
GRANITE REEF DIVERSION DAM 
Salt River 
Mesa Vicinity 
Maricopa County 
Arizona 

HAER No. AZ-51 

PHOTOGRAPHS 

WRITTEN HISTORICAL AND DESCRIPTIVE DATA 

HISTORIC AMERICAN ENGINEERING RECORD 
Southwest System Support Office 

National Park Service 
P.O. Box 728 

Santa Fe, New Mexico 87504 



HISTORIC AMERICAN ENGINEERING RECORD 

GRANITE REEF DIVERSION DAM HAER No. AZ-51 

Location: 

Dates of Construction: 

Engineer: 

Present Owner: 

Present Use: 

Significance: 

Historian: 

Salt River, vicinity of City of Mesa, Maricopa County, 
Arizona 

USGS Granite Reef Dam quadrangle 
UTM coordinates: 

North end: 1,430,028.98E-12,167,499.23N 
South end: 1,430,030.85E-12,166,356.80N 

1906-1908 

A. L. Harris, F. Teichman, U.S. Reclamation Service 

U.S. Government, operated by Salt River Project (SRP) 
Phoenix, Arizona 

The Granite Reef Diversion Dam diverts waters released 
from upstream storage dams to the canal irrigation system 
on both sides of the Salt River for agricultural, industrial, 
and municipal uses. 

The Granite Reef Diversion Dam is the structural 
mechanism by which stored water is diverted to canals 
throughout the Salt River Valley supplied by the Salt 
River Project. Its historic construction at the same time as 
the Roosevelt Dam allowed engineers working on both 
projects to develop designs and construction strategies 
that defined U.S. Reclamation Service practices in the 
earliest irrigation projects funded under the Newlands 
Act of 1902. 

Tonia W. Horton 
SRP Research Archives 



Chapter I 

Chapter II 

Chapter III 

Chapter IV 

Chapter V 

Chapter VI 

Chapter VII 

Chapter VIII 

Bibliography 

Maps 

Photo Index 

GRANITE REEF DIVERSION DAM 
HAER No. AZ-51 

(Page 2) 

Table of Contents 

Introduction 

Site Survey and Dam Design, 1905-1906 

Granite Reef Camp, 1906-1908 

Dam Construction and Initial Operation, 1906-1912 

Floods and Siltation, 1913-1940 

Katy Pickerel Dredge, Rehabilitation and Betterment 
Work, and Dam Operations, 1940s-1960s 

Maintenance and Repairs, 1970s-1990s 

Epilogue 

3 

5 

12 

14 

23 

31 

35 

37 

39 

41 



Chapter I. Introduction 

GRANITE REEF DIVERSION DAM 
HAER No. AZ-51 

(Page 3) 

Located approximately thirty miles east of Phoenix, Arizona, adjacent to the city of 
Mesa, and three miles downstream from the confluence of the Salt and Verde Rivers, 
Granite Reef Diversion Dam is the principal diversion structure supplying water to the 
Salt River Project irrigation canals on either side of the Salt River [Map. 1]. Although 
overshadowed in size by the Theodore Roosevelt Dam- the first structure of the Salt 
River Project proposed by the Department of the Interior's newly formed U.S. 
Reclamation Service- the construction of Granite Reef Diversion Dam was, in fact, a 
critical element in the overall concept of water storage and delivery. This report 
chronicles its design, construction, operations, and maintenance from its origins in 
1905 to the present time. 

The passage of the Newlands Act in June 1902 represented the public initiation of John 
Wesley Powell's vision of an arid landscape turned into garden by the development of 
large-scale irrigation projects set forth in his Report on the Lands of the A rid Region 
nearly two and a half decades earlier. The establishment of the U.S. Reclamation 
Service (USRS) under the Newlands Act created an engineering cadre whose work 
would transform much of the hydrology of the Western states based on their 
experience with the Salt River Project, among other early ventures. This group was 
comprised of individuals such as Frederick Newell, Arthur P. Davis, and Louis C. 
Hill, who supervised the work of designers Jay Stannard, A. L. Harris, F. Teichman, 
and others in the first few decades of USRS dam building and irrigation projects in the 
West. 1 

Davis, in particular, knew that the potential for settlement growth in the Salt River 
Valley depended on harnessing the erratic waters of the Salt River and Tonto basin 
watershed. After working for his uncle, John Wesley Powell, in the Irrigation Survey 
for half a decade, Davis was the lead investigator of a mid-1890s study commissioned 
by a public interest group in Phoenix known as the "Water Storage Committee." 
Davis' "Water Supply Paper No.2," published by the USGS in 1897, was revised and 
reissued as "Water Storage on Salt River, Arizona" in 1902. Although Davis focused 
on the need for a water storage dam at a site in the Tonto basin and submitted designs 
for the structure as part of the report, his assessment did not include plans for a 
permanent diversion dam; rather, his plan relied upon the existing water delivery 

1For information on the formation of the USRS and the role of its key figures in the Salt River Project, 
see Karen L. Smith, The Magnificent Experiment: Building the Salt River Reclamation Project, 1890-1915 
(Tucson: University of Arizona Press, 1986). Newell, Davis, Hill, Stannard, Harris, and Teichman are 
discussed below. 
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systems in place: the Arizona Canal on the north side of the river, and the 
Consolidated Canal to the south.2 

Although both canal systems utilized diversion dams to supply water throughout their 
associated lands, the Arizona Canal had the sole "permanent dam," according to Davis. 
The Consolidated Canal dam consisted of only "a shoal of large bowlders [sic] across 
the river, which withstands the floods of the river, but gradually settled ... and 
constitutes a very fair means of diversion." The Arizona Dam, on the other hand, was 
constructed as a timber-crib dam filled with rock on an excavated foundation. As a 
structure, however "permanent" Davis considered it, the Arizona Dam was no match 
for the floodwaters of the Salt River [AZ-51-1].3 

The impermanence of these structures, especially the Arizona Dam, generated 
tremendous concern during the seasonal periods of heavy rainfall. While the design for 
a storage dam would alleviate some of the anxiety of valley farmers, the need for a 
permanent diversion dam was apparent to Charles Walcott, director of the U.S. 
Geological Survey, in April, 1903-nearly a year after the founding of the U.S. 
Reclamation Service under the Newlands Act (1902). Walcott wrote to Ethan 
Hitchcock, then Secretary of the Interior, that any plans for a successful irrigation 
project in the Salt River Valley 

should provide for a permanent diversion dam in the Salt River just below the 
mouth of the Rio Verde with one large main canal on the north side and one on 
the south side. The two canals being so located that the water conveyed could 
be economically and thoroughly distributed over the lands beneath them by a 
series oflaterals.4 

Walcott's suggestion was given further impetus by the formation of the Salt River 
Valley Water User's Association (SRVWUA) in February 1903, to represent their 
interests to the USRS- their concerns reinforced by a flood in April 1905 which 
damaged the Arizona Dam to such a severe extent that irrigation to lands under the 
Arizona Canal was considered impossible. Given that the Salt River Project was, in 
fact, one of five original projects proposed under the Newlands Act, USRS chief 
engineer F. H. Newell responded to SRVWUA's urgent requests for "one permanent 
dam" as opposed to "six or eight dams of more or less temporary construction" by 

2 Arthur P. Davis, Water-Supply and Irrigation Papers of the United States Geological Survey, No. 2, 
Irrigation Near Phoenix, Arizona (Washington: Government Printing Office, 1897). 

3ibid., 21-23. 

4Charles Walcott, USGS, to Ethan Hitchcock, Department of the Interior, "Report on Irrigation in the 
Salt River Valley," Arizona, April 10, 1903. SRP Research Archives. 
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bureaucratically stating that "[T]he question of the construction of a permanent 
masonry diversion dam will be investigated and the advisability of undertaking the 
work will be promptly determined after the necessary preliminary investigations have 
been concluded." 5 SRVWUA had already successfully negotiated with the USRS for 
the construction of Roosevelt Dam in 1904; a year later, nearly six months of 
negotiation and legal wrangling passed while the future of a permanent diversion dam 
hung in the balance. Without it, the huge storage dam planned for the Tonto basin 
would serve to impound waters only to find no means for their reliable diversion for 
agricultural use. 

Chapter II. Site Survey and Dam Design, 1905-1906 

The destruction of the Arizona Dam in the devastating floods of 1905 heightened a 
renewed anxiety about the future of irrigation for the north side of the river. Efforts 
to repair the weir and headgates of the Canal were seen as temporary measures subject 
to persistent failure with the rising river waters during intermittent periods of 
flooding. Combined with repairs to canal headgates, the need for a more permanent 
diversion dam was immediate. However, legal and political issues concerning water 
rights threatened to derail the momentum provided by public speculation about the 
federal government's perceived interest in establishing a water diversion system linked 
to Roosevelt Dam, then under construction.6 Finally, on January 13, 1906, the 
Secretary of the Interior allotted $375,000 "for the construction of a diversion dam, 
headworks, and new canal on the upper 2 miles of the system, and authorized the 
prosecution of the work in such manner that it can be used in conjunction with the 
present system of the Arizona Water Company, or with the new system to be built by 
the United States .... "7 

Once issues of ownership and water rights were resolved, the USRS purchased the 
"Arizona main canal system and the appurtenances" for $235,168 on February 17, 
1906. Included in this sale contract for the price of $78,993 were the "Arizona Cross 
Cut canal, the Grand canal, the joint head of the Maricopa and Salt River Valley canals, 
the Maricopa canal, and the Salt River Valley canal and the appurtenances thereof." 
This purchase under federal jurisdiction represented the first major effort at a 
comprehensive management of stored waters diversion, setting the stage for further 

5Benjamin Fowler, SRVWUA, to Newell, USRS, May 6, 1905. Board of Governor's Minutes, 
SRVWUA, Book 2, 99-101, SRP Research Archives; Newell to Fowler, May 6, 1905, ibid. 

6Arthur P. Davis, Acting Chief Engineer, to Louis C. Hill, Supervising Engineer, USRS, April 26, 1906. 
National Archives RG 115, "General Administration and Project Records, 1902-1919," xerox copy, SRP 
Research Archives. Further reference to RG 115 records from 1902-1919 will be cited as "RG 115, 1902-
1919 Project Records, xerox copy, SRP Research Archives." 

7ibid. 
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evolution of the system of irrigation for the valley on both sides of the Salt River.8 

Actual government operation of the newly acquired canal systems did not begin until 
May 15, 1907.9 

Site Survey 
Embedded in the controversy over the reconstruction of the Arizona Canal and 
headworks was the ongoing search for a site suitable for a permanent diversion dam. 
Riverbed borings prior to January 1906 were unsuccessful in locating an area without 
deep bedrock that would require considerable excavation. In late 1905, a USRS boring 
survey led by George Hammond moved three miles down river from its first test site 
below the confluence of the Salt and Verde Rivers to an area known as "granite 
riffle." 10 The Gazette reported that 

Granite Ripple is an ideal spot, apparently, for a cement dam. The banks of the 
Salt River there are of bull granite and the croppings of this granite extend clear 
across the river with only an occasional break. It is believed that bed rock [sic] can 
be found almost at the surface all the way across though Engineer Newell is said to 
have expressed the opinion that there is somewhere a channel where the break in 
the croppings will be found to extend very deep. 11 

A little more than two miles down river from the Arizona Canal headworks, crews 
tested the "ripple" or "riffle" site for a "good solid rock foundation ... at shallow depth," 
indicating the government's willingness to consider the construction of a parallel 
system to the Arizona Canal in the event that negotiations fell through for the 
purchase of the canal holdings. Evidently, the massive expense of maintaining the 
upper reaches of the Arizona Canal led Newell and Hill to the conclusion that the 
priority lay in the dam site selection regardless of its proximity to the original dam and 
headworks. According to the Arizona Republican, the proposed "granite riffle" dam 
location was only a "few yards" away from a section of the Arizona Canal alignment. 12 

8The Secretary of the Interior approved the entire contract on May 7, 1906. Fifth Annual Report of the 
Reclamation Service, Department of the Interior, 1906 COC1 ashington: Government Printing Office, 1907): 
89. Further citations to these annual reports will appear hereinafter as "_(number) Annual Report of 
the Reclamation Service,_ (year)." 

