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Dear Mr. Johnson: 

This report or investigation of the potential of the area upstream or north of New River Dam 
in Maricopa County was prepared to evaluate the "Highest and Best Use" of the subject area which 
was determined to be sand and gravel mining. Groundwater recharge and recreation are alternate 
activities which are compatible with primary use and multi-land use scenarios. Seven areas on the 
property were identified in the field and on topographic maps as having potential for sand and gravel 
resources (Figures 1 ,2  and 3); these areas are as follows. 

A The area lying north of the New River Dam and along the New River 
Channel, located in the southern portion of the subject property. This area 
contains high quality material but it would rank on the lower end for 
development of sand and gravel mining relative to other areas on the subject 
because it is a small narrow area located near the dam. 

The area encompassing the New River drainage north of area A, located in the 
central or north central part of the subject. This is the best area for sand and 
gravel mining on the subject because it contains good quality wash and valley 
fill gravels over 100 feet thick and it is a large geographic area not readily 
visible from the Lake Pleasant Road. 

The area adjacent to the northern boundary of the property, located in the 
north central part of the subject. This is a relatively average area for mining. 
It contains good quality gravels but it is a bench gravel environment versus the 
higher quality wash gravel environments. It is a relatively small area. 

The area adjacent to the northern boundary and located in the central to east 
central portion of the subject. This is the second best area for mining because 
it is a large area that contains over 100 feet of sand and gravel of high quality; 
however, this is not in the mainstream wash area. 



The area north of the New River Dam, located in the south and southeast 
central portion of the subject. This is the third best area for mining because 
it is a large area that contains over 100 feet of sand and gravel of good quality 
but not as good in quality as areas B and D. 

F The area located in the eastern part of the subject. This area contains bench 
gravels that are probably of good quality but variable in thickness. This is 
relatively less attractive than areas B, D, and E for mining sand and gravel. 

G The area located in the western part of the subject. These are caliche 
cemented bench gravels. The area probably contains no commercial grade 
aggregate deposits. 

The results of this investigation indicate that significant resources of sand and gravel of 
commercial quality are located north of the New River Dam. 

Six 100 foot deep percussion drill holes have recently been completed using a Becker drill 
with an approximate 9 inch O.D. bit. Sand and gravel depths of over 100 feet were intersected. 
Trench sampling was naturally limited to investigation of the near surface environment. A total of 
20 back hoe pits or trenches were dug in the seven areas up to a maximum depth of about 15 feet and 
the alluvial materials were described and sampled. The samples were sent to Law Engineering and 
Environmental Services for analysis. The analytical data is incorporated into the individual trench 
logs which are also included in the Addenda section of this report. 

Area B contains the best quality of sand and gravel material. If an average thickness of 
commercial material of 100 feet is assumed with a density of 110 Ibslcu. ft. or 18 cu. &./ton, about 
66.5 million tons of sand and gravel could be present. Area D contains approximately 94.6 million 
tons using a thickness of 100 feet. A total of about 161.1 million tons is estimated for areas B and 
D. Assuming an average thickness of 100 feet and a similar density, area E contains approximately 
88.2 million tons of sand and gravel. Area E includes the borrow pit area used for building the dam. 
Area C contains about 15.5 million tons assuming a 100 foot thickness. This is a relatively small area 
that could be mined and blended with area B material. Area A contains an estimated 8.5 million tons 
using an average thickness of 100 feet. Area F contains about 24.6 million tons using an average 
thickness of 50 feet. These are probably pediment bench gravels. Area G probably contains no 
saleable material; this area contains abundant caliche. 

Based on data fiom the Arizona State Land Department, current royalty rates in this area vary 
from $0.60 to $1.65 per ton. The Flood Control District could realize an annual income for over 70 
years of $1,600,000 per year based on a $0.80/ton royalty rate and an annual production rate of 
2,000,000 tons. The Del Webb Anthem project of nearly 10,000 homes is slated to open in March, 
1999. Three other future developments in the area are projected for 4000 acres. (The Arizona 
Republic, January 9, 1999) 

Alternative uses which are not addressed in detail but could be considered include ground 
water recharge, a landfill, a recreational lake area, a golf course, a balloon park and a desert preserve. 



Some of these potential uses, such as ground water recharge and recreational lake facilities, could be 
developed aRer quanying. The other uses, such as a landfill or a golf course, can co-exist with the 
quarrying operation. This should be a multi-use area due to the diversity of the resources on the 
property. 

Alan Wright, geologist, provided valuable assistance in preparing this report and sampling the 
various areas. Thank you for the opportunity to work on this assignment. I will be happy to assist 
on any additional aspects of the continuing investigation. 

Sincerely, 

Dbnald E. Ross, RPG 
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INTRODUCTION 

This work was completed by Ross Consulting for the Flood Control District of Maricopa 

County. The purpose of the report is to address the "Highest and Best Use" of the New River 

Dam property located approximately 24 miles northwest of downtown Phoenix, Arizona 

Emphasis was placed on data gathering and documentation of the possible sand and gravel 

(aggregate) potential. Additional uses such as ground water recharge, landfill and recreation were 

considered. 

For the purpose of the study all the available engineering and geologic data were 

assembled and studied and a program of trenching and drilling was conducted. The data provided 

information on the real extent and subsurface quality and thickness of the aggregate The 

trenching program was supervised by Ross Consulting and was carried out between October 20, 

1998 and January 1 1,1999 The drilling program was designed by Ross Consulting and carried 

out by Layne Western Environmental Drilling supervised in the field by Law Engineering and 

Environmental Services Inc 

Additional work would be necessary before a quarrying operation could be undertaken but 

deposits of excellent grade aggregate material are present 



PROPERTY LOCATION AND DESCRIPTION 

A. General 

The subject property is located in Maricopa County, Arizona (Figure 1) and is on the 

northwest periphery of the Phoenix metropolitan area within the city limits of Peoria, Arizona 

Peoria city center lies 14 miles south of the subject The Central Arizona Project Canal (CAP) 

lies immediately north of the property line. The West Wing Mountain traverses the southwest part 

of the New River area with elevations of up to 1930 feet and the East Wing Mountain traverses 

the southeast part of the area with elevations of up to 1934 feet The valley floor at the New 

River Dam is at approximately 1400 feet above sea level. 

The New River Dam is located on the property and can be accessed principally by turning 

east on the Lake Pleasant Road south of the CAP canal The dam has been constructed across 

New River wash which is a zone of flooding during periods of heavy rain (Figure 1) 

The property is located more specifically in the south half of T5N, RlE comprising all of 

section 26 and parts of sections 22,23,24,25,27,34 and 35 and in the north half of T4N, RIE 

consisting of part of section 2 (an easement) of the Gila and Salt River Base and Meridian. 

Except for small extensions, the area is generally encompassed within the square formed by Lake 

Pleasant Road and the CAP canal, the West Wing Mountain, the East Wing Mountain and Keefer 

Hill The subject covers an area of approximately 2800 acres including easements It is generally 

located in the floodplain of the New River wash. The location of the trenches and drill holes is 

shown in Figure 2 The location of the resource areas is shown in Figure 3 
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B. Archeological and Historical 

Arizona State University (ASU) investigated 43 archival sites and the Museum of 

Northern Arizona tested 22 archival sites which date from 300 A D to 1100 A D Many of the 

sites were found to be disturbed by animals, erosion and pot hunters All of these sites were 

mitigated before the dam was built here The Corps of Engineers Design Memorandum No 3 of 

May, 1982, states that construction of New River Dam will destroy many of the archaeological 

sites and that only 2 out of the 43 ASU sites will survive. ' 

Some of the archeological sites on the subject were nominated for the National Register of 

Historical Places. The construction of the New River Dam was considered to effectively destroy 

the archeological resources in the New River Archaeological District. Mitigation measures for 

archeological sites were therefore recommended by the U S. Army Corps of Engineers that 

included mapping, excavation, pollen analysis, carbon 14 dating, archeomagnatism dating, 

floralfauna identification, petrographic analysis, research, design and testing programs. The 

recovery of artifacts from the borrow site in section 26 was 75-100% In the minimally or 

moderately affected sites recovery of artifacts was 1-4%. 

The archeological mitigation was sponsored entirely by the Los Angeles office of the U. S. 

Army Corps of Engineers. The final mitigation report of the project was officially reviewed and 

'U. S. Army Corps of Engineers, March, 1976, Final Environmental Impact Statement, 
New River and Phoenix Streams, Maricopa County, Arizona 

%S. Amy Corps of Engineers, May, 1982, New River Dam, Design Memorandum No. 3 

3U. S. Army C o p s  of Engineers, March, 1976, Final Environmental Impact Statement. 
New River and Phoenix Streams, Maricopa Cam@, Arizona 
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accepted by the Corps, the BLM, Arizona State Land Department, SHPO and the Flood Control 

District. ' ' 

4Rodgers, Jmes,  B. October 27, 1998, An Archeological Assessment of a Proposed Sand 
and Gravel Testing Operation in the New River Reservoir of Northern Peoria, Arizona 

'Rodger, James, B, December 11, 1998, The New River Reservoir Sand and Gravel 
Testing Operation of Northern Peoria, Arizona: An A4unct Archeological Assessment 



PROPERTY GEOLOGY 

A. General 

Approximately 93% of the surface of the subject property is covered by alluvial and 

colluvial materials of Quaternary age derived mainly from the higher ground to the northeast with 

some contribution locally from erosion of the West Wing and East Wing Mountains. The exposed 

bedrock consists of Precambrian granite with minor amounts of schist and gneiss capped and 

intruded by Tertiary felsite and andesite which is overlain by lava flows and tuffaceous 

agglomerates. 

The property is located in the Sonoran Desert section of the Basin and Range 

physiographic province. The province is characterized by steep mountains and broad alluvial 

valleys. The mountain ranges trend northwest-southeast and are composed of metamorphic and 

volcanic rocks. The basins are filled with alluvium and colluvium consisting of gravel, sands and 

clays in places over 1000 feet thick. The alluvium consists of coarse, unconsolidated, unsorted 

sands, gravels and cobbles. There has been a long history of erosion and deposition as evidenced 

by the deep weathering and dissection of the mountain ranges generating extensive alluvial fans 

The soil types of the area are a reflection of the parent rocks and alluvium of the area. General 

soil types in this province are sandy loams, l i e y  clay loams and l i e y  loamy soils. Stony and 

rocky soils are locally present on slopes greater than 30 percent. The soils in the New River Dam 

area are affected by salt precipitation because rainfall is not sufficient to cany salts down to the 

6U. S. Army Corps of Engineers, May, 1982, New River Dam, p. AI-4 and Pl. 1.5, 
Appendix I 

7 



water table The effects are most noticeable near mountains formed of carbonate-bearing rocks 

where alluvial deposits are cemented by calcium carbonate forming caliche. Area G was 

especially strongly affected by caliche deposition using visual inspection and nearby trench 

samples The rate of surface erosion from the drainage bairn above the New River Dam was 

calculated by the Corps of Engineers. A sediment yield of 0 3 acre-foot of sediment from each 

square mile was estimated for the drainage area upstream for the Cave Buttes Dam, Adobe Dam 

and New River Dam areas 7 

B. Gravels 

USGS geologic maps and the Army Corps of Engineers generally show two 

unconsolidated to semi-consolidated overburden units which are Quaternary in age: 

a) Recent Alluvium (Qal) - unconsolidated stream channel and tributary wash 

sands, gravels, silts and clays referred to as "wash" gravels. These deposits are generally 

relatively shallow and confined to linear andlor anastornosing channels cut into the older alluvial 

surface. The coarser units are often clean, well washed and ideal for construction purposes The 

deposits are often stratified and individual horizons frequently pinch and swell. Area A and area B 

contain recent alluvium deposits. 

b) Older Alluvium (Qoal) - consists of poorly- to well consolidated alluvial fan, valley 

fill and flood plain deposits. These deposits occur in areas C, D, E and G. Qoal also includes 

colluvial material mantling the lower slopes of the mountains and generally monolithic reflecting 

7U.S. Army Corps of Engineers, March, 1976, Final Environmental Impact Statement, p. 
1-8 



its local provenance The colluvium of the right abutment consists principally of andesitic blocks 

and of the left abutment either granitic or rhyolitic material Area F is mostly colluvial material, 

highly variable in width and thickness. In this area potential exists to develop a resource of 

granitic sand and gravel 

The older alluvium in areas C, D and E has commercial value as extensive thick deposits 

of good quality sand and gravel A variable thickness of floodplain, or overbank, silts (from 0 to 

9 feet) may have to be initially stripped and stockpiled or used for other purposes The limited 

amount of drilling conducted in the past and the current program show sands, gravels and clayey 

gravels in these three areas to over 100 feet in depth Under the floodplain silts and silty sands 

there are layers and lenses of older stream channel cobbles and boulders to a depth of 

approximately 25 feet. Underlying these are silty and clayey sands and silty and clayey gravels 

Area G has apparently had a slightly different history and is characterized by extensive 

surface development of caliche The caliche can extend to more than 8 feet (Trench NR11) and is 

very hard digging. An examination of the contours in sections 22 and 27, T4N RlE suggests that 

faulting may have occurred after deposition of the older valley fill or alluvial fan material which 

left area G elevated in relation to areas A through E. It is unlikely that commercially acceptable 

gravel can be won fiom this area. The areas of older alluvium normally also contain patches of 

rudimentary soil and slope wash. 

The sands and gravels intersected in the recent driUing program are illustrated in Figure 4 

This data was taken from the preliminary field logs of Law Engineering and Environmental 

Services, Inc. 

Diamond drill hole #17 (U S. Corps of Engineers) penetrated 136 feet of alluvium in the 



center of the dam site consisting of 25 feet s~lty sand and sandy gravel with cobbles and boulders 

and 11 1 feet of clayey sandy gravel to gravelly sandy clay (Table 1) Water was encountered at 

70 feet m DDH-17 Three distinct layers of alluvium were found above the bedrock at the dam 

The upper layer is 2-9 feet thick consisting of non plastic silty sand with 25-51% passing No 200 

sieve The middle layer is 6-10 feet thick and is mainly sandy gravel non-plastic with 48-80% plus 

No 4 material and 1-9% fines The lower layer extends fiom 15 to 25 feet to 136 feet, it is a 

cemented sandy gravel with 46-83% plus No 4 and 3-9% fines It has a permeability of 2-8 5 

fpd, a high shear strength and a PI of 10 on the coarse limit 

Area B or drill hole 1 (1/18/99 - Ross Consulting) contained one foot of silty sand capping 

60 feet of sandy gravel on top of 10 feet of clayey sand with gravel on top of 29 feet of sandy 

gravel (Figure 4). In general, drill hole No 1 contained sandy gravel to plus 100 feet with no 

water Area D or drill hole No. 2 (1115199 - Ross Consulting) contained 3 feet of sandy silt on 

top of 27 feet of cobbles on top of 39 feet of sandy gravel on top of 3 1 feet of silty sand with 

gravel In general, drill hole 2 contained gravels and cobbles with no water encountered Drill 

hole 3 (1/18/99 - Ross Consulting) was drilled in area D, it encountered 2 feet of silty sand over 8 

feet of silty sand with gravel and cobbles atop 30 feet of sandy gravel atop 10 feet of gravelly sand 

atop 15 feet of sandy gravel atop 5 feet of gravel with clay and sand atop 10 feet of sand with clay 

atop 20 feet of clayey sand with gravel. In general, drill hole 3 contained gravels and sands in 

excess of 100 feet with no water encountered. Drill hole 4 (1/14/99 - Ross Consulting) was 

drilled on the west side of area D and the east side of area B; it penetrated 3 feet of silty sand atop 

5 feet of sandy gravel with cobbles atop a thin layer of caliche atop 52 feet of sandy gravel with 

*U. S. Army C o p  of Engineers, May, 1982, New River Dam, p. AI-36 
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cobbles atop 40 feet of clayey sand with gravel No water was encountered in drill hole No 4 

Drill hole 5 (1114199 - Ross Consulting) in area E penetrated 2 feet of silty sand with gravel atop 

25 feet of sandy gravel with cobbles atop 3 feet of sandy clay with gravel atop 48 feet of sandy 

gravel with clay atop 22 feet of clayey sand with gravel. No water was encountered in drill hole 

5. Drill hole 6 (1113199 - Ross Consulting) was drilled between area B and area E It penetrated 

2 feet of silty sand atop 38 feet of sandy gravel with boulders atop 20 feet of sand with clay and 

gravel atop 20 feet of sand with clay atop 20 feet of sand with cobbles and clay Drill hole 6 did 

not encounter water 

'Law Enpeering and Environmental Services Inc., January, 1999, geologc drill logs of 
Patrick Cook 





TABLE 1 
NEW RIVER DAM PROJECT 

UNIFIED SOIL CLASSIFICATION SYSTEM 

Afler U.S. Army Engineer Watenvays Experiment Station (1960), "The Unitied Soil Classification System." Technical Memorandum 
No. 3-357, Appendlx A, Characteristics of Soil Groups Pertaining to Embankments and Foundations, 1953, and Appendix B, 
Characteristics of Soil groups Pertaining to Roads and Allfields. 1957; and A.K. Howard (1977). " Laboratory Classification of Soils 

- Unified Soil Classification System," Earlh Science Training Manual No. 4, U.S. Bureau of Reclamation. Denver. 56 pp. 

GW 
GP 
GM 
GC 
SW 
SP 
SM . 

SC 
- 

ML 
CL 
OL 
MH 
CH 
OH 
Pt 

Well graded gravels, gravellsand m'uctures, little or no fines 
Poorly graded gravels, gravel-sand m'ktures, little or no fines 
Silty gravels, gravel-sand-silt mixtures 
Clayey gravels, gravel-sand-clay mixtures 
Well graded sands, gravelly sands, little or no fines 
Poorly graded sands, gravelly sands, little or no fines 
Silty sands, sand-silt mixtures 
Clayey sands, sand-clay mixtures 
lnorganic silts and very fine sands, rock flour, silty or clayey fine sands or clayey silts with slight plasticity. 
lnorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty clays, lean clays 
Organic silts and organic silty clays of low plastic'ky 
lnorganic silts, micaceous or diatomaceous fine sandy or silty soils, elastic silts 
lnorganic clays of high plasticity, fat clays 
Organic clays of medium to high plasticity, organic silts 
Peat and other highly organiic soils 



C. Tert iarvlouaterna~ Rocks 

Tertiary to Quaternary intrusive dikes and lava flows postdate basement Precambrian 

crystalline rocks. The flows are composed of andesite or felsite rhyolite, vesicular basalt, tuff, 

flow breccia and tuffaceous agglomerate Exposures of Tertiary intrusive igneous rocks 

consisting of granite and monzonite are found in the mountains to the east Quaternary, "older 

alluvium" sediments are deposited as valley fill and on the slopes of most of the hills as colluvium 

The most extensive Quaternary deposits are the valley fill gavel, sand silt and clay which contain 

varying amounts of caliche Recent "younger" alluvium consisting of coarse sand and gravel fills 

the wash channels The West Wing Mountains are made up of Tertiary volcanics lo 

D. Precambrian Rocks 

The majority of the basement complex rocks exposed on the property consist of 

Precambrian granite and related crystalline rocks with lesser amounts of schist and gneiss. The 

East W i g  Mountain and Keefer Hill are primarily composed of Precambrian granite and 

granodiorite with minor gneiss, vein quartz and schist. Drill holes (Corps of Engineers) near the 

center of the dam site show white to gray, coarse grained, fractured granite overlain by 136 feet 

of alluvium. " 

1°U. S. Army Corps of Engineers, May, 1982, New River Dam, p. AI-3 to AI-8 and PI. 15, 
Appendix I 

"U.S. Army Corps of Engineers, May, 1982, New River Dam, p.AI-3 to A1-8, Appendix I 



E. Mineral Resources 

The primary resources which are recognized on the property are borrow and sand and 

gravel. The borrow and sand and gravel resources are addressed in more detail later in the 

succeeding pages of this report following a description of the program of trenching and drilling. 

No known resources of coal, oil or metallic minerals occur on the subject. lZ 

IZU. S. Army Corps of Engineers, May, 1982, New River Dam, p. A1-14 to Al-15, 
Appendix I 



WATER 

The climate of the area is classified as desert southwest receiving on average about 8 

inches of rainfall per year. June and July are the hottest months with average maximum 

temperatures of 106 4 degrees F Most of the precipitation occurs in the winter, frequently as 

severe thunderstorms The New River Dam is an earthen structure dam and was completed to 

alleviate the problem of flooding in the metropolitan area as a result of the thunderstorm activity 

New River Dam is 2800 feet wide and 91 feet vertically above the elevation of the original wash. 

Peak discharge of the New River Dam has a maximum discharge of 63,300 cfs with a detention 

capacity of 34,500 acre feet l3 

The headwaters of the New River drainage are in the New River Mountains with 

elevations of over 5000 feet. Wet ground was not noted in the trenches but moist material was 

encountered in places in the drill holes completed as a part of this study. In drill hole 17 @D-17a 

(17) Corps Engineers) water was reported at 70 feet at the dam site where the bedrock was under 

136 feet of alluvium. l4 

13U. S. Army Corps of Engmeers, March, 1976, Final Environmental Impact Statement, 
p. 1-3, 1-7 

14U. S. Army Corps of Engineers, May, 1982, New fiver Dam, Appendix I ,  Plate 15 
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BORROW, SAND AND GRAVEL 

A. Current Minine Activities and Historic Production 

In contrast to the Cave Buttes Dam area, no commercial production of sand and gravel 

for sale has been carried out from within the boundaries of the property Borrow materials in the 

immediate area were excavated and used for construction of the New River Dam and related dike 

structures Approximately 540,000 cu. yds of material was used for the impervious core of the 

dam which was derived from surficial fine clayey sands and silts from three borrow areas The 

thickness of this unit varied From 0 to 6 feet in these areas 422,000 cu. yds of sand and gravel 

were used for the transition zone and 1,628,000 cu. yds for the pervious shell of the embankment 

An additional 264,000 cu yds of sand and gravel were used for miscellaneous fill requirements. 

The sand and gravel was mined from the same three borrow areas 125,000 tons of stone were 

used in the project construction and were derived from screened andlor crushed borrow material 

and rock from the spillway cut. 

Approximately 4 5 miles north and 0 75 miles east of the New River dam there is an old 

quarry (Biscuit Flat, USGS 7%' Quadrangle Map). The quarry is in the SW4 of section 1, T5N 

RIE and is situated in the active New River Wash channel. 

Approximately 9 miles north and 3.5 miles east of the New River Dam there is an active 

sand and gravel operation on Arizona state land leased to FNF Construction The activities are 

on 320 acres located in sections 16 and 17 of T6N R2E which are also located in the New River 

active channel 

On the Baldy Mountain USGS 7%" Quadrangle map an old gravel pit is shown in section 8 
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of T5N R1E which is approximately 3 miles west and 3.5 miles north of the New River Dam. 

This operation was in the Agua Fria drainage To the southwest of the property immediately west 

of Sun City are numerous other old gravel operations in the Agua Fria drainage. 

B. Trench Samaling Program 

The property was subdivided into 7 resource areas for the purpose of exploratory 

trenching and sampling (Figure 3) The work was conducted using a backhoe supplied by Flood 

Control in the period between October 20, 1998 and January 11, 1999 (Plate 1 and Plate 2) 

Twenty trenches were dug (Figure 2) The average depth of the trenches was approximately 12 

feet and normally two samples of sand and gravel material of approximately 60 lbs. were collected 

from each hole Data on the trench locations, depths and sampling is presented in Table 2 The 

samples were sent to Law Engineering and Environmental Services Inc. for sieve analysis and 

Atterberg limits testwork. Archeological or SHPO constraints affected the location of the 

trenches and the drill holes. 

Prime target areas were areas A and B which are situated in the active New River wash 

channel (the site of commercial operations to the north) and areas D and E comprised of older 

alluvium which is extensive and thick 

Individual trench logs are appended and show the field classification and laboratory 

classification of the materials. These often will not correspond because most of the +3" material 

was removed from the sample in the field and any remaining was screened off in the laboratory 

The analytical testwork received to date shows a few higher than expected plasticity 

indices based on field observations but this is not expected to affect the overall positive aspect of 



the aggregate. 

1. Area (46.83 acres) Area A is a relatively small, narrow and elongated area 

north of the New River Dam. The southwestern margin of the zone comprises the base of the 

slope of the West Wing Mountains. Local, poorly-sorted, clayey colluvial material from the hill 

slopes are mixed with the active channel gravels. One trench, NRI was dug in this area to a 

depth of 14 feet and showed 8.5 feet of sand and gravel in addition to colluvial materials. 

2 Area (280 08 acres) Area B is a continuation of area A northwards The area 

is bounded on the west by older alluvium of area G This boundary is remarkably linear for about 

one mile and probably represents a fault zone The eastern boundary is the limit of apparent recent 

river meanders on the older alluvium surface which makes up areas D and E The northern 

boundary is constricted by the adjacent area C but continues as a narrower zone to the north out 

of the boundaries of the property A total of 8 trenches were dug in this zone and generally 

displayed good quality, graded and stratified clean sands and gravels Plate 2 shows typical 

material from trench NR5 Plate 1 shows the New River wash cutting down in older gravels 

cemented in places by calcium carbonate Being an active channel the area contains the best 

growth of vegetation which would require removal prior to mining 

3 .  Area (74.38 acres) Area C is relatively small and is mainly older alluvium and 

in places has from 2.5 to 7 feet of h e  sandy silts overlying the coarser sands and gravels. The 

materials correlate with older alluvium of areas D and E. Three trenches were dug in this area. 



4 Area (402 21 acres) Area D is a large area with high potential The material 

cons~sts of valley fill or floodplain gravels with from 0 to 4 5 feet of fine sandy and silty cover 

(Plate 2, trench NR18) A monitoring well was dug in the northwest corner of this area as part of 

the New River Dam construction project infrastructure close to the boundary with area B The 

driller's log reports sand, gravel and "rocks" down to 145 feet wth  "hard rock" from 145 to 155 

feet which could be bedrock at the base of the well There is an old cased well at the center of 

section 23 T5N, R1E The waste material from this hole on the surface nearby looks encouraging 

although some of the finer material which may have been present could have been washed away 

Area D also has a small basalt flow occurrence but the trenching and drilling suggest that volcanic 

flow materials are not present in the stratigraphic section below the surface Plate 1 (NR19) and 

Plate 2 (NR18) show the quality of the material and the proximity to the surface of the aggregate. 

Four trenches were dug in this area. 

5. Area (374.66 acres) Area E is similar area D. Some stripping of borrow 

material has already taken place and the material was used for construction of the embankment 

Three pits were dug in this area. 

6. Area (205.70 acres) Area F occurs in the foothills of the East Wing Mountains 

and the mountains northeast of the CAP canal. The deposits of sand and gravel are probably 

variable in thickness and the bedrock surface very irregular. Much of the bedrock in this area 

comprises Precambrian granite and a potential resource of sand derived from the weathering of 

this unit exists but was not investigated further. No trenches were dug in this zone at this time 



due to SHPO constraints. 

7. Area (287.51 acres) Area G presents a flat surface with strong cementation of 

the gravel by caliche. Trench NR8 was dug to 8 feet and never penetrated the caliche zone. 

Because of this the area is considered to have little potential to develop commercial aggregate 

resources. 

Minor caliche is present in some of the other trenches mostly in the silty fine sands 

overlying the gravels. Elsewhere the deposition of carbonates is rare. 



TABLE 2 
NEW RIVER PROJECT 

TRENCH DEPTH &SAMPLING DATA 



PLATE 1 
New River Dam 

New River Wash & 
Trench #NR19 



PLATE 2 
New River Dam 

Trenches NR5 & NRI 8 



C. Drilling 

@ Six drill holes (NRD1 through NRD6) were recommended and the work was performed by 

Layne Western Environmental Services between January 13,1999 and January 18, 1999 under the 

supervision of Law Engineering and Environmental Services Inc. NRDl was drilled in area A, 

NRD2 and NRD3 are in area D and NRDS is in area E NRD6 is on the boundary of areas B and E 

and NRD4 on the boundary of areas B and D. The holes were sampled and logged to a depth of 100 

feet by Law, laboratory testwork will be conducted by Law as directed by Ross Consulting. Moist 

and, rarely, wet materials were encountered in places. These were probably perched zones, the water 

table being generally at depths greater than 100 feet. The observation well in area D, for example, 

showed standing water at 132.5 feet (September, 1985). 

Summary logs of the drill hole lithologies are presented in Figure 4. The data is preliminaty 

and derived from Law's field logs which could be modified when laboratory classifications are 

available. The data show that the subsurface contains significant resources of sand and gravel. Only 

a minor percentage of the material is classified as silt or clay. 

Distribution of Aggregate Tvaes in Drill Holes 

Drill Holq %Clav/Sii? - %Sand %Gravel 

NRDl 0 
NRD2 3 
NRD3 0 
NRD4 0 
NRDS 3 
NRD6 0 

A detailed report of the drilling program with final logs of the holes and analytical results are 

to be presented by Law Engineering and Environmental Services. 
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D. Resources Estimation 

A very rough estimate of the resources in each of the areas illustrated in Figure 3 was made 

using 100 feet thickness of the aggregate materials, 2.5: 1 pit slopes and a density of 110 lbs/cubic 

foot. 

Area A. Contains approximately 8.5 million tons of aggregate resources. 

Area B. Contains approximately 66.5 million tons of aggregate resources. 

Area C. Contains approximately 15.5 million tons of aggregate resources. 

Area D. Contains approximately 94.6 million tons of aggregate resources. 

Area E. Contains approximately 88.2 million tons of aggregate resources. 

Area F. Contains approximately 24.6 million tons of aggregate resources. 

Area G. Contains no resources. 

E. Production 

1. Supply and Demand. Construction sand and gravel is the only mineral 

commodity which is produced in common in every state. It is a major basic raw material used 

principally by the construction industry. Nationwide the sand and gravel sold or used by producers 

through the third quarter of 1998 was an estimated 753 million metric tons. Production for 

consumption of construction sand and gravel in the third quarter of 1998 was reported to be highest 

in California, Michigan, Texas, Ohio, and California. Their combined total was 35.6% of the U.S. 

total. In Arizona, estimated production through the third quarter of 1998 was 34.9 million metric 



tons 15 

The construction industry is by far the largest nationwide consumer of aggregate and its use 

closely reflects the economic health of the United States. Growth in demand has also been linked 

directly to population increases and the trends in population growth have been used to predict future 

demand 

Arizona had the nation's second highest job growth rate over the 12 months through October, 

1998, according to the U. S Department of Labor Arizona added 94,000 jobs over this period l6 

Maricopa County led the nation in business and employee growth from 1995 to 1996, the Census 

Bureau reported on December 17, 1998 The county added 3,052 businesses, 77,162 employees and 

87,296 residents during the period The county's employment rose 7.5 % to 1 11 million people. l7 

In addition to housing one of the principle uses of construction sand and gravel is in highway 

construction. 

The new Transportation Equity Act for the 21" Century (TEA-21) was signed into law on 

June 9, 1998. It brings an average 44% increase in federal highway funding for the six fiscal years 

1998 to 2003. TEA-21 authorizes a $217.3 billion for highway and transit programs over six years 

including $175 billion for the highway program with at least $165 billion in guaranteed spending. 

Federal funding for highway programs will rise from about $18 billion in 1998 to more than $26 

billion averaged annually through 2003. Because an average 20% share will be required of states, 

' 5 ~ S .  Geological Survey, 1998 -Mineral Industry Surveys, Crushed Stone and Sand and Gravel 
in the Third Quarter of 1998, p. 1, 4, 5. 

