
10,5953.000,000
B476,000,000
21,933 000,000
42 009 000, 000
35,052,000,000
87H7.000,000
2 ZO.0N.000
2,196,00,000

2416,000,000
25,564,000 000
39,524 000000
13,493.K00,000

2,179
0,295

141,027 000,000

| 3.088 ‘
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ERRATA.

A-Page 10, paragraph 3, line 2, read “ valley drains,” for “ valleys drained.”

Page 11, puragraph 2. line 6, read “over,” for “even.”

B Page 17. paragraph 4. line 2, read “As in the second division, theve are not in this
taries.”

"Page 18. paragraph 5, line 5, read “acting,” for *act."”
[ Page 28. paragraph 3, line 2, read “ clear-water,” fur © elear water.”
Page 28, paragraph 7, line 3, read ““stream,” for © streams.”

age 29. paragraph 2, line 6, vead * firmer,” for ¢ former.”
Page 37. prragraph &, line 4, read “ floods,” for * freshet flood=."”
AR Pspe 38, paragraph 1, line 12, read % Thenee,” for ¢ Hence.”

& Page 41, paragraph 3, line 7. read “into, for “in.”
«Puge 42. paragraph 2, line 2, read “rise,” for “ raize.”
Page 58, paragraph 7, line &, read “range,” for “change.”
MR Page 50, paragraph 8, line 3, read “land,” for © low-land.”

Page 68. paragraph 2, line 4, read “quantity,” for - quality.”

Page 68. paragraph 2, line 6, read “ from above,” for - from the above.”
Page 68, paragraph 2, line 7, read © prevent,” for ** present.”
g Page 69. paragraph 6, line 3, read *“ where.” for when.”
Page 69, paragraph 8, line 1, read * water.” for ¢ waters.”
FPage 71. paragraph 8, line &, read “ when,” for “ where,”
irape 74, paragraph 7, line 1, read ~ prevention,” for preservation.”
Page 89. paragraph 4, line 1, read “the,” for **in.”
Page 01, paragraph 4, line 9, read “currents,” for contents.”
{ Page 30, read ** RISING 01 RIVER BEDS,” for “ Raising of river beds.””

"Page 18. paragraph 4, line 4. read “ to save elevation.” for *to save the elevation.”

any tribu-
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sulting Engineer.

LETTER OF TRANSMITTAL.

Sacramenro, California, January 21st, 1880,

Hon. John Mansficld, Fresident of the Senate, State of California:

Sir:
the Legislature, being a report on the History of operations” con-
ducted under my charge, and a report on the * Drainage of the vallys,
and relief of rivers when in flood,” referring particularly to the Sacra-

mento Valley drainage, with an incidental treatment of the debris K
problem, and also to the drainage of the San J oaquin Valley, and the

mmprovement of the navigation of the San Joaquin River.,
Accompanying you will find a lettor introc uctory to the entire
report, and addressed to the Legislature,
also transmit a communication from Col. (. II. Mendell, con-
Very respecttully, r
“our obedient servant, -
Wa. Haw, Harr,
Stute Lngineer.

[

INDORSEMENT OF CONSULTING ENGINEER.

SacraMENTO, California, January 21st, 1880.

To the Legislature of the State of Californin :

I have been, throughout the history of the State Iingincer Depart-
ment, familiar with the character and scope of its field operations: I
have also read the report of the State Engineer, so far as it has been
prepared, and have consulted and agreed with him in regard to its
main propositions,

When the remaining chapters of the report shall be completed, I
expect to submit my views upon the general subject, .

I am, very respecttully,
Your obedient servant,
G. . Me~pELL, ‘
Consulling Engineer.

I herewith submit Parts I and II of my- ofticial report to .

REPORT. ’

INTRODUCTION.

Orrick or ™HE STATE ENGINEER, }
Sacramesrto, January 10th, 1880,

To the Honorable the Senaie and the Assembly of the State of California.

S INUNDATIONS IN CALIFORNIA.

Ko The submersible lands.

B’ . There are two valleys in California whose low lunds_lmvorl‘)ccn and
E . still in a greal measure are subject to :1‘.nmm| inundation. J hese are
the Valleys of the Sacramento and the San J ouguin, the combined area
“%f whose subniersibie lands sitnated north of Tulare Lake, excluding
Tulare and Kern Valleys, may be stated al 2,750 square miles—a ter-
'lritory much larger than the State of Delaware.

The main drainage wiys. .
The Sacramento and Sun Joaquin Rivers are the great natural main
drains of these valleys, respectively.

k3

The Sacramento.

The Sacramento River brings down a formidable flood V(_)lumc
almost every year, inundates a large arca of country, and .serlously_
- threatens with devastation several hundred thousands of acres of
. lands, now in a measure protected by levees.

- The Sun Joaguin.

. The San Joaquin is in correspondingly high flood_only 7:1bout once
in four years, so that, as to frequency of danger of destructive ﬂ_00d1
“ing, the low lands of 1ts valley arc at an advantage over those of the
‘Sacramento.

Comparative floodings. N
Y Morcover, owing to causes to be hereafter discussed, the condition
e Eof affairs, with respeet to actual and Eln'eat,ened inundations, 15
. annually becoming morcalarming in the Sacramento Valley; \vherez}s,
5. in the San Joaquin no such tewdeney is apparent—at least ton degree

i which at all compares with that in the northern valley. lh_ug the
Sacramento Valley drainage problems appear to be the most impor-
tant of those pressing for attention,

v The opportunitics had, .

¢ Since this Departiient was ercated there has been one fairly good
season for flood obscrvations in the Sacrammento Valley, and these have

1




. DRAINAGE OF THE VALLEYS
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-extended

6

}){e{ex(lnnl]ad(x :1? narratcddin Part I of this report. The San Joaquin
ver has not presented an ordinarv hi 1 siy tl

) 3 : y high Hlood since the wo

Q 213 . M Ta) - ) ) ‘ : r

tt‘_(};;.sull%eg{lutin'lc;_)t lwf}s‘cm.nmcnced,’so that, although the groundwork
for the lt‘h](( )q(l)“ l.lus au_l)Je\crt ?]f d 'gl]lllzlg(: has been, in a great measure
! he San Joaquin Valley have not heen able 3 o
data coneerning floud pl 1en ich sy for (esure the
. ! I phenomena which are necessary for i

ston of this particulay subject in that valley yfor the discus

Olher seenes of invndation,

" There are other iy iti |
o e other important loealities in the St i i
¢ re | g s he State which ocea -
ally sutfer from uncontrolled flood waters, and which, t.hmx;zilSll%gs
poctendod ;;1 area, are Justly entitled to consideration anl attention
formuhtbel tp(nt»m(lm‘t,]m 01'(1(-1]' that the data may be collected and
nilated upon which some plans might be nro; for thei
toction. L o wh r al iy be projected for their pro-
-1t has not heen possible thus far for
joction, but i ‘ ! POSSIDIC thus far for me to take up an
st important subjects.  Henee the is gant,
but the v subjects. nee the report under this
ral heading now prese is ! o the coome-
) Ji§ aresented is devoted almost ex iv
mento Valley problems, exclusively

.

.

of

to the Sacra-

CHAPTER I.

THE SACRAMENTO VALLEY DRAINAGE.
TOPOGRAPIICAL DESCRITTION.

he Valleys of the Sacramento, San Joaquin, Tulare, and Kern
idve been jointly called the Great Valley of California.

“There is, in fact, but the one well-defined depression between the
Sierra Nevada and Coast Ranges of mountains, o0 that it is difficult
Bf0 draw the line of boundary between the adjacent portions severally
Fnamed as above, and most of all is the line between the Sacramento
Band San Joaquin Valley hard to designate.

oy

oundary of the Sacramento Valley. }

h "For the purposes of this report, the course of the Cosumnes River
down to and as contiitied after joining the Mokelumne and the San
Joaquin Rivers, to Suisun Bay, is adopted as a convenient and approx-
- imately correct boundary; and all of the territory lying northward
“therefrom, between the foothills of the Sierra Nevada on the east and
B: those of the Coast Range of mountains on the west, is regarded as the
Sacramento Valley.

Dimensions of the valley. N
M{s greatest «(dimensions on a straight line—that following nearly its
o Bn Y n . - . 1 100 18 P
ongitudinal axis—is about 150 miles in a course S, 132 Is. from the
Iron Caiion to the mouth of the Mokelumne River, and its greatest
width at right angles to this line is 50 miles. Ior 95 miles of its
length, from the southern boundary, it maintains a width of 40 to 50
Lmiles, and thence narrows down to a point at its northern extremity.

ey Area of the valley. .
“ The region thus bounded is about 4,769 square miles in area. The
lands may be classified as shown in the following table, wherein the
freas given are of course only approximately correct, though com-
iled with care from the best topographical information to be had at
this time:

¢ Classification of the lands of the valley. us naturally constituted.

Aren in

Square Miles.

|
i
DrsiaxaTion. |

i High hill lands—Marysville Bultes oo ool 55.50
Low hill or rolling lands, sdjacent to the foothills of the mountains. oo .. 650,00
Dry plains. above reach of ui]l overflow _____ .. . [T 2,321.45
Dry {)lmins, subject Lo oceasional temporary overflow (rom the tributary streams . 450.00

R, ‘Lands covered by debriannd subject to flooding; river hottomn or marginal lnnds

b¥, - ¢nnturally subject to temporary shallow annual overilow; low basin lands, |

&, not tule swamp, naturally subject to deep annual flooding; low busin lands,

' tule swamps. naturally subject to protracted deep annual floeding: island '
“¢swamp lands and other tule swamps. naturally subject to flooding by high
bides i 1.254.00
" River, siough, and chunnel surface of perennial streams. . ..o . _____ 38.05

e ——— 4.769.00

Tolnl ..o o




Drainage of the plains, &

. Of the pluvial waters which fall in the valley of the Sacramento,
1t may be said that in all, except seasons of extraordinary heavy rain-
fall, such as have occurred about once every ten years since the set-
tlement of the State, they ave absorbed by the soil, and do 1ot con-
tribute materially to the swelling of the waves of flood in the main
river and its tributaries. :

Lands flooded in 1879, Ty

DurinF the high water of Murch, 1879, the low lands of the Sacra-
mento Valley, to the extent of about 847 square miles, were covered
with water ; this area includes all flooded for a short period of time,
as well as that upon which the water rested for several months.
Above the mouth of IPeather River, in whal may be called the upper
flood region, the area covered was about 483 square miles; and below
that point, in what is called the lower flood region, the floéded area
was about 364 square miles in extent. -

Swamp and overflow:d lands.

There has been listed to the State by the General Government
about 549,540 acres of land in the Sacramento Valley as swamp and
‘overflowed lands, Tt will be seen that although large arcas of land
were protected from flooding during the March freshet of 1879, yet the
lands actually covered with water were greater in arca than the total
acreage listed by the Genceral Government as swamp and overtlowed
lands.

THE MOUNTAIN WATERSIEDS.
Arca and character. )

The mountain watersheds whose drainage systems arc tributary to
the Sacramento, are in combined aren more than two and one-half
times the superficies of the valley itself. Subjected to violent rains
during the winter and carly spring, these mountain basins send down
flood volumes of considerable magnitude at such thmes, and the melt-
ing of snows on the higher regions cause other waves of flood-water
to tlow down the principal streams during the later spring months.
The Sierra Nevada slope.

The castern side of the Sncramento Valley is flanked by the Sierra
Nevada Mountains, whose slope, drained by the American, Bear,
Yuba, and Feather Rivers, Butte, Chico, Rock, Decr, Mill, and Ante:
lope Creeks, with other smaller streams, has an aren of 8,298 square
miles: in elevation rises 7,000 to 11,000 feet above the sen, and receives,
in seasons of ordinarily heavy raintall, from 24 to 102 inches of the
waters of precipitation in the form of rain and snow.

The Coast Range slope.

Upon the west the Coast Range slope, drained by Putah, Cache,
Oat, Cortero, Willow, Stony, Thomes, Elder, Red Bank, and Reed’s
Creeks, with numorous smaller strenns, into the valley of the Sacra-
mento, is 3,075 square miles in area. This region is much less ele-
vated than the face of the sierra east of the valley, is generally subjected
to less downfall of waters, but receiving these for the most part in the

- form of rain upon surfaces from which it rapidly sheds, the volumes
of flood are quickly accumulated and delivered upon the plain.

! y,. . .
»Tthe Sacramento” River mountain basin,

¥ * Northward, from the two great mountain slopes spoken of, extends
! the drainage basin of the main Sacramento, with those of the tributa-
F ries which onter before it comes out upon the plains, and is situated
B between the crest of the Sicrra Nevada on the cast “‘“'-l, L]n(} sunmib
k. of the ridge, which, with Mount Shasta for a central object, fornis the
- divide just south of the Trinity River basin, whose waters find their
¥ way through the Coust Range to the sca.

Area and charazler of the basin.

. This region, comprising the sub-basins of Cottonwood ({reck,)Clear
, Cfeek, McCloud River, Bear Creek, Canoe, Stilwater, Cow, Battle,
includes the whole of Shasta und parts of Siskiyou

=d other crecks, i vhol ] ]
“Counties, and is 5,616 square miles in area. [t is a mountamous and
| ralleys and plains,

8 hilly region, with intervening comparatively small 1

E” and in elevation ranges from 1,000 to 14,000 feet above the sea. 1 ho_
% rainfall is almost always in excess of that veeeived inany portion of
he great basin to the soulh of it, ranging from 80 to 110 inches per
. annum.

. The Pit River basin.

In addition to this, the upper Pit River, above the boundary of
 Shasta and Lassen Counties—the prineipal tributary of the upper
. Sacramento coming through the mountains from the high plains
B and ridges of Lassen County and Siskiyou, cast of the sierra—s a
B’ strcam of considerable magnitude at times. . The drainage arca of
¥ this stream cannot be stated with any pretension to accuracy. but
~ probably is about 2950 square miles.  This region 1s not subjected to
- such heavy rainfall as that previously described, and it 1s likely that
" flood-waters rarvely conme from the two ab the same time.

@ Ll STREAMS AND FLOOD-WATERS OF THE VALLEY.

R The streams.

" The streams which cnter the Sacraumento Valley ave all torrential
K. in character—that is to say, they are subject to sudden freshets of con-
. siderable magnitude, but gencrally of short duration, caused by the
cimmediate and rapid deainage of o large porlion of the watcrs of
“rainfall from their mountuin watersheds.

."_:-I’f:r;'mls of Jull flow.

X © . These freshets come at intervals generally of greater spaces of time
E than the duration of any one period of full flow. "The occasions are

E: coxceedingly rare when all of the streams are in high tlood at the same

tiime, or even in consequence of the sume storng and, ()1'(!_111;11‘1])*, the

waters of one freshet should be well out of the valley before those of

E: another come into it.

Freshels in the sicera streams from the cast,

" e freshiets of greatest inagnilude in the Sierra Nevada sbreams,

- which enter the valley from tlie east (the Featherand the Ameriean),

e and which are the larger tributaries, succeed the falling of warm rains,

.,,after the mountainsg Tm.\»'e hecome covered with snow, thus cuus@ng

”.suddcn thaws in the snow-ficlds. Such an event only happens after
2[»
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the main stream throngh the valley has already been moderatel
high several times during the scason from the effcets of rain storms
brought down by some of its tributaries. .

}'ie‘ Tather and auxiliary main drain.

Besides the Sacramento, the IFeather is the only other river channel
Kvhich aets as a main drain, and is in that capacity auxiliary to the
fSneramento throughout the middle portion of its valley course, receiv-
ing and leading down the valley the waters of the Yuba and Bear
Rivers, as well as those of other smaller streams, to the Sacramento,
B of which it is the lurgest aftluent.

nt

Leoghets from the yerthern strooms, ‘

m e ] T . R H ) vy . . o
' 1 Ll‘(‘ ,{{"‘§]'(“'§,(}]‘ greatest magnitude from the mountain basins of
the Sacramento and the teibutaries which also enter the valley neaf
its “(]”lh‘mi” (fxl(..l'mn!}.‘\;', are produced by violent and sadden storms.of
ratn, Which ordinarily pass over the region of the tributaries forthay
- - . I ILthe rey e tributaries farthe! TUHE CAUSES FOR N T A NG R e TG
south, as cold rains of shorl duration and less violene. . “ THE CAUSES FOR RECENT CHANGES IN THE VALLEY RIVERS.
-‘uﬁ"I{ning debriy in the rivers.

fThese streams, the Feather, and the Sacramento below the junction
f the two, have been greatly reduced in flood-carrying cg ‘}l):wlty by
the lodgment of sand in their channels which has come down the
rivers from the mining regions during the past 25 vears or morc.
The presence of this sand in the wators and in the beds of the upper
rivers, constitutes the present cause of the changes in the channels of
the lower streams spoken of; but its precipitation and retention in
the last mentioned channels have been greatly inereased by other
wses, which are now to be mentioned.

The treg sourees of flood-water.

There ave, then, in general torms, two sourees of hicli water in th
valleys drained, cach composed of a group of streams Which we must
expect to be in high flood simultancously ; and at the same time we:
must look for o maoderaie Hood flow, in each instn.n(:o, from the

streams of the other group.

The ovdinary high flood of the velley.

This combination of events produces what we may call the ordinary
high flood wave of the lower valley—such as passes throuch the
channel and over the low lands once, and perhaps twice, each winter
or Spring, excepl i seasons of drouth, oceurring once or twice every ¥
ten years, i T

A defective levee system.
£ The attempls which have been made to keep the flood-waters off’
¥ the swamp and basin lands by the construction of levees, have not
7. heen conducted according to any uniform plan, or upon any systemn
¢ which could be generally successful. The result has been in a meas-
. ure satisfactory to the projectors of these works at some poinis, or in
i some localities, at the expense, however, of others, and even a larger
! ‘territor.}', where fuilllu‘o, pm'!.iz]ll m'] coui]’)liﬁ'c, 18 :L]')‘[l):ml'(nlt. By tfllis
rom adl the st T T T VRS, ~anequal treatment the natural ovder of things, with respeet to the
f:;.f:z?u:,.‘l(!d“{]ﬁ :11;11";.:::)';{} 1] il:l"‘{’l‘]‘.‘\‘:l;f](;:gg;'(‘I\?l l‘i'(t,h[‘] 1'1‘\13:\“(':(' }“' '_”_'0"1‘”,'“]‘.“?l‘};( i]"f(’. g regimen of the stream, has been interfered with in a measure to still
about once every ten vears in the past. curred periodically . further impair the even capacity of the channel in the several suc-
: S 16 past. B ceeding divisions of its course, to pass the waters which are brought
g toit
o

R The Nacramento—Its nalural condition.
g In the natural state of the stream the waters of the Sacramento
' River, at times of ordinary flood, just overtopped the banks—thus
- spreading in'small quantities in innumerable places along its course—
- and found vent into the basing (without that material sudden check-
ing of the current which must happen when a large quantity of
water is diverted at one place), and the banks were gradually and
funiformly huilt up by the annual deposit of sediment thereon.

The cxtraordinary high flood of the valley. :
X \\ ]llgnf, fiﬁ({l seve d‘rljn()del.l‘t(» storms during a season, there oceurs
a violent and somewhat prolonged storm; or suceession of rain storms,
11111119(]1:mt,(31_\3 followed by a Tugst. and warm rain, the snows melt on
the mountains, and great volumes of flood-waters onter ihe villey

Tie low tand Lasivs—Temporary rescrvoirs,

'ljh(.: river channels, and more particularly the Sacramento. as the
main drain of the valley, being insuflicient in capacity for the il;'llll()-
diate passage to the bay of ordinary floods, these waters have, for ages
past, pourcd over its hanks and been temporarily lodeed in the low
| asing by whicli it is lanked for miles of its cotrse to b 1y l'-ni'n('l(l ofl B
after the pussage of the Nood-water proper. ! o B

The Sucramenlo as o sder-carring chonnel.
l,‘ln.(: ‘I'IVH ]us Tll\ ays boen one of poor regimen—grent variation of [,
capacity Lo puss the wives of flood threough its different divisions— B
{“V“lv‘ts channel has always had serious local defects which have acted
as (l)bstructll(ms to the passage of flood-waters. Thus, for 106 miles
and more above the lead of Butte Slow e is o ohe ' .
:m ! ”“d(( h '\I{(“FIU,,.‘]I :l(ﬁllt)f J,m}tp Slotllgh', thercisa channel of greater |
gradge «nd greoler dimensions than there is below, all the way to<the
mouth of the Feather River, a distance of 643 miles, A nd, again, the
very shallow bars known as “Six-milc,” “Hayeock,” *“ Hog's-back,”
Iron House-and “Newtown” shoals. do noi perntit the free pas-
sage of the flood waves, as do the deeper and better formerd reaches of
the chaunel above and helow them, ' i

et of erevasses.

The construction of levees stopped the general escape of waters in
; the manner described, and they are now confined, for comparatively
¥ Jong distances, and then escape in large volume through crevasses

or breaks which oceur :1.1111111111ly, or are left open from year to year.
New divisions of the stream into two streams, as it were, are thus
formed at many poinis, and, as a result of such division of waters,
¥ ' the regimen of .tha.main channel is disturbed, and its tlood-carrying
rapacity diminished by the shoaling which takes place below each
point of division, while the incrcased scouring power whicli should
¢ acquired by concentration of the water is nullified in effect lry thoe

2




~depends so much upon an engineering solution of the latter, that it
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for; and this end can be attained, and the improved channel main-
ptained, it is believed, at an expenditure of money by no means out of
Fproportion to the beunelits which will result from it, and the dangers
fo be ‘wur'dcd o, :

irregularity of the flow caused by the counsiderable local losses of
water through the crevasses. '

Liffect of fauity levecing. ;

The faulty location of levees, with respect to the proper {rainingi
of the current and to the shape or tren(} of the channel, us well as.
with regard to the width or space between those on the opposite banks]
of the river, has restricted the eflectual water space unequally in sue-
ceeding reaches of the river,and, producing inequalities in the move-
ment of the flood-waters, by causing cddies, whirls, and bars, has
resulted in an elevation in the (lood line, while the inerensed scour-
ing capacity which should be acquired by the concentration of floods
between banks has been locally nullified by this increased irregu-
larity of flow.

) .
he sund-flow from the mountains.

‘ But this cannot be accomplished at reasonable cost on the lower
B rivers it the supply of sand, annually brought down from the cafions
e above by the eastern tributaries, and liable to be brought down upon
f tho occurrence of onc of the periodical extraordinary large floods,
' remains undiminished.

B, Reservoirs of sands,
.. The Featlier River (below the mountains) and its main tributaries,
g as well as the American River, in their several courses through the
>valley itself, the main caiflons of these larger streams (except the
b Teather) for considerable distances within the foothills and at points
well up n the mountains, and many of the side rvines tributary to
alll these main cafions, arc now vast reservoirs of detritus, whence
¥ will come for years in the futfire, with each wave of flood-water, a
" volume of sand calculated not only to maintain the lower Sacra-
E. mento River in its present condition of deficient earrying capacity,
but to further impair its etticiency in that respect.

Cut-offs in an upper division of the river,

Certain cut-offs which have occurred during late years in the upper
portion of the middle division of the river, between Colusa and Chico
Creek, while they have hastened the drainage of the river above
them, have had a bad effect upon the general regimen of the river!
by hurrying the waves of flood down upon the division below,
which was already of comparatively small capacity.

No trealment of the river as a drain.

Thus, in reviewing the situation, we find that, while the works
undertaken by individuals or combinations of individuals into dis-
tricts—each striving for his or their own local interest—have tended
to diminish the cfliciency of the stream, nothing whatever has been
done toward the general trentinent of the river as a flood-carryin
channel, a drain _in the preservation and improvement of which al
have a common interest.

z,lrrext the sand-flow rwhere now reservoired.

¢ 1t 1s within the range of enginecring work to check the flow of sand
. from the upper rivers to a great extent, and o ward off the danger
which cxists from the presence of this material where it is in posi-
- tion to be brought down in large quantitics from the mountains and
% foothill cafons, by the construction of dams and the placing of other
g obstructions in ils way, and thus cauxing its lodgient and retention
< jn the cafions; and this can be done in o rude, but effectual manner,
“gradually, as cirewmstances vequire, and, it is believed, ab a cost not
s eonsistent with the dangers warded off anid the measure of dam-
ages averted.

MINING DETRITUS AND THE VALLEY RIVERS.
Intimale connection of the subjects.

The connection between these drainage questions and the “debris .
problem ” is so intimate, and the satisfactory settlement of the former J. 2event the sands from entering the caiions.
i The more material that is put into the cafions, however, the more
xpensive will be the work of restraining the flow of sands into the
alley rivers; and henee, it is most important that washings from the
mines should be reservoirved otherwise than in the main cahons, if
possible. It is believed that this can be done with respcet to the
most injurious materials, the sands and a portion of the finer sedi-
k' nient, in a number of cases at least, by dumping only the gravel
B und stones into the cafions, and conveying the mud-laden waters, with
the sands, to settling reservoivs. The possibility and cost of doing.
$his can only be determined, in each case, by n speeial enginecring
examination of the property and the surrounding country. 'These
- examinations it has been beyond my power yet to make.

may seem proper here to discuss this last mentioned subjeet, and elu-
cidale whatever conelusions may be arrived al concerning it, - But
this would necessitate a long and not altogether relevant digression!
from the main object of this particular portion of my report. More-
over, it isa subject worthy of special consideration, and will be treated
1 a separate paper under the title of “The Debris Problem.” Mean~
time, so faras this question affects the river problems, I now announce
certain primary conclusions respecting it, and ask attention to Part:
LIT of this repori, for a more detailed consideration, based upon such!.
data as 1 have thus far been able Lo secure.

Improvement of the natural drainage lines.

Taking the strenms through the valley in the condition in which
their channcls now are, it s within the scope of engineering work .
not only to restore them to their former comparatively good condition, -
but to make them capable of careying away a very much greaters
momentary volume of water than they have ever been able to provide

i * Divert low water-flow of streams at footkills.

4More than this, further to do away with the evils which may arise
. fromn the continued running of mud-charged waters into t.hc. rivers, it
b is possible to divert the low water flow of the streams which come
K from the mining regions (excopt the eather River) at or near the
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Characler of flood-waters in First Division.