9U.S. Reclamation Service (USRS), Seventh Annual Report of the Reclamation Service, 1907-1908 
(Washington, DC: Government Printing Office, 1908), 53. 

10The Hammond survey was sent to Phoenix in September 1905. F. H. Newell, quoted in Arizona 
Republican, January 25, 1906, p. 10, c. 2; Arizona Gazette, January 24, 1906, p. 1, c. 1-4. Both the 
Arizona Republican and Arizona Gazette will hereinafter be cited as AR and AG, respectively. 

12F. H Newell, quoted in AR, January 25, 1906, p. 10, c. 2. 
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A series of borings revealed a bedrock foundation at depths between 17-20', with one 
fissure that could be structurally modified by filling it with cement. The "Granite 
Ripples" site proved to be the most satisfactory overall in terms of the general site 
requirements for the dam: a narrow channel (some 200' wide) with enough bedrock for 
a foundation, ultimately requiring less excavation than other locations. This was 
especially true on the north side where crews found a "broad area of solid rock now in 
evidence on the north bank. .. for a spillway and sluicing purposes, permitting the water 
to run over a solid foundation." 13 Nearly two-thirds of the weir's span across the river 
consisted of "sand, gravel and boulders underlain by coarse-grained, gray granite rock." 
The remaining third section, a 300' length of deep bedrock in the center, was 
impractical to excavate for a foundation; instead, one would have to be built "on a bed 
of compact gravel and stones." 14 

Although public lands were withdrawn for the Roosevelt Dam- a mile on either side 
of the river extending to the site of the now defunct Arizona dam- Louis Hill filed a 
"Notice of Appropriation of Water and Intention to Construct Canal and Dam" on 
behalf of the USRS on February 6, 1906. Within nine minutes of the Hill filing, Frank 
Parker filed a nearly identical notice on behalf of the SRVWUA. Both cited the 
location of the new dam and canal headworks at the "north bank of the Salt River," 
Section 13, Township 2 North, Range 6E-some "2,000 feet more or less above the old 
waste gates of the Arizona Canal.. .. "15 News from Washington on February 17 
revealed that the Secretary of the Interior had withdrawn four sections - 13, 14, 23, 
and 24-from Range 6 East, 2 North- in protection of the government's interest in 
the site for the new diversion dam [ Map 2]. 16 

Hill's anticipation of the boring survey's success at Granite Reef was apparent in his 
correspondence with A. P. Davis several days later. He was convinced that the USRS 
crew could build the dam by force account rather than hiring a contractor, an 
understandable position given his reasoning: 

I have some first-class foremen, experienced in concrete work, and we have done 
on this canal ourselves, some 15,000 yards of concrete work-a great deal of it at a 

13George Y. Wisner, USRS engineer, quoted in AR, February 5, 1906, p. 8, c. 3. 

14USRS, Salt River Project: Final History to 1916, vol. 1., RG 115 microfilm, xerox copy, 91. SRP 
Research Archives. Hereinafter cited as SRP Final History. 

15Louis C. Hill, "Notice of Appropriation of Water And Intention to Construct Canal and Dam," 
February 6, 1906; Frank H. Parker, "Notice of Appropriation of Water And Intention to Construct 
Canal and Dam," February 6, 1906, both in RG 115, 1902-1919 Project Records, xerox copy, SRP 
Research Archives. 

16AR, February 17, 1906, p. 3, c. 4. 
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cost less than it cost the contractor. The advantage of doing force account on that 
class of work is that any changes that may be desired, in the design of the dam, or 
in the quantity of material and its disposition, after the rock is opened up, may be 
made without incurring much additional expense for extras, and without 
complications.17 

Despite Hill's readiness, the boring surveys remained incomplete. As late as April 10, 
the survey was hampered by high water flowing through the midsection of the 
proposed dam site, delaying the its confirmation as the final location for the structure. 
While waiting for the final recommendation on Granite Reef, A. P. Davis sent a 
critical notice to proceed on April 26 requesting "what part of the work it is desirable 
to construct at this time by force account, and the details of the estimated cost" so that 
funds allotted in January 1906 could be authorized by the Secretary of the Interior. 18 

In the meantime, public speculation grew about the prospects for the diversion dam. 
Three weeks before Davis' notice, the Arizona Gazette reported that a new government 
road would be built from "Desert Wells, eight miles out of Mesa, to Granite Reefs" in 
order to transport construction supplies from Mesa, as well as cement from the plant at 
the Roosevelt dam site. Hill's visit to inspect the road survey sparked further rumors 
that the building of a diversion dam was imminent, provided the boring crew found an 
acceptable site. 19 

Other indications pointed toward the eventual construction of the dam. Near the end 
of June, the Pacific Gas & Electric power company in Phoenix secured a government 
contract to provide electricity for construction by extending its present line to Granite 
Reef, some "two or three miles" away. Within a few days, a telephone line connected 
the north and south sides of the river at the site. On July 19, 1906, the boring survey 
"broke camp" after drilling of seventy-two holes to determine consistent bedrock.20 

On July 2, 1906, front page headlines in the Arizona Republican announced a 
"Magnificent Structure," with a lengthy article on the plan for the proposed diversion 
dam designed by A. L. Harris, a USRS engineer. In early August, Louis Hill met with 
the SRVWUA Board of Governors and presented the design for the dam. In his 
remarks to the group, Hill intimated that the total construction might be completed 
within a year's time depending on the floodwaters, revealing that a "load of lumber for 
the preliminary work" was then at Mesa ready for hauling to the site. Ironically, this 

17Hill to Davis, February 19, 1906. RG 115, 1902-1919 Project Records, xerox copy, SRP Research 
Archives. 

18Davis to Hill, April 26, 1906, RG 115, 1902-1919 Project Records, xerox copy, SRP Research Archives. 

19AG, April 6, 1906, p.l, c. 4; AG, May 25, 1906, p. 5, c. 4. 

20 AG, June 23, 1906, p. 5, c. 3-4; AG, June 28, 1906, p. 5; AR, July 7, 1906, p. 6, c. 3. 



GRANITE REEF DIVERSION DAM 
HAER No. AZ-51 

(Page 9) 

meeting took place on the same day that yet more floodwaters- this time from the 
Verde River- destroyed nearly two feet of elevation in the newly constructed rock 
dam of the Arizona Canal. Finally on July 26, 1906, the USRS authorized the force 
account construction of Granite Reef diversion dam.21 

Dam Design 

Sited some three and three-quarters miles downstream from the confluence of the Salt 
and Verde Rivers- and about two and a quarter miles from the now defunct Arizona 
dam site-Harris designed the Granite Reef Diversion Dam as an "overflow structure 
on account of the topography" with a capacity for floodwaters flowing at the rate of 
165,000' per second. Because of the necessity for canals at both ends of the dam, 
spillways were not an option; thus, the "overflow" design was imperative.22 

The dam's crest was 1310' above sea level. As a structure comprised of some 40,000 
yards of concrete construction, the diversion dam was designed to raise the water level 
in the river channel by 15-20' in order to divert water to both north and southside 
canals. Initially calculated at 2,000 second-feet to the north and 1,000 second-feet to the 
south, the rate of diversion reflected topographic differences between the two that 
would affect water flow. By replacing the six semi-permanent diversion structures 
already in place, the permanent diversion dam was considered to be "of even greater 
immediate importance to the welfare of the Salt River Valley than the Roosevelt 
dam."23 Harris's design for the dam and new headworks for the Arizona Canal 
appeared in the Fifth Annual Report of the U.S. Reclamation Service, 1905-1906 [AZ-51-
2, AZ-51-3].24 

Several years later, the Ninth Annual Report of the U.S. Reclamation Service, 1909-1910 
included a description of the completed structure: 

The granite reef, located on Salt River about 4 miles below the mouth of Verde 
River, is a rubble concrete weir 1,000 feet long, with a maximum height of 38 
feet, a base 36 feet wide, and curtain walls at heel and toe extending to bed rock 
near the ends of the dam and to a foundation of compact sand, gravel, and 
bowlders [sic] in the center of the channel, where a concrete apron 18 inches 
thick extends 75 feet downstream from the toe of the dam.25 

21AR, July 2, 1906, p. 1, c. 3; Earl Zarbin, "The Salt River Project: Building a Cement Diversion Dam," 
(unpublished manuscript, n.d.), 45, SRP Research Archives; USRS, Sixth Annual Report of the 
Reclamation Service, 1906-1907 (Washington, DC: Government Printing Office, 1911), 66. 

22SRP Final History, 191. 

23Fifth Annual Report of the Reclamation Service, 1905-1906, 90. 

24ibid. 

25USRS, Ninth Annual Report of the Reclamation Service, 1909-1910 (Washington, DC: Government 
Printing Office, 1911), 65. Engineering reports and newspaper accounts of the period often confused 
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With a ten percent batter, the weir's solid cross-section was 36.5' wide at its base, 
attenuating to a mere 7.5' wide at the top of the dam [AZ-51-4]. Where bedrock was 
insufficient, excavated toe and heel foundations would support the gravity-type weir. 
The design of ogee-curved "rollway" served "to preserve an adhering nappe" with 
abutments at each end built 15' higher than the weir's crest.26 Two curtain walls served 
as foundation support for the dam. 

In addition to toe and heel walls, a masonry apron some 75' in width and 18" deep 
furnished more buttressing for the weir, and provided the third curtain wall at its 
downstream edge. The initial design of this apron proved to be one of the most 
damage-prone features of the dam. Constructed in increments of 10' squares rather 
than a continuous slab, the apron's "deep creases made when the concrete was put in 
by inserting planks set edgewise" coupled with their shallow depth led to serious 
destruction from high overflow rates during river floods as early as 1916 and 1919.27 

The 1000' weir abutted "sluiceways cut through solid rock," with four 9' x 15' sluice 
gates on the north side, and two on the south [AZ-51-5].28 The function of the 
sluiceways was to contain the downstream flow of siltation caused by sand-filled river 
waters. Designed by USRS engineer Fred Teichman, the gates and operating 
mechanisms prevented sand from entering the canals; if unchecked, siltation posed a 
major threat for water delivery by slowing the initial rate of flow. Constant sand 
excavation in the canals resulting from "defects of design in the old canal headworks" 
was a costly and time-consuming affair. 

Teichman's design for the sluicegates addressed this problem [AZ-51-6]. The 
sluiceway's floor was about 40 ft. wide, with a downstream slope of one and a half 
percent. A wall on the lower end of the sluiceway, 15' higher than the dam's crest, held 
the sluicegates, their sills some 8' below the crest. As river water flowed toward the 
canal intake basin, it went under a floating boom that diverted away driftwood; as the 
current swirled through the intake basin into the headgates, the heavier sand and silt 

the terms "concrete" and "cement." In fact, cement is the binding agent for rock aggregate (in this case, 
gravel or granite) and sand; when mixed, the result is "concrete." Portland cement refers to a particular 
type of kiln-fired, pulverized powder of limestone and clay; the Roosevelt dam plant produced some 
60,000 barrels of Portland cement for the construction of the Granite Reef diversion dam. This report 
will retain the use of the word "cement" when it appears in direct quotes, although concrete is the 
correct term. 

26"The Granite Reef Diversion Dam," Engineering Record 63, #20 (May 20, 1911), 560. Although no 
author is given, the description is identical to one written by L.C. Hill for the USRS in the SRP Final 
History, 1916. 

27ibid. 

