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APPENDIX
for ANSAC report 

NAVIGABILITY ALONG THE NATURAL CHANNEL 
OF THE

SAN PEDRO RIVER, AZ
From Mexico to mouth at theFrom Mexico to mouth at the 
Gila River at Winkleman, AZ

By Win Hjalmarson, PE
for ACLPI

ANSAC
May 2013

Note: program must be manually advanced

Historic diversions 
and other conditions.

(Next 10 slides)



Hjalmarson, P.E. 5/24/2013

2



Hjalmarson, P.E. 5/24/2013

3



Hjalmarson, P.E. 5/24/2013

4



Hjalmarson, P.E. 5/24/2013

5

Note: 

A second-ft = 1 cfs
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Note: With all the channel downcutting, a considerable amount 
of sediment entered the Gila River.
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San Pedro River Watershed
Subflow Zone Delineation Report

ADWR

Appendix B

June 2009

Diversions for irrigation

(next 8 slides)

ADWR has records of 144 
diversions along the San 
Pedro and major tributaries. 
Some of these diversionsSome of these diversions 
may not have been built.
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The changing San Pedro River
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Predevelopment 
Evapotranspiration

Not included in the analysis of navigability 
was the possibility the base runoff was 
greater because the predevelopment 

evapotranspiration rates may be as little as 
40 percent of post 1970 rates40 percent of post-1970 rates. 

(see next slide). 

“The predevelopment rate of ground-water discharge is
poorly defined. Previous investigations of the Upper San 
Pedro basin in the United States and Mexico have estimated 
about 26,400 m3/d of ground-water discharge through 
riparian evapotranspiration (Freethey, 1982; Esparza, 2002; 
table 2). Previous investigations of changes in the riparian 
area in the San Pedro Valley (Reichardt and others, 1978) 
and recent comparisons of repeat aerial photographs in the 
Sierra Vista subwatershed (Russ Scott, Research 
Hydrologist, Agriculture Research Service, written commun., 
2005) indicate that predevelopment evapotranspiration rates 

b littl 40 t f t 1970 t ”may be as little as 40 percent of post-1970 rates.”

Pool, D.R., and Dickinson, J.E., 2007, Ground-water flow model of the Sierra Vista 
Subwatershed and Sonoran portions of the Upper San Pedro Basin, southeastern 
Arizona, United States, and northern Sonora, Mexico: USGS SIR 2006-5228, 48 p.
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Muffley, B.W., 1938. The History of the Lower San 
P d Ri V ll i A i

Following 5 slides from:

“The health condition at Camp Grant was also a 
disturbing factor. At that time the San Pedro was 
swampy. There were numerous beavers that

Pedro River Valley in Arizona.
M.A. Thesis, University of Arizona, Tucson.

swampy. There were numerous beavers that 
dammed up the streams and made small
lakes. This encouraged mosquitoes which in turn 
made malaria common.” (p. 13)

“A post office was established below the junction of the
San Pedro River and Aravaipa Creek in 1878. It was 
known as Mesaville and had J. N. Dodson asknown as  Mesaville and had J. N. Dodson as 
postmaster. Above and below this small post office and 
store several farms and ranches were developed. The 
largest of these holdings were those of George Pusch. 
This place, later known as Feldman, eventually 
embraced the holdings of Mr. Dodson. Nearby, George 
Cook held a small farm which for a short period was 
noted for its productivity.” p. 30-31.  
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“East of Mesaville in Aravaipa Canyon severalEast of Mesaville in Aravaipa Canyon several 
small fruit ranches were established. Unlike most 
parts of Arizona, water was plentiful, and land was 
scarce.” p. 31-32

“The number of farms above and below Reddington 
continuously decreased during the last decade of 
the nineteenth century. This did not mean that less 
land was being cultivated, but instead that the 
property was being concentrated into larger ranches. 
As was mentioned in the last chapter, the
company of Bayless and Berkalew was gradually 
acquiring more land. This process was speeded up 
by the drought of 1891, 1892, and 1893.” p. 52-53.
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“The story of the farms was the saddest part of the

THE DECLINE OF THE LOWER 
SAN PEDRO VALLEY

1904-1920

The story of the farms was the saddest part of the 
history of the lower San Pedro Valley. Once a hardy, 
ambitious, energetic class wrested many fertile acres 
from the mesquite and rocks. By 1904 the river had 
carved away the choice pieces of land. The more 
energetic of the settlers had moved on to places of 
greater promise. Ditches from the river were difficultgreater promise. Ditches from the river were difficult 
to keep in place, and many an acre of land was 
allowed to grow into a mesquite thicket. Farmers 
found it easier to keep a few head of range cattle and 
forget about tilling the soil.” p. 57.  

