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APPENDIX A.—Additional Hydrology of the Verde River  
 
This appendix presents general historic and current information about the Verde River 
that is related to the assessment of navigability of the Upper Verde River. The 
information includes many photographs, from my files, of hydrologic conditions of the 
watershed. Most of the photographs are from reports by the USBR, USFS and USGS 
with a few by the author and also from the Sharlot Hall collection.  
 
Item 1.-- Basic Hydrology  
 
A gaining stream or reach of a stream receives water from ground water. A losing 
stream or reach of a stream contributes water to the ground water. 

 

 
 

 
The following simple sketch is for general perched groundwater conditions like those 
along streams in the Upper Verde River watershed. According to recent USGS reports, 
tributary streamflow is perched above the water level of the basin fill aquifers of the 
upper Verde area by as much as 100 ft. 
 

 
 
Perched ground water   
Unconfined ground water 
separated from an under-lying 
main body of ground water by an 
unsaturated zone.  
 
Perched spring   A spring whose 
source of water is a body of 
perched ground water.  
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Base runoff is maintained by ground-water discharge to the Verde River and tributary 
streams. Base flow is comprised of ground-water discharge from mountain front springs 
and seeps (Base Qmf on following cartoon) and Quaternary aquifers (Base Qqa) and 
basin fill and deeper aquifers (Base Qbfa).  These two general sources of base flow in 
the upper Verde watershed are shown below.  
 
 
 

 
 
 
 
The post 1935 base flow of the Upper Verde River (mostly Qbfa) has decreased by 
deep well pumping but relative to Qmf and Qqa the change is smaller throughout a 
typical year mostly because the basin fill aquifers are very large. Also, annual losses of 
streamflow to ET along the Verde River upstream of gage 09504000 are not very much 
(on the order of 3-4 cfs). Most of the base flow from the Quaternary had been diverted 
and used by humans in the late 1800s and only a small portion (Qmf and Qqa) 
remained as shown in the following 1935 photograph at Sullivan Dam. By the mid 1960s 
the amount of base flow from the Quaternary was not significant at the USGS Paulden 
gage.  
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Construction of Sullivan Lake 
Dam in 1935. The base flow that 
is diverted around the 
construction area is mostly from 
tributary streams (Qmf and Qqa).  
A very rough estimate is 5cfs. 
 
 
 
 
 

 
When I was a USGS engineer in the 
early 1960s a fellow geologist and I 
selected the site for the USGS gage on 
the Verde River near Paulden 
(09503700). Nearly all of the base flow 
entered the Verde River from the basin 
fill aquifer at Verde Springs below 
Granite Creek at that time.  
 
 
 
 

 
 
To the left is a view looking north 
and west at the Verde River of a 
photo I took in 1999. The site of the 
USGS Paulden gage (09503700) is 
shown by the red arrow. 
 
Note that this gage is located in a 
straight-uniform reach.  That is 
consistent with my decades of 
experience with the USGS.  Earlier 
testimony provided to ANSAC by 
Dr. Mussetter that the USGS 
installed gages at channel 

constrictions is simply incorrect. The opposite is true and, for example, I went to some 
length to locate gage 09503700 in a straight-uniform reach. See Appendix H, Item H4 
for photos of the six USGS I used for this ANSAC analysis. 
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Item 2.—Base flow and evapotranspiration (ET) above the Clarkdale gage 
(09504000). 
 
The following is an examination of base flow between Verde River gages 09503700 and 
09504000.  I performed this analysis in May of 2013. 
 
The following relations (3-day moving average used to roughly account for carry-over 
storage of groundwater that supplies the springs) at the two gages are of maximum 
base flow (no ET) and minimum base flow (max ET) for the concurrent period of record. 
A small increase of ET with time is suggested for both of the gages (see next relation). 
Corresponding relations (individual measurements and not 3-day moving average) also 
suggest an increasing ET with time. 
 

 
 
There is an increasing amount of 
ET along the river for the three 
sites as would be expected 
because of the recent drought.   
 
 
   
 
 
                                                      
 
 
The maximum loss to ET above 
the two gages is shown on the 
left.   
 
 
 
 
 
 
 
 
 



 5

 
 
Trend is examined using linear regression shown above. An increase of maximum ET is 
suggested but the scatter is great. The relation between max ET for the two USGS 
gages also is not very significant but is suggested.  
 
 

 
The water level of old USGS 
observation well at lower end of 
Big Chino Valley and the 
minimum annual base flow at 
the Verde-Paulden gage is 
shown below. See Wirt and 
Hjalmarson, USGS Open-File 
Report 99-0378 (2000) for 
discussion of this relation.  
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Interesting computations follow: 
  

• The mean of losses to ET above the Clarkdale gage = 12.930 cfs   
• The mean of losses to ET above the Paulden gage = 3.6512 cfs  
• Above Paulden gage average annual maximum loss to ET? for 8 miles = 

0.456250 cfs per mile  
• Above Paulden gage average annual loss to ET? for 8 miles = 0.198370 cfs per 

mile or 1,150 ac-ft.  
• From Clarkdale to Paulden gages including 3 miles of Sycamore Creek (total of 

34 miles) average annual maximum loss for 34 mile = 0.272941 cfs per mile 
• From Clarkdale to Paulden gages including 3 miles of Sycamore Creek (total of 

34 miles) average annual loss for 34 mile = 0.118670 cfs per mile or 2,925 ac-ft. 
 

  

 
 
 
 
 
The above analysis is based on 
established applied river 
engineering methods using pairs 
of streamflow hydrographs for 
each year as shown on the right.   
 
 
 
 
 
 
 
 

Because the computed 
ET/mile above the Paulden 
gage is so much more than the 
lower reach, the ET above the 
Paulden gage may include a 
seasonal effect beyond the 
river such as irrigation at the 
lower end of Big Chino Valley 
(See previous relation above 
and photo on the right). Or, the 
effects of ET along Granite 
Creek and along the Verde 
River above Granite Creek are 
influencing the flow at the 
Paulden gage. 
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Item 3.—ET along tributary streams 
 
A rough estimate of losses to ET along the approximately 80 miles of the 
perennial/intermittent tributary headwater streams follows: 
 

 
 
Item 4.—Base flow from basin fill aquifers. 
 

The areal pattern of ground-water 
hydraulic heads of the Big Chino 
Valley shows mountain front 
recharge along much of Big Chino 
Creek. The V-shaped contours are 
an indication of basin perimeter 
recharge and a fairly high rate of 
ground-water discharge along the 
Creek.  
 

 
Freethey, G. W. and Anderson, T. W., 
1986, Pre-development hydrologic 
conditions in the alluvial basins of 
Arizona and adjacent parts of California 
and New Mexico, U. S. Geological 
Survey Hydrologic Investigations Atlas 
HA-664, 3 sheets. 
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In contrast, the generalized head distribution in the Little Chino and Williamson Valleys 
are a series of rather parallel contour lines normal to the axis of the basin. Water enters 
the basin mainly at the upstream end, and any mountain-front recharge appears 
relatively minimal. 
 
The water budget for base (Q90) runoff is shown below. The Q90 for station 09503700 
is:  
                                      16,000 ac-ft/yr or    22 cfs. 
 
 

 
 
 
 
Item 5.—Stock ponds and small reservoirs 
 

It is not the purpose of this discussion of human 
effects on base runoff of the Verde River to argue 
or to place blame. Rather, there are obvious and 
indisputable impacts by humans that in various 
degrees altered the base runoff. These include 
excessive cattle and sheep grazing, numerous 
stock tanks, many diversions of springflow for 
irrigation, fire suppression and so forth. The fact is 
that many naturally perennial and intermittent 
tributary streams have flowed less or ceased 
flowing altogether since the arrival of settlers.  

 
Many historic stock ponds and reservoirs have impacted both direct and base runoff of 
the Verde River and tributary streams. 
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Generally speaking, ranchers consider the cost and benefits of stock tanks. While the 
precise impact of stock tanks of the flow in rivers is unknown, the following excerpt from 
a 1951 USGS circular on stock tanks may give some insight into these impacts on both 
direct and indirect runoff to the Verde River.  
 