16The Arizona Republic, December 17, 1998, p. Dl  

"The Arizona Republic, December 18, 1998, p. El  



total spending will push another quarter higher.'' 

The extra federal money will make it possible to complete the Valley's freeway network by 

2007, seven years ahead of schedule according to transportation planners. The Red Mountain 

Freeway, scheduled to reach the Bush Highway in east Mesa by 2006, will be done sooner. The 

Santan Freeway, currently planned to loop around the Valley's east end by 2012 will be done years 

earlier. Arizona will get $658 million in federal gas-tax dollars over the next five years. l9 

The Arizona Department of Transportation is expecting a big year in 1999. Department 

officials are looking for a 13% budget increase in 1999, bringing it to $725.7 million, excluding right- 

of-way and design expenses. The aggressive road building schedule is attributed to the influx of 

federal money ftom TEA-21. Work is currently underway on 1-17, worth $71 million; work on Shea 

Boulevard-Pima Road, worth $83 million and work on frontage roads and bridges in Tucson, worth 

$20 million.20 

Another principal use of construction sand and gravel is home construction. In the 

metropolitan Phoenix area there were 19,895 total new home sales for the year through September, 

1998. The new home market continued a strong upward trend moving ftom 6,895 sales in the second 

quarter of 1998 to 7,225 sales in the third quarter compared to 6,125 sales in the third quarter of 

1997. The relatively low mortgage rates and growing economy have had a positive impact on the 

housing market. The market's firhire and that of the construction industry is determined not only by 

interest rates, but also international events, the potential for jobs, and consumer's confidence in their 

"Rock Products, July, 1 9 9 8 ~ .  30 

I9De Arizona Republic, December 18, 1998, p. AI-A2 

20Rock Products, December, 1998, p. 60 
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own economic futures The economic outlook for Arizona remains optimistic with most forecast 

changes being upward revisions according to Tracy L Clark, senior economist with the Bank One 

Economic Outlook Center 22 

Phoenix Blue Chip consensus estimates there will be a record 31,500 single family units sold 

in 1998 following 1997's record of 29,124 units The consensus estimate of approximately 27,300 

units in 1999 indicates a slowdown but to a level considered high by historic standards Even the year 

2000 forecast of 24,250 units must be considered strong in historical context The greater Phoenix 

area economy remains strong despite concern over the international economy The Greater Phoenzx 

Blue Chip panel is projecting slower growth for 1999 than in 1998 The year 2000 projections 

suggest a continuation of the slowing trend without a recession. The current expansion has been 

heled by continued population growth. The panel expects growth to slip below 3 0 percent in 1999 

The levels of growth forecasted for 1999 and 2000 are by no means slow, particularly considering 

how large the population base has become in recent years " 
Approximately eleven miles to the northwest, FNF Construction was the successhl 

bidder on a state sand and gravel auction of 320 acres in the New River area. The bid for this lease 

was $1 65 per ton, the highest in recent history. In addition the land rental is $12,800 per year with 

a 3% administrative fee and a minimum annual royalty of $57,750.00 (equivalent to 35,000 tons of 

21Arizona Business, December, 1998, p. 7-9 

"Arizona Business, November, 1998, p. I0 

UGreater Phoenix Blue Chip Consensus, October, 1998, p. 1 
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material) 24 

According to Montandon the general availability of sand and gravel deposits in the 

metropolitan Phoenix area and specifically the north valley can typically meet any forecast increase 

in demand in those areas with little difficulty 

2. Product Prices. The price sand and gravel sold or used by U. S. producers 

in 1997 on average was $4.47 per metric ton ($4.05 per short ton) and $4.63 per metric ton or $4.20 

per short ton for 1998 (estimated). Construction sand and gravel prices are expected to increase 

marginally compared with the past several years. The reason for this is the increased transportation 

costs for materials due to production being pushed to more rural areas. Acquisition costs will 

escalate because of the increasing diiculties associated with permitting new operations thereby 

allowing resource owners with permits in hand to demand higher prices (USGS, Construction Sand 

and Gravel Annual Review 1996, page 4). The price of sand and gravel sold or used by producers 

in Arizona in 1997 was, on average $4.73 per metric ton ($4.29 per short ton) and was virtually 

unchanged from 1996 ($4.75 per metric ton or $4.3 1 per short ton).25 

The quantity of Arizona sand and gravel increased 15% for the first quarter of 1998 versus 

the 1997 first quarter. The Arizona second quarter of 1998 increased 29% over the second quarter 

24~ontandon, Wendel L. 1997 -Marketability Study of Sand, Gravel and Borrow Productsj?om 
Three Sites Located Above Dams in North Metropolitan Phoenix Arizona. Private Report for Maricopa 
Department of Transportation, Phoenix Arizona 

25 U. S. Geological Survey, 1998, Mineral Industry Surveys, Crushed Stone and Sand and Gravel 
in the Fourth Quarter of 1997, p. 2 andpersonal communication, W. Bolen, U.S.G.S., 2/1/99 



of 1997 and the third quarter of 1998 increased 13% over the third quarter of 1997. 26 

3. Permitting. One of the most critical permits required is administered by the 

Anny Corps of Engineers (404) and is needed if activities are to take place within the "ordinary high 

water mark". Some portion of the areas being considered are in this category. Other permit 

requirements have not been investigated. 

4. Economic Evaluation. Based on royalties at the Wheeler and FNF quarries 

of $0.60 per ton and $1.65 per ton respectively, a royalty rate of $0.75 to $1.00 per ton would not 

be unreasonable for the study area. No detailed royalty income analysis or economic evaluation was 

completed as part of this study. 

S. Geological Survey, December, 1998, Crushed Stone and Sand and Gravel in the 
ntird Quarter of 1998, p. 5 



HIGHEST AND BEST USE 

The "Highest and Best Use" of the property currently identified is as a source of aggregate 

and borrow for construction purposes This activity would have a finite life and alternate uses can be 

envisaged both contemporaneously and after mining ceases Unless required to be backfilled, an 

excavation will remain upon completion of mining which might be used as a groundwater recharge 

zone andfor recreational lake The need for recreational facilities in the Phoenix metropolitan area 

will increase as the development progresses and golf courses, hot air balloon sites and public lakes 

can be considered. These activities are compatible with aggregate mining or quarrying as evidenced 

by the multi-use applications in the Salt, Gila and Agua Fria River areas The increasing need for 

solid waste disposal facilities will also need to be considered in the future and New River may be a 

good location 

With respect to groundwater recharge two important local considerations are applicable 

1. CAP WATER - At present there is little likelihood that additional recharge of CAP water 

to the water table will be required since the total capacity of the aqueduct is at or approaching total 

use requirements. 

2 EFFLUENT DISPOSAL - There will be an increasing need for recharge of effluent 

because of growth in the metropolitan area. The tendency, however, is to build the treatment facility 

and then engineer the effluent recharge nearby. Where encountered, poor permeability is addressed 

with increasing pond size. Only half of an equivalent credit at the "Water Bank" is applicable to 

3 3 



treatment plant effluent recharge. At present recharge is being used by most operators to accumulate 

credits with the Arizona Water Banking Authority. Currently state and city governments are 

conducting recharge activities to allow for flexibility of a supply in the future. They wiU be able to 

use the credits to maintain or increase pumpage in areas which otherwise would be restricted because 

of water table maintenance regulations Some private companies carrying out recharge activities are 

hoping to realize dollars by selling credits down the road. Without doubt recharge activities are 

recognized as an important aspect of future water management planning.27 

27~ascona, Steven 1998 -Hydrologist. State ofArizona, Department of Water Resources. 
Personal Communication. 



CONCLUSIONS 

The data acquired to date suggests that aggregate material could be mined in areas B, D, E 

and C, in that order or a combination of these prime areas Area B is an excellent location for 

aggregate mining where the gravels are thick and the quany would be down in the wash in a relatively 

non-visible location. Areas D and E are also prime mining areas for sand and gravel. Area C could 

be mined and blended with area B material. Area A is a narrow area immediately behind the dam so 

it probably won't be mined due to its proximity to the dam. Area F is a pediment and the gravels are 

generally not as thick and may have a high caliche content Area G contains extremely heavy caliche 

of over 8 feet thick The presence of caliche will probably cause this area to be unmineable. This 

investigation is preliminary and confined to an examination of the top 13 feet of the fluvial section 

using backhoe trenches and six Tubex percussion drill holes to 100 feet. The drill holes were widely 

spaced 

Recreational activities such as golf courses, hot air balloon sites, public lakes and groundwater 

recharge are compatible with aggregate mining or quarrying. The groundwater recharge will depend 

on the permeability analysis done by Law Engineering and Environmental Services Inc The effect 

of the dam on subsurface flow of water has not been studied. The multi-use concept is being applied 

elsewhere in the Salt and Verde Rivers and in the Indian Bend Wash and it could be applied in the 

New River Dam area. 
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PROJECT - New River Dam 
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Lithology -description 

Silty m. Some shrub roots. 

weak caliche 

Sandylsilty M. Weak to moderately calcareous. 
-30% boulders, -30% cobbles. 

becoming less silty. 

TD 14 feet 
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PROJECT - New River Dam 
Trench #: NRll  

I I I~eologist :  hi l ~ a t e :  10/20/98 
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Lithology - description 

Difiy w. -15-20% cobbles. 

%Clay 

16.5 
Clay and silt in matrix as support. Moderately calcareous. 

G ravel. Strong caliche but ragged and discont~nuous. 
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PROJECT - New River Dam 
Trench #: NR12 

I I Geologist: Mi IDate: 10120/98 
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Lithology -description 

Fine Silty Sand. Varies in thickness from 1.5 to 5.0 feet across trench. 

Sandy w. Varies 0 to 3.5 feet thick. -2% boulders, -15% cobbles. 
m. Weak to moderate caliche. 

Sandy M. -5% boulders, -15% cobbles. 

Silty M. -5% boulders. -15% cobbles. 
TD 14 feet. 
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PROJECT - New River Dam 
Trench #: NR14 

I I ~ e o l o ~ i s t :  ,AN I Date: 12/7/98 

%Gravel. 
Cobbles 

and 
Boulders 

~ ~ . - ~ ~  

.. 

. 

~~ -~ ~ -~ 

..~ . ~ 

83.5 

~ ~ 

... . .. 

82 

.- ..... .... 

-- 

-~ 

%Clay 

~ 

. 

~ ~ 

4.5 

~ ........... 

2.5 . 

~ ~. . 

. 

- - 
0 - - 
5 

s 
-- 

--.- 

-. 

-- 
5 . .~  -. . 

-- 

- 

- 
10 -. 

- 

15 

.- 

- 

, m  

%Sand 

-- 

. 

~ 

12 ..-.-.-......---PA.- 

15.5 

-~~ ~ - - - ~ .  

~ .----- 

numbers 

-------- 

- - - ~  - -~ 

NR14-1 

NR14-2 

~ 

~ 

C 

P g 2 
a o 'z 
3 $ 

~. -. 

~ ~ 

GP-GC 

-~ 

GP-GC 

~ . 

~ ~. 

m 
0 
-I 
0 
E 
P 

g 
- .  - 
--- -. . 

P.I. 

. .~~ . 

9 
~p 

26 

C 
0 '= 

128 
'YC 

iL'z - m 
0 

ML 

GP 

. 

. 

. 
~ 

. . 

. 

. 

: 

Lithology -description 

Sandy m. Moderately calcareous with some caliche nodules. 

Sandy w. Weakly to moderately calcareous. 
-10% boulders. -50% cobbles. 

TD 14 feet 
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PROJECT - New River Dam 
Trench #: NR15 

I ~ e o l o ~ i s t :  !v (Date: 10/20/98 
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PROJECT - New River Dam 
Trench #: NR16 

I ~ e o l o ~ i s t :  IDate: 12/7/98 
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Lithology -description 

Sandy w. Weakly stratified. Not calcareous. 
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PROJECT - New River Dam 
Trench #: NRI8 

I~eologist: &I  I ~ a t e :  11123,24198 
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Lithology -description 

Sandy w. 
-30% boulders, -50% cobbles. Sharp sand. 
Weakly calcareous near surface diminishing lower. 
No stratification. 

Weak carbonate on cobble and boulder surfaces. 
Some reddish clay last 2 feet 
TD 13 feet 
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PROJECT - New River Dam 
Trench #: NR19 

1 ( ~ e o l o ~ i s t :  /%d IDate: 12/3/98 
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Lithology -description 

Fine Sand. Occasional gravel bed. Weakly calcareous. 33 -- NP 

P.I. 
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-15% boulders, -50% cobbles 
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PROJECT - New River Dam 
Trench #: NR20 

I I ~eo log is t :  /%' I ~ a t e :  111 1/99 
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Lithology - description 

. ~- . ~ . .  
. .  

.$O. "5.: . .  

.o .:;: 
:-"O 
j.960. 
6 . 0 5  . . 
:.Go 0. '. ~. .w.. . .C. - . 

b Q  
07C0 
_I. . 
:Q% 

~ 

. .. 

....... ....... ....... - - -- 

TD 13  feet ~ ~ 

... . ... 

~ 

. ... 

- ..-p .... .... 

..... --- --~- ... -- ...... 

GP 

lo ; ; O  
... 

15 -- 

-- 

-- 

- 

20 

- .- - -- 

Coarse sandy w. Very weakly calcareous. Looks "dirty" and has NR20-1 GP-GM NP 2 8 90 
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PROJECT - New River Dam 
Trench #: NR21 

I I ~ e o l o ~ i s t :  I ~ a t e :  I111199 
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Lithology -description 

Sandy m. Some cobbles and gravel 1enses.V. weakly calcareous 
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PROJECT - New River Dam 
Trench #: NR22 

I~eologist: &I I ~ a t e :  1/11/22 



PROJECT - New River Dam 
Trench #: NR23 

I ~ e o l o ~ i s t :  & I ~ a t e :  lH l122  
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Lithology -dewription 

Fine silty Sand. 

~ ~ 
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PROJECT - New River Dam 
Trench #: NR24 

I ~ e o l o ~ i s t :  & I ~ a t e :  1111122 
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Lithology -description 

Sandy m. 
Sandy w. Weak calcareous cement. Dirty looking. 
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PROJECT - New River Dam 
Trench #: NR27 

I ~ e o l o ~ i s t :  ilhl I Date: 12/7/98 
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New River Dam 
(including New River to.Skunk Creek) 

, Draft DesignJlemorandum No. 2 
General Desigr Vi;smorandurii Phase !I 

May 1982 Project Design Part 3 . . 



Drainage Area 164 sq. mi. 
Type of ~arnGornpacted 
Earth Filled 

PERTINENT DATA 
Max. water 

Surface elevation Outlet Channel 
1481.0 ft., m.s.1. Base width l ~ n  f t  Storage ..-,,,...- 
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Date Approved 

Date - - by OCE 

Interim Report on Survey for  Flood Jan 1964 May 1965 

Control - Phoenix, Arizona and 

Vicinity (Incl.  New River) 

1 New River and Phoenix C i t y  Streams, Jan 1972 May 1972 

Arizona, Design Memorandum No. 1 ,  

Feature Design fo r  Dreamy Draw 

Dam 

Supplemental Report, Floodway 

Delineation for  Dreamy Draw 

(Dreamy t o  Arizona Canal) 

July 1979 N/A 

Final Environmental Statement, Mar 1972 &y 1972 

Dreamy Draw Dam, Maricopa County, ( f i l e d  w i t h  

Arizona m) 

2 New River and Phoenix City Streams, Oct 1974 Mar 1975 

Arizona, Design Memrandum No. 2,  

Hydrology, Part  1 
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3 ' ~ e w  River and Phoenix City Streams, 
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of the  dam, This channel iza t ion  is required t o  assure  conveyance of 

the  SPF t o  the  Adobe de tent ion  basin.  Two t r a i n i n g  l evees ,  which w i l l  

i n t e r c e p t  and concent ra te  f loodwaters  a t  the  bridges,  w i l l  be about 

5550 and 6590 f e e t  i n  length  and w i l l  vary to a maximum height  of 

25.5 f e e t  near the  bridges. To preclude eros ion ,  the  1V on 3H 

s ides lopes  w i l l  be revet ted  where necessary. A 629-foot-long 

rec tangu la r  concre te  channel,  241 f e e t  wide, w i l l  convey flows under 

the  four  e x i s t i n g  bridges.  A grouted stone sec t ion ,  271 f e e t  wide, w i l l  

extend 596 feet downstream from the  bridge sec t ion .  The channel  depth 

w i l l  vary from 18.5 t o  14.5 feet with 1V on 2H sideslopes.  The next 

1440 f e e t  w i l l  have an unlined i n v e r t  and grouted stone s ides lopes .  

A t  t h i s  po in t  t h e  l evees  w i l l  end, but channel excavation w i l l  continue 

t o  day l igh t  where floodflows w i l l  r e e n t e r  the  e x i s t i n g  water course.  

2.11 New River Dam w i l l  be cons t ruc ted  on t h e  New River about 8 miles  

upstream from the  confluence with Skunk Creek. The main embankment w i l l  

be a compacted-earthfi l l  s t r u c t u r e  with a maximum height  of about  104 

f e e t  above streambed. The crest o f  t h e  embankment ( e l .  1486.7, 

exclus ive  of se t t l emen t  allowance) w i l l  be 2320 f e e t  long. An e a r t h f i l l  

d ike ,  about 7000 f e e t  northwest of the  r i g h t  abutment of t h e  main 

embankment, w i l l  be required along the  west edge of the  de ten t ion  basin 

a rea  t o  confine the  design flood. The dike w i l l  have a c r e s t  length  of 

7464 f e e t  and a maximum height  of about 36 f e e t .  An unlined sp i l lway,  

700 f e e t  west o f  the  r i g h t  abutment o f  t h e  main embankment, 



mintenance shop, and fencing. A l l  cost-shared f a c i l i t i e s  must a lso 

be on project lands, which precludes cost sharing of any f a c i l i t i e s  

planned for Thunderbird Park. 

UEU RIVER DAM 

2.40 Development of formal recreat ional  f a c i l i t i e s  are not reoommended 

a t  the  N e w  River damsite a t  t h i s  time. The abundance of natural  

vegetation and wi ld l i fe  was a factor  i n  the decision of the recreat ional  

task force not to undertake recreational development in t h e  area. 

Another factor i n  the decision was  that, of the  recompanded damsites, 

. t h e  Neu River site is f a r t h e s t  from the urban center. Uhile hunting and 

other informal recreat ional  a c t i v i t i e s  w i l l  probably continue, no formal 

recreat ional  f a c i l i t i e s  w i l l  be developed u n t i l  such time as the demand 

warrants. The resource use plan t o  t h i s  report  (appendix 2) out l ines  a * 
land use plan for the dam basin tha t  has been careful ly  coordinated with 

involved agencies. his plan provides t o r  recreation and other uses of 

t h e  project  land while preserving its wi ld l i fe  habi ta t  and cu l tu ra l  

resource values. 

2.41 An overlook s t ruc ture  is planeed as part of  the flood OOntml 

pro jea t  at  N ~ Y  River Dam. The f m i l i t y  will conaist o f  a mall parking 

area,  a --cavered plaza, and an aooess road. The overlook is s i t ed  

on the north end of  dike 1 near Lake Pleasant R o a d .  

A l n a A  CYIL DlvEBaQ mlara. (A@) 

2.42 The recreational plan f o r  the diversicm channel is based on the 

development of a safe,  functional, and es the t ica l ly  pleas- trail 

system f o r  e q u e ~ t r i a c a ,  hikern, joggers, and bicyclists.  The paved 
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2.57 The temporary storage and controlled release of floodwaters from 

the dams w i l l  increase localized groundwater recharge along downstream 

channels. While t h i s  w i l l  not s ign i f ican t ly  a f fec t  the overall  

groundwater regime i n  the study area, r ipar ian habi ta t  along the 

channels w i l l  benefit  from t h e  increased duration of flows. 

2.58 Sand and gravel occur i n  recoverable quant i t i es  along the 

streambeds of t he  project  area. Aggregate materials have been excavated 

from numerous locat ions  along Cave Creek, Skunk Creek, and the Agua 

F r i a ,  S a l t ,  and Gila Rivers. The major sources of supply close t o  the 

C i t y  of Phoenix along the S a l t  and Gila ~ i v e r s  w i l l  not be affected by 

the project .  The only potent ia l  resource that  w i l l  be permanently 

removed is the land under the proposed embankments. The stream channels 

w i l l  still be ava i lab le  for  mining. The floodways and flowage easements 

w i l l  r e s t r i c t  &ban development along the stream channels, helping to  

preserve sources of material  adjacent t o  urban areas. Mining w i l l  be 

possible i n  t he  area behind the dam before the development of 

recreat ional  f a c i l i t i e s  o r  i n  areas  where no f a c i l i t i e s  are  planned. 

The dams w i l l  t rap some of the sediments that  normally replenish the 

streambeds, but t h i s  w i l l  not s ign i f ican t ly  a f f ec t  t h e  quantity of sand 

and gravel avai lable  downstream. No act ive mining operations w i l l  be 

disturbed by construction of the project .  

2.59 The dam embankments, dikes, and levees w i l l  require approximately 

75 million cubic yards of material; primarily sands, silts, and 

gravels. An estimated 640 acres w i l l  be excavated as  borrow to  supply 

construction materials. Over 95 percent of t h i s  acreage w i l l  be within 



2.68 Construction of the Arizona Canal diversion channel w i l l  r e su l t  i n  

approximately 11.5 million cubic yards of excess materials. The Flood 

Control D i s t r i c t  determined tha t  waste areas presently avai lable  within 

5 miles of the proposed channel can accommodate approximately 18.4 

million cubic yards. After socioeconomic projects are  considered, the 

waste area available i n  1985 could jus t  accommodate the 11.5 million 

cubic yards of excess material. An environmental assessment of New 

River Dam is included a s  an attachment to  the Feature Design. 

Historical .  Cultural. and Amhcolcuioal Reswrcea 

2.69 Surveys and l i t e r a t u r e  searches t o  ident i fy  cu l tura l  resources 

i n  t h e  project  area were conducted i n  the f a l l  of 1973 by Arizona 

S ta te  University, Department of Anthropology, under contracts wi th  the 

National Park Service and the Corps of Engineers. The surveys resulted 

i n  the  discovery of 85 h i s t o r i c  and prehis tor ic  s i t e s .  A l l  but three of 

the s i t e s  are  located within o r  on the margins of t h e  rights-of-way f o r  

one o r  more of t h ~  project  a l te rna t ives .  

2.70 Temporarily, the s i t e s  range i n  age from h i s to r i c  a c t i v i t i e s  of 

the ea r ly  1900s, such aa ranch house foundations and areas of past  

cu l t iva t ion ,  to  s i t e s  representing a yet  undefined Archaic Period t h a t  

predates the e a r l i e s t  ceramic periods of about A.D. 100 t o  500. S t a t e  

inventory P o r n  for  the  s i t e s  investigated during the survey were 

submitted to  the S ta te  His tor ic  Preservation Officer. Subsequently, 

the S t a t e  Historio Preservation OPflcer and t h e  Keeper of the  National 

Register d e t e d n e d  tha t  one s i t e  and the Cave Creek, New River Dam, and 



Skunk Creek Archeological D i s t r i c t s  were e l i g ib l e  for inclusion i n  the 

National Register of Historic Places. Pursuant to  Section 106 of the 

National Historic Preservation Act of 1966 and t o  T i t l e  36 C.F.R., Part 

800.4, the Corps of Engineers requested the comments of the Advisory 

Council on Histor ic  Preservation and prepared a preliminary case report  

containing relevant information about the project ,  and its e f f e c t  on the 

National Register s i t e s ,  and proposed plans t o  avoid or mitigate the 

adverse e f fec t s .  Onsite inspections of the s i t e s  that  w i l l  be affected 

were held pr ior  t o  the formulation of a Memorandum of Agreement. T h i s  

document ( r e f e r  t o  Adobe Dam, Design Memorandum No. 3 ,  General Design 

Memorandum - Phase I1 Project Design - Part  2 ,  A p r i l  1979, Exhibit A )  

d e t a i l s  the actions to be taken to  avoid or  mitigate the adverse e f f ec t s  

of the proposed project  on National Register s i t e s .  The Advisory 

Council has reviewed the pmposal apd has determined tha t  it is 

suf f ic ien t .  It has been signed by the Executive Director and Chairman 

of the Advisory Council, the Arizona S ta t e  Historic Preservation 

Officer, and representatives of the U.S. Bureau of Land Management, 

National P a r k  Service,  Flood Control D i s t r i c t  of Maricopa County, and 

the Corps of Engineers. An archeological t es t ing  program was carried 

out a t  New River to evaluate the e f f e c t s  of dam construction and 

to  design a cu l tu ra l  resources mitigation program t o  minimize t h e  

effects .  Testing involved mapping s i t e s ,  examination of surface and 

subsurface a r t i f a c t s ,  and t e s t  excavations of surface and subsurface 

features. Prehis tor ic  and h i s t o r i c  a r t i f a c t s  and nonartifactual remains 

were collected from a l l  s i t e s  and analyzed. This study resulted i n  the 

formulation of recommendations f o r  the development of a research design 



1. Introduction 

P u r w s e  and S c o ~ e  

1.01 The New River Dam Feature Design is pr imar i ly  a technica l  document 

designed t o  provide t h e  b a s i s  fo r  prepara t ion  of plans and 

s p e c i f i c a t i o n s .  The r epor t  provides j u s t i f i c a t i o n  f o r  genera l  f e a t u r e  

dimensioning, s i t i n g ,  s e l e c t i o n  of cons t ruc t ion  ma te r i a l s ,  and 

management of bas in  resources. It c a r r i e s  f o r t h  general  concepts of t h e  

Phase I General Design Memorandum (GDM), which recommended cons t ruc t ion  

o f  a dam, a d ike ,  a sp i l lway,  and o u t l e t  works i n  t h e  proximity of the  

West Wing Mountains on the  New River and management of the  flood p l a i n  

between t h e  N e w  River damsite and t h e  Skunk Creek confluence under f lood 

p l a i n  management p r i n c i p l e s .  The author ized  Phoenix and Vic in i ty  Flood 

Control  Plan is shown on p l a t e  1. The r e p o r t  s p e c i f i c a l l y  addresses a 

revised  s i t e  s e l e c t i o n  f o r  the  dam, sp i l lway,  o u t l e t  works, and access  

road; the  a d d i t i o n  o f  another  d ike ;  and revised r e a l  e s t a t e  

requirements. 

The Phase 11 Pmoess  

1.02 Major s t u d i e s  i n i t i a t e d  under t h e  Phase I GDM have been 

supplemented i n  t h e  Phase I1 process t o  achieve f ea tu re  design 

q u a l i t y .  S tud ies  s p e c i f i c a l l y  included i n  t h e  f ea tu re  design a r e  

sunmarized i n  t a b l e  1.  



Bureau of Economic Analysis - U.S. Dept of Comerce 

Economic Research Service  - U.S. Dept. o f  Agr icul ture  

Maricopa County Associat ion o f  Governments 

H i s t o r i c a l  Trends 

Local and Regional Development Plans 

3.38 It was p ro jec ted  t h a t  u rban iza t ion  i n  the  d i r e c t i o n  of New River 

Dam would reach Union H i l l s  by the year  2020-approximately 6 miles 

downstream from the  proposed damsite.  It was a l s o  reasoned that much o f  

t h e  ~ l l e y  t a t e r s h e d ,  composed o f  S t a t e  o f  Arizona School t r u s t  lands ,  

would not be  developed because State law would p r c h i b i t  its s a l e .  

3.39 Since  1980, s e v e r a l  f a c t o r s  have changed t h e  urbaniza t ion  

p r o j e c t i o n  p a t t e r n  o f  Phoenix rather s i g n i f i c a n t l y .  Much of t h e  

modified p ro jec t ion  is a t t r i b u t e d  to an unforeseen rapid  increase in 

o o m e r c i a l  movement to t h e  Phoenix a m  followed by a rapid populat ion 

inc rease .  Recycling o f  land near  the urban core to mult iple-unit  

dwllings is inc reas ing  and has r e su l t ed  i n  sellding single-family u n i t s  

t o  a r t l y i n g  areas uhere land and p r i c e s  are lower. lhis t rend has been 

accentuated because of the e x i s t e n c e  o f  large p r i v a t e l y  owned trwts of 

land i n  the a t l y i n g  areas t h a t  are inc reas ing ly  a t t r a c t i v e  to the  

planned community developer. The n a t u r a l  geographic s e t t i n g  (mountains 

t o  the south and Indian Reservat ion to t h e  east) has f u r t h e r  accentuated 

t h e  u rban iza t ion  trend to t h e  north and west o f  Phoenix. 



4.02 Land Use. The p ro jec t  a rea  l i e s  within an undeveloped area  and 

provides open space f o r  such land uses as  graz ing ,  hunting, and informal 

r e c r e a t i o n a l  use. Current ly the  neares t  r e s i d e n t i a l  development is  

about 4 mi les  south of t h e  p r o j e c t  area. However, t h i s  is projected t o  

change a s  metropoli tan Phoenix continues t o  expand north and west. A 

s o l a r  community is c u r r e n t l y  being proposed f o r  development on S t a t e  

l ands  adjacent  t o  the  p ro jec t  area.  As urbanizat ion continues t o  

expand, New River Dan w i l l  become increas ingly  important a s  an area  of 

open space. A s  s t a t e d  i n  the  FES, the  a rea  downstream of the  proposed 

dam t o  t h e  confluence with Skunk Creek w i l l  be sub jec t  t o  flood p l a i n  

management. 

4.03 Land Ownership. Land ownership c o n s i s t s  of p r iva te  lands 

purchased by t h e  Flood Control  D i s t r i c t  of Maricopa County (FCDMC, 
0 

1463 a c r e s ) ,  S t a t e  o f  Arizona l ands  cu r ren t ly  being purEhased by the  

FCDMC (480 a c r e s ) ,  and Federa l  lands  under adminis t ra t ion  of t h e  Bureau 

of Land Management (BLM, 770 a c r e s ) .  The FCDMC cur ren t ly  holds a  grant  

f o r  BLM l ands  (770 a c r e s )  t h a t  permits  cons t ruc t ion  and operat ion of 

f lood c o n t r o l  f a c i l i t i e s .  I f  t he  FCDMC's app l i ca t ions  are granted fo r  

subsurface  mineral r i g h t s  and su r face  management r i g h t s  on BLM lands ,  

under the  Federa l  Land Pol icy  Management Act (FLPMA) and the  Recreation 

and Public  Purposes Act (RdrPPA), respect ive ly ,  e f f e c t i v e  management of 

a l l  p ro jec t  lands  w i l l  be assured. 

4.04 Mineral Resources. The only known mineral depos i t s  located within 

t h e  p ro jec t  a r e a  a r e  non-metallic resources of sand and gravel  

depos i t s .  There has been no e x t r a c t i o n  of sand and gravel  from within 



the project  area. Construction of New River Dam w i l l  ro t  r e su l t  in  a 

shortage of sand and gravel for  the areas adjacent to t h i s  project  area,  

as the Agua Fria River, another source of sand and gravel, l i e s  about 

one mile west of New River. A resource use plan, basel on project  

resource use objectives h a s  been developed to  guide management ( i n  three 0 

phases) of the flood control basin. Implementation of t h i s  plan w i l l  

provide a more balanced use of the natural  resources, as  the plan 

i d e n t i f i e s  permitted uses for  spec i f ic  areas. Specific areas have been 

designated for preservation of sens i t ive  biological and cu l tu ra l  

resources. Mineral extraction w i l l  be permitted i n  high in tens i ty  use 

areas. Enforcement of such a plan becomes c r i t i c a l  as  sand and gravel 

supply i n  the Phoenix area dwindles, thus increasing the pressure t o  

excavate within the boundaries of the project  area. m e  Arizona State  

Land Department has p o t  made any estimates of the  amount of sand and 
0 

gravel within the New River area or  within the Phoenix area. 