Thus until below the mouth of Chico Creek on the east bank, wher
we have the exception mentioned above, all the waters escaping from
the main c¢hannel within the first division return to that chaying
almost immedintely, or are led wlong parallel with and ncar to i
through subsidiary channels and boftom land depressions, for shod
distances; without eflecting great damage, or long depriving the pro
prictors of the use of their Iands; for the duration of floods seldon
oxceeds two days in the upper part, and four duys in the lower par
of the region considered.

L .
cai)e into the head of the Butte hasin on the cast, near its upper
d, and into the lower portion of the same basin from near the lower
id of the division, is still open to the waters of ordinary high floods,
Ealthough for many miles tho diveet overtlow castward is also pre-
Evenied by levees throughout the middle portion of the division.

™ )

R’ Butic Slough. .

# Butte Slough, at the lower end of this division, is a large escape
- channel for Hood-waters into the lower end of the Butte busm above
B it, »nd the upper end of the Sutter basin below it, on the east side.
Attempts have been made to close this slough and keep it elosed by

SECOND DIVISION. . ] )
from the flood force alone, or the action of personsg opposed to the
closure, who have on occasions destroyed the works, these efforls so
far have failed.

From Stony Creek to Butte Slough—a distance of 53 miles—the
Sacramento does not receive a single tributary, but is flanked on each
side by lands depressed one to ten tfeet below the immediate banks;
the line of lowest depression being from two to seven miles away fron

Drainage from the east.
the river channcl.

-~ The waters from Butle and Table Mountain Crecks, streams from
the mountains on the east, tlow into the Butte basin, and are led
through that and the Sutter basin to the river far below. These
‘ waters come so near-entering the river in the lower portion of this
" division, that they may be regarded as of a right tributary thereto.

Floods in the Second Division.

The disastrous and wide-spreading overflow of the valley con-
mences near the head of this division—just below Chico Creek on the
cast and Stony Creck on the west side of the river—so that the grew
work of handling the waters that come down must begin here for the
protection of lands situated inany miles below, as will be more tullyj§
explained hereafter.

Y
Drainage from the west.

The drainage from the Coast Range, brought down by numerous
small creeks oi)positc this division of the river, sprewd into the Colusa
basin, generally from 5 to 15 miles away, and gravitate towards the

Gharacter of channct and bunks. ~Jower end of the next division below.

The waters which enter the head of this division of the river, includ-g
ing those of Stony Creck, constitute all that are presented for pass:
onward to the head of the next division, there not being any tribu
tarics below Stony Creek. The chanuel has not thus far shown itself
of cupacity suflicient to accommodate theordinary high floods’ waves,
the waters of which were wont, in part, to leave the river and iis
fringes of bottom lands and escape into the basins heretofore referred@
to. The channel itself is excee({ingly irregular in width and depth
throughout this division—more so than in any other portion of i
course. The banks generally are inclined to cave down, but on each
side of the strip of bottom land, which is a mile or two 1n width and
through which the muin channel meanders, there is a line of hard

bank land.

Alignment of channel cut-offs.

The alignment of the channel is exceedingly irregular, and at many
placos constantly changing; cut-offs occur sometimes naturally, and
can be readily caused artificially, The channel, however, is already
on much greater grade and of larger dimensions than that of the
division below; the natural grade of the country is greater, and the
soil, for the most part, admits of active scouring effect and the rapid
formation of a larger cross section than already exists.

THIRD DIVISION.

]

Trom Butte Slough to Syeamore Slough, at Knight's Landing, a dis-
fance of 49.8 miles, as in the second division.  There are not in this
any tributarics, and low land basins flank the river on each side, gen-
erally three to seven miles away, and five to fifleen feet below the
elevation of the banks.

B, - Characler of the chunnel.

3 yHere we have a contracted, but deep channel, and for the most. part
- an exceedingly crooked one, with banks generally very firm and noi,
inclined to cave. The irregular and oftentimes grolesque alignment
of the banks results in bad eddies, whirls, and water dams at time of
- flood, and thus seriously impedes the flow of the waters, so that what
is termed “bend resistance” is in this division at a maximun.

F('zll and shape of channels.

¢ ,The longitudinal fall of the riverand of the country is less through-

out this division than in the one above: the channel is materially
smaller in dimension, but more even in cross scetional form than in
".the preceding division, there being no shoalwater bars, except in one
B limited locality, between Grand Tsland Mills and Wilkins Slouglh,
where some comparatively wide and shallow places exist.

Leveeing in the Second Division.

The construction of levees, which are generally set back on the hard
rim lands in this division, has for the most part prevented the over-
flow of waters into Colusa basin on the west, but the great line of

means of earthwork cimbankments and timber structures; but cithier
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© Slope back into basins.

Along this portion of the river the surface of the ground generally-
falls rapidly away from the banks back toward the low busins, the
fall frequently being as much as 12 fect in 1,000 feet. This is particu-
larly the case on the east bank, and at places opposite 1o the points or
bends which extend toward the cast,

B above the gencral elevation of the bottom of the bﬂsmi nine m1les up
& the valley. The levee and works connected therewith now prevent
- this back flow of water, so that the creek waters from the Coast Range
rest in the basin until the subsidence of the river flood, when they are
drained away.

" Drdinage from the west. . o
1 But if the Colusa basin is to be kept entirely free from water, lt.\\"]ll
B 1)¢ necessary, in addition to keeping the waters out of it from the; 1'11‘\‘ er,
E ' totintercept the flood flow of the Coast Range streams which now dr nn}l
: into it, and carry their waters to the river at some point at a su'ﬁl(.,m]n
clevation to give them free outfall into the river at all stugch‘pt tfle
waters thereof, The Knight’s Landing ridge is the natural site for
the entrance of such a tributary; hence the commencement of a new
division at this point.

']’/'o.\'pc/:{ of cut-offx.

Although the very crooked channel presents many points where
cut-ofts might be looked for from natural action, vet the firmness of
the soil, consolidated and protected by plant growth along the banks,
seems 10 have prevented any ocenrrence of the sort for n long time in
the past, and there are no indications of material natural changes of
this kind for the newr future. :

Deficient capacity. .

Throughout this portion of its course the channel, as compared to
that m the division above, is very deficient in capacity. It coes not
carry on the average mnore than half the water brought to it in time

- of ordinary high fload, the remainder escaping through Butte Slough
and certain crevasses into the Suiter basin on” the cast, and occasion-
ally rupturing the levee on the west, in itz endeavor to flow into the
Colusu basin,

. FOURTIL DIVISION.

1 .

E. . Irom the mouth of Sycamore Slough, at Knight’s Landing, lo th.cr'mo_‘r.{th.
R -of Feather River. 14.8 miles in distance by the river, but only 5.5 miles
B in a straight line, there are no tributarics, and low land basins
¥ fank the river on either side—the lower end Q)fr Slutiter_basm ;tl)elngg(;r;
't and nort he 1 " the Yolo basin on the righ

% the left and north, and the upper end of the ,

and south.

Lieeeeing in the Thivd Dicision, :

Levees have been pretty generally built throughout this division,
and owing to the considerable fall in the ground’s surface back from
the river, they are located close to the bhanks, sometimes as close as
they can be built, to save the elevation in construction. The levee
on the west bank is generally o very good strueture, and loeated with
more judgment—further from the bank—than that on the east, which
latter, with the exception of the upper four and five-tenths miles pro-
tecting Swamp Land District Number Seventy, is an irregular and .
weak embankment, often not over two to three fect high. and indeed
near the lower end of the division it can be hardly said that there nre
any levees al all on the cast side. 1t is understood, however, that'
these Tevees have been raised generally a foot since examination of
them was made by this departinent. Two large outlet channels—
Upper Sycamore and Wilking' Sloughs—have been closed by .the

" Character of the chunnel. . ' )

The channel here presents an aggravated case of the (]IS(‘RS'E with
Which it is afflicted in the preceding division—an extreme conh {I(ZtIOI(;
and contortion of its waterway. The cross sectional form is g’olod m:j
nearly uniform, there being but one shoal, which 1sut ]\ll]g'llt ) Liz_n} -
ing, immediately at the head of the division. The banks e ,ln.n}l,
and generally densely overgrown with trees and shrubbery‘, whic
prevents crosion and the formation of cut-offs, for the op{)mt‘}m]til@s
are so favorable for these that doubtless they would ocenr but fort s
protection to the narrow isthmuses which scparate suceeeding rea('{1lca
of the channel. The slope in this division is l‘e(_lllce(L(',oxl.\'l(!cm y
by the filling that has taken place at the mouth of the Feather.

3 L
i : * Leveeing in the Fourth Division.
works connected with the system of levees on the west side.

. The levees in this division are generally very poor, although some

" lands on the south side at the head of the Yolo basin are 1)1'(}§egted
from immediate flooding by fairly good embankments. On thl? side,
however, a large crevasse exists, through which the water pours each
"\'car, and other breaks occur almost annually: while on the opposwe
side the floods nove at will over the bank, back and forth, out and
into the Sutter basin.

Drainage from the cast.

There are not any tributary streams which approach the Saeramento
from the east in this division, all the mountain drainage from that
direction being infercepted by the Feather River, and earrvied on dosvn
the valley to a lower point of joining. The Sutter basin lies between
the two streams: each thus act for this portion of the valley asa main

drain. FIFTII DIVISION.

~
. H .
€ JFrom the mouth of the Feather River to the mouth of the American
‘River, a distance of 19.7 miles, there are no tributaries, and the river
£ i< flanked by the Yolo basin on the west and the American on the

east. In addition to the waters of the Sacramento proper, those of the
Feather and its tributaries are presented at the head of this division.

Sycamore Slouyh,

As in the next upper division, all drainage from the west is inter- |
cepted by the Colusa basin. The outfall of this basin is naturally
Lower Sycamore Slough, into the river just above Knight's Landing. -
When the river is in ordinary flood there is no drainage way for this

basin, for the food clevation at the lower end of the drain’is 13 feot
r
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Character of the channel.

The channel has a good width, an avera%e of nearly three times
(

that through the two preceding divisions, and previous to the general
silting up which has occurred below the mouth of Feather Rive
during recent ycars, it maintained a good depth and cross sectiona
form, except at onc or two places, notably at the “Six Mile” Shoals,

above Sacramento, where there has always cxisted, so far us is known,:

a wide and shallow reach.  Now, notwithstanding the changes alluded
to, the river is a better one to deal with in this division than in the'
two preceding, for with its considerable width it still maintains a fair
deptL, though its general capacity is, under present circumstances,
greatly decreased from what it formeriy must Lave been.

Alignment of the channel. ‘
Through this division the river is not a crooked one, though two

sudden changes of direction exist, to the detriment of its mainte- -

nance free from eddics and bars, The banks do not cave down,
and are generally protected by a fringe of willows. There are no
places where cut-ofls are in the least hikely to occur, for the channel
does not double around upon itself, as it does above the mouth of
Feather River; moreover, the slope in this division is already consid-
erybly greater than in the one preceding.

Lcveeing in the Fifth Dicision.

The surface of the ground falls rapidly back toward the low land
basins, from the river, hence we find levees, as in the third division,
placed near the banks. With the exception of the division from
Knight's Landing to the mouth of the Feather, the leveeing in the
division now being considered is the most uneven in construction
and cffect of any along the river. For 6.5 miles from the upper end
on the east'bank the continuation of the Feather River levee 1s fuirly
good, and under present circumstances protects a strip of land behind
1t from overtlow by the waters of any ordinary high flood. Thence
on down there is no levee worthy of meniion on the enst bank, and
flood-waters flow through deep cuts into the American basin,  On the
west bank the levee is very good at places for several miles; generally
it is sufficient for three-fourths of the distance, under present circum-
stances; but a number of large crevasses exist, through which the
flood-waters pour in large volume into the Yolo basin.

SIXTH DIVISION,

From the mouth of American River to the head of Grand Island, o dis-

tance of 27.7 miles, there are no tributarics, and the river 1s still
flanked by two hasins, the Yolo on the west, and the Sacramento and
Mokelumne basins on the east. The waters of the American River
are presented to this division at its head, in addition to those brought
to the foot of the division above through the river channel itself, and
through the American basin, which herc empties into the river, the
waters which escape from it on the east above, together with water
drained from the mountains between the American and Bear Rivers,
brought down by Auburn Ravine and other similar streams. These
are the last waters tributary to the river on the east bank.

1. 21

' Churacter of the channel.

¥ This division of the river closely resembles the fifth, but the chan-
§ * nel for the upper portion of its course is somewhat more crooked and
< less even in width and depth.  Local hars exist, as for ms't,z‘lncc the
F ' Taycock Shoal—a serious obstruction to the {lood {flow. There are
no localities where cut-offs might oceur, as the chunnel does not per-
sue a tortuous course; and the banks, as o gencral thing, resist the
undermining action of the current, so that considerable changes of
alignment are not to be expeeted.

Flood capacity of the channel.
As in the preceding division, the general flood capacity of this por-
tion of the river has been much diminished of late years by the

K- deposit of sand therein, which has filled the deeper reaches in an

astonishing degree, and raised the shoal places or bars, so that now
there is not any more, if as much water, as there used to be on them,
“«{hough the gencral planc of the water surfaco has been.raised scveral
feet.

'~

Levecing in the Sixth Division,

The surface of the ground generally falls away from the river, so
that levees have been located near to the banks. Here are to be
found sonie of the best levees along the river.  Thaton the cast bank
is rarely breached, and is more nearly uniform in dlS{)OSlLl()l} and
construction than any sitilar piece of levee of the same length in the
valley, excopting, perhiaps, that on the west side of the river above
Knight's Landing to Colusa, and that around Grand Island. On the
west bank, though fairly good levees exist at notable places, some-
times for several miles in length, the structure as a whole through
this division is very defective, for there are long distances where it
is slight and of uneven disposition and construction.

Flood slope.

At the upper end the flood slope in this division is somewhat
greater than in that above next preceding, owing to the receipt of
+ the tributary waters of the American River and Dasin, but towards
the lower end this slope is materially decreased in approaching the
“ point of bifurcation, in the next division at the head of Grand Island,

SEVENTH DIVISION.

From the head to the foot of Grand Island, a distance of 18.28 miles
by one route, and 11.9 miles by the other, the river runs through two
channels, enlled Steamboat Slough and Okl River, respectively. A
few years ago Stoamboat Slongh was the deepost and ]‘»robu‘l)Iy the
, most capacious of the two, seeing that it is 6.38 miles shorler than the
5. *_other, and consequently has the greater grade, and its cross sectional
=" “dimensions were probably as considerable and more regular. Now,
however, it is found much filled with sand, and its flood-carrying
capacity in a great measure destroyed, for during the past scason, at
time of flood, it carried only half as much water as did Old River,
which is not in much better condition than it was years ago.

Steamboat Slough. ,
Steamboat Slough is somewhat crooked for 4.5 miles of its course, at
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et further back to make way for ordinary floods, though their pres-
it position cannot be made altogether accountable for the shoaling
which is going on above the point of bifurcation.

the e it 19 9 w : b
exlx({rgfigglt 0(:11(15}\”(]} ffblsli. w (fl] aligned channel thence o down. The
at vight anghas ; J){\ (,l( ye ll;posecl, bpmg narrow and sharply defined -
ek angley “]7,‘1 g sonera’ course of the main stream, [t gradually |
Tower o w 1‘([ :‘1 51 l'.(:l the first 4.5 miles of its cou rse, so that for t‘fg,
s0 we find i %’l:':l?l 1 ,n}o]rg than twice as wide as i s above., And"
ab the head are ‘.’]‘(‘f o 3 ])Wmnmg more so, for the sands drawn. in
reachos bolow anl ‘I’UT.”U y,wwhun the current slacks, in the wider
waber Cnl‘.(;rin;l' ;l,')(()\’l“L (&l'fltlll]<'>l;? J't‘(])l::iql'.i](().lln:m(l against all material and
' g e SRR SOOI ¢ ¢S Tor this ram :
will be adverted to clsewhere,  Tlye H0;;51'1Sb(:;cli(gl‘zgflJ]:r‘Ll‘ggll_y’"ii?i“l]l“)lx‘_g
! 204 ery shallg

I, C e - - =RICOHTH DIVISION.

wﬂ]”rr)m Grand Island to the poind of junction with the San Joaguin River,
opposite Collingville, a distance of 158 miles, the river flows in onc
" channel, except in the short distance opposite Rio Vista, where Wood
i Tsland makes a division of somewhat more than a mile. The waters
¥ Brought down by the Old River and Steamboat Slough channels unite
i af this division, as also those brought down the Yolo basin, west of
. the river, from the overflow of the Sacramento on that side below
v Knight’s Landing, and from the floods of Cache, Putah, and other
f creeks, which drain the Coast Range on the west. Thus, should the
P Cache Slough, which drains the Yolo basin, deliver as much water at

. its mouth as escapes from the Sacramento above at the time of maxi-
num flood, the channel through this eighth division would be doing
full duty, under present cireumstances, in carrying it.  These are the
“last waters tributury lo the Sacramento.

)l‘ICC‘ as v ) A e . .

{,_0‘ i 00(,1] l,r‘ll(” ‘}].“ i ‘?l.')‘ Interfered with navigation and heen an obstruetic
Tho \‘({lli'!p’}‘) lllllll t I’{n‘ﬁhmnrel, el 1 is now as bad or worw-.i]‘rln (!’;'()In '
Fhe south bank of Steninbont Slotoh tx o ia ¢ s¢ than cver,
but that on the nortl) is]i'lf)';'otll'll‘eh]l;;z:fl] .1-::,%[“@]"”-YIV“")" good and firm,
ino rever hee v st part- low and swamnyv o ¢
ing. however, has ever occurred worthy of mention py. No cay-

. -
Ol Iiver,

-+ The Old River ¢ ; T
ing (')fdﬁ"%;]q\,el] cl‘l?nqn‘el has improved somewhat since the tapid silt- | '
of «m()dAi'orv‘li]h]“ 1)()2} mlllmlgjhh commenced.  Near its head is a chainal
g bt For thie lower 6.5 miles of i1s cotmren 4 5a oot 1@
shallow. Genoralle B4 e 31 e tsof Hs course 1t is wide aiu
W],icﬁ\;}.p &fé:]ﬁ]‘”\ IL 18 well ahgned.. though one or two bem;;l;\;ix;d
coull 1(105 o th tes.s, material obstructions to the flood flows; but these
Slongh s an « ()ll]l'\to”"' even it it were desirable to o so, ’(%o(n-gj.n;.ll
Joaquin .R(i\»(\;_;l '1'1,11 l“(t“:l' Llnsfcltll:lm;el into the Mokelugme o bm
an cvald, dat thne of lood earries o material norton of 1)
ACP ter J0a carries a material port ‘
b:itleilgle:go A iLtus altogether out of the river The lb‘ui'i?sno(;’i (t)]]ul3 :
z'mkq:u-é ?flnej ?H“'}'g“‘m?bujn towards the lower end the first sot:r, Q‘\rq_ln'c) '
‘ PYCc];f‘;‘t “Ulgéll]‘i it ]lww'h:tls 1}01‘, been any enving. Lowever, df'm:)n;en%
sevptat one lnnited point where protective works ha b {
to with success, ! ere protective works have been resorted

" Character of the channcl.

} The channel in this diviston is generally of good aligniment; but it is
yery uneven in width and depth, with onc notably narrow point, and
gnother wide and shallow reach, both of which changes are material
obstructions to the flood flow. The banks are for the most part low,
and, comparatively speaking, swampy, with the exception of where
the river sweeps close to the high and firm upland, which it does at
several points on the northern side.

Leveeing wn the Fighth Dinision.

On the south side of the river there is a levee throughout this divi-
+ - sion, which has been found generally efficient, where constructed high
enough. It is still, comparatively speaking, a low levee, and has been
'overtopped on several occasions, to be referred to herveafter. On the
north side there is no levee of importance, and the marsh land is
quite low.

Leveeing in the Seveath Divisios, ‘

Around Grand Tsland i B
: sland there is a good lev q -
. . S d levee exe 1¢ Steg ;
Slough face near the lower end gl © 1w bty g snbost.
Hood of ty ok the Tow &, where 1t was badly damaged by the B
oy o7 n‘ 1 north side of Steambont Slough there iy no
) f‘l‘i].]\r }r(;'()(\l l?\:](n:n‘i“_’l']' I()" I“m south and cast side of Old R‘ii"m"
atamly g vee, which has done good servie ists icular)
Lt ¢ | oS dONe good service, exists, particularly o B
tglc(igg(il;? l%}"llt Mpper portion' of the division. Tliese Ie{'cféiltlll['v!sd”l}lr'.\
Q8 Se 1 Y PIver 1y - ] B ‘ S TR i
as closo t)hé](]? 11}\ (,f‘ hank as they could be built; placed so pr()b-i'b]}y
(mm]m: ”“‘/((I)I.Lf n;FL :lll(f firmest land was {hore fonml':inrl (:Z)‘IJAQF,
MY Lhe cost of construction reduced, and , @ sving wab
DAY e cost of cor uced, and because a wa
therdhy effected in tillable land to e owliers of the ]’)rol)(}li‘\\,’”]g ol

’szacfl]/ of the Eighth Division.

v Generally, the river in this division is a very large one,  Compared
~to the channel at any point above, it is more nearly proportioncd to
~ the duty it would have to perform were all the waters confined to one
- channel, and more easily 1improved in flood carrying capacity than
any other division, for the obstructions here ave purely local, and of a
~character easily removed,

Grade wad capasity,

e .
g)‘é‘-\l‘[‘l(:)lln (Ill';{r(ll‘tl(: Il.h'l'v river :ulm\".(.w,‘ the Steambout Slough has o much
oo T]\O i}'l];‘Ol:("l" 1‘(]7 )gl:l}lu of the ()hJ. River channel is somexﬂﬁ{g
g iher, nlso, ¢ oug } LI lvf:' upper portion of its conrse.  Henee we find
i e of (i1: el “s ‘dvnd,"n‘ hump in the flood profile of the river.
a0 Chime I\"‘la'h'l‘ ey exist, are not of suficient capacity to (”U'rj
vy clujmnel':;s"i‘t J‘};inq‘:«,fu]l](l]“]’;(l'] il;u‘lf)llght lto L]lorln from above b\j»" the
distince aloe ppneXists s but this main channel is shoaling for s
t];?t‘:lgzteﬂ: : 1\ l(ai]) :I(éill‘)\(?]ll') 1:1 (('J\i‘f (‘ll\’l]Sl?l 1, 80 that it 1s being df’[”?;u?ll ?g
work o iy ity b ‘]mr(‘; 11)( It »|]1§ (;ﬂect will, of course, grad ually.
divisionub the river. The can be no doubt that the levees i) this
swon. partcularty at the head of Grand Island, should have been.

! NINTH DIVISION.

y From Collinsville to Suisun Day the Sacramento is in onc ehannel
'with the San Joaquin River. This is a wide, open cstuary. and it is
ndifficult to say where the river ends and the bay begins. The shores
o sare salt marsh; tidal aclion is here at its full, both at low and high
water stages of the river. Shoals exist, one notably opposite Collins-
ville, just at the point of junction of the two streams; and this shoal
: Inis an obstruction to the escape of flood-waters from the Sacranmento
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River,
examined by this Department It

‘ ed by | . was ar
Survey in 1879, but the results of thiss\:'](l)rrl)i‘1 ]

study in time to be cons;q ¢ s have not been secured for
J : sidered in : . . . :
considered hereafter, this part of my report, and will be

LEADING DEFECTS OF THE SACRAMENTO RIVER,
The river deficient in caparity.

\\'(f\gFS;;(Ei]1()5\%:1\-‘11111](1']!}1'}]'?'] 'ot the river thmughqut its valley course, if
diii5 e over (h "mL'( W ¢ ‘l_md a channel whicly, in its present con-
{l.“‘O]‘d]Ing:' qu%gc “,).”‘\‘ one ﬁmgle division of its course, capable of
slording (‘\‘x‘f"w “;m; 1\(: lllil?l;llllll] yolume of the ordinary high floods
P i \vil.l'nl‘lc(v.ooﬂ o ,\(')u (-I e presentod to it if confined Detween
of Ty h levees '.')[tv,»tug th to a h(,‘.lghlk.l]_ll!f‘OI'I]l with the average
oy e which ) le\'ec(":]?\"ollfé l.]h? se\]'cral divisions, and in most divis-
highost that e levees were rought to a height uniform with the

Defestive divisions, '

throughont s s it divisions U Third et Senerally

\]\3;3{?1 tﬁ?(llgs!:lftI(':nt"i];1(:(";'112»‘1!:11lo(\)'t(. ( l:;(izlth(l‘r I{ilx;el', '('lcﬁ((:ivl:ll;‘( ntn():l”ll(i,cttl(::g

\ . ring frc Xeessive bhend resistance. t iminisk

U;g)oty}',eenf(llm();fl' SO\\" l»\ reason of its tortuous cl(;tlllll((‘( t}]\]llll(ql rllg:::ﬁlljlt’ll)l(;
1¢ seventl and the lower end of the cighth division,

w ) IO e v e 1 3
here the river is restricted in capacity by the effect of the diviston -

of its waters at Gy

of t‘]lr(*“l)l“}fll] 8 attf,:._(l‘nd Island, and the construetion of levees close up

o ltl t tis‘p streams already too narrow. [ should he mlld('l!

Slood f(])‘lt] hese remarks, although true to a certain extent ag ap i

l‘ltx'e :itﬁérn]])i ]l))(:*Sti;rml]'ll((]] 1;1.(.50111., ::‘1]-(,- especially meunt to zq*»ph,@inbh]d
» made to run the channels up { ir miaxi

L3 3 vy T e 14, ) . : o O ' ~ - ‘

apacity by an uniform system of leveeing : thelr maxiuam

i

Locai obstructions.

lnfglr(z:ltli]}hl‘};l':lg; we ﬁl}(] serious Jocal obstructions of long standing
1 cert 1s1ons, as, for instance, the Six-mile S} in if

, ! ns, as, fo Lee, Six- shoal In
él()]‘\(l’?]ltcilll t]?ée\'Hd} (,otdilbh(l)ql 11]1 the sixth: the Hogs-back l?nhttltl}é
RG-St syewport shoal in the cighth - ollinsyi ’
T tho i drerpor ighth: and the Collinsville Shoal

The question of capacity.