28 Ninth Annual Report of the Reclamation Service, 1909-1910, 90. 
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materials were stopped by the sluicegates. When closed, the tops of the gates were 1' 
higher than the dam's crest "over which the water may escape in floods." 29 

Four hydraulic sluice gates covered a span of 77.5' between the weir and the eight canal 
headgates on the north side, while two sluice gates on the south side measured a length 
of 42.5'. Fabricated of concrete, steel, and cast iron with "rubbing surfaces ... faced by 
bronze," the 9' high x 15' wide gates were 8' below the weir's crest. 30 Each gate was 
filled with concrete for a total weight of approximately 30,000 pounds. According to 
Teichman, a hydraulic cylinder on the dam powered the sluicegates "through a shaft in 
the dam pier connecting with a tunnel under the sluiceway, by means of wire ropes ... 
this tunnel [is] probably ... large enough for a workman to enter in the event repairs are 
necessary." He estimated the water pressure used to flush out the sluicing gates at 750 
pounds/square inch.31 

Masonry intake basins and structures formed the ends of the dam. On the upstream 
side, the concrete-lined channel sloping toward the sluicegates terminated in the intake 
basin, where water pooled briefly before being diverted to the canals through the 
regulator gates. On the north side of the riverbed feeding the Arizona Canal, an 
embankment formed the outer wall of the intake basin for 220' feet upstream from the 
dam. 32 On either end of the intake structures, the dam connected to higher land by 
means of an earthen dike paved with rock 18" thick in the areas exposed to erosion 
[AZ-51-7].33 

The intake structures consisted of 7' x 5' regulator gates; on the north side, eighteen 
gates combined with the supporting structure measured 193.5' and provided a water 
delivery capacity of 2000' per second. Water delivery on the south side was identical in 
design, but smaller in scale- only nine canal gates and a total width of 145.5' with a 
flow capacity of 1,600' per second. The combined width of the intake structures was 
339'.34 Gasoline engines initially powered both the sluice and regulator gates.35 

29"Granite Reef Diversion Dam, Arizona," (1911), 500. See also, AR, July 2, 1906, p. 1, c. 3. 

30ibid., p. 4, c. 1. 

31Seventh Annual Report of the Reclamation Service, 1907-1908, 54; AR, July 2, 1906, p. 1, c. 3; F. 
Teichman, designing engineer, USRS, "The Granite Reef Dam and Gate Mechanism," Engineering News 
61, #1 CTanuary 7, 1909), 1-2. 

32ibid. 

33"Granite Reef Diversion Dam, Arizona,'' (1911), 500. 

34Fifth Annual Report of the Reclamation Service, 1905-1906, 90; Ninth Annual Report of the Reclamation 
Service, 1909-1910, 65; Teichman, 1. 

35 Ninth Annual Report of the Reclamation Service, 1909-1910, 65; Teichman, 2. 
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Chapter III. The Granite Reef Camp, 1906-1908 

Freighters and commercial haulers from the railroad connection in Mesa soon began 
traveling the new government road from Desert Wells to Granite Reef. The firm of 
Shattuck and Desmond held the contract for camp mail and miscellaneous supplies, 
charging a typical freight rate of twenty cents per hundred pounds. By the end of 
August, the first shipment of cement from the plant at Roosevelt Dam to Granite Reef 
was underway, and the Pacific Gas and Electric power line, critical to impending 
construction, had been extended to the site. 36 

James W. Martin, a recently hired USRS engineer who served as site construction 
superintendent, established the site of the Granite Reef work camp. Based on the scale 
of the project, a large force of laborers made an extensive work camp necessary; 
although there were only about forty-five men on the project at the end of September 
1906, the numbers grew daily. Martin laid out the camp on the south side of the river 
close to the dam. One of the first camp structures was the 80' by 30' concrete storage 
building built at the same time as the work camp, then consisting of mostly tents [AZ-
51-8].37 

By October, Martin had a boring crew searching for at least one artesian well to 
furnish a permanent water supply to the camp. After the well was drilled, a gasoline 
engine pumped the water to a 7,000 gallon water tank on a hill above the camp; stored 
for "pressure use in construction," the water was also gravity-fed into pipes serving the 
various parts of the camp, including the horse corrals.38 

Camp residential buildings soon consisted of bunkhouses and sleeping tents [ AZ-51-9]. 
By mid-October, tents were up for the engineers, their families, and the timekeepers. 
This area was known as "Foremen's Row, a curved street ... 10 living tents .... married 
foremen and engineers occupied small houses with wooden floors." 39 Other buildings, 
such as the bunkhouses, main office, and store [AZ-51-10] were built of wooden frames 
with corrugated galvanized iron sides and plywood floors, with canvas flies offering 
some respite from the "beating sun." Four bunkhouses, 16' x 50' each, provided room 
for forty beds. By early December, some "thirty-five sheet iron houses and tents" were 
in place at the camp, and a hospital was under construction. A blacksmithy at the 
quarry forged and repaired construction tools for stripping the large stones used in 

36AR, September 29, 1906, p. 5, c. 4; SRP Final History, 189. 

37AR, October 12, 1906, p. 4, c. 1; AG, September 4, 1906, p. 1, c. 3-4. 

380ctober 5, 1906, p. 5, c. 2; SRP Final History, 187. 

39AR, September 29, 1906, p. 5, c. 4; Zarbin, 47; AG, September 4, 1906, p. 1, c. 3-4. 
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building the dam; soon, it was followed by another blacksmithy at the camp, a 
powerhouse, and carpenter shop [AZ-51-11, AZ-51-12, AZ-51-13].40 

Racial segregation practices of the period actually resulted in two camps. A separate set 
of twenty "houses" existed "apart from the main Granite Reef proper where the 
Spanish element live in tents with their families .... known to the workmen as Mexico." 
One of the most noteworthy structures was the kitchen, 30' x 30' of concrete and 
corrugated iron; extending from the kitchen area were two "arms" or dining halls, each 
16' x 18' in length. Martin's "mess house" was described as a "model... having in mind 
sanitation and the comfort of the men employed as well as convenience and economy." 
In reality, the use of the separate dining wings accommodated ethnic separation [AZ-
51-14]. 41 While no specific records containing the demography of the camp's 
inhabitants have been found, it is likely that the numbers of immigrants and persons 
native to the area were significant. At the nearby Roosevelt Dam Newtown district of 
the work camp, the population consisted of "28 percent Indian Americans, 25 percent 
Mexican-Americans and 13 percent Mexican nationals."42 

Despite the glowing newspaper reports of the camp's progress, a USRS inspection 
report found that the presence of open latrines was a significant health risk, enough to 
recommend that "[A] health officer should give personal and constant attention to the 
open latrines at the Granite Reef Dam." The addition of "shower baths" was 
recommended as well. 43 

As the exigencies of surviving a construction project in the desert became apparent, 
two new structures were built by May, 1907: an "ice cream parlor" and "cooling room 
or refrigerator 14 x 4 feet" next to the kitchen with a capacity of "two tons of ice, 
which will be hauled out from Mesa as often as needed." The parlor was, in fact, a 
social hall of sorts- a screened open building where "refreshments were sold by the 
commissary, while, on occasion, two or three Spanish performers strummed guitars, 
supplementing the musical offerings of a hard-working phonograph." Links with the 

40"The Granite Reef Diversion Dam," (1911), 561; AR, October 12, 1906, p. 4, c. 1; E.T. Perkins to 
Chief Engineer, Reclamation Service, March 7, 1907, RG 115, 1902-1919 microfilm, SRP Research 
Archives; AR, December 9, 1906, p. 10, c. 5; AR, December 14, 1906, p. 10, c. 4; AR, December 15, 
1906, p. 8, c. 3. Total costs for the powerhouse and shops amounted to $12,615.24, including building 
labor and material, "power machinery" ($7,111.49), and engineering. SRP Final History, 204. 

41Zarbin, 47; Perkins to Chief Engineer, Reclamation Service, March 7, 1907 distinguishes between the 
"Government camp" and the "Mexican camp." AR, September 29, 1906, p. 5, c. 4; AG, September 4, 
1906, p. 1, c. 3-4; AG, December 24, 1906, p. 10, c. 4. A.E. Rogge et al., Raising Arizona's Dams: Daily 
Life, Danger, and Discrimination in the Dam Construction Camps of Central Arizona, 1890s-1940s 
(Tucson: University of Arizona Press, 1995), 127 

42Donald C. Jackson, Theodore Roosevelt Dam, HAER AZ-6 (Phoenix, AZ: USBR, 1992): 78. See also 
Rogge et al., "Discrimination," 125-165. 

43Perkins to Chief Engineer, Reclamation Service, March 7, 1907. 
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outside world were infrequent, as the twenty-eight miles from Phoenix and twelve and 
a half miles from Mesa socially isolated the camp, although mail and visitors to the 
camp arrived via a daily stage from Mesa. 44 

The project's employment roster consisted of an "engineer in charge, timekeepers and 
clerks, assistant engineer and party," and an expanding construction force comprised of 
skilled and unskilled laborers. The wages varied according to rank: construction 
engineer at $250 per month, general foremen, $175 per month, and timekeepers at $100 
per month. Day laborer wages were: "common labor ... $2.00 a day, 75 
cents ... deducted for board" while carpenter pay ranged from $3.50 to $5.00 per hour, 
and the carpenter helpers earned $2.50 an hour. Other labor costs included the use of 
both government and contract animals and wagons at the monthly rate of $10.00.45 

The cost of building the Granite Reef construction camp amounted to $24, 128.10, 
which, in addition to the structures mentioned above, included an office building, 
school house, hospital, "cesspool, sewerage, water closets," powder houses, and the 
associated bridges and roads. Interviews in the late 1970s with the niece of Louis Hill, 
Gertrude Hill Muir- also daughter of the first southside gatekeeper- chronicled daily 
life at the remote camp site, and provided an eyewitness perspective on the camp 
layout and functions.46 

Chapter IV. Dam Construction and Operation, 1906-1912 

The dam's construction plan called for work to begin at both ends and progress toward 
the center of the dam. While the camp was built, excavation began on the south side of 
the river. Prior to full-scale work on the dam, however, crews constructed temporary 
outlet structures at either end of the weir's surveyed alignment. A coffer dam diverted 
water through the outlets by a dirt wall shaped with "an upstream curve and ends 
bending back" in order to allow crews to work unimpeded. The use of coffer dam 
diversion continued throughout the entire construction project. 

In addition to the coffer dams, the use of existing canals to draw river water away from 
areas of construction was necessary. A survey of the Extension Canal from the head of 
the Arizona Canal to the "controlling gates near the rock butte, about 800 feet distant" 
near the end of the year supported the government's plan to enlarge the canal for 
diversion purposes.47 

44"The Granite Reef Diversion Dam," (1911), 561. 

45ibid. 

46SRP Final History, 203. Gertrude Hill Muir's interviews and short autobiography are found in" An 
Arizona Childhood, 1909-1918: Recollections of Gertrude Hill Muir," transcribed, ed. Audrey R. 
Dittert, 1981. Unpublished manuscript, SRP Research Archives. 

47AR, December 19, 1906, p. 6, c. 3. 
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In November, a workforce of fifty men (approximately half of the crew at the time) 
excavated for the "abutments and for the foundations for the heavy machinery which 
must be installed before the real work of construction begins." Work started on an 
electric tramway to ferry stones from the south side quarry a mile upriver to 
construction at the damsite by November. When completed, the electric railway 
conveyed a "ten-ton [sic] Jeffry locomotive and ten hopper-bottom cars, the rails being 
25 lbs. to the yard [AZ-51-15]." Within several weeks, 150 men were working at the 
site of the newly operational cement mixer, and busy constructing a "monster tower" 
for the Lidgerwood cableway designed to carry the large stone quarry blocks out to the 
construction in the riverbed.48 

As work began at the southern end, the Pacific Gas and Electric Company strung a 
construction power line approximately 1400' long across the riverbed from the side of 
a mountain on the north to a small bluff south of the river. The line consisted of a 
3/8" cable from which three separate electrical wires were suspended and separated by 
their positions on "little triangles;" at the top of the triangular supports were two 
telephone lines. This power line eventually carried electricity to housed transformers 
which supplied the cableway, railway, rock crusher and cement-mixing plant, lighting, 
and various motors and generators. The old Arizona Canal powerhouse on the north 
side was repaired to furnish electricity to the south side operations. A bit later, a small 
powerhouse on the south side also transmitted electricity "back across the river on 
smaller lines for operating the temporary mixing plant on the north side .... "49 

Floods in the first week of December damaged parts of the Arizona Canal, but their 
effect at the Granite Reef construction site was minimal. Several weeks earlier, a work 
force numbering one hundred and twenty-five men completed a footbridge across the 
riverbed by wiring timbers together in anticipation of flooding, believing that the 
bridge could be reinstalled with little effort. Subsequent floods, however, destroyed 
the footbridge; by the following June, another new footbridge replaced the original in 
the same location [AZ-51-16].50 

By the end of 1906, work was in full swing at Granite Reef. One observer described 
the scene as akin to the "mushroom towns" appearing overnight in the nineteenth-

48AR, November 11, 1906, p. 18, c. 4; AR, November 19, 1906, p. 6, c. 2; SRP Final History, 189; AR, 
December 3, 1906, p. 8, c. 4. The total cost of the electric railway was: labor, grading, and laying track, 
$3505.58; materials, ties, "frogs," and spikes, $3,013.53; trolley wire and poles, including labor, $998.86; 
equipment, motor, and cars, $5,773.90; miscellaneous labor and material, $1,254.43- totaling 
$14,546.30. SRP Final History, 204. 