Langbein, W. B., Hains, C. H., and Culler, R. C., 1951, HYDROLOGY OF STOCK-
WATER RESERVOIRS IN ARIZONA, USGS CIRCULAR 110, 18p. 
 
The many thousands of stock-water reservoirs throughout the Western Range provide a 
large part of the watering facilities for the Nation’s livestock industry. The individual 
stock watering pond represents a small investment but the aggregate of all ponds is an 
investment of many million dollars. 
 
Harvesting of the forage crop by stock on the Western Range depends on the 
accessibility of water. In general, cattle do not graze more than 3 miles from water. 
Where the water supplies are far apart, forage close to water is so intensively cropped 
that destructive erosion is induced, whereas valuable forage at a distance remains 
unharvested. Uniform and efficient utilization of the forage requires a large number of 
water supplies only short distances apart. For this reason, many thousands of reservoirs 
have been built in the Verde River watershed. A recent survey (1951) in the 9,000-
square-mile basin of the Cheyenne River in Wyoming shows that there are nearly 
10,000 reservoirs, or about one per square mile. Although this density of reservoirs may 
not apply throughout the Intermontane Plateau, it is nevertheless indicative of a high 
state of development in some areas (eg. the Verde River watershed).  
 
Unlike an Irrigation reservoir, the performance of a stock-water reservoir is dependent 
on depth of water rather than on capacity. The records demonstrate that there Is 
generally little need for a reservoir to have a capacity greater than that necessary to 
store the mean annual runoff. Providing additional capacity to store the water that would 
spill in years of extraordinary runoff, according to the evidence obtained, does not 
thereby provide water during extended dry periods. 
 
Rates of loss to ET and seepage are great at high--infrequent stages and losses at such 
stages may be at the expense of downstream users without necessarily benefiting the 
stock-water supply. Increasing capacity is generally an uneconomical method of 
obtaining depth. For example, doubling the capacity in most reservoirs adds only about 
35 percent to the depth. Nor does placing reservoirs in tandem, in lieu of a single large 
reservoir, seem to help; to the contrary, It even Increases losses without providing water 
during dry years. Rate of losses imposes a limit on the amount of carry-over water that 
can be provided. 
 
Evaporation and seepage are the two chief causes of depletion of the water in a 
stockwater reservoir. Collectively they are termed water losses. This term is quite apt as 
applied to' the stock-water supply, although the water that seeps from a reservoir may 
reappear In part as stream flow to support stream-bank vegetation or in ways beneficial 
to downstream water users. 
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The problem Is to get sufficient water depth to carry over a reasonably long dry period. 
For economic reasons, this need not be the longest dry period on record, but it must be 
one that is fairly representative of the dry periods that are likely to occur. The water level 
records Indicate that, this dry period In Arizona is rarely longer than 15 months and is 
less where recharge occurs more than once a year. 
 
A sample hydrograph of water surface is shown below. Note the effect of sediment 
deposition. 
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Item 6.—Photo tour—traveling up the Verde River from Jerome  
 

 
Photos above and a bottom by Hjalmarson.  Two photos below by L. Wirt of USGS. 
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Photos below  by Hjalmarson 
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Photos above by Hjalmarson. Two photos below by L. Wirt of USGS. 
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Recent photos by Hjalmarson. Older two B&W photos from Sharlot Hall Museum. 
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Photo below by Hjalmarson 
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 Photo by Hjalmarson 
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Photos above  by Hjalmarson. Photo below by Gary Beverly, PhD. 
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Photos with watershed location by Hjalmarson. 
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 Photos with watershed location by Hjalmarson. 
 
‘ 
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Photos by Hjalmarson. 
 
 
Big Chino Valley 

 

 
 

Photos by Hjalmarson  1999 
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Photo with watershed location by Hjalmarson. Two photos at bottom from Verde River on Facebook. 
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Item 7.  Sources of base runoff—a brief discussion 
 
 
Other uses of streamflow and springflow by settlers included the powering of grist mills 
on Granite Creek a short distance above Prescott. In 1867 the Bowers brothers 
operated a mill that ground about one ton of corn meal per day. Another grist mill was 
operated at Del Rio Springs in 1871 when springflow was at least 150 miner’s inches 
(3.8 cfs) as measured by Federal Land Surveyors. Del Rio Springs was a landmark 
known to pioneers as a permanent and plentiful source of water. It is located just 
beyond the northern limit of the artesian area. In 1863 Whipple Barracks was located at 
this site and then moved to Prescott. In 1904 the City of Prescott built a pumping station 
at Del Rio Springs and pumped water from a shallow well for a distance of 21 miles into 
the city through an 8-inch pipe line. The operation was discontinued in 1926. 
 
A small but significant consideration gleaned from history and Grist mills and arrastras 
is that to be successful, the quantity of flow and the natural uniformity of flow are 
important, particularly in the summer time. The success of the mill implies natural 
storage of sufficient size to yield a sufficient uniform quantity of water to power the mill 
at nearly all times. Therefore, the powering of a grist mill and arrastras on Granite Creek 
a short distance above Prescott implies a good-steady base runoff before it was 
depleted by eventual human impacts like diversions and storage. 
 
Item 8. Additional Background 
 
“In 1744, Father Jacob Sedel made an attempt to reach the Moquis and re-establish the 
missions, but got no further than the country of the Pimas on the Gila, who dissuaded 
him from the enterprise (Hamilton, Patrick, 1881, The Resources of Arizona, its rivers, 
farming, etc.., compiled under the under authority of the Legislature, Prescott, Arizona, 
120p.) He explored the newly discovered river of Asumpciou (Salado) and the Verde. 
He also followed the Gila to its sources, and encountered the Apaches. In 1727, the 
Bishop of Durango, Don Benito Crespo, visited the missions of Arizona, and wrote to 
Philip V. in their behalf. That monarch ordered that they should be protected and 
assisted out of the royal treasury.” 
 
“The recent Indians when discovered by the Spanish conquerors lived by farming and 
then as now their farming was made possible by the artificial storage and carriage of 
water. Their period may be said to begin with the time when the present ruins along the 
valley of the Rio Verde were efficient channels watering rich lands, and has been 
continued to the present day.” (Greely, General A. W. and Glassford, Lieut. W. A., 1891, 
Report on the climate of Arizona, with particular reference to questions of irrigation and 
water storage in the arid region; 51st Congress 2nd Session, US House of Rep., Ex. 
Doc. 287, 88p.). 
 
According to Carrillo and others, 2009, p. 218, “In 1826, Ewing Young along with a 
group of 30 men were working the Gila River and some of its tributaries. The Young 
party also worked up the Salt River to its junction with the Verde River. Here the party 
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divided, part following the Verde River to its source and the other following the Salt 
River to its source in the White Mountains. The two groups rejoined and trapped down 
the Salt and Gila rivers to the Colorado River, where they enjoyed good beaver trapping 
(Hafen 1997). In 1829, Young led a group of 40 trappers from New Mexico to the Salt 
River. They trapped down that stream and up the Verde River with considerable 
success. 
 
Among this group of trappers was a young Kit Carson, who had worked as a cook for 
Young in Taos, New Mexico, and who was now out on his first trapping expedition 
(Hafen 1997). After leaving the headwaters of the Verde River, the group separated, 
half returning to New Mexico and the rest, including Young and Carson, setting out for 
California.”   
 
On November 14, 1846 Lt Col Emory discusses the Verde River (Rio San Francisco) 
that he does not visit (Emory, W. H., Lt Col, 1847, Notes of Military Reconnaissance, 
Fort Leavenworth in Mo. to San Diego in CA, including parts of the Arkansas, Del Norte 
and Gila Rivers: Washington, 414p.). 

 
 
Originally Arizona was part of New Mexico, and it continued as such under United 
States dominion until 1863, when it was made a separate Territory and formally 
organized at Navajo Springs. Later the capital was established at Fort Whipple (Del Rio 
Springs), Prescott, Tucson, again at Prescott, and finally at Phoenix. The settlement of 
Arizona progressed rather slowly largely because of hostilities with Apache Indians. 
Mainly for this reason there were few if any white inhabitants in the Verde River 
watershed prior to the treaty of 1848. 
 