Henee we are to ; i
nee we are (o conelude that hefore providine for i 5
the walers of ordinary Homls \]\'llili](?;"nhl)lln(z' li);i)(\'rl(]'lllg 1LO] s lll)m"'lml o
¢ wale rdinar, . A the river is not generally now ;
xll;(f'(.)-i}((-il‘:"]??]l to (,(1‘1.11‘\4 there are certain special defects of ils (tli‘n‘nnél ]tl(:
ét:ux(l: i ;((t, ]H‘ ?1( er that it may vork as a drain up to an uniform
lcli‘él)o;lzll]( (;)f :1 1c1]en(:y Hu'm]ghﬂut Its course, and then the question of
Spos Surpius waters will come up i its. Shal
: : on 1ts merits.  Shall thi
channel be made large enot : o s s
Y I 1gh 1o earry these waters i
: . ge o : arry these waters, or sl
supplemented by other lines of escape? ) » or shall it be

THE FLOODS OF ’I'I'{E. VALLEY.
Designation of the flood region,

As there are i Sacranme r
e 1 the Sacramento Valley two great sources of flood

Further than thig the ninth division of the river has not been.
t re-sounded by the Coast; -
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aters, as heretofore explained, so are there two great seats of over-

g flow, one above the mouth of Feather River, in which the Colusa,
Y. Butte, and Sutlier basins are sgecm]ly involved, and one below Feather

g River, in which the Yolo an
~ing the river from Sacramento to the foot of Grand Island, are threat-

American basins, and all lands border-

ened.. The first may be called the upper valley flood,and the second
the lower valley flood. )

1
Theupper valley flood reqion.
The upper vallcy flood may be occasioned under existing circum-

¢ stances altogether by waters from northern streams. It is due directly

t6 an insuflicient capacity of the river in the second and third divisions
ofhits conrse, from Stony Creek to Knight’s Landing, and, indirectly
of course, to insufficicnt capacity in the divisions below.  Or a partia

i flood may be occasioned in” this upper valley by high water in the
. Feather River alone, when the greater part of the Sutter basin would

be submerged by back water, principally entering near the lower end.
Such a flood would be due directly to an insufficient capacity in the
Feather River, below the mouth of the Yuba, and in the Sacramento

2 fifth division, from the mouth of Feather River to the mouth of the

American, and indirectly to deficient capacity in the Sacramento
division below.

The lower valley flood reqion.
- The lowcer valley flood may be oceasioned alone by the waters of

“'Slerra streams—the Feather and its tributaries and the American

River; that is to say, there may be more water presented to the
Sucramento River by these streams when the upper Sacramento is
only at its ordinary winter stages than it is now capable of carrying
* through its fifth, sixth, and seventh divisions, without submerging

the Amcrican and Yolo basins, even if existing deep gaps in the
- lévees and banks were closed and no water eseape until it overtopped
. existing levees at some points; though, of course, the American
basin would be partly submerged by backwater from its lower end,
where there is no levee at all.

; ‘ Interdependence of floods.

- 'A lower valley flood may, then, be almost entirely independent of
one in the upper valley, though, of course, this is not generally the
= cage; and furthermore, an upper valley {lood might occur if the gen-
"eral overflow was produced by the waters of the Sacramento, while
the eather remained low, without occasioning a flood in the lower
Fvalley, if existing gaps were closed, though, of course, as in the pre-
vious case, the Ameriean basin would be partly filled by backwater;

B for the channel below the mouth of Ifeather River is of sufficient,
.. capacity to carry the maximum quantity of water which would reach

it, under these circumstances, from an ordinary upper river flood-
wave,

& The highest flood source. .

Though, as things now are, the American and Yolo basins ordin-
arily receive large volumes of water through existing crevasses, before

¥:. the greater volumes come from the upper valley, the ordinary high
E. flood-waters, so called, in the river below the Feather, as well as above

4IJ
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it, genera]ly come from the northern streams—the Upper Sacramento
and its tributaries—the most distant source of supply, whose maxil:
mum flow arrives at the head of the lower valley flood vegion from
30 1o 40 hours later than those from the castern streains.

Phe della <slands,

In addition to these two primary seats of inundation and threatened

flooding, there are the low 1slands below the seventh division of the:|
river, which might not be endangered, if evenly leveed throughout,
though there were overtlow in the flood regions up the valley.

11‘ could not carry if the overflow into the Yolo basin was prevented.
This will be more fully explained hercafter.

EFFECT OF LOW LAND BASINS.

Deceptive appearanees of floods.

In the present condition of the river and adjacent country, the #
ordinary floods scem much more formidable than they really are. ;
They spread over a wide area, and make a great appearance of water, §

but were it all confined to a channel, and made to pass off as rapidly

as it came down—nol allowed 1o accumulate in the low basins from |

one freshet to another—the aspect would be quite difleront.

Escape of waters from the channel,
These basins become partly filled by the first freshets of the season,
whose waters escape through deep crevasses and slougls into them.

Lffect of the carly freshets.

The ecarly freshets bring down a vast amount of sediment—light
sand and earth and clay—from the eastern rivers. Instead of carry-
~ing this material on through to the outfull of the river, a portion of
their waters escape into the basins deseribed, and the sands are depos-

ited in the main river chanuel. Thus the first and moderate freshets, |

which could easily be carried away between the banks of the river as!

.they exist (provided that the crevasses and sloughs were closed), and. |
which might carry away not ouly their own sediment, but ¢lear out 3

the channcl also, if they were confined 1o a channel of good regimen, .
serve to deposit more material in the main channel, and o fill with .
water the basins of reliet. :

The basins not the reficf they appear to be.

When the later and higher freshets of the season come, their first
waters also find vent in the basins, and spreading over those already .
there, raise still higher the wide expanse that looks so formidable. -
Thus when the highest flood wave comes—the only one, generally,
which is in great excess over the general capacity of the river to trans-
mit—the basins of relicf are already filled to near the flood mark, and !
the waters running in every direction—into the river at some points’,
and out of it at others—and driven about by the winds, make a great |

Ll

Par- 3
ticularly, under existing cireumstances, in the seventh division of 8
the river, might there be inundation of considerablc magnitude in j
thie upper flood region, involving also the American basin,and threat-
ening all lands east and west of the rviver below the American, witle-:;
out precipitating a volume into the river below Grand lsland, which 7§
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pearance of a hig flood, which is not due Lo the real volume of waler
tehrshould be passing down the valley at that tine,
¥

- Degosit. of the eurly froshels.

And furthermore, this highest flood wave of the season finds the
. chiinnel bad in the lower rivers raised by the deposits of the cavlier
veshets, as before deseribed, and is forced to cut up and take away
‘material which should not be in its way. Thus in the higher fresh-
s, generally the last of ihe season, the bottom of the lower rivers is
sweph out, but not in time o prevent this extra material which has
been deposited by the carlier waters from causing the higher tloods
toerise still higher than they would have done it they had none but
their own sediments to push along with them.

“Condition of the drainage system. .

Here, then, we liave the picture of the abnormal condition of (~lli1’){!.‘>‘
which exist in the Sacramento Valley; a condition which is annually
growing worse, instcad of better. The deep culs or crevasses out from
the river are becoming more decided, thereby diverting more water,
-causing more uneven How in the main channel, and a corresponding
. shoaling thereof at points which would not takc place if the channel
+“were forced to carry all that it could carry, and none were diverted at
any one point, except in small quantity, where the channel was full
an"d unable to carry all the water brought down.

' FEATHER RIVER BEFORE THE ERA OF MINING.
The channel in 1848,

The channcl of Peather River has been subjected to such consid-
erable changes during the last 10 or 15 years, thal a description of its
present condition would not convey a just idea of the real character -
of the river. It was, in 1848, n clear-water river, with a well definced
‘high bank channel. Tt left the mountains in a rocky bed, and ran
alternalely over short cobble-bottom rapids, where, at low water, but
one (1) or two (2) feet of depth was found, and through pools of several
aniles in length, sometimes with water 10 to 25 feet i depth at the
lowest stages.  This character continued to near the point of entrance
©of the Yuba, from whenee, on down, fine gravel and sandbars
appeared in place of those coarser materials, with long reaches inter-
vening wheve the water was from 8 to 15 fecl deep, on the average,
'at its lowest stages, bul becoming less deep, and sand only appearing
on the bars, as 1t approached the Sacramento.

1

B8 wBotton lands above the Vb,

A bottom land of sandy alluvial seil. varied, particularly on the
east bank, by a rich, light brown surface wash from the hills, brought
- down by the Honcuat and other smaller streams, extends from a point

't about five miiles below the foothills to within about the snme distance

“of the mouth of the Yuba, and was generally, in the carly years of
“settlement, above the reach of all ordinary flood waters.
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f Bear River, a depression in the bottom land, several miles in length,
dflower than the bank of either stream, constitutes the first basin-
ke formation east of the Feather. It is referred to hereafter as the

’;Beaﬂr River Basin.
(T

Iigh land plains above the Fuba—east side.

The plains from the foothills on tl i “
e plains - t » On the cast, slope rapidly towar
élltl)(ztllk er ]‘u)(] %!i'cre Is not any outlying depres’sion,I excegt t}¥e W‘??nd
e Valley, tributary to the Honcut, which still has quite sufficien;

slope to the river for purposes of good drainage.
F it bank, from Yuba lo Bear River,

Down to within several miles of the mouth of Bear River the line
ofudemarkation between the higher plains and the bottom Jands can
‘be readily traced on each side of the Feather. Iere the task becomes
more difticult; and within a few miles below, as in a similar case on
the Sacramento about Colusa, the bottoms arc at points higher than
the'former plains behind. :

Wese side,

er-(l)]n .t:ho. ‘\\“esb a high, plain ridge extends parallel to the river
lnllesui)l?]?f\’x ﬂtllld i}botl]lt'l?ne %1! two miles away from it, for about tan
: HOW the foothills.  Thence on down' the plaj ‘ g
mile : ' ence plain lands slo

: ;'1(:;“]]) 111;(1]1 :!d,qlt‘.o,l 1.111(: li] \’CI(’]])()LLIOlll land away to the west and tow’tﬁi
1 stus wineh border the Saeramento River for host part 158

o B s i ento River, for the most part 15

~Site of Nicolaus,

o, ¢ . - - - 3
§ - #ust below the mouth of Bear River, the high land, without inter-
‘vening depressions, extends from the plains to dhe river bank, and
hereon the town of Nicolaus is situated. Ixcept in seasons of most
eéxtraordinary floods, this point was formerly above highwater mark.

Mouth of the ¥ uba—site of Tuba City. ‘

m 3 ‘
. The Yuba formerly entered the Feather River about at righty
angles o ity course, a comparatively narrow clear water ét;'e'lm \fe'ﬁ
ﬂowp ‘b'etween banks, running over a gravelly bottom. and c‘r‘ov\'fdédt
T’l?.tlx}‘]}1.11 s}tr(»:n;m over against the high' plain land formation 03 the |
west, thus enbting off' the Lottom lands on that side. The bank wad
high ubove all floods, fifteen (15) feet above low water fu'ld’ﬁ't '+ and |
here the town known as Yuba Jity was built S e andj

Eust bank, below Nicolaws—American Buasin,

Immediately below here the river’s banks, built up above the lands
toi the east, continue to become relatively higher; and thus is com-
menced that basin which extends almost uninterruptedly cast of the
Feather and Sacramento Rivers to the mouth of the American, and
“;hich has been called the dmerican River Basin.

Sutter Cownty Shy ugh. !

h N N v ' ‘
" Is 1(1313 the end of the bottom land above Yuba City a depression in
101:‘)' D lt“ll l‘:.m«ls, away from the river, and extending close :ell'ikrl.(zl the B
]Z’)Llléllle‘l\(‘h the iormt?t i slhallow slough, 400 to 500 feet in width, |8
'SUes A course south and west across Lhe in, di vay
D! S A cou ‘ : st across plain, diagonally away' i
%ﬁ?: gi'oeu]qllvexl\' to thg loxnlzmds heretofore designated atsaSuttef b?mi(ny ‘
> Bolgll was naturally an overflow channel t i dits
L'hiis ) arfla 5 o the river, and it
presence now marks the appear: C (i ion hetwoen
: v heappearance of direel connoct ]
tho Tasg o ma pue : onnection between
ard plains on the woest ¢ g ank ug i O
e ple west and the bank upon which Yuba, City

West hank, near the mouth of Feather. A )
*Five or six miles from its mouth, it may be said that the last vestige
of the high plain Jands west of the Feather merge into the basin
which skirts the -Sacramento River on the east, from the Buttes
southward; and thence to the junction of the rivers the banks of the
Feather form but the rim to this, the Sulter Basin.

Stte of Marysnilte, '
bo(li)t::)lx :lh(]‘ :nl:lt ha 1(1 kk of thgol(‘)‘eather River, just above the Yuba, a %t.l"ip ‘of ‘
) and, nol over 200 or 300 yards in widtly, oxtended oo
e oyl no! 2 v yards m width, extended, and “on
what high plain which came down to tl dver jus
245 R tL 1) e Y b '
behind, the town of Marysville was built, ubs lu]\’elf, ]ust‘

1 TIE CHANGE IN CHARACTER Ol FEATHER RIVELR.

Near Oroviile.

- Of late years the channel of Feather River has been filled greatly,
and the general character of its profile much changed. Where it
comes out from the mountains, at the town of Oroville, there formerly
& cxisted an ordinary high-water channel but 400 feet in width, with

£ pools 30 to 40 feet in depth at low water, alternated by rapids where,
¥ at this low stage, the siream pourcd only a foot or two deep over cob-
L bles and boulders. These deep holes are now filled with cobble-
stones, sand, and gravel; the planc of low water hias been raised about
six feet, and the general slope of its surface, which was formerly very
triregular, as heretofore described, has been rendered more even and
steeper for the first five mites of its course below, where the greater
B -irregularities formerly existed.

West banl, south of Yuba City,

The waters of the Veat i ' -
Che water he Peather nes of i
of eyor o of the ,']]“lv(‘l: at times of flood, hefore the contraction
of T ann ks tound passage through the slongh behind Yuba
i ‘.y,tang somelimes topped the banks and rim of aF)l'u'n land "Lt']o;v
- . . - 3 ] ¥ i 1 ] . : e
%)002111] (;s blq oy e] \\\» {thm t‘h,Q tirst ten miles, and coursed across the plaing
o the he ::wlm r,)(],yoml. I lm. higher banks were seldom, however, ovoer-
o e m)l(, i)l“ t l(:tl]'l(‘)l]ll,hl of the Yuba on the west side: but the bottom
ands e east side have always been subicet to foad: ‘
i y have always been subjeet to flooding almost

Mowth of Bear Riyer.

We?lhc(ll]fieacr] R'iver folntnerly (l%ntered the Feather in a contracted .but
elined channel from: the northeast, through thor
‘ ed cf ! ) ast, a low bottom land
several miles in width which Lere skirt; H ' i
 skirts the larger streams '
7 ‘ arger strecams on th
cast. In the acute angle between the two streams, above the mou{;lﬁ‘

"Mmlh of the Yuba, and above.

B Below the mouth of the Yuba the whole river bed has been raised,
¥ until now there are no more long reaches of deep water and the alter-
€ niate shoal bars, but a wide, uncertain channel in a sandy bed, of
g alimost even rate of inclination down to the Sacramento, with a gen-




- minate; ils width is quite irregular, and its channel through a shift-

been greatly raised during the past 30 years, and that since 1862,
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. .

K. when sands were brought from the upper cafions in great volnue,
therale of illing hus heen more rapid than prioe to that Liime. The
»rajsing of a bed of w viver is fivst made apparent by the inercase in
g clevalion by its lower water plane or level, the movement of which
b 1ga fair indicadion of the average filling on the shoals of the chan--
nel. Thus the Sacramento may have reaches of H 1o 10 miles in
length,of water 15 to 40 feet in depth at its low stage, uliernating with
short shoals where the water will only average 5 to 10 feet in
depth ; and the low water plane will be ield in position by the shoals,
which act as partinl dams. There is abundant evidenee o show that
this was the clhiaracter of the channel helow the mouth of Peather
“River in the early days of its navigation. Now we find these deep

reaches in great measare filled up and the shoals raised, as evidenced
. by the increased elevation of the low waler plane.  Feather River,

hough less decided in its character formerly as a (‘leeF channel, has
y mevertheless been greatly filled, particularly ut and below the mouth
g of the Yuba. ] )

5 .The low watler plane of these rivers has been raised about as fol-
“Jows: Sacramento River—ITead of Grand Island, 11 to 2} feet; Sac-
ramento, 5 to H3 feel; mouth of Peather, 3 to 4 feet; Knight's Land-
Cing, 1 1o 1% feet. Feather River—Nicolnus, 3 to 4 feel; mouth of
Yuba, 13 1o 15 feetl; Oroville, b o 6 feet.

From what has been said it will be understood that these figures do
not represent the full depth of filling in the beds of the rivers. 1t is
. difficult to determine just what this has been, for there were so few
. surveys made in early years with the results of which the present
. channcl may be comparved. U is known, however, that in front of the
&* City of Sacramento, and for near two miles of the length of the ¢chan-
g nel, the average filling Lias been o a depth of 15.2 fecl, and the maxi-
shum-aboul 25 feel since 1854, when a survey was made under the
.- direction of the Town Council by the City Surveyor. A copy of a
B map showing soundings made at that time has been sceured. The
k. condition of the river 1s found noted thereon, and the reading of the
= guage for that low water sluge is known;so that the data are good, and
i+ the results of comparvison the most reliable at my command. This
By -subject will be more fully discussed in Part 11T of this report.

eral slope much increased over what it formerly was, and other|
changes, as hereafter more fully described. : ,

Efeet on the adjacent lunds.

R . '

The botton lands all along the IFenther River are now naturally:

more subject to overflow than they were, and, of course, the river 1.

more than ever inclined to flow over its western banks into the Sutter
and American basins.

PRESENT CONDITION OF FEATHER RIVREL.

As we now find it, the Feather River may be described as follows: ;i

First division. ‘

From Oroville to Burt's ]{'er-rv{/ . A moderately well aligned stream,

with good banks, underlaid by gravel, and not inclined to cave,

This distance is 12.8 wiles. :

!
17, N
t

Second division.

From Burt's Ferry to the Yuba: A crooked stream; numerous small,
round bends; banks less stable than above, but siill good: coarse sand
bottom; the channel fanked by bottom land, subject to overflow,
particui:u-]y on the east side. This distance is 24.2 miles. a
Third division. :

From the mouth of Yuba to Nicolaws, near the old mouth of Bear
River: A very well aligned stream, but with two remarkable excep-
tions, where the channel makes a right angle set-ofl’ for half a mile
or morc cach time, and then as suddenly resumes its former course..
The length of this part 6f the channel is 19.6 miles.
~ Through this portion of its course, the Feather River has com- |
paratively low banks; indecd, these are at points almost indeter--

Ing sand bed. The adjacent bottom lands, though raised” by sand
and sediment deposits, are subject to overflow by each ordinary high
water. The banks are inclined to cave, and generally covered by°
willows and other bottom land growth. Just above Nicolaus, a con-’
siderable portion of the flood-waters of the river annually {lows over
1ts western bank into the Sutter basin.

‘ TABLES OF CHANNEL DIMENSIONS AND GIADES,
d
Fourth division [ ' The following tables show the relative dimensions. grades, etc., of
L the several divisions of the Sacramento and Ifeather Rivers:
From Nicolaus to the Sacramento : A remarkably well aligned chan. '
nel,. with but one exception—a sudden turn to the right, and back?
again. "The length of this division is 10.4 miles. B
Through this portion of its course, the banks of the river are lower, I
and the waters frequently break over them into the Sutter basin on o
the west. The chanuel is even more irregular in width and shiftingq? k
in its sandy bed than in the division above. ‘
The grades and dimensions of the Feathier River channel will be
found in tabular form in a subsequent portion of this report.

Raising of the river beds.

‘ It is quite_certain that the bed of IPeather River, and that of the
Sacramento below the point of junction with the Feather River, has:
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Divisions of the Channel.

SACRAMENTO RIVER.
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Divisions of the Channel.
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Sacramexto River—Continued.

Sixth Division— |, - S o Eighth  Division— | Ninth Division—Col-
American  River | € euf}& E?n lsion— SQE.‘ en-.il; Dt'é]’s'.w"h_ Grand Ifland to linsville to Initial
to Grand Island. Vld River. SteamboatBlough. | ¢ lingville. Point.
DESIGNATION. & = jnl = = = o = o =
Z = = % z = = z z =
£ £ £ ES £ = 2 FA z =4
: i . i H i H : : :
Elevation ol water at upper station, in feet___ 9.83 23.00 4.66 16.15 4.6 16.15 1.13 9.42
Elevation of water at lower station, in feel __ -4.6B 16.15 1.13 0,42 1.13 9.42 0.15 2.58
Ditference of cievation hetween stations. in feet. 517 11.85 3.53 6.73 5.53 6.73 0.8 6.84
Average grade per mile, in feet._._ 0.19 0.43 0.19 037 ] 7 0.30 8.57 0.06 0.47
Maximum grade of any five miles, in feet ___ 0.30 0.58 0.30 043,  0.39 0.75 0.07 0.5:4
Minimum grade of any five miles, in feet ____ 0.06 0.238 0.17 0.27 0.21 0.33 0.05 0.32
Maximum grade of any one mile, in feet ___. 0.43 0.60 0.40 0.45 0.45 0.85 0.07 0.60
Minimum grade of any vne mile, in feet...__ 0,65 0.2 0.17 020 - 0.2 0.08 0.05 0.30
Average width of channel, in feet_.__...____ 531, 827, 381. 417, 407. 468. 1.183. 1,207,
Wide:zt avernge for any one mile, in feet_____ 740, 850, 610, 526, . 580, 597. 2084, 2.100.
Narrowest average for any one mile, in feet._| 442, 470, 274, 282. + 215, 259. 687, 04l
| ;

FEATHER RIVER.

Channel dimensions and grades tn the several divisions.

First Division—| 8econd Division— | Third Division—| Fourth Divizion—
Oroville to Burt’s| Burt’s Ferry to Yuba River io Z\xcolazxj_to Suera-
Ferry. Yuba River. Nicolaus. | mento River.
. = - — i - — = = -
16N & & . = = = = ot
DEs1GNATION, § B,._:: g | = g E P =
2 2 z = Z 2 % z
g g z £ E 5 £
) v L N N N
. o , ‘ | e )
Elzvation of water ai upper slation (abova low tide on the Bay)... .. ____ ____ i 160.5 S48 108.0 %J I hi"i i?g . i%.‘.
Elevation of water at lowsr station (above low tide on 1he Bay)...__ 1060 4')! 65.7 2.6 | i 1.‘4) f:.(‘ ué.‘,)
Difference of clevation at lower and upper stailon .o . __ 540 B5.4 105 d: - ¢ ,r;q o
Average grade per mile ___________ P, 4,26 1.4[: ‘1"1:. 1.21 ]1.;(_, ??; . 102
Maximuin grade of any five wmiles. .o oo |eeaeaoll. 4.58 2.06 .«_»é ll]‘flli 182 130 | n.:’[:'
Minimum grade of any tive mil .';!.gO 9,'(.‘0 11\0 ];‘ ".I’; oL o
Maximum grade of any oue wmile o.;O _‘:»l’l i..'," 0.;3 1_\‘«5 i e 0.'_’0
Miniman grade of any one mils . 3.20 qﬂﬂ.Ua R 0o '-;'rn" ﬁmw 94“.~ .
Averare width of channel L . ________ _____ <60, :50. 340, 3 .l-“. e .:-n. e
Wideat avarage of auy one mile ___ - ; 520, 229, 400, :1' " 210 ';w 460,
« Narrowest averag? of any ol mile oo oe oo 150. 150, 200. 300. o4, aro. 230, 0.
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REMARKS ON THE TABLES OF CHANNEL DIMENSIONS:
AND GRADES. '

SACRAMENTO RIVER.

‘The data available. .

The data from which this table is prepared is complete and relia-
ble for the third, fourth, fitth, sixth, seventh, und cighth divisions,
and about two-thirds of the second. For the remainder of the see
ond (above Butie City), and for the first division, the data are good,
but not being so much in detail, small crrors in the averages may
exist.

The water line given,

A part of the sixth and all of the seventh, eighth, and ninth divie”
jons are within the range of tidal influence; and the waler elevations
iven within these divisions are those for the low tide planes during -
Doth the Tow water and flood stages of the river.

Effect of defect at Crund Island.

It shoulil be remarked Lere that what is said elsewhere in this
report concerning the break in the {lood line at the head of Grand:
18{1111(1 may not be so npparent from this table, for the reason that the-

rade above, as here represented, is the average throughout the sixth
division, while that taken in the discussion referred to only extends to:
Freeport from the head of the island.  Haycock shoal and the action
of the American River make the grade in the floo]l plane steoper
above Freeport: hence the effect of the Grand Island defect in regi-.
men is taken as extending only to Freeport in the extreme flood ”
stages., Furthermore, the half tide slopes are considered in the dis-

“cussion, whereas the slopes here given are for extreme low tides only, -
which at times of high water are felt a small part of the way up

Steamboat Slough and Old River Channel. . :
To obtain afair idea of the breuk in the profile at the head of

Grand [sland, leok at the minimum grade for five miles of channel |

in the Sixth Division, which oceurs first above Grand Island, and

the maximum grade of five miles in the Seventh Division, which-

oceurs just below the head of Grand Islund. Thus, at flood stage, for

five miles above the head of Grand Island, the grade of the water
line is 0.28 feet per mile, while below the same point at the same

stage, in Steaiboat Slough, the grade is 0.75 fcet per mile, and in
Old River 0.13 fect per mile, showing the effect of the defective,
capacity past Grand Island in holding the water back ahove.
THE INITIAL POINT,
The initial point of the surveys of this Departiient, from which
all distances on the rivers are reckoned, is situated in mid-channel,
in the main streaim—the San Joaquin and Sacramento combined—

on range between the lower points of New York Slough and Spoon-

bill Creek, which join the main channel opposite to each other. This
point is oppositc New York Landing, where tidal observations were
made for determining a low water plane of refercnce. Above this
plane clevations are given in feet. ‘
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'The‘ Ninth Division of the channel is made to en{l at t}cledlil;;tc:ﬁ
sint.’ because there are no observations and data to giv
! 4 .
sions and slopes below it.
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’Flim effect of the Suttor Basin walers and c_]mlnng‘l df-til?cltssi\?itqi%lilc
B Sacramento is seen in the ﬂé)odugra.de lénl(]aooli) ('tré(z-ptﬁ;llle L yision,
~where at the very highest water there wi ree all
glxt?;ej'\l:%tufb?)vlc} theg mouth of Lcather. The floods from Feather
iver sometimes produce the sune ctlect.