49AR, September 29, 1906, p. 5, c. 4; AR, October 20, 1906, p. 1, c. 3; AR, December 9, 1906, p. 10, c. 5; 
AR, November 11, 1906, p. 18, c. 4; AR, November 19, 1906, p. 6, c. 2; Ninth Annual Report of the 
Reclamation Service (1909-1910}, 65. 

50AR, November 27, 1906, p. 8, c. 4; AR, December 8, 1906, p. 10, c. 4. 
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century Midwest, but with one distinct difference: "When you get near the bank of 
Salt River and see the endless chain of teams and scrapers moving coarse gravel in 
excavating for the west end of the diversion dam and see the rock crusher being placed 
upon its concrete foundation, you know then that there is something more than a 
town being built."51 

In spite of the rising activity at the camp, a year-end slowdown in work at Granite 
Reef occurred because of the delayed arrival of construction materials. More flooding 
on December 29 reinforced the lagging schedule by creating difficulties in reaching the 
north side of the river to work on the cable tower and other structures. In spite of 
this, however, crews made substantial progress on the structures on the south side of 
the dam. Excavation revealed substantial bedrock for the dam foundation, while the 
south "levies" paved with 2' of stone were completed [AZ-51-17]. This insured that the 
south abutments would hold firm in the event of strong floodwater surges: 

The cement floor and wall of the sluice gates on the south side of the dam have 
been constructed and a portion of the cement head of the delivery canal is now 
placed and is a splendid example of first class cement construction. Every 
precautionary devise [sic] for safety at this point is being installed, such as 
underground cement walls to bed rock preventing seepage under the dam, and 
every feature of the construction is of the most substantial and thorough 
character [ AZ-51-18]. 52 

Crews also finished the head of the south diversion canal at this time. Rising 20' above 
the elevation of the older Highland Canal, the added topographic advantage resulted in 
a more powerful flow of water to the south side irrigation system, and was purported 
to "greatly increase the original estimates of the power from the Salt River valley 
project."53 

A temporary cement operation was now in place awaiting the permanent mixer in 
order to speed up delivery of concrete. In his report to the Chief Engineer of the 
USRS, field engineer E.T. Perkins noted during his investigation of the Granite Reef 
operations that, although "construction is in active progress," with some 9.5 percent of 
the total construction complete by the end of January, 1907, he had concerns about the 
quality of rock crushed for mixing: 

It is understood that the granite rock at the Granite Reef dam is to be crusht 
[sic] and used in the concrete for building this dam. It is understood that in 
some granite rocks there are various component parts which disintegrate when 

510.S. Steward, in AR, December 9, 1906, p. 10, c. 5. 

52AR, January 13, 1907, p. 15, c. 6. 

53ibid. 
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mixt [sic] with cement in making concrete. If this is true this rock should be 
tested before being placed in the concrete.54 

In a note appended to Perkins' report, another USRS engineer responded to these 
concerns by stating that, after "rotten material" was rejected, "granite ... is an excellent 
material to use in concrete" as long as the field engineers tested for its suitability [AZ-
51-19].55 

The engineering and function of the cable spanning the river was somewhat of a 
marvel at the time. Known as the "Lidgerwood cable way," it was anchored by 
"cement dead men ... in a substantial and novel manner" while the high floodwaters 
prevented further construction on the dam itself. A striking feature of the Lidgerwood 
cableway was the "huge cage which will be carried back and forth across the river by 
the cable way ... capable of transporting thirty-five men at one time" [AZ-51-20]. 
Supplies were sent to work sites via the cableway in a "little cage" initially tested by 
Engineers Hill and Martin; others had previously described the trip as "like shooting 
the chutes." A 100 horsepower cableway engine- two 50 horsepower direct-current 
500 volt motors- powered the cages, each of which had a six-ton capacity. When 
completed, the cable cage suspended fifty feet in the air relayed men across the river in 
about a minute, making a full trip in three to four minutes, as opposed to the hour 
round-trip by footbridge [AZ-51-21]. The permanent wire span consisted of a 1600' 
length of l3.4 to 2~" steel cable, weighing around 11.5 tons; eighteen "big, strong 
horses" hauled it to the site from Mesa [AZ-51-22].56 

On March 18, Superintendent Martin relayed that the infrastructure for building the 
dam was "booming": a crew of two hundred and fifty men and eighty horses was busy 
building the transport tower on the north side, and the electric locomotive and trolley 
cars for the 3,000' railway had arrived in Mesa.57 By the first of May, there were 
nearly three hundred and fifty men in the work force, and the rock crushing operation 
was ready. Approximately 40' of the dam on the south side was completed to the edge 
of the Highland Canal, a feat largely the result of low water levels in the river. This 
favorable condition allowed work crews to transfer to the north side of the river, 

54E.T. Perkins to Chief Engineer, Reclamation Service, March 7, 1907. RG 115 microfilm, SRP Research 
Archives. 

55ibid., with an appended note by "Grunsky." See "Granite Reef Diversion Dam, Arizona," (1911), 560, 
for further description of the concrete production at the dam: "The concrete is made mostly with 
natural gravel and sand into which boulders and broken rock up to one-man size are crowded." 

56SRP Final History, 204; AR, January 13, 1907, p. 15, c. 6; AR, February 15, 1907, p. 2, c. 2; AR, March 
18, 1907, p. 5, c. 2. The Lidgerwood system was also in use at the Roosevelt Dam construction site. 
Costs for the cableway totaled $20,249.97. SRP Final History, 204. The first fatality occurred during 
work on the cableway when a cablerigger at work on the wire in mid-river lost his grasp, and fell to his 
death in the riverbed. AR, February 26, 1907, p. 3, c. 1. 

57AR, March 18, 1907, p. 3, c. 4; AR, January 29, 1907, p. 8, c. 4-5. 
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where excavations proceeded with the help of a coffer dam described as a "levee ... being 
built to keep high water from flooding the ground .... " 58 

According to USRS reports at the year's end, operations at the dam "pushed as rapidly 
as conditions would permit." In eight months, crews finished part of the canal intake 
on the south side, including regulating and sluice gates, and 50' of the dam itself [AZ-
51-23, AZ-51-24]. Construction on the north side was well on its way with much of the 
regulating gate structure, sluiceway walls, and sluice gates already completed. In total, 
54,000 cubic yards of dirt and rock had been excavated, 36,000 cubic yards of fill 
constructed, and 5,000 square yards of paving in place. 59 Excluding the camp and 
other infrastructure, expenditures for the dam by the end of September totaled 
$239,605.04, with $17,321.53 for engineering and administration, and $222,373.51 for 
building. 60 

With construction in full swing at both ends of the dam, about 270' of structural 
work- 220' on the north side alone- was finished by the end of August. Floodwaters 
on August 29-30 caused some consternation, but the most substantial delays were due 
to the missing cableway carrier cages. Despite the fact that the towers and permanent 
cable were in place in early October, the carriers were not shipped due to a suit over 
their patents. The company supplying the cable was unable to sell the requisite carriers, 
and instead supplied the crews with temporary replacements so that work could 
proceed. Without a fully functioning cableway, masonry work on the north side of 
the dam required hauling the supplies by horse teams. Similarly, the absence of a 
functional transfer mechanism rendered the southside quarry and railroad useless. 
When the temporary carriers were in place, workers loaded each of the four-wheeled 
cars with enough stone to fill the cableway cage, thus giving some idea of its critical 
function in the progress of the north side construction. The cableway towers were 
immense, estimated by one report to be 100' high with a base consisting of four timber 
legs) nearly 200' in circumference [AZ-51-25].61 

The "big cable" proved its worth within days of its final installation. On October 18-
19, 1907, floodwaters threatened the excavation in progress. The ability of the carriers 
to evacuate machinery and materials from the mid-river construction sites averted a 
major disaster, with only some of the excavated foundation and support timbers swept 

58AR, April 29, 1907, p. 8, c. 2. 

59Sixth Annual Report of the Reclamation Service, 1906-1907, 66. 

60ibid., 68. 

61AR, August 9, 1907, p. 5, c. 2; "Granite Reef a Busy Place," AR, October 14, 1907, p. 5, c. 1-6. The 
extensive report on the dam was written after a meeting at the damsite with engineers Hill and 
Teichman, as well as other USRS officials. 
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away. Work resumed on the excavation on November 1; only two sections needed 
construction to remove the threat of floodwaters. 62 

With both sets of headworks virtually completed by the end of October, 1907, the 
focus of construction efforts shifted to the dam's 1000' masonry wall and apron 
spanning the riverbed. Prior to this time, segments of this wall were built out 100' 
from the south and 350' from the north; these figures reflected the extent of bedrock 
available for structural foundations. 63 

The rest of the proposed weir, a length of 550' directly in the river channel, remained 
safe from river water and seepage by a coffer dam used to divert flow past a 75' section 
[AZ-51-26]. As the construction from the north and south sides grew closer together, 
plans called for 

a coffer dam ... above [the apron] in the shape of an arch or half circle, joining 
either the dam at each end, and the water will in that way be diverted through 
the waste gates or in the head gates on one or both sides of the river, while the 
closure to the big dam is being made in the center. And then Mr. River will be 
bound, gagged and hobbled and will be made to eat out of the government's 
hand, conquered and broken in spirit, but its usefulness mightily magnified."64 

However boastful the rhetoric, flowing river water continued to be a problem. Even 
with the coffer dam, one observer noted that "[T]he water runs into the excavation so 
fast it takes two immense pumps to keep it down so the concrete can be laid in the 
trench down nineteen feet below the sand bed of the river." 65 

The original plans showed a foundation attached to bedrock by "steel tubing ... driven 
down to it," insuring that the "entire structure [was] as solid as a rock ridge."66 

Excavations went only a third of the way down, however. The engineers relied instead 
on rebar, the "steel tubing," to support the three curtain walls believed capable of 
withstanding overflow pressures: 

The one under the upper toe of the dam is six feet in width and is carried down 
to a depth of about eighteen feet below the elevation of the apron below the 
dam. The curtain wall under the lower toe of the dam is carried to a depth of 

62AR, October 19, 1907, p. 5, c. 2; AG, October 20, 1907, p. 3, c. 4. 

63Both the sluice gates and the regulator gates were bought from Stearns, Rogers and Company 
(manufacturers) of Denver, Colorado for $27,800.00 The "operating mechanisms" for the gates were 
bought from Denver Engineering Company for $10,980.00 and from Fulton Engineer Works for 
$3,395.00. SRP Final History, 201. 

64AR, December 10, 1907, p. 5, c. 3-4. 

65AR, October 14, 1907, p. 5, c. 4-5. 