4.05 Air Quality.  The project  area  l i e s  within the Phoenix non- 

attainment area f o r  carbon monoxide, ozone, and particulates.  Although 

the re  is no monitoring CP a i r  qual i ty  within the project area ,  it is 

unlikely Ma t  the standard for  eaoh of these pollutants is exceeded. 

According t o  the Arizona Department of Health Services, Bureau of A i r  

Quality, the boundary l i nes  for  the Phoenix non-attainment area are  not 

based on measurements or  models; the boundaries a m  the same as those 

used by the Haricopa Association of Governments to delineate t h e i r  

planning area. The lack CP development within or  adjacent to the 

pro jec t  area indicates that  pollutant levels  are l ike ly  t o  be  similar to  

those found i n  desert environments: low levels  of carbon monoxide, 





Existing cu l tu ra l  resources 

4.112 The basin area represents an important source of data on the 

nature of Hohokam settlement and subsistence patterns and on the 

re la t ionship of these pat terns  t o  e a r l i e r  Archaic settlements. 

Investigations conducted by the  Museum of Northern Arizona have 

ident i f ied 41 archeological s i t e s  within the project l imi t s  that  

col lect ively represent habi ta t ion s i t e s ,  agr icul tural  f i e ld s ,  food 

gathering areas,  and campsites. Three h i s t o r i c  period s i t e s ,  including 

a s tage s ta t ion ,  have a l so  been ident i f ied.  The New River cu l tura l  

resource s i t e s  have been l i s t e d  'in the ~ a t i o n a l  Register of Historic 

Places as  the  New River Archeological Dis t r ic t .  

4.113 Geotechnical t es t ing  would have disturbed a t  l ea s t  one s i t e ,  

which was recovered pr ior  to  tes t ing.  Close coordination has been 

maintained throughout the geotechnical t es t ing  program t o  assure t ha t  

archeological resources are  properly safeguarded. Construction limits 

have been established to  preserve cu l tura l  resource s i t e s  while s t i l l  

allowing construction f l e x i b i l i t y .  A l l  s i t e s  within the construction 

work limits w i l l  be recovered pr ior  t o  the i n i t i a t i on  of construction. 

Selected s i t e s  outside t h e  work l imi t s ,  but within the basin, w i l l  be 

preserved. Plate  6 of appendix 2 shows general archeological areas 

designated f o r  preservation. 

FD- 107 



I .  . a - .  8 Figure 14. gntftcant Reswrces of New ver Dam. 



FLOOD CONTROL 

7.03 The first cos t  o f  flood c o n t r o l  f e a t u r e s  was based upon d e t a i l e d  

q u a n t i t y  es t imates  and u n i t  p r i c e  development a t  October 1981 p r i c e  

l e v e l s .  Ciuantity e s t ima tes  were based on d e t a i l e d  design drawings. 

Large q u a n t i t y  items, such a s  borrow, excavation,  dam and d ike  f i l l  

placement,  s l o p e  p ro tec t ion ,  and sp i l lway excavation, have been based 

upon a breakdown of p l a n t ,  l a b o r ,  and m a t e r i a l s  s p e c i f i c  t o  the  New 

River site. Other u n i t  and lump sum c o s t s  have been developed 

s t r i c t l y  on the  b a s i s  o f  comparable p r i c e  ana lys i s .  

7.04 Borrow a r e a s  w i l l  be s t r i p p e d  o f  t o p s o i l  t o  a depth o f  9 inches  

and s tockp i l ed  f o r  later use. S tockpi led  material w i l l  be  spread over 

t h e  borrow a r e a s  a f t e r  cons t ruc t ion  and spread ove rc the  downstream 

s l o p e s  o f  t h e  embankment and d i k e  1 p r i o r  to seeding. Impervious 

m a t e r i a l s  w i l l  be  obtained g e n e r a l l y  from 1 t o  6 f e e t  i n  depth and w i l l  

be moistened p r i o r  t o  excavation.  Pervious s h e l l  and t r a n s i t i o n  

m a t e r i a l s  w i l l  be  obtained from 3 t o  13 feet below t h e  ground su r face  

and w i l l  no t  be moistened. Haul roads t o  borrow areas could use  t h e  

nor thern  exposure of the  le f t  o r  r i g h t  abutments o r  an access  ramp on 

t h e  f a c e  o f  the  dam. The average hau l  d i s t a n c e  to t h e  impervious borrow 

w i l l  be  0.2 and 1.9 mi les  f o r  t h e  dam and d ike  No. 1 ,  respect ive ly .  The 

average d i s t a n c e  to t h e  pervious borrow w i l l  be 0.8 and 1.5 miles f o r  

the  dam and d ike  No. 1 ,  r e spec t ive ly .  

7.05 Borrow materials w i l l  be  blended at  t h e  borrow site. 
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1 .  Introduction 

Purpose and Scope 

1.01 Geology, s o i l s ,  and materials investigations have been conducted 

for  the following purposes ( a )  to  determine the extent,  d i s t r ibu t ion ,  

and physical properties of the rock and s o i l s  a t  the s i t e  of the 

proposed New River Dam, dikes, and appurtenances; and (b) obtain 

detailed information on the foundation, construction materials,  and 

groundwater conditions i n  order t o  provide a sound basis for  the design 

of  the proposed s t ructures .  This appendix describes the geologic and 

seismic se t t i ng ,  the geotechnical explorations, f i e ld  and laboratory 

tes t ing,  analysis of data,  foundation treatment, embankment design, 

construction considerations, instrumentation, and inspection plan. 

Descri~tion of Project Features 

1.02 The project  provides for  the following features: 

a. A zoned e a r t h f i l l  dam, approximately 104 feet  high (maximum) and 

about 2320 fee t  long a t  the c r e s t ,  above the exist ing streambed 

a t  elevation 1486.7 f e e t  (without settlement allowances) above 

mean sea leve l  ( m s l ) .  

b. A zoned e a r t h f i l l  dike, approximately 36.3 feet  high (maximum) 

and approximately 7464 f ee t  long a t  the c res t ,  about 1.7 miles 

northwest of the r igh t  abutment of the dam a t  elevation 1486 

f e e t  (without settlement allowances). 



.. 2. T o p o g r a p h y ,  G e o l o g y ,  and Set smici t y  

Regional Towrzraphy 

2.01 The p ro jec t  a rea  l i e s  near the  boundary of t h e  S a l t  River Valley 

and New River-Cave Creek a r e a s ,  por t ions  of the  Basin and Range 

physiographic province t h a t  a r e  charac ter ized  by broad g e n t l y  s loping  

va l l eys  bounded by high rugged mountains. The p r o j e c t  a rea  is  a t  t h e  

southern edge o f  a topographic and structural basin and is bounded t o  

t h e  southeast  and southwest by t h e  low-lying East  and West Wing 

Mountains, r e spec t ive ly ,  and t o  the  e a s t  by an unnamed group of peaks. 

The broad a l l u v i a l  p l a i n  t o  the  north and west of the  p ro jec t  a rea  

extends up t o  t h e  New River and Hieroglyphic Mountains. The damsite 

spans a narrow v a l l e y  between t h e  East  and West Wing Mountains a t  t h e  

northern edge o f  Deer Valley, a small  undisseoted t r i b u t a r y  val ley 

wi th in  t h e  l a r g e  p l a i n  of t h e  S a l t  River Valley. The main drainage from 

t h e  p ro jec t  a rea  is through Deer Valley t o  t h e  A y a  F r i a  River and then 

t o  t h e  Gi la  River. The New River begirw i n  t h e  New River Mountains 

about 40 miles nor th  of Phoenix, is approximately 40 mi les  long and has 

a drainage a rea  o f  about 350 square miles. The New River merges with 

Skunk Creek, approximately 8 miles below t h e  damsite,  then flows about 

8 miles f u r t h e r  downstream before merging with t h e  Agua F r i a  River. 

Rsaioaal Oeolwp 

2.02 The rock types e x i s t i n g  i n  t he  mountainous a r e a s  wi th in  the 

p ro jec t  a rea  a r e  very similar. The basement complex c o n s i s t s  

predominantly of Precambrian g r a n i t e  and r e l a t e d  c r y s t a l l i n e  rocks with 
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l esser  amounts Of sch is t  and gneiss. These formations are extensively 

exposed along the eastern and southeastern margins of the project  

area. Elsewhere, they are  covered by sediments or  lava flows. Lava 

flows of Ter t iary to  Quaternary age cover a considerable area along the 

southwestern margin of the project area  and cap a small isolated h i l l  

north of t he  damsite. The flows are composed of andesite ( f e l s i t e ) ,  

rhyol i te ,  and vesicular basal t ,  and loca l ly  include tu f f ,  flow breccia, 

and tuffaceous agglomerate. Exposures of Tertiary intrusive igneous 

rocks, consist ing mainly of grani te  and monzonite, are found i n  the 

mountains t o  the  east. Older Quarternary sediments are  found on t h e  

slopes of most of the h i l l s .  The most extensive Quarternary deposits  in 

the area a re  the poorly t o  well consolidated older a l luv ia l  materials 

tha t  cons is t  mainly of gravel, sand, s i l t ,  and clay and contain varying 

amounts of caliche. These materials form the nearly flat valley f loo r  

and extend to  undetermined depths i e r k i t h  the surface of valley. Recent 

alluvium, consist ing mainly of unconsolidated coarse sand and gravel,  

f i l ls  the channe?> of the main stream courses and the t r i bu t a r i e s  

associated with flood plain washes. Bedrock, sidilar to that  of t h e  

nearby h i l l s  and mountains, underlie the a l l uv ia l  deposits at great  

depths. 

2.03 During the l a t e  Miocene tim, subsidence, block-faulting, and 

erosion occurred i n  southwestern Arizona, which bmke up the  region with 

its ex is t ing  Precambrian and younger rocks. mis "gave the area a 
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typical  basin and range s t ructure  of mountain-forming horsts separated 

by valleys underlain by grabens or half-grabensfi (Eberly and Stanley, 

1978). 

2.04 Sediments were deposited i n  these troughs or grabens during l a t e  

Cenozoic time. These sediments oonsisted of c l a s t i c s  and lesser  amounts * 
of interbedded volcanic rocks, and i n  some valleys,  thick in te rva ls  of 

evaporites. A l l  a re  continental deposits. Estimates of thickness of 

these sediments range up t o  3,000 feet  i n  the Deer Valley area,  a few 

miles south of the  proposed s i t e  for the New River Dam. 

2.05 Many of the older volcanics are  from the Mid-Tertiary ( l a t e  

Oligocene and ear ly  Miooene) orogeny, which produced great  quant i t ies  of 

r h y c l i t i c  to  andesi t io  tu f f s ,  breccias, and flows. Fanglcmerates and 

laoustr ine deposits  a l t e rna t e  with these volcanics. Overlying these a 
volcanics and othei. deposits are  fanglomerates (containing volcanic 

de t r i t u s ) ,  as well aa beds of water-laid t u f f s  and other sediments 

interlayered wlth and overlain by basa l t ic  lava flows. These are  

believed to  be  middle to  l a t e  Miocene i n  age. The youngest basal ts  are  

possibly 6 mill ion years or l e s s ,  making them Pliocene i n  age, similar 

t o  the basal ts  near Gila Bend and Gil lespie  Dam. 

2.06 The major s t ruc tu ra l  features for  the S t a t e  of Arizona a re  shown * 
on plate  2. The grea tes t  oonoentration of f a u l t s  primarily coincides 

with the Transit ion Zone physiographia province and the Basin and Range 

Mountain Region subp~ovince along the Jerome-Wasatch Structural  Zone. 
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This s t ruc tu ra l  zone is a tectonic  lineament roughly 60 miles wide which 

is characterized by long, continuous, subparal le l ,  normal f a u l t s  

trending generally to the north and northwest. This zone extends from 

Utah south t o  southeast across Arizona i n t o  Mexico and is nssoziated 

with numerous earthquakes and contains evidence of Quaternary 

faul t ing.  The edge of t h i s  postulated zone is approximately 30 miles 

northeast of the project  area a t  its closest  approach. 

2.07 The most s ignif icant  f a u l t  i n  the  S t a t e  of A r i Z 0 ~  is the 

100-mile-long Main St ree t  f a u l t ,  which trends north-south and is about 

150 miles northwest of the project  area. A maximum credible earthquake 

of magnitude 7.5 could be generated on t h i s  fau l t .  This could r e su l t  i n  

a bedrock acceleration of approximately 0.04g a t  the proposed damsite. 

The Verde f a u l t  system, located approximately 45 miles northeast of the 

project  area a t  its southerly extent ,  has a t o t a l  length of about 45 

miles. However, t h i s  f a u l t  system consis ts  of several splays and 

segments. The 1,ngest and most continuous segment is the cen t r a l  

segment uhich is about 17 miles long. A maximup credible earthquake of 

magnitude 7.0 is possible over the  t o t a l  length of the  Verde f a u l t  

system. This could result i n  a maximum bedrock acceleration of 

approximately 0.08g a t  the  site of the New River  Dan ( a f t e r  Schnabel and 

Seed, 1973). The la rges t  earthquake ever recorded near the Verde system 

was one of magnitude 5.1 i n  1976, which would have produced a ground 

acceleration of l e s s  than 0.01g a t  the proposed damsite. The th i rd  

l a rges t  f a u l t  system is near Globe, Arizona, approximately 95 miles 

east-northeast of the project  area. This systen is about 42 miles long 



and is not considered ac t ive .  The Main S t r e e t  and Verde f a u l t  systems 

have shown s i g n s  of Quaternary movement. There have been, however, no 

h i s t o r i c  o r  Holocene su r face  rup tu res  recorded. 

2.08 The p ro jec t  a r e a  is loca ted  i n  t h e  Basin and Range s t r u c t u r a l  

province whose genera l  s t r u o t u r a l  conf igura t ion  i s  t h a t  of p a r a l l e l  

h o r s t s  and grabens produced by block f a u l t i n g .  Block f a u l t i n g  and 

t i l t i n g  have had an important e f f e c t  upon the  topographic forms i n  t h e  

p ro jec t  area.  These s t r u c t u r a l  movements probably reached a maximum 

during the  T e r t i a r y  period and have a f f e c t e d  t h e  Quaternary l avas  and 

sediments. Although of cons iderable  magnitude, the  f a u l t i n g  and ti1 t i n g  

apparent ly  have been gradual  and t h e  t i l t e d  blocks a r e  not  g r e a t l y  

broken up. The s t r i k e  of t h e  major movements conforms with t h e  genera l  

northwest s t r u c t u r a l  t rend of the  region;  however, t h e r e  a r e  numerous 

northeast- t rending c ross  f a u l t s .  

2.09 The proposed damsite is about 23 miles northwest o f  Phoenix and 

about 7 miles west o f  Black Canyon Highway. The damsite spans t h e  New 

River between t h e  West Wing Mountains, which form the  r i g h t  abutment, 

and Keefer H i l l ,  a westward p ro jec t ion  of t h e  East  Wing Mountains, which 

form the  l e f t  abutment. The va l l ey  is approximately 2000 f e e t  wide a t  

t h e  p ro jec t  site. The West Wing Mountains a r e  composed of va r ious  

T e r t i a r y  volcanic  rocks described a s  f e l s i t e ,  flow brecc ia ,  t u f f ,  and 

tuf faceous  agglomerate. The v a l l e y  f l o o r  c o n s i s t s  of poorly t o  well- 

cemented Quaternary silts, sands,  and g rave l s  t h a t  a r e  under la in  by 



Tert iary volcanics near the r i gh t  abutment and Precambrian s r an i t e s  near 

the l e f t  abutment. The thickness of t h i s  older alluvium a t  the s i t e  

varies from a few fee t  near both abutments to an approximate depth of 

136 f e e t  near the center of the valley. The older a l l u v i u  is nasked by 

shallow deposits of younger alluvium, consisting of loose sands, 

gravels,  and cobbles with occasional boulders, which are  generally found 

i n  t h e  act ive stream channel and the smaller washes. The older alluvium 

includes slope wash and residual s o i l  found on both abutments and the 

spillway s i t e s .  The East Wing Mountains, including Keefer B i l l ,  a re  

composed primarily of Precambrian gran i te  and granodiorite with minor 

gneiss ,  vein quartz, and s c h i s t  intrusives.  Seesplate 3 f o r  a geologic 

map of the  damsite. 

2.10 The New River, an ephemeral stream, flows generally south from its 

headwaters i n  the New River Mountains, through the project  area on the 

boundary between the Salt River Valley and New aver-Cave Creek 

groundwater areas, and emerges i n t o  Deer Valley where it wets Skunk 

Creek and continues south to its confluence with the Agua F r i a  River. 

In  both groundwater areaa, t h e  pr incipal  a q u i f e n  are mainly a l l u v i a l  

deposi ts  located in the o sn t r a l  pa r t s  of the basins, but small water 

suppl ies  can be obtained loca l ly  fraa the c rys ta l l ine  and consolidated 

sedimentary rocks i n  the mountains bounding the basins. The a l l u v i a l  

deposi ts  range in  thickness f r a a  a feu tens  of f e e t  near the  mountains 

t o  aDFe than 1200 feet approaabing the  center of the  basins. South of 

t he  pro jec t  area,  roundw water flcu is in  a soutbarly direct ion,  toward a 

major cone of  pressio ion in Deer Valley. 
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2.11 Recharge to  the groundwater basins is derived from seepage of 

i r r i g a t i o n  waters, stream flows, r a in fa l l  and underflow of ground- 

water. There i s  very l i t t l e  recharge from stream flow and r a i n f a l l  and 

the amount of recharge from i r r i ga t ion  seepage and underflow has not 

c l ea r ly  of fse t  the lowering of the water table  due to the pumping of 
6 

water for  i r r iga t ion ,  increase i n  population, high evaporation and low 

annual precipi ta t ion.  

2.12 I n  1946, the highest groundwater depths i n  Deer Valley ranged from 0 

161 f ee t  i n  well (A-4-21 19 bcc, approximately 4-1/2 miles southeast of 

the damsite to  173 f ee t  i n  well (A-4-1) 10 daa, approximately 2 miles 

south of the  r ight  abutment of the damsite. I n  1979-80, the depth t o  

groundwater i n  these same general areas  ranged from 449 f ee t  i n  well 19 

boc t o  494 f ee t  i n  well (A-4-1) 10 aab, about 1/2 mile north of well 10 

daa. These results show a water level  decline of approximately 300 fee t  * 
b 

or  an average decline of about 9 f ee t  per year. There has been a 

decrease i n  the r a t e  of decline of the water table  sinoe the mid-19609, 

based on data f r m  well 19 boc and well (A-4-11 22 bbb, approximately 4 

miles southwest of the r igh t  abutment of the damsite. In well 19 bcc, 

the decline has been about 2-1/2 f e e t  per year from 1963 t o  1980. I n  

well 22 bbb, the deoline has been about 4 f ee t  per year from 1963 t o  

1979. This decrease i n  the r a t e  oP decline of the water t ab le  can be 

a t t r ibu ted  to the progressive change from agricul tural  t o  r e s iden t i a l  

and indus t r i a l  land use and a decrease i n  the pumpage for  i r r i ga t ion .  

2.13 There are no water-well data available for  the area i n  the 

immediate v ic in i ty  of the damsite. It is estimated that  the  depth t o  
9 

groundwater is below 70 fee t  (elevation,  1320 f ee t )  based on information 
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from bucket auger t e s t  holes, TH 80-35 and TH 80-38, where possible 

groundwater was encountered a t  depths of 84 and 70 fee t ,  respectively. 

It  was not determined i f  groundwater was encountered in  any of the 

diamond core holes d r i l l e d  during subsurface inves t iga t io3s .  ?erched 

water tables were encountered i n  bucket auger test hole TH 80-36 a t  a 

depth of 39 f ee t ,  and t e s t  trenches TT 80-197, TT 80-198, and TT 80-200 

a t  depths of 10 f e e t ,  22 f e e t ,  and 15 f ee t ,  respectively. See plate 4 

for  the locations of the  t e s t  holes and t e s t  trenches. 

2.14 The only loca l  groundwater information is provided by the 

following wells. I n  1970, the depth t o  groundwater i n  well (8-5-1) 26 
0 

boa, about 1 mile north of the r igh t  abutment of the damsite was 126 

f e e t  (elevation, 1294 f ee t ) .  I n  1979, the depth to groundwater i n  well 

( A - 4 1  1 dcb, almost 2 miles southeast of the damsite, was 320 fee t  

(approximate elevation", 1045 fee t ) .  The higher groundwater a t  the  

damsite is the r e su l t  of bedrock constr ic t ions  i n  the narrow confines of 

the valley. 

2.15 Groundwater information f o r  dike no. 1 was obtained from well 26 

bca, discussed in paragraph 2.14, about 1 mile eas t  of the  proposed 

dike, and well (A-5-1) 10 aab, less than 2 miles north of the dike. In 

1969, the depth to  groundwater in w e l l  10 aab was 256 f e e t  (elevation 

1318 fee t ) .  Based on data from these two wells, it is estimated the 

depth to groundwater i n  t he  v i c in i ty  of the  dike is grea te r  than 150 

feet .  



3. Econani c Geol ogy 

Hatural Resources 

3.01 The natural resources considered i n  t h i s  statement are  those 

resources that  have a large enough volume or value so tha t  t he i r  

exploitation would have a s ignif icant  inpact on the water use, land use, 

or economy of Maricopa County. The resources a re  discussed i n  three 

general groups; mineral and foas i l  fuels ,  metall ic minerals, and 

nonmetallic minerals. A l l  data is derived from the "Lower Colorado 

Region Comprehensive Framework Study," U.S. Department of In te r ior .  

mmral- Fossil mla 

3.02 There are no known resouroes of coal o r  crude o i l  in Maricopa 

County. The nearest f i e l d  source of coal t o  the project area is the 

Deer Creek f ie ld ,  ?I re la t ive ly  minor f i e l d  i n  eastern Pinal County, 

located about 100 miles southeast of downtown PhmnFx. Although 

appreciable uranium-vanadium deposits have been located in Coconino, 

Navajo, and Gila Counties, none have been located in Harioopa County. 

The closest  uranium resources to the study area l i e  i n  the Sierra  Anoha 

Mountains in t h e  Tonto National Forest, 75 miles eas t  of Phoenix. 

3.03 South of the  study area, i n  a wide belt running southeast through 

Pinal, Pina, and Santa Cruz Counties, lies a d i s t r i c t  i n  which 

disseminated cooper and copperaolybdenum areas are be* developed f o r  



fu tu re  la rge-sca le  mining. A l a rge  volume of p o t e n t l a l  i ron  resources 

occur i n  the  Hieroglyphic Mountains (Pikes Peak d i s t r i c t )  25 miles 

northwest of Phoenix. Known resources i n  the  area t o t a l  about 90 

mi l l ion  shor t  tons.  

3.04 Ha l i t e  (common s a l t )  has been discovered underground 20 miles west 

of Phoenix i n  w e l l s  d r i l l e d  about 1 mile  apa r t .  I n  one well, below 880 

f e e t ,  more than 3000 f e e t  of s o l i d  h a l i t e  were pgnetrated. This 

resource  could also be used as a r a w  ma te r i a l  f o r  the  chemical industry.  

3.05 Sand and g r a v e l ,  a resource t h a t  is becoming more l imi ted  i n  t h e  

s tudy a rea  because of Vast q u a n t i t i e s  of aggregate ma te r i a l s  used by the  

cons t ruc t ion  indus t ry ,  occurs i n  recoverable concentrat ions i n  exposed 

and buried stream channels ,  on t e r r aces  near mountain f r o n t s ,  and 

a l l u v i a l  fans. The materials near t h e  mountain f r o n t s  contain a higher  

r a t i o  of gravel  to sand, where a s  the  basin f i l l s  a r e  mostly sand and 

silt. I n  1970, Maricopa County produced 6,350,000 tons of sand and 

g rave l ,  which represented  more than a t h i r d  (35.7 percent)  of the  

production f o r  t h e  S t a t e .  Up to t h e  present  time, the re  have been no 

sand and gravel  opera t ions  within the  p ro jec t  area.  Other s i g n i f i c a n t  

mining a c t i v i t i e s  inc lude  t h e  production of sorap mica near Buckeye i n  

Maricopa County, and miscellaneous clay and sha le  f o r  manufacturing 

bui ld ing  br ick ,  mined a t  t h e  Tolleson p i t  i n  Maricopa County. 



4. F i e l d  I n v e s t t g a t i o n s  

General 

4.01 Two a l te rna t ive  damsites have been g3otechnically investigated and 

evaluated. 'he  first s i t e  considered was ?resented in the Phase I GDM 

and is referred t o  as  the Phase I s i t e .  T'iis s i t e  is on the New River 

approximately 7 miles north of Bell Road. The second s i t e  i .3  

approximately 2000 fee t  downstream (measurd along the natural  

streambed) and is referred to as  the Phase I1 s i t e .  
c 

4.02 The Phase I s i t e  was explored between March 1970 and January 1972, 

as discussed i n  the Phase I GDM; the  Phase I1 s i t e  was explored in 

de ta i l  between November 1979 and May 1981. Geotechnical oonsiderations 

had no s ignif ioant  influence on the seleotion of the Phase XI s i t e  over 

the Phase I s i t e .  The Phase I1 site was s43leoted m the basis  of 

economics. 

Gmtechniaal Imaatiaatiaw of tho ph.sl n mite 

4.03 Subsurfaoe investigations were conduuted a t  the  New River damsite 

fo r  the foundation of the dam, dikes, ou t l e t  works, three a l te rna t ive  

s p i l l w a y s ,  and potent ia l  borrow areas to de t e ra im the design and cos t  

data fo r  constructing an e a r t h f i l l  dam, two dikes, and appurtenant 

works. The geotechnical investigations ool~sisted of geologic 

reconnaissance and mapping, shallow seisml~, refract ion surveys, diamond 

core drilling, bucket-type p o w  auger d r i l l i ng ,  trenching, and f i e l d  

and laboratory b a t i n g .  
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Borrow Areas 

4.14 The subsurface  i n v e s t i g a t i o n  of t h e  p o t e n t i a l  borrow a reas  

cons is ted  of d r i l l i n g  16 t e s t  holes ,  TH 71-2 through TH 71-4, TH 71-7, 

TH 71-8, TH 71-14 through TH 71-15, TH 71-19, TH 71-20, TH 71-24, 

through TH 71-26, TH 71-30 and TH 71-31, i n  1971. The test holes were 

d r i l l e d  with a bucket-type power auger t o  depths ranging from 5 t o  13 

f ee t .  S ix teen  t e s t  t renches ,  TT 71-7, through TT 71-13, TT 71-15, 

TT 71-16, TT 71-20, and TT 71-22 through TT-71-27 were a l s o  excavated i n  

1971. A l l  t hese  t renches  except TT 71-13 were excavated w i t h  a dozer.  

Seventy-nine t e s t  t renches ,  TT 79-31, TT 80-33 through TT 80-86, 

TT 80-91 through TT 80-99, TT 80-101, TT 80-108 through TT 80-110, 

TT 80-1 86 through TT 80-194, and TT 80-1 96 were excavated i n  1979 and 

1980, with a backhoe. Locations of the  t e s t  holes ,  t e s t  t renches ,  and 

borrcw a reas  are shorn on p l a t e  13. Large representa t ive  d is turbed 

samples were obtained a t  3-foot i n t e r v a l s  o r  a t  eacb change i n  s o i l  type 

f o r  c l a s s i f i c a t i o n  t e s t s  and blending f o r  d e t a i l e d  labora tory  t e s t i n g .  

Stone Revetment 

4.15 Visual  in spec t ions  o f  p o t e n t i a l  s tone  sources,  s tockp i l e s  of 

cobbles and boulders  a t  gravel  p l a n t s  along t h e  S a l t ,  Agua F r i a ,  and New 

Rivers ,  and Cave and Skunk Creeks were made t o  determine i f  s u f f i c i e n t  

amounts of s tone  revetment could be produced from these s tockp i l e s .  

These sources would a l l  be wi th in  approximately 30 miles  of the  

damsite. A s t o c k p i l e  of overs ize  rock, excavated from the  Cent ra l  

Arizona P ro jec t  (CAP) Agua F r i a  tunnel  o u t l e t  about 5 miles  northwest of 



5.03 The minus 12-inch gradations of these t e s t s  are summarized i n  

tables  2 and 3. The f ine limit, upper qua r t i l e ,  median, lower qua r t i l e ,  

and coarse limit for the materials tes ted are  shown i n  f i w r e s  1 and 2, 

respectively. Because of s t r a t i f i c a t i o n  of the foundation, the terms 

Stratum A ,  B, and C have been adopted for  use i n  identifying the 

foundation s t r a t a ,  as  explained i n  paragraphs 6.02, 6.05, and 6.10, 

respectively,  of th i s  appendix. 

~~IlPlBaBmn TESTS 

5.04 Permeability t e s t s  were performed i n  shallow p i t s  dug i n  the 

bottoms of the trenches excavated f o r  TH 79-32 through TH 79-34, and 

TH 80-35. 'he purpose of these tests was to obtain la rge  sca l e  f i e l d  
C 

data t h a t  would be used as a guide i n  dktermining a representative 

coef f ic ien t  of permeability for  the foundation materials. To perform 

the t e s t ,  a 2 5 4 - 3 1  steel casing was placed i n  a p i t ,  and a compacted 

back f i l l  consisting of bentonite mixed with native soil was placed 

around the casing. The compacted baokf i l l  formed a seal around the 

casing which prevented the upmrd mvement of whter. A constant head 

permeability t e s t  (Test Method E-18, Bureau of Roolamation Earth t4anual) 

was then performed. The r e s u l t s  of the tests are shown i n  tab le  4. 

5.05 The permeability test perfomed i n  test hole 79-32 at a depth of 

13 feet developed leakage around the casing, lrhicb is respoasible f o r  

the  high permeability value obtainad from t h i s  par t icu la r  t e s t  on the 

Stratum C Material. 
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Table 4. Dam r o u n d a t i o d i e l d  permeability. 

Field - ---- 
Depth permeability y d  ( f i e  d) -4 -200 Materials 

Test hole ( f t )  (fpd) ( l b / f t  $ ) ($1 ( I )  source 

79-34 10 22.7 146.5 27 4 Stratum B 

80-35 8 19.4 139.7 36 9 Stratum B 

79-32 13 18.5 149.9 24 4 Stratum C 

79-33 9 8.5 137.5 53 6 Stratum C 

79-34 18 6.2 141. 24 5 Stratum C 

80-35 18 8 - 17 5 Stratum C 

*From large-scale density tests. - No value obtained. 

P m r m B  TESTING 

c 

5.06 Hydraulic pressure tes t ing ,  consist ing of pumping water in to  a 

predetermined depth increment i n  a core hole and noting the quantity of 

water pumped a t  any given pressure for  a spec i f ic  period of time, was 

conducted using a single packer t o  sea l  off  the section (generally a 20- 

foot in te rva l )  to be tested. Pressure t e s t s  were performed t o  locate 
/ 

poten t ia l  zones of leakage and t o  determine the permeability of the 

rock. The r e su l t s  of the t e s t s  are  shown on plates  15 through 20. 