EFFECT OF THE SUTTER BASIN WATERS.

FEATHER RIVFR.
Byivct of the Tuba. ) ) ) . . .
d'ﬁle grade ling of Teather ‘Rwerkls exlcecdzng]_ytﬁlrr\(‘z%tl(}:ti;onélz)%
1 { : ces almost a still-wy
Jing at the mouth of the Yuba ma X e
‘eat : for 6 3 miles during low wa ge, d
he, Feather above for 6 to 8 } water stage, wae
10 ‘ i 'or a corresponding or grea ;
% uces o rapid descent for a ¢ } nding, or i
g(l)gw This éﬂ‘oct is apparent, though m a less marked degree,

during the flood stage also.

ect.of the Sutter basin waters.

i ' ' water seriously disturbs the Jfeather
‘ sutter basin supply of water scrious 7 t reath
4 Rglcll? ﬂsolcl)td SIlOI)e at timlcs, by uﬂoll;dlmg 11]:1 %rtl‘;t)etftl(xmgfn'tﬁ‘gmt%tc ;\ x&(:;
an daecramento can carry below th h of Feather:
h(::éhgtl'eitgiiqlis backed up and forced to run over into the basin at &

point above, and where it has yet the elevation to do so.
THE THREE DRAINAGE PROBLEMS OF THE VALLEY.

From what has been said, it will ll)le seen that there are three mam
- wroblems in the drainage of this valley ,
prgf}’l)'rst—To insure a suflicient nuti':ﬂ.l from the f?l()t ?f ﬂ:j}‘ 91321%;

dvalley flood region, that it may be drained without tlooding the
ls}@:::%?id—'l‘o insure a sufticient w:xterl-curryingncapﬁmté; fzggntlilg
% yper hrough the lower valicy tood 1€ .

ot of the upper valley throug N ! on,
oi?lter that tﬁ)é) former may be promptly drained without causing
damage below. And,
. Thard—To provide drainage w i
ordinary flood volume, from the uppor ¥
b Croek, through to the h(ind (ét t}ic lower region,
“the upper region of freshet fioods. i o )
th%:rlt){lxin cixg"cumstances complicate the first two ploblﬁms,_ alqltd 111.:}1\%
' ﬁecevﬁm‘y to congider them for a moment as one. . tm‘ l}l»,t{‘ll'\(,(gll
.}v divé;t/ing water from the river near the }_wzu’l of or lq pf)_l_x&: llln rll(z
"16xver flood region, that is, at or below Knight’s 'Lau( llng'olut} (‘11% Eo
onduct it by a separate channel to the Bay, m‘u,l in such \1 oly F{éa{;;’)er
¢ offectually relieve the river below the point of (11.verr11<1)11 and Feather
‘, River mouth without causing inundation of the 10}\1 ‘ztn s, then the
st and second problems would apparently be solved at onee.
B:idor this mode of possible reliof first.

h

b3

way sufficient to bring tho vutovrs of
) Sacramento, near Stony
without overflowing
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e Tolo busin, FIRST AND SKECOND I'ROBLEMS,

The Yolo basin lies west of the Sacramento, and extends parallel -
to the general course of the river, from near the month of Fentlhor to
the castern foot-slope of that high land known as the Montezuma |
Hills, against and near to whose southern base the main river chan-.
nel is situated for nearly the entire division of its course from Grahd"
Island to Collinsville. "The line of lowest depression in this Yolo. §
basin, near its upper end, is about one wmile from Lhe river; thirty- -
two miles below, opposite Courtland: it is about two miles from the
river: while opposite Sacramento, nearly midway between the
extremo points, il is five miles away. Tu the middle 20 miles of

this distance tho bottom of the depression falls 15 feet, giving an aver- §

age grade of ninc inches per mile. Hence the surface of the ground, |
in_the bottom of the basin, is about level to near its lower ond ten -
miles further, where it raises to the hills on the west and south, and
to the bank of the Stewmboat Slough channel of the river on the ehst -
and south. SR

Comparison of river and basin grades— Cache Stough. 7 .. 3
The avorage grade of the bed of the rivor opposite the portion of
this basin, whose bottom line has a fall of nine inches per mile. is
about three inches per mile. At its extreme southern end the basin |
is drained by Cache Slough, which joins the Steamboat Slough chan-
- nel of the river about half a mile above the lower end of Grand. ]
Island. This drainage slough extends across the low level portion |
of the busm,’ and comes to the river at right angles to its general -
(l‘ll'ectlQIl. From the fact that there is no s:m(f brought Into it
Cache Slough is a deep und commodious ¢hannel—more so than the |
river immediately above it; and it is kept open by the swell and ebb |
of the tides, which have free action in it, especially at times of low |
water.
- The waters of the basin, !

This basin receives the drainage from the Const Range on the §

west, brought down by Cache and Putah Creeks principally, and also 1
the overflow waters from the Sacramento, which escapo over ils west
bank and through the crevasses below Knight's Landing. These §
waters, for the most part, enter the basin near its head. When not in -
very large volume, they are held back by the growth of tules. and do {
not find their way rapidly down the steep grade of the basin: but,
after filling the deeper depressions thereof, they are delivered g,ra‘du-r ‘
ally through Cache Slough, to be drained away by the river below
Grand Island. o

The floods of the Tolo basin, o

When, on the contrary, after the basin has been partially filled;
there is a large accession of water from the creeks or the river sud-
(icnly precipitated thercin, it delivers at its lower end through Cache :
Slough, and over its rim into Steamboat Slough, a large flood volume 4
m advance of the rise which comes regu]ar:i s down the river, and
thus temporarily gorging the river below Grand Island, creatos o per-
fect wutor-dam 1n the Steamboat Slough channel, and ¢auses an cle~
vation of the flood up-siream as far as Sacramento. If this occurs 4
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- 'when the river above is already ab flood level, it is likely to produce

* disastrous results.

" The flood of 1378,
This state of alfuirs ocenrred on ihe 200h and 2156 days of February
o . oY

r 1878, and resulted in the overflow of the Grand Island levee on the

Steamboat Slough face, %t several points near the lower end, where
the waters came across the river, struck the levee at right angles, and
ran up stream as well asdown in this ehannel for a short time. The
same flood-wave made several breaches in thelevee south of the
main river, below Grand Island.

Proposcd volief through Montezuma Hills,

1 To guard against suchi inundations, and 1o relieve the river from
its surplus waters below the mouth of Feather River—through the
lower flood region and the delta islands—it has been proposed to
construct o canal which shall carry a portion of the walers of the
river, and the waters from the crecks of the Coast Range, inlo Suisun
Bay by wayof a new outfall, to be made opposite the lower end of
the Yolo basin, through the Montezuma Hills. ®

A relief canal.
This project takes two forms: v

, First—To tap the river, and draw from it into a canal, to be carried

© on grade around tho west side of the basin, such walers as may be sur-

plus in the main channel, and intercepting the flood waters of the
“creeks from the west, conduct all, by a comparatively shallow cut,
through the hills to the new outfall,

A drainage canal.
., Second—'To tap the river at onc or more points, permit its surplus
waters, with those of the creck, to enter a drainage canal constructed
along the bottom of the hasin to near s lower ends and thence pass,
by & comparatively deep cut, through the MonteZuma Hills to the
new outfall.

The first arrangement would properly be called a canal of relief to

k- the river, and anindereepting canal 1o the creek. The second arrange-
ment might claim, in addition to the performance of thedulies above

" named, to effect the complete drainage of the low basin.

Diversion of ereck waters.

Aside from thiese phases of this proposilion—beenuse not o inti-
mately connected with the river problem—is the proposition to conducet
the waters of Cache and Putah Creeksalone to a new point of outfall,
over the Montezuma Hills, withoul tapping the river at all. The
work would be simiply an éntevcepling comul, or an extension of these
creeks to a new mouth. It is the siimplest proposition connected with
this entire problem, and therefore will be spoken of first.

i

. THE INTERCEPTING CANAL.

A hgh grade canal.

, The summit of the lowest depression in the crest of the Monte-
zuma Tlills is 37 teet above Tow tide in the bay.,  Putah CGreek, on an
approximate grade contour, with @ rise of one and a half feet per
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mile, is 25 miles distant. from this point, and the ]
a grade of two feet to the mile, would renek Cache
of distance, udditiony), A cut of 13 feet dee
Hillg would afford a grade of two feet per mile also int
lon—to Putah Creck. By this disposition the ‘initial grade elevation
at the summit, of the hills would he 94 feet; at Junction with
Creek, 74 feet; at Caclie Creck, 110 foet above low tide in the bay.

Creck in 18 mil
p through th

g
e Montezuma

Depth of culling, and grades,

Lowering the wholc Tine ten feet would Drin
to 14 feet ai the sunmit of the hills,
zuma Slough is ahont, six miles,
shortest route, six miles further,
14 fect yet to spare of grace woul( afford a f
of the six miles through the slough,
for the first and each sueceeding
mit of the hills. T pass the waters of Cuche Creclk (supposing 34,000
cubic feet per sccond represents the maximum) on to Putah, ‘the
canal, on a grade of two feet per mile, would have to be 240 fect, wide
on an average depth of flow of 20 feet,

ting the grade elevation
The distance thenece to Monte.
and thence

For this

istance of 19 miles, the
all of three inches for each
and nearly two feet, respectively,
mile thence to prade in the sum-

Required dimensions.

To pass the flood-waters of Putah Creek (su
feot per second {o represent the maximumy on |
canal, on o grade of twofeet per mile, would hay
On an average depth of low of 20 feet,
of the two streams (taken at & maximum of 100,000 ¢
second) the widtl would have tn be 704 feet. TIi ig, however, not at
all probuble that the flow from hoth streams would ever be in
thé same part of the canal at the same time, even to an aggregate
quantity reprosented by the figure adopted; for they are hoth highly
int?rmittent in chavacter, and tlejy floods are of very short du '
ach,

.

pposing 76,000 cubje
wough the hills, the
¢ to be 535 feet wide,
To pass the com [
ubic feet per

Tmportunce of &i verting the evceks,

The importance of diverting these streams is not
alone by the inereased value of properfy -in the
might thus be relieved from annual overtlow,
readily oceur wlien the whole river and is]
mento would be at the mercy of thejr

to be measured
Yolo basin,
v, for circumstances may.
and.property below Sacra-
uncontrolled floods,

Effeet of creck flood,

As in 1878, s0 iy these watory at, any time congy
the inundation of Crand Tsland and other ig]
bevond the immediate basin into which they
comparatively safe from overf] ow.

and property helow,
pour, and otherwise

A deep channel required for diversion,
- 1f these streams ¢

] 1s can be turned permanentl
plished by creating

a deep channel for the
the form and approximating the slope of
above where they commence
disposition would only resulg i

age to property

¥, it can only he accom-
purpose—one resembling
those in which they run
to deposit theiy sediment,

i the destruction of the new

and dam now safe from flsoding.

ine continued, on

he first divig.

Putah' 3

oul into {he bay by the,

bined watérs -

ation

which .

ibute- largely to -

Any other -
waterway.
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m:afnohstruclion. . , " o rieo per
To.estimate upon the cost of such w canal, (011131 la]nirl o[{hﬁ}él ({:) iln o ;ohe
cubic yard of all the material to be moved, W” }( 150, doing the
“cub‘l'c'{'ustice for the waters themselves 51)911.(‘ ‘)e“ma(l o bextorin
by ‘]ec tJhé reater portion of the labor, Tlm§ a (,111% at flirst cons
bv 'm‘ll 'lO%‘oot deep, 10 feet wide at the bgttorm and ! o i
:stru?tc{ th Jplltil"e distance over the 1_)1:'1‘1nsA:Lb0yer tllc_'lll owd
i foi t l’%l o 1-'@1110\};1‘1 of 1,643,000 cubic yards of nlu.tc{m,] et
‘ eloe‘Shll'dt}le }‘Lillq at the same width on the bottom and ¢ 10(1 e
““(.hr‘oug 1 "]mﬂ ,1) )ko;'tion excavated to half depth above, W!O}_I(; 000 SOy
3 il;%l(}f\;:]]’}llll]‘{ 1(fult of '13 feet in deplh and the removal of 93, !
3 b, 6!

drds of material.

'lg estimate of cost. . ot in am
i ‘; lrj\he earth from the canallonftl;e p]r]t)ul\ls ;th?(ull:}c 1}();0 {’eet .
n menb rer side of the canal, paLst, ] . yi
Dbankment on the lower si . : oL away
glmbl:ll'lllt\:rlltd from the hill-eut could for the mos_t pa:rg !)quld vod out
1‘ o th‘Wi‘SG‘ of the work by means of cars on l‘\ Plﬁm.‘l 1( )1 ; and tised o
nexﬁﬁe em'lmnkments for the continuation of the canal acros
A <

plains to the slough below. Then,

<

L

i $164.,300
Y cubi plaing, @ 10 cents per cubic yard # ;9 P
R TTAEAN A t‘c:.ll“ﬂI 01}1] b{;llss’@ 20 cents per cubic yard )
13,000 cubic yards from cut throug| . o
Total cost of construehion ... e e ea e

CTPLNRSCS Recessary. ‘ . ‘ a‘(lin
Omlcxrlmpddition to the above, there must r‘lecoi‘?samgt ‘gte r(égllflating
ch‘ftnnaél two or three milesllong thor quttag‘ll Ifél ?3?1 ::il acreek' reguating

tes i i ; where it taps er ; s
the canal just below ‘ ang Mg
gatesfmlﬁlc rllim ‘in eagzh creek, below where tapped‘ tby t%loe;vc i e
mo :;qs of enlargement would then be each )e@tll ?up) nw and other
. {)&}i?;e ioos‘en the material in the bo@{,om ;111(1}01:‘“&1&' : 11]1“‘0 i of e
P : , W e lo admit as much wi Lo now cana
v and each wet season : ! ' Lo T
«fglil:tllc"oluid be made to carry, and no 1)1010,»!1115111;1;5)2&1} t :
géil and eﬂ"uctiug the enlargement without great cost.
soil, and e
o
. res showld not be necessary. ' o . ,Ould‘
Ler the course of a tew yecars, the new channel tmt 1&10 %ﬁl{ge‘\Of d.
5 ‘jlel‘ ;'.wom};le circumstances, be exca.vafcl.e('l 'l?eflf):;‘ m]:v;m e e of tho
‘ U{} e ;10 embankments would be necessary: ,.111 A i
}c)h((:ll;‘ (.'] channcls of the creeks would l)zla lt-g:}i]:ilu,xh ”;\{' Jotid oo
. . ( : | i 1 3 ¢ 3 «L LD .

X o s it miglh > desired still to dra ‘
“sembankments (unloss i, might bf, ( - , o
wmb(f{!k;{éicc::) -(md the turning of the stremin would be effec
Jor irrig: @

o hore o ( (penses attendant upon this
‘ j other expenses attend:
There would, of course, be other |

' re, as, for instance, property damages,
- work than t‘l‘lo}s(tl utl-lgfl(;rd atli)dhctor.e(zz ;; ’atft]enl:;;nce upon the “'otl'}llctst(ltg_
¢ o sost Ot' coss 2‘ exillml'gément. It is believed, however, L fl't ?
e e p1‘<])<c§:ss i)d be completed at a cost far within 1th%‘1{:,]il1111 fmod
. Muglonlédffl(t)é 1‘6&?3-]18 from benefits to lands ‘fl-lhgllngox\%dré I in and
"imniunity o Gangor of 5 ﬂ?to ‘tlll;é%xtfggrlj };;'nt(l?e AS:llcra.mento were also
‘ la;-gy})gf;g}(tltetgluiub(éxstlaor ctqlig Yolo Basin, as they do now, through the

n d ~

. ecrevasses above Sacramento.
a 6"

)
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Braminations neeessary.

Whether or not the material to be removed would admit of (hd
inexpensive manner of construction here spoken of, can only lef
determined by a careful examination of the route, with borings tog
test, the sub-soils, I

Conditions to be looked into.

If the streams are now raising their channels at the
it is necessary to divert them, we might expect, the canal-bed 10 raise
also; and this would be an unfavorable circumstance. If, on the
contrary, the water can be taken out on suitable grades, where the §
natural élisposition is now to cut down, and carvied 1n grades approx-
imating therdio, then the outlook would be hopeful. "This can only §
be ascertained by walching the streams through at least two seasons. |

f)bints “where

RESERVOIRS FOR THE CREEK FLOODS. Ta

To reduce the maximum {low of these creeks, and thereby effcet a §
saving in the size of the canal, it may be thought the plan of holding §
back a portion of their flood by open dams in the cafions nright be
adopted to advantage. What is said in o appendix to this repars 3
on the general sabject of this method of dealing with tloods, howeyer, 3
should be remembered in this connection. -

.
i

Cache Creck now regulated. .
Cache Creck would be the tributary to this new channel, most di¥§
tant from its mouth. This stream is made up by two principal tribu.
taries, one of which drains Clear Lake. This lake is already a
regulator upon the Hood volume in its stream, the time of delivery.s-
set back, and amount of maximum flow is doubtless decreased, A
it 1s now, the freshets from the other brauch of the-creék come down’
rapidly, and are led away before there is any large contribution to th¢:
main stream from the Clear Lake branch, which follows afterwards.
Suppose, now, a reservoir dam were put in at some suitable point on’
the northern branch, and its waters held back like those of the Clear
Lake branch, we may readily understand how the uniting of the tw
flood volumes, from the two streams, in that event made to com¢
down at the snme thime, instend of in suceession, would form a freshet
of greater momentary magnitude than would otherwise occur if the:
additional reservoir had not been built, even though each of .these,
waves were reduced in volume itself by the effect of its particular;
TOSOIVoir, ’

Danger in holding back floods.

This same argument would apply in considering a proposition iq;
hold back the floods in Putah Creek, if the two creeks were to be led.
away in the same canal ; for by preventing the rapid escape of Putah -
Creek freshets we might hold them so that their maximum volumes
would be-presented to the main chaunel at the same time that the
greatest flood flow arrived from Cacho Creek, which, of course, would
not only be bad economy, but might result in disaster, :

D A

Diversion of the creck waters recommended.

. On the whole, the proposition to lead the waters of Cacho and.
Putah Crecks into Suisun Bay, by means of a high-grade canal over ]

Wihe Montezuma Hills to Montezuma Slough, may he lookaed to as the

Homs on t

- ereeks, or of either of th

_ this whole subject, when the lapseof another se

" Jence the main eanal would be tilled up and destroyed.

3+ form 1t may be considered.

L

oundwork of a probable solution of one of the most difticult prob-
he drainage of the valley, but its efficacy will depend largely
pon what course of treatment other features of the case receive, as

rill horeatter appear wore fully, and its possibility and cost ean on.Iy
i the time thus far

e determined after a fuller examination than
lapsed could permit of being made.

-Bloraye of the creck waters nol recommendid.

. But the plan of holding back a portion of the flood-waters of these
emn, by means of dams—ecither open or closed
afions, is one of very doubtiul policy, th(n‘_lgh
show il to he, in this particular case, froo
hich there ave generally tosuch works. 1t
afforded of reporting definitely on
ol has given oppor-
with

Zconstructed in the ¢
further investignlion may
from the grave objections w
is hoped the opportunity may be

4
<

tunity to judge of the present action of the strenms i question,
1

¢ respect to the movement of their beds.

' TJIE RELIEP CANAL.
a portion of the walers of the river at Gray’s
g—the hiead of the lower region of floods—
bay, on the route hel'etoto‘re described, has
already been reported on by tho El}%}num‘ bo t‘]m] bucrm:n(mto River
Drainage Commission, under datc of ovember 28ih, 1879,

The conclusions put forth in that report are here summar

"A project to divert a
Bend or Knight's Landin
and conduct them to the

ized and

“enlarged upon.

‘ Cb:zr‘fusion of the District Drainage Engineer.

lF;'v'st—In the present condition of the drainage lines of the valley.
the waters which are regarded as surplus below the proposcd point of
diversion cannoty be put into the projected reliet canal, hecause they
_enter the main channel below that point. The point of diversion
selected is itself the lowest down the valley whence such a ¢anal could
be taken out from the stream and maintained, for the reason that
ience to tide water the river is flanked by low busins, across which
banks of the canal would have to be too higl for safety and hence,
‘the projected work would not serve to relieve the districts below
~from dunger of flooding. P

. !I"hc effect of the creck sediment,

Second—On the grade upon which it is possible to construct the
canal—four inches to the mile—its waters would not carry on to the
Bay the materinls which would be brought into it by Putah and Cache
(reeks, which have grades of four feet and over Lo the m]le;r :,l‘ll(l
It was also
shown in this report that the cost of the proposed work would be
excessive; bul with that point for the present | have nothing to dp.

The second conclusion is reasonable, and, to say the least, caleulated
to weigh heavily against this particular proposition, under whatever
I 11 should be remarked here, however,
vnst the proposition here-
we through o ligh
this laiter purposo

that the same argument does nol apply g
“tofore considered, to divert the creek walers alx
grade canal, for the reason that the channel for
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#bly occur but very seldom; but under present circumstances a large
Prceession to the waters in the Sacramento River below the mouth of
¢Feather, at times of ordinary high flood, is received from the Sutter
. AR basin, between the Sacramento and Feather Rivers. This water
The materials brought down by thes P ctomes principally from the upper Sacramento River, and enters this
held back to a greal extent, £ N by these streams possibly could b B8 basinat its head, as well as at points below, through crevasses in the
%ﬁ&i@og in the cafions :v:.ﬂ_: ._.”{mw_ﬂm:w_ovw.«c_o ﬁ_ﬁoﬂ_; _os_mr by dams " levees, which heretofore have occurred almost annually.

Tected tn a deoree cn £ avinesa e, Vhether this ¢ K i
to render aT_.MMm n_m“_nmmc”m—mﬂr ﬁo. Eﬂ?@ad the waters from 7m..hm:mw_~_uqn_ WM ] " Wiy the river cannot be relicved under present circumstances.
doubtful, Tt (his were ;o:% :_‘_.;c .zme low grade canal safe, is very 4. Coming down lhe valley by this short cut, after the basin has been
rial would tuke place in the _mc_ﬁ._m M.n M_.z.woi great crosion of mate. K- filled by the earlier freshets of the season, the waters of the higher
.,__ct, walers would be o.o::_:.i _,,v. ,...,__w, thé S.aor.x z:.::m:_,,,.ﬁ whore - floods are precipitately presented to the channel at the head of its
plains (and thero must be con ¥ evees In their courses across the . dfth division, the mouth of Feather River, and thence on down there
material would be mc:oﬂ:om ,H,H_: ,:,:_,o_% very :omyﬂ% grades), whichs 1wy be o large surplus in the river as it now oxists, without its being
<hecked in the canal of wwﬁr.@..:ﬁ: the velocity of”the waters was SR possible to decrcase the amount by diversion where a canal can be
A ik i g ) constructed, namely: at Knight’s Landing, which is above where the

igh and low grad: canal, 100, / . great supply of water comes in.  Tor, let it be remembered that this

LCache and Putah Creek walers 1 S supply is drawn, as it were, from an immense lake with a free outlet,
channel, as heretofore ex ,._.:,: o“m m:ﬁ_; be taken in and if all of the water coming down the upper river channel were
there joined with wators __:.w: .!.:.,:. n‘r: cut through the hills and ' ¥ Wdiverted into a canal at Knight's Landing at such a time, the supply
the Sacramento River .ﬁ.c:w n,.m .%: ard in 2 low grade canal trom to the river below the mouth of Feather would be just as great, for
a,oE:._cm could be :oE,_.:n:i :: e ﬂ_ place of lotning the combined ahore would come down out of the lake if not w&.é back by the river
sufficient grade to keep the Er%mm% M_p:”_o hills in the same cut on g §. water crowding past, only the supply would probably not last quite

50 long.

could bhe *Eﬁ on a grade sufficiently great

ne T 3 . ﬂo ‘e its j AT ile
that which has to tap the river cannot, Keop Tiself clear, while

Oreek sediments m ight be'held baok,

a high grade

Construction of the eut. ]
" Divirsion at Kuight's Landing.

~ Thus, under presgnt circumstances, diversion at Knight’s Landing

- would not he a relief to the river below the mouth of the Feather.

&%+ Supposing, however, that the waters of ilie Sacramento were confined

tota channel or channels, and that thereby the amount of maximum

; flow past Knight's Landing were greatly incrensed, then it would

B-appear that an abstraction of some certain quantity at Knight's

il Linding would make that much less for the river io carry below.

Here, then, are the circumstances under which this project would

B come up on the merits of tire diversion question, 5,_,0:_% the diversion

B of as much water as could be safely taken through an artificial canal
B from this point be a real and lasting relief to the river below?

By this arr: ne i .
bil co:E_Wmﬁ%ﬁﬁmiﬂ:wm high grade canal and the cut through the
of: pould | :.:_5._:~ :m‘ e mv: the nexpensive plan heretofore ;mvo_‘ en
and low el rw :A%I.:mﬁ ﬁ_,m cost of the combined 19.5'?.&.& wmmz.
cnal ol Srade cinal— would not exceed the cost of the oy Erndde

by the origingl plan wherein the crecks were to ._”M M..H_r_m_m

directly into if 3 i
Y mto it opposite their homts of debouchment from the hills
;;Eﬁ.o:cﬁ u:us,:m ;

i . ¢ » M '] .
whmmo _m,.,::.:_:,__:. would this be the case
aimly appears - such areag
perts -_:.:_,.. ~_w .m._“:_“m co ﬁ.E.A._E such arrangement, to build dims to
rade canal.,  Thus __:.._,,o::_m which would othierwise fi]] the 1 v
o Cmal m_.:::ﬂ m___.,_rw‘.ww:_m i_ the objection to the relief c.‘_:ﬂ‘_<
fhase o the o thatthe ereck water sediments w lestroy it
proposition comes up on jts merits as a relief to ﬁ_,_mpww,“%.ﬂ.mﬂ.wo.« ;

A
y
Ahways danger of harm from diversion of walers. )
, The question, in the abstract, of diverting water from a stream as a

;. means of immunity from floods therein, is discussed in an appendix
R to this report. All of the objections to this mode of relief would
apply in the present instance wilh full foree.