66 ibid. 
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fourteen feet below the surface of the apron. Through this wall were left 
openings [note: weepholes] six inches square, placed five feet apart and about six 
feet above the bottom of the wall. These openings permit the water that could 
collect under the dam to drain out under the apron. 67 

Built on a 4 ~' foundation of hand-placed boulders, the apron measured 18" deep, and 
was "laid in squares about ten feet on a side." A 3" spacing between the squares allowed 
for seepage "prevented from finding an outlet downstream by the curtain wall twelve 
feet deep ... built under the downstream edge of the apron wall."[AZ-51-27, AZ-51-28]68 

At the end of the 450' section in mid-river, work on building the next 75' of apron wall 
slowed considerably when the lack of bedrock forced crews to shift to building curtain 
walls. With the coffer dam still diverting water from the excavation and building 
operations, crews pumped out water as the forms were going up. 69 

Integral to the foundation work was the cement operation. Located between the 
headgates and cableway tower on the south end of the dam was the large mixing plant. 
Railroad cars transported the requisite materials- sand, rock, and gravel- to the site; 
cableway carriers were also used to carry riverbed sand and gravel to the separate bins 
atop the mixing platform.70 Rock and sand were gravity fed into elevator bins, which 
then went to the top of the structure where they were weighed and mixed by an 
operator in the span of a minute to fill the "bucket on the big cable." A second 
workman attached the filled bucket to the cable after releasing the empty one for 
another load: "[T]hese two men will operate the mixing plant alone and make 
concrete as fast as the cable can carry it away .... "71 By the end of 1907, heavy rock 
construction at Granite Reef progressed to the point that the engineers proposed 
sending the electric railway operation to the Roosevelt Dam site where work was also 

67SRP Final History, 152. 

68ibid., 152. 

69AR, October 14, 1907, p. 5, c. 5; Jay D. Stannard, USRS Engineer, "The Granite Reef Diversion Dam 
of the Salt River Project of the U.S. Reclamation Service, Arizona," Engineering News 60, #14 (October 
1908), 366. 

70SRP Final History, 189: "The sources of supply for the more important materials were as follows: 
cement from the Government plan at Roosevelt, and also from Iola, Kansas. Gravel was found in 
several of the excavations in the river bottom. Rock was partly collected from the river bottoms and 
partly from the quarries. Lumber was shipped from the Pacific coast." 

71AR, October 14, 1907, p. 5, c. 5-6; AR, October 18, 1907, p. 6, c. 2. 
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under full steam, stating that the costs of cement production "for the last half of 
the ... [Roosevelt] dam" could be reduced in doing so.72 

Foundation construction continued at a steady pace until the threats of high water and 
flooding were negligible by the end of January. In March, crews completed the apron. 
Attention turned to finishing the main structure- the dam wall from the water line to 
its crest, composed of an "up-stream face of about twenty feet, set upon an eighteen 
foot foundation wall... extended to the depth of fourteen feet under the lower side of 
the stream." [AZ-51-30]73 

Throughout the spring, timber form work continued on the dam wall, proceeding by 
increments within the dry confines of the coffer dam. About 500' of the dam and all of 
the foundation wall were built by mid-March; at the same time, crews excavated for 
the sluicing gates in the Arizona Canal some 1600' below the headworks. As the 
completion of the dam neared, a dredging operation widened and deepened the channel 
of the Arizona Canal.74 

In mid-May, project engineers predicted a June 1 completion date by which time the 
final phase of cutting canal headings into the dam gates would be finished. Three small 
openings remained in the dam wall marked by timber forms ready for the final 
masonry pour [AZ-51-31, AZ-51-32]. By May 21, water was flowing through the south 
side headgates, and river flow was directed through the remaining opening in the dam 
wall. Two of the three former openings were in the cementing process.75 

On May 28, the Arizona Republican reported that the dam wall was completed, and 
that "a large lake has been formed as a consequence, which is over two miles in length 
and half a mile wide [making] the Reef a popular resort for pleasure crafts."76 Called 
"Lake Martin" after the construction superintendent, the impounded water behind the 
dam was the subject of some discussion in terms of its use as a recreational setting: 

One of the most pleasant features of the Granite Reef dam is the beautiful lake 
which it forms, extending about a mile and a half up stream and which offers 
opportunities for good boating, fishing, and swimming. Some talk is heard of 

72AR., December 25, 1907, p. 7, c. 3-4. See AZ-51-29 depicting the dam wall at completion. The railway 
line remained in use without the electric car; instead, men pushed wheeled carriers loaded with materials 
to the last remaining sections under construction. 

73AG, January 25, 1908, p. 5, c. 3-4; AG, May 27, 1908, p. 7, c. 3-4. 

74AG, March 4, 1908, p. 3, c. 3; AG, March 14, 1908, p. 5, c. 5. 

75AG, May 12, 1908, p. 3, c. 3; AG, May 18, 1908, p. 4, c. 4; AG, p. 3, c. 2-3; AG, May 21, 1908, p. 8, c. 
3. 

76AG, May 28, 1908, p. 8, c. 4. 
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establishing a sanitarium or pleasure resort near the location, for which it 
would be ideal. 77 

With the main diversion structure in place, work turned to the south side canal, where 
about two miles of canal construction remained before water could be diverted for 
irrigation. On June 13, 1908-the same day as the dam dedication-a "large force of 
men and teams" started work on the southside canal, which was under a strict 
construction deadline. The new canal eventually connected to the older Consolidated 
Canal to relay the diverted waters of Granite Reef throughout the existing delivery 
system in Mesa and Tempe. The construction of the South Canal was completed in 
June 1909.78 

Only a few details remained on the north side of the dam. In preparation for the 
dedication set for June 13, a ceremony during which water would be turned into the 
Arizona Canal headgates, crews were sent to clean out and "polish" the finished canal 
head "so that the water will slip over it easily next Saturday afternoon at the auspicious 
hour when Governor Kibbey sets in motion the mechanism for raising the gates and 
giving the Granite Reef dam a start .... "79 

L. C. Coggins, mayor of Phoenix, declared a "holiday proclamation" for the dedication 
ceremony on June 13, 1908. In the midst of blistering heat, an estimated 1200-1500 
people witnessed the gate opening by Governor J. H. Kibbey sending the first diverted 
waters to the Arizona Canal [AZ-51-33]. Surrounded by gates, cable lines, and towers 
bedecked with flags, the onlookers at the southside intake structure were able to view 
the ceremonies by ascending stairs to the top of the headgates after crossing a makeshift 
bridge across the head of the southside canal. The main body of officials, however, 
stood in a "temporary booth" on the north side, at which location the dedicatory 
speeches and opening of the gates took place. The Arizona Gazette's report of the 
ceremony concluded by saying that "[T]he cantaloupe men will not be at church this 
morning, for there is water in the ditches." 80 

The fiscal year-end report for the Reclamation Service as of June 30, 1908 listed the 
project costs for the Granite Reef Dam, figures representing the majority of 
construction at the site. A total of $539,100.09 was spent the following categories: 
Plant, $34.178.87; Cableways, $20,249.97; Dredge, $19,905.66; Earth and concrete 
work, north side, $165,534.51; Earth and concrete work, south side, $102,452.39; Earth 
and concrete work, main dam, $196,778.69. In addition, another $44,267.41 was spent 

77AR, June 1, 1908, p. 5, c. 3. 

78AG, June 15, 1908, p. 6, c. 2; Ninth Annual Report of the Reclamation Service (1909-1910), 66; Shelly 
Dudley, SRP, "South Canal, HAER No. AZ-52," (1998, in press). 

79AR, June 10, 1908, p. 10, c. 6. 

80AG, June 11, 1908, p. 5, c. 3; AR, June 14, 1908, p. 1, c. 1-2; p. 5, c. 1-5. 
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on the Arizona Canal headworks at the dam. 81 Labor costs, excluding USRS engineers 
and project administration were calculated at the following rates: "[T]he price of 
common labor was $2.00 per day, other labor $2.00 to $3.00 per day; drillers $2.75; 
carpenters $3.50 to $5.00; helpers $2.50; sub-foreman, $3.50. Seventy-five cents per day 
was deducted for meals."82 

Despite the fanfare, a few construction projects remained to be completed at the dam. 
The southside sluicegates operating mechanism and its housing were finished in mid
August, although the supply of electricity to operate the gates, lights, and irrigation 
pumps remained somewhat unreliable for nearly five more years. 83 

A few weeks after the opening ceremonies, USGS engineers squelched public rumors 
about the dam's leakage in early July in unequivocal terms: "The Granite Reef dam is 
doing just what it was expected to do, and is working perfectly." In particular, engineer 
Stannard dismissed leakage through the curtain walls and apron weepholes as part of 
the original design of the dam in terms of the "porous nature" of the sand and gravel: 

After the sluiceways were closed and water began to rise above the dam, the 
increased pressure caused the water to rise in the cracks that were left in the 
apron. This flow never amounted to more than 2 or 3 cu. Ft. per sec., and so 
far as observations can now be made under flood conditions, has entirely 
stopped.84 

Otherwise, Stannard asserted, the dam "could not stand the pressure of the water held 
by it." 85 The USRS annual report for 1907-08 echoed these sentiments by stating that 
"Granite Reef dam has been used for about one year with practically no expense for 
maintenance, and has been of great value to the canal system."86 

Chapter V. Floods and Siltation, 1913-1940 

In 1913, A. L. Harris published an account of the dam construction at Granite Reef 
heralding its virtually unblemished five-year service by discussing the relationship 
between his design for the structure and the problems of siltation. As Harris 

81Seventh Annual Report of the Reclamation Service, 1907-1908, 56. 

82SRP Final History, 197. 

83SR VWUA Annual History, 1913-14, 28. SRP Archives. 

84Stannard (1908), 366. 

85ibid.; AG, July 9, 1908, p. 5, c. 1-2. 

86ibid.; USRS, Eighth Annual Report of the U.S. Reclamation Service, 1908-1909 (Washington, DC: GPO, 
1910), 48. 
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explained, storm surges of floodwater carrying "sand, gravel and other drift" 
distinguished the siltation problems at Granite Reef from other diversion dams. Even 
after predicting a massive amount of siltation and floodwater overflow damage to the 
crest and rollway of the dam, the engineers decided to use a 1:2:4 mix of "natural gravel 
concrete" instead of covering the exposed areas with metal. The rollway was originally 
built for a "flood-discharge capacity of about 165,000 sec.-ft" over the weir's crest. In 
his August 1913 inspection of the dam structures, Harris noted "little or no evidence of 
wear,'' but did point out the deposition of "a hard calciferous film" and "eighteen 
transverse cracks" on the weir's top, both of which he attributed to causes other than 
siltation and erosive wear. He interpreted the weir's cracks as a by-product of shrink
swell due to its section-by-section construction. 87 

Of special interest was Harris's description of the negligible erosion, tilt, and seepage of 
the 75' apron. The only noticeable damage of the 7.2' flood in early 1909 was to the 
apron sections abutting the bedrock, in Harris' view, undercut "probably by the wear 
of the rock, which is a coarse-grained, friable granite." While the main structure was 
undamaged, repairs to the apron were quickly completed. 88 

These apron sections would prove to be the most vulnerable to flood damage in the 
near future. The engineers' confidence in the apron's design was evident in an earlier 
article in 1911 noting that 

[I]t is expected that this apron, as it is in the form of a broad sheet, would heave 
more or less by settlement of the materials underneath and by the action of the 
water. By the construction adopted, such heaving would only crack the apron 
along the lines of separation provided and would produce no effect on the main 
dam. The apron is laid upon a bed of packed rock to which it adheres. 89 

Flood events in 1916 and 1919 would prove to the contrary. 

Harris indicated one other vulnerable area of the dam structure in 1913: the sluiceway 
cut through the granite bedrock at the south sluicegates. Erosion in the form of holes 
and channels took such a toll on the sluiceway floor at the end of the dam's first year 
of operation that it had to be completely covered in concrete: 

87 A. L. Harris, "Overflow Dam in Service Five Years," Engineering Record 68 (November 15, 1913), 542. 
The 1:2:4 mix was one of 1 part cement to 2 parts sand to 4 parts aggregate (gravel or crushed granite). 
This differs from the standard concrete mix of 1:3:4 preferred by early 20'h century engineers. Jackson, 
42, 104. 