From 1853 to 1857 several governmental surveys were made across the region, mainly 
to find routes for railways. One of these exceptional surveys was the Whipple Survey 
that entered the Verde River watershed near the present town of Williams and exited at 



 43

Apache Pass near the head of Walnut (Pueblo) Creek (Appendix B of this study). The 
original Federal Land Office Surveys started in about 1870, after early settlement in 
some of the watershed, and continued into the early 1900s. The early Federal surveys 
provided valuable information for this assessment of navigability. 
 
Settlements of the early people (Indians) of the Verde watershed were influenced by 
proximity to perennial water and an ability to defend against hostile Indians. Generally, 
wherever Indian ruins are located water can, or could, be found nearby (Appendix B). 
 
The original plats and survey notes of the General Land Office Records (GLOR) of the 
US Bureau of Land Management provide valuable water use information of early 
settlement. While much early history focuses on particular events, the GLORs 
document stream location, stream width, occasional stream flow depth, perennial-
intermittent-ephemeral flow condition, occasional spring discharge, location and size of 
cultivated areas, land use and land ownership. Early white settlers knew the importance 
of water in this arid land but few kept diaries and many available accounts were of 
extreme conditions. The GLORs provide an important history of measured and 
documented land and water conditions before statehood. 
 
Many of the earliest visitors/settlers were prospectors, and many mines were opened 
under more or less protection by the Government. The withdrawal of troops for the Civil 
War gave the Apaches opportunity to resume depredations, and about 1,000 white 
settlers were killed in the southwest region generally of present central and southern 
Arizona. The hostile Indians eventually were subdued. There presently (2014) are a few 
Indian reservations with a couple of prosperous casinos and impressive education 
programs for youth in the watershed.  
 
The original Federal Land Surveys identified numerous settlers in the upper Verde River 
watershed with farms/ranches, many of which were small but some were rather large. In 
addition to the records of surveyors there were newspaper accounts of “splendid farms”, 
dairy farms, fields of corn, cattle ranches, etc. in the 1860s and 1870s. Also, by 1909 
there were many diversions. For example, two of the diversions are ASCE Historic Civil  
Engineering Monuments. The first is the Ashfork-Bainbridge Steel Dam built by Santa 
Fe Railway in 1898 (Item 5 Appendix A). It was constructed with 24 curved plates 
sloped downstream giving this unique structure a scalloped appearance. The central 
steel section is 184 feet long, 46 feet high, and weighs an estimated 460,000 pounds. It 
supplied water to Ash Fork that was a railroad town. 
 
Two wells at Del Rio Springs (or Puro) were drilled in 1926 by the Santa Fe Railroad 
Co.  These were used to haul water by tank car to points along the railroad. In 1931 
27,800 tank cars at 10,000 gallons each were filled. 
 
The first artesian well was drilled in 1930 by a group of Chino farmers who formed the 
Chino Valley Artesian Well Co. Reportedly the Arizona legislature had offered a large 
reward for the first artesian well. 
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The USFS recently acquired Ash Fork Steel Dam, located in Kaibab National Forest, 
through a land exchange. Built in 1897 to serve the Santa Fe Pacific Railway, the dam 
is the first fixed steel dam erected in the United States.  

 
 
 
Item 9. Groundwater models—briefly 
 
 
Many studies by the USBR, ADWR, NAU, USGS and others of the water resources of 
the Upper Verde River watershed focus on present and future conditions and use 
background (pre-development) information typically starting in the early 1900s. These 
investigations typically start with groundwater withdrawal from deep basin fill aquifers 
using deep wells starting in about 1926 with many in 1930. The thinking is that past 
information is useful for defining the present and future hydrology and water supply.  
The latest USGS model (Pool and others, 2011) reportedly does this rather well.  
 

Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, 
Regional groundwater-flow model of the Redwall-Muav, Coconino, and alluvial 
basin aquifer systems of northern and central Arizona: U.S. Geological Survey 
Scientific Investigations Report 2010-5180, 101 p. 
 

Thus, focus of GW models has also been on past depletion of deep basin fill aquifers 
and associated effects on base flow of the Verde River. Pool’s USGS model has 
recently been applied to the Big Chino aquifer by professional geologist Peter Kroopnick 
(2012). 
 

Kroopnick, Peter, 10/04/2013 DRAFT, Application of the Northern AZ GW flow 
model (NARGFM) to the upper Verde River-potential future declines due to 
additional GW -2114; 41p. 
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In regard to this particular study for ANSAC of the natural and ordinary base flow in the 
Upper Verde River, the fact that the USGS did not model the Quaterary alluvium and 
areas of mountain front springs and recharge that were above the first layer of the 
USGS GW model (Pool and others, 2011, Figure 12 p. 44) is a very important limiting 
characteristic of the USGS GW model. 
 
Generally speaking, GW models don't necessarily do a good job of modeling all of the 
natural base flow. Models define base flow from regional (main) aquifers but not 
necessarily account for flow from higher or mountain recharge and mountain front 
springs. Base flow associated with these higher areas springs must be defined 
separately and is often ignored. For example, Goode and Maddock (2000) considered 
mountain front springs (base runoff) along the San Pedro River while the USGS GW 
models did not.  
 

Modified from Goode, 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.  

 
These mountain front areas are above the modeled layers of the USGS GW model of 
the upper Verde area (Pool and others, 2011). Under natural conditions streams such 
as Granite Creek, Hell Canyon, Big Chino Wash, Walnut Creek, Willow Ck, Pine Ck 
were intermittent or perennial typically with perched GW levels (See Item 1 of this 
Appendix) along the stream channels at or near the channel bottoms (Wirt and others, 
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2005). Base runoff along these streams was perched above the basin fill aquifer that 
was modeled by the USGS.  
 

Wirt, F.N., DeWitt, Ed, and Langenheim, V.E., 2005, Hydrogeologic Framework, 
in Wirt, Laurie, DeWitt, Ed, and Langenheim, V.E., eds., Geologic Framework of 
Aquifer Units and Ground-Water Flowpaths, Verde River Headwaters, North-
Central Arizona: U.S. Geological Survey Open-File Report 2004-1411-D, 27 p. 
 

 
Three layers are used to represent the primary aquifers as shown on the following 
diagram. In regard to this analysis of navigability, Layer 3 is the lowest of the layers 
represents the Redwall-Muav aquifer and crystalline rocks. Layer 2 extends only 
partially over the model domain and represents the Supai Formation on the Colorado 
Plateau, sand and gravel in the Verde and Big Chino Valleys, and the lower volcanic 
unit in the Little Chino Valley. Layer 1 is the uppermost and least extensive model layer 
and represents the Coconino aquifer on the Colorado Plateau and the thick silt and clay 
and adjacent interbedded alluvial deposits in the Big Chino Valley and the upper alluvial 
layer in the Little Chino Valley. 
 

 
 
“Groundwater flow is simulated for steady-state conditions that were assumed to exist in 
1910 and transient conditions during 1910 through 2005. The simulation period is 
divided into nine multi-year stress periods. No seasonal or annual variations were 
simulated. The groundwater flow system in 1910 was dominated by natural conditions 
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across most of the study area except in the Little Chino and Verde Valley sub-basins 
where the natural groundwater-flow system was altered by surface-water diversions for 
agricultural use. Natural predevelopment conditions prior to surface water 
diversions were not simulated because data to define that system are sparse.” 
 
The USGS model development focused on when there were deep wells with substantial 
groundwater development in the basin fill (layers 1 and 2). The model ignored 
diversions along perennial/intermittent streams for irrigation, mining and domestic use. 
Since about 1850 there were diversions for irrigation along the stream sediments of 
Granite Creek, Williamson Valley Creek, Chino Creek, Pueblo (Walnut) Creek and the 
Verde River. Diversion was made using low earth/rock dams and, near the turn of the 
century, shallow wells using centrifugal pumps. These rather small but numerous 
diversions had little impact on layers 1 and 2 of the USGS model and were ignored by 
the USGS. However, these were diversions of tributary base runoff to the Verde River.  
 