QSM river in ils present condition cannot be relicved

:.\_H.c_wo».:_.mo mmv:_:_:m?: of the Fngineey

icretotore cited, is hasor T o pres i

Hver syt ved . \EZ\__ _:_.%_._. the present condition of affairs in the

Py syt D _:.ow&“w_; _:_“.,:_\ wuler now enters the rivep .n.__.::_m_.

to cause the L0 pLRCed diversion at time of ordinary hiol ¢

S.m,m;mmmm _h__w:mrm.ﬂ_:_.r of Yolo and American basins Mmcu_. nmw%om;m .
) _m_,_m :m_ the levees closed: and honce the p.ﬁ.::”a_w .4
ve the viver helow ag 4o warrant (s co_‘_m?:c,-

to the Drainage Commission

k- The Sacramento River sediments,

B +The Sacramento River, below the mouth of the Feather, is at all
® times heavily charged with sediment.  When at times of high water
B’ it has o less percentage of solid material in suspension than at other
““times, its waters ave busily engaged in picking up and earrying for.
B (ard the material deposited at the bottom by former freshets which
' had more material than they could carry. And, under any circum-
" stunces, this will be the case for years to come; for, keep as much
material out of the upper rivers as we may, there will still be much
“come down to the Sacramento, below the mouth of FFeather, from the

would not so fur pe
tion.

The lower valicy floods, '
ﬂoﬂ:w%_.ﬁ _%,M:J:Z.om:_5».:5 asserted that the caster
) ! a \ v Or 3 M L
tho mE:.“mMsM moﬁ w%_..ﬁm e.__ n, might readily present suflicient water to'
el e c/.T.::.HJ he Proposed point of diversion to of;,.ﬁo.w .
only at ordinary & levees, when the upper Sacramento River a
ary winter stage.  This condition of aftairs :,.o:Eowmo%

n tributaries, the
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stream-beds above. And then, too, whatever treatment may is
adopted for the drainage of the valley, the scouring out of the pri:|
ent channels, to a considerable extent, must form a leading featurs
of it, and the waters may have enough to do to accomplish this work)
and maintain its results,  Hence the diversion of the clear waters of
the upper Saeramento River would have a peculiarly bad effect upon §
the action in the chanuel below,  Your attention 1s asked o 0 por §
tion of this report where this subject of diverting flood-waters is nore’
fully considered. (See Appendix.) S

mart of its flood waters, either by diverting from some points at or
pncar the mouth of Feather and American Rivers, or 1‘\('1'mllttmg.t]n:
Bback water to come into the basin at its lower end from the river
Bihrough Cache Slough, were the high-grade eanal constructed  for
‘the Const Range waters, it would not be possible to make use of
the ssme cut in which to conduct the water from the basin through
sthethills, because, in Jowering the cut Lo an clevation that would
P accomplish the (imilmgc of waters from thw basin, 1ts unec ATy
rade through the hills would be destroyed, and the creck waters
uing in on a great slope, as they must at the _cmnmencmmsnt .ot
b il cut, will simply back up the waters in the basin and prevent its
P dramage, for the lands of the basin proper are four feet below the
high tide at the point of ountfall.  Furthermore, the creek waters
K would no longer have the grade and veloeity upon which 1o carry
E ‘iheir sediments forward to the bay, and would deposit them in the cut.
A

The relicf canal project ill-advised.

As the case stands at present, this project is an ill-advised ong, for 4
it certainly would not relieve the river {)elnw nor the country abow:,}
When it is known that the lower river cannot he brought to n eapa-
city Lo pass the waters of ordinary floods, and when a plan is defi-
nitely settled upon and in operation for the prevention of overflow
in the region above the mouth of Ienthar, then the question of relid
at the point proposed may come up under morefavorable conditions, §
and with necessitics made more apparvent and definite. Now, that
time cannot arrive forsome years in the future—pending a treatmens :
of the natural drains—hence the subject does not seemi worthy of:
more extended discussion at this time. -

.T/.l: botton of the busin cuanot be drained by the cut, )

'Then, again, supposing for a moment that this difficulty were over-
“come, and the waters of the crecks were dispersed so that they could
% 10t interfere with drainage of the basin through a deep cut if it werce
made; still, this could not c¢liectually drain the basin, even t;hough
the waters of the river were kept out at the mouth of Cache Slough;
for the reason that the surface of the ground overa lurgevareﬂ of this
B basin is only four feet above low tide in Montezuma Slough, into ,
B . Lich the waters could go, and the tide rises cight feet in thatslough, .
k. o1 four feol above the level of the lands of l'ln.n basin. - Or, in ather
k' “words, the land to be drained is at the height of mean tide at the oul-
fal)l—seven miles distant.

W

TIHHE DRAINAGE CANAL.

1t has been proposed to drain the waters which now colleet in the§
Yolo basin through a deep cut in the Montezuma Hills into Suisun
Bay, taking the water direct from the bottom of the basin after it has
there collected. This is one feature of the second phase of the general §
problem of preventing overflow in the lower flood region heretofore §
explained. DBut, as reported upon by the engineer to the Drainage
Commission, it was not in contemplation to make the work a means
of relief to the river above, but only to carry away the waters of §
CGache, Putall, and other streams which drain into the basin from the g
Coust Range. As alrendy shown, these creck waters can probably be |
taken through a ligh grade canal by tapping the channcls where they 88
come out of the mountains. But the very essence of this proposition:
is to keep on a steep gradient, so that the velocity of the curreny
attained would insure the performance of the work required, namely 1
—the transportation of its mut.erial and excavation of its channel.

E . Cunparative efficiency of the river and decp cut. ‘

Dy keeping the waters of the river out from t,lnq lower end of the‘
basin, and by diversion, as heretofore suggested, of the creek waters
E: {lirough a high grade canal, it would seem that the only use of the
E. deep cutb woyld be to afford rapid drainage for Ilood-\)\tu‘tur.g which
£ night be diverted from or escape from theSacrinento River into l.ln.c
pper portion of the basin.  Admitting, for the moment, J.('h"f neees-
E! ity for diverting water from the river above, citherinto tlns basin 01
510 acanal therein, the ellicieney of a cut for this purpose oyer the
® possible cfficiency of the river channel itsclf from the mouth of L:whﬁq
8. Slough to the bay, may well be guestioned; and hercin lies the most
important fact with respecet to the whole matter.

=N

What waters arc surplus. ’ ! 4

Such arrangement would keep the waters of the Coast Range.
strenuns out of the basin altogether. Then if, as the BSugineer of :
the Drainage Commission assumes must be the case, the walers are:
kept ont of the upper portion of the basin from the river by mcans §
~of levees, and if the water is kept out of the lower end of the basinj
by means of levees and embankments across Cache Slough, ete.
there would not be any water in the basin to drain out except:
that which would rain down upon it or percolate through the swamp §
soil from the river, and consequently the deep cut would not be
necessary. 1

: . L. proposcd new outfadl not an open one. .
1t may be supposed that this cut would end al a point of frec ouifall
B i1to the bay. Such is not the case. At best, 1t would only be c:n'ywd
E . to Montezuma Slough, at about a middle peint on ils course. Now,
& ),is slough extends from the mouth of the river, at Collingville, in a
great are, avound the north of Suisun Bay, a distance of 15 miles, and
Jjoins the open water again near the lower end of the bay. The land
' Thus inclosed is known as Crizzly Island (with some small islets at
| 1L southern end. Montezuma Slough is generally a very shallow
8 cliannel—at points almost dry at low tide—and quite a narrow one,
¥ ot more than 500 10 500 fect in width for a considerable distance of
‘ its longth, and with low marshy banks.  Cirizzly Island is for the most
)

Ielicf for the Yolo Basin and the river.

Suppose, however, that it were necessary lo relieve the river of a

Ty
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part surrounded by embankments which are now
above high-tide level to effect its reclamation,

The waters of Montezuma Slough warld have to by

In order to put any such
Slough as would afford a material velief to the
it would he necessa ry Lo raise the water al the juncti
cut to afford a full through tle slough channel sufiic
the waters into the bay. 1
the eflicieney of the
whole water planc
basing the eul,

basin above the hills,

When this is done we, of coursc, diminish
canal to dreaw down the wnters of the basin,  The
would he held at o higher level throughout
and the slough than it would be if the lower
eut were al a point of frop outfall.  The vesuly, might well be ag
mundation of Grrizzly Tsland, and other ]

safe from overflow wider present cire

The mouths of Montemme Slongh.

Then, too, where would this water go?
has a mouth which joins the river
of juncture with the Sy Jone
the hills from the basin wou]
river by this roundabout channel and check
Collinsville into the bay. . This might he
dition of affairs for the low i
Slough, than to haye the water from t)e basin come into the river
through Cache Slough.

immediately

at its mouth or point
utn River,

The proposed outlet longer than the present one.

For the same reason the deep cut through the hills would not
as a relief to the river if the
it, the river, and the basin at
would not find a point of free outflow by goi
the contrary, the distance to '
longer than by way of the main river chann
would not carry any such great volume of water as would be put into
it from the deep cut, witlhoul o considerable clevation of jts water.
plane atb the point of junction of the cut with it: and a portion of
these waters would i their way back into the river at Collinsville,
to the detriment of the CATTYINg capacity of the main channel for
the entire distance belayw Grand Island. These points are all so sim-
ple that it is not decmed necessary to encumber this report with any
farther elucidation of thom

communication were left open hetween

1z through the cut: on

Conelnsion converning the deep ewd,

Hence, it appears that there is much of tallacy in the idea that, such
a cut would relicve any considerable portion of the lands of the basin

from overtlow, or lessen the dangerof inundation to the islands helow
Grand [sland.

Disastrous consequences might veswlt from the eep cud,

Further than this, the creation of this new
the river, is g measure of extremely doubtfyl
welfare of the whole delta plain and safely
ests of the State.

mouth, as it were, for
policy for the future
of the commercial inter.

sufficiently high

raiscd. . . !
volume of flood-water th rough Montezums B
on of the canal. ;
lent to carry away”

the 4
end of the !
land alveady embanked and ;
umstances, e

C 4
As before said, the slough 3
e, The waters taken through
d then, in part, at least, veturn to the "
the free outflow past §

& more unfavorakle con.
island property helow the mouth of Cache

act
the mouth of CacherSlough: the waters :

such o poimt of free outfall would be .,
el.  Montezuma Slough-
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rience concerning the mowths of rivers. ) ‘ -y ifie ane
If we are to have any faith whatever in the result of scient 1

‘ i fewer s there are toa
B practical observation and experience, the few or tl};l,oql)lotll;f;r;llé}l @ ave ton
:fseaiment-bearilwxg river the better. T{LC grcgéc:tédo vobume of waler, the
lower the grade it can be cnrried on, is the accepted rul

ngineering experience in such matters,

Application te the case tn hand. ] . N . ver is
.P,x\s the practical object to be obtained, \V]th msliect -to-lt{lilxei :i’)\f i
’tdﬁ‘dwer its elevation at the foot of Grand Isih]m%l}ft 1(5 \t’tlollS en%l E this
wle in the f f d volume would defeal this end, if
; the flow of the flood volv ould defeal thi dy af we
11‘?3"#?’(12%@1; flow belween two ehannels, instead of l\(t(’!)]'ll‘%fll'l llOI](TGI,‘
oven if the new channel wasﬁo be 1& shortqi" (_)tn%, a](lllsrl g‘léntire‘ly nger
B, i - fall, and even if it : ]
ime, to a point of free outfall, an rtion of iks waters back into the
pggilgrz ‘3‘0111 tlet, and did not pou{' 111 pm'tlo(]} (l)lti111%\"1\1"11‘(5“S’[Eﬁl(gx\ ltloﬁ), tho
A 3 . 106 1, OW 0O g 3 | L
iver in the faco of ils outwarc v A g hen, too, thy
%lli‘;equlion of these waters from the II’IVC \ :tlt the Eoot‘g.’ivtzlﬁmg,{lgelds]‘;1;“;
in : | * diversion where the water is heavily cha
in all cases of diversion whe e water 13 heavily ¢
sedliment, is  matter of doubtful policy on another score.
. 1 . . '
ivision of the tidal scour. ) L. g . _
By this diversion a very strong 1nﬂuen]qe, \\11110111]11]13\1& ﬁglt(s)\lfn(;ﬁ?})d
co1 biv ine ¢ qommodious channel be and
y comparatively fine and con 5 channl | ranc
nﬁllﬂlloo§>elllwould be lost. Not only would the hcti?l}ll‘llii(l::ﬁ\\é)%ltl(l)o
the full winter flow be diminished, but the COIiLS]el valiy (E’wlg ton of the
. tides, elsewhere explained, would be _dlvblded»‘ ;Ltl'“bte]'}n wo clinmels,
instead of being confined to one, and, as the L‘E( a 1{}1’581 | would not be
mﬁteriallv increased, the tendency would be to ln'l‘fbeen oo Shan.
nels, combined, only as commodious as the one lhﬁ(' e, Sorere
alre&dy two serious obstructions to t{m ﬁoc{d-ﬂowf )tci :3)1‘1‘1 i élimmedi‘mtoly
Wo \i \ ; and one of them is 1 0
70 bars, which should be removed ; > of ther n ol
_g“oobq{ﬁ: 'where the Montezuma Slough would 1031‘1111t 2 0T tl;i)éll \‘r)tu:ln(i
di\ll)e;tefl floods and cause a istlll] worsetb-ix.r.t. ¥ Il;ll(‘i]ii(ll q?\ hsorvation
i study of 3 wtions by the most distinguished « suceess
‘ s y of these questions by the iinguighed anc success
t}&(l;ﬁgﬂ?@m.q of ]:l.tia years, has led to the <,011c1}1bl.9115_111sh?]l:}fl‘;w:h Ll(E
“'S;i'lllillﬂ,i'lCLIlSOS that such diversion would 1'esult.11tl Ht'(zllli(:}lersio'xll y
the nnvigablé qualities of the river below the point of ¢ S10M.
L -

The Mississippt mouths. o . . -
Tt has been shown that if the M;.issassilppll_ Rl*{(l{L qulr(}qﬂg'txx(}(l)yl 11511195 1{)13(;
eearm 5es X d, leading to as me
'ee arms, or passes, as they are called, ling to as m mouths, but
(t:}(i;let?ul 111](]‘.(1 on ?n one channel, its waters would esc a.lpo ?111 (:3 lgll(lé;l-it?i(()::
& grade in the one channel than in the three; that ttl(? (1) d cle 1l1p n
i %x,rould be lowercd at the head of the passes 1.6 fee ,'ill}f} 500 Wb to
‘ Orleans, and beyond. Now, the advantage which the Missis
R Orleans, divi ling, as it does, is to seeure o wider field on which
ippl gains in divic HE 8, 15 1o see L ‘ e
T(I)I )ﬁh g(glsit its qedimenb,’ and thus 11t does I}FL Iﬁu_lld 01;1{ (Ei}lydoil;llizisotislt:
a single one, if all in one; ¢ nis is g
hs as fast as it would a single one, ) ; .
: lsllli(;gl}lllt '1dvan‘tage as compared to the disadvantages coupled with it

‘n‘.Thc Saeramento mouths. . 7 .
. But the Sacramento wou%d gain even no Sl’l(}lll .}g;’?glltlz}éenastglt;i ()1%
"Qivisi Fits w 5 ¢ manner proposed, i

vision of 1ts waters in th ) ide
-'*‘geg“like the Gult of Mexico, to dump into, but, as shown, a port
‘sea, ;
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of the diverted waters veturn to the main ehannel, and the other por- 3
tion would be led by w eircuitons route through a shallow slough, and.
be dumped out upon a mud flai, already, for the most part, bare ab |
low tide. Under these circumstances, if this line of reasoning is §
sound, it is questionable whether the low eut thirough the Montezumi 4
Hills would be permitted by the general government, having the-
interest. of navigation in view. And it is more than questionable:
whether it would relieve the river in an appreciable degree ai times
of ordinary floods if it were made. g

et as that of the flood which would hiave to be poured through the
ﬂlls in the deep cut, 1o make it worth while catting : and, fourthly,
‘the high grade canal would be carried toa pointon the slough several
miles nearer its lower outlel iufo the bay, and would enter it in such
o manner ax to send its waders, for the most part, out that way. and
not back to the river al Collinsville,

irieed of dinerting the creek waters from Yelo lasin.

Tt should also be remembered Lthat the diversion of iliese creeks
would remove the chief cause of choking the river in Steamboat
Slough, such us occurred in 1878, aflord o greater capacity to the
river above the point of choking, and leave wmore room for water in
the river below ; so that the relief sought for the island property
by, the cut through the hills would be in g great measure secured by
removing this one great cause of the sudden accession of waters in the
: c]'mnne] below the head of Grand [gland.

A cut through Grizzly lsland.

There might be an entirely new mouth made to the river by cut
ting through the hills and through Grizzly Island, out into the bay;’
this would bring the channel to agreat mud flat, four miles in width, 3
necessitating jetties to keep it clear, and the effect would still be, as™§
before explained, to hasten the arrival of the time when jelties will
be necessary to keep the main channel free and open for navigation
below Collinsville.  Aside from this, the first cost of the work would g
necessarily be greatly in excess of that by the plan of making use of
Montezuma Slough as a continuation of the ncw channel, and-the 3
damage to property would be greater also. ‘

RELIEF OF THE RIVER INTO THE SAN JUOAQULEN.

The propositions for relief already discussed, have all related o
some work designed 1o dispose of the walers of the Coust Range
ereeks, and the overflow or surplus waters from the Sacramento,
which find their way into the Yolo basin, by carrying them to a new
outfall through the Montezuma ITills. )

0
The deep cut a flood-gate only.

Now, it may be said that this deep cut would be used only to let
the top of a sudden Aood-wave out, and that the water would not be 3
})ermitted to go that way, except in event of the channcl below Grand 1{

: * Alternative plaza of rolicf.
sland being gorged.

- #Should it be decmed advizable to attempt to turn the creck waters
over the Montezuma Ilills, it would then becone necessary, in order
to reap the full benefit from the work, to keep the Saernnento waters
out of the basin, at least at its upper end. 1f the Sueramento, from
thie mough 5t Feather River to the head of Grand Island, is to be
relieved of a portion of its flopd waters by means of a supplementary
channel, undoubtedly the most tavorable location for that channel
s fo the west, in ov alongside of the Yolo basin, hecause the Amer-
ican river would interfere with the diversion on the cast side.
4

A possible relicf into the San Joaquin.

A better flood outlct to be had.
. . . . . . . - ¥
If this is the only object in view, then it may be shown thata much
better ouifall exists, into which relief may be had at far less expense, .3
namely : across Brannan Island, from the foot of Grand Island, into
the San Joaquin River. 'This plan will be spoken of in the next ;
article. ‘

Final conclusions concerning the deep cut.

On the whole, it appears that the projeet for a.deep cul throug
the Montezuma Hills, to drain the Yolo basin and allord relief to the
river, is attended with many questionable points as to expediency and: §
utility, aside from the fact that it must be a very expensive operation,,
for the cut alone might by 1o means constitute the greater portion of,
the cost, if it were undertaken,  But of this more ab some fulure timo,
when different plans of relict are considered on the cconomic basis) |

" "Below the head of Grand tsland, however, as a measure probably
caleulated to atford a better outfall for a portion of the. flood-waters
which are so suddenly presented through the Yolo basin than the
iver presents, there is the alternative of opening an cscape-way
shutherly into the San Joaquin river,

J"“laods of the Saa Joaguin,

} This river is rarely in flood at the same lime as the Sacramento.
i Tts periods of full flow occur during the late spring months—May
Cand June—when the snows melt in the high and dJdistant Sierras,
g while full flow in the Sacramento is not to be looked for after March.
B 1t docs not bring down anything like the mmount of sediment that
& the Sacramento does, so that its shores are comparatively low and
= marshy. In its lower portion it has much less grade than the Sacra-
& ‘mento, and having o more open mouth, the tidal action is greater.
§ Tndeed, it resembles an estuary or arm of the Day more than a river,

Effect of leading the creek waters into Monlczuma Slough. 3

In this connection it may be remarked, that the diversion of thes )
walers of the Cache and Putah Creeks into Montezuma Slough would:
not have anything like the cffect in raising the level of the water ing”
that slough, that the admission of floods from the Yolo basin and
Sucramento River would have. In the first place, the floods of the
creeks mentioned are of very short duration up to their maximum
limit ; secondly, conducting these floods through the long channel
they must run through, would greatly reduce their momentary vol-
ume, and increase their duration ; thirdly, their volume is not so' §

' Velow o point opposite the foot of Grand Island.
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T'he San Joaquin channel « g00d point of outfall.

IV vt e o 1yt i) |
:;v% *.u._o, u ﬁw_x_ m._w_‘~“_mw”‘,“__ of the *__.Woa_ waters of the Sacramento River
e San Joaquin. they would there fing o outfall
than in Montezuma Slougl, d a much better outfall

B just considered, beeause it is thus far alluded to only as a ¢channel of
£ escape for a portion of sudden eruptions or waves of flood-water in
rthe river, and would only act for a short time; and because, in the
part of the river now under consideration, as will be hereafter shown,
b the conservative action of the tides will, under proper management,
k- keep it clear.

)

Past rotief into the San Joaqun,

1
m_%_v_mo_mm. ﬂ__.c m__,_%:_m tndications existing on Brannan [sland, in Eo
—.5,&:_ _:& ﬂm_ﬂﬁ_%_hﬁ:ﬁ:c_m_ _sﬂj.or E.m there to be found, that at times
e e bast bas has heen the line of eseape for $ ior
mt 181 ! ;i scape for the sudden erupt
loods from the Yolo basin mto the lower Sacramento, H:re%w,

< (82 ::.u_ 1 open 1L ~ (O as h _1.10: S —A 4]
ﬂ:muo was » A} 1 ‘_.Ar_ H...~ ~F_< LNOowWn as . Rt )] n.:.

Conelusion concerning the veligf into the San Joaquin,

As a means of relief to be looked forward to with some degree of
. confidence, this measure is suggested, but its efliciency would doepend
‘greatly JE: the line of treatment adopted for the river, thence to
B the mouth of Feather, as well as upon the treatment of the Coast

o Range creek drainage.

which extended from Old i
xlende m Old River, near the f G ‘
il Lee noUME haver, near the foot of Grand sl
,:_.%“_m.w“ p_c :__r San Joaqguin, But this slough has heen closed for L_y.mmw
yoars, ; vdoother channels leading to the San Joaquin from near th
JWSJES_B are still to be traced. It an outfall 1s to be mad, m_._:: is
Sacra 1 ‘ an outfall is f made Lhis
:.M_AJ.M __Mv% _ﬂv_m_,,_?__:_c__,:t m.:m.__: Hood from the Yolo basin, its ovc::_mm
sobe helow the head of Grand Island - dse this
Would Lo fiow | aand Island: otherwise this property

 Such reticf might not be necessary. .
For instance, if the Coast Range crecks were turncd over the hills
into Montezuma Slough, and the Sacramento were not allowed to
overflow into the Yolo basin, at its upper end, then there would bo
¥ no sudden cruption of waters from Cache Slough and the Yolo basin
f: to provide for at the lower end of Grand Island; and it would simply
“become a question of enlarging the capacity of the river. In this
event, it would be necessary Lo afford all the relicf possible past Grand
¥ Tsland, and then, as an auxiliary measure, Jackson m_ocm___ might be
¥ used to relieve the Old River channel.  To effect 2 material benefit it
B would have to be opencd and enlarged, probably. But more will be
& said of this plan hereafter, in speaking of the general treatment of
the river. o e
k. In any event. the utility of this latter work would only appear after
R the flood-carrying capacity of the main river from the mouth of
§ Feathor River downwards had so far been increased that the volume
¥ of flood-waters brought to the point of diversion was such as to
b threaten overtaxing of the chaunel below, or if, by making the diver-
E sion, a greater capacity could be induced in the river above by afford-
“ing & more open outlet than would be had otherwise.

Proposed point of relicf into the San Joaquin,

Tl istanc : |
e distanee through fro 3 S
' : m the Sacramento t 3 in,
b . roug 1to to the San Jo
:w%mﬂwwm J.ﬁ Moww of _E .w_:__ Hmr_::ﬁ 1s five and one-half miles _.wmm“wm,
oo et BL8eS, Whieh nns hereinbefore heon deseribod. fhe e
stood in the Saeramae . | peen deseribed, the water
i the Sac nto, at the A ir ;
_owm_.,_mo i it , point mentioned, thirteen feet above
.— j , . . o oy e . . , .
%:m_w_w ”,,_p_m_ _.uw.ﬁ:‘“___w:z: ,J ﬁ its __5:::_ winter condition at Yhat time
, any flood there, I am told. If this w o, and T
e as not ai . . . s was the casc
m.m”wm:ﬁ M:, M‘mﬁuf‘c: to helieve it was, then the tide was mw__wmﬁ_w m,_wﬂ%
QH.E.;NTH_MM,.M h_: J:;, river. and at the point opposite the m%om_ of
fond Island m.:w, ow-tide Jevel was two feet, and the high-tide six
ot W.EHJ,.: “:ﬁ ,:.o in the bay 1 or, In other words, the :com_.:iﬁo_.,mw
the, L;@n:_ﬁm?of._ﬁ J‘_o foot oﬂ Grand Island, was nine feot above’
alf t JEhesansJoagquin at a point only five and 1t mi
halg . . o ) ¥ live and one-half -
. .:my.ﬂ,.*. A._fl_ﬁ.wt,_ua_“w_:_:m had ?é_:_ :_, connecting channel ::..:.EM:____A_\M
» e v Ot HHe water surface would have heen nearly et Lo 1
prade ot the watcr su YO Mmenearly two feet o t
i M_H,o.“,_? ._:,,_:_,».7 _; would not have risen so high in the Sac .::mw:_._,%
grade of the river flood-line itself was only (.29 feet per mile,

St

The Old River channel to be atlended to.