88ibid. W. A. Farish oversaw the repairs to the apron during July, August, and September, 1909. W. A. 
Farish, consulting Engineer to Project Engineer, May 27, 1912, 6, SRVWUA Secretariat Records, SRP 
Research Archives. 

89"Granite Reef Diversion Dam, Arizona" (1911), 560. 
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No doubt this wearing action was much promoted by the somewhat irregular 
surface producing much agitation, and by the accumulation of gravel or 
boulders, which churned in the hollows, thus grinding out pot holes." This 
effect in rock-cut channels has several times been observed in this vicinity and 
indicates ... [the necessity for] a uniform concrete-lining treatment.90 

Despite Harris's satisfaction with the material efficiency of the dam, concerns about 
siltation prompted a topographical study and report in November 1915 that addressed 
the increasing deposition in the canal headings. Measurements taken from the two steel 
truss footbridges over the Arizona and South Canals indicated that siltation was 
adversely affecting intake at both gates. According to this report, siltation within 2' of 
the weir's crest was reported as early as 1910; by 1912, the study noted the appearance 
of sandbars "above the water about level with the crest of the dam."91 

This 1912 study mapped eleven different "islands," "bars," and "flats" as far as 2,000' 
feet upstream which resulted in new river channels. Four of the islands were old 
enough to have a "very dense growth of scrub willows." Farther upstream, shifting 
river flow patterns carved a natural diversion through the old Arizona Canal head to 
the point of the rock-fill dam where it reverted back to the riverbed. In terms of the 
dam's intake structures, the variability of the river flow and its relationship to siltation 
was significant: 

As the result of cutting off the flow through the old Arizona Canal, the main 
channel of the river was thrown over to the south bank adjacent to island No. 
10. This flow is divided for the two intakes at the head of island No. 2. This 
condition continued for about a year when the channel between the islands one 
and two was entirely cut off and all the water went down the north side and 
split in front of the north intake; the water for the south intake flowing along 
the face of the dam. This condition continued for about six months when, as a 
result of a flood, the channel changed approximately to the present condition.92 

90Harris, 542. 

91William S. Cone, "Report on Granite Reef Survey," to Chief of Construction, Bureau of Reclamation, 
December 23, 1915. SRVWUA Secretariat Records, SRP Research Archives. Information on measuring 
footbridges was found in the SR VWUA Annual History, 1914-15, 71: "the amount over the dam is 
ascertained from gages [sic] and discharge curves. The flow through the waste gates is computed from 
formulas for orifices, the proper coefficient being found by current meter." 

92Cone stated in the 1915 report that "[T]he history of these islands, sand bars and channels, was 
obtained from the Gate Keepers at Granite Reef Dam, Mr. Hill and Mr. Coleman." Edwin Bliss Hill 
was the brother of engineer L.C. Hill, and had been the southside gatekeeper at Granite Reef since 1908. 
Permanent gatekeeper houses were built on both ends of the dam in 1909; the Hills moved into their 
new home in late summer, 1909. W. A. Farish, Consulting Engineer to Project Engineer, May 27, 1912, 
6; Gertrude Hill Muir, "An Arizona Childhood," 3. For an image of the south gatekeeper's house, see 
AZ-51-34. 
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Apparently, the siltation study did not prompt any proposals for change in the dam's 
operation such as dredging upstream, which became necessary in the late 1940s. 

In March and April 1914, the two-mile long 2,300-volt line from the South
Consolidated power plant was connected to Granite Reef. By the end of the year, new 
transformers, pumps, motors, and wiring were installed, and a new irrigation pump 
ordered for the north side of the river.93 

The first extensive damage to the Granite Reef Diversion Dam occurred after two large 
floods on January 19 and 29, 1916. As a result of water levels reaching as high as 11.5' 
above the weir's crest, swirling reverse currents at the headgates undermined the north 
sluiceway wing wall. Its abutment collapsed, pulling down the riprap paving protecting 
the slope. The engineering assessment concluded that the lack of a bedrock 
foundation contributed to the failure of the footing wall supporting the concrete slope 
and downstream riprap. 94 Reconstruction of the abutment began in the summer of 
1916 when crews extended the apron 120' downstream, and built a terminating cut-off 
wall approximately 16' below grade. 

As with the abutments, reverse currents and powerful eddies coming from the 
spillways during the floods undermined the end of the apron by producing a large hole 
in it. Repairs consisted of backfilling the hole with large boulder-filled wire sacks, 
approximately 3' thick and 10' square, sized exactly to the original apron panels.95 By 
the end of August, the new wingwall on the north side and repairs to the sluiceways 
and apron were complete [AZ-51-35, AZ-51-36].96 

Problems with maintaining a sufficient intake of water for the canals in 1916 led to the 
recommendation by USRS engineer D. C. Henny that the crest of the weir be raised 
by 12" rather than enlarging the canal section or encouraging the use of "sacks" to raise 
the water level. Erosion continued to threaten the riprapped slope walls, so Henny 
further advised the construction of "training walls" for the purposes of directing and 
increasing the flow of water. Others disagreed, arguing for lining a 200' section of the 
canal with concrete. In the end, A.P. Davis, by then the director of the USRS, 
approved a $5100 expenditure for constructing a permanent 12" rise in the crest of the 

93SR VWUA Annual History, 1913-14, 28. SRP Archives. 

94D. C. Henny, "Damage to Slope Protection of North Bank Salt River below Sluiceway, Granite Reef 
Dam," May 10, 1916, 5. SRVWUA Secretariat Records, SRP Research Archives. 

95SR VWUA Annual History, 1917-1918, 35. SRP Research Archives. 

96USRS, Sixteenth Annual Report of the Reclamation Service, 1916-1917 f0i/ ashington: Government 
Printing Office, 1917), 49. 



GRANITE REEF DIVERSION DAM 
HAER No. AZ-51 

(Page 27) 

dam, with the exception of 48' feet of removable flashboarding at each end of the 
weir.97 

The most significant damage to the dam apron occurred as a result of heavy rains and 
flooding between November 27 and December 10, 1919. Surging at a height of 7.65' 
over the dam's crest with a discharge estimated at 102,000 sec/ft, floodwaters destroyed 
a 500' wide section of the apron in the same area as the earlier floods. W.R. Elliott, 
SRVWUA project manager, wired A. P. Davis on December 18 stating that repairs 
were underway. According to Elliott, crews were repairing the erosion at the 
downstream cutoff walls "with good rock from old quarries" and "replacing [the] 
apron," and blamed a lack of available trucks to expedite the repairs.98 

Concerns over the slow response prompted L. C. Hill to wire Davis at the USRS office 
in Washington, D.C. that "to date nothing has been done to replace it [apron] if not 
replaced before next flood may lose Granite Reef Dam."99 After a flurry of telegrams, 
Hill appointed former construction superintendent J.M. Martin to be in charge of the 
repairs, and sent explicit instructions on December 31 to "excavate everything 
possible ... and start excavation as soon as possible and put in as much concrete as 
possible" in order to forestall the looming disaster of another flood. 100 

By January 2, 1920, Martin had assembled a maintenance crew and camp, commenced 
dewatering by two pumps (10" and 12") in preparation for excavation, blasted out 
sections of the damaged apron, and located a "very promising gravel bank. .. about one 
half mile downstream" in preparation for concrete mixing. The crew also constructed 
a cement storage shed, and already had "2500 sacks ... with an additional supply 
promising for the immediate future need." Within a few days, three Ransome mixers
two 1h yard, and one 1/3 yard-were in place and the installation of floodlights for 
night work was complete. A "plank" system measuring 12" high was added to the top 
of the weir in order to prevent overflow from spilling into the dewatered excavation 
site at the toe wall of the dam while diverting excess water through the canal headings. 
Martin also followed Hill's instructions to begin amassing a large work crew of "200 
men, 150 head of stock, [and] 25 wagons at least," and scheduled two ten-hour labor 
shifts in order to keep excavation and concreting crews in operation around the clock. 

97D. C. Henny to Chief of Construction, April 16, 1917, A. P Davis and F. Weymonth, U.S. 
Reclamation Service to Project Manager, Granite Reef Dam, April 23, 1917. Secretariat Records, SRP 
Research Archives. A "training wall" was eventually added to the north sluiceway. See AZ-51-37. 

98Telegram, W.R. Elliott to A. P. Davis, December 18, 1919. RG 115 Project Records, xerox copy, 
SRP Research Archives. 

99Telegram, LC. Hill to A.P. Davis, December 23, 1919. SRP Research Archives. 

100"Instructions from Mr. Louis C. Hill to Mr. James Wm. Martin," in "Repairs on Granite Reef Dam, 
Dec. 31, 1919," SRP Research Archives. The bulk of the Hill-Martin correspondence is found in the 
RG 115 files, xerox copies, SRP Research Archives (see others below). 
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By January 3, 1920, Martin had more than half of Hill's specified work camp present, 
as well as "20 bottom dump wagons and 13 ordinary box stick dump wagons" with at 
least ten more on the way. 101 

The first excavation occurred at the dam's toe wall, where crews poured a 20' wide 
preliminary concrete strip in order to shore up the wall prior to replacing the damaged 
apron [AZ-51-38, AZ-51-39]. On the same day excavations were underway, Martin 
reported to Hill that it had begun raining again; after two separate episodes of flooding 
which required the removal of the excavation pumps and men from the riverbed, work 
resumed on January 12. 102 

Hill's reconstruction plan involved an excavation at the toe wall to the depth of 8' 
across the entire width, and at least 4' for the full 75' length of the apron bed [AZ-51-
40]. In some places, the gravel fill under the apron had washed out to a depth of 9' or 
more. Hill wanted a massive concrete apron capable of withstanding future flooding, 
describing it as being "of such a permanent character that there will be no likelihood of 
any damage." Crews excavated a new foundation at depths of 4' to 9', and built a 
downstream curtain wall on foundations excavated to 11' to 12'. After the excavation 
was complete, large boulders were placed in the foundation, and concrete poured over 
and around them. The~ and 1/3 yard mixers were pouring concrete on the evening 
of January 14with a crew of nearly 250 men and 200 head of stock.103 In little over a 
week, the concrete protective slab at the weir toe wall was "practically connected with 
bed rock" [sic]. 104 

Added to the perpetual threat of rain and flooding was the fear of a labor shortage. 
Martin reported to Hill that "due to inducement from California" and "some 1.W. W. 
propaganda" [sic], a considerable number of men had left the work camp. In order to 
stem further exodus and to insure a large enough crew to maintain the three concrete 
mixers and two excavation shifts, Elliott, the SRVWUA liaison, hired an employment 
office in Phoenix to refer men to the camp and increased the daily wage by 25 cents. 105 

101SRP Annual History, 1919-1920, 65-66; James Martin to L. C. Hill, January 2, 1920, RG 115, Project 
Records, xerox copy, SRP Research Archives; L.C. Hill to James Martin, "Repairs on Granite Reef 
Dam, Dec. 31, 1919," SRP Research Archives. 

102 Martin to Hill, January 14, 1920, ibid. 

103 L.C. Hill to A.P. Davis, January 13, 1920, SRP Research Archives; SR VWUA Annual History, 1919-
1920, 67-68, SRP Research Archives; James Martin to LC. Hill, January 14, 1920, SRP Research 
Archives. 

104James Martin to L. C. Hill, January 21, 1920, SRP Research Archives. 