SIR 2010-5180 is unclear concerning the effect of early diversion of surface water 
directly from tributary streams. For example, they report that “Diversion of surface water 
for application at agricultural fields modified the groundwater system before the 
development of groundwater supplies” but the earliest SW diversions were to cultivated 
lands along stream channels where the shallow groundwater typically was perched. 
These numerous rather small diversions had little direct affect on the groundwater in 
layers 1 and 2 of the model. The USGS seems to imply the model considers some early 
diversion but is not explicit about the area of this study.  
 

Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, 
Regional groundwater-flow model of the Redwall-Muav, Coconino, and alluvial 
basin aquifer systems of northern and central Arizona: U.S. Geological Survey 
Scientific Investigations Report 2010-5180, 101 p. 

 
“A poor understanding of base flow results in a poor understanding of groundwater 
budgets. A more detailed understanding of the shallow groundwater-flow system and 
streams is needed to better define base flow and groundwater budgets for the Verde 
Valley sub-basin.”(Pool and others, page 93). 
 
The groundwater-surface water system of the upper Verde River watershed is complex 
but the USGS model remains useful as a water resource management tool mostly 
because it models the present and future connection between the basin fill aquifers and 
base flow of the Verde River. This complexity is evidenced by the number of 
occurrences for the entire region modeled of the following words in the 94 page SIR 
2010-5180: estimate = 330+, lacking = 10, perch =18, poorly defined = 31, and 
unknown = 4. 
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Item 10.—Boating the upper Verde River—Several accounts. 
 
Source A.—Perkinsville to Clarkdale during early September 2011. 
 

’ 
 

 
https://www.youtube.com/watch?v=K1pJ4FhgDOI’ 
 

 
 
Start of trip at Perkinsville. Q was about 20 cfs. 
 

NOTE 
The flow at Perkinsville was approximately 20 cfs (assume same flow as at Paulden gage 

shown below) and flow at Clarkdale gage was about 67 cfs. The estimated natural base flow is 
about 60 cfs at Perkinsville and about 116 cfs at the Clarkdale gage. 
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Source B. In 2010 the USFS reported the following:  
 

A state-wide inventory of potentially eligible rivers for inclusion in the National 
Wild and Scenic Rivers System was completed and the preliminary analysis was 
published in January 1993 (Forest Service 1993). The report evaluated segments 
determined eligible by the Forest Service and segments proposed by the Arizona 
Rivers Coalition but determined not eligible. The Santa Maria , Upper Verde , and 
Hassayampa Rivers on the PNF were included in the report, and the Upper 
Verde River was the only segment found eligible. 
 

Four segments, that include the Upper Verde River of this navigability assessment, 
were classed as navigable by the USFS as part of their inclusion of the Upper Verde 
River as “potentially eligible rivers for inclusion in the National Wild and Scenic Rivers 
System” (USDA, 2010, Upper Verde River Eligibility Report Update for the National Wild 
and Scenic River System, Prescott National Forest: 28p.). The four segments with the 
corresponding assessment of navigability are shown in the following map and table of 
the USFS report. 
 
Even with the depletion of more than 50% of the natural base runoff in USFS segments 
1 and 2 the USFS classed the Verde River as navigable. 
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Source C.—In 1989 the U. S. Fish and Wildlife Service reported the following. 
 

 
HUMAN USES  
 
From Sullivan Lake downstream to Cottonwood (Figure 1), cattle grazing appears to 
have a major impact on both the upland and aquatic communities, as evidenced by 
trampled banks and heavily grazed vegetation. Scattered throughout the area are 
several abandoned mines. Recreational use by hikers, campers, anglers and off-road 
vehicles is visible throughout this area. Information provided by surface water 
recreational users indicates that the reach of the Verde River between Perkinsville and 
Cottonwood constitutes one of Arizona's best floatable reaches that provides high 
quality wildlife viewing.” (USFWS, 1989, p. 41-42). 
 
USFWS, 1989, FISH AND WILDLIFE COORDINATION ACT SUBSTANTIATING 
REPORT CENTRAL ARIZONA PROJECT VERDE AND EAST VERDE RIVER WATER 
DIVERSIONS Yavapai and Gila Counties, Arizona: Prepared for Bureau of Reclamation 
Arizona Projects Office Phoenix, Arizona, Fish and Wildlife Service 72) Ecological 
Services, draft, July 25, 1989, 174p. 
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Source D. Paddling Arizona’s Verde River (GORP) from Perkinsville. 
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Source E.—Using -mounted electrofishing and seining along the upper Verde 
River. 
 
Boats were used for several years along the Verde River above and below Perkinsville 
by the AZ Game and Fist Dept. as shown in Figures 2 and 3 of Hyatt’s (2004) report. 
 
 
 

 
 
 
 
Hyatt, M. W., 2004, Assessment of Colorado Pike minnow and Razorback Sucker 
Reintroduction Programs in the Gila River Basin Final Report: September 30, 2004, 
Arizona Game and Fish Department, Wildlife Management Division, Phoenix, AZ 
85023, Submitted to: United States Fish and Wildlife Service, 28p. 
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Source F.-- Sycamore Creek to Clarkdale 
 

 
 
Source G—Northern AZ University. 
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Source H.—USGS 
 
Collecting sample of water in Mormon Pocket area. Trip was from Perkinsville to Tapco. 
 

 

 
 
The USGS conducted multiple small boat trips down the upper Verde River during 
hydrologic studies in the later 1990s and early 2000s.  
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Source I—Two iron boats 
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Source J—Journey down Verde, Salt and Gila in a boat.  Beaver trapping for the 
5th time along 800 river miles to the Colorado River. 
 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Item 11.  Early Pumps 

Centrifugal Pump Installation 

The sketch below shows a low lift centrifugal pump installation on the upstream side of 
an earthen dike. Pipe diameters of 1 ft were not uncommon with suction lifts of up to 
approximately 10 ft.  Diesel engines were commonly used to power the early pumps.  
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See T19N R4W of Appendix F for application of this system in the Big Chino Valley. 

 

 

 

Propeller Pump Installation 

Propeller pumps were also used for low lift, high flow rate conditions in the early 1900s. 
Heads of roughly 20 ft were easily attainable. A modern propeller pump installation is 
shown below (This pump simply is an example and is not located in the Verde 
watershed). 

 
 

Piston (plunger) Pump Installation 

PRESCOTT WATER WORKS PUMPING PLANT 
Del Rio Springs, Yavapai County, Arizona 

The City of Prescott pumped water from a spring at Del Rio from 1904 to 1926 through 
a twenty-one (21) mile pipe line to Prescott to provide municipal water.  The operation 
discontinued in 1926 and not used since. 
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Significance: The Prescott Water Works pumping plant at Del Rio Springs, Arizona, is 
an early example of a high pressure pumping plant being used to supply domestic water 
in the Southwest. 

Historical Summary 
 
Before 1900, the town of Prescott, Arizona, secured its water supply from a well sunk in 
the bed of Granite Creek, an intermittent stream.  During the summer of 1900, while the 
water works reservoir was empty due to a drought, Prescott burned.  The citizens saw 
that they had to either abandon their town or find a new water supply. 
 
The only reliable water source available to Prescott was that located at the Del Rio 
Springs, twenty miles away and 1135 feet lower in elevation.  In order to secure this 
water, the city had to construct a water pipeline and install a pumping plant at the 
springs. 
 
The City of Prescott employed Mr. George W. Sturdevant, Jr., of Chicago to design the 
required pumping plant and pipeline.  Following Sturdevant's plans, construction began 
in December, 1900, on the plant and pipeline.  The pumping works consisted of a sixty-
five horsepower steam engine which was belted to a large triplex Deane pump with 
three double plungers.  This equipment, which went into operation on September 6 
1901, served to supply Prescott with one-half million gallons of water per day. 

The amount pumped was 500,000 gal per day or 470 ac-ft per year.  
 
Remains: The Del Rio Springs pumping plant of the Prescott Water Works has been 
removed.  The only extant building at the site is the house formerly occupied by the 
pump keeper. Only the foundations of the pump house remain, although the various 
rooms of the building can still be identified.  At the side of the pump house is the now-
covered pump well from which spring water was supplied.  The property is owned by the 
City of Prescott and is accessible on a gravel road east of U. S. Highway 89 near the 
town of Chino Valley, Arizona. 
 