The Old River channel below this proposed point of diversion fronx
E it is already wider than it is above, so much so that the water is quite
B shallow, while above it is comparatively deep. To keep this channel
¥ well open, and at the same time to profit by the new outfall gained
- by thie partial diversion into the San Joaquin, it would be necessary
E. 'to provide tor the passage of more water down the Old River chan-
b nel to the point of diversion than can now pass, or else narrow it
2 below the ﬂo:; of partial diversion, so that it would maintain a

g better depth.

A great relief might have born had. ’

Here, i pss (i .
udmm:wa,_whﬂﬂwﬁu___,vmwmu_ _.Mﬂ ‘,&_H.ﬁm:q.m;r:,: &:.o:mr the Montezuma Hills
AR e “,w.:: ¢ :.N.A_,_ow escape for that flood. The route lies
pared to s _.,:_ sland, Thoe cost of construction, as com.-
. hat of the hill eat, would be insignificant, indeed '
?Wwﬂ.&. damage no greater, if as great At Indeed, and the
e o to e Tt N
frob m_,tm_‘_,c,,.,k‘m_u._co“w‘_.:ﬁ_a___x;c‘:.c recurrence of the rush of waters
AL :_..:_ﬁ. c_, the .M:_o basin which occurred in 1878,.it "
south bank of the m._:.: make awide over-fall oscape through the-
| e dacramento into a channel to be cut j he S:
Jonquin. cut into the San

k. Advantages and disadvantuges.

There would also possibly be urged against a proposition to turn
any considerable portion of the flood-waters of the Sacramento into
the San Joaquin, the objection that the Hoods of the latter river might
‘thereby be made {o rise higher than they do now, to the detriment of
t lands now partially reclaimed but already so low and swampy as to

be difficult to levee securely. )
- At present it cannot be said that the effect would be sufficient to

Effect of the proposed dirersion,

It should he ren j

tshould be remarked that the objceti rged FOr i
diversi * waters jection urged heretofore apains
&ﬂ%.ﬁ%:_vow :‘.:M.J,..o: :y‘o ground of its causing deposit in :_.cmzu..mww

! clow, does not apply witl force ag against the _:.o_..ummmm:
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lay a_ground for such complaint. Tn view of the great size of the
San Joaquin River below the point where the nceession of waters
would be had, and in view of the fact 1Raf the Fivers are so seldom |
in flood at the sune time (indeed never except at times of general
extrnordinary floods, when there can be nn guarantee againse over- |
flow of any of the low lands), the probability is that no material cllect 4
of this kind would result: and the decided benefit which would acerue '3
from having the very muddy waters of the Sacramento brought in to- §
consolidate the river banks, and in time aflord the material where 4
wmlL to build good levees, would be an argument in favor of the
work.

-

3 ?\;at(zr entered the valley during each hour of freshet. These flood
olumes being truced down the strean and combined according to
weir time and place of presentation to the woain channel by the rule
-thif. the toe of the Hood-wave moves with the maximum velocily of
4hd eurrent, and the crest somewhat behind the mean velocity (vary-
dng according 1o the amount of reservoir space oulside the channel
itself to be filled, and assuming the channel 1o he of good regimen
and sufficient in eapacity throughout), it has been determined what
would have been the maximum discharge at the head of each division
had all the waters been confined within banks.
: "+ The results of this work will be s’uln‘nitted more in detail in a sepa-
X ) X3 v W v revifa's ealee 314 aviyacis r 1
Present ralicf through Thercenite. Stough. - {f:}t?l(l;lr:]l)ﬁl i‘nsl(l‘zﬁdn“ hile, for brevity’s sake, certain extracts only will
A considerable portion of the flood-waters of the Sacramento River 8 o
now find their way into the San Joaquin River through “ Three-mils | 'The ordinary end extraordinary floods.
Slough,” which joins the two rivers ut a point about six miles helow SR The differenee between the ordinary and the extraordinary floods
the locality just under consideration. This junction is made ab-a 9 of the valley have been heretofore explained in this veport, and it
point where the Sacramento has lost so much of its elevation above % ‘has been intimated that the immediate object should be to plan for
the San Joaquin, however, that no great amount of relief is effected, ‘3 ‘the rapid transmitlal of the waters of ordinary Hoods and only for
for the river above, during flood periods; though the 1878 flood was' e mitigation of the evils from extraordinary floods—such as that of
drawn down by that outlet, so that the surface slope from the foot § 1862, for instance, which probhably must be allowed to spread.
of Grand Island to it was much greater thence to the mouth of the 8 P ’ i
river. ’ A “Types of the ordinary floods.
,“Now, the floods of February. 1878, and of March, 1579, may be
Volaken as dypes of the ordinary floods of the valley, and as more 1is
g fl\"no“"n of them than of others, they only are discussed herein,

INCREASING THE CAPACITY OF THE LOWER RIVER.

I have now indicated and set forth in general terms the merits and 3
demerits, as they appear to me, of suclt plans of relief for the Sacra- ¢
mento River through the lower Hood regions, by diversions of waters
from their present channels, as seem at all feasible and, worthy of §
consideration. R

It yet remains to discuss the improvements of the channel of the 3
river itself to insure the greatest flood-carrying capacity therein. 4

' )
CHANNEL IMPIROVEMENT—GUAND ISLAND 10 THER SAN JOAQUIN,

: :»’lctua.l discharge during flood ¢f 1879,

" During the highest waier of March, 1879, the largest freshet of the

- season, and observed by this Department throughout its course down

g the valley, the channcl below Grand Island passed about 87,000 cubic
feet of water per sccond, as the largest average for 24 hours of flow.

The yroundiwork for present opinions.

Preliminarily, I desire to state that the figures given in this dis- :
cussion are partial results of laborious and extended computations
made in this office.  These computations are based upon the resulls
of the surveys, examinations, and observations of this department, -§
made during the past year and a half, and more particularly during'}
the flood season when the cross sectional size and the slope of the} §
river was constantly known throughout its valley course, and its dis-1 4
charge was being measwred frequently al points between Colusa and -4
the head of Grand Island (below which the operation of the +tides
interfered with current observations). And ilis work was supple-
mented by surveys or reconnoisances of all tributaries from Stony °
Creck, around the head of the valley, to the Amcerican River, together
with observations for discharge during the flood flow in some of the ‘]
largest of these streams as well as smaller ones of the number.

%

Discharge reatly due to the lower river in 1879,

Supposing the channel of the river (o have been of good vegimen,
and of suflicient capacity throughout—had the freshcts last men-
tioned been conlined between banks and carried forward o the por-
tion of this river below Grand Island—the greatest volume here
0 presented (Jeaving Pulal and Cache Creeks ont, as being diverted
swover the Montezuma Flills) would have heen about 100,000 cubic fect
. per second.

-Ilictual dischurgein 1878,

S, By comparison of elevations, slopes, and cross sectional dimen-
" sions, I am_enabled to estimate that during the high water of 1878,
“when the large flood-volnme came from the Yolo basin, the river
channel below Grand Island ailorded passage to about 135,000 cubic
feet of water per second on an average through the tidal day. True,
the lovees on the gouth side were overtopped, for there was more
water presented than was transmitted; but then the channel would
ey the same volume at a lower level if its defeets were removed, as
" glsewhere spoken of. .

Deductions concerning the fivod volumes. ' L3

TFrom the data thus obtained, the rate of discharge for each tribu-
tary throughout the flood period has been approximately determined !
(knowing the character and drainage area of all), and tables of dis-]§
charge made, from which it can be told,approximately, what amount §
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Discharge really due to the lower river in 1878,

Not having the data, it i difficult to say what would have been the

ereatest amount brought to the syme part of the ri
been confined,.
1son of elevations nt points where the discharging ¢
8'known, T am led to helieye that, had the ereck w

aters heen diverted
it would have heen

less than actually presented and transmitte

under the circumstances of the rush of waters from the Yolo basin,

as heretofore deseribed,

The river below Grand Island.,

ered

the whole river above were brought to a proper condition,
islands south of the Sacramento, helow Cirnned Island, can he Pro-
tected from inundution during sucl ordinary tiood-flow
by levees but littlc higher than they now have. if the river is put in

ood condition ]l):lst them. and at its mouth; provided, the waters are

rought regularly down the river, and not through the Yolo basin,
"he channel

in number, as follows:
LProposed channel correetions, ) ;

First—Removal of the bar at the point of junction with the San
Joaquin, opposite Collinsville: to be effected through the medium
of the scouring action of the waters contined to a ¢
width by jetties.

Second—Removal of the bar just above Rio V. ista, opposite New-
port, and the enlargement of the Rio Vista ch:mnell past Wood

sland; to be effected in the same manner—by the construction of
jetties from the mouth of Old River channel to the head of Waod"
Island. '

'['/w"r(l-—-\‘\"i(lc:ning of the channel and protection of
shore in the Horseshoo Bend, just above Emmaton: to be effected by
placing a series of spur-dikes in the concave side of the bend, to
throw the current off and cause cuttings in the other shore, which is.
a low marsh island, not reclaimed.

The first two of these corrections are of the class someti mes under-.
taken by the Genernl Government for the improvement of navig:-
tion in similar cases, and probably if any considerable appropriation
were made for the Sacramento River, these works wou J be carried
forward in that way, for the neeessity for them is now being felt by
the shipping interests of the river,

Sherman Tsland

CHANNEI, IMPROVEMENT—HREAD TO 1FOOT OF GRAND ISLAND.

Deficient capucity at Grand Island.

In a description heretofore given of the present condition of the
river, it has been stated that the channels on either side of Grand
Island are now large cnough to pass the waters which could he brought
to them by the one main channel abhove; i
maintained ata height uniform with and otherwise up to the standard
of thosc on Grand [slund. and along the cast side of the river, gener-
ally, below Sacramento. As the effect of this deficient capacity, we

. [€ river had this fresher :
But, from some knowledge of the facts, and compar-

ipacity of the river -

in the river, -

corrections necessary below Grand Island are threg -

hannel of proper

that is, if its levees wero |
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a4 s head of Grand Island, and an

i cing-up of the stream at the head o nd,and

. ”l'd . bzglk;}:ﬁcugxothe fl(:od-slope down the channels 011‘ e(ul(nl slll((l;ng(t;
i;n_rg%zgm oat Slough is the shortest of these channels, an

i hag the most grade.

" The changes in Steamboat Slough. ) . s orm. to
. Owing, however, to its exceedingly uneven 22?:23&;2123;111&28 L, G
¥ the unfavorable disposition of its head tlo rg eive the currenis, anc
"Si'obably to other causes connected with t lle lgw(\r ow from tib 100
Basin into and across its channel near the 0 end, o

] h : is 8 as been
"] ‘diminished tidal action, as hereafter explained, this slough hi
In short, the Sacramento River below Cirand Tsland can be rend- :
amply eapable of carrying the maximum volume of ordinary ¥
oods, if that flow is presented to it in due order—as it would be if

And the 7

] : 5 , channol
shoaling rapidly of late years. It is {'cql‘ly ﬂ‘l)c}d:f(t):(]-tl'n'euu channel;
but these circumstances will not permit it to be eftective.

Tlffect of cut-offs. . : o,
d :(("\lb-‘oﬂ’s have the eflect of lowering Lthe ﬂpod-]m ;‘;h? u‘b(‘)v.e ghi(l:nl])’e 11 g) d
‘I : uniess they lead into a place of frec outfall they also 1(’.'3618 b below
T:tllerﬁ; that is to say, in shortening thet stfrefz}lrlrll B?E‘t‘iesgl’f ;&(;2 ilé e
¥ whi “does— in amount of f: S § 15 say
8 which a cut-oft does—a certain a of fal 8 s sayed
¥ ‘Ll}ll(i this is distributed partly above by d_rm\mg d(l)\\ 111) ctel;st‘t :lotlel Line,
p. im(l partly below by raising 1t.t E}q)l(n'}ence1 01]1110( Lf:' s wiLtI) n hago
<h ' i ¢ being done away , Ct :
v at, owing to bend-resistance 7 d y with s
g - g}el:)\‘c‘rnllgvl ‘d raw dogwn the level at their heads about twice as much a
E- they raise it at their lower (:11{15.

The river below Grrand Island a freg ontfall. & , ‘ e e
The Sacramento River helow Grand Island : ‘l\il](f]lt ggcgillfégﬁlniz ]1313‘1;2 .
tofore described. may be regarded as a free pu:cta of t > streams above.
First, because it will be of ample capacity to pass rdinary flood.
aters: and, second, because its flood clevation hereto Vore'l‘ the foot
:)\fat(f‘ii':lhg Iéln;ul, has been controlled by the ‘\.'{Itelﬁ W Yl(l)(llul . ;:in
‘entere(d it through Cache Slough and otherwise t{()‘m‘i\.’ éel) ol u;; o,
Sand not by the waters which_have gone down the |t "iin{n‘;r 3 the
) t which would reach it at any onc time of or ury flood
) umoun}_ \t‘l e channel, if all were forced to_run in it, woulc not be a
thrmllg ls i‘tlw‘m ‘calleci on to transmit during the rush (t)lf w {Ltor? elrI;
'11%1718(: ltﬁé ﬂoo:ltliue would not be 1":Lised by sending the flood-wn
into it on the route of Steamboat Slough.

X Stough the main channel. )
< "To make Steamboat Sloug, ; , . . x’
Now, in view of the foregomg,lnn(l on the {)r]tlé?llplﬁeelffgzslltclié
' of reater ‘olumes concentrated, 138
. that the greater the vo ent he :
spokeﬂl ob\ My in tghe streams, it may be readily ux_1dmst<30d t{n};
B 3 rincipal flood-carrying channel of
- by making Steamboat blmu]z,h the princips
¥ 8 . N
¢ river, wo w wer tho grade. ) N
! thTfrlt\lyegl’l “;:1 \(\l(i)l‘lllli‘llli];ll\illg the l;lope, we do not raise the 1;)\\ o hl(i(lbe
{as'u’lre]qd)" shown would not be the case—the lll[)¥)e?’g;l(‘lt“t,;))23 d be
lowered, - This is the desired result—a relief of t 1€ rl}n at the ead
of Grand Island, to induce a greater slope, scouring [ \

capacity above,
Result of the obscrvations of the Department.

i is Department during
Por instance, the observations made by this Depar : duri
thg Ollfmiltlsﬁlégﬁ,season have shown that the flood-slope at half-tide
b
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risi ;o f as i

mmoﬁ%o%mw_:.w_%ﬂﬂw s it ﬁ_oom.mﬁ, the mouth of the Mi
jectior .:::.,m: :,::,_,.c. .;__‘_...Wmﬂ_”_:_,:ﬂ ,_3:5 be determined mainly by -
stances, the river would be omm”m_hﬁ&%:: 1 e e ircun.
Insignificant in dimensions, ) erent in churacter, and auie

ive aclion of the tides.
R If thon, wo admil the conservative action of the tide—and of this
Fthere can be no doubt—we must next inquire whether it is possible to
prextend the range of ascent of the tide to points higher on the river
iind increaso its height all along the range.  Irom what has been saic
it will be understood that this question is only anothor torm of inquiry
Ewhether the mean depth of the lower river can be increased and its

B lope diminished.

Volwme of tidal flne,

Tt is the ' . .
volume c:_.“_.“_.mn M:w,,ﬁ.:o laily regularity of the tide, but jts actual -
chaunel sectjon. ) »/_.H....:G.:__M,e_:m; zn_,__c_...m..,:: 50 far to determine iz
’ .._:.Z:,:,,,,. of tidal :3‘,».0_. which chhs ..._.:;,x Uty of increasing the tidal action of the river.

The first answer to this question must, I think now, under present

ircumstances, he in tlie negative, for the reason tliat the volume
& -0f sand coming down the stream is as great as ever.  The causes which
B have produced the increased slope, and have encumbered the chan-
nels, are still in existence. Not only are the channels now more or
lesscencumbered with sand, but there remains sn unmeasured reserve
B of great extent in the river beds above and in the eafions of the hills,
¢ to add influence to these unfavorable tendencies. ‘

flows (hy i

s th ‘ 4 et o N 1 )

s __.j,mwdm__ any %_t:: seetion during the tidal period of six o -

must :lso :m _:.:_.,M_.. cpend upon the storage volumo above : and ﬂ :

dependent on Mn. m:_“‘_,”‘ ﬁ.% volume that can pass up o river is .‘E.::S:l. ‘
L tavorable section and g asit i :

e e a1t L yora slope of channel as it is upon :

Volume to he inereased,

These t i
s¢ bwo clements are in g g th
] S ¢ a sense complements of f
on e two cl i plements of each o :
Wm Lo w_r.,w M.ﬁ._ w.ﬁ:?.::ﬂ a channel, or by guiding the m_n.c._:o_.%m_wa:: ‘
Capidal :“ ._w ,_,___o: “:,..fr.c::: and pass o greater volume, this m;.z_w
i S return, hemng concentrated i its ion, will not
consery S - G Atrated 1noits action. w &
nserve but will act to mncrease the depth of the c:.:._:,%: ot o.:r

&_,%\\.Bs,: the sand flow. <+ - e
: It these bad influences cannot be restrained, or substantially modi-
#: fied and mitigated, we must continue to give a negative answer to the

question. The opinion has been expressed in this report that such
. modifieation is possible. If this hope should, by proper action
bécome a positive fact, the character of the engineering problem would
be entirely changed. The Sacramento would then become what we
‘mghit lerm a natural river—subject to such influences only, tor good
"~ or evil, as natural processes produce.

.

Brogress of the tidal wive,

H_:_E_:‘E:.. 1851

,. y of the transmiss ' i

to ol velocity ¢ transmission of the tidal wave s flon
i ragfauare root of the mean depth. If. therefore tl wnovo_wEmmﬁ
15 reduced by any ecause, the veloeipy . o the rise. shbes
hecomes e, cause, the velocity is lussened. the rise aboye
iconies luss, V.‘,:E._.MWJ _3_ of :_;_ M_C pwssing is reduced, the conserva
Uuve ac noonnished. and the useful qualities of the ohaaal
Are In every way impaired, ot dualities of the channel

Sw& tidal action can be inercased in the river,

. tUnder such conditions, the problem of extending the inlluence of
the tide could be attempted with every confidence of success. [t
becomes, then, no longer an untried experiment. It is mercly a repe-
. titfon of operations that have been successful in many luropean
rivers, notably the Clyde and the Thames,

It can hardly be necessary to do more here than sketch a general
B outline of the means of accomplishing these results. This has heen
B reallvy indicated in what precedes, but it may be well to point out
B here how it will be possible to detect the places where special con-
X M,Eozo:m will be necessary in order to promote the object in view.

. . Lo
Lormer tidal action i the Sacraments

Tt 1s understo
Wi ~5:_o_ﬂ_~w_m.ﬁ.w_:ﬁ be true, .:r“; 30 years ago the cffeet of the tide
ot G ::2::. ;_x_,ﬁ.,._:__%_;r of I Miz__:_., and was as mueh as two »..o&
Yevn | St s Deaay, C:‘_:N to the ~._ v . e DA
action is TIPS I ) ) 1¢ s of slope, the
h n is :c&.?::_::a e Haycock Shoal. whicl is about ;_cf .M:_c. tidlal
1e mouth of the IPeather River S about 51 miles below

Tuerease | ¥ 1
case in slope in the Sucramento Diver,

ﬁumr.ﬁ.ﬁ_ma& ﬂoh_vm durin :

e se of 3 uring the last 30 vears below S i
w_m%: Mw._,ﬂwmue_u,w%_r.wmw.w ﬂ,,,.,_‘:m*?ﬁf The low water of wmmmi.ﬂﬂum_m
ento. ity o _:,:L.‘..: AW o :WE..,,_::‘ witter al Now York —E:.;?m:,
the o St :.e, at Now ﬁ_w ork was then several feet higher than
stae o 1ge of th .;M ,: el ..wo r:,o amento.  Now the average Jow water
water at New York | _,_:__..”_W.H.?“._pc 1S more than nine fect above Tow
than five fect in 50 milos .‘_:m“:.n_m% ﬂ% _...;_4: erense of slope of more

T discover the defests of a tidal channel.
A defective condition of a tidal channel may be recognized in
~one or hoth of two ways: REither by the abnormal shape of the
*diurnal tidal curve, which is recorded by an ordinary clockwork tide-
gauge, or'it may be shown by a sudden change in the slope of the
co-tidal line, as shown on the profile of the water surface in the
. “channel.
E. ' The defect being evidenced in this way, the cause is sought for in
the local section or local slope; the section may be too wide, or too
narrow, or ill shaped, an.adjacent bar may exercise an injurious
influence, or the slope may be too great, or a secondury channel may
interfere. In some such way, the cause being clearly established, and
the case diagnosed, the H.oEmm% is usually not difficult.

Change in the mean depth ia the watey of the channel -

While the min; -
e e minimum depth of the ch: - -
not ereatlv ) dey - the chunnel bolow Sneram
Ze:,.ﬂos,ﬁ_.,xmwm__:n.m;.,‘ except through Steamboat, Slough u_b%awﬁm mﬁ
reduced ‘:_m:..~,.” _,__ﬁ r“_c_:,: :_:; the mean depth has been :_:%_m.
, ASTI B SCD pools have becn greatly ille ) o o
have the oxnlanat, . Avgreatly filled, 1n Lthese fuc .
vears he explanation of the reduction of tidal influence :,..:r. ».:.hm o3
years, as we ascend the river. 1thin recent
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. i . ) V . N .
F docs add something to the velocity of drainage, but that is much more

Diagnosis of river phenomaona. 3 { : r ¢ \
Eihan oflset by the illing of the stream,
¥ 1ho) ‘

In river treatment the diagnosis of the case is really the essonee of
the matter. The fuets are so various. and so obseu re, that in ascertain- |
ing them and disposing them in their proper relation, Hes thie main
difticulty, and in the inability to ascertiin and formulate the facts, §
is the explanation of the failures that have sometimes oceurred.

criver section and slojues,

B The increase of seetion in the rivers, the c_]«‘u]llpfsﬁ and smoothness
R of She channels ][)l‘()lll()tl,‘tl by the daily action of the tides, and the
B lowering of the slope, are all favorable to a low ﬂminl-!ln_o. -

B This 1s well illustrated in {he lower section of the river. where the

. . . . CoL Koo J »8s” than in the section about Sacramento, as
These local defects being cured, the natural forces. which are the | Fflood-slope is much less” the If this slope

. ! ! ) : *ow itudinal river profile in this oftice,
land drainage and the tidal currents, will then have a fair oppor- ehown on _u'_(_’-]f)l“m“:h,“_,l] ?]\” \ l”“. flood-line of 15879 would have
tunity to do their work. and the influenee st the tidé being favored, i _’{;f’“]rd be mk]”lt(l \[\f)u? [ll‘;-ll‘;:liltt-w(u'n‘ll\ﬁ' was at Sacramento.
will return the service partially in the lood—by disposing the mae- § el seven teet lower the ) : ’
rial which it carries on the borders of the channel—and in the ebb
wearing a deeper channel in earrying the sands to lower points. ;

Scouring power of the watcrs.

~ 8lopc of tidal rivers. . . o
_ This low slope is found in the parts of the river least vl‘mpan’ed by
B+ deposits, and preserved from these deposits by tidal action. In the

Earatio that the {n\\'(:l‘ channel is blocked by deposits, so will the flood-
[ slope be inereased, and the floods above be heightened.

Observations of the past season.

Now, the observations of the past season, conducted in the manner 4
described through the agency of clock-work gauges and connecting, |
level lines, have shown not only the serious defects in the river §
above, heretofore spoken of, but that the chunnel lars at the mouth' 3
of the river cxercise a most pernicious influence on the tidal wave 1
its passage up the river—prevents its free wopagation, and hepes 3
diminishes the conservative action just outlined. A striking illus- {
tration of this is found in the fact that the high tide level below the 4
bar isa foot higher at the low stage of the river than it is ot Rio Vista
13.8 miles up stream, along a deep, open channel,  Thus the bar pre
vents the ﬁllling of this basin by the tides, and their beneficial actjon 3
in scouring the channel above is limited; hence, for this reason also,
as well as that it is an obstruction to the flood useape, this bar should
be removed, as heretofore recommendcd.

tance of the conscrvative action of the tides. .
The tide is, then, according to the view of this report, the salvation
f the lower divisions of the river; and the extension of its _mﬂg-
nee, either by raising its level at any given point, or l,)_y extending its
by\\' up the river, is so mych gained in this general interest.

xII%ANNEL IMPROVEMENT—LOWIE DRIVER SCOURING ACTION O TITR
! F] .

CURRINT,

\.
I’ the improvement of the Sacrmnento River clx:\.rnrnel",_ t],'c lngst:
otent influence for general good must ever be the lransporiing power
f the current in the stream itsclf, produced by thc outflow of 1;111({
rainage waters; for the beneficial effect of the tides will be 90111flui3c
o~the lower division of the river, while this scouring force of tlle
B drainage waters gravitating to the sea is present throughopt the
Jehgth of the river, and only needs to he guided and concentrated to
work industriously for the desired result.

Time required to tmprove a tidal channet. ' .

This sketch of operations is not for those of a day or a year. The
engineering devices will bring about no violent or sudden change in
the river. They m ust first arrest or modify the destructive agencies, 38
and then they must aid the force of nature in restoring the channels 4

and further impl'O\'C them. “Frassporting power of currents.

Without entering here upon iy discussion of the "tm.nls)porglnhg
ower of running water, which is very generally recognized utv\»el_y
ittle understood, it is well to say that the obzervations made by th{s
& Department in the transportation of sediment and sands by the watells

.of the Feather and Sacramento Rivers show conelusively that. though
at the lower stages of the streams, with the presence of a small mein
E velocity of current, there may be a greater percentage of solid .mattei
& held in suspension, yet, when the streams are high. the sedm;enl;la
¥ carried are of a heavier character, more sandy in the}r nature. A;Xn ,
furthermore, it has been observed, that during the full stages of the
“sireains the bottom is onc moving mass of sand.

To improve the Sacramento River channel.

It has required the expenditure of vast amounts of time. ingenuity, 3
money, and physical force to put in operation and to bring to their’
present condition the agencies which have wrought and still
are working injury to these channels, and of which [ have spoken.
To counteract these the State must recognize that at least sonie con-
siderable proportion of the same elements must be applied.

