
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 20th 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, 19311). 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 
fluctuations 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. 

                                                 
1 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 19322). 

 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 18533, 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 20th 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 

                                                 
2 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. XI, 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 35th 
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.4  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 18855 and the estimated Hall flows is weak (r2 = 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 1880,6 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 

                                                 
4 http://treeflow.info/cali/sacramentofour.html. 
5 http://treeflow.info/cali/sacramentofour.txt. 
6 William Ham. Hall, State Engineer, Report of the State Engineer, Legislature of the State of California – Session 
1880, Part II, 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 20th century estuarine 
system.  More relevant is the change in actual Delta outflow in the 20th 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 20th 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 20th 
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)7; Dynesius and Nilsson 
(1994)8; and Fleenor et al. 2010.9 

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. 
 
8 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. 
9 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. I agree 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 




















































































































