See page 23 of Appendix C for more information on this pump system. 
 
References 
 
Baker (1890), Follett (1902), The McGraw (1915). 
 
Baker, T. L., Rae, S. R., Minor, J. E. and Connor, S. V., 1973, Water for the Southwest-
Historical Survey and Guide to Historic Sites: American Society of Civil Engineers, 
Historical Publication No. 3, 205 p. 
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Item. 12. Claims to surface water 
 
The following are several, but by no means all, surface water claims in the Verde River 
Watershed. These claims are a rough indication of the amount of surface water used by 
humans before Arizona statehood. Available industrial claims to water used along the 
Verde River downstream of Granite Creek possibly before 1912 total about 20 cfs. 
Stock water/Irrigation claims total between 2 and 3 cfs. Irrigation claims and claims for 
water used after 1912 are not included in the above figures.  
 
It’s interesting that the Groseta Surface Water Claim 36-87901 seems to recognize the 
connection between groundwater near the river and base flow in the Verde River. (This 
post-statehood claim is shown below for interest purposes only.) 
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APPENDIX B.—Early history based mostly on Whipple survey of 1853-54 
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Historic information mostly for the Big Chino Valley area based largely on the Whipple 
survey of is presented. Focus is on the perennial/intermittent tributary streams and 
Whipple’s 35th Parallel Survey with his comments on streams within and near the Big 
Chino watershed in Arizona. 
 
“Whatever may be the cause, the fact is evident that a large portion of the region south 
of the parallel of 35° 15' is well watered and fertile; while that north of it is the reverse. 
Ruins of ancient pueblos and evidences of former cultivation are abundant throughout 
the valleys leading towards the Gila.” (Whipple, Part II, p. 29.) 

 
 
 
This appendix is based on information in the following references. Unless otherwise 
noted, information is from Part 1 of Whipple’s reports. 
 

Barnes, Will C., 1935, Arizona Place Names, University of Arizona Bull. No. 2, 503p. 
 (Later editions also used.) 
 
Fewkes, Jesse W., 1912, Antiquities of the Upper Verde River and Walnut Creek 
Valleys, Arizona: Bureau of American Ethnology, 28th Annual Report, 1906-07, p. 
185-220. 
 
Moellhauser, B., 1858, Diary of a journey from the Mississippi to the coasts of the 
Pacific with a United States government expedition; translated by Mrs. Percy 
Sinnett., British Library, Historical Press Editions, 397p. 
 
Whipple, A. W., 1855, Part 1. Report. Explorations for a Railway Route near the 
Thirty-Fifth Parallel of North Latitude. from the Mississippi River to the Pacific 
Ocean: By Lieutenant A W. Whipple. Corps of Topographical Engineers Assisted by 
Lieutenant J. C. Ives. Corps of Topographical Engineers. 
 
Whipple, A. W., 1855, The Topographical Features and Character of the Country, 
EXPLORATIONS AND SURVEYS FOR A RAILROAD ROUTE FROM THE 
MlSSISSIPPI RIVER TO THE PACIFIC OCEAN, Part II, WAR DEPARTMENT, 77p. 
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Whipple’s notes for the Big Chino watershed area can be confusing. He was attempting 
to find a RR route across the Aztec Mtns (present Juniper Mtns) other than the 
previously surveyed route of Capt. Sitgreaves where there was little water.  Whipple’s 
guides (Leroux and Savedra), who previously had entered the area, were confused, 
possibly because of the cold stormy weather, about precise geography but assured 
Whipple there was no water along Sitgreaves’ route. Leroux, for example, seems to 
have led Whipple down Hell Canyon to the west and then south thinking it was related 
to the Bill Williams watershed. Whipple eventually crossed over the Juniper Mtns into 
the Bill Williams watershed at Aztec Pass at the upper end of the Walnut Creek 
watershed where there was plenty of water. He found a route connecting the Verde 
area with the Colorado River that had been used by Indians for hundreds of years. 
While in the Big Chino Valley, Whipple’s party experienced snow and cold winds that 
obviously made their assignment difficult to accomplish.  
 
Also, it is important to realize that Whipple and a small party were exploring out ahead 
of the “train” for which the camps are numbered. Much of Whipple’s notes for the 
Walnut Creek and Pine Creek areas are for reconnaissance while the train was several 
miles behind. They used smoke signals to communicate location. When they observed 
distant smoke from Indian fires they knew water was nearby. 
 

 
 
Note: Pueblo Creek is presently known as Walnut Creek and is discussed later in detail. 
The Aztec range is the Juniper Mountains. Mount Hope is about 8 miles west of the 
divide between the Big Chino Valley and the Bill Williams watersheds and on the divide 
between the Burro Creek and Big Sandy watersheds that lie within the Bill Williams 
watershed. 
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Whipple’s route with camps crossed northern Arizona in the winter of 1853-1854.  The 
Aztec Mtns. are the present Juniper Mtns. and Black Mtn. is the present Big Black 
Mesa. Also, Whipple’s latitudes and longitudes were not very precise relative to later 
standards. 
 

 
 

 
To the left is a piece of 
Whipple’s Pacific RR 
map showing New Years 
Spring due west of 
Leroux Spring. A 
description is on the 
following page. 
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(Whipple, Part II, p. 32). Note: The Black Forrest is presently known as Big Black Mesa. 
La Laja are the mountains at the north end of Big Chino Valley. 
 
Below is from the USGS Williams 7.5 min. topographic map showing possible location 
of New Years Spring. 
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Heading into Big Chino watershed.  
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(Whipple, Part II, P. 34). Note: Val de China is presently known as Big Chino Valley. 
 
The map below is an interesting combination of historic surveys in Arizona.  Lt. 
Whipple’s survey road leading to Aztec Pass and eventually the Colorado River is 
shown on the plat of the original land survey of 1873. Note the location of Camp Hualpai 
on the left (west) side of the map. Camp Hualpai was built 4 years before the land 
survey. 
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The Whipple survey party for a railroad route along the 35th parallel did some serious 
looking for a way across the Juniper Mtns to reach the Colorado River. They were 
interested in a route with water and found plenty along Walnut Creek and also over the 
divide in the Bill Williams River watershed. They also found water in the upper Big 
Chino Valley a few miles south of Picacho Spring. This water probably was from 
Partridge Creek in the present Big Chino Wash because the Whipple party noted the 
wash upstream from Partridge Creek was dry. 
 
The route to the north that was eventually used for the railroad relied on water at the 
town of Ash Fork that was piped 4 miles from Johnson’s Canyon, an intermittent 
tributary stream of Partridge Creek. The 4 inch steel pipe originated at Ash Fork Steel 
Arch Dam that was built by the Santa Fe Railway in 1897-98.  
 
Partridge Creek 
 
Partridge Wash or Creek Coconino Co. U. S. G. S. Map, 1923; Tusayan N. F., 1927. 
Rises in T. 24 N., R. 2 W. Tusayan N. F. Flows southwest into Chino valley in T. 20 N., 
R. 4 W. Very old name. Ives called it "Partridge Ravine," 1858. Later he called it 
Partridge creek as does Whipple 1854. Mollhausen, Diary of a Journey, 1858, says: "So 
called from the numerous pretty creatures of that kind." 
"January 10, 1854: Many partridges were killed today. Upon their heads are tufted 
plumes like those of the California partridges." Whipple Report. Evidently our common 
tufted quail. (AZ Place Names) 
 
January 10, 1854 Camp 97. We traversed the fine valley of Cedar creek, and passed 
westwardly over an almost inappreciable ridge into a wide ravine; which, by a gradual 
descent led into the great basin of the Black Forest. Thence four miles south brought us 
to large pools of water in a rocky glen called Partridge creek. It is believed that water 
exists here at all seasons. 
 
January 11. It appeared necessary to leave our late reconnoitering trail, and again 
explore towards the southwest. There seemed to be a break in the mountain range near 
Picacho, and it was decided to examine in that direction. Fearing, however, to move the 
whole train, with the uncertainty of finding water; with ten men for an escort, we 
recommenced the reconnaissance. Following Partridge creek, nearly south, six miles, 
we found large pools of water at distances of a quarter of a mile from each other, with 
numerous recent Indian lodges along the banks. 
 