105James Martin to L.C. Hill, "Granite Reef Apron Repairs, Report #11, January 23, 1920." SRP 
Research Archives. 
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Although progress was not significantly impeded, the labor turnover rate continued to 
be high. 106 

On February 14, Martin made his final report to Hill on the apron repairs, with 
construction finished on the second protective layer of the apron at the toe wall on 
February 8. He described the massive character of the new construction in terms of 
the "varying thickness" of its masonry: 

In some places near the newly constructed curtain wall due to erosion it was as 
much as nine feet thick, and in other places it was no more than four feet in 
thickness but the whole slab is monolithic thruout [sic], and can be considered 
practically one mass. Seepage water in all cases has been given a free outlet by 
conduits built into the mass to a point outside the apron proper. The curtain 
wall is eight feet wide and approximately 11 feet in depth, the depth being 
limited through buried massive blocks of concrete and rock, from the old apron 
which incidentally forms substantial anchorage for considerable of the new 
work at various places.107 

Approximately 7,000 yards of concrete were poured at the site in less than three and a 
half weeks-certainly enough to qualify as "monolithic" [AZ-51-41]. According to 
Hill, the apron was now "thick enough so that it will probably never wear out." As 
long as proper maintenance and prompt attention to eroded areas was a priority: "they 
[SRVWUA] need never worry about having to replace this dam." 108 

Despite the apparent success in repairing the dam, the six- week delay between the 
initial damage and any concerted efforts at reconstruction prompted Davis to write a 
strident letter to the SRVWUA president and board critical of their failure to assess the 
critical nature of the structural damage caused by the flood on November 27, 1919. 
Despite Elliott's assertions that SRVWUA was actively engaged in reconstruction 
work by December 24, L.C. Hill described the scene as one in which the true threat of 
a dam collapse was not taken seriously: 

When we arrived we found they had one pump installed [and] working and 
they were getting ready to put another one in, or had it partly in. They had a 
very small amount of cement stored on the bank and there was a half-yard to 
three-quarter yard mixer and a very small mixer back up on the bank away 
from the river awaiting the proper time to begin putting in concrete. There 
was a very small equipment around; there were no wheelbarrows, no other 

106ibid.; SR VWUA Annual History, 1920-21, 68. SRP Research Archives. 

107James Martin to L. C. Hill, "Granite Reef Apron Repairs, Final Report, February 14, 1920." RG 115, 
Project Records, xerox copy, SRP Research Archives. 

108L.C. Hill to A.P. Davis, February 9, 1920. RG 115, Project Records, xerox copy, SRP Research 
Archives. 
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means of transporting the concrete from the mixer to the apron, no material 
assembled to be used in the concrete, not even a third of the number of wagons 
necessary to haul the gravel and not one-third of the stock necessary to begin 
work satisfactorily, and this after nearly six weeks had passed since the damage 
was done. During all this time the weather had been good. 109 

Davis reminded SRVWUA of the terms in the September 6, 1917 contract regarding 
the "operation and maintenance of the works of the Salt River Project" and the 
necessity for both informing the USRS of damage when it occurred and for quick 
action in order not to compromise the structural integrity. Even with the arrival of 
Hill and Martin, Davis admonished, "it was largely a matter of good fortune that 
another flood did not interrupt the work sufficiently to undermine the lower side of 
the dam not founded on bedrock and cause the whole structure to topple over into the 
hole," thus losing a $627,000 dam and incurring untold thousands in damages to the 
agricultural economy of the area. Concluding that "a great disaster was averted only 
by a narrow margin," Davis's letter was answered with a resolution of support by 
SRVWUA.110 

With the threat of a dam collapse dissipated, attention turned to the continuing 
problems of water diversion, namely the lack of sufficient head at the South Canal 
intake. As early as 1916, an attempt was made to increase the waterflow with the use 
of plank flashboards "held in place by 1-inch pipes fitted in drill holes" which raised 
the crest of the dam by 12". By 1925, demand for water services on the south side, 
along with the Association's agreement to furnish 500 cubic feet per second (cfs) of 
water to the Roosevelt Water Conservation District (raising the total needed to 1900 
cfs), led to a reexamination of the diversion system.111 

The plank flashboards were constantly washing away in floodwaters, which also bent 
the pipes or swept them away as well. After considering the addition of more 
headgates similar to the northside intake at the Arizona Canal, collapsible steel gates 
were installed on the dam's crest creating a rise of 3' in the water level. Curved in 
alignment with the dam's crest, the gates measured 6' long and 3' high. In order to 
make them watertight, a heavy rubber belt flange was placed between the individual 
gates. With the anticipated floodwaters in mind, the gates were hinged and supported 
by copper wire ties designed to withstand an overflow surge of 2' [AZ-51-42, AZ-51-
43].112 The individual plates were constructed of 3/8" carbon steel and mounted with 

109ibid.; A.P. Davis to SRVWUA President and Board, March 6, 1920. SRVWUA Secretariat Records, 
SRP Research Archives. 

110ibid.; SRVWUA to Davis, March 18, 1920, SRVWUA Secretariat Records, SRP Research Archives. 

111SRP Annual History, 1925-26, n.p. SRP Research Archives. 

112ibid. 



GRANITE REEF DIVERSION DAM 
HAER No. AZ-51 

(Page 31) 

three hinge assemblies tied to the dam's concrete crest by 1h" diameter drill-in concrete 
anchors. Sloping upstream at close to a 45 degree angle, the plates and tiebacks also 
utilized drill-in anchors. Construction of these features was completed in March 
1928.113 

Chapter VI. Katy Pickerell Dredge, Rehabilitation and Betterment Work, and 
Dam Operations, 1940s-1960s 

Over the decades, the rising levels of siltation encountered in the 1915 survey 
exacerbated the increasing lack of sufficient head in the diverted waters. While the 
original sluiceway and regulator gate designs addressed the need for flushing out the 
accumulated sediment at canal headgates back into the river, the efficiency of these 
sluiceways depended upon annual floodwaters to scour out the deposition of sediment 
[AZ-51-44]. After the construction of Horseshoe and Bartlett Dams on the Verde 
River, these floodwaters were impounded upstream from the Granite Reef Dam. 
Added to this dilemma was the fact that by 1950, the Salt River Project (SRP) could 
not afford to use impounded water "to sluice sediment, either from ahead of the 
headworks or from the upper end of the canal." As a result, water delivery to both 
north and south side canals became critically impaired. Compounding the problem was 
the slow encroachment of vegetation- hydric species such as willows and 
cottonwoods-siphoning off water and impeding its flow [AZ-51-45].114 

As a temporary remedy, periodic dredging cleared a channel in front of the dam in 
order to "connect the two headworks and make it possible to divert all the flow of the 
river into either canal" [AZ-51-46]. Between 1945 and 1954, this channel, in turn, filled 
with siltation to the point where a long-term solution- the emplacement of a 
permanent dredge in the impounded water above the weir-was necessary. In 1951, 
SRP contracted a private dredge operation that removed approximately 48,000 cubic 
yards of deposited material. 115 

Another issue was the necessity for an ongoing reclamation of water used in the 
sluicing and dredging operations. When an economic feasibility study conducted in 
1953 suggested that the Salt River Project establish its own internal dredging operation, 

113Stone and Webster Engineering Corporation, "Feasibility Investigation and Conceptual Design 
Report of Repairs or Replacement of Granite Reef Diversion Dam," prepared for Salt River Project, 
March 1995: 4-5. SRP Research Archives; SRP Annual History, 1927-28, n.p. SRP Research Archives. 

114W. M. Borland, USBR, "Sediment problems of the Salt River Project and the Palo Verde Irrigation 
District," January 5, 1955. SRP Research Archives. 

115ibid.; "Dredge Insured Against Pirates and Submarines," Los Angeles Times, July 11, 1954, p. 14, c. 1-3. 
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the decision was made to buy a dredge and hire an operating crew on a permanent 
basis. 116 

The 1953 specifications for the dredge included "the complete steel hull, deck house, 
machinery, and floating discharge line for an eight ... inch electric motor-driven, 
hydraulic steel cutter dredge" with a capacity for removing seventy-eight cubic 
yards/hour of deposited material from depths between 20-600'. Uniquely designed by 
Henry Shipley and SRP engineers for inland river dredging at the Granite Reef 
Diversion Dam, the "particular size ... was arrived at by considering the sizes of the 
stones to be moved, the amount of material to be moved, and the apparent time 
available for movement." 117 

The American Steel Dredge Company in Fort Wayne, Indiana received the contract 
for the dredge in January 1954, and sent one of its foremen, Milt Adams, to supervise 
the work in Phoenix where the hull was built. Shipping and assembly of the dredge 
took five months during which various SRP departments worked on the project: 

Heavy Equipment, who dug the slip for floating the dredge and who floated the 
hull components and put the large equipment on the hull. Pump Department, 
who did the mechanical assembly and who will operate the dredge. Electric 
Shop, all electrical wiring and assembly. Eastern Line Division responsible for 
substation and powerlines. Power District Engineering, who guided the 
electrical specifications. Power District Construction and Maintenance painted 
the dredge. The Cross Cut Machine Shop did welding and machine work. 118 

The dimensions of the dredge listed the length of hull at 36' with a total length of 70.5'; 
weight, 42 tons; and length of pontoon discharge pipe, 500'. The total cost of the 
dredge was close to $70,000: $59,120 for the dredge and approximately $10,000 for 
"auxiliary equipment including additional discharge line, shoreline, spare parts, and 
equipment."119 

Christened the "Katy Pickerell" after the wife of SRVWUA president W.W. Pickerell 
on June 25, 1954, the dredge went into operation on June 28 with a three-man crew 
[AZ-51-47, AZ-51-48]. The electric pumps-the main one with a 200 hp motor
powered both a 10" suction line and an 8" discharge line, and were connected to the 
onshore 2,300-volt transmission line via cables. The dredge's discharge line, an 8" pipe 
on steel pontoons, was maneuvered by a "small tug with a 180-chrysler marine engine" 

116W. M. Borland, "Sediment Problems;" J. A. Hales to H. Shipley, "Hydraulic Dredge for Granite Reef 
Dam Cost Estimates," March 24, 1953, SRP Research Archives; J.A. Hales to H. Shipley, "Hydraulic 
Dredge History," June 23, 1954, 1. SRP Research Archives. 

117ibid. 

118ibid., 2. 

119ibid.; "Facts and Information about the Katy Pickerell Dredge," June 8, 1966, SRP Research Archives. 
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and extended over the weir in order to pump the removed materials downstream. 
While 85% of the dredged material was sand, rock cobbles presented a problem: 

Some of the cobbles are quite large in size ... roughly 8 inches in diameter. A 
great many of these cobbles are encountered, and it is frequently necessary to 
stop the dredge, remove inspection plate, and remove the cobbles by use of an 
iron bar .... roughly 3 to 5 minutes to remove one of the cobbles from the 
suction line or the pump impeller. Frequently, this box is filled up during a 
day's run. 120 

Differing from the original specifications, the dredge was actually removing an average 
of 156 cubic yards/hr (at 20% solids), while digging at a maximum of 20', and 
averaging about 9', in the "forebay." Two-thirds of the water discharged downstream 
by the dredge was recovered by a pump, which then diverted the captured water into 
the Arizona Canal.121 Initially, the dredge cut a "single channel for the river" before 
cutting away the siltation on the upstream face of the dam in an area 1000' wide (width 
of weir) by 500' long (forebay). 122 

Pounding rains on December 30, 1965 resulted in a runoff of 192,000 cfs into the SRP 
reservoirs, and necessitated a downstream release of 70,000 cfs into the river channel. 
Although in a protected position at the dam and anchored by cables to high ground, 
the dredge was in a precarious position because of the flooding. The next day, five crew 
members were rescued by helicopter from the Katy Pickerel dredge, then swamped 
with water and cut off from the riverbanks. The dredge capsized just after the crew 
reached safety, and remained in the riverbed submerged by floodwaters until days later 
when salvage crews located the dredge, and searched the area downstream for parts of 
the dredging operation washed away. A considerable effort was required to turn the 
dredge upright and bring it to dock at the shoreline. Parts of the dredge were then 
removed and sent to SRP machine and electrical maintenance shops for repairs. The 
dredge was completely overhauled, rechristened, and back in service by June 29, 1966. 
The cost of the repairs, $53,615, was 90% of the original cost in 1954 ($59,120). 123 

An early warning system installed after this episode at the upper Salt and Verde rivers 
was of no assistance when floodwaters from the Sycamore Creek Basin watershed, 
sited below the reservoirs, rose approximately 18" above the flashgates at the crest of 

120Borland, 3. 