The tidal flow and the floods in the river.

Now, it may be asked, supposing that, these results are obtained
after some years of eflort and expense, in what respeet, other perhaps
than in navigation, will the river community be bencfited—will the
Hood line be lowered?  If we admit the tide again to the upper reaches,, §
will not the tide add to the height of the flood within reach of its! :
influence? Does not the increased slope now existing promole rapid -
drainageof flood? To this may be answered, that the inerease of slope

sorsations of the past season. .
" At Freeport, 14 miles helow Sacramento, where t,hci _1'1;7101' ‘::TS
ounded and resounded 14 times i one eross section, czuet.]u; y, over
he same spots, during the highest freshet of the season, ¢ imMT .1]11
an depth of 1.5 feet in 24 hours were frequent, and the rule; winle

+
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on one occasion the mean depth in one eross scetion varied 2.64 feet, §
M !

(‘fel;;]tl] 1:1 m‘:\l,xn]n}l.nn }ffu‘m tion for_ﬂ.bout 100 of the width of 6.5 feetiy.
UL And from the cross-scetional measurementsof the streams, i
= 12 ,

has been found that where ¢ i
nd that where the waters, which are now confined below

the mou American al ] &l l()\ <l a, : lq ¢ ecC (5! I) S3
betwe n b4 ll\h a l)(,)“‘ “l()' ‘(fet apar ‘} ] ¢11 N aept b (."(:t [t} W‘
ho ‘ " v of ] y t 1610 mean 10] “] 18 ]2 l b 10

1 the wide reaches and scour 1t out in those of average width and in

the narrow places, w ; i i
1rrow places, when scouring 1s going on at all. |

Hero SO IS, -
(:llzliflllt;l l? tllxe 'L]\’lf,l'(*ll(?e of the ability of the current to restore the
Frood 1'1"0,({“;1 lll.ll \‘(‘ il l_,ml,lm' than ever, it it had the opportunity—wered
froud froy l‘l 16 load of sands constantly coming from above, and had
s IL m“n;}]l(,. bars removed by proper treatment, | 1 ‘
é t?(‘;)ll‘:gf ltlls 1'0]_{)0{'1: by the citation of many facts as to the nature and
q;lﬁ‘i‘ooﬁ N s ¢ :t]lSS 1ot ]){lqnomenu' observerl during the past S(‘ﬂéOﬂ"
s AL Lo sAy, that cortain primary proctie Susions of fact are
hadl st ain | ¥ practical conclusions of fact are

Hlesults of the obseruations made by this Department.
Where the chy i L Wi
re the channdl is at a width duly pronortioned i
‘ ) ¢ : dl TOpOIt: ot
of water it now habitually i 0l opths of wepes G amouti
duc? a wellformed cross'section ;
n'}ilall(bs- "U“O‘l(,«{l‘ll(:(] up in the body of the current more than in the
rreachies, where they are rolled along the bottomn |

Conelusions From these results. )

These facts appear fo « E
hese facts appear to show that confining the water to a channel of :

width bearing such a proportion to its volume as to cause a scour to

the greatest depth lpossi ble, produces conditions in the filaments of :

tl]e cur Ienf t:.l' H L « < R < < g e
g Yol .l]) ¢ ior JUNS ¢ { C r ¢ ( Se ] 11
t( “ Y tl n 1)()1L lt] nm o “10 h CAVICr Sed mmen ES

ow Y 3 dyevrn 41 . " 3
w, it these observations are not in error, and i the deductions '

are s he o RO} v f !
e sound, then we have a key to the measure of scouring powor we

embankments of » sufe height,

General treatment of the viver channel. )

It were idle at this ¢ ; )
. * ab wnis o vovor 1 3 e . . . .
time, however, to enter upon a discussion of just ,

what this effect would | if i
this b we be, even if the observat y ;
i sufficiont Taun e he, ¢ servations had extended over
ave 1 e Py or I 3 |
fi'?)} T(1, ]:I(z:c))\(tct)]ll :(.])”l(mg a8 t}'nere 1‘enm.llns the constant supply of sand
o agove, the inerease of scour in the lower river w nly ac
e Ve the increase of scout h : r would only aceel-
hl]itéowl(,,hl(ir.ll;rl\Gén(pé,] tU}' “,llls mjurions silt from the upper goux'}(:e c((jf
' i e1'taln Cver ' 1t t ST JP oul
stopped, these river :ll;l{lli?(}irse\cce)il’lilhﬂg e bup%)ly rorenel i be
bped, these river channels coul, very much improved within ¢
few years, chiefly through the ageney just diseussed proved within a
T'rocess of channel tmprovements.
The proc
£ Toatlien. 7 &
mouth of Ieather: We must suppose the water delivered at this

point through channels from the Upper Sacramento and from the

Feathe] a lld 1 ]] 1 B area b LLe ] a8 as maug ]l ()t lt now
. y 1 ”18 h] <t} Slli [, ) DS ]]1, 1

sp%\l,(.(m of later. .
ith the corrections i chay i
s in the channel below, heretofore noticed, and

Fhe | 1878, as against o depth of et in wid 13
g oW Wator fine of 1575, ainst o depth of 4.8 feot 1dths of 4
100 feet; and that during Hoods the tendeney is to r:(l."igsel‘i.]hg lgct)%:]t%g !

It were useless to )

]
1

.

carries, we find depths of water which pro? 48
and fu rthermore, at such places the,

d
i

may expect s C rver bo e . ~
ay expeet should the river e run as full as could be carried between

to be certai F our r hi p
ain of our results (which they !,

would be somewlhat as follows—for the river below the.

Why this must be, and how it may be accomplished, will be.

; disturbed, nnd deposit would oceur. b )
“wfour miles along the way, located according to circumstances, to be
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similar treatment for several other shoals at points above the head

rof Grand Tsland, the stream would be of fairly good regimen; it would
be in a condition to levee, and by raising the water surface force the
couring action without danger of washing out the material at one

place in the channel only to deposit it at another,’and thereby

“making a worse obstruction than there would be if it had been depos-
ted more evenly down the bed. .

Uniform system of ievecing.
Thus, were the levees of even disposition, uniform heighth, properly
~adjusted width apart, according to the flood volume to be carried, we

would have a channel balanced in all its parts. .

With these embankments five feet above the flood plane of 1879,
3.3 feet above that of 1878, from Feather River to the head of Grand
‘Island, in the average their mean elevation would be 7.0 feet, or 3.0
'feet higher than the average of the levee now existing on the east
sidé of the Sacramento below that city to the lower point named.

Relicf of the channel.
During the first years of the flushing of the channel such a levee

© would be liable to overflow by the waters of ordinary floods; but

this must not be permitted, neither should considerable volumes of
water be diverted at one point as a relief, for the conditions in the
current favorable to the transportalion of sediment would thereby be
But at many points, say every

t studied attentively, there should be an escape weir capable of passing
‘s maximum volume of 2,000 to 5,000 cubic feet per second, each open-
ing into a channel between embankments leading back into Yolo

basin.

Forcing the scouring action.

Now, so long as the river channel could pass all the water presented
for transmission during any freshet, none should be allowed to escape;
bu} the scouring power should be preserved at a maximum degree for
the grentest period possible; but when there came danger of rupture
or overthrow of any portion of the levee, the floodgates should be
permitted to act sufliciently 1o ward of the evil.

The result to be expected.
It cannot be doubted that the result would be made manifest in n
L great increase in the capucity of the stream. The narrowest places

@ . would be widenud, the bottom all along taken out, and if per chance

a hard bar should be exposed that would not yield to the scouring
adtion, it must he dredged out: if u bank cave so as to endanger the
levee, ik must be protected, and promptly, too.

Such is an outline of what is thought to be a proper treatment for
the lower Saeramento.  Further details at this time would add noth-

L
1»:.

X ing to the practical value of this report. The principle involved is

broad; river improvement, the “promotion of rapid drainage, the

¥ . reclamation of swamp and overflowed lands” of this valley, requires

organization, government of works, subservience of individual inter-

B cst to public good... . . .o
B 3
b # R 9h
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TO PROMOTE RAI'ID DRAINAGE—LOWER FLOOD REGIONS—IRISCAPITU-
LATION.
Works advisable on the lower river,
With the lights before me at present, it appears that much good*
can be effected, and great harm prevented by— '
First—Turning Putah and Cache Creeks over the Montezuma Hills
to a new outfull, through the Montezuma Slough. .
Second—Removing the channel hars between Grand Tsland and wid- |
cning the channel in the Horseshoe Bend. ‘
Third—Opening a new head to Stcamboat Slougly, and making it
" the main flood-carrying channel of the river. )
Fourth—Constructing an uniforin system of levees higher than those .
now existing, with waste or flood escape weirs at short intervals-of -
space, leading into the Yolo basin. co ‘
The sund flow must be stopped. .
Always provided, however, that the sand flow from the upper
streams be checked, that the whole drainage systeim is properly man-
aged after the works are built, and that the upper valley drainage is
regulated as hereinafter described. . :

Results from this treatment. Lo .

With this accomplished, very much of the Yolo basin would be '

exempt from flooding in all ordinary winters: for o comparulively
narrow strip through the upper part would lead away all the. flood '
that would get into it after a very few years, to the great sink at its
lower end ; and as the floods would always run down much sooner _
than they do now, such lands would dry out carlier in the season, for

there would be no escape upon them except at the top of the flood 3

flow. ‘ ;
The American basin would be exempt from overflow from the
rivers, but would still reccive the drainage waters brought down by -

Auburn Ravine and other erecks from the cast. In.the course of 3

time this could be remedied by conducting these waters to the river,

some around the head of basin, and some into the American at the B

lower end.

Grand Island, and others below it, would be no longer endangered &
by sudden eruptions of water from the Yolo busin upon them ; for . 4

unless there should come such a great inundation as was presentéd {

in cighteen hundred and sixty-two, there would never be cnougli, - 4

waler got into the basin to produce anything more than a gentle flow
from Cache Slough. o

The river bank property, including the City of Sacramento, would "
be much more secure than 1t would be otherwise, for the river, though
kept at a high stage, would have a regulator, so to speak, upon it, and
with judicious management the danger of overflow would {)c reduced
to o minimum,

v

The character of the relief to the channels.

It will be seen that the project involves the diversion of water from
tho river channel at time of {lood, but it should be distinctly under—
stood that the manner of diversion is entively different from that,
where 20,000 Lo 30,000 cubic feel per sccond are tauken out in o low!s:
grade canal at one point.  And furthermore, it should be remeinbered

oy
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that the diversion is only proposed for the top of the flood ; that it
would only bea temporary maode of relief during the fivst yearsof the
process of improvements ; and that the whole aim and object of the
work would be to make the river in the course of thne carry all the
waters of ordinary floods, in ils own channel.

A final report impossiblc. .

I regret that T am not enabled at this time to give an unqualified
opinion that chis plan will aord w specdy and complete rolief from
overflow. Al that can be said now 1s that it will greatly better the
existing state of atfaivs: that instead of becoming worse, there will
follow a gradual but certain improvement in the drainage of the
valley, and that in any event, if present tendencies are to be stopped,
and the drainage ever to be perfected, very much if not all of what
has been suggested must be done.  [n this connection 1 call your
attention to the coneluding paragraphs of this part of my report.

THIE UPPER VALLEY DRAINAGE PROBLEM.

¢ This problem has been stated as follows: To provide drainage-
way suflicient to bring the waters of ordinary flood volume from the
Upper Sacramento, near Stony Creek, through to the head of the lower
region without overflowing or threatening the upper region of pres-

. ent floods.

By reference to the description already given of the river, it may
be seen that above Butte Slough we tind a channel of greater slope,
dimensions, and capacity than below it.

Thé waters advance rapidly to the point spoken of, gorge the chan-
nel below, are thus backed up to high flood level, and cause inunda-
tions.  True, they also overlop the banks or break existing levees
between Princeton and Chico Crecek, before the gorge, 25 1o 50 miles
Delow, is consummated: but then, as compared to the leveeing on the
lower Sacramento River, there has never been anything done, except
at limited localities, to prevent this. )

Suppose evon greater eimbankments would e required for the pur-
pose than on the lower rivers, certainly if' levees must be higher and
stronger in one locality than another, it secms reasonable that when
the greatest flood wave is presented, it should be dealt with by means
‘proportioned to the nccessities of the case, if such are practicable,
unless relief may be had without increasing the burden to be borne
clsewhere. )

This latter c¢xception is scldom the case; for in conducting flood

waters down the valley, any acceleration in rapidity of drainage in

ils upper divisions, by precipitating the (lood below, increases tho

-momentary volume there, and necessitates more drainage way for its

accommodation, elsc inundation will folow. ‘T'hisis particularly the
case where, as in the Sacramento Valley, there are large tributaries
joining the main stream, whose freshets arrive at the point of june-
tion_before the waters from the upper valleys get there. The first
flood wave thus presenting itself to the main channel, should have
ll the time possible in which to move away hefore anothier is hrought
down upon if. ..

The only exception to the general rule discountenancing increase
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in rapidi F drai f
strczlf:1l(%;§%0? .(‘hiu']_mge from the head of an alluvial plain when the
W s delicient in capacity, is to be found where its waters
(4

can be conducted to a separate outfall: that is, not brought down to :

accomplished from Ul}\la[}’g Il(_)t‘beeu enabled to see how this can beg g
\ he Upper Sucramento, and henco conelude that TR
‘ ) ' less, and hence it could be the more readily made navignble and

meet other floods.

the wise ¢ just plan to f. i
cox1s\t“1-|;((2td‘:\)v((]n-']]l>:?!41tp]l‘l-l-l tto tollow will be o (o all that can be done—
vallet prc\\‘fe‘n't &‘ls up to the standard reached clsewhere in the
injury ot Vet | “tal gﬂ(;:ul of the waters which cause so much
Fotmilaile e lt lJls is accomplished the floods will appear less
meh donc] of I"'u'li '-0‘9 ‘i(}.\‘ff an opportunity hercaficr of presenting
anii )I‘Ul(‘)nrr H‘xi;l'("] l'l'(:(/ll l’ung this prol)lcm, which would unneces-
foet \.‘viﬂl b ({?oﬁsi ; \..1 11c.u Y .lengthy report; for the present, the sub-
With the focons (‘(,‘110( oy upon the principles involyved in deali
ood-waters and the river, e

CHANNEIL IMPROVEMENT AROVE COLITSA

From what has bhee id ¢ i i
river above I&l:llt‘stuh(.é‘]l(l)usa}]ld (;OZI‘C?TI‘}“‘]g the relative capacity of the
importungs of |t a! or Lolusa, and below those points, the
that utece of .lln‘mfg“t 1‘0 discharge from the upper divisions into
readdils I'()C;Jg]]i;(;d?l;;d "l‘ maxtmum quality as possible. will he
take b b anoad; “‘16 ]F.zrlp.‘l‘f'll)y below s alrcady deficient; it will
be undui el ‘l'i(l 1, therefore the waters from (he above must not
nge rool ‘inptl'i‘v( I‘lt o If possible to present it. The greater the stor-
ot Hlﬂ\'l‘lllil‘:l‘“‘”[]h ltf?'e.lt, above the point of least capacity, the
vent disaster to l(\i"(t)l}' “0\\. from the upper divisions necd be m"pre-
o eas siioilld .'):‘,(.‘.?’ _%elle.v Hg‘nce above Colusn it is necessary that,
b :l‘nothc'r db 3 lf .,1[):;1.I.. _L or_tuna.t.(,fl ¥ other circumstances con-
of the rirothe ti;i:n','m;nt for this disposition. The immediate banks
For levens g this 'l(gJ‘(])n generally do not afford a safe foundation
Tocality is’founff I'lli)l’}d“]l le)lltllll.lﬂl])" caving down, but a favorable
of the ripee it l"l"(l!' mldr].)l:nn lands which extend on cither side
placing t i, th ‘];. l!.\l—..lllCU of wmile or more from rim to rim. By-
the ok S s (.\u,lx‘(:n these hard ving lands, one great object of
attained above g ll):):"‘(‘i(;(lvl( ‘lolf ut(lfcr(.m.l-]).hfhcfd: & large resorvoir capacity
Wi}ttell' is comparatively Small,u river where the capacity to pass the
Qe N, ot ¢ g
RI)OVOI‘(PZ.)I}L)IZ‘-:;I:lf(';‘lll'i(:l‘ll,fAht? u.mv)t‘l'ner object of work in this division
" ‘ul]m division Joald be prevent the too rapid passage of the wators
1€ natiural foo e . . .
conre ll);'l‘(!llllrft:,gnf:'I[“']("“'(:y]O‘t the river is continually to shorten its
and then wiing ‘t'-Lll]O'SS't Vl(,_l()llg smuous.lu-nds at time of high water,
v caving doe it a l\ \u'Ehgu banks, to increase its tortuous course
g e l()]]"ﬂ‘))(“ r),d.n]\b I the coneave side of the hends and so
points o <:nt‘:oﬁ"m"l"s?d-”t]‘- q,’”W“”‘ any ont of the many different
route of (he polk ! .'I_\l at any time oceur, which would shorten {he
miles. The rate oi’\ (t:' ‘[1[“}:»‘ (it water from half a mile to two or three
between points ; the ;-Lﬁ;:qfl]clistmcren%d by shortening the distance
uous course of the rjyer (is ((i( o (.)ntmvrd'_flow presented by the sin-
more rpid advanes o oo e away with at that loculity, and o
This sl L jlix:(‘) | 1(t '(Q)O(‘l-\\':l‘\'(‘ 15 the result, ’
sideration o 5 s \\‘ 11 15 not wunted in the division under con-
ralley. henee it se(-i’ ,.u.‘ a .good sought by a drainage system for the
be pacyince it ¢ us reasonable that cut-offs above Colusa should
p nted, and the river should be encouraged to increase the
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" sinuosities of its course, up to the point wherein the reservoir capacity

in this division is brought to the highest figure in volume it can be
put to without overtopping levees of sate and reasonable clevation

®; ~and cost. Were the channel more crooked than it now is, it would
" belonger, and the storage capacity greater in it,.the slope would be

kept so all the year round.
pon this general plan the principal works essential above Colusa
to Stony and Chico Crecks, will be:

First—A levee from cight to fourteen feet in height, on each side of
the river; the two as far apart as the topography of the country and
the charncter of the soil will admit, up to a maximum limit of two
miles, with an average of-about 14 miles.

Second—Protection of bhanks to prevent caving where the river
manifests a disposition to make cui-ofls.

Third—ncouragement of caving at points where it is desivable to

‘increase the length or give a better trend to the channelway, and so-
prevent the formation of bars. .

Fourth—Training the current to c¢ut channels of moderate depth
through the very shoal places, and so increase the navigability of
the stream, and preserve its stability when desired.

Fifth—roduction of a growth of timber and underwood on a large
portion of the country between the levees, to hold back the tlood
waters, when above the natural surface of the ground, and so prevent
a downward rush thereof by the short route across points, and the
formation of cut-offs which would thus occur.

It may be thought well to divert waters from this channel, near
the head of the division under consideration, and conduct it by a
canal through the Butte basin or alongside of it to some other point
on the strcam below, and thus diminish the necessity for extended
work along the river in this upper division.

After what has been said, a moment’s refleetion should lead us to
recognize the faet that this would constitute once big cut-ofi—a cutting
oft of all the bends atl onee—for a part of the walers at least.  If the
principle is wrong in the one instance under existing circumstances,
it is wrong in the other.

It the waters from the Upper Sacramento are brought to the river
below sooner and in greater volume than they would como down
through a natural channel of good regimen—even capacity to hold
or pass the water as it is presented to 1t—the problem of drainage is
rendered more difficult, The lowcer regions would be flooded for the
relief of those above. And it seems reasonable, first, at least, to do
all that can be done to prevent this result before it is deliberately

sought after,
CITANNEL IMPROVEMENTS—COLUSA TO FEATHER RIVER.

While above Colusa, an object to be held in view under existing
circumstances, is to prevent unnecessary rapidity of movement in
the flood-wave, below that place the point of balance is passed, and
thenceforward to the mouth of Feather, and, indeed, to the bay, it is
necessary to assist in cvery way the carrving capacity of the channel
in order that the wators may be conducted onward as promptly as
they will be presented from above.

In the division below Colusa, or Butte Slough, rather, the channel
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proper, yet might a strong north wind, sweeping over the twenty-scven: 3
miles of this Iake surface down to the head of the leveed portion ofy

the river, pile up there such a volume of water to be carvied away as
would bring disaster 1o works and lands far below.

Something similar to this occurred in 1878,
i;rent. flood-wave which overthrew the levees of Grand [sland was
lown out of the Sulter basin 59 miles above.
the lower Sacramento from this basin, the flood line was raised at the
point of junction about live fect in.a few hours, This wave went
down the river, caused breaches in the levees, and swept into the head
of the Yolo busin, diagonally ucross which it coursed, running well
up on the west rim, and making higher water there than on the east
side nb.opposite poiuts: thenee, turning, it again crossed the bagin and
was projected out into the Steamboat Slough and the division of the
river below. where it overthrew portions of all levees in its way, and
destroyud property valued ad hundreds of thousands, almost millions
of dollars.

The primary cause of this mishap, of course
capacity in the river at many parts of -its course;
auses aside, there is an important cause in the defective system of
works in the upper tflood region,
the good condition of the river, and the welfare of the lower valley,
depend upon eflicient works in the upper valley, Unless the waters
are kept from spreading from the river at will into the head of the
Butte basin, nmll thenee on down into the Sutter basin, there can be

.no thoroughly eflicient treatment of the lower river, and no perima-
nent security for works and property far removed from the seat of
primary looding.

I hope to have the opportunity of presenting facts in thisand simi-
lar cuses in a more definite form at some future time. At present

was the deficient

the most tnportant and the fundamental principles are sufliciently

illustrated.

The present. condition of allairs can be greatly improved. Very
much land now annually inunduated can be protected from overflow
during any ordinary ilood, through a proper treatment of the drains
made by nature to earry away the waters, provided the whole sysiem
of works be under proper control, and authority be lodged in the right
place to adopt such measures as may be necessary to construct and
maintain the works everywhere in the valley to an equal degree of
efficiency. When this 1z done a long step will have been taken
towards the complete and rapid drainnge of the valley, and this much
wished for consummation will neither seem nor be so far in the
distance.

SUMMARY O CONCLUSIONS.

In closing this part of my reporl, for the purpose of bringing
together what appear to be the important peints in the whole matter
of promoiing the rapid drainage of the Sacramento Valley, [ now
summarize certain deduetions already made, and add thereto others
which will he more tully substantiated in what will be said hereafter
under the head of “'The Flow of Mining Detritus” | -~

The chanucls deteriorating,

First—The valley rivers, already much deficient in capacity to

A large portion of the,

Iintering the head of ¢4 3

1)111‘, setting natural

Thus does the sufety of property,
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¢ annually, in the most impor-

- T -dinar ods, ar d )
Seatry the waters of ordinary floods, ¢ £ performing this duty.

tant divisions, becoming less capable o

B 7o sands the primary causc.
¢ Second—The great primary ¢ :
tels-is the flow of sands trom the «
b Jetritus is dumped.
S

ause of this deterioration of the’qh:‘m-
aftons into which the minmg

A bad levee system. . . N
Third—The carrying capacity of the streams .ll).lll(llhfihe}l 1“(3*2111:1"1"11\?:,

" s drains has been greatly injured, and the pro l'(-’-nlli’lobv Kulating

~ihe drainage of the valley have been much complicated by he

“ the drainago : ank ts and uncven results of leveeing
Jicious location of embankments anc

+"along the rivers.

The channels never large enough. 7 o
Fourth—The river channels never were cap.ablq .Qt‘. pdssi\l.'li%hglllet
\\-ate{- of ordinary' floods through some of Vt.h‘elr‘leiy15}(;{:?0(]_‘““0”
BF aterial rectification thercof, and the al._tcmpt to (fmf 1.1’1(',{ od-waters
8 b‘ the simple construction of 10\1;3(:3 ﬁuthol{t iﬁsetx;ggl?e:ocohld the
ot 1ces i \ the channels

aid of other devices lo 1mprove ¢  not
lqllave succecded generally, even though the sand-flow had not co

down the rivers.

Destruction of Steamboat Slough. . ' ) N
Fifth—The very existence of Steamboat Slough, an .ﬂnpozﬁani.z
“branch of the river, as a navigable and flood-carrying t(,rm:: ], 1s
threatened, as evidenced by its rapid filling within recent years.

4 )

The future of the lower rivers. ' . N .
Sixth—In the natural 'nr(ll)(]n' of tllntlllg: L\rfc t]ﬂtwl(l)(\)\(’el;‘ t[?éri?é% sgé 12;:2
jmpairment of the navigable qua 1 e 0 t o Jowrer Do aipply
in river in the near future: the flow of sunds - the }l ly
:Hgém-lv in the beds of the l?eut.her{ Y ub;,u.f l)e:m.r, 12;11 ijtali:all(i'] ]i('-;afl.ll‘(htfég(l
ers will bring about this effect ‘unless the O\V;,l' 'n'\”nlt elf 1s troted
" to improve its regimen; and, in any event, this l(; b won
b before the general good effect of the '500}11‘111% f-ctllSo gould be X
" below the mouth of the American River, unless the

below that point were rectified.

Cn  pestraini ] 1-florw. o
s Importance of restraining the sond- ) ; . |
Seventh—The presence of sandd in the upper n_v?xﬁ wh(c)ll\l%@détn éz
(N 1iabie to be brought down in quanf@ltlel:s. t”l'lpﬂglbmnsmm%w b ey
ieh o wxist 1 suceess of whatever ple )
‘ ich ought lo exist in the suce f ver p m pro
;z}clted to Fegulate and facilitate the drainage of the valley: and hence,
it is doubly intportant Lo ward ofl the danger,
B )
' The sands now in the caitons. ) . . '
Eighth—1f the deposit of detritus in the strtehams \_\;(0);(; t(l)nfie?set t‘\lg
" yet wo i 3 S afions, ¢
; : necessary to restrain in the ¢ ,
once, yet would it be l A B aveady there, and
ibut: ren s ’ cafions, that which is alre: &l
tributary strearns below the catons, lroady thers, i
j S 3 : in order that we may \
stop the flow of the sands therefrom, we . with
;tr())y[') considerable degree of certainty, upon the efficiency and perma

& hence of drainage works in the valley.
F 10°
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k heen rendered less [it for cultivation by having the flood lines raised
2 i1 the adjeent streans so as to make them swampy in characler, and
o the great body of the low valley lands hus become less vaduable,
b because more diflicult of permianent reclamation, by reason of the
R-injury Lo the flood-carrying eapactly of the rivers,

A remedy possible.