“Soon, however, when the grass on the hills had 
been eaten away, and the beaver on the river had 
been trapped, the soil began to erode. That 
process continued without interruption after itprocess continued without interruption after it 
started in the late 1880’s. Farm after farm washed 
away leaving only sand. The banks became 
higher thus making it more difficult to take water 
out of the river by the use of ditches. For many 
years this erosion did not reduce the agricultural
prosperity of the valley because of the greatprosperity of the valley because of the great 
demand for farm products. Eventually, however, 
when the mines at Mammoth closed, farming 
decreased to relative unimportance.” p. 70.
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Simulated changes of base flow 
along reach between Mexico g

headwaters and USGS Redington 
gage (1940-2020)

Next 6 slides

Goode T C and Maddock Thomas III 2000 Simulation of groundwaterGoode, T.C., and Maddock, Thomas III, 2000, Simulation of groundwater 
conditions in the Upper San Pedro Basin for the evaluation of alternative 
futures: University of Arizona, Tucson, Arizona, Department of Hydrology and 
Water Resources, HWR No. 00–030, 113 p. 

This study also took a different approach to previous 
model layering for the area. Although the same 
conceptual model used by previous authors was used 
as a basis for the model structure, the numerical 
model created a new Layer 1 to accommodate steepmodel created a new Layer 1 to accommodate steep 
hydraulic gradients and perched conditions along 
mountain front areas. This layer was assigned the 
same hydraulic properties of the regional aquifer 
system, with hydraulic conductivity ranging from 0.03 
to nearly 4.0 meters per day. Vertical conductivities 
were held very low to reflect clay lenses and shallow y y
bedrock which restrict vertical flow of water in these 
areas.
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After calibrating the model to natural system
inputs (recharge) and outputs (evapotranspiration, 
baseflow) and available data on aquifer characteristics, 
Goode and Maddock (2000) applied pumping stresses 
representative of actual well information for the entire p
Upper San Pedro Basin through the year 1997. Goode 
and Maddock provide a detailed description of the 
groundwater modeling done as part of this study. 
Simulations were conducted with the USGS 
MODFLOW finite-difference numerical simulation 
program using a baseline (pre-development) condition 
of 1940.

www.epa.gov_region9_nepa_epa-generated_huachuca_AppendixF

Streams and Diversions 
in the Upper San

Pedro Basin

Goode and Maddock, 2001

Redington 

Arizona
Mexico
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Wells

Goode and Maddock, 2001

.

Redington gage

Arizona
Mexico

Goode and Maddock, 2001
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Simulated base flow along the San Pedro River is 
shown on the following slide. Its important to 
note:

(1)In 1940, a total of 7 cfs was diverted from the 
river at the St David ditch and the Pomereneriver at the St. David ditch and the Pomerene 
canal. This suggests the flow at Reddington 
would have been more than 20 cfs had there 
been no diversions for irrigation and assuming no 
return flow. 

(2)The predevelopment base runoff was equal to or 
t th th b fl f 1940greater than the base flow for 1940.

(3)The simulated base flow at the upper part of 
hydrologic 15050203 is about 3 times the base 
flow used for the study of navigability.

Modified from Goode and Maddock, 2001

St. David Ditch

Pomerene 
Canal

1940

1960

19801980
2000
2020
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Fl D tiFlow Duration
Further description for ANSAC 

San Pedro RiverSan Pedro River

Used by engineers for more than 100 yearsUsed by engineers for more than 100 years

Searcy, J. K., 1959, Flow-duration curves: 
U. S. Geological Survey Water-Supply 
Paper 1542-A, 33 p.
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Perennial runoff along the entire study reach 
obviously is needed for continuousobviously is needed for continuous 
navigability throughout the year.

Although perennial runoff is not considered a 
requirement for navigability, it is considered 

ideal for this assessmentideal for this assessment.

Because precipitation is seasonal, the 
river would have needed to receive 
water from ground-water storage 

during seasonal dry periods.  
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Also, water stored in the ground during 
wet years and carried over and released y

during dry or drought years would 
enhance navigability. 

Therefore, the base runoff of the San 
Pedro River is important for this studyPedro River is important for this study 

of navigability.

Runoff hydrograph and flow-
duration

A flow duration curve of daily mean 
discharge is simply the ranking of the 

discharges according to magnitude.  The 
ranked mean daily discharges are plotted on 

the block diagram with the ordinate inthe block diagram with the ordinate in 
discharge units of cfs as was done for the 

hydrograph on the following:
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The flow-duration curve is a 
cumulative frequency curve thatcumulative frequency curve that 

shows the percent of time specified 
discharges were equaled or 

exceeded during a given period.
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Cumulative frequency histogram with flow duration         
curve and frequency histogram (bell-shaped curve).
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Base runoff from alluvial basins 
(regional aquifers) along the San 

Pedro River

Supplemental informationSupplemental information

“Ground-water outflow from the alluvial basins 
(aquifers) along the San Pedro River occurs 
through three basic mechanisms: 

(1) discharge to springs and streams,
(2) evaporation and transpiration from the water-

table zone, and
(3) underflow to adjacent basins.“

Anderson, T.W, Freethey, G.W, 1995, Simulation of Ground-
Water Flow in Alluvial Basins in South-Central Arizona and 
Parts of Adjacent States : U.S. Geological Survey 
Professional Paper 1406-D, 78 p.
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“The quantity of natural discharge from 
each basin probably was nearly constant 

from year to year before development. The 
influence of wet and dry years was 

dampened by the large quantity of ground 
water stored in the basin.”