5.07 The geophysical explorations oonsisted of conducting re f rac t ive  

seismic surveys a t  the locations shown on plates  6 and 12 to  determine 

the depth t o  bedrock and subsurface P-wave velocit ies along the dam 
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W e  Uo. 1 f d a t i o n  

5.13. The resu l t s  of c lass i f ica t ion  and moisture content Leteminat ions 

a r e  shown on s o i l  logs on p la te  28. The resu l t s  of the soluble s a l t s  

t e s t  a r e  presented in  attachment 8. 

5.13 The resu l t s  of c lass i f ioa t ion  and w i s t u r e  content daterminations 

a r e  shown on soil logs m pla tes  29 thmugh 34. The results of a l l  

de ta i led  laboratory tests on shear strength,  consolidation, 

permeability, dispersion, and compactim are  presented i n  attaohment 8. 

A summary of the "Qm and *Rn t r i a x i a l  compression, consolidation, 

permeability, compaction, and t h e  t e s t  sample gradations are presented 

on p l a t e s  35 and 36 f o r  the core materials and plate 37 fo r  the pervious 

s h e l l  materials. 

5.15 Dispersion tests wre performed a~ saaples representative of the 

upper quar t i l e ,  median, and lower qua r t i l e  gradatioru of t b  c o n  

material. I n i t i a l l y  pinhole dispersion tests vem to be  psrforwd on 

the samples; however, the holes d r i l l ed  i n  t h e  remolded samples 

collapsed during the saturation phase of aach test, necessitating double 

hydrrnetar tests instead (Sherard, Deahar, and Rgkw, 1972). 



6.  Analysis of Data 

Dam Foundation 

6.01 The foundation materials consis t  of layered homogeneous a l l uv ia l  

s o i l s  extending t o  a depth of 136 feet .  Interpreta t ion of the data 

contained on the s o i l  logs aml visual  examination of the s ides  of the 

dozer trenches ( p l .  381, excavated i n  the  dam foundation ind ica te  t ha t  

there are  three d i s t i n c t  s o i l  layers i n  the dam foundation above the 

bedrock. The approximate geologic p ro f i l e  along the center l ine  of the  

dam is shown on p la te  39. 

S r R A T m A  

6.02 The first s o i l  layer,  designated Stratum A, var ies  in thickness 

from 2 t o  9 fee t .  It consis ts  mostly of s i l t y  sand and has been eroded 

away to form the banks of th act ive  channels. Be percent passins the 

No. 200 sieve var ies  from 25 to 51 percent, and the in-situ dry density 

var ies  from 98.5 to 105.8 pounds per cubic foot t l b / i t 3 )  with an average 

value 101.5 l b / i t 3  (80-percent compaction). The in-situ moisture 

content var ies  from 1.2 to  2.9 percent with an average value of 2.2 

percent. Thin lenses of fine sand are found i n  this s t r a t m .  The 

results of the in-si tu density tests for  this stratum are  presented i n  

table  1. 

6.03 The statistical analysis of the percent passing the No. 4 and No. 

200 s ieves  and the  ht terberg l i m i t s  are surmmarized i n  the following 

tabulation. 



Foundation-Stratum A 

Sieve Coarse Lower Fine Upper 
(No.) l imi t  aua r t i l e  Median a u a r t i l e  limit 

Percent f iner* 

Unblended 4 80 93 94 98 100 
200 22 33 37 40 57 @ 

Atterberg 
l imits :  

LL 
P I  

*Based on minus 3 inch samples. 

6.04 The in-situ dens i t i es  and gradations of the  materials i n  Stratum A 

indicate  that  they would have low shear strengths and be compressible 

and, therefore,  are  considered not su i tab le  for  the dam foundation. 

S'rnAm B 

6.05 The second s o i l  layer,  designated Stratum 8, consis ts  mostly of 

sandy gravels having between 48 and 80 percent plus No. 4 material  and a 
- 

f ine  content tha t  var ies  between 1 and 9 peroent. The stratum varies i n  

thickness from 6 t o  10 f e e t  and has lenses of f ine  sand and s i l t y  sand 

tha t  vary i n  thickness form about 2 inches t o  1 foot. The in-s i tu  dry 

density of t h i s  stratum ranges from 125.2 t o  146.5 l b / f t 3  wi th  an 

average value of 139.8 l b / f t 3  The r e l a t i ve  density (ASTM D 2049) of the 

material  varies from 52 t o  107 peroent and the percent compaction (ASTM 

D 698-70) var ies  from 91 t o  103 peroent w i t h  average values of 80 t o  97 

percent, respeotively. The in-aitu moisture content var ies  from 2.5 to 

3.8 percent with an average value of 3.2 peroent. The r e su l t s  from 
- 

TT 80-197 a t  8 f ee t  were not included i n  t h i s  analysis because of errors  



made in  the large-scale density t e s t .  The r e su l t s  of the in-situ 

density t e s t s ,  re la t ive  density t e s t s ,  and compaction t e s t s  are 

presented i n  t ab le  1. 

6.06 The s t a t i s t i c a l  analysis of the percent passing the 3-inch, No. 4 ,  

and No. 200 sieves,  and t h e  Atterberg limits is summarized i n  the 

following tabulation. 

Foundation-Stratum B 

Sieve Coarse Lower Upper Fine 
Item (No.) limit qua r t i l e  median quar t i le  l imi t  

Percent f iner* 

Unblended 3 in. 55 70 74 83 92 
No. 4 20 24 28 33 52 
No. 200 1 2 2 4 9 

Atterberg 
limits: 

LL - - - - - 
PI NP NP am NP HP 

*Based on minus 12-inch sam~les. 

6.07 Based on the preceding s t a t i s t i c d l  summary of the gradation data  

for  Stratum B and Me f i e l d  density data, seleoted representative 

materials were remolded to approximately 85-percent re la t ive  density, 

133.4 l b / i t 3  f o r  detaf led laboratory testing. The laboratory t e s t ing  

consisted of shear s t rength and penreabili ty testa, using 12- and 

18-inch-diameter cyl indrical  samples, respectively. The gradations of 

materials on whioh laboratory t e s t s  were conducted are shown i n  figure 1 

along with the f i e l d  gradations of representative in-situ materials fo r  

coaparison purposes* 
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6.08 The maximum t o t a l  shear  s t r eng th  of t h i s  ma te r i a l  has a cohesion 

( c )  of 1200 pounds per  square foo t  ( l b / f t 2 )  and f r i c t i o n  angles (0) of 
e 

33 degrees. Conservative t e s t  r e s u l t s  f o r  the  t o t a l  shear s t r eng th  used 

i n  design a r e  shown i n  f i g u r e  3. The e f f e c t i v e  shear  s t rength  f o r  t h i s  

ma te r i a l  has  a 8' value of = 40 degrees. The e f f e c t i v e  shear  s t r e n g t h  
0 

t e s t  r e s u l t s  a r e  shown i n  f igu re  I ) .  The permeabil i ty values f o r  the  in-  

s i t u  f i e l d  t e s t s  were 19.5 and 22.7 f e e t  per day ( fpd)  ( t a b l e  41, and 

t h e  labora tory  t e s t s  ranged from 2 t o  20 fpd. 

6.09 The r e s u l t s  of f i e l d  and labora tory  tests of the  ma te r i a l s  i n  

Stratum B i n d i c a t e  t h a t  they would have high shear  s t r eng ths  and low 

compress ib i l i ty ,  and the re fo re ,  a r e  s u i t a b l e  f o r  the  dam foundation. 

Because of t h e i r  high permeabil i ty,  however, they a r e  considered not 

s u i t a b l e  fo r  foundation of the  core. 

SmATIM C 

6.10 The t h i r d  s o i l  l a y e r ,  designated Stratum C ,  c o n s i s t s  mostly of 

cemented sandy g rave l s  having between 46 and 83 percent p lus  No. 4 

ma te r i a l  and a f i n e  content  t h a t  v a r i e s  between 3 and 9 peroent.  This 

stratum extends down from Stratum B t o  bedrock a t  a maximum depth of 136 

f e e t  below ground surface.  The in - s i tu  dry dens i ty  of t h i s  l aye r  v a r i e s  

3 from 123.5 t o  149.9 ib / f t3  with an average value of 140 i b / f t  . The 

r e l a t i v e  dens i ty  (ASTM D 2049) of the  ma te r i a l  v a r i e s  from 75 t o  126 

percent  and t h e  percent  compaction (ASTM D 698-70) v a r i e s  from 98 t o  102 

percent  with average va lues  of 97 and 100 percent ,  respect ive ly .  The 

i n - s i t u  moisture content  v a r i e s  from 1.9 t o  5.2 percent  with an average 

value of 3.7 percent .  The r e s u l t s  of the  in - s i tu  dens i ty  t e s t s ,  

r e l a t i v e  dens i ty  t e s t s ,  and compaction t e s t s  a r e  presented i n  t a b l e  1. 
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6.11 The s t a t i s t i c a l  analysis of the percent passing the 3-inch, No. 4 ,  

and No. 200 s ieves  and the Atterberg l imi t s  a r e  s m a r i z e d  i n  the  

following tabulation and shown i n  f igure  2. 

Foundation-Stratum C 

Sieve Coarse Lower Upper Fine 
Item (No.) l imi t  qua r t i l e  Median quar t i l e  l i m i t  

Percent f iner* 

Unblended 3 in. 5 1 65 70 80 91 
No. 4 17 24 27 33 53 
No. 200 3 4 5 6 9 

Atterberg 
limits: 

LL 27 33 48 58 75 
PI 4 10 23 31 46 

'Based on minus 12-inch samples. 

6.12 Based on t h e  preceding s t a t i s t i c a l  siurmary of the gradation of 

Stratum C and the f i e l d  density data, selected representative materials 

were remolded to approxbately  85-percent r e l a t i v e  density 126.5 pcf,  

for detai led laboratory tes t ing.  The laboratory t e s t i ng  consisted of 

shear strength,  consolidation, and permeability tests using 12-inch- 

diameter cy l indr ica l  samples for  the shear s t rength and consolidation 

tests and 18-inch-diameter cyl indr ical  samples f o r  the  permeability 

t e s t s .  The gradations of materials w which laboratory tests were 

conducted are shown i n  figure 4, along with the f i e l d  gradations of 

representative in-situ m t e r l a l s  for  comparison purposes. 

6.13 The t o t a l  shear strength of t h i s  material has a c = 2000 l b / f t 2  

and a # = 14 degrees. The tests r e s u l t s  f o r  the t o t a l  shear strength 

are  shown i n  figurc 5. The e f fec t ive  shear s t rength of t h i s  material 



I 
has a 0 = 36 degrees. The t e s t s  resu l t s  for the e f fec t ive  shear 

strength are shown i n  figure 6. The permeability values for the in-situ 

f i e l d  t e s t s  ranged from 6.2 t o  8.5 fpd and for the laboratory t e s t s  from 

2 t o  4 fpd. 

6.14 Two consolidation t e s t s  were performed on remolded samples of the (L 

minus 2-inch material  of Stratum C. No undisturbed samples were 

obtained or tes ted because of the coarseness of the in-s i tu  materials. 

The consolidation t e s t s  r e su l t s  are presented on p la te  27. The 0 

coeff ic ients  of consolidation (Cc) of these t e s t s  were 0.059 and 0.065. 

6.15 The resu l t s  of f i e ld  and laboratory t e s t s  of the materials i n  

Stratum C indioate that  they would have high shear strengths,  low 

compressibility, and a re la t ive ly  low permeability and, therefore,  are 

considered su i tab le  for the dam foundation including the core. 

LIQUgPACPIOW 

6.16 An evaluation of the data and conditions a t  the s i t e  indicates 

tha t  the foundation materials of the dam are  not susceptible to  

l iquefaction because of the following conditions: 

a. The embanbent w i l l  be constructed i n  an area of re la t ively low 
0 

seismic act ivi ty .  The project  s i t e  is located i n  Zone 1,  seismic r i s k  

map of the United States.  

b. The foundation materials will be extremely coarse and highly • 
r e s i s t an t  to  l o s s  of strength from pore pressure built-up because of 

cycl ic  loading. Foundation materials beneath the embankment are 

moderately to  highly cemented. The cemented materials are  res is tant  t o  

any loss  of strength because of pore pressure build-up. 



z .  The groundwater a t  the s i t e  is located a t  l eas t  1 3  f ee t  below 

ground surface,  b u t  i n  fact  may be a t  a depth greater than the maximum 

depth to bedrock a t  the s i t e ,  which is approximately 136 f ee t .  

d .  P a r t i a l  sa turat ion of the upper foundation may occur only during 

flood pool storage whose maximum duration is 19 days based on the 

maximum probable flood pool routing. 

6.17 Subsurface exploration indicates  that the bedrock p ro f i l e  is very 

i r regular .  Bedrock is exposed on both abutments, then slopes down t o  a 

known maximum depth of 136 f e e t  i n  the west central  part  of the 

streambed approximately 700 f e e t  e a s t  of the toe of the r i gh t  abutment 

( s t a t i on  24+00). : C 

.. . ; : 

6.20 Results of investigations conducted from sta t ion 13+00 t o  25+00 

ind ica te  a s h a l , ~ ,  gently dipping, g ran i t i c  bedrock surface extending 

from its surface contact a t  the l e f t  abutment to  a depth of 25 fee t  i n  

TH 79-34 ( s t a t i on  19+80), then dropping off  very rapidly to its known 

depth of 136 f ee t  in DD-l7A ( s t a t i on  24+00). The upper 2 t o  15 f ee t  of 

the  gran i te  19 generally so f t  to moderately hard and decomposed t o  

highly weathered. This zone of intense weathering extends t o  a depth of 

4 f e e t  near the  l e f t  abutment, 7 f e e t  i n  DD-34, 22 fee t  i n  DD-14, and 25 

f e e t  i n  DD-15. The underlying more competent granite is moderately hard 

to hard, moderately to highly fractured,  and s l igh t ly  to moderately 



weathered. See p l a t e  15 f o r  the  geologic logs  of core holes d r i l l e d  

along the  proposed dam alinement and p l a t e s  5 ,  40, 4 1 ,  and 42 f o r  the  

embanbent foundation and o u t l e t  works t e s t  trench logs. 

6.21 I n t e r p r e t a t i o n  of d a t a  from the  r e f r a c t i v e  seismic surveys 

conducted from the  toe  o f  the  l e f t  abutment toward the  cen te r  of the  

v a l l e y  along the  proposed dam alinement,  l i n e s  1 ,  2, 11, and 13, were 

not conclusive when compared with subsurface information obtained by 

d r i l l i n g  and trenching. Survey da ta  i n d i c a t e  a genera l ly  t h i n ,  low 

v e l o c i t y  su r face  l a y e r  (1000-1380 f t / s )  represent ing  poorly consolidated 

alluvium extending t o  an average depth of 3 f e e t  (with a maximum depth 

of 10 f e e t ) .  An in termedia te  l a y e r  with seismia v e l o c i t i e s  ranging from 

3500 t o  4700 ft/s, i n d i c a t i v e  of moderately consolidated alluvium, was 

found t o  extend t o  var ious  depths,  ranging from about 74 f e e t  near 

s t a t i o n  19+00 t o  44 f e e t  "earcDD-14 aAd t o  57 f e e t  i n  t h e  v i c i n i t y  of 

the  o u t l e t  works. Below these  depths, bedrock v e l o c i t i e s  ranging from 

6700 t o  10,000 ft/s were encountered. An exception t o  t h i s  three-layer  

sequence was found a t  l i n e  13 where a 9- t o  25-foot-thick l aye r  with 

a e i d c  v e l o c i t i e s  from 2400 to 3500 ft/s was ind ica ted  beneath the  low 

v e l o c i t y  su r face  layer .  This  anomaly may be a t t r i b u t e d  t o  l aye r s  of 

ca l i che  o r  cobbles and boulders  t h a t  a r e  discontinuous i n  length,  and 

vary i n  thickness and degree of cementation. 

6.22 After  comparison with d r i l l  hole ,  t e s t  hole ,  and test trench da ta  

ind ica t ing  g r a n i t i c  bedrock at much shallower depths,  it appears the  

boundary between the  in termedia te  and higher  v e l o c i t y  l aye r s  may 



actual ly  r e f l e c t  the contact between weathered and unweathe:.ed grani te  

and that  density contrasts between the more consolidated alluvium and 

weathered bedrock are  too minimal t o  be recorded. 

6.23 Refractive seismic survey l i n e  12, which explored a possible 

location for  the ou t le t  works near the  toe of the l e f t  abutment (near 

DD-161, revealed a 3-1/2-foot-thick, low velocity surface layer (1350- 

1550 f t / s )  overlying competent g r a n i t i c  bedrock with an average seismic 

velocity of 8800 f t / s .  This compared favorably with the hard, 

moderately t o  highly fractured gran i te  encountered a t  a depth of 4 fee t  

i n  DD-16. A comparison of l i n e  12 with survey l i n e  11 seems to  indicate  

a steeply dipping unweathered bedrock surface. Core recovery i n  DD-14 

was very poor (only 17 percent) t o  a depth of 44 f e e t  where competent 

grani te  with an average seismic veloci ty  of 7400 f t / s  was encountered. 

This depth was remarkably c lose to th'e depih of the postulated contact 

between weathered and unweathered gran i te  interpreted from ref rac t ive  

seismic survey l i ne  1. Lou core recovery (48 percent) i n  DL15 may 

account for  the low average seismic veloci ty  of 4100 f t / s  for  the 

weathered granite.  No f a u l t s  were encountered i n  any of t he  embankment 

holea d r i l l e d  Fn the granite. Joints  measured i n  the rock cores dip 

primarily near ver t ica l  and 30 t o  60' front the horizontal ,  and a re  

s l i g h t l y  t o  moderately weathered with minor rus t  s ta ining and clay. 

6.24 Investigations oP the bedrock fmm s t a t i on  25+00 to s ta t ion  32+00 

revealed volcanic rock types. Volcanic ( f e l s i t e )  bedrock s imilar  t o  

t ha t  found on the r ight  abutaent was encountered i n  DD-23 and DD-18. 

The f e l s i t e  is hard, moderately t o  highly fractured, and unweathered. 



The bedrock su r face  d ips  s t eep ly  from i ts  su r face  contac t  on the 

abutment t o  a depth of 11 f e e t  approximately 20 f e e t  from the toe of the  
a 

slope.  Within 125 f e e t  of the  abutment, t he  depth t o  bedrock is 

approximately 25 f e e t ,  dropping o f f  t o  136 f e e t  approximately 700 f e e t  

toward the eas t .  A poss ib le  cap of hard, massive tuffaceous agglomerate 
0 

was encountered i n  DD-20 a t  a depth of 82 f e e t .  No f a u l t s  were noted i n  

any of the embankment holes d r i l l e d  i n  the  f e l s i t e  and agglomerate. 

J o i n t s  measured i n  t h e  rock cores  d ip  p r imar i ly  20 t o  70' from the  a 
hor izon ta l  and a r e  s l i g h t l y  weathered with minor clay f i l l i n g .  DD-44 

was d r i l l e d  near  TH 79-33 to  ve r i fy  t h e  type  of ma te r i a l  encountered i n  

TH 79-33 at  a depth of 34 f e e t .  No bedrock was encountered t o  a depth a 
of 106 f e e t .  It was concluded, the re fo re ,  t h a t  t h e  ma te r i a l  encountered 

i n  TH 79-33 was not bedrock. 

6.25 I n t e r p r e t a t i o n s  of the  remaining two embankment surveys 

corresponds c l o s e l y  with r e s u l t s  from power auger and diamond core 

d r i l l i n g .  Line 1 4 ,  running perpendicular  t o  the  proposed dam alinement,  a 
encountered volcanic  bedrook with seismic v e l o c i t i e s  of 9300 60 10,000 

f t / s  a t  depths ranging from 25 f e e t  a t  the  south end of the  l i n e  near 

DD-18 t o  50 f e e t  a t  t h e  nor th  end, i n d i c a t i n g  a poss ib le  pre-exis t ing  a 
r i v e r  channel oondition. Line 15, i n  t h e  New River channel, encountered 

apparent bedrock with an average seismio v e l o c i t y  of 9100 f t / s  a t  about 

68 f e e t .  When diamond core  d r i l l i n g  commenced a t  82 f e e t  i n  DD-20, 

s l i g h t l y  west of l i n e  15, bedrock was encountered immediately, 

i nd ica t ing  t h a t  t h e  power auger may have penetrated bedrock a t  a higher  

depth. 



6.26 The permeabil i ty of the  rock was determined from pressure t e s t s  

conducted i n  each core hole d r i l l e d  along t h e  proposed dam alinement.  

Pe rmeab i l i t i e s  i n  the  g r a n i t e  ranged from 0.0 t o  6.4 f e e t  per day 

(fpd).  General ly,  t h e  lowest pe rmeab i l i t i e s  were i n  the  mcieracely t o  

h ighly  weathered grani te .  Permeabil i ty values ranged from 0.0 t o  0.05 

fpd i n  DD-17A and from 0.01 t o  0.02 fpd i n  t h e  highly weathered zone 

above 44 f e e t  i n  DD-14. Values f o r  t h e  unweathered t o  moderately 

weathered g r a n i t e  ranged from 0.1 t o  6.4 fpd, but genera l ly  averaged 0.8 

t o  2.5 fpd. Higher permeabi l i t ies  determined f o r  c e r t a i n  zones i n  DD-16 

and DD-34 r e f l e c t  i n t e r v a l s  where 50- t o  100-percent water l o s s e s  were 

encountered during d r i l l i n g .  

6.27 Pe rmeab i l i t i e s  determined from pressure  tests conducted i n  t h e  

volcanics  were o v e r a l l  much lower than those  i n  the  g ran i t e .  Values 

ranged from 0.0 t o  0.03 fpd in  t h e  agglomerate and between 0.0 and 0.3 

fpd f o r  t h e  f e l s i t e  i n  DD-18. Small water l o s s e s  noted during t h e  

d r i l l i n g  o f  DD-2? cont r ibuted  to higher  pe rmeab i l i t i e s  (0.2 t o  1.0 fpd) 

f o r  t h e  f e l s i t e .  

6.28 The m a t e r i a l s  exposed on t h e  le f t  abutment cons i s t  of weathered 

g r a n i t i c  bedrock and weathered r e s i d u a l  g r a n i t e  boulders up to 2 t o  3 

f e e t  i n  diameter with s c a t t e r e d  t h i n  patches of r e s idua l  s o i l  and 

slopewash varying i n  th ickness  from 0 t o  5 feet. The underlying bedrock 

is hard,  h igh ly  f r a c t u r e d ,  s l i g h t l y  t o  moderately weathered g r a n i t e ,  

with t h e  upper 5 t o  10 f e e t  being s o f t  t o  moderately hard and moderately 



to highly weathered. Based on information from holes DD-19 and DD-21, 

the depth to  good, sound rock near the toe and near the c r e s t  of the 

proposed embankment is approximately 10 fee t .  See p la te  16 for  the 

geologio logs of holes DD-19 and DD-21. 

6.29 The major joint  systems found in  bedrock surface exposures glve (b 

the grani te  a somewhat block-jointed appearanoe, the  jo in t s  s t r i k e  

N ~ ~ O E ,  dip near ver t ica l  and 30 t o  60' t o  the SE, and s t r i k e  N~O'W,  dip 

near ve r t i ca l  and 40° to the SW. Jo in ts  measured i n  the  rock cores 

generally dip 20 t o  70' and almost ver t ica l  from the core ax is ,  and are 

s l i gh t ly  weathered and usually rust-stained. F a u l t  zones were 
C 

encountered i n  each of the core holes; between the depths of 63 and 69 

f ee t  i n  DD-19 and inclined 70' from the core axis, and between the 

depths of 16 and 35 f ee t  i n  DD-21 and inclined 20' from the core axis. 

None, however, were found during surface geologic mapping. 

6.30 The permeability of the  abutment rook was determined from pressure 

tests conducted i n  each core hole. The permeability of the rock i n  DD- 

19 varied between 0.03 and 7.9 fpd. The highest permeabilities (5.4 t o  

7.9 fpd) occurred i n  the 34- t o  43-foot interval  where a 100-percent 

water l o s s  was noted during d r i l l i ng .  Permeability calculations i n  the 

f a u l t  zone ranged from 0.04 t o  0.1 fpd. 

6.31 The permeability of the rock i n  DD-21 was much l e s s ,  varying from 

0.0 t o  0.2 fpd. No water losses  were noted during dr i l l ing .  The 

permeability of the f au l t  zone was caloulated t o  be 0.1 fpd. The low 

permeabili t ies i n  the fault  zones of both holes indicate areas tha t  are  

re la t ive ly  impermeable and should have no adverse e f fec t  on e i ther  the 

embankment or  the  l e f t  abutment foundation. 
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R i g h t  Abutmant 

6.32 The materials  exposed on the r igh t  abutment consist of 

outcropping, steeply dipping volcanic ( f e l s i t e )  bedrock masked by a 

0 
spotty thin  cover of res idual  s o i l  and slopewash. The a l l uv i a l  cover 

ranges from a depth of 4 f e e t  near the base of the abutment t o  a depth 

of 0 t o  1 foot fu r ther  up the  steep slope. The exposed and underlying 

f e l s i t e  is hard ,  moderately t o  highly f ractured,  and unweathered. 

6.33 The depth to  good, sound bedrock is about 2 t o  3 f ee t  below the  

exis t ing bedrock surface based upon information from core holes DD-22 

and DD-45. The d r i l l  logs indicate  t h a t  the  upper 2 t o  3 f ee t  of the  

f e l s i t e  is loose and shattered. Approximately 3 f ee t  of loose, in-place 

rock, however, w a s  removed by hand and pick-axe p r io r  to se t t i ng  up t o  

d r i l l  DD-45. See p la te  16 fo r  the geologic logs of holes DD-22 and DD- 

45. The f e l s i t e  outcropping on the  abutment i n  the  v i c in i t y  of the  

proposed embankment center l ine  and downstream from i t  is platy i n  

appearance because of the closely  spaced p a r a l l e l  jo in t s  and exhib i t s  

flow layers  trending N40-50%, dipping 35' NE. The major jo int  system 

pa ra l l e l s  the a t t i t u d e  of t he  layering (adversely dipping upstream and 

diagonally across the abutment); a secondary system s t r i ke s  ~ 3 0 %  and 

dips  '75' NU. 

6.34 Jo in t s  measured in the  rock cores dip  primarily 70' t o  near 

ve r t i ca l  Pram the core axis, a re  pa ra l l e l  with intersect ing jo in t s  

dipping 20 t o  60' from the core ax is ,  and contain varying amounts of 

c a l c i t e  and minor hard clay. No f a u l t  zones were encountered in e i t h e r  

core hole nor were any f a u l t s  ~ t e d  during surface geologic mapping. 

A1-48 



6.35 North of the center l ine ,  par t icu la r ly  on the upper half  of the 0 
abutment, the thin  a l l uv ia l  cover is more extensive, and the jointing i n  

the exposed f e l s i t e  is l e s s  d i s t inc t .  However, the a t t i t ude  of the 

jointing is d i f fe ren t ;  the major joint  system s t r i kes  ~ 8 0 ' ~  and dips I) 

near ver t ical .  A small outcrop of moderately hard to  hard flow breccia 

is exposed at  the upstream toe of the  proposed embankment and occurs 

loca l ly  as  small th in  dikes i n  the surrounding f e l s i t e .  See plate 9 for  

more detailed geologio mapping of the  r i gh t  abutment. 

6.36 The permeability of the abutment rook was determined from pressure 

t e s t s  conducted i n  each core hole. The permeability of the  rock i n  DD- 

22 varied between 0.2 and 4.3 fpd. The lowest permeability (0.2 fpd) 

occurred below the 56-foot depth where no water losses were encountered • 
duri"ng d r i l l i ng .   ha permeability of t h i  rock i n  the d r i l l  hole above 

56 f e e t  varied from 1.6 t o  4.3 fpd where 100-percent water losses  were 

encountered several  times during d r i l l i ng .  The permeability of the rock 

i n  DD-45 was similar, ranging from 0.1 t o  3.1 fpd. The lowest 

permeabilities (0.1 t o  0.9 fpd) occurred below the 45-foot depth. 

Permeability values above 45 f ee t  varied between 1.9 and 3.1 fpd, 

re f lec t ing  heavy water losses encountered during dr i l l ing .  

6.37 Plate  43 shows a geologio p ro f i l e  along the oenterl ine of the 

proposed spillway and cross sections. The prof i le  and oross sections 

show both the generalized geologic sections and the foundation 



excavation l ine  and cut slopes. The geologic sections were developed 

from surface geologic mapping, dozer trenching, and diamond core 

d r i l l i ng .  

6.38 The spillway s i t e  cons i s t s  of a layere' volcanic sequence, 

together with an underlying sandstone unit  t ha t  d ips  30' to the  

northeast. The bedrock is overlain by t h in  scat tered patches of 

alluvium (0 t o  2 f e e t  th ick)  with a 3- t o  5-foot thick cover from 

s t a t i o n  12+60 t o  s t a t i on  11+90 west of the centerl ine.  The alluvium 

cons i s t s  of residual s o i l  and slopewash, which would be readi ly  

rippable. 

6.39 The underlying bedrock, as encountered i n  the  majority of the 

diamond core holes with the  exception of DD-37 and DD-50, is a hard, 

moderately to highly f ractured,  unweathered f e l s i t e .  See pla tes  17 and 
" 

18 f o r  the  geologic logs of the  core holes d r i l l ed  in  the  spillway. 

In te rpre ta t ion  of data from the re f rac t ive  seismic surveys conducted 

near t he  c r e s t  of the saddle t h a t  forms the  spillway, l i n e s  9 and 10, 

i nd i ca t e  a th in  low veloci ty  surface layer (1400 f t / s )  of approximately 

2-foot thickness representing poorly consolidated alluvial material. An 

intermediate layer ,  with seismic ve loc i t i e s  ranging from 2700 t o  4250 

f t / s  extends to a maximum depth of 6 f e e t  and is composed of l e s s  

competent, highly fractured f e l s i t e  bedrock with residual so i l - f i l l ed  

joints .  This layer ,  together with the  surface layer,  would be eas i ly  

rippable. Below the 6-foot depth, seismic velocities ranged f'rm 7800 

t o  11,500 ft/s, indicat ing competent f e l s i t e  bedrock, the  upper few Peet 

of d i c h  could be ripped. Generally, P-wave velocities greater than 



8000 ft/s f o r  ex t rus ive  and i n t r u s i v e  igneous rocks a r e  considered t o  

r ep resen t  competent bedrock, marginally r ippab le ,  and s u i t a b l e  f o r  an 0 
unlined spi l lway.  

6.40 Production trench TT-93, excavated w i t h  a D9C dozer t o  v e r i f y  

i n t e r p r e t a t i o n s  of t h e  seismic da ta ,  encountered nonrippable f e l s i t e  e 

bedrock a t  a maximum depth of 8 f e e t .  TT-9'1 was excavated t o  determine 

t h e  r i p p a b i l i t y  of t h e  bedrock on the  downstream s i d e  of the  spi l lway 

because o f  a lack o f  seismic information. Excavation extended down t o  a 

depth of 14 f e e t ,  but  no bedrock r e f u s a l  was encountered. See p l a t e  7 

f o r  t rench logs  o f  TT-93 and TT-94. 