. g ‘.
Ninth—"This danger can be warded ofl, in a great degree, b least, *
without radical interference with existing intercsts.

Danger of deluy.

Tenth—The restraint of the sands in the cafions, and in the deposits |
along and in the tributary streams below their cafions, admits of no -
delay. It is the first objective point in the restoration and im prove-::
ment of the carrying capacity of the valley streams. ' ‘

ugfit to valley lands.

£ Seventeenth—On the other hand, however, there are lands in large
B hodies which, us they stand now, are more valuable than before the
¥ siream beds were raised; for, having been dry lands of poor soil,
gy have been rendered moist and tillable in o high degree by the
aising of the sub-surface waters in them, which has followed as a
¥ -consequence of the raising of the streams.

Nutural lendency of the stream. 1.4

—

Eleventh—1f this desirable result were measurably secured—if the
flow of sands into the Feather and Sacramento Rivers was stopped—
the natural action of the rivers, relicved in a great degree from the
load they now have to carry, would be to excavate their beds. and
gradually to work back to the regimen of twenty years ago. ’

-

7 +
erping sands out of the cedions.

¥ yLightcenth—Without doubt much of the mining detritus can ‘b(;
&' Lopt out of the main caiions, thus largely diminishing the quuntity
B tobe there reservoired, but how fur this remedy, or preventive,
F- ruther, may be applied, can only be determined by special exami-
. nations of 'the various mining properties.®

4

T'he'river channel.

Twelfth—The accomplishment of this latter result can be greatly
hastened by engineering devices and works, and subsequent manage-
ment thereof; and, under any plan, this treatment of the natural
drains must form the chicf fealure of the scheme for providing rapid
passage for the watcers. o

. Sape of the subject.

iNincteenth—This is a_sabject of great scope and importance
directly, affecting the welfare and prosperity of a large portion of the
seople of the State, and the problems involved are of the gravest
dharacter, so that their solution cannot be arrived at, if tully worked
out, even in a year. .

1irteat of possible improvenend,

 Thirteenth—As it would have been ceminently practicable to have
improved the carrying capacity of the streams to a very great extent
beforo they hecame injured by the sund-flow, s0, as they ave brought:
back to their former regimen, may their rectitication and enlarge-
ment of capacity be carried far beyond that point.

.

} IG;‘adual A‘culm(mf.
Twentieth—Remedial works can only be carried out by degrees,
ki and the detail of treatment which the subject must receive can only
2 be determined upon finally. as the partial results attained point out
he way, and by such policy a satisfactory issue may be looked
farward to. :
' RECOMMENDATION,

e
Raising of the viver channel.

Fourteenth—This filling of the main channels, though confined to
the Feather River and the Sacramento below the Feather, does by "
raising the flood lines at the junction of the two streams, reduce ‘the 3
slope and capacity of the Sacramento above the .point of junction,: .
causing greater overflow, and seriously complicating the problem of §
drainage in the upper valley.

; The Stale control of river works.

The study of this subject huving brought me to a sense of the
+ absolute necessity for organized efiort in these matters, 1 can only
' recommend that the State take charge of the druinage ways and all
% - drainage works, and exercise such control over themn as will regulate
.~ their use, promote their improvement, and systernitize the construc-
B Lion and management of all works designed 1o promote rapid drain-

k1 age and prevent inundations. :

Interdependence of works.

Fifteenth—The interdependence of works for the preservation of
overtlow throughout, the valley has been so completely demonstrated |
by the mishaps and disasters of the past, that the solution of the
problem of drainage here presented can only be hoped for when the
work is carried forward with the one object of disposing of the waters:”
as a whole, and not, as heretofore, for purposes of reclamation of sep-
arate parcels or districts of land, and therefore it is essential that those. .
operations should be under one head. ‘

. : Financial outlook.
¥ . As to who is to pay for the necessary constructions, it does not
B appear that any suggestions lind a proper place in this report. |
£-: may remark, however, that nothing which has been said is to bo
e interpreted as meaning that [ see no way of accomplishing the
Sizteenth—"The dirveet injury to vall o I « dgsired end except by State work; on the t:()’l‘)tl‘:ll‘y, while some of the
| derteentiv—11i¢ direct mjury to valley lands, caused, by the flow of = § = devices necessary are certainly such as the State might with propri-
sand and “slickens” over certain large tructs thereof does not repre- - . by, In my opinion, contribute towards, the great bulk of the work is
sent the measure of harm thus far done to the agricultural interest, - 3 PR ' ’ 2
for other lands are in danger of similar submersion: still others have A

Injury to valley lands. r

* The ust conclurions will be diDusteated i thae repoet o Mindong Dialeitas,
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CHAPTER 11.

AINAGE.

g the San J oaquin and gacramento Val-
tion Lo this socond part of my report,

Tn what was said concernin
tunity 1 have had to study the

y floods, by way of introduc
ry limited oppor

blems of the San Joaquin.

sations on the San Joaquin.
ag been no opportunity at all of observing a high
“thore has been none o observe—nor has
at hand to fully collect the data of flood phe-
as made, as explained in part one, 10
June. 1879, which failed, however,

Hence, though 1 would much

y superticinl troatment at this time.

San Joaquin.
sxtended up the San Joaguin
1s, as far as the mouth of the Stanislaus,
Tor this reason the data available will not admit of
on of the field of overflow, as has been given in the
flood regions, and hence, no general

There are, though, some points of

st which are sufticiently understood to make possible a
discussion of them, and, us they are important and of great loca
I feel justified in undertaking it, at the sune time Teiterating
sossible to obtain the information neces-
\cﬁnite statements. 16 is my intention,
to make thisa speeinl object

Surveys and examinations have been ¢

and no further.
o full descripti
Sacramento Valle

ill be attempted.

the fact that it has not been
sary upon which to make ¢
however, should 1 have the opportunity,
uring the approaching spring.
! FHE SAN JOAQUIN RIVER PROBLEM.

The river {lood problem proper commences far above the region
surveyed, for we have hure very much such a ease 48 is presente in
the upper Sacramento Valley: ease where an upper division of the
channel is larger and on a greater grade than that below, which

(habitually loses a large portion of its watew and has become con-
tracted.  1enee, for tho relief of the lower division trom flood, it is
egsentinl that the river above it be not treated so us to precipitate the
floods upon the channel where it is of deficient capacity. 1t may be
said that the San Joaquin River flood problem necessitates a study of

the river as high up on its course as the point where its waters first
escape from their channelsin time of ordinary flood, and this point is
above the mouth of I'resno Slough, and not far below the crossing of
the Valley Lailroad; for itis only there, for the first time 1n ascending,
that a good gauging of volume in one channel can be made at time

. of flood.
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BAN JoAQUIN RIVER.

scveral divisions.,

—_—
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in the Bay). ... ) ‘ e 5.60 20,15 3.85 1245 ! .50 ‘10
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Sax Joaquiy Rivir—Continuned.
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Middle River. dle River to ver. umne, Mile 8lough.
D¥sIGNATION. H 1 bl __: 'g‘ ; :‘:‘ = _ g _ =
: z3 FE 3 28 | BZ ) = Z ‘ =5
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OLD SAN JOAQUIN RIVER.

Channel dimensions and grades in the several divisions.

First Division—8an Joa-

Second Division—Middle
River to Tom Paine

I

1

Third Division — Tom
Puaine Slough to Mohr's

quin to Middle River. Slongh. ' Landing.
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Fz 7z R ¥ =
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Difference of elevation between upper and lower station .. 2,15 0.75 1.80 | 1.23 4.60
Average slope per mile 0.51 0.19 0,48 “ 013 0.50
Maximurm slope for any five miles _ 0.60
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River—Continued.
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FLOODS AT THE ITEAD OF THI LARGE ISLANDS,

The main flood region of the valley.

The Stanislaus River enters the San Joaguin from the east, at the
head of what may be ealled the main flood vegion ot the valley. .
Above this point there have been, alinost annually, inundations of
a region of country gencerally amile or two in width, and in excep-
tional flood seasons the waters spread over a much greater arex.
Jut a few miles below the wmouth of the Stanislaus, the greatest
expanse of what has been known in the State as swamp and over-
flowed Lund conmmences, and extends ko the Saeramento Valley delta
islands heretofore described.,

The large islands.

Roberis and Union Tslands are the two principal tracts of this
great body of swamp.  They He alongside of cach other, in the midst
of the wide ¢xpanse, heing formed by the division of the San Joaguin
River into three branches, called Old River, Middle River, and Main
River, respectively. ‘

These two islands are partially reclaimed, having levees entirely
around them. They sprend out across the body of swanp sixteen
miles in combined width, and stand in the way, as it were, of the
movement of the floods down the valley, for, before they were leveed
the waters moved over their surface in broad sheets, and were drainec
away by slonghs which join the viver at or near the lower ond of the
islands.  Since the levecing of these islands. however, and of the
main lands east and west of them, it has been found that the ood
waters rise higher in the channels than they did formerly, and they
have frequently overtopped and breached the embankments along
the head of Union Island, as well as at other points, [t is proposec
to inquire somewhat into the causes of these floods.

Obserrations al San Jooyuin City.

A point ealled San Joaquin City is situated on the river, one mile
west from the mouth of the Stanislaus in a steaight line, and two
mniles below jl by the course of the channel, There was a river gauge
rod at this point, and some flood marks were ascertained, so that the
slopes, cte., will he given from it. :

San Jowpein City to Ohl River,

From San Joaguin City to the head of Roberts Island the river
yursues an excevdingly tortuous course ; the distance by the channel
*,om:n 19.6 miles, while‘in a line following the general divection, from
wom:p to point—bearing north 19° west—the distance is 10 miles.
"hence the main channel runs northerly.

Old DRiver. .

The Liewd of Roberts Island lies in the forks of the Main River and
01d River. The last mentioned channel leaves the Main River about
at right angles to its general divection. and pursues a very winding
way across the heads of Roberts and Union Tslands,  From this place
of leaving the main channel to Moht's Landing, a point on Old
River, the distance is 10.6 miles in a straight line, on a course 3. 85°
30" W, and the channel is 174 miles in length.

3

"Gl and Middle Rivers.

Near Mohr'’s Landing, Old River turns northerly along the west
~side of Union Island. Middle River leaves the Old River channel
about 4.2 miles from the head, and runs for about four miles northerly
between Union and Roberts Islands, and thence pursues a westerly
s”a northerly course to the main river, 15 miles below. :

‘region above Old Riuver.

From this it will be seen that the main river above the head of
the islands, and the Old River across the Liead of the islands, lie on
the two sides of a great body of country, trinngular in shape. The
hypothenusal line across any portion of this triangle is, of course,
_shorter than the distance SEL by the two sides, following the gen-
eral direction of the river, and when it is considered that the mver
itself is exceedingly crooked, it will be appreciated at once that the
m:mmm:_ﬁ line across is very mueh shorter than the crooked channels
around. ,

f
Adjustment of bank clevation,

; Previous to the‘occupation of the country and leveeing along the
‘rivers the bank elevations were built up and adjusted to grades made

v principally by the flow of water in the channels, and its spread cach

way therefrom; for the waters generally were retained in the chan-
Jels above the head of Old River, except as they ran in thin sheots
over the banks,

Effect of the crevasses. .

Of late years certain large crevasses have occurred on the west
bank of the main river, at points between San Joaquin City and the
head of Old River, and ldirge volumes of flood-water now escape by
them each season, and pursuing the short route on the diagonal
line, of comparatively heavy grade, neross the great trinngular shaped
body of _::.__ betore referred to, are precipitated into the Old River
channel at about a right angle to the general divection of its course.
There, tinding & channel insignificant in size, exceedingly tortuous in
alignment, and of small grade compared to the route by which they
"have come nceross the country. these waters arve checked ; they form a
wide lake, with the Union Island and Roberts Island levees for the
northern shore thercof, and the high plain fands bordering them on
the south and west, for the shore on that side,

Quertopping of the levees.
Under these circumstances disaster is almost incvitable, Not hav-
ing a line of escape equal in capacity to that of supply, the waters
continue to rise agninst the levees, and ultimately overtop them
This result is sometimes hastened by the occurrence of a strong south
wind, which, sweeping across the shallow lake for several miles
causes a =urf to beat upon the levees or raises the water over them.

+

he large erevasses.

Three principal erevasses in the left bank of the San Joaquin,
between San Joaquin City and the head of Old River, allow the escape
of its flood-waters into the basin,  The first, at Kassons’ Cut, 3.1 Em*am
below San Joaquin City; the second, just below Kassons’ Landing

’
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7.1 miles: and the third, at Paradise Cut, 13.8 miles below San Joa-
quin City.
Flood-flow through the crevasses.

From the opening at Paradise Cut, the (lood-waters, flowing over the
bank of the cut—21.6 fect above datum—towards the portion of Old
River comprised between the head of Middle River um.ll the mouth of
Tom Paine Slough. pursue a gencral divection across the basin vary-
ing between the limits of north 41° west and unorth 65° west, follow-
ing the ground’sslope, which varies from 0.79 to 113 per mile, whereas
the slope by the river is, at flood stages:

From San Joaquin City to Paradise Cut, 0.43 feet per mile.

From Paradise Cut to the head of Old Liver, 0.55 feet per mile.

Irom the head of Old River to the head of Middle River, 0.61 feet
per mile.

]Irom the head of Middle River to Mohr's Landing, 0.18 feet per
mile,

From the head of Middle River down its channel to Kidd Ranch
levee, 0.40 feet per mile.

I'rom Paradise Cut to Middle River. 0.54 feet per mile. .

_Ii'rom Paradise Cut to the mouth of Tom Paine Slough, 0.52 feet per
mile,

The flood-waters, leaving the upper erevasses at Kassons' Cut and
Kassons’ Landing, flow across the basin in a general direction north
95° to north 33° west as far as n point opposite Paradise Cut, and
thence north 57° west Lo the mouth of Toin Paine Slough, follow-
ing the grade of the basin from 1.85 to 1.45 feet per mile; whereas this
is, by the chauunel, from the head of Middle River to Tomm Paine
Slough, 0.46 : from Tom Paine Slough to Moht’s Landing, 0.50 feet
per mile. ‘

¥
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R brought fromn above, then, cither their channels must be enlarged, or
k.~ water must be diverted from thiom in o regular and systematic man-

ner. I water is to be permitted to escape to the west, il must be
tuken in-a_channel wlong the edge of the high land, on a grade -
approximating & mean botween that above and below, und brought

B~ to the Old River chanuel at a point about two miles above Moht’s

Landing. 1t should not be permitted to ruan down the steep slope of
the country by the shortest route to the heads of the islands, because
At will be very diflicult to provide way thencee for its prompt passage

Conward.

Old and Middle Rivers,
Now the Old and Middle River channels are very much contracted

B and very tortuous in their alignment. Old River can be greatly

improved without material interference with cxisting works, but
Middle River, near its head, cannot, for the levees stand close upon

B . its banks ou each side.

hi

~. The levecing alveady done.

~+ There has been a most shortsighted treatment of these rivers of
the San Jonguin near the heads of the islands,  The channels them-
selves are narvow, and the levees have been built almost as close.to
the banks as they could be placed.  This is notably the case on cach
side of Middle River noar its head, and on each side of the main
river for about eight miles helow the point ol division.

Mfieet of the leoccing.

R e . . g ) i . .
2 v Thus, here are two of the lines of escape for the floods restricted in

(‘:)n‘p:wity as much as they coulib well e, While the third line—Old
River below the head of Middle River—an exceedingly irregular and

—— R: - contracted chiannel in itself, is called upon to carry the great volume

& . of foods precipituted upon it by the rush of waters across the

e country, which could 1'(::1<‘in be carried nway in the channels, in due
proportion, it they were treated aright. *

Tﬂc crevasses should be closed.,

Tu view of these facts, [ am of the opinion that either there must be
a much greater capacity provided in the channels of Old and Middle
Rivers from and below the point of junction, and the levees along the
heads of the islands must be made much higher and stronger than
they are at present, or the crevasses in the banks of the main river
above must be closed, to give any assurance of the prevention of the
disasters which oceur to the island property.  And,even if the island
levees could be made to resist this flood which is precipitated upon
them, therc must always result the wide-spread inundation of the
lands south of the islands and west of the river, if the crevasses are
left open.

The levees shouid hare been set back,

There was no good excuse for placing these levees where they are
except the lick of systenn in the general treatment of the whole sub-
k- Ject; and 1t is but just to say that those who now control the works
-+ ave not, as a general thing, responsible for the results of this lack of B
foresight. The banks, in the location spoken of, were firm, and did
not slope away from the edges of these channels so rapidly that the
levees might not have been set 150 to 250 feet turther back on each
&~ side. Had this been done, and the space outside the levees cleared
of undergrowtly. there would not now exist a condition of things which
. 11"1\"1It1 L;e difticult to remedy without sacrificing works already con-
- structed. )

Effect of the crcvasse discharge.

This unregulated escape of waters from the main river through the
crevasses, and their rapid passage across the country to the Old and
Middle River channels, disarranges the regimen of the whole flood
movement, and it cannol be expeeted that any plan of reclamation
in the San Joaquin Valley for the region below the mouth of the
Stanislaus can be made to succeed as long as it is permitted.

: CHAXNEL IMPROVEMENT.
Old River.

B "The Old River channel should be very much straightened and

& enlarged across the head of Union Island, and at some points on the

b west side of the islandalso. This work has heen commendably begun
by the present owner of the adjacent property: but it certainly scems

+ that an improvement, in which the whole (lood region is interested

2 should not be left to local privale enterprise. " ’

Alternative plans for improvement.

If the main river and its branches below the point of this escape
are nob of suflicient capacily to pass the ordinary tloods that are




Main Riner.

nn .
il](ll'l(lcll ag!grc]'gat(lr Ccarrying eapacity of {hese channels ¢

‘reased also by improving the w ay of ¢ s

y , L the waterway of ) in ri at fi
o a 1Provi v he m o
S e:"tn'OIt:lbIe points within the first five mileg be]gl\i'l i}nm} o
o oflt"b' .s]alxll(_l. where it has some very sudden Liu-ns" e o
A-olts 1 all instances, but by redyc: ) e
ut-o0 nstances - by reducing the pyte
;1!.2.?)11111';; {lio I)O“'i‘tf loeut and the bends l‘g till tMtL

spur-dikes. s will not interfc '
oL spu 3 s , erferc greatly
Syste H G Lo, Bl
t%»“ m, and is the least that ean he done h‘m‘b
.ln(. (:\‘III.\,'. And again, there \
channel on ast side of Tt
T (“\'i:}ﬁt\‘hg ’.1.71, .\}(l( of Rough and Ready Island, where the maj
roper s for o short distance, as herenfler explained | e
‘marks madce on the subjeet of v tion aome
stream.

with the present loveg

General systom » cerssary.

fillum, again, is an instance similare
:]. H 17 Ay YO 'v N 1

My t({‘)y, \\] lg(u'un organization extending over the w
fal to Acheve suceess and provent injustico
o reliove this flood regi \

e hole field is ossen.
 tor the works necessar
taken at o oo re ut»_n are largely 1.!'{()5(1 which should be under)f
ool it ¢ (H‘{‘l t“ ot wide areas of country, embracing man .
matic nd stric .\l and it cannot he expected that there will b(\g
ety o r.”] ‘”1;)_11 and action amongst all concerned unless there be
most i;i‘} f‘félflon under State supervision.  Of cotpse those e s
woﬁ]ld 'I("(}C]().]:l;;‘]ri'ln“ghr '(f()llll)llll(‘ upon some gun(-r-ﬂ'\\'OI:I\"‘%I “lﬂ?&?
[ ae PIsh mueh good, but they be hearing | .
ot jusily guplish | u b they would be b arig burdens

FLOODS AT THE LOWER END OF 7111 LARCGE TSLANDS
Yielding of the Levers,

l()\{’t\]']]:llf(lh;“t"‘l:,l sml(] th:l_l ]thv disasters which have
1 end « e darge islands and sin
I H S ¢ tpon other
erty in the neighborhood, I o
levees or thejr
during flood

\ 'loccux"red at the
simtlar island pr

have been o i ) ] A
1 ( ave hee ceastoned generally by tle
ir h)l.lml.tfl()lls.yl('l(llll}.: to the prcssu?'e of tl?c \3' th'(:
stage n the spring. o

Waterway suflicicat.

This is not the resulf of ' ‘
opiliis i t:)u))t‘ltl:enl?sll.ll[ ?t alack of cross-seetional waterway in the
Shanncls { t}]u‘-:(: I’ e :mg drainage brought from above. I]‘i(leul' if
the siz ‘l;uul‘ ds”“?\l\!:g ‘I‘]\’t(‘l' (-himnels was regulated by the volumes
N ' AUELC waters alone, they would he indien:
\ e e W ! ‘Consignific: ¢
;ﬁill';)l:lctl 0!;_) \\]{:lt they now are, as described in the fir'sléﬁl(l:}f'llt;ltlétl" di‘;
1-iv;)r%(in t]”‘l?gﬁrgyfgl“t‘] “lﬁ u]:,lal action regulates the Qi'/i(‘ Iot‘ tl?c
TS, e regions where the levees give way fro Al 1)
! i ay From lateral presy
]111-:(\lw”l::'::::ld<(‘ull]\? (‘n;ln‘xl‘nk‘nwl\l‘s but Tittle highor than Il‘(llnlu']a)(“x:?::(r?'
ave been constructed goncenlly g l sl in the Sy
fave | constructod go Y around the islands in ¢ 3
aquin delta to form sices to the great naturl drains highti:;‘io:gi: |

to msure the passage of .
B y f ssage of (he ST ; ! ' .
to stand. " floods, it only those levees could be made

{I'/' 7 g e '~ ~ "
e lawer river proki wy e af deve hudding,

There is no d € carric

b Toubt but that ail opd; * fle

Ol s - that rdinary floods can be carried away -

Ulligltlgh ‘-‘1\,)"5%111)3; channels helow Rough and Hv'[dy)' lg‘llwfll(lcl"t(:x‘i‘l}r

po ot Old River at a correspouding distance From its il;Olf“;L
y

i be greatly

not by making ¥
of curvature, by 3
hrough a proper use.
for the rectifienti i
: lone . ho ilication of
should be a certain straightening of )¢

mproving the navigation of the X

to those eited in the Sacramenty -4

89

i
etween ecmbankments of moderate height, if those structures can be
L made to.resist the lateral pressure of the water. This flood problem,
then, resolves itself into one of levee building—how to build a levee
.on an unstable foundation with the material which is at hand. And
B this opens up a separate and distinet subject, which T hope to have
rthe opportunity in the near future to consider, but which the timne
fow at command will not permit of my doing justice to, though
nuch instructive and valuable data is at hand for use as matter 1n

L;*ces must be sunk to stablec foundinlions,

It may be said, though, that the plan followed under nearly similar
conditions in older countrics, has been to sink the levees through the
yielding super-crusts to the hard sub-strata, and that such experience
15 has been had here-goes to preve this to be the true course to pursue;
md at any rate 1 am of the opinion that this is the only plan wlich
11 prevent disaster, and that the greater porlion of the material for
evee construction on thesc lower islands must be obtained from the
chottoms of the channels by means of dredging machinery in some
form, and I believe that the time will come when all leveeing in the
“lower islands will be carried on upon this general plan. There are

substitutes which will be temporarily effective, and as such are worthy
of consitderarion and adoption in some cases, but from which no per-
ananent good ean be expected. These will be discussed at length
hereafter, together with the whole subject.

l IMPROVING THE NAVICGATION OF THE SAN JOAQUIN RIVER.

In the first part of this chapter I have spoken of the importance of

. 3 118 Cha . b M !
“treating the San Joaquin River to improve its navigation ; and in the
-preceding chapter will be found some discussion as to the method of
_improvement of the tidal compartments of rivers,

- idat action in the San Joaquin.

« Tht San Joaquin, below Stockton channcel, is cminently a tidal
-, river, and all that has boen said herctofore conceerning the benelicial
effects of the tidal action, and the methods of increasing these efleels,

“applies with full force here especially, though much good may be
accomplished for the channel as far up as the head of Old River, by

" a careful treatment and guidance of the same great agent.

The main river below Old River.

Fromn the upper end of Old River—in point herctofore also spoken
. of as the head of Roberts Island—the main river pursues a course in
general direction novth 50° cast to the head of Rough and Ready
Clsland, 9.2 miles by o straight line, and 13.2 miles by the meundoer-
ings of the stream. Here the channel again divides, the main river
B turning to the right, and what is known as Burns’ Cut-off to the left,
g ° T'rom the head to the foot of Rough and Ready Island the distance,
& ina straight line, is 2.2 miles ; by the main river it is 4.7 miles, and
[ by Burns’ Cut-oft 3.7 miles.

Stockton channel.
v Stockton channel, a tidal arm during low-water stages, joins the
12°
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TO CONCLUDE,

ILam of the opinion that to insure against flooding in the 1slan
region and improve the navigation of the river:

First—The crevasses known as Paradise Cut and Kasson’s Cut, :15
well as others of smaller dimensions on the same side of the river
between San Joaquin City and the head of Old River, should he
closed.

Second—The river, from the Stanislaus down to the head of ()ld
River, should be lnnnrrhf. to near uniform width in the low walo
c]mnn(l and leveed Hnoug]mul. on both hanks,

Third—That cut-oils should not be permitted above the head o
O1d River, but should be made in *a number of places below that
point. 5

Jowrth—The Old River channel should be much straightened and
enburged across bhe hend of the islands, ;

Fifth—The whole treatment. should be directed to improving the
main river and the Old River channels, as presenting great advan-
tages over the Middle River; and the geneml treatment should be -§
similar to that recommended for the Sacramento River. ;

And 1 believe, with a judicious system of works, the prospect, i« ¢
more favorable for the entire prevention of disasters lo the levees
during all flood seusons except such as 1862, in this region than itis
in the Sacramento Valley. a -

Very respectfully submitted.
WM, HAM. IIALL
State Engmecr.