January 12. The water-hole at last night's camp, though smaller than many seen, was 
from two to three feet deep, some twenty feet long, and three or four feet wide. The 
botanist found there, and at other pools upon Partridge creek, the water-plant 
“Polygonum amphibium" which, he says, never grows except in places permanently 
moist. He believes that now the water is in its lowest stage. All the old hunters and 
trappers of the party find signs leading to the same conclusion. This is an important fact. 
Only springs or tanks can be depended upon for a supply of water in this region of 
volcanic rock. 
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Partridge Creek appears to be perennial (or intermittent) based on opinions and 
observations of the Whipple party. Subsequent observations by Whipple also suggest 
Partridge Creek (Whipple also referred to Big Chino Wash as Partridge Creek) was 
perennial. It appears that the Santa Fe Railroad chose the drier route to the Pacific and 
thus need to build the Steel Dam in Johnson’s Canyon, a perennial tributary to Partridge 
Creek, to supply water for Ash Fork and the railroad.  
 
“Leaving Partridge creek, which flows south 65° east, and turned towards the southwest 
and west over a smooth prairie, about eleven miles to the southeast base of Picacho. 
There finding pools of water, we again bivouacked among our favorite cedars.” "Within 
the last two miles we have crossed several arroyos, containing water in holes, which, 
about a mile below, seem to unite. From a spur of the Picacho the view is very 
extensive and beautiful. This mountain proves to be indeed the southern terminus of the 
range to which it belongs, and beyond is abroad smooth valley sweeping towards the 
south-southeast, and extending in that direction to the verge of the horizon. Westward 
of this is the long range of mountains which was before noticed from the head of Bill 
Williams' fork.” 
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Chino Creek (post Whipple tidbits) 
 
Chino Creek Yavapai and Coconino Cos. Map, Prescott N. F., 1927. Rises northwest of 
Mount Floyd southeast end Aubrey cliffs in T. 26 N., R. 6 W., runs through Chino valley 
entering Verde river in approximately T. 17 N., R. 1 W. See Chino. (AZ Place Names) 
 
The following is from the Arizona Weekly Miner, Dec. 31, 1875, by H. C. Hodge. This 
article, by a reputable person, shows how settlers started ranches and farms in the area 
less than 20 years after Whipple. It’s remarkable how quickly settlers (largely white) 
homesteaded the area considering the threat of the native Americans. Obviously, the 
presence of Fort Whipple and Camp Hualpai (completed in 1869) afforded protection. 
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Pine Creek (Turkey Creek) 
 
Pine Creek Yavapai Co. Map, Prescott N. F., 1927. In sec. 3 T. 16 N., R. 6 W. "Stream 
rising at Hide mountain near Camp Wood. Flows north and east into Chino valley. "Two 
Pine creeks are in this immediate vicinity. Other flows west to Colorado river." Letter, 
Forest Supervisor Grubb, Prescott. (AZ Place Names) 
 
Turkey Creek, Yavapai Co. Surgeon Woodhouse of Sitgreaves party, 1852, in his report 
says: "We saw numerous flocks of wild turkeys near the head of the Bill Williams river." 
Two years later Wheeler camped here and named this stream. "Jan. 17, 1854. A large 
flock of turkeys was hunted in the grove and one killed. This suggested the name which 
was given to the stream. It was a clear and rapid stream flowing southeast." Wheeler 
Report. (AZ Place Names) 
 
January 17.—“Continuing our march we passed a spur of granitic hills, and in two 
miles southwest struck a clear and rapid stream flowing southeast. Its banks were lined 
with rushes and a basin-like valley was covered with a thick growth of timber—cotton-
wood, walnut and ash.  A large flock of turkeys was hunted in the grove and one killed. 
This suggested name which was as given to the stream, ‘Turkey Creek.’”  
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Walnut Creek (Pueblo Creek) 
 
Walnut Creek Yavapai Co. U. S. G. S. Map, 1923. Rises east side Santa Maria 
mountains, flows northwest into Chino creek near Fritchie, in T. 18 N., R. 3 W. 
"In early days this stream was lined with fine walnut trees. This is a regular stage station 
on Prescott-Mohave road, kept by Ed Soholey. There was a P. 0. in 1880 with M. B. 
Cullenber, P. M." Hinton. Whipple, in 1853, called this Pueblo creek because of the 
numerous prehistoric ruins along the stream. See Aztec pass. (AZ Place Names) 
 
 
After leaving Turkey Creek Mr. Moellhausen wrote the following about Pueblo Ck.: 
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According to Fewkes (1912) the Indians had a system of trails that connected central 
Arizona to the Colorado River and trails up Pueblo Creek (Walnut Creek) were an 
important part of this route.  
 
Fewkes’ study of the area confirmed that Whipple’s Pueblo Creek was the Present 
Walnut Creek. However, Fewkes (next slide) observed that stream flow of lower Walnut 
Creek was lost to infiltration before reaching Big Chino Wash. Whipple seemed to imply 
that Partridge Creek (Big Chino Wash) was perennial/intermittent and there was stream 
flow from Walnut Creek entering the former.  
 



 20

The following from Fewkes (1912) is a description of Walnut Creek in 1906 and that 
also supports Whipple’s observations.  
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(Partridge Ck apparently is the present Big Chino Wash) 
 

So it’s clear that during the winter Whipple says both Partridge Creek (Big Chino Wash) 
and Pueblo Creek (Walnut Creek) were flowing and joined to form the present Big 
Chino Wash. Knowing the sediment along Big Chino Wash below Pine Creek and along 
lower Walnut Creek, it seems possible all the base flow could seep beneath the 
sediments during dry periods of high evapotranspiration. Or, in the absence of direct 
runoff with below normal precipitation, it’s possible the streams were intermittent in a 
few sandy reaches during summer periods. It’s also possible that during typical years 
the streams were perennial to the Verde River. Thus, It seems safe to say the streams 
were intermittent or perennial to the Verde River.  
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The following two photographs that I scanned from my personal book by Fewkes (1912) 
show Walnut Creek in 1906. It’s important to realize that several settlers had small 
farms/gardens with diversions from Walnut Creek when these photos were taken.  Also, 
of significant importance with respect to historic accounts of base flow in the area, the 
original Federal land survey noted on page 36 of book 1690 that there “were several 
farms under cultivation in the valleys of Walnut Creek” (Omar Case, November 11, 
1872). 
  
Obviously, any diversions by early settlers deplete the base flow downstream. 
Diversions impact the amount of water in streams and there is a lesser amount of water 
that would be present in the stream had there been no diversions. Thus, the accounts of 
the streams and Verde River from early settlers around that time frame (post 1860s) do 
not describe them in the “natural condition.” 



 25

 
 
 
 
Leaving Big Chino Valley and entering Bill Williams watershed. 
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(Whipple, A. W.,  Part II) 
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Williamson Valley Creek 
 
Williamson Valley Yavapai Co. G. L. G. Map, 1921. East slope Santa Marias opening 
into Chino valley, west of Del Rio. Probably named after Lieut. Williamson of Ives party, 
1858. P. 0. called Williamson established Oct. 9, 1873, Mrs. Betsy Zimmerman, P. M. 
Called Wilson, 1875, q.v. Changed to Simmons on July 5, 1881. (AZ Place Names) 
 
Arizona Weekly Miner Dec. 31, 1875 
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Big Chino Valley 1864 
 
The following is a description of the Big Chino Valley located to the west of the “Black 
Forest” (the present Big Black Mesa) as described by Mowry (Mowry, S., 1864, Arizona 
and Sonora, Geography, History and Resources, Silver Region of North America; 
Harpee Brothers Pub., 251p.). 
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APPENDIX C.—Granite Creek 
 
This appendix presents historic and current information along Granite Creek that is 
related to the assessment of navigability of the Upper Verde River. The information 
includes the original Land Surveys, early newspaper accounts, reports by the USBR, 
USFS and USGS and aerial photographs.  
 