6.41 Spillway excavation from s t a t i o n  19+25 t o  23+00 would be i n  

f e l s i t e .  From s t a t i o n  13+00 t o  s t a t i o n  11+90, excavation would be i n  

t h e  dipping layered  volcanics ,  cons i s t ing  of f e l s i t e ,  a 6-foot-thick 

l a y e r  o f  flow b recc ia ,  and a 30-foot-thick l a y e r  of t u f f .  Core hole DD- 

37, d r i l l e d  at  s t a t i o n  13+30, encountered these  three  d i f f r e n t  rock 

u n i t s ;  the  flow brecc ia  and t u f f ,  however, were below t h e  spi l lway 0 
i nve r t .  A 3-1/2-foot-thick zone of a l t e r e d  f e l s i t e  was found above i t s  

con tac t  with the  moderately hard t o  hard massive flow breccia.  The 

underlying t u f f  u n i t  is moderately hard t o  hard and moderately t o  highly @ 

f r ac tu red .  A moderately s o f t  sandstone, the  upper 7 f e e t  of which is 

tuf faceous  i n  na ture  and under l ies  t h e  t u f f  u n i t ,  was encountered i n  DD- 

50, d r i l l e d  a t  s t a t i o n  12+30. 

6.42 F e l s i t e  outcrops on the  spi l lway,  p a r t i c u l a r l y  on t h e  c r e s t  of t h e  

saddle ,  e x h i b i t  flow l a y e r s  t rending N ~ ~ O W ,  dipping 2 5 - 3 0 ' ~ ~ ,  similar t o  

t h a t  o f  the  f e l s i t e  on the  r i g h t  abutment. Bedrock exposures i n  TT-93 
.. 



show a moderately hard t o  hard, p l a t y  t o  blocky, h ighly  f r a z t u r e d  

f e l s i t e  with t h e  same l aye r ing  c h a r a c t e r i s t i c s .  The major j o i n t  systems 

s t r i k e  N35'~, d ip  2 5 ' ~ ~  ( t h e  same a s  the  a t t i t u d e  of the  l aye r jng)  and 

s t r i k e  N ~ O ' E ,  d i p  80' NW. 

6.43 No d e f i n i t e  l aye r ing  of t h e  f e l s i t e  was found i n  TT-94. The 

f e l s i t e  was hard, blocky, moderately f r ac tu red  with pockets o f  h ighly  

f r ac tu red  rock. Five prominent j o i n t  systems were measured: s t r i k i n g  

N45'?3, dipping adversely 45'~, s t r i k i n g  N25OW, dipping ~O'SW, s t r i k i n g  

N60%, dipping 40°NE, s t r i k i n g  N~O'E, dipping 80°Nw, and s t r i k i n g  E/W 

dipping 60'~. The g r e a t e r  depth of excavation accomplished i n  t h i s  

t rench could be due t o  the  g r e a t e r  v a r i e t y  and more random o r i e n t a t i o n  

o f  f r a c t u r e  p a t t e r n s  and t h e  na ture  o f  t h e  f r ac tu r ing .  

0 6.44 The flow brecc ia  exposed on the  su r face  t ends  t o  be h ighly  

f r ac tu red  and moderately s o f t  'to moderately hard. The t u f f  forms a 

prominent r idge  with columnar-type j o i n t i n g  east o f  t h e  spi l lway 

c e n t e r l i n e  near  t~ 2 downstream end. The primary j o i n t  systems s t r i k e  N 

35%, d i p  ~ o O N E ,  and s t r i k e  N50°E, d i p  near  v e r t i c a l .  The same d i p  

p a t t e r n s  were noted i n  t h e  core  samples of t u f f  i n  DD-37. The j o i n t s  

measured in t h e  felsite cores tend t o  d i p  2 0 - 4 0 ~  from the  hor i zon ta l ,  

with occas iona l  i n t e r s e c t i n g  j o i n t s  dipping 50' from t h e  h o r i z o n t a l  t o  

near v e r t i c a l ,  and con ta in  varying amounts of c a l c i t e  and minor hard red 

clay.  

6.45 The permeabil i ty o f  t h e  sp i l lway rock was determined from pressure  

tests conducted i n  each co re  hole. Permeabil i ty va lues  at  t h e  i n v e r t  

e l e v a t i o n  var ied  between 0.0 and 1.8 fpd. The rock near t h e  i n v e r t  o f  
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the  c r e s t  and v i c i n i t y  showed o v e r a l l  lower permeabil i ty va lues ,  between 

0.0 and 0.7 fpd. This i n d i c a t e s  l e s s  f r ac tu red  rock. 

6.46 A t  the  loca t ion  and e l eva t ion  of t h e  sill, the  rock would be 

adequate t o  r e s i s t  scour during sp i l lways  flows. Experience w i t h  t he  

d i f f e r e n t  types of ma te r i a l s  i n  t h e  spi l lway i n d i c a t e s  t h a t  excavation 

i n  t h i s  rock would be s t a b l e  a t  s lopes  of 2V on 1H and 4V on 3H and 

excavation i n  the  alluvium would be s t a b l e  a t  s lope  of 1 V  on 2H. The 

a l l u v i a l  m a t e r i a l s  a t  t h e  downstream end o f  the  sp i l lway,  varying i n  

th ickness  from 3 t o  5 f e e t  near  DD-50 and 0.5 t o  1.5 f e e t  i n  the  

v i c i n i t y  of test t renches  58 through 80, would be e a s i l y  eroded during a 

spi l lway flow. The "nderlying sandstone bedrock would a l s o  b e  sub jec t  

t o  some eros ion  during a spi l lway flow. See p l a t e  8 f o r  the  l o g s  of the  

these  t e s t  t renches.  

O u t l e t  Works 

6.47 Resul ts  o f  the  i n v e s t i g a t i o n  conducted near  the  r i g h t  abutment f o r  

a poss ib le  o u t l e t  works loca t ion  indica ted  t h a t  the  depth t o  bedrock 

along an alinement c l o s e  t o  t h e  t o e  of t h e  abutment would be deeper than 

the  i n v e r t  e l eva t ion  of the  o u t l e t  works i n  most areas.  This  would 

r e s u l t  i n  d i f f e r e n t i a l  se t t lement  unless  t h e  o u t l e t  conduit was notched 

i n t o  t h e  abutment t o  found the  s t r u c t u r e  e n t i r e l y  on rock. The s t e e p  

and adverse d i p  o f  t h e  bedrock on t h e  abutment, however, would cause 

s lope  s t a b i l i t y  problems and excess ive  removal of rock from t h e  abutment 

during excavation. This  adverse condi t ion  was t h e  b a s i s  f o r  loca t ing  

the  o u t l e t  works near  the  l e f t  abutment. The logs  of the  t renches  

excavated along t h e  r i g h t  abutment a r e  shown on p l a t e s  9 ,  10, and 11. 



6.48 A geologic  p r o f i l e  along t h e  c e n t e r l i n e  of the proposed o u t l e t  

works near t h e  l e f t  abutment is shown on p l a t e  5. This p r o f i l e  shows 

both a genera l ized  geologic sec t ion  and the  foundation excavation l i n e  

f o r  the  o u t l e t  works. The geologic s e c t i o n  was developed f om s u r f a c e  

geologic mapping, backhoe trenching,  and diamond core  d r i l l i n g .  The 

ma te r i a l s  from s t a t i o n  21+00 t o  s t a t i o n  23+00 (upstream from the  i n l e t  

p o r t a l )  c o n s i s t  o f  alluvium under la in  by g r a n i t i c  bedrock. The 

ma te r i a l s  along t h e  alinement from s t a t i o n  21+00 t o  s t a t i o n  13+00 

c o n s i s t  o f  al luvium under la in  by g r a n i t i c  bedrock. Downstream from 

s t a t i o n  13+00, t h e  bedrock su r face  drops o f f  gradual ly  and is below t h e  

i n v e r t  e l eva t ion  o f  the  o u t l e t  channel. 

6.49 The al luvium from s t a t i o n  23+00 t o  s t a t i o n  21+00 c o n s i s t s  o f  s i l t y  

sand t o  g r a v e l l y  s i l t y  sand and decreases i n  th ickness  from 6 t o  3 

f e e t .  The i n l e t  channel w i l l  be founded along most o f  its length  i n  

s o f t  t o  moderately hard g r a n i t e  except i n  the  v i c i n i t y  of core  borrow 

a r e a  No. 2. From s t a t i o n  2 1 4 0  t o  s t a t i o n  13+00, t h e  alluvium is 

composed o f  s i l t y  sand t o  g rave l ly ,  s i l t y  sand and. v a r i e s  i n  th ickness  

From 2 t o  4 feet. The underlying granitic bedrock is moderately hard t o  

hard, s l i g h t l y  t o  moderately weathered, and h ighly  f r ac tu red ,  t h e  upper 

3 f e e t  o f  which is s o f t  t o  moderately hard,  decomposed to highly  

weathered with numerous t h i n  brecc ia ,  c l a y  gouge, and c a l i c h e  zones. 

J o i n t s  measured in t h e  rock cores  gene ra l ly  d i p  near  v e r t i c a l ,  and 20 to 

60° f r o m  t h e  h o r i z o n t a l ,  and are r u s t  s t a i n e d  with occas ional  c l a y  

filling. The prominent j o i n t  system i n  t h e  t rench exposures s t r i k e s  

N ~ ~ O E ,  and d i p s  70' t o  near  v e r t i c a l  t o  the  SE, similar t o  j o i n t  

a t t i t u d e s  on t h e  l e f t  abutment. See p l a t e  19 f o r  t h e  geologic logs  o f  
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core ho les  d r i l l e d  near the  alinement of the proposed o u t l e t  works' and 

p l a t e s  40, 41, and 42 f o r  t h e  o u t l e t  works t e s t  t rench logs.  The o u t l e t  

condu i t ,  d i s s i p a t o r ,  and a small  port ion of the  o u t l e t  channel w i l l  be 

founded on moderately hard t o  hard g r a n i t e  t h a t  w i l l  provide a sound 

foundation f o r  the  s t r u c t u r e s .  

6.50 Two f a u l t  zones were encountered i n  the  area of the  o u t l e t  works 

i n  co re  holes  DD-32 and DD-33; between the  depths of 17.5 and 20 f e e t  i n  

DD-32; and inc l ined  60° from the  hor i zon ta l  and between 19 and 28 f e e t  

i n  DD-33 with an undetermined dip.  No f a u l t  zones were found i n  DD-34 

d r i l l e d  near  the  dam c e n t e r l i n e  o r  i n  DD-35, d r i l l e d  downstream from the  

c e n t e r l i n e .  

6.51 The permeabil i ty of t h e  rock was determined from pressure  t e s t s  

conducted i n  each core hole and varied between 0.0 and 5.5 fpd ,  showing 

increased  pe rmeab i l i t i e s  downstream from DD-33, where 100 percent  water 

l o s s e s  were encountered during d r i l l i n g  i n  the  l e s s  weathered g r a n i t e  of 

DD-34 and DD-35. The low pe rmeab i l i t i e s  of the  f a u l t  zones i n  DD-32 and 

DD-33 (0.0 t o  0.2 fpd) a r e  i n d i c a t i o n s  o f  r e l a t i v e l y  impermeable zones 

t h a t  should have no adverse e f f e c t  on e i t h e r  the  embankment o r  the  

o u t l e t  works foundation. 

6.52 Below s t a t i o n  13+00, the  o u t l e t  channel w i l l  be founded i n  poorly 

t o  well cemented a l l u v i a l  streambed depos i t s ,  ove r l a in  by a va r i ab le  

th ickness  (ranging from 3 t o  7 f e e t )  of s i l t y  sand and g r a v e l l y - s i l t y  

sand. 



D i k e  No. 1 Formdation 

6 .53  A generalized prof i le  along the center l ine  of the proposed dike is 

shown on p la te  44. The foundation materials of Dike No. 1 consis t  of 

nonhomogeneous a l luv ia l  so i l s .  Examination of the  s o i l  10k3 ind ica tes  

three d i s t i n c t  layers i n  the upper 25 f e e t  of the foundation. The first 

layer is a sandy clay tha t  var ies  between 1 and 4 f e e t  i n  thickness. 

The second layer  is caliohe and var ies  between 10 and 18 inches i n  

thickness. The t o t a l  dissolved so l id s  (TDS) of the cal iche layer  ranged 

from 520 t o  1900 par ts  per mill ion (ppm) a t  a pH of 8 and f r o m  4100 t o  

6900 ppm a t  a pH of 5.5. These values ind ica te  t ha t  the  caliche i n  the 

foundation of dike No. 1 is not water soluble. The th i rd  layer ,  which 

extends down to  a t  l e a s t  25 f e e t  below ground surface, is a oemented 

sandy gravel. There are  th in  lenses of caliche within the cemented 

= sandy gravel., 
C 

6.54 An approximate velocity p ro f i l e  along t h e  o r ig ina l  alinement of 

the proposed dike +s shown on p l a t e  23. This p ro f i l e  waa developed from 

in te rpre ta t ion  of data from the re f rac t ive  seismic surveys. Results 

indicated t h a t  t he  ve loa i t ies  of t he  materials north of line 35, from 

the surface to a depth of 5 f e e t ,  varied from 1250 t o  2700 f t / s .  The 

velocity of the underlying materials, f r o m  5 to 30 f e e t  b e l w  ground 

surface (with a maximum of 47 f e e t  a t  l i n e  35). varied from 3100 t o  5300 

f t / s .  This i n t ewed ia t a  velocity layer  appeared to pinch out a t  l i n e  
- 

29. Below these depths, ve loc i t i e s  of the bottom layer ranged from 6600 

t o  15,000 ft/s. Some of the differences noted i n  the  seismic ve loc i t i e s  . .. - 
shown m p la t e  23, can he a t t r ibu ted  to layers  of caliche. 



Dike No. 2 Foundation 

6.55 A general ized geologic p r o f i l e  along the  c e n t e r l i n e  of the  

proposed dike is shown on p l a t e  19. The p r o f i l e  was developed from 

su r face  geologic mapping and diamond core  d r i l l i n g .  The ma te r i a l s  along 

the  dike alinement cons i s t  of a 0- t o  6-foot l a y e r  of alluvium composed * 
of s i l t y  sandy g rave l  over ly ing  hard, h ighly  f r a c t u r e d ,  s l i g h t l y  

weathered g r a n i t i c  bedrock, the  upper 2 t o  13 f e e t  of which is s o f t  t o  

moderately hard and moderately t o  h ighly  weathered, according t o  e 

information from core ho les  DD-9 through DD-11. See p l a t e  19 f o r  the  

geologic logs  of t h e  core holes. I n t e r p r e t a t i o n  of data from r e f r a c t i v e  

s e  ismic surveys conducted near  t h e  proposed d ike  alinement , l i n e s  

6 through 8 ,  i n d i c a t e  t h a t  t h e  zone o f  weathered, less competent 

g r a n i t e ,  represented by seismic v e l o c i t i e s  ranging from 5300 t o  6800 

ft/s,  may extend from depths of 16 t o  19 f e e t  near t h e  upstream end of e 

t h e  d ike  t o  depths of 25 t o  29 f e e t  near  t h e  downstream end. The harder 

s l i g h t l y  weathered g r a n i t e  is represented by seismic v e l o c i t i e s  ranging 

from 8500 t o  12,000 ft/s. e 

6.56 Fau l t  zones were noted i n  DD-11 between t h e  depths  of 13.5 and 15 

f e e t  and 35.5 and 36 f e e t ,  i nc l ined  40-60' and 70-80° from the  

hor i zon ta l ,  r e spec t ive ly .  J o i n t s  measured i n  t h e  rook co res  d ip  

pr imar i ly  near v e r t i c a l  and 30 t o  50' from t h e  hor i zon ta l ,  and a r e  

usual ly  r u s t  s ta ined  with occasional  c l ay  f i l l i n g .  

6.57 The permeabil i ty o f  the rook was determined from pressure  t e s t s  

conducted i n  ho les  DD-9 and DD-11. The permeabil i ty of the  rock i n  DD-9 

var ied  between 0.2 and 0.8 fpd and i n  DD-11 from 0.0 t o  0.2 fpd. L i t t l e  d 
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or no ~ t e r  takes were observed while pressure-testing the intervals  

containing the two f a u l t s  i n  DD-11, indicating tha t  these zones a re  

re la t ive ly  impermeable and should have no adverse effect  on the dike 

foundation. 

hbankmut  Hater ia ls  

6.58 Core materials,  c lass i f ied as a low to nonplastio, sandy silts, 

s i l t y  sands, and gravelly s i l t y  sands, w i l l  be obtdned by excavating 

and blending the upper soil layer i n  core borrow areas No. 1, No. 2, and 

No. 3, which extend to shallow depths of 4 ,  6, and 3 fee t ,  respectively. 

Suitable core materials excavated from Stratum A of the main embankment 

foundation may also be used. P m f i l e s  of core borrow areas No. 1 and 

No. 2, are  shown o 1 p la t e  45 and of borrow area No. 3 on plate  46. The 

s t a t i s t i c a l  analysis of the blended materials of the upper s o i l  layers  

presented in f igures  7, 8 and 9, respectively,  indicate that a 

suf f ic ien t  quantity of f ines ,  a t  least 22 percent passing the No. 200 

sieve,  is present i n  the s o i l s  to provide a re la t ive ly  impervious core. 

6.59 The s t a t i s t i c a l  analysis of the percent passing No. 4 and No. 200 

sieves before and a f t e r  blending and the Atterberg l i m i t s  is sunnarized 

as follows. 



Borrow area  No. 1 ,  core ma te r i a l ,  0 t o  4 f e e t  

Sieve Coarse Lower Upper Fine 
I tem S i z e  l i m i t  q u a r t i l e  Median q u a r t i l e  limit 

Percent f i n e r *  

Blended No. 4 66 
No. 200 25 

Unblended No. I) 51 
No. 200 21 

At terberg  
l i m i t s :  

LL 
PI  

Based on minus 3-inoh samples. 

Borrow a rea  No. 2, core  ma te r i a l ,  0 t o  6 f e e t  

S ieve  Coarse Lower Upper Fine 
Item s i z e  l i m i t  a u a r t i l e  Median q u a r t i l e  l i m i t  * 

Percent f ine r*  

Blended No. 4 69 
No. 200 24 

Unblended No. 4 55 85 92 95 100 0 
No. 200 2 1 27 34 46 73 

At terberg  
limits: 

LL 
P I  

Based on minus 3-inoh samples. 



'. 
Borrow area No. 3 ,  core material ,  0 t o  3 feet  

Sieve Coarse Lower Uooer Fine 
s i ze  limit quar t i le  Median qua'r'tile limit 

Percent finer* 

Blended No. 4 72 88 96 98 99 
No. 200 22 3 1 36 42 6 1 

Unblended No. 4 72 88 96 98 100 
NO. 200 22 31 37 43 63 

Atterberg 
limits: 

LL 
PI 

Based on minus 3 inch samples. 

6.60 Examination of the s o i l  logs indicate  that,  while 98 percent of 

the material is smaller than 2 inches, there are zones of cobbles and 

boulders, o r -ca l iche  cenented mater ia ls  i n  the core materials of the 

three borrou areas. It is estimated that the maximum s izes  of the 

cobbles i n  core borrcv areas No. 1 and No. 2 is l e s s  than 9 inches (3/4 

@ the placement l i f t  thickness) while the core b o r n  materials f r o m  

borrow area No. 3 w i l l  contain some cobbles la rger  than 9 inches. The 

percentage of plus  9-inch cobbles in the  core bomow material from 

e borrow area No. 3 is so minute t h a t  the material  can be processed on 

grade during placement. Nine inches wi l l  be the maximun material s i z e  

allowed i n  the core. The caliche cemented material ,  which is located 

beneath the designated core borrow depth in areas No. 1 aad No. 2 and i n  

the lower portions of Stratun A fcm s t a t ion  13+00 to s t a t ion  21+00 i n  

the dam foundation, wi l l  be vasted and not permitted in the core zone. 



6.61 The approximate percentage of the t o t a l  embanlanent yardage of core 

material  available from each source is 28 percent from core borrow area 

No. 1 ,  31 percent from core borrow area No. 2 ,  164 percent from borrow 

area No. 3, and 27 percent from the dam foundation excavation. This 

indicates  that  approximately twice the required amount of material is 

available.  

6.62 The selection of core material  samples for  laboratory t e s t s  was 

based upon s t a t i s t i c a l  gradational analysis of t h e  core borrow areas. - 
The samples for the "Rn t r i a x i a l  oompression t e s t s  were selected t o  

represent the upper qua r t i l e ,  median, and lower quar t i l e  gradations of 

the blended core materials. The t e s t  gradations are  shown i n  figure 9. 

Since the core materials w i l l  be placed a t  about 95-perceht maximum 

density (ASTM D 698-70) with a moisture content a t  about optimum, the 

samples were remolded t o  95-percent maximum density (ASTM D 698-70) a t  

optimum, optimum plus 2-percent, and'optimum minus 2-percent moisture. 

The resu l t s  of the t e s t s  are  summarized on plate  36 and i n  f igure  10. 

The t e s t  resu l t s  and pertinent back-up information are  presented i n  

attachment B. A summary of maximum p-q values from laboratory t e s t s ,  

and the design t o t a l  shear strength envalope is presented i n  figure 10. 

The t o t a l  shear strength p a m e t e r s  ranged from C = 2000 l b / f t 2  and 0 = 

4 degrees t o  c = 500 lb / f t2  and 0 = 19 degrees. 

6.63 The design effect ive shear strength envelope was developed from - 
the "Rn t r i a x i a l  oompression t e s t s  and the meaured pore pressure. The 

r e su l t s  of the t e s t s  a r e  sumarized on p la te  36 and i n  f igure  11. The 

1 I 
ef fec t ive  shear strength parameter ranged from 0 = 31 degrees t o  0 = 

39 degrees. 

A1-61 



6.64 Excess pore pressure during construction is not anticipated because 

the core materials w i l l  not be placed i n  a saturated condition and 

consolidation of the core materials w i l l  occur gradually during 

construction. Only two Q t r i a x i a l  t e s t s ,  therefore, were r ?rfomed. 

The samples selected for  the Q t e s t  represent the upper qua r t i l e  and 

median of the blended core borrow gradations. A summary of maximum p-q 

values, from laboratory t e s t s ,  and the design Q shear strength a r e  

presented on pla te  35 and i n  f igure  12. 

6.65 Permeability t e s t s  were performed on samples representative of the 

median and lover qua r t i l e  core gradations. Each sample ma compacted t o  

90-, 95-, and 100-percent maximum density (UTM D 698-70) at  optimum 

moisture content. Chamber pressures of 25 and 50 pounds per square inch 

were used i n  the  tests. The results of these t e s t s  a r e  stnmnarized i n  

table  5 and presented on p la te  35. 

Table 5. Core material ,  laboratory permeability 

Gradation Uaxhum density Permeability 
6) ( f P d )  

Median 90 0.5 
Median 95 .I 
Median 100 .02 
Lower q u a r t i l e  90 .8 
Lower q u a r t i l e  95 .3  
Lower q u a r t i l e  100 .05 

6.66 Consolidation tests were performed on samples representative of 

the upper quar t i l e ,  median, and lower qua r t i l e  gradatioos. Each sample 

@ MS compacted to 95 percent marimun density (dSTn D 698-70) a t  optimum, 



optimum p l u s  2-percent,  and optimum minus 2-percent moisture content .  

The r e s u l t s  of these  t e s t s ,  which were very s i m i l a r ,  a re  summarized i n  

t a b l e  6 and presented on p l a t e  35. 

Table 6. Core m a t e r i a l ,  consol ida t ion  t e s t s .  

Moisture Pressure  I n i t i a l  Overburden 
content  sa tu ra t ed  void pressure 

Gradation (5)  a t  (tsf) r a t i o  ( t s f )  Cc 

Lower q u a r t i l e  op t  +2 3.28 0.39 7 -2 0.092 
Lower q u a r t i l e  opt  +2 6.55 .389 7 .093 
Lower q u a r t i l e  opt  3.28 .386 6.2 . lo4 
Lower q u a r t i l e  opt  6.55 .388 8.2 .10 
Lower q u a r t i l e  opt-2 3.28 390 6.8 .089 
Lower q u a r t i l e  opt-2 6.55 -392 8.0 ,115 
Median op t  +2 3.28 .413 8.0 a097 
Median opt  +2 6.55 .414 8.9 .081 
Median opt.  3.28 .415 8.2 ,111 
Median opt. 6.55 .416 10.5 .087 
Median opt-2 3.28 .415 10.8 .097 
Median opt-2 6.55 -416 10.8 .10 
Upper q u a r t i l e  opt-2 3.28 .398 - - 
Upper q u a r t i l e  opt+2 6.55 .466 10.5 .1 
Upper q u a r t i l e  o p t  3.28 ,466 9.1 .I04 
Upper q u a r t i l e  ' op t  6.55 ,468 10.1 .I15 
Upper q u a r t i l e  opt-2 3.28 .476 11.7 .146 
Upper q u a r t i l e  opt-2 6.55 .476 ah3 .I31 

6.67 The consol ida t ion  t e s t  r e s u l t s ,  placement d e n s i t i e s ,  gradat ions ,  

and At terberg  l i m i t s  of t h e  oore ma te r i a l  i n d i c a t e  t h a t :  ( a )  co l l apse  

of the  s o i l  w i l l  not occur during s a t u r a t i o n  of the core under 

embanbent  loading;  and (b)  very l i t t l e  se t t lement  should occur because 

of consol ida t ion .  

6.68 Dispersion t e s t s  were performed on samples r ep resen ta t ive  of the  

upper q u a r t i l e ,  median, and lower q u a r t i l e  gradat ions.  These tests 

i n d i c a t e  t h a t  the  oore ma te r i a l s  a r e  nondisperive (Sherard, Deoker, and 

Ryker, 1972). 
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PERVIOUS SSBELL 

6.69 Pervious material, c l a s s i f i ed  as  coarse-grained, s i l t y  sandy 

gravels,  and sandy gravels, w i l l  be obtained by excavating nnd blending 

the s o i l s  between 3 and 13 fee t  below original  ground surface i n  borrow 

area No. 3, 1 .  46) and from sui tab le  materials excavated from the 

Stratum B of the dam embankment foundation and spillway excavation. 

Prof i les  of borrow area No. 3 a r e  shown i n  p la te  46. A s t a t i s t i c a l  

analysis  of the blended gradations of t h i s  material, shown i n  figure 13, 

indicates  t h a t  75 percent of the materials w i l l  have less than 8 percent 

f ines  by weight, and therefore, wi l l  provide a r e l a t ive ly  pervious 

shel l .  

6.70 The s t a t i s t i c a l  analysis of the percent passing the 3 inch, No. 4, 

and No. 200 sieves before and a f t w b l e n d i n g  and the Atterberg l imi t s  

are  sumnarlzed i n  the following tabulation. 

Borrow Area No. 3, pervious s h e l l  materials, 3 t o  13 feet .  

Sieve Coarse Lower UDDW Fine 
(No.) lid t aua r t i l e  Median au&ti le  l imi t  

Percent finer* 

Blended 3 in. 60 76 85 91 100 
No. 4 20 32 39 44 64 
No. 200 1 4 5 6 15 

Unblended 3 in. 52 76 85 94 100 
No. 4 13 32 37 47 94 
No. 200 1 3 6 7 20 

Atterberg 
limits: 
LL 
P I  

,Based on minus <-inch sample. 



e 

6.71 The pervious she l l  mater ia ls ,  when excavated and blended for the 

f u l l  depth of excavation, w i l l  have high shear strengths,  and re la t ive ly  

high permeability, and w i l l  form a nonshrinking dense she l l .  

Examination of the data contained i n  the s o i l  logs indicates  that  there 

are  materials larger than 18 inches (3/4 of the placement l i f t  

thickness). Visual estimates indicate  t h a t  6 percent of potent ia l  

pervious she l l  materials contain boulders larger than 18 inches. T h i s  

percentage is based upon the footage of the zones containing oversize 0 

materials below 3 f ee t ,  divided by the exploration footage below 3 fee t  

of the t e s t  trenches and holes i n  the pervious s h e l l  borrow area. 

6.72 The select ion of samples tes ted i n  the laboratory was based on the 

s t a t i s t i c a l  gradation analysis of the blended pervious s h e l l  borrow 

areas.  *Rn type t r i a x i a l  shear t e s t s  and permeability were performed on * 
samples selected t o  represent the  upper quar t i l e ,  median, and lower 

qua r t i l e  blended pervious s h e l l  gradation using 12- and 18-inch-diameter 

cyl indr ical  samples, respectively. The upper quar t i l e ,  median, and 

lower quar t i l e  blended gradations and the corresponding gradations of 

materials on which laboratory t e s t s  were conducted are  shown i n  figures 

14, 15, and 16, respeotively, The pervious she l l  materials w i l l  be 
6 

placed with an average r e l a t i ve  density (ASTM D 2049) of 85 percent with 

no portion of the embankment having a re la t ive  density l e s s  than 80 

percent i n  aooordance with EM 1110-2-2300. For t h i s  reason, the t e s t  

samples were remolded to  85-percent re la t ive  density. 

6.73 The r e su l t s  of the "R* t e s t s  are  summarized on p la te  37 and 

presented i n  attachment B. A summary of maximum p-q values and design e 

t o t a l  shear strength is presented i n  f igura 17. The t o t a l  shear 
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strength parameters ranged from C = 1200 l b / f t 2  and 0 = 12 degrees to 

c = 1000 l b / f t 2  and 0 = 29 degrees. 

6.74 The design effect ive  shear s t rength was developec' from the "Rn 

t r i a x i a l  compression t e s t s  and the  measured pore pressures. The r e su l t s  

of the test are sumarized on p l a t e  37 and i n  f igure 18. The effect ive  

shear strength parameters ranged from 0' = 37 degrees t o  B' = 43 

degrees. 

6.75 Since excess pore pressures are not expected because of the a r i d  

conditions, ant ic ipated range of placement moisture ( t h e  mater ia l  w i l l  

be plaaed dry),  and t h e  r e l a t i ve  coarseness of the pervious s h e l l  

materials .  "QW t r i a x i a l  shear t e s t s  were not perforned. 

6.76 Permeability tests were conducted on samples representative of the 

gradational range of the blended pervious s h e l l  materials. The samples 

were compacted to 85-, 90-, and 95-percent r e l a t i v e  density ( S T M  D 

2049). The pe-meability test results an? summarized i n  t a b l e  7 and 

presented an p la t e  37. 

Table 7. Pervious shell material laboratory permeability.# 

Percent ASTM D 2049 
r e l a t i v e  density Permeability 

Gradati.cn (5) ( f ~ d )  

Upper q u a r t i l e  
Upper q u a r t i l e  
Upper q u a r t i l e  
Uedian 
Median 
Mian 
Lower q u a r t i l e  
Lowar q u a r t i l e  
Lower q u a r t i l e  



TRANSITION 

6.77 Transition materials w i l l  be obtained by excavating and blending 

the s o i l  between 3 and 13 fee t  below or iginal  ground surface i n  borrow 

area No. 3 (pl .  46) and then removing the plus 3-inch materials. A 

s t a t i s t i c a l  analysis of the blended gradations of the materials a f t e r  

excavation, blending, and removal of the p l u s  3-inch materials,  

presented i n  f igure  19 indicates tha t  t h i s  material w i l l  meet f i l t e r  

requirements for  the core and pervious she l l  materials. 

6.78 The s t a t i s t i c a l  analysis of the peroent passing the No. 4 and No. 

200 sieves a f t e r  blending and removal of the plus 3-inch material is 

sumnarized i n  t h i s  next tabulation. 

Borrow area No. 3; t rans i t ion  mater ia ls ,  3 t o  13 feet .  