Anderson, T.W, Freethey, G.W, 1995, Simulation of Ground-Water Flow
in Alluvial Basins in South-Central Arizona and Parts of Adjacent States: 
U.S. Geological Survey Professional Paper 1406-D, 78 p.

Base runoff that discharges to the San Pedro 
River from the alluvial basins was used for 
this assessment. Discharge to springs in the 
lower reach was not  considered to produce a 
conservative result. 

The base runoff along the river is shown on 
the following slide.
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The Q90 used for this analysis is from USGS HA-664. 
Based on more recent reporting by Anderson and 
Freethey (e.g. the average annual base runoff fromFreethey (e.g. the average annual base runoff from 
PP1406d) a greater amount of Q90 is suggested.

The smaller estimate of Q90 is used for this analysis to 
account for natural and ordinary alternating gaining and 
losing reaches along the river (typical of meandering 
alluvial rivers like the San Pedro), possible short reaches 
with two channels and losing reaches associated withwith two channels and losing reaches associated with 
deposited sediment from occasional storm runoff at the 
mouths of tributary streams.
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The exclusion of spring flow and the use of 
the lowest likely Q results in a conservativethe lowest likely Q90 results in a conservative 
analysis of navigability. This approach 
recognizes the natural variable nature of the 
flow and geometry of the river channel. 
ANSAC can rest assured that a conclusion of 
navigability is conservative and soundly g y y
based.

Cienegas 

The natural inner valley of the San Pedro River y
was characterized as a broad, low-gradient 

valley with a shallow, meandering stream flowing 
through a generally marshy environment. 

These bottomland marsh areas, termed 
cienegas by the early Spanish settlers werecienegas by the early Spanish settlers, were 
widespread and nearly continuous along the 

length of the San Pedro River.
Fogg, J., Elmore, J., Gonzale, M., 2012, RIPARIAN CONDITIONS ALONG THE 
SAN PEDRO RIVER: POTENTIAL NATURAL COMMUNITIES AND FACTORS 
LIMITING THEIR OCCURRENCE, For BLM by Lowclouds Hydrology, Inc.
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“Prior to the late 1800’s the San Pedro River 
was a relatively low-energy, unentrenched y gy,
fluvial system with extensive marshy reaches, 
or cienegas (Hereford, 1993).”

Cook, Joseph P., 2009, and others, Mapping of Holocene River 
Alluvium along the San Pedro River Aravaipa Creek andAlluvium along the San Pedro River, Aravaipa Creek, and 
Babocomari River, Southeastern Arizona, Arizona Geological 
Survey, 76 p and 6 maps.

The widespread occurrence 
of cienegas from this earlier 

time is evident in the 
cutbanks of the present-day 

San Pedro.
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Dark paleosols (see arrow) indicative 
of cienega conditions exposed in the 
cutbank on the San Pedro River.

Fogg, J., Elmore, J., Gonzale, M., 2012, RIPARIAN CONDITIONS ALONG THE 
SAN PEDRO RIVER: POTENTIAL NATURAL COMMUNITIES AND FACTORS 
LIMITING THEIR OCCURRENCE, For BLM by Lowclouds Hydrology, Inc.

The presence of the dark paleosoils is 
indicative of wet conditions during stable 

channel conditions. Human activity 
destabilized the relatively stable natural 

riverine environment.  Remnant cienegas still 
exist along the San Pedro, albeit in peripheral 
positions disconnected from the river and in 

very limited extent (e g the St Davidvery limited extent (e.g., the St. David 
cienega shown on the next slide). 
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San Pedro

Cienegas are mid-elevation wetlands characterized by permanent, 
scarcely fluctuating water sources and semi-arid surroundings Thescarcely fluctuating water sources and semi-arid surroundings. The 
saturated soils produce an organic muck that precludes colonization 
of all but specialized organisms. The St. David Cienega is a located 
at the northern end of the SPRNCA, a portion shown here. Photo 
taken September, 2003, looking northwest, from top of nearby butte. 
(ASU Life Sciences study)

Significance of CienegasSignificance of Cienegas

(natural conditions)

There was spring flow along the entire 
San Pedro River.

There was little channel entrenchment 
along the riveralong the river.