Federal Land Survey maps (plats) with information, such as channel widths, from 
selected associated survey field notes for the reach of Granite Creek from Prescott to 
the Verde River are used. The maps and survey notes, when used together, provide 
valuable morphology, hydrology and hydraulic information for the assessment of 
navigability for ANSAC. These maps and field notes were obtained from the Bureau of 
Land Management (BLM) in 2013. 
 
The Department of the Interior, that included the General Land Office (GLO), was 
created in March 3, 1849.  In 1946, the GLO was merged with U.S. Grazing Service to 
form the Bureau of Land Management (BLM) in the Department of the Interior.  In the 
process, BLM became the custodian of the official land records of the United States.  
 
The natural Granite Creek was perennial until it left the bedrock area near the southern 
edge of Little Chino Valley roughly north of section 1 T14N R2W. It also was perennial 
north of about section 36 T17N R2W. Across Little Chino Valley streamflow seeped into 
the stream sediments as groundwater and was perched above the underlying basin fill 
(Pool and others 2011). There may have been seasonal perennial flow across the valley 
but the evidence suggests the Granite Creek was both seasonally and spatially 
intermittent. Of importance for this study of navigability is the fact that there was a 
supply of water throughout a typical year that was above the basin fill and that reached 
the natural Verde River. 
 

Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, 
Regional groundwater-flow model of the Redwall-Muav, Coconino, and alluvial 
basin aquifer systems of northern and central Arizona: U.S. Geological Survey 
Scientific Investigations Report 2010-5180, 101 p. 

 
Most of the following is from the U. S. Bureau of Reclamation, 1946, Chino Valley 
Project, Project planning report no. 3-8b.9-0, 115p.  (Material is scanned into computer 
and has not been edited)  Win Hjalmarson 1999 
 
Granite Creek: The first known attempt to utilize the waters of Granite Creek for 
purposes of irrigation was made in about 1866.  Various small tracts were brought 
under irrigation after that time but the first organized attempt at large scale development 
was made by the Arizona Land and Irrigation Company, forerunner of the present Chino 
Valley Irrigation District. 
 
Willow Creek: Development along this stream paralleled that along Granite Creek. The 
construction of the Willow Creek reservoir in 1937 was the first major development. 
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Verde River: The first known attempt of white men to utilize the waters of the Verde 
River for irrigation purposes was made in 1865 when a group of pioneers established a 
settlement on the Verde River near Clear Creek.  Development progressed continuously 
since that time, until the completion of the Bartlett Dam for the Salt River Valley Water 
Users Association in 1939. 
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An example of a small pump from Granite Creek. Also, cultivation without irrigation. 
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An Arrastra is a primitive mill for grinding and pulverizing (typically) gold or silver ore 
driven by a water wheel.  

 
 

There was enough base runoff for a Grist Mill upstream of Prescott. There were other 
mills for grinding to concentrate ore. There was also a Grist Mill at Del Rio Springs. 
 
For a mill to be successful, the quantity of flow and the natural uniformity of flow are 
important, particularly in the summer time. The success of a mill implies natural storage 
of sufficient size to yield a sufficient uniform quantity of water to power the mill at nearly 
all times.  Therefore, the powering of a grist mill and arrastras on Granite Creek a short 
distance above Prescott implies a good-steady base runoff.  
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Small ditch to carry water from Granite Creek to orchard. 
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Water was diverted from perennial/intermittent streams using low rock dams. Also, 
shallow wells in the stream sediments (subflow zone) with eventual centrifugal pumps 
were also used. The first wells in the area typically were shallow hand dug wells of large 
diameter. In the late 1800's and early 1900's, most wells were along the flood plain of 
perennial streams in the Verde watershed. Because centrifugal pumps were the type 
commonly available at that time for lifting large quantities of water, pumping for irrigation 
generally was in areas of shallow ground water. 
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“The valley does not exactly ‘flow with milk and honey,’ but it does have flowing 
water….”  
 
 

 
 
Chino Valley-- The weekly Arizona Miner., September 13, 1873  
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Now this is fresh milk! 
 

 
 
The weekly Arizona miner. (Prescott, Ariz) 1877-1885, August 31, 1877 
 

 
 
Turney, O. A., 1901, Water Supply and Irrigation on the Verde River and Tributaries, 
Cleveland Daily Record, 20p. 
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Turney, O. A., 1901, Water Supply and Irrigation on the Verde River and Tributaries, 
Cleveland Daily Record, 20p. 
 
Lawsuits had started and been settled in court as Judge Sloan, for example, had 
decided against John Duke and in favor of Prescott where Duke claimed Prescott was 
diverting his water along Granite Creek. So as early as 1899 and 1900 Prescott was 
accused of “taking” water used for irrigation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Arizona weekly journal-miner. (Prescott, Ariz.) 
1885-1903, July 17, 1901 
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Land Patents in BLM land survey files 
 

 
Title : John Duke Ranch, Granite Dells Area, 
Prescott, Arizona, C.1900 
Date of Photograph : 1900  
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Original land survey maps (red) along Granite Creek to follow. 
 

 
Wirt, L. and Hjalmarson, H. W., 2000, Sources of springs supplying base flow to the Verde 
River headwaters, Yavapai County, Arizona: U. S. Geological Survey Open-File Report 99-378, 
50 p. 
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Recent USGS study shows base flow and plenty of groundwater storage along upper 
Granite Creek at the Yavapai-Prescott Indian Reservation. 
Findings are consistent with accounts and use of the streamflow by early settlers. 
 

Littin, G. R., Truini, M., Pierce, M., and Baum, B., 
2000, Occurrence and Quality of Surface Water 
and Ground Water within the Yavapai-Prescott 
Indian Reservation, Central Arizona, 1994–98; 
Water-Resources Investigations Report 00—
4144, 109p. 
 
 
“The Yavapai-Prescott Indian Reservation 
encompasses about 1,395 acres in central 
Arizona adjacent to the city of Prescott. From 
October 1994 to September 1997, the annual 
average rainfall was 14.9 inches and the total 
annual streamflow leaving the reservation along 
Granite Creek was about 430 acre-feet more than 
the amount of streamflow entering the reservation. 
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The channel-fill and valley-fill sediments within the flood plain of Granite Creek make up 
the principal aquifer. The only ground-water development is from spring discharge that 
is being contained for livestock and wildlife use. About 29 acre-feet of ground water 
leaves the reservation each year after discharging into Granite Creek. Water levels in 
wells throughout the reservation reflect seasonal variations in rainfall and snowmelt.” 
 
The channel-fill and valley-fill sediments along the flood plain of Granite Creek make up 
the principal aquifer. The estimated total storage potential for the aquifer west of U.S. 
Highway 89 is 8,080 acre-ft and the estimated effective storage is about 3,760 acre-ft. 
 
Littin, G. R., Truini, M., Pierce, M., and Baum, B., 2000, Occurrence and Quality of 
Surface Water and Ground Water within the Yavapai-Prescott Indian Reservation, 
Central Arizona, 1994–98; Water-Resources Investigations Report 00—4144, 109p. 
 
Land Survey map. Widths (red) from field notes. Irrigated acres (green) from mapped 
areas. 
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Abundance of water  
at all seasons  
for irrigation 
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Arizona weekly miner. (Prescott, Ariz.) 1874-1877, February 04,1876, 
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1940 aerial photo showing Sullivan Lake, Verde River, Granite Ck and Del Rio Springs. 
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Photo by Win Hjalmarson 
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Title: Orchard and vineyards, Clough  
Ranch, Granite Dells, Prescott, Arizona,  
C.1900  
 
 
 
 
 

 
 
Title: Unidentified orchards, Prescott, Arizona, 
C.1920  
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Title : Orchard and vineyards, Clough 
Ranch, Granite Dells, Prescott, 
Arizona, C.1900 
Date of Photograph : 1900  
 
 
 
 
 
 

 
Title Jerome Junction depot and 
yard near Chino Valley, Arizona, 
1900  
 
 
 
 
 
 
 
 

 
Sharlot Hall Museum/Courtesy photo 
 
The first train heads into Prescott  
on Jan. 1, 1887 
 
 
 
 

 
 
The early 1900s was a transition period to deeper and more wells and larger dams. 
It was a period of human impact on GW in basin fill (layer 1 of the USGS GW model). 
(Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, 
Regional groundwater-flow model of the Redwall-Muav, Coconino, and alluvial basin 
aquifer systems of northern and central Arizona: U.S. Geological Survey Scientific 
Investigations Report 2010-5180, 101 p.) 
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Watson Lake then Willow Lake dams with new lands under irrigation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weekly Arizona Journal-Miner. (Prescott, Ariz.) 1908-1929, July 21, 1915, Page 2. 
 