Sieve Coarse Lower Uooer Fine 
(No.) limit quar t i l e  Median quar'tile ~ i m i t  

Peroent f i ne r  

Blended No. 4 33 42 46 48 64 
No. 200 2 5 6 7 15 

6.79 The unit  weights, shear strength,  and permeability of these 

materials were developed from the t e s t s  performed on the pervious she l l  

materials. These values are val id  beaause the minus 2-inch portion of 

the pervious s h e l l  materials was tested to  develop the shear strength 

and permeability while the minus 3-inch (coarser)  portion of the 

pervious s h e l l  materials w i l l  be used f o r  t ransi t ion materials. 
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6.80 After the inspection of ex is t ing  gravel plants on the S a l t  River, 

Aqua F r i a  River, New River, Skunk Creek, and Cave Creek, i c  was 

concluded tha t  there would m t  be enough plus 12-inch stone readily 

avai lable  a f t e r  processing t o  meet t h e  gradation and quanti ty 

requirements for  Type I stone revetment. In addition, ex is t ing  

quant i t i es  of oversize stone may not be present when construction of New 

River Dam comences, because of possible flood emergency use and 

processing f o r  Adobe Dam. 

6.81 Laboratory tests uere performed on t h e  large angular volcanic rock 

stockpiled near the CAP aqueduct. The r e su l t s  of petrographic analyses 

and other laboratory tests a re  shown i n  attachment A. Because of the 

small quantity of rock avai lable  (approximately 1500 cubic yards), t h i s  

waste p i l e ,  which contained a s ign i f ican t  amount of 3- to  &cubic yard 

rock, may be su i tab le  as toe stone to protect  the downstream slope of 

the proposed dam '.-om damage caused by off-road vehicles. 

6.82 A reconnaissance of the  Phoenix area revealed m exis t ing  o r  

po ten t ia l  rock quarries where appreciable amounts of oversize material  

would provide sources of Type I stone revetaent. Cores of &ill holes 

and trenches at the design spillway uere examined t o  determine the 

qua l i ty  and potent ia l  size of breakage of the rock. Laboratory t e s t s  

were performed m selected core samples to determine the rocks 

s u i t a b i l i t y  as a source for stone revetment. The r e su l t s  of 

petrographic analyses and other laboratory tests are shown in attachment 

A. The felsite, because of its physical charactex-istics, was the  only 
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rook considered f o r  use a s  s tone revetment. Baaed on information from 

the  core holes and the  two test t renches (TT-93 and 'IT-941, the  average 

s i z e  of atone t h a t  could be produced from the  spi l lway excavation was 

estimated t o  be about 6 inches.  The apparent s p e c i f i c  g r a v i t y  of the  

f e l s i t e  samples t e s t e d  ranged from 2.65 t o  2.72. However, breakdown 

along Inc ip ien t  f r a c t u r e s  occurred during t h e  wett ing and drying t e a t s  

performed on the  felsite cores. It was concluded t h a t  the  f e l s i t e  would 

not be s u i t a b l e  f o r  upstream slope p ro tec t ion ,  but could be used a s  a 
bedding s tone ,  downstream s lope  p ro tec t ion ,  o r  gravel  d ra in  mater ia l .  

6.83 On-site processing of t h e  pervious s h e l l  ma te r i a l  or  processing 

the  ma te r i a l  from an Arizona Department o f  Transpor ta t ion  gravel  p i t  on 

t h e  New River, approximately 8 miles north o f  t h e  damsite on Federal 

l ands  administered by t h e  Bureau of Land Management, would provide Type 

I stone. Mass grada t ion  samples w i l l  be obta ined  i n  t h e  v i c i n i t y  of the  

New River p i t  to v e r i f y  the  v i s u a l  es t imates  o f  t h e  amount of mater ia l  

t h a t  needs to be prooessed t o  ob ta in  the  amount o f  Type I stone 

required.  Laboratory tests w i l l  be performed on samples of mater ia l  

from t h e  damsite and t h e  New River p i t  t o  determine t h e i r  s u i t a b i l i t y  

f o r  s tone  protec t ion .  



7. Foundat  i o n  T r e a t m e n t  

Polmdatim matrant-Dam I(rbanhent 

STREAmm 

7.01 After c lear ing and grubbing, which requires the removal of about 9 

inches of s u r f i c i a l  s o i l  material, Stratum A w i l l  be excavated from 

beneath the e n t i r e  embankment a s  indicated on p la te  47. The excavation 

w i l l  remove foundation materials (Stratum A) t ha t  exhibit  undesirable 

settlement properties and would have a low shear strength. A core 

trench, with a base width of 20 f e e t  and sideslopes m steeper than 1.OV 

t o  1.5H, will be excavated through pervious foundation materials 

(Stratum B) and i n t o  Stratum C or  bedrock. Between the l e f t  abutment 

and s t a t i on  16+50 along the center l ine  of the embankment, the core 

trencb w i l l  be excavated to sound bedrock. Between s ta t ions  16+50 and 

20+00, the core trench w i l l  be excavated through Stratum B and Stratum C 

to sound bedrock and w i l l  have 15-foot benches upstream and downstream 

from the core that dl1 allow the t r ans i t i on  zones to be founded on 

Stratum C. The benches w i l l  be at elevat ion 1378 feet above msl a t  

s t a t i on  16+50 and dl1 slope to elevation 1370 a t  s ta t ion  20+00. 

Between s t a t i ons  2&00 end 31+00, the  core trench wil l  be excavated t o  

elevation 1365 and will  have 15-foot benches a t  elevation 1370 upstream 

and downstreas froa the core. Batwean s t a t i on  31+00 and the right 

abutment, the core trench w i l l  be excavated through Stratus B and 

Stratum C to sound bedrock, and w i l l  have 15-foot bench& a t  e levat ion 

1370 upstream and downstream f r o m  the core. 
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gravel .  Below t h i s ,  to  a depth of approximately 100 f e e t  (32  met res ) ,  

a r e  l aye r s  of coarse-grained sandy g rave l s  and clayey sandy gravels .  

The s t e e p  mountain s lopes w i t h i n  the p r o j e c t  area a r e  covered by t h i n  

s o i l  accumulations or  a re  exposed rock s u r f  aces. 

SLOPE 

4.09 The p ro jec t  area con ta ins  t h r e e  broad ca tegor i e s  of s lope ,  each of 

which in f luences  p o t e n t i a l  use  and i n t e n s i t y  of use. Most of t h e  a r e a  

i s  charac ter ized  by s lopes  between 0 and 10 percent ,  making them 

p o t e n t i a l l y  use fu l  f o r  a l l  a c t i v i t i e s . .  Smaller po r t ions  of t h e  a rea  a r e  
= / 

i n  moderately s loping a l l u v i a l  fans and s t eepe r  mountain faces .  These 

s lope  ca tegor i e s  would permit  moderate and r e s t r i c t e d  use ,  r e spec t ive ly .  

.I -m 
- 4 

C 

4.10 There a re  no known resources  of coa l ,  crude o i l ,  me ta l l i c  . 

minera ls ,  or  nonmetallic minera ls  i n  t h e  New River Dam p ro jec t  a rea .  

Sand and gravel  depos i t s ,  however, a r e  present  i n  the  exposed and buried 

stream channels and a l l u v i a l  fans.  Unt i l  now, t h e r e  have been no known 

sand and g rave l  operat ions wi th in  t h e  p r o j e c t  area.  This resource ,  

however, has only l imi ted  a v a i l a b i l i t y  i n  t h e  Phoenix a rea  and demand 

f o r  cons t ruc t ion  ma te r i a l  is increasing.  Therefore, add i t iona l  

p res su res  f o r  excavation wi th in  t h e  p r o j e c t  a rea  a r e  foreseen.  The 

FCDMC has  applied f o r  conveyance o f  mineral r i g h t s  from the  BLM under 

Sec t ion  209 of t h e  FLPMA. 



s i t e s  a t  New River Dam can provide an inc reas ing ly  valuable s tudy t o o l  

of the  regional  Hohokam c u l t u r e .  0 

4 - 1 5  An i n i t i a l  survey by Arizona S t a t e  Univers i ty  i n  1976 i d e n t i f i e d  a 

t o t a l  o f  43 c u l t u r a l  resource s i t e s  i n  t h e  p ro jec t  area.  I n  1979 t h e  

Museum of Northern Arizona inventor ied  and t e s t ed  22 of these  s i t e s  f o r  

archeologioal  s ign i f i cance  i n  t h e  upstream por t ion  of t h e  New River 

authorized damsite. S tud ies  c u r r e n t l y  underway by the  Museum of 

Northern Arizona w i l l  provide da ta  on an add i t iona l  11 s i t e s  downstream 

from the damsite and sp i l lway area.  A c u l t u r a l  resource management 

program, based on t h e  r e s u l t s  of t e s t i n g  i n  both t h e  upstream and 

downstream a reas ,  will be developed. The New River c u l t u r a l  resources  

have been l i s t e d  i n  t h e  National  Regis ter  of Hi s to r i c  P laces  as t h e  New 

River Archeological D i s t r i c t .  a 

4.1.6 The 22 s i t e s  inventor ied  r ep resen t  a wide range of a rcheologica l  

f e a t u r e s ,  with va r i a t ions  of s i te  funct ion  and time period. S i t e  

funct ions  include hab i t a t ion  sites, a g r i c u l t u r a l  f i e l d s ,  food ga ther ing  @ 

camps, and campsites. Representat ive time periods range from t h e  

Archaic ( p r i o r  to AD 300) t o  t h e  Sacaton Phase (AD 900-1100). Three 

h i s t o r i c  pericd s i t e s ,  inc luding a s t a g e  s t a t i o n ,  have a l s o  been 

i d e n t i f i e d .  Many of  the  s i t e s  have been d is turbed by eros ion ,  roads,  

animal burrows, off-road veh ic l e s ,  and pot-hunters. Construct ion of t h e  

New River Dam w i l l  impact s e v e r a l  a rcheologica l  s i t e s .  I n  add i t ion ,  

f requent  inundation w i l l  a l t e r  many s i t e s .  P r i o r  tO cons t ruc t ion ,  t h e  

impact on al l  s i t e s  wi th in  t h e  cons t ruc t ion  wrk limits w i l l  be 

mit igated.  Impact on remaining sites i n  t h e  p ro jec t  area w i l l  be 

mi t iga ted  during construct ion.  



L i m i t  damage to t he  c u l t u r a l  resource dur ing  cons t ruc t ion  

6.25 Projec t  cons t ruc t ion  w i l l  de s t roy  many of the  i d e n t i f i e 4  

archeological  s i t e s .  Archeological da ta  wi th in  the  cons t ruc t ion  work 

limits w i l l ,  t he re fo re ,  be r e t r i eved  through mi t iga t ion  p r io r  t o  

cons t ruc t ion .  To prevent f u r t h e r  l o s s  of t h e  resource,  haul roads have 

been located i n  a r e a s  of lower c u l t u r a l  s igni f icance .  I n  add i t ion ,  

s i t e s  discovered on BLM land during cons t ruc t ion  w i l l  be examined by an 

archeologis t  i n  t h e  f i e l d  and w i l l  be reported t o  the  authorized o f f i c e r  

of t h e  ELM, who w i l l  determine t h e i r  s ign i f i cance  as wel l  a s  t h e  course 

of ac t ion  necessary t o  preserve the  resource.  sit& diicbvered on any 

o ther  p ro jec t  l ands  during cons t ruc t ion  w i l l  be examined i n  the  f i e l d  by 

a Corps of Engineers a rcheo log i s t ,  who w i l l  determine the  s ign i f i cance  

of the  s i t e s ,  a s  well a s  the  ac t ion  needed t o  preserve t h e  resource. 

Manage the  c u l t u r a l  resource so that f u r t h e r  damage is minimized 

6.26 Prel iminary archeologica l  i n v e s t i g a t i o n  of a l l  22 sites i n  t h e  

basin r e su l t ed  i n  t h e  recornendation t h a t  two of t h e  s i t e s  be preserved 

f o r  t h e i r  c r i t i c a l  i n t e r p r e t a t i v e  value. These two s i t e s  a r e  

r ep resen ta t ive  of t h e  d i v e r s i t y  of s i t e  funct ion  and time phase t h a t  

e x i s t  a t  New River Dam. I n  add i t ion ,  the  two si tes a r e  not sub jec t  t o  

d i r e c t  impact from pro jec t  cons t ruc t ion  o r  f requent  inundation. 

6.27 Two archeologica l  management a r e a s  have been es tabl i shed wi th in  

t h e  p ro jec t  a rea  to preserve these  major sites. The management zone, 

when f e a s i b l e ,  w i l l  provide oppor tun i t i e s  f o r  passive observat ional  

a c t i v i t i e s  and f u t u r e  research and i n t e r p r e t a t i o n .  Because of t h e  



f r a g i l e  nature of the  su r face  and subsurface archeologica l  depos i t s  a t  

these  s i t e s ,  access w i l l  be g r e a t l y  l imi ted  during the  in ter im phase and 

w i l l  remain so u n t i l  a  s u i t a b l e  management sponsor becomes ava i l ab le .  

Provide f o r  present  and fu tu re  r e c r e a t i o n a l  use 
cons i s t en t  with the  objec t ives  of environmental 
preservat ion  and enhancement and prevent incompatible 
development 

6.28 Previous con tac t  with l o c a l  agencies i n  t h e  form of r ec rea t ion  

t a s k  force meetings has produced a recommendation t h a t  the  New River 

damsite be r e t a ined  i n  its na tu ra l  s t a t e  a s  a  w i l d l i f e  h a b i t a t  a rea .  

The r ec rea t iona l  ob jec t ives  out l ined  below support t h i s  goal.  

6.29 The cont inuing growth of t h e  Phoenix a r e a  i n  the  d i r e c t i o n  of New 

River Dam inc reases  the  p o s s i b i l i t y  of some rec rea t iona l  use i n  the  

fu ture .  The p r o j e c t  a rea  has many n a t u r a l  resources with inhe ren t  

e s t h e t i c ,  eco log ica l ,  c u l t u r a l ,  and open space values. The Resource Use 

Plan ( p l .  6 )  usage zones have been developed so a s  t o  allow f u t u r e  

r e c r e a t i o n a l  development t h a t  minimizes damage t o  the  o r i g i n a l  resource 

base. A s  r e c r e a t i o n a l  sponsors become a v a i l a b l e  i n  t h e  f u t u r e ,  t he  

FCDMC can l e a s e  lands  t o  them t o  provide r e c r e a t i o n a l  se rv ices  i n  

accordance with t h e  use  l e v e l s  ou t l ined  below. 

low i n t e n s i t y  use area-to preserve environmantal resources 

6.30 The low i n t e n s i t y  use area encompasses l ands  of high eros ion  

p o t e n t i a l ,  s l o p e  hazard,  p o t e n t i a l  f o r  vegeta t ion  and w i l d l i f e  

d is turbance ,  a rcheo log ica l  and h i s t o r i c  value and/or proximity t o  

A2-32 
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pro jec t  s t r u c t u r e s .  Because o f  these q u a l i t i e s ,  the area  is most 

s e n s i t i v e  to disturbance.  Poss ib le  uses of t h i s  land include pass ive  

observat ional  a c t i v i t i e s ,  such a s  h ik ing ,  bird watching, and 

i n t e r p r e t a t i o n .  Vehicular access  w i l l  not be permitted. Included i n  

the  low i n t e n s i t y  use area  are those por t ions  designated a s  

wi ld l i f e /vege ta t ion  management and archeological  management zones. 

Werate i n t e n s i t y  use  area-to preserve envim-tal r e s o m e s  and to 

p rov ide  fce dera te  i n t e n s i t y  recreational use  

6.31 The moderate i n t e n s i t y  u.se a r e a  is located i n  r e l a t i v e l y  f l a t  

upland. S e n s i t i v i t y  to dis turbance  va r i e s  wi th in  the  a rea  but t h e  

resource  base, i n  general ,  can withstand moderate l e v e l s  of 

environmental stress without de t r imenta l  e f f e c t s .  Poss ib le  uses  i n  t h e  

a r e a  are hik ing ,  : eques t r i an  r i d i n g ,  pass ive ;  observat ional  a c t i v i t i e s ,  

i n t e r p r e t a t i o n ,  and o ther  moderate l e v e l  r ec rea t iona l  a c t i v i t i e s .  

811113 i n t e n s i t y  use area-to provide f o r  maxima ecowdc and 

recreatioaal use of the resources  therein 

6.32 The high i n t e n s i t y  use area is located  i n  t h e  borrow area, which 

w i l l  be a h ighly  a l t e r e d  landscape a s  a r e s u l t  of p r o j e c t  

cons t ruc t ion .  Addit ional  d is turbance  wi th in  t h i s  a rea  w i l l  only 

marginal ly affect t h e  environmental q u a l i t y  of t h e  New River Dam Basin 

as a whole. Poss ib le  uses inc lude  ex t rac t ion  of minerals  and a l l  

moderate and lar i n t e n s i t y  r e c r e a t i o n a l  uses.  
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Design Memorandum No. 3 

General Design Memorandum - Phase I 
Plan Formulation 

For 
New River and Phoenix City Streams, Arizona 

SYLLABUS 

The purpose of this study was to review the New River and Phoenix City Streams, 
Arizona, flood control project, as authorized (H Doc. 89-216, 1st Sess.), and either reaffirm 
the plan or reformulate and develop a plan more suitable under existing conditions, taking 
into account environmental and technical considerations, economic feasibility, social 
impact, and public opinion and needs. 

A flood hazard exists in the Phoenix metropolitan area in southcentral Arizona along 
Cave Creek from the existing Cave Creek Dam to the Salt River, along and below the 
Arizona Canal between 40th Street and Skunk Creek, and along Skunk Creek and the New 
and Agua Fria Rivers. Present development within the standard project flood overflow area 
consists of 17,680 acres of residences, 4,060 acres of commercial and industrial businesses, 
12,530 acres of farmland 2,800 acres of public and semi-public lands, 260 acres of parks, 
and 13,170 acres of undeveloped land. 

A combination structuraEnonstructural plan, compatible with the desires of local 
interests has been determined to be the best solution for the flood problem in the project 
area. The recommended plan of improvement, which differs from the authorized plan, 
involves the construction of Dreamy Draw, Cave Buttes, Adobe, and New River Dams, and 
the Arizona Canal diversion channel from 40th Street to Skunk Creek. Skunk Creek and the 
New and Agua Fria Rivers, however, would remain natural. Development in those reaches of 
Skunk Creek and New River upstream from the diverted floodwater would be controlled 
through flood plain management; flowage easements would be required downstream from 
the diversion channel to the Gila River. 

All dams are earthfa dams designed to provide standard project flood protection. 
Dreamy Draw Dam was completed in 1973 subsequent to approval of Design Memorandum 
No. 1, Feature Design for Dreamy Draw Dam. The design capacities of the detention basins 
are 317 acre-feet for Dreamy Draw Dam, 46,600 acrefeet for Cave Buttes Dam, 18,350 
acre-feet for Adobe Dam, and 34,500 acre-feet for New River Dam. In addition to the dams, 
the recommended plan includes 17.3 miles of channelization along the Arizona Canal 
(Arizona Canal diversion channel) designed to intercept 100-year-frequency floodflows. This 
channelization includes 8.1 milqs of rectangular channel from 40th Street to the confluence 
of Cave Creek, 4.8 miles of concrete-lined trapezoidal channel from Cave Creek to Cactus 
Road, and 4.4 miles of unlined trapezoidal channel from Cactus Road to the confluence 
with Skunk Creek. Flowage easements, which are generally coincident with the 100-year 
flood plain after project construction except where structural measures have been included, 
would be acquired along 1.8 miles of Skunk Creek, 7.6 miles of New River, and 10.1 miles 
of the Agua Fria River to its confluence with the Gila River. 



Physical Data - Channels 

Design 
Discharge 

(cfs) 

TOP 
Width 

(ft) 
Depth 

(ft) 

Cave Creek 
Below Cave Buttes Dam 
At Greenway Road 
At Arizona Canal 

Skunk Creek 
Below Adobe Dam 1,950 
Above Arizona Canal diversion 

channel confluence 2,000 
Below Arizona Canal diversion 

channel confluence 39,000 
At New River confluence 39,000 

New River 
Below New River Dam 
Above Skunk Creek confluence 
Below Skunk Creek confluence 
At Agua Fria River confluence 

Agua Fria River 
Below New River confluence 
At Gila River confluence 

Dreamy Draw 
Below Dreamy Draw Dam 220 S*  . * * 
At Arizona Canal diversion channel 1,000 * * * * 

Arizona Canal diversion channel 
At 40th Street 
At Dreamy Draw confluence 
Above Cave Creek confluence 
Below Cave Creek confluence 
At Skunk Creek confluence 

*The design discharge was limited by the capacity of Peoria Avenue bridge. The 100-year 
discharge is estimated at 2 1,000 cfs. 

**These sections would be managed in accordance with flood plain management criteria. 
The width and depth of the flood plain varies. 

***Flowage easements would be acquired at these sections. The width of the flowage 
easement and depth of flow varies. 

vil 



Physical Data - Dams (Continued) 

NEW RIVER DAM 

Drainage area 
Dam (rolled earthfil) 

Crest elevation 
Maximum height above streambed 
Crest length 
Freeboard 

Spillway (detached, concrete l i e d )  
Crest elevation 
Crest length 

. Elevation of maximum water surface 
Outlet conduit 

Diameter 
Length 
Intake elevation 

Saddle dike No. 1 (west dike) 
Crest length 
Maximum height above existing ground 

Reservoir 
Area at spillway crest 
Capacity (gross) at spillway crest 

Storage allocation below spillway crest 
Flood control 
Sedimentation 

Standard project flood 
Total volume 
Peak inflow 
Peak outflow 
Drawdown time 

Peak spillway discharge 

ft msl 
f t  
ft 
ft 

ft msl 
ft 
f t  msl 

f t  
ft 
f t  msl 

acre 
acreft 

acre-ft 
acre-ft 

acre-ft 
cfs 
cfs 
hr 
cfs 



feet. The unlined spillway, excavated in rock about 400 feet southeast of the left abutment 
of the main embankment, had a concrete sill with a length of 275 feet at elevation 1,410 
feet. The spillway was designed to pass a spillway-design flood having a peak discharge of 
9,700 cfs with 5 feet of freeboard. The outlet was a 3&inch-diameter ungated 
reinforced-concrete conduit located in the main embankment. The capacity of the outlet 
was 100 cfs with the water surface at the spillway crest. Two earthfill dikes just upstream 
from the main embankment and along the right bank of Dreamy Draw were required. One 
dike, about 950 feet long, had a maximum height of 22 feet; the other had a length of 850 
feet and a maximum height of about 12 feet. The detention basin had a capacity of 450 
acre-feet at the spiilway crest, of which 150 acre-feet was allocated for the accumulation of 
sediment over a 10Gyear period. The detention basin would have reduced a standard project 
flood with a peak inflow of 2,180 cfs to a peak outflow of 100 cfs. 

ADOBE DAM 

Adobe Dam was recommended for construction on an unnamed tributary of Skunk 
Creek, about 7 miles north of Bell Road and about 1 mile west of the Black Canyon 
Highway. The embankment was a compacted earthfill structure with a maximum height of 
about 76 feet above streambed. The crest of the dam (elevation 1,561 feet) had a length of 
3,850 feet. An unlined spillway, excavated in rock 700 feet north of the left abutment of 
the embankment, had a concrete sill with a length of 250 feet at elevation 1,542 feet. The 
spillway was designed to  pass a spillway-design flood having a peak discharge of 105,000 cfs 
wlth 5 feet of freeboard. The outlet was an 8-foot-diameter ungated reinforced-concrete 
conduit located through the embankment near the right abutment. The capacity of the 
outlet was 2,000 cfs with the water surface at the spillway crest. The detention basin had a 
capacity of 19,400 acre-feet of which 5,500 acre-feet was allocated for the accumulation of 
sediment over a 1OGyear period. The detention basin would have reduced a standard project 
flood with a peak inflow of 50,000 cfs to a peak outflow of 2,000 cfs. 

An'earth diversion channel about 2.5 miles long was required to divert the design flood 
on Skunk Creek to the Adobe detention-basin area. The channel was located with its 
downstream end about 5,000 feet north of the left abutment of the main embankment, just 
above the water surface of the standard project flood in the detention basin. A revetted 
earth levee, set back 100 feet from the channel, was required to prevent the standard project 
flood from bypassing the detention basin under adverse channel conditions. Construction of 
the diversion channel would require construction of a bridge for the Black Canyon Highway. 

NEW RIVER DAM 

The New River Dam basin was recommended for construction on the New River about 8 
miles upstream from the confluence with Skunk Creek. The main embankment was a 
compacted-earthfill structure with a maximum height of about 80 feet above streambed. 
The crest of the embankment (elevation 1,474 feet) was 2,700 feet long. An unlined 
spillway, excavated in rock 1.600 feet east of the left abutment of the main embankment, 
had a concrete sill with a length of 800 feet at  elevation 1,458 feet. The spillway was 



The river, which is fairly well defined for high-frequency flow, is spanned by three bridges 
of varying capacities. The bridge capacities, without freeboard, are estimated at 150,000 cfs 
at Indian School Road, and 75,000 cfs at both the Southern Pacific Railroad bridge and at 
U.S. Highway 80 (Buckeye Road) bridges in Avondale. Dip crossings presently exist across 
the Agua Fria River at Thomas Road, McDowell Road, Van Buren Street, and Lower 
Buckeye Road. 

NEW RIVER 

The New River, the major tributary of the Agua Fria River, rises in the New River 
Mountains about 40 miles north of Phoenix and flows generally southward for about 40 
miles to its confluence with the Agua Fria River, about 15 miles west of downtown 
Phoenix. Its drainage area is 340 square miles. 

The New River, between the authorized dam and Skunk Creek, is fairly well defined for a 
capacity ranging upwards from 9,000 cfs. The only bridge crossing in this reach is at Bcll 
Road, which has a capacity, without freeboard, of about 35,000 cfs. Dip crossings exist at 
Union Hills Drive and 83d Avenue. 

The New River, between the Skunk Creek confluences and the Agua Fria River, is fairly 
well defined for high-frequency flows. Five bridges of varying capacities span the river. The 
bridge capacities, without freeboard, are estimated at 29,000 cfs at the Santa Fe Railroad 
bridge and the two Highway 6@89-93 bridges (Grand Avenue) in Peoria, 50,000 at Peoria 
Avenue, 37,000 at  Olive Avenue, and 40,000 at Glendale Avenue. 

SKUNK CREEK 

Skunk Creek, the major tributary to the New River, rises in the New River Mountains 
about 35 miles north of downtown Phoenix and flows generally southwestward for about 
30 miles to its confluence with the New River about 15 miles northwest of downtown 
Phoenix. The drainage area is 1 10 square miles. 

The existing capacity of Skunk Creek from Deer Valley Drive to  the New River ranges 
from 2,500 to about 10,000 cfs in a fairly well-defined channel. Skunk Creek is spanned by 
seven bridges, four of which involve the Black Canyon Highway and frontage road crossings 
upstream from Deer Valley Drive. The capacity of these four bridges, without freeboard, is 
estimated at 20,000 cfs. The capacities of the other three bridges, without freeboard, are 
estimated at 8,000 cfs at 59th Avenue, 22,000 at Bell Road and 24,000 at 83d Avenue. Dip 
crossings exist at Beardsley Road and 67th Avenue. 

CAVE CREEK 

Cave Creek rises at an elevation of 5,000 feet in the New River Mountains and flows 
generally southward for about 48 miles, passing through the center of Phoenix before 
entering the Salt River. The drainage area at the Salt River is 3 11 square miles. 



On the morning of 22 June 1972, a heavy thunderstorm hit northeastern Phoenix. The 
maximum unofficial intensity reported was 5.25 inches during an estimated 2-hour period in 
the vicinity of 24th Street and Camelback Road in Phoenix. The storm in the Phoenix area 
was highly lodalized centering on an area of I0 square miles (4 inches or more) in the 
vicinity of Squaw Peak. Heavy runoff occurred from the south slopes of the Phoenix 
Mountains; and sheetflow inundated large areas in Paradise Valley and on the southwest 
slopes of the McDowell Mountains. Flooding occurred along Indian Bend Wash from 
Paradise Valley through Scottsdale and Tempe to the Salt River. A U.S. Geological Survey 
recording stream gage at Indian Bend Road indicated a peak discharge of 17,000 cfs. In 
addition, an estimated 3,000 cfs flowed across Indian Bend Road for a total peak flow of 
20,000 cfs. This flood js estimated to have a frequency of occurrence of once every 70 
years. Flooding also occurred at the Arizona and Grand Canals as floodwaters ponded 
behind the canal levees. Peak discharges ranged from 4,200 cfs estimated on Cudia City 
Wash 1,000 feet upstream from McDonald Drive (approximately a 50-year flood) to 860 cfs 
on Dreamy Draw at 16th Street. lmmediately following the flood, the Los Angeles District 
conducted a flood damage survey. The results of this survey were published in the "Report 
on Flood of 22 June 1972, Phoenix Metropolitan Area, Arizona" dated October 1972. The 
survey revealed that the principal areas of flood damage were along a 14-mile reach of 
Indian Bend Wash ($1.9 million damages); along 16 miles of the Arizona Canal from Cave 
Creek to Indian Bend Wash ($1.8 million damages); along eight major breaks in the Arizona 
Canal ($4.3 million damages); along 8 miles of theGrand Canal from 15th Avenue to 44th 
Street ($1.7 million damages); and along four breaks in the Grand Canal ($0.9 millibn 
damages). The total damages due to flooding (1972 price level) were estimated at $10.6 
million. Under present (1975) conditions of development and price levels, these damages 
would amount to about $ I5 million. The proposed Arizona Canal diversion channel would 
prevent 70 percent of these damages which would amount to approximately $7.4 million 
(1 972 conditions) or $10.5 million (1975 conditions). 

FLOOD FREQUENCIES 

Discharge-frequency values were computed for all concentration points in each of the 
plans investigated using graphicai methods of frequency analysis where streamgage data are 
available and a regression analysis for ungaged watersheds. Discharge-frequency values were 
computed for with and without project conditions and for present and future conditions of 
development. These values are presented in table 1 of Appendix 1 of this report. 

Additional hydrologic data have been compiled and analyzed since the project document 
studies. New topographic maps with more detail and recent s toms of record have been 
incorporated into a revision of earlier hydrologic values (See appendix I). A comparison of 
flood magnitudes for two representative concentration points follows: 



TABLE ? 

Comparison of Flood Magnitudes 

Peak Discharge* 
(cfs) 

Cave Creek at Arizona Canal New River below Skunk Ck. Confluence 
Frequency Present Project Document Present Project Document 
(Years) Values Survey Values Values Survey Values 

SPF 50,000 65,000 86,000 126,000 

*Uncontrolled discharge under present conditions of development. 

STANDARD PROJECT FLOOD 

The standard project flood (SPF) represents the flood that would result from the most 
severe combination of meteorologic and hydrologic conditions considered reasonably 
characteristic of the region. It normally is larger than any past recorded flood in the area 
and can be expected to be exceeded in magnitude only on rare occasions. It thus constitutes 
a standard for design that will  provide a high degree of flood protection. The SPF is 
produced by centering the most severe storm of record in the general region critically over 
the drainage area when ground conditions are conducive to a high rate of runoff. 

The August 1954 thunderstorm that centered over the Queen Creek drainage area 
southeast of Phoenix was determined to be the local storm with the most w e r e  flood peak 
producing relationship between rainfall, depth, area, duration and isohyetal pattern that 
may reasonably be expected to occur over the central portion of Arizona, and was thus used 
as the standard project storm for design and economic considerations for all areas except 
Cave Buttes and New River damsites. For the mountaineous drainages behind the 



ourposes for agr icui t~~al  land not already under cultivation when the ban was placed in 
effect. The overdraft of g103lld water is one of the primary reasons for the development ot' 
the Central Aruona Project. The legal use of ground water for esthetic and/or promotional 
dispIays is currently being explored by the Arizona Water Commission and State Land 
Department. Future legal and legislative decisions can be expected to control more closely 
the use of water within the ground water basin. 