121ibid.; "Facts and Information about the Katy Pickerell," n.p. 

122Burke Johnson, "Call Her What You Will, Katy is Hard Worker," Arizona Days and Ways, 
September 30, 1962, p. 7. 

123SRP, R. Juetten to E. Jolly, Katy Pickrell Damage Repair, April 14, 1967, SRP Research Archives; 
SRP, R. Juetten to D. Berghouse, "Katy Pickrell Dredge Protection," November 30, 1970, SRP Research 
Archives; "Only Ship in Arizona's Navy," Phoenix Gazette, January 26, 1966, p. 64. 
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the dam on September 5-6, 1970. Normally moored against the flashgates, the 
discharge pontoon and the cable barge held fast until floating tree debris knocked over 
a 30' section of the gates. As a result of the increased currents and depth of water, the 
discharge pontoon and barge, as well as 30' of discharge pipeline, were swept over the 
weir. The damage was minimal, however, compared with the earlier destruction of the 
dredge. Only a 100' portion of tangled power cable was lost; the pontoon and cable 
barge were recovered downstream and trucked back to the dam's forebay. 124 

By mid-century, the Granite Reef Diversion Dam had been in service for over forty 
years. As a consequence of the rapid changes brought about by an exploding urban 
growth, changing land use patterns, insufficient surface water supplies, and a depletion 
of the groundwater, the efficient maintenance and operation of its aging structures was 
highly problematic. In 1950, funding authorized by P.L. 335 (Rehabilitation and 
Betterment Act of October 7, 1949, 63 Stat. 724) instigated a Project-wide program of 
rehabilitation and betterment, including proposed work at Granite Reef Dam. U. S. 
Bureau of Reclamation engineers examined the condition of the dam in November 
1956, and reported that the areas most in need of repair and replacement were the 
sluiceways, sluicegates, and regulating gates. The engineers noted that the concrete in 
the overflow weir, headworks, and sluiceways was in good condition considering its 
age, although some "major cracking" had occurred. The report recommended the 
repair of the regulating gates at both north and south side headworks. 125 

The designs and specifications for sluice gate and abutment rehabilitation were drawn 
up in 1957, but not in time for construction to begin. The cost of the plans was 
$7,631. During the next fiscal year, the Fisher Contracting Company received the 
contract for the rehabilitation construction at the dam with the low bid of $110,103. 
The replacement of the original 1908 slide gates at the sluiceways by newer radial gates 
occurred in June 1958 [AZ-51-49, AZ-51-50]. SRP crews were also at work on the dam 
during this period, converting the operation of diversion gates from manual to 
electrical means, and installing stand-by generators for sources of auxiliary power.126 

124SRP, R. Juetten to E. Jolly, "Katy Pickrell Dredge Damage Report, September 5, 6, 1970," December 
7, 1970, SRP Research Archives. 

125USBR, "Report on Proposed Rehabilitation and Betterment of Salt River Project, Arizona,'' April 
1955, SRP Research Archives; USBR, W. L. Harrison and 0. L. Rice, "Condition of Major Irrigation 
Structures and Facilities, Salt River Project, Region 3, 1956," December 31, 1956. SRP Research 
Archives. 

126USBR, "Summary of Accomplishments for fiscal year 1957 - Salt River Project Rehabilitation and 
Betterment Program,'' August 16, 1957, 1-2. SRP Research Archives. USBR, "Summary of 
accomplishments for fiscal year 1958 - Salt River Project Rehabilitation and Betterment Program," 
August 28, 1958, 2. SRP Research Archives. 
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The total cost of rehabilitation and betterment at Granite Reef by the end of the 1959 
fiscal year was $148,649.127 

Between 1966 and 1969, one-third of the northside diversion gates were out of service. 
Lacking limit switches, the gate operators on six of the eighteen gates had been subject 
to damage during closure. Since they were not needed for water delivery to the 
Arizona Canal at that time, no repairs were made. 128 

Chapter VII. Maintenance, Operation, and Repairs: 1970s-1990s 

During the next three decades, periodic examinations by the USBR and rehabilitation 
studies of the Granite Reef Dam by SRP personnel noted continuing problems with 
siltation, vegetation growth along the downstream channel, and an increasing level of 
deterioration of the concrete structures including the weir. Although the condition of 
the entire structure was reported to be structurally stable, a series of significant flood 
events in 1978, 1980, and 1993 battered the aging masonry in the apron and sluiceways, 
which required extensive repairs. 

Prior to these floods, there appears to have been little concern about the large-scale 
rehabilitation of the various structures of the dam. A 1972 USBR inspection noted the 
"very good condition" of the weir, canal headworks and sluiceways, citing only 
routine maintenance needs. 129 In 1974, the Central Arizona Project's (CAP) proposal 
for a new Orme Dam led SRP personnel to consider recommendations for the long
range rehabilitation of Granite Reef Dam. At that time, floodwater damages had been 
minimal; as a result, the proposals focused on rehabilitating the flash gates and anchor 
support system, installing of new measuring flumes in both canals as well as new 
individual motor operators and drive trains, and lining repair in the Arizona Canal. 
However, in light of the CAP's abandonment of the Orme Dam project, the Granite 
Reef Dam rehabilitation proposals were tabled. 130 

127USBR, "Summary of Accomplishments for fiscal year 1959 - Salt River Project Rehabilitation and 
Betterment Program," September 1, 1959. SRP Research Archives. 

128Stone and Webster (1995), 4/3. 

129 These included repairing cracks, cleaning and repainting of mechanical equipment and sluicegates. 
USBR, "Review of Maintenance Report, Appendix VII, Granite Reef Diversion Dam," May 31, 1972, 2. 
SRP Research Archives. 

130SRP, "Summary Granite Reef Dam Rehabilitation," SRP Research Archives. SRP, Ron Merkley et 
al., "Final Report: Granite Reef Dam Rehabilitation, Central Arizona Project," August 1, 1974. SRP 
Research Archives. 
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Repairs due to several floods between 1978-1980 were costly.131 In the February 1980 
flood alone, a maximum flow of 180,000 cubic feet per second ravaged the seventy-year 
old structure. The rehabilitation projects were extensive, including forebay sediment 
and debris removal, filling an 80' breach in the north embankment, and replacing and 
resetting damaged flashgates. Erosion of the north sluiceway abutment wall and 
discharge channel required excavation for a new footing, backfilling and pouring a new 
concrete wall, as well as the use of 1064 rock anchors. Sections of the dam crest were 
repaired, and eroded areas in the apron slab filled with concrete. Total reconstruction 
costs amounted to $766,901.132 

Even with the extensive repairs, a 1980 report pointed to the constant threat of 
erosion, citing the condition of the dam as "fair" and the need for further repairs to the 
apron: 

Some zones of the granite are soft and erodible. Potholes form below the dam 
during overtopping by floods; these holes are backfilled with concrete. There is 
significant scouring and erosion at the lower end of the apron downstream 
from the weir. Erosion or subsidence at the upstream end of the right canal 
sluiceway has created a low spot in the earth embankment .... Channel 
degradation exposes the end of the apron and contributes to undermining the 
apron .... concrete in the sluiceways is fair .... damaged areas were noted in the 
concrete apron and left wall of the right abutment sluiceway .... Cracks, spalls, 
and damaged areas exist in each headworks structure.133 

In 1993, the dam sustained severe damage and significant erosion to the apron, south 
embankment (warped wall) and spillway slab as a result of floods. An engineering 
report on the feasibility of repairs or replacement of the diversion dam in 1995 
examined the extent of the damage, and recommended several design alternatives. SRP 
engineers refined the scope of the proposed repairs to primarily focus on the southside 
structures, including: the removal of riprap from the south embankment and concrete 
and other debris from the apron and sluiceway; dewatering impacted areas as well as 
the downstream area; bedrock cleanup and rock anchor installation in the apron and 
sluiceway slab; replacing about 3000 cubic yards of mass concrete in the apron and 
sluiceway; the stabilization and compaction of the south warped wall backfill, and 

131Three floods in 1978 (March, November, and December) with a maximum flow of 112,500 cfs 
accounted for $190,219 in repairs during this period .. SRP, "Granite Reef Diversion Dam, Hazard 
Assessment," July 29, 1994. SRP Research Archives. 

132ibid., "Table 1, Granite Reef Flood Events" in David Reinert, SRP Engineering to Cliff Schleuter, 
USBR, July 29, 1994. SRP Research Archives. 

133Safety Evaluation of Existing Dams {SEED} Report, Granite Reef Dam, 1980, cited in USBR, "Draft 
Technical Memorandum Documenting Potential Failure Scenarios and Development of Breach 
Parameters for Hazard Assessment, Granite Reef Diversion Dam, Salt River Project," July 12, 1994. 
SRP Research Archives. 
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shotcreting the wall; and finally, epoxy and polyurethane grout applications to the 
joints in the bedrock and dam [AZ-51-51, AZ-51-52, AZ-51-53, AZ-51-54]. 134 

The contract for $868,913 was awarded to Edward Kraemer and Sons in fall, 1995. 
Construction began in December, and took approximately two months for completion 
at a total cost of over $1,000,000 after construction support and inspection costs were 
added. According to SRP engineering, "these repairs have corrected the flood damage 
and brought the dam to preflood conditions of 1993."135 Since the 1993 rehabilitation, 
no major alterations to the dam structures have occurred. 

Chapter VII. Epilogue 

Two months after its dedication in 1908, Arizona land and cattle baron, Dwight 
Heard, wrote that the Granite Reef diversion dam "takes the place of seven more or 
less temporary dams ... [and] comprises the largest, most modern and most substantial 
diversion works in existence, excelling some of the world-famous structures of this 
character in India." 136 His veiled reference to the imperial engineering feats of the 
British colonial empire did not fall upon deaf ears in the Salt River Valley. The role of 
a permanent diversion dam in the urban development of the Phoenix metropolitan 
area was critical, and the regional boosters such as Heard knew this. With the 
completion of Roosevelt Dam in 1911 added to that of Granite Reef Diversion Dam, 
the Salt River Project had the means by which such an expansion of settlement in the 
Valley could occur. 

The engineering cadre of the USRS- Newell, Davis, Hill, and others responsible for 
its design and construction- went on to significantly impact the development of the 
Western landscape with other large-scale Reclamation irrigation projects. Their legacy 
as engineers is important; in conjunction with private associations such as the 
SRVWUA, they fulfilled John Wesley Powell's vision of an irrigated American West, 
where settlement, agriculture, and regional growth followed the institution of the 
"reclamation" of arid lands. 

Today, the Granite Reef Diversion Dam still maintains the essential function 
conceived by its builders in the early twentieth century: the diversion of water to the 
Valley for agricultural, municipal, and industrial purposes. Its location is no longer as 
remote as in the days of the Granite Reef Camp. Encroaching suburban development 
to the south is separated from the dam by the rugged Schlechts Butte, while further to 
the northeast along a paved highway, the Sutton Recreation Area overlooks the waters 

134Information obtained from Kal Chhibber, SRP Engineering Department, May 4, 1998. 

135ibid. 

136See Dwight B. Heard, "Government Water Storage in the Salt River Valley," The Earth (September 
1908), 26-27. 
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released upstream on their way to the diversion dam and the remnants of a once 
extensive riparian habitat along the Salt River. 

As a burgeoning urban center in the Southwest, the cities of the Salt River Valley 
continue to rely on the waters diverted at Granite Reef Dam. And although the 
dynamics of suburban development increasingly transform formerly irrigated 
agricultural land into neighborhoods and recreation areas, the water conveyed by the 
canals- whether visible or piped underground- still emerges from the intakes at the 
Granite Reef Dam. The Granite Reef Dam remains an integral feature of the Salt River 
Project irrigation system which formed the foundation for twentieth-century 
settlement of the Salt River Valley. 
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