Chino Valley, Del Rio Springs and Granite Creek  
 Del Rio Springs was a landmark known to pioneers as a permanent and plentiful 
source of water. It is located just beyond the northern limit of the artesian area. In 1863 
Whipple Barracks was located at this site and then moved to Prescott. In 1904 the City 
of Prescott built a pumping station at Del Rio Springs and pumped water from a shallow 
well for a distance of 21 miles into the city through an 8-inch pipe line. The operation 
was discontinued in 1926. 

 
 
Site of pumping plant for  
Prescott Water Works 
 
Photo by Win Hjalmarson 
 
 
 
 
 
 

In 1910 the Santa Fe Railroad purchased the 3,520 acres of Del Rio Ranch to serve as 
a dairy ranch for the Fred Harvey hotels and to provide winter pasture for the mules 
from the Grand Canyon.  At one time the Santa Fe hauled water from the deep wells at 
Del Rio to the Grand Canyon, one hundred thirty miles away. 
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In 1926 the first well to tap the artesian aquifer, four feet in diameter and 150 feet to 
water, was drilled at the Mormon Church. An irrigation well was put down by a group of 
local farmers in Chino Valley in 1930. Before the discovery of flowing artesian water in 
Little Chino Valley, irrigation in the valley was limited to lands in the Chino Valley Land 
and Irrigation Company. From 1915 to 1926, farmers in the area got a surface water 
supply from the Lake Watson Reservoir on Granite Creek about 5 miles below Prescott. 
 
By 1937, there were fourteen irrigation wells in the area. In 1940, the depth to static 
water level of the well at the Mormon Church was measured at 158 feet. By 1974 it had 
dropped to 228 feet. The decrease in static water level may be explained, in part, by an 
increase in the number of irrigated acres, from 1,004 acres in 1939 to 2,758 acres in 
197l. However, in 1948, the City of Prescott bought and retired agricultural land from 
production in Little Chino Valley to obtain a municipal supply of water. In 2000, the 
citizens of Prescott voted to purchase Watson Lake from the Chino Valley Irrigation 
District. 
 
 

 
 



 25

 
 
 

 

 
 
 

Goldwater Lake is in the upstream or southern part of the Granite Creek watershed. 
Created in the 1930’s as a water supply reservoir for the City of Prescott (City), 
Goldwater Lake sits at approximately 6,800 feet in elevation nearly 4 miles south of 
downtown Prescott. Two dams situated in the headwaters of Granite Creek on a 
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drainage known as Bannon Creek create an upper 22 acre reservoir and a lower 8.5 
acre reservoir.  
 

Willow Lake Dam 
 
Construction in 1935 
 
 
 
 

 
Title : Fred Harvey Dairy Ranch, Del Rio, Arizona, 1900 
Date of Photograph : 1900  
 

 
Title : Clough Ranch, Granite Dells, Arizona, 1900 
Date of Photograph : 1900  
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Title : Granite Creek and Thumb Butte, Prescott, Arizona, C.1910  
 

 
Watson Lake on Granite Ck. Photo by Hjalmarson 1999. 
 

 
Construction of Miller Creek Dam, c.1885, 
one of Prescott’s first attempts to impound 
surface water for use by the town  
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Miller Valley Dam, c.1909.  
 
 
 
 
 
 
 
 
 
 

 
 

 
Title: Water plant and old city dam, Prescott, Arizona, September, 1928 
Date of Photograph: 1928  
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Title: Water plant and old city dam, Prescott, Arizona, September, 1928 
Date of Photograph 1928  
 
 
 
 

 
Title: Construction of Goldwater Dam, Prescott, Arizona, C.1934 
Date of Photograph: 1934  
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Title: Construction of Goldwater Dam, Prescott, Arizona, C.1934 
Date of Photograph: 1934  
 
 

 
Title: Granite Creek near Granite Dells, Prescott, Arizona, C.1920  
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Title: Granite Dells Lake, Prescott, Arizona, 1906  
 
 
PRESENT: 
 
 
 
 
 
 
 
 
 
 
 
Neary, Daniel G.; Medina, Alvin L.; Rinne, John N., eds. 2012. Synthesis of Upper 
Verde River research and monitoring 1993-2008. Gen. Tech. Rep. RMRSGTR- 
291. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,Rocky Mountain 
Research Station. 296 p. 
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Del Rio Springs 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
USGS gage 
Photos by Hjalmarson 
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Wirt, L., 2005, The Verde River headwaters, Yavapai Count, Arizona in Wirt, Laurie, 
DeWitt, Ed, and Langenheim, V.E., eds., Geologic Framework of Aquifer Units and 
Ground-Water Flowpaths, Verde River Headwaters, North-CentralArizona: U.S 
Geological Survey Open-File Report 2004-1411, 33 p. 

 
 
Swale north of Del Rio Springs that 
is now dry. Looking southeast from 
old Highway 89 bridge. 
 
 
Photo by Hjalmarson 1999 
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Lower Granite Creek   
Q=0.5 cfs 
(2005) 
 

 
Wirt, L., 2005, Sources of Base Flow in the 
Upper Verde River: in Wirt, Laurie, DeWitt, 
Ed, and Langenheim, V.E., eds., Geologic 
Framework of Aquifer Units and Ground-
Water Flowpaths, Verde River Headwaters, 
North-Central Arizona: U.S. Geological 
Survey Open-File Report 2004-1411-F, 34 p. 
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Verde River about 1 mile below confluence with 
Granite Creek. 
“Verde River Springs” or  
Big Chino Springs”. 
 Photo by Hjalmarson 1999. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Wirt, L. and Hjalmarson, H. W., 2000, Sources of springs supplying base flow to the 
Verde River headwaters, Yavapai County, Arizona: U. S. Geological Survey Open-File 
Report 99-378, 50 p. 
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Sullivan Lake Dam construction in 1935 showing base flow. Most of the base flow is 
from Big Chino Valley area but some is from Little Chino Valley. 
 
 

 
Construction of Sullivan Lake Dam in 1935. Base flow is diverted around the 
construction area.  
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Hayden, T. A., 1940 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prescott Club Reservoir (present Sullivan Lake). 
 
View looking downstream and east at start of Verde River. 
Photo by Hjalmarson 1999.  
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APPENDIX D. Williamson Valley 
  
This appendix presents historic and current information along Williamson Valley Wash 
that is related to the assessment of navigability of the Upper Verde River. The 
information includes the original Land Surveys, early newspaper accounts, reports by 
the USBR, USFS and USGS, historic irrigation and aerial photographs.  
 

 
 
View looking south   
2001 Win Hjalmarson 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Title: Long Meadow Ranch, Williamson Valley, Arizona, 1966 
Date of Photograph: 1966  
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Title: Seven V Guest Ranch, Williamson 
Valley, Arizona, 1930s  
 
 
 
 
 
 
 
 
 
 

The natural Williamson Valley Creek (Wash) was perennial in places (spatially 
intermittent) such as in the area of sections 7 and 18 T17N R3W and to the east of 
section 1 T17N R3W to the confluence with Big Chino Creek. Across Williamson Valley, 
tributary streamflow seeped into the porous stream sediments as groundwater and was 
perched above the underlying basin fill (Pool and others 2011). There may have been 
perennial flow all along the natural creek and larger tributaries but the evidence 
suggests that it was affected by human diversions and as a result Williamson Valley 
Creek was both seasonally and spatially intermittent. Of importance for this study of 
navigability is the fact that there was a supply of water throughout a typical year that 
was above the basin fill that reached the natural Verde River. 
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Arizona weekly miner. (Prescott, 
Ariz.) 1874-1877, February 04,1876,  
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T16N R4W 
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2002 USGS Photo of Williamson 
Valley Wash gage 
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