TABLE 5 

Depth to Water in WelIs* 

Project Area 

Cave Buttes I)gm 

Adobe Dam 

New River Dam 

Depth to  Water (feet) 

30  to 240** 

400 to 500 

400 to 500 

Cave Creek 0 to  400 

Skunk Creek 300 to  500 

New River 100 t'o 500 

Agua Fria 

Arizona Canal 

Salt River (Cave Creek to Gila. River) 0 to  100 

"Principally in alluvial deposits (1972). Depth based mainly on measurement where depth 
of water is less than 400 feet and inferred mainly where depth is greater than 400 feet. 

**Depth to water in wells that principally tap consolidated rocks taken from "Map showing 
Depth to Water in Wells in the Phoenix Area,.Arizona, 1972" by W. R Osterkamp, 1973. 



The recommended plan at the Cave Buttes site ~ncludes a 110-foot-high earthfill dam, 
about 2,280 feet in length, with a basin capacity of 46,600 acre-feet at spillway crest of 
which 5,730 acre feet would be for the accumulation of sediment. The reservoir would 
reduce a standard project flood peak inflow of 54,000 cfs to 494 cfs through an ungated 
outlet. The natural stream below Cave Buttes Dam can convey a non-damaging flow of 750 
cfs to the Arizona Canal. 

ADOBE DAM. Four sites for Adobe Dam were studied. These sites were analyzed as 
single dams and in combination with each other. Their locations ranged from a site near 
Deer Valley Drive, about 16 miles northwest of Phoenix, to a site about 25 miles north of 
Phoenix. The authorized site, on an unnamed tributary to Skunk Creek, is about 20 miles 
northwest of Phoenix. 

Alternative damsite No. 4, which is located on Skunk Creek near Deer Valley Drive, was 
selected as the recommended site because (a) from a locational viewpoint, it is more 
desirable since it would eliminate the diversion levee that would be required to divert Skunk 
Creek flows out of its natural watercourse, across the Black Canyon Highway, and into the 
detention basin of the authorized dam; (b) it would provide additional downstream flood 
protection benefits in that it would control'floodwaters from a larger drainage area; (c) it 
would be nearer to present and projected future downstream development, thereby reducing 
the potential for floods being generated immediately below the dam; and (d) this site is the 
least costly site. For the purpose of plan formulation, this site was used in the determination 
of cost estimates and related social and environmental impacts. During Phase I1 studies, 
costs and benefits will be developed in more detail for Adobe damsite No. 4 and for a 
combination of dams, one on Skunk Creek, 9 miles upstream of site No. 4 (Adobe damsite 
No. I), and a smaller dam at site No. 4 (Adobe damsite No. 4a). Additional studies are 
required to fully evaluate the economics and social and environmental impacts of these two 
plans to either confirm the selection of Adobe Dam site No. 4 as the recommended sitc or 
to favor the combination of dams. However, a change in damsites would have no effect on 
project formulation. 

The recommended dam (sit; No. 4) would be a 63-foot-high earthfill dam, about 2.1 
miles in length, having a basin capacity of 18,350 acre-feet at spillway crest of which 2,700 
acre feet would be for the accumulation of sediment. The recommended dam would reduce 
the standard project flood peak inflow of 66,000 cfs to 1,890 cfs through an ungated outlet. 
The naturai stream below Adobe Dam has a capacity of 2,500 cfs. 

NEW RIVER DAM. Three sites for the New River Dam were considered. One site, 2 
miles downstream of the authorized site, was rejected because the construction cost was 
almost double that at the recommended site with no significant increase in benefits. 
Another site, located about 2,000 feet downstream of the authorized site, was visually 
inspected but no subsurface investigation was made. Further investigation and evaluation of 
a dam at this site will be made during Phase I1 studies. 



The detention basin would have a capacity of 18,350 acre-feet at the spillway crest of 
which 2,700 acre-feet would be for the accumulation of sediment over a 100-year period, 
and 15,650 acre-feet would be for flood control. The detention basin would reduce a 
standard project flood with a peak inflow of 66,000 cfs to an outflow of 1,890 cfs. 

Three streets presently pass through the Adobe Dam detention basin area. Pinnacle Peak 
Road would not be affected by project construction except during a 100-year and less 
frequency flood, floodwaters detained behind the dam would cause temporary closure for 
less than a day. Deer Valley Drive would be blocked by the dam, and would not be 
relocated. The frequently used 3Sth Avenue would be ramped over the ddm to provide 
cvntinuous access to the area north of the detention basin; it would be above the standard 
project flood line. 

Channelization of Skunk Creek in the vicinity of the Black Canyon Highway (designated 
Skunk Creek diversion channel), about 2 miles northeast of the left abutment of the dam, 
would be required to assure conveyence of the standard project flood to the Adobe 
detention basin. About 6,900 feet of the existing creek would be excavated to a greater 
depth (1C-foot maximum) and widened from an existing 265 feet to 365 feet. A 
7,600-foot-long levee immediately south of the channel would be constructed from the 
excavated material. It would range in height from 6 to 13 feet above the channel invert and 
would have a 2-foot layer of stone revetment on the waterside slope. The two existing 
eight-span Black Canyon Highway and two frontage road bridges would be utilized; 
however, four additional spans would be added to each of the four bridges, extending the 
overall bridge length from 268.8 to 402.8 feet. 

NEW RIVER DAM 

The New River Dam would'be constructed on the New River about 8 miles upstream 
from the confluence with Skunk Creek. The main embankment would be a 
compacted-earthfill structure with a maximum height of about 91 feet above streambed. 
The crest of the embankment (elevation 1,481.7 feet) would be 2,800 feet long. An earthfill 
dike, about 7,000 feet northwest of the right abutment of the main embankment, would be 
required along the west edge of the detention-basjn area to confine the design flood. The 
dike would have a crest length of 5,800 feet and a maximum height of about 30 feet. A 
concrete-lined spillway 1,600 feet east of the left abutment ofthe main embankment would 
be rectangular in cross section, varying in width from 220 feet at the crest (elevation 
1,455.3 feet) to 173 feet a t  the downstream end of the chute. This rectangular section, 
which would be 589 feet long, would include 94 feet of approach channel, 470 feet of chute 
structure, and a 25-foot long flipbucket structure. The spillway, in conjunction with the 
outlet works, would pass a peak discharge of 63,300 cfs with 6.5 feet of freeboard. 

The outlet works would consist of an intake structure, conduit, and an energy dissipater. 
The 8.5-foot diameter concrete conduit, which would have an intake elevation of 1,392, 
would be 450 feet in len-@h and would be capable of releasing up to 2,590 cfs when the 



natural conditions. This decrease in velocity would not be sufficient to affect existing 
erosion patterns. The reservoirs that would be created behind the dams would act as 3 

stilling basin, reducing the level of suspended solids in the impounded flood flows. During 
floods, increased scour will occur downstream of the dams until the sediment load of the 
released flows has been restored. The length of downstream channel affected will-vary with 
the time that flows remain ponded behind the dams. Increased scouring will occur for a few 
miles below the dams. 

NATURAL RESOURCES 

Sand and gravel occur in recoverable quantities along the stream beds of the project area. 
Aggregate materials have been excavated from numerous locations along Cave Creek, Skunk 
Creek, and the Agua Fria, Salt and Gila Rivers. The major sources of supply close to the 
City of Phoenix, along the Salt and Gila Rivers, will not be affected by the proposed 
project. The only potential resource that will be permanently removed is the land under the 
proposed embankments. The stream channels will still be available for mining. The proposed 
floodways and flowage easements will restrict urban development along the stream channels, 
helping to preserve sources of material adjacent to urban areas. The area behind the dams 
will be available for mining before the deielopment of recreational facilities or in areas 
where no facilities are planned. The proposed dams will trap some of the sediments that 
normally replenish the streambeds. This will not significantly affect the quantity of sand 
and gravel available downstream. Sediments not removed by mining interests will be 
periodically excavated during maintenance operations. T o  maintain the storage capacity of 
the reservoir no existing active mining operations will be disturbed by construction of the 
project. 

The dam embankments, dikes and levees will require approximately 75 million cubic 
yards of material, primarily sands, silts and gravels. An estimated 640 acres will be excavated 
as borrow t o  supply construction materials. Over 95% o f  this acreage will be located within 
the proposed reservoir areas. With many miles of stream channel available for mining in the 
study area, the construction of the proposed project will not significantly effect the 
quantity or location of aggregate material in the Phoenix area. 

HYDROLOGY 

The surface hydrology in the study area would be modified by the project. The 
recommended project will affect the volume, velocity, duration, and course of surface flows 
downstream from the three dams. By controlling the release of storm runoff from the dams, 
peak floodflows and velocities would be reduced, while the duration of the flows would 
increase. 

The proposed Arizona Canal divenion channel would divert water from the Cave Creek 
watershed to Skunk Creek. This diversion would increase the total volume (acrefeet1 of 
flows along Skunk Creek and the New and Agua Fria Rivers. Adobe and New River Dams 
would detain floodwaters emanating from their respective upstream drainage areas for 



TOPOGRAPHY AND DRAINAGE. 

The proposed project would cause significant changes to the existing topography and 
drainage patterns of the study area. The dams would detain floodwaters and the diversion 
channel would divert floodwaters from the Cave Creek watershed to the adjacent Agua Fria 
River watershed. However, the net effect of constructing the two dams (Adobe and New 
RiPer) and the diversion channel (Arizona Canal diversion channel) would be a reduction in 
the acreage along Skunk Creek, and the New and Agua Fria Rivers that would be subject to 
inundation by a 100-year flood. Flowage easements would be acquired along Skunk Creek 
and the New and Agua Fria Rivers downstream of the diversion channel confluence and 
would be managed in accordance with floodplain management policies. 

Permanent alterations would occur as a result of the construction of the three dams, the 
diverslon channel and associated recreational facilities. In the vicinity of the dams a total of 
4,630 acres would be altered by periodic flooding, 440 acres would be altered by 
channelization of Skunk Creek at Black Canyon Highway and construction of embankment 
dikes and spillways, and 1 10 acres would be altered immediately downstream of Cave Buttes 
Dam and dike No. 1. Behind Cave Buttes and Adobe Dams, 3,170 acres of the detention 
basin area would be altered because of recreational development. Along the Arizona Canal, 
506 acre: would be altered through construction of the diversion channel, and associated 
recreational features and approximately 1,200 acres of land would be altered along Cave 
Creek for development of Cave Creek Regional Park. The streambeds along Skunk Creek 
and the New and Agua Fria Rivers downstream of the dams would remain as natural 
floodways. However, 60 acres of land along these rivers downstream of the diversion 
channel would be altered because of channelization, levee construction, and bank 
stabilization. Additionally, 8,510 acres of .flowage easements would be acquired and 
managed in accordance with flood plain management policies. In summary, 2,204 acres of 
land would be altered significantly because of the construction of structures, 4,630 acres 
would be altered because of periodic flooding, and 8,510 acres would be altered slightly 
because of a change in flood patterns. 

Temporary disturbances would result from excavation and grading operations, especially 
in borrow areas and along haul roads. Areas outside the immediate limits of construction 
which are disturbed would be returned to a preconstruction condition. 

GEOLOGY AND SOILS 

The downstream transport of sediments (sand, silts, gravels, etc.) from upstream sources 
would be significantly reduced by the three recommended dams. An estimated 13,350 
acre-feet of sediment would be trapped by the three dams during their 100-year project life. 
The dams would provide for the controlled releases of floodflows into the downstream 
watercourses. These controlled flows would have velocities lower than those occumng under 



c. Gathering sites: An area of scattered cultural material, often primarily or wholly 
lithic, situated in the proximity of vegetation with a high potential for wild food production 
such as paloverde, mesquite, saguaro, cholla, and barrel cactus. 

d. Agricultural sites: This designation has been given to sites at which the major 
component is the agricultural system. The most common form consists of a field or fields 
Eharacterized by relatively open areas of short grass and some creosote, alluvial soil, ancl a 
predominantly lithic assemblage of artifacts. Additional features are present, such as 
evidences of subsurface ovens or field houses. These features are marked by clusters of 
cobbles and accumulations of ceramics and stone tools. 

e. Habitation sites: An area with a dense scatter of cultural material. There is a high 
proportion of ceramics and there are ground stone implements such as mano and metate 
fragments. Usually, evidences of structures are present. 

f. Multicomponent sites: At three sites, a t  least two of the above-mentioned 
characteristics are present. Two sites cover such a large area that many different 
manifestations occur. They are agricultural fields, secondary trash mounds, peripheral 
scatter of cultural material and small fierd areas, trash mound and village area, reservoir, 
fields with associated trash mounds, rock terraces and alinements, petroglyphs, bedrock 
metate, and six house mounds with associated fields, canals, and rock alinements. 

g. There are four sites which do not fit into any one of the above categories. Each 
can be considered a site type but have been lumped into a group of miscellaneous types. 
They consist of: 

(1) Three parallel channels about 1,300 feet long that extend from the toe of a hill 
westward but end abruptly before reaching the main channel of New River; 

(2) A ring of fue-cracked rock 6.6 feet in diameter which is situated on the edge of a 
minor drainage; 

(3) A quartz outcrop which shows signs of having been quarried; 

(4) A smaU, horseshoeshaped basalt boulder structure on a basalt-covered hill that is 
suggestive of an outlook or a shrine. 

The State Historic Preservation Officer has recommended that an area comprising al l  of 
Sections l ,2 ,  and 3, and the north 112 of Sections 11 and 12 of Township 4 North, Range 1 
East and the south 112 of Sections 13, 14, and 15, and all of Sections 22,23,24,25,26,27, 
34, 35, and 36 of Township 5 North, Range 1 East which includes all of the individual sites, 
be nominated to the National Register of Historical Places as an archeological district. The 
reselvoir area of the recommended damsite extends into parts of Section 22,23,24,25,26, 
27, and 35. Evidence of one possible historic site exists in the New River damsite area. It is 
the foundation of a structure that may have been an early stage station. 



sites suggests that only in the southernmost part of the project area were there sufficient 
resources - available moisture, concentration of wild flwdstuffs, and/or arable lands - to 
meet the requirements of even a small prehistoric population. 

At least four major activity patterns are postulated based on the attributes of five 
recorded sites. They are camping, agriculture, gathering and artwork. Concentrations of 
firkcracked rock occur near scattered circles of stone which are interpreted as the margins of 
hearths and the locations of subsurface ovens. Stone tools consisting of chopper;, 
hammerstones and a knife were noted along with ceramics which indicated an occupation 
within the period A.D. 900 to 1100. Basalt boulders on the lower, east-facing slope of 
Hedgpeth Hills are covered with petroglyphs. Most of the representations occur within a 
328-foot span and extend 82 feet up the slope. Some time depth is represented since there is 
superimposition of figures and there is a redevelopment of patina where the rocks have been 
pecked. Figures include human and animal forms, combinations of biomorphic forms, and 
geometric designs. 

The State Historic Preservation Officer has recommended that the area bounding this 
sites, which includes the individual sites, be nominated to the National Register of Historic 
Places as the Skunk Creek Archeological Dktrict. The area comprises Section 2 1 and the - southwest 114 of Section 32, Township 4 North, Range 2 East. The reservoir area of the 
recommended damsite extends into a part of Section 21. There are no known historical sites 
in the study area. 

New River Dam 

An intensive survey of archeological and historical resources survey in the recommended 
New River damsite area resulted in the recording of 20 archeological sites. No single 
attribute, except for the presence of material culture remains on the surface, is characteristic 
of all the manifestations. In terns of size, the archeological sites range from a sherd and/or 
lithic tool scatter within a circle only a few yards in diameter to a continuous distribution of 
remains over an area of about 0.45 square miles. A defiiition of site types, which has been 
possible in this locality because of the number present, was developed as the sites were 
located. Seven categories eventually were used, the last being a catch-all for unexplained 
sites. These categories are as follows: 

a Sherd and/or lithic scatter: This is an amount of material characterized as light, 
moderate, or dense area of scattered cultural material in a situation where no functional 
interpretation could be applied with confidence. 

b. Campsite or possible campsite: An area of scattered cultural material, 
predominantly ceramic, located in the vicinity of a favorable wild food gathering area or 
along a trail. 



Skunk Creek 

An intensive examination of the lands along Skunk Creek, an inspection of adjacent 
lands, and a review of the literature failed to reveal the existence of archeological or historic 
resources. Not a single piece of ceramic material (not including modem refuse) or a stone 
tool was recovered. 

New River 

The only archeological remains found in the course of the investigations were located 
along the New River channel, 0.9-mile west of the channel, and on the terrace overlooking 
the Agua Fria River. Both are outside of the project overflow area. N o  evidences of  
prehistoric remains or historic sites were found along the New River. 

Agua Fria River 

Three archeological sites were identified along the Agua Fria River - two outside the 
study area and one inside the study area. The two sites outside of the study area occupy the 
slope of the terrace overlooking the eait side of the Agua Fria River flood plain, and are at  
an elevation of about 18 feet above the edge of the flood plain. Ceramics are suggestive of 
an intermittent occupation extending from shortly before A.D. 900 to as late as A.D. 1300. 
The site that was found along the Agua Fria River in the study area is a habitation area that 
extends for about 720 feet in a northeast-southwest direction and about 360 feet in a 
northwest-southeast direction. In all three cases, the units occupy an older river alluvial 
terrace remnant which remains only in isolated cases at the edge of the Agua Fria River 
flood plain. 

The artifactual collection indicates a Hohokam settlement occupied the area about A.D. 
100 to 900. The majority of the plainwares are Gila Plain and its local varieties, together 
with smaller numben of unidentified brownwares, redwares, and variations of Wingfield 
Plain. Stone tools from the site are not well represented. Over half of the items collected can 
be associated with grinding activity. 

Arizona Canal Diversion Channel 

Neither the search of site records nor the archeological field survey yielded information 
on archeological or historic resources that would be affected by construction of the Arizona 
Canal diversion channel. 

Cave Creek 

The portion of Cave Creek from Cave Creek Dam to the Arizona Canal intersects three 
habitation and agricultural sites and 4 petroglyph site, and it is close to a concentration of 
ceramics. 
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I Benefits 

The primary benefit that will accrue from the recommended plan of improvement is the 
reduction of flood damages in metropolitan Phoenix. Without a project (but with Dreamy 
Draw Dam), equivalent annual damages amounting to $17,853,000 would occur in the 
project area over the period 1978-2077. This figure does not include any estimate of the 
damages that would occur if the existing Cave Creek Dam should fail. The proposed project 
will reduce these flood losses to $4,948,000. All dams will be designed to control the 
standard project flood, while channels will cany the 100-year flood. A reduction of 
standard project floodflows will result from the project. However, significant floodflows will 
continue to occur for storms of rare occurance. A summary showing floodflow 
characteristics from storms of future standard project flood magnitude is shown with and 
without the recommended plan in table 23. Damages that will continue to occur with the 
recommended plan will be absorbed by local residents (out of pocket or through flood 
insurance premiums) and by general taxpayers (through subsidized flood insurance 
premiums and flood disaster relie!-). 

Table 23 

Standard Project Flood Characteristics in Overflow Areas 
(Without and With Project) 

Peak Flood Max. Ave. 
Flow Duration Width Depth Depth Velocity 

Overflow Area SPF* (cfs) (hr.) (ft.) (ft.) (ft.) (fps) 

Cave Creek below 
Arizona Canal 

Cave Creek at the 
Salt River 

Cudia City Wash at 
Arizona Canal 

Skunk Creek above 
Arizona Canal 

Agua Fria River below 
New River 

*Standard project flood without (w/o) and with (wl ) project under future conditions of 
development. 

**Reflects existence of existing Cave Creek Dam. 
***Reflects existence of Cave Buttes Dam and Arizona Canal diversion channel. 

)Discharges from Adobe Dam (1,900 cfs max.) would flow for 5 days. 
ff Discharges from Cave Buttes Dam (494 cfs max.) would flow for 48 days and from New 

River Dam (2,600 cfs max.) for 8 days. 0 
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SECTION 1 

NEW RIVER AND PHOENIX CITY STREAMS 
FLOOD CONTROL PROJECT 

1-1. PROJECT DESCRIPTION 

1-1.01 INTRODUCTION AND PURPOSE. This environmental statement, which is 
submitted in compliance with the National Environmental Policy Act of 1969 (Public Law 
91-190), concerns the New River and Phoenix City Streams Flood Control Project. The 
environmental statement describes (a) the recommended plan for the project, (b) the 
environmental setting without the project, (c) the relationship of the project to existing land 
use plans, (d) the probable impact of the project on the environment, (e) the probable 
adverse environmental effects which cannot be avoided, (f) the altematives to the 
recommended plan for the project, (g) the relationship between the short-term use of the 
environment and the maintenance and enhancement of long-term productivity, (h) the 
irreversible and irretrievable commitments of resources which would be involved in the 
project should it be implemented, and (i) the coordination effort which has taken place. 

1-1.02 ORGANIZATION O F  THE ENVIRONMENTAL STATEMENT. The 
environmental statement has six sections. The first section, Section 1, describes the overall 
project, the regional environmental setting, and the alternatives considered in developing the 
recommended plan. This section also addresses the regional effects of the recommended and 
alternative plans, the unavoidable adverse effects of the rewmmended plan, regional 
relationships between short-tern uses of the environment and long-tern productivity, 
regional irreversible commitments of resources, and the overall regional coordination effort. 
Sections I1 through VI concern individual project features. These sections describe in detail 
the individual project features, the local environmental setting, the impacts of the project 
features, and the detailed alternatives for the project features, such as specific alternative 
sites or alinements. 

1-1.03 During detailed design studies, the environmental statement will be revised as 
required. Prior to construction of the rewmmended project features, pertinent sections of 
the environmental statement will be re-examined and updated or supplemented if required. 

1-1.04 Plates, tables, photos. references, a glossary of technical terms, and Appendix A 
(Letters of Comment) follow the last feature section of the report. 

1-1.05 PROJECT LOCATION. The New River and Phoenix City Streams project is 
located in Maricopa County in the southcentral portion of the State of Arizona. The project 
area extends from the Salt and Gila Rivers north about 3Omiles to the base of the 
Hieroglyphic, McDowell, and Usery Mountains and east from the White Tank Mountains to 
the base of the McDowell Mountains (pl. I). This area contains both desert and irrigated 
lands, as well as the Phoenix metropolitan area. 

1-1.06 PROJECT AUTHORIZATION. The New River and Phoenix City Streams project 
was authorized by the Flood Control Act of 1965, Public Law 89-298, approved 
October 27, 1965. The project is an integral part of a five-phase flood control plan for the 



Dreamy Draw channel would extend from Dreamy Draw Dam to  the authorized Arizona 
Canal diversion channel. Cave Creek channel would extend from the authorized Cave Buttes 
Dam to the authorized Union Hills diversion channel. The Union Hills diversion channel 
would extend from 40th Street to Skunk Creek. Skunk Creek channel would extend from a 
point on Skunk Creek just upstream from its confluence with the Union HiUs diversion 
channel to its confluence with New River. New River channel would extend from the mouth 
of Skunk Creek to the confluence of the New and Agua Fria Rivers. The Agua Fria channel 
would extend from the mouth of New River to a point about 2 miles downstream of the 
U.S. Highway No. 80 crossing. The authorized Arizona Canal diversion channel would 
generally parallel the north side of the Arizona Canal from approximately 12th Street to 
Skunk Creek. A more detailed description of the unconipleted features of the authorized 
project is given in Sections I1 through VI of this statement. ' 

1-1.09 RECOMMENDED PROJECT PLAN. The recommended plan (pl. 4a) for the 
uncompleted features of the project, which differs from the authorized plan, is described in 
the following subparagraphs. 

a. Cave Buttes Dam. The recommended Cave Buttes Dam will be constructed at a 
location 1.2 miles north of the authorized site, approximately 0.7 miles downstream from 
the existing Cave Creek Dam. The main embankment will be a 2,280-foot long 
compacted-earthfill structure rising a maximum of 110 feet above the streambed. Tl1 Ge 
additional earthfill dikes will be required, with lengths of up to 9,010feet and maximum 
heights of up to 56 feet. An unlined spillway, west of the right dam abutment, in 
conjunction with the outlet works will pass a peak discharge of 101,500 cfs. The outlet 
works will be capable of releasing 494 cfs. The detention basin will have a capacity of 
46,600 acre-feet at spillway crest of which 5,730 acre-feet will be for the accumulation of 
sediment. 

b. Adobe Dam. Adobe Dam will be constructed on Skunk Creek, across Deer ValIey 
Drive, 1 mile west of the Black Canyon Highway. This site is approximately 4 miles south of 
the authorized site. The main embankment will be a compact-d-earthfill structure, a 
maximum of 63 feet high and 2.1 miles long. A concrete-lined spillway, west of the main 
embankment, in conjunction with the outlet works will pass a peak discharge of 14,800 cfs. 
The outlet works will be capable of releasing up to  1,890 cfs. The detention basin will have 
a capacity of 18,350 a m f e e t  of which 2,700 acre-feet will be used for the accumulation of 
sediment wer  a 10Cbyear period. Channelization of Skunk Creek will be required in the 
vicinity of Black Canyon Highway to assure conveyance of the standard project flood to the 
Adobe detention basin. The two existing highway bridges and two frontage road bridges 
must be lengthened 134 feet to accommodate the wider channel. 

c. New River Dam New River Dam will be constructed on New River at the 
authorized site, 8 miles upstream from the confluence with Skunk Creek. The main 
embankment will be a compacted-earthfill structure 2,800 feet long having a maximum 
height of 91 feet. An earthffl dike will be required along the west edge oC the detention 
basin. A concrete-lined spillway, east of the left abutment, in conjunction with the outlet 
works, will pass a peak discharge of 63,30Dcfs. The outlet structure will be capable of 
releasing up to 2,590 cfs. The detention basin will have a capacity of 34,500 acre-feet, of 
whic'h 4,920 acre-feet will be used for the accumulation of sediments over a 100-year 
period. 



d. Arizona Canal Diversion Channel. The Arizona Canal diversion channel will be built 
immediately north of and generally parallel to the Arizona Canal from 40th Street, at the 
upstream end, to Skunk Creek. The channel will continue to be concrete lined to 
approximately Cactus Road. From Cactus Road to Skunk Creek the chafinel will become a 
wide earth-lined chan'nel suitable for development into a recreational greenbelt. At the time 
of construction of the project, local interests will construct 26 bridges, at all streets and 
highways that presently cross the Arizona Canal. 

e. Floodways. In order to a~sure the long-tern capacity to operate the four dams as 
designed, local interests will be required to manage and maintain floodways and floodway 
fringe areas along Dreamy Draw Wash frdm 14th Street to the Arizona Canal diversion 
channel, along Cave Creek from Cave Buttes Dam to Peoria Ave., along Skunk Creek from 
Adobe Dam to the Arizona Canal diversion channel and along New River, from New River 
Dam to the confluence with Skunk Creek. Limits of the floodways and floodway fringe 
areas will be delineated by the Corps of Engineers. Along Cave Creek between Peoria 
Avenue and the Arizona Canal 0.7 mile of concrete channel will be required along with a 
confluence structure at the Arizona Canal divetsion channel. These structures are described 
in detail in Setion VI of this report. As part of the project, local interests will construct 
8 bridges at existing dip crossings, as required by urban development. 

f. Flowage Easements. Downstream of the confluence of the Arizona Canal diversion 
channel with Skunk Creek flowage easements wiU be required along Skunk Creek and the 
New and Agua Fria Rivers to assure positive control of the flood plain under the condition 

'of diverted flows discharging from the diversion canal., Within these reaches evacuation of 
portions of the flood plain and sane structural measures such as flood proofing, bank 
stabilization, and levee constcuction will be required along with some channelization and 
channel clearing. These structural measures are discussed in more detail in Section V of this 
report and are shown on plates 13 through 19 in Appendix 5 of the General Design 
Memorandum. As part of the project, local interests will construct I I bridges at  existing dip 
crossings, as required by urban development. In addition, one railroad bridge will require 
modification. 

1-1.10 Recreational opportunities will be pmvided at Cave Buttes D& and Adobe Dam 
and along the Arizona Canal diversion channel, Cave Creek, Skunk Creek and the New and 
Agua Fria Rivers. Facilities proposed for the damsites include picnicking and camping areas, 
riding and hiking trails, equestrian areas, and nature areas. No recreational facilities are 
planned for Dreamy Draw Dam, however future development is not precluded. Recreational 
facilities will not be provided at New River Dam; instead, in accordance with the suggestions 
of the Recreation Task Force, the acreage behind the dam will remain in its natural state. 
Facilities along the channels generally include trails and conveniently Iocated rest stops with 
comfort stations and picnic tables. A regional park with an outdoor education center and 
recreation facilities is phnned along Cave Creek. A low intensity recreational greenbelt is 
planned along the Arizona Canal diversion channel west of Cactus Road. Other facilities are 
planned by locd interests. 



1-2. ENVIRONMENTAL SETTING WITHOUT THE PROJECT 

1-2.01 TOPOGRAPHY AND DRAINAGE. The project area is within the Gila River 
Basin, which is the largest drainage area tributary to the lower Colorado River and comprises 
58,200 square miles. About 70 percent of the drainage area is mountainous while the 
remainder is alluvial valley. The mountains are characterized by rugged terrain and steep 
gradients, while the valleys are fairly flat with regular slopes. 

1-2.02 The area pertinent to flood problems in Phoenix and vicinity is in Maricopa and 
Yavapai Counties in the central part of Arizona (see pl. 21, and comprises approximately 
2,730 square miles. The area is roughly oval, with a maximum length and width of 
approximately 90 and 45 miles respectively. Elevations range from 910 feet at the 
confluence of the Agua Fria and Gila Rivers to 7,000 feet in the mountains near the 
headwaters of the Agua Fria River. The topographic characteristics of the major 
watercourses draining the project area are described in the following subparagraphs. 

a. Agua Fria River. The Agua Fria River originates about 7,000 feet above sea level in 
the mountains of central Arizona and flows southward for about 130 miles before emptying 
into the Gila River, 15 miles west of downtown Phoenix, at elevation 910 feet. The course 
of the stream is nearly equidistant between two parallel mountain ranges, the Black 
Hills-New River Mountains and the Bradshaw Mountains, that fonn the eastern and western 
boundaries of the drainage area. The gradient of the Agua Fria River ranges from about 
300 feet per mile in the headwaters to about 10 feet per mile at the Gila River. 

b. New River. New River, the major tributary of the Agua Fria River, has its 
headwaters in the New River Mountains, roughly 40 miles north of Phoenix. New River 
flows generally southward for about 40 miles to  its confluence with the Agua Fria kver, 
about 15 miles west of Phoenix. The drainage area of New River at  its mouth is 340 square 
miles, of which approximately one4hird is mountainous. Elevations in the basin range from 
a little over 5,000 feet in the New River Mountains to about 1,040 feet at the confluence 
with the Agua Fria River. The stream gradient ranges from 370 feet per mile in the 
mountains to 10 feet per mile in the valley. 

C. Skunk Creek. Skunk Creek, the major tributary of New River, rises in the New 
River Mountains about 35 miles north of Phoenix and flows generally southwestward for 
about 30 miles to its confluence with New River about 15 miles nofthwest of Phoenix. The 
drainage area of Skunk Creek is 110 square miles, of which about 20 percent is 
mountainous. Stream gradients on Skunk Creek decrease from 650 feet per mile in the 
mountains to 20 feet per mile near its confluence with the New River. 

d. Cave Creek. Cave Creek has its source in the New River Mountains to the north of 
Phoenix, where elevations rise to as high as 5,000 feet. The stream then descends to the 
alluvial fan near the community of Cave Creek and flows south for 13 miles to Cave Creek 
Dam, which controls the 175 square mile drainage area upstream from the dam. Cave Creek 
then flows across an alluvial fan which is undergoing urbanization between Cave Creek Dam 
and the Aiizona Canal. Floodflows on Cave Creek exceeding the freeboard capacity of the 
Arizona Canal flow directly through metropolitan Phoenix to the Salt River. The total 
drainage area of Cave Creek at the Salt River is.3 11 square miles. The stream gradient ranges 
from 500 feet per mile in the mountains to 25 feet per mile near the Arizona G3nal. 



e. Dreamy Draw. Dreamy Draw, a tributary of Cave Creek, rises in the Phoenix 
Mountains and flows generally southwestward for about 5 miles to its confluence with Cave 
Creek in Phoenix. Dreamy Draw Dam controls 1.3 square miles of the 2.0-square-mile 
drainage area above the Arizona Canal. 

f. Cudia City Wash. Cudia City Wash, with a drainage area of 4.9 miles above the 
Arizona Canal, rises in the Phoenix Mountains northeast of Phoenix and upstream from the 
Arizona Canal. 

E2.03 GEOLOGY AND SOILS. The project area is located in the Sonoran Desert 
Section of the Basin and Range physiographic province. This province is characterized by 
steep mountains and broad alluvium-tilled valleys. The mountain ranges, which are generally 
parallel and trend northwest to southeast, are composed of metamorphic and volcanic rock. 
The basins are filled with alluvial and colluvial materials, primarily gravel, sands and clays 
(ref. 5) to depths of over 1,000 feet. The valley floor was formed by extenvive alluvium 
deposits, which have filled the basin and covered the foreslopes of the hills and mountains. 
Alluvium in the valley may extend to depths of over 1,000 feet and consists of coarse, 
unconsolidated, unsorted sands, gravels and cobbles. The deep dissection of the mountains 
and the extent of the alluvial fans suggest that the project area has had a long history of 
erosion and deposition. 

1-2.04 The soil types in the study area are derived from parent materials characteristic of 
the Basin and Range physiographic province. The soils in the gently sloping valleys are deep, 
heterogeneous in texture, low in organic material and have not been leached of soil 
nutrients. The relatively level surface, combined with soils of favorable workability, provide 
areas of good cropland where irrigation is available. General soil types in theproject area are 
sandy loarns, limy clay loans, and limy loamy soils (ref. 3). Stony and rocky soils are locaily 
present on slopes greater than 30 percent. The soils in the study area are commonly affected 
by the precipitation of salts produced by weathering of rock-forming minerals and brought 
in by surface runoff. Because seepage from rainfall is usually not sufficient to cany salts 
down to the water table, they accumulate in the soil as the water evaporates. The effects are 
most noticable near mountains formed of calcium-bearing rocks, where alluvial deposits are 
commonly cemented by calcium carbonate to  a concretelike material called caliche. Farther 
down the basin slopes, calcium carbonate content decreases, but soluble alkali salts 
detrimental to agriculture'are stiU present. Erosion from the drainage above the proposed 
dams was calculated by the Corps of Engineers for the purpose of determining sediment 
storage requirements in the reservoirs. The sediment yield of 0.3 acre-foot of sediment from 
each square mile was estimated for the drainage area upstream of the dams. 

1-2.05 EARTHQUAKE HAZARD. The earthquake potential in the project area is 
considered low (ref. 4). Severe earthquakes in California and Mexico have been widely felt 
throughout southern Arizona, but only a few weak earthquakes have had epicenters in 
southern Arizona during the 122 years of recorded earthquake history. During that period, 
earthquake damage in southern Arizona has been minor (ref. 4). Based on available data, the 
largest earthquake expected in the project area would have an intensity of approximately V 
on the Modified Mercalli Scale, which ranges from I (weak) to XI1 (very strong) (ref. 4). The 
proposed project site is in a low seismic risk area, assigned to Zone 2, Seismic Risk Map of 
the United States (1969) (pl. 5). 



1-2.06 NATURAL RESOURCES. The natural resources considered in this statement are 
those resources that have a large enough volume or value so that their exploitation would 
have a significant impact on the water use, land use, or economy of Maricopa County. The • 
resources are discussed in three general groups: mineral and fossil fuels, metallic minerals, 
and nonmetallic minerals. All data is derived from the "Lower Colorado Region 
Comprehensive Framework Study", U.S. Dept. of Interior. 

1-2.08 Mineral and Fossil Fuels. There are no known resources of coal or crude oil in 
Maricopa County. The nearest source of coal to the project area is the Deer Creek Field, a 

a 
relatively minor field in eastern Pinal County, located about 100 miles southwest of 
downtown Phoegiix. 

1-2.08 Although appreciable uranium-vanadium deposits have been located in Coconino, . 
Navajo, and Gila Counties, none have been located in Maricopa County. The closest uranium • 
resource to the study area lies in the Sierra Ancha Mountains in the Tonto National Forest, 
75 miles east of Phoenix. 

1-2.09 Metallic Minerals. South of the study area, in a wide belt running south eastward 
through Pinal, P ' ia ,  and Santa Cruz Counties, lies a district in which disseminated copper 
and copper-molybdenum ores are being developed for future large-scale mining. 

a 

I 1-2.10 A large volume of potential iron resource occurs in the Hieroglyphic Mountains 
(Pikes Peak District) 35 miles northwest of Phoenix. Known resources in the area total 
about 90 million short tons. 

I 1-2.1 1 Nonmetallic Minerals. ~alite;(common salt) has been discovered 20 miles west of 
Phoenix in wells drilled about 1 mile apart. In one well, below 880 feet, more than 

I 3,000 feet of solid halite was penetrated. This resource could be used for underground 
storage as well as exploited as a raw material for the chemical industry. 

1-2.: 2 Sand and gravel, a resource that is becoming more limited in tlte study area because 
a 

I of the vast quantities of aggregate materials used by the construction industry, occurs in 
recoverable concentrations in exposed and buried stream channels,' on terraces near 

I mountain fronts, and on alluvial fans. The materials near the mountain fronts contain a 
higher ratio of gravel to sand, whereas the basin f& are mostly sand and silt. In 1970, 
Maricopa County produced 6,363,000 tons of sand and gravel, which represented more than • 

I a third (35.7 percent) of the production for the state. Other significant mining activities 
include the production o h u a p  mica near Buckeye in Maricopa County, and miscellaneous 
clay and shale for manufacturing building brick, mined at the Tolleson pit in Maricopa 

I County. 

1-2.13 CLIMATE. The project area is located in the Sonoran Desert Climatic Zone 

I 
(ref. 6), a zone characterized by long hot summers, short mild winters, low annual rainfall, 
low relative humidity, and a high percentage of possible hours of sunshine. July is the 
hottest summer month, with temperatures ranging from an average daily maximum of 

I 
105 degrees Fahrenheit to an average daily minimum of 75 degrees Fahrenheit. January is 
the coldest month, with average daily temperature ranging from a maximum of 66 degrees a 
Fahrenheit to a minimum of 34 degrees Fahrenheit. 



0 I 
1-2.14 Precipitation is biseasonal, generally occurring as short heavy thundershowers in the 

I) 
summer and long, light showers in the winter. Most summer precipitation falls in the 

I 
afternoon or evening. In late summer or early fall, tropical StORnS may bring heavy and 
widespread precipitation. Most winter precipitation results from cyclonic storms. Slightly 
more than 50 percent of the precipitation falls from November to April. Average annual 

I 
precipitation is 7.2 inches in Phoenix and about 24 inches in the upper watersheds. The 
maximum monthly precipitation of record at Phoenix is 5.6 inches, and the maximum 

I) precipitation for a 24-hour period is 5.0 inches, which occurred in July 191 1. 
I 

E2.15 The project area has an average relative humidity ranging from 24 percent in the 
summer to 54 percent in the cooler, moister winter. Relative humidity has increased in the 
Phoenix area as the result of large irrigated areas, open canal systems, and introduced urban 

I 
plantings. 

1-2.16 The project area averages 86 percent of possible hours of sunshine annually with 

I 
monthly averages ranging from 77 percent in December to 94 percent in June. Winds in the 
project area are generally from the east, having an avefage velocity of about 6 miles per 
hour. Peak gusts occasionally reach as much as 50 miles per hour. The strongest gust of 

I 
record at Phoenix was 75 miles per hour. 

1-2.17 The combination of high temperatures, low relative humidities, maximum amount 

I 
of sunshine, and wind causes a high evaporation rate. The evaporation rate in the project 
area has been estimated to be 6.5 feet per year (ref. 7). I 
1-2.18 SURFACE HYDROLOGY. The watercourses of the Agua Fria River, New River, 
Gila River, and Skunk Creek are generally characterized,by well-defmed floodways and 
channels. The channels of Cave Creek and Dreamy Draw are well defied above the Arizona 

. I 
Canal; downstream from the Canal the natural floodways have been obliterated by urban 
development. Flows in the channels are ephemeral because climate and drainage 

I) 
characteristics are not conducive to continuous runoff. Flows occur only during and 

I 
immediately after periods of heavy rainfalt 

1-2.19 The United States Geological S w e y  has recorded diskharge for surface waters at 
several recording gages within the project area. Precipitation and stream gages are located 

I 
both above and below the sites for the proposed New River, Adobe, and Cave Creek Dams. 
Data presented in the subsequent subparagraphs are derived from these precipitation and 
stream gages. 

I 

a. The average annual total discharge for surface waters of Cave Creek at Phoenix, 
Arizona, is 1,900 acre-feet (ref. 8). The period of record was from October 1957 to 1972. 

I 
The drainage area of Cave Creek above the gaging station at Phoenix is 252 square miles. 

b. The average annual discharge for the New River at the Bell Road Gaging Station at 

I 
Bell Road is 4,180 acre-feet, based on records of annual discharge for Water Years 1963, 
1965, 1967, and annual maximums for 1968 through 1972. The drainage area is 187 square 
miles. 

I 
0 %  I 

I 1-10 
I 

I) 

e: I 



14.33 The diversion of floodwaters from Cave Creek to Skunk Creek will prevent 
floodwaters from reaching portions of the Salt River and the Gila River between the Salt 
and Agua Fria Rivers. Vegetation along the Salt River is already impoverished as a result of 
extensive sand and gravel mining, in conjunction with a lack of constant water supply. No 
significant change in vegetation is expected along the Salt River. The University of Arizona, 
under contract to the Corps of Engineers, compiled environmental information on the Gila 
River from the Salt River to Gillespie Dam (ref. 36). As part of this report, potential 
impacts due to increased or decrease flow were postulated. The most significant effects 
would occur when flows were substantially decreased. A lowering of the water table would 
be expected, resulting in a loss of vegetation in and along the river channel. The associated 
increase in salinity would adversely impact both native vegetation and agriculture. The 
distribution of existing riparian plant species will further shift toward salt-tolerant species. 
such as salt cedar and salt bush. Flows along the Gila River are not expected to decrease 
substantially as a result of the project. 

1-4.34 WILDLIFE HABITAT MITIGATION. The U.S. Fish and Wildlife Service and the 
Arizona Game and Fish Department evaluated the effects of the construction of the 
proposed project on fish and wildlife habitat values. In a letter dated 20 January 1976, the 
U.S. Fish and Wildlife Service stated that the project construction will result in the direct 
loss of 1,600 acres of wildlife habitat, of which about 400 acres is good quality desert wash 
(riparian) habitat. The two agencies indicated the acquisition of additional lands as the only 
feasible means of providing partial conpensation for the habitat that will be destroyed by 
the project. The Arizona Game and Fish Department will operate and maintain the 
mitigation lands 

1-4.35 Three alternative mitigation proposals were considered. The original proposal 
consisted of the acquisition of a 400 a c d  parcel at  the confluence of the Agua Fria and Gila 
Rivers Preservation of the New River Dam detention basin as a wildlife area was also 
considered. As a result of problems encountered with these proposals, a third alternative was 
formulated. This proposal involves the acquisition of about 413 acres of land on the Gila 
River southwest of Buckeye, Arizona, to provide mitigation for both the proposed project 
and for wildlife losses associated with the Indian Bend Wash project. A letter from the 
Flood Control District of Maricopa County dated January 14, 1976 confirmed that the 
acquisition procedures have been initiated. 

1-4.36 ARCHEOLOGICAL AND HISTORICAL RESOURCES. Construction of the 
three dams in the recommended plan will result in alteration or destruction of all or part of 
three archeological districts that have been nominated for inclusion in the National Register 
of Historical Places (Cave Creek, Skunk Creek and New River Archeological Districts). See 
plate 10. 

1-4.37 The Corps of Engineers requested a consultation with the Advisory Council on 
Historic Preservation and prepared a preliminary case report as required under Section 106 
of the National Historic Preservation Act of 1966. A meeting was held on October 2 and 
3, 1975 at which all concerned agencies were present. An onsite inspection was conducted, 
and appropriate mitigation measures were discussed, preliminary to executing a 
Memorandum of Agreement. This agreement will be between the District Engineer, the 
Advisory Council on Historic Preservation and the State Historic Preservation Officer. 
Pending execution of the Memorandum of Agreement, the Corps of Engineers will take no 
action that will affect archeological or historical resources. 
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NEW RIVER DAM 
Feature of the 

New River and Phoenix City Streams 
Flood Control Project 

IV- 1. PROJECT DESCRIPTION 

N-1.01 INTRODUCTION AND PURPOSE. This section describes the New River Dam 
feature of the New River and Phoenix City Streams Flood Control Project. This section 
includes: (a) a detailed description of the recommended New River Dam project feature, (b) 
a description of the environmentd setting in the immediate area of the recommended 
damsite and alternative damsites, (c) the relationship of New River Dam to land use plans 
for the area, (d) the probable impact of New River Dam on the environment, (e) the 
probable adverse impacts which cannot be avoided should New River Dam be constructed, 
(f) an analysis of the alternative sites and facilities studied, (g) the relationship between the 
short-term use of the environment at the recommended damsite and the maintenance and 
enhancement of long-term productivity, (h) the irreversible and irretrievable commitments 
of resources which would be involved should the feature be constructed, and (i) the 
coordination effort which has taken place. 

N-1.02 PROJECT FEATURE LOCATION. The site of the recommended New River 
Dam feature is on the New River about 9 miles north of the New River-Skunk Creek 
confluence. This site, which is the authorized site, is located about 14 miles north of 
Glendale and 6-112 miles west of the Biack Canyon Highway. The location of the< 
recommended dam embankment, dike, and reservoir is s h o h  on plate 19. 

IV-1.03 AUTHORIZED AND RECOMMENDED PROJECT FEATURE. The authorized 
and recommended New River Dam is sited between the easterly tip of West Wing Mountain 
and an unnamed knoll northwesterly from Keefer Hill. The main elements of a dam at this 
site will include an embankment, a dike, a concrete-lined spillway, an ungated outlet works, 
and access roads. (See pl. 19.) These elements are described in the following subparagraphs. 

a. Embankment. The dam embankment will have a length of 2,800 feet and a crest 
elevation of 1,482 feet, which will be a maximum of 91 feet above the elevation of the 
existing streambed. The embankment will be a compacted-earthfill structure. 

b. Dike. The dike, which will extend northerly from West Wing Mountain paralleling 
Lake Pleasant Road, will have a length of 5,800 feet and a maximum height of about 30 feet 
above the lowest elevation along its centerline. 

c. Spillway. The spillway will be concrete lined. Its width will vary from 220 feet at 
the crest to 173 feet at the downstream end of the chute. This rectangular section, which 
will be 589 feet long, will include 94 feet of approach channel, 470 feet of chute structure, 
and a 25-foot-long flip bucket. 



d. Outlet Works. The outlet works will consist of ,an ungated intake structure, 
conduit, and an energy dissipator. Discharge through the outlet conduit, which will be 450 
feet in length and 8.5 feet in diameter, will be 2,590.cfs with the water surface at spiilway 
crest. At the downstream end of the conduit, an energy dissipator will reduce the velocity of 
flow from 60 to 14 feet per second before the water is discharged into the streambed. 

e. Access Roads. Vehicular access to the dike, dam, and spillway will be provided by 
one road having its single entrance at the northernmost end of the dike, which ties into Lake 
Pleasant Road. The total length of the access and service roads will be approximately 18,500 
feet, with a constant elevation of 1,484 feet. 

f. No recreational facilities are presently planned at the recommended New River Dam. 
This will not preclude recreational or wildlife development at a later date. 

IV-2. ENVIRONMENTAL SETTING WITHOUT THE PROJECT FEATURE. 

N-2.01 INTRODUCTION. The sites considered in selecting the recommended site for 
the New River Dam feature are in three locations on the New River. Both the recommended 
(authorized) site and Alternative Site 1 (which is located approximately 2,000 feet 
downstream from the recommended site) are located in a narrow valley between West W i g  
Mountain and outliers of East W i g  Mountain. Alternative Site 2 is about 2.2 miles 
downstream from the recommended site. The environmental setting at the recommended 

, and alternative sites is described in the following paragraphs. 

IV-2.02 TOPOGRAPHY. The hills to the east of the recommended site and Alternative 
Site 1 are a northern extension of the Hedgpetb Hills, while the west side is composed of 
uplifts that separate New River from the Agua Fria River system. The hills adjacent to the 
damsites are over 2,020 feet in elevation, while the lowest part of the river valley is 1,325 
feet. The valley at the recommended damsite is constricted by the West W i g  Mountains and 
Keefer Hill, an outlier of East Wing Mountain. From this point southward to Alternative 
Site 1, New River is confmed to a narrower bed. The valley area has a slope of 20 to 40 feet 
per mile. 

N-2.03 Alternative Site 2 is on a wide plain between Pitcher Hi1 on the east, which has a 
maximum elevation of 2,585 feet, and unnamed hills south of West Wing Mountain, which 
have a maximum elevation of over 1,850 feet. The wide flood plain has a slope of about 30 
feet per mile. 

N-2.04 GEOLOGY AND SOILS. The embankments at both the recommended site and 
Alternative Site 1 would be on poorly consolidated alluvium (primarily silt, sand, and gravel, 
with occasional cobbles and boulders) that is about 90 feet deep. The alluvium is underlain 
by tuffaceous agglomerate and granite. The embankment at Alternative Site 2 would be on 
alluvium of unknown depth. At the recommended damsite, the west abutment is 
well-cemented tuffaceous agglomerate of undetermined thickness capped with felsite and 
andesite and the east abutment is granite and granodiorite overlain by felsite. Both 
abutments are thinly veneered with talus. At Altemative Site 1, the west abutment is felsite 
with occasional intervals of welded tuff and the east abutment is weathered granite. Talus is 
negligible at both abutments. At Altemative Site 2, the west abutment is granite and gneiss 
and the east abutment ig felsite with an andesite cap. The spillway at the recommended 



I damsite will be excavated in granite; the spillway at Alternative Site 1 would be excavated in 
granite and crystalline quartzite; and the spillway at Alternative Site 2 would be excavated 
in felsite. The dike that is common to both the recommended site and Alternative Site 1 is 

I on older alluvium (consolidated silt, sand, and gravel) of unknown thickness. 

IV-2.05 The mountain soils in the study area are thin and poorly developed, while the 

I valley sails are alluvial soils (sand, gravels and cobbles) in the drainages and sandy loam or 
loam on the gently sloping fans and valley slopes (ref. 3). 

I IV-2.06 SURFACE HYDROLOGY. New River and its tributaries drain the western 
slopes of the New River Mountains and then flob southward across the dissected plateau at 
the northwest end of Biscuit Flat. In the Biscuit Flat area, the drainages form a dense 

I dendritic pattern that merges at the study area Here, the water course is confmed by hills 
before it flows onto the lower bajada of Deer Valley. A dam at the recommended site will 
control the runoff from 164 square miles. A dam at  Alternative Site 1 would control the 

I runoff from 176 square miles, and a dam at the Alternative Site 2 would control runoff 
from 164 square miles of drainage area Based on stream gage records the average annual 
runoff for the New River study area is estimated to  be 4,200 acre feet annually. 

IV-2.07 SUBSURFACE HYDROLOGY. The U.S.G.S. reports that depths to 
groundwater in the study area generally range from 200 to 300 feet. Data for a well within 

I the study area of the recommended damsite indicated depth-to-water of 126 feet in August 
of 1970. Groundwater depths in the area have been decreasing, with a drop of 49 feet 
during the decade from 1962 to 1972 (ref. 27). Wells in the area are capable of producing 

"I 1,000 or more gallons per minute. Infiltration rates in the area are high, often measured in 
the feet-per-day range. No water quality data are available for wells in the New River Dam 
area. 

1 IV-2.08 VEGETATION AND WILDLIFE. The study area at the recommended site and 
at Alternative Site 1 is a natural desert landscape with little disturbance to the vegetative 

1 communities. (See photo 13 and pl. 26). About 350 acres of desert wash vegetation and 
1,665 acres of desert outwash and upland vegetation are within the study area. An 
additional 25 acres are classified as having highly disturbed vegetation. The site is relatively> 

I 
isolated, which accounts for the lack of significant disruption to the natural communities. 
The vegetation is more varied and denser than at the sites for Cave Buttes or Adobe dams. 
Some of the largest specimens of ironwood (25-30 feet tall) seen near Phoenix grow near 

I 
this site (see ph6to 14). Large ironwoods are unique in the Phoenix area, because many have 
been cut for fmwood or have been removed for citrus planting. 

IV-2.09 None of the land in the study area at the recommended site and Altemative Site 1 'J I is currently under cultivation, and there is little evidence that fanning occurred here 
historically. The area is used for grazing many types of domestic animals, including cattle, 

I 
sheep, goats and horses. The disturbances to the vegetative communities are primarily from 
grazing and off-road vehicular uses. The area contains an extensive area of high quality 
riparian wildlife habitat, composed of dense growth of large mesquite, ironwood, blue 

"1 
paloverde and desert willow (photo 15). Riparian habitat of this quality in close proximity 
to metropolitan Phoenix is limited. This habitat, as well as bajada and upland habitats, 
provides food and cover for such game species as doves, quail and cottontail rabbits. A few 



desert mule deer can also be found at the site. Many nongame wildlife species also inhabit 
the area, including many birds, large and small mammals, amphibians and reptiles. 

I 
6 

IV-2.10 Comparing the three dams recommended as project features, based on habitat 
quality and least amount of disturbance, animal population densities should be greatest at 
the recommended New River Dam feature, followed in descending order by Cave Buttes and 

i 
Adobe Dams. 

N-2. l l Alternative Site 2 has about 110 acres of desert wash vegetation and 1,500 acres 
of desert outwash and upland vegetation within the standard project flood overflow area. 

I 
This site has experienced greater habitat disturbance than the recommended site or 
Alternative Site 1. The disturbance to the desert landscape has occurred from a mining 

I 
operation, land clearing (about 10 acres), and a trailer site. An estimated 100 acres have 
highly disturbed plant communities. Extensive damage to the vegetation and land has 
occurred from use of the area by off-road vehicles. Open-land grazing occurs throughout the 

1 
alternative site. As at the upper sites, game species are common, providing many hunting 
opportunities. I 
N-2.12 ARCHEOLOGICAL AND HISTORICAL RESOURCES. An intensive survey of 
archeological and historical resources in the New River study area was conducted by 
Arizona State University, Department of Anthropoloay, under a contract with the Corps of 

+ 
Engineers. A total of 43 archeological sites were recorded in the study area, of which 20 
were at the recommended site and Alternative Site 1, and 23 were at Alternative Site 2. No 
single attribute, except for the presence of material culture remains on the surface, is 

I 
characteristic of all the manifestations. In ,terms of size, the archeolomcal sites range from a 
sherd and/or-lithic tool scatter within a circle only a few yards in diameter to a continuous 
distribution of remains over an area of about 0.45 square miles. The State Historic 

t 
Preservation Officer has recommended that an area comprising all of Sections 1, 2, and 3, 
and the north 112 of Sections 11 and 12 of Township 4 North, Range 1 East, and the south 
112 of Sections 13, 14, and 15, and all of Sections 22, 23,24, 25, 26, 27, 34, 35, 36, of 

I 
@ 

Township 5 North, Range 1 East be nominated to the National Register of Histotical Places 
as an archeological district. (pl. 10) ,The New River. Dams Archeological District was 
nominateh to the National Rdgister in July 1975 (ref. 29). 

I 
IV-2.13 A classification of site types within the archeological district includes sherd 
and/or lithic scatter areas, campsites, gathering sites, agricultural areas, habitation sites, 
multiwmponent sites and 4 sites which do not fit in any of these categories. These 4 sites 
include three parallel channels 1,300 feet long; a ring of fire cracked rock, probably 
belonging to a food-processing unit of an early date; a ceremonial quartz rectangle; and a 
horseshoe-shaped basalt boulder structure suggestive of a lookout or shrine. One historical 

I 
site has been identified at the recommended dam site. 

N-2.14 POPULATION. The New River study area contains no residential dwelling 
units. The pattern of development depicted in the following tabulation is based on 
population projections for Maricopa County made by the Bureau of Economic Analysis of 
the U.S. Department of Commerce and the Economic Research Service of the U.S. 

I 
Department of Agriculture (OBERS). The projections were allocated by the Corps of 
Engineers within the county on the basis of data provided by the Maricopa Association of 
Governments, historical trends, local and regional land use plans, current zoning and the 

f 



National Flood Disaster Act of 1973. The population projections were calculated for an area 
with a radius of 5 miles from the recommended New River Dam. 

Year Population Density 
(persons sq. mi.) 

1979 Negligible 
1990 Negligible 
2020 25,000 320 

IV-2.15 LAND USE. The majority of the land in the three New River damsites 
considered is used for grazing, although some land at Alternative Site 2 has been platted in 
preparation for future subdivision and development. There are several mineral mining leases 
on lands along the New River at Alternative Site 2. The present land ownership at the 
recommended site is shown on plate 27. 

IV-2.16 TRANSPORTATION. Improved roads are scarce in the area; however, the sites 
can be reached by driving to  the northernmost end of 83rd Avenue. The sitesare also easily 
approached from Lake Pleasant Road. No railroads are present in the study area. A private 
landing strip is located 1.5 miles west of the recommended site. 

IV-2.17 RECREATION. There are no formal recreational facilities at any of the sites. 
The sites show evidence of use by hunters and off-road vehicles, although some of this use 
involves trespass. Hunting is permissible on some public lands and on non-posted private 
lands. 

IV-2.18 NOISE. There are no point sources of noise at  any of the sites. 

IV-2.19 ESTHETICS. Relative to all of the project damsites, these sites have the greatest 
esthetic value. The East W i g  and West Wing Mountains provide a background of high visual 
quality to the extensive riparian vegetation in the New River floodway, which forms 
esthetically pleasing dark ribbon patterns on the lighter colored valley floor. Scenic vistas 
from the West Wing' Mountains include the Hieroglyphic Mountains on the northwestern 
horizon across the dark desert wash vegetation of the Agua Fria flood plain. An unnamed 
hill bounds the northeast margin of the study area, providing an additional visual resource. 
Vistas to the south of the study area include the green agricultural development of the Deer 
Valley and a view of the encroaching urban development. 



IV-4. THE PROBABLE IMPACT OF THE PROPOSED PROJECT FEATURE 
ON THE ENVIRONMENT 

IV-4.01 TOPOGRAPHY. The topography at the recommended damsite will be altered 
by the construction of a main embankment, one dike, a concrete-lined spillway, and access 
roads. A total of 8,600 feet of embankment will rise as high as 91 feet above the streambed, 
and 1,460 acres will be affected periodically by inundation with flood waters. Sediment 
accumulation will alter the area upstream of the dam; 4,920 acre feet of storage has been 
allocated for sediment accumulation over a 100-year period. 

IV-4.02 NATURAL RESOURCES. The recommended project feature will have a 
minimal effect on the quantity of sand and gravel available to be mined. The land under the 
embankments will be permanently inaccessible as a potential resource. The sediments that 
accumulate behind the dam will not be conveyed to  the downstream channels. These 
sediments will be available to  mining operations. The sediments not removed by mining will 
be periodically cleared to maintain the storage capacity of the reservoir. Construction of the 
embankments will require large quantities of material. An estimated ,195 acres will be 
excavated as bovow to supply the necessary material. Approximately 143 acres of the 
designated borrow areas wilhbe within the reservoir. 

IV-4.03 SUBSURFACE HYDROLOGY. As a result of the construction of the dam, 
flood flows will be temporarily detained for release at a controlled rate. This will decrease 
the volume of surface flows in the downstream channels during periods of flooding, and will 
increase the duration of flows in the downstream channels. This, in turn, will increase the 
groundwater recharge potential. The potential recharge is not sufficient to  affect the total 
groundwater regimen in the area. Riparian habitat along the downstream channels may 
benefit from the increased duration of available moisture. 

IV-4.04 WATER QUALITY. The recommended project feature will have no effect on 
water quality in the area. 

IV-4.05 VEGETATION AND WILDLIFE. The proposed project will cause a significant 
loss of native vegetation and wildlife habitat at the relatively unspoiled New River site. The 
habitat losses will not jeopardize the perpetuation of plant and animal communities locally 
or regionally since the species occur extensively throughout the Sonoran Desert; however, 
the impact of the loss is viewed as severe because of the excellent quality of the habitat, 
especially the native desert wash community, and its close proximity to Phoenix. Habitat of 
the quality found at New River will be in danger of elimination as Phoenix continues to 
grow and expand. The impact of the proposed action is significant enough to  warrant 
mitigation for the loss of riparian vegetation. In total, about 300 acres of desert biotic 
communities will be removed by the recommended project feature. Construction of the 
proposed dam, dike, spillway and access roads will permanently remove about 100 acres of 
wildlife habitat. Borrow areas will eliminate natural vegetation from an estimated 200 acres 
of land. For construction of the dam and dike an estimated 225 acres of high quality 
(natural growth with little man-made alterations) desert wash or riparian vegetation, utilized 
by a diverse variety of wildlife species, will be removed by project related activities. The 
remaining vegetation to be affected by the project (about 75 acres) is desert outwash and 
upland vegetation with a fairly sparse assemblage of plants. 



IV-4.06 In addition to the 300 acres of  habitat physically removed by the proposed 
action, an estimated 1,460 acres of vegetation w~l l  be vulnerable to inundation from a 
standard project flood. However, probability of this occurrence is only once in a 200- to  
300-year period. Inundation of vegetation over a much smaller area (acreage undetermined) 
is more likely to occur during smaller 50 or 100-year floods. A 100-year flood will inundate 
about 1.,000 acres for 3 days and 80 acres for 7-112 days. A 10-year flood will cover about 
300 acres for 1 day and 80 acres for 2-112 days. Prolonged inundation and heavy 
sedimentation probably would kill or severely damage large trees and shrubs in part of the 
overflow area. Vegetation characteristic of highly disturbed areas (i.e. many weedy annuals) 
would flourish while many desert wash and outwash plain species would be lost. An area 
behind the dam of perhaps 100 t o  200 acres, where water will frequently impound and 
maintenance operations will be required, will be characterized by highly disturbed vegetation 
of mostly weedy forbs and grasses. The community structure probably would approximate 
that found in the area subject to inundation behind Cave Creek Dam. The weedy herbaceous 
growth and grasses behind Cave Creek Dam that thrive under such highly disturbed 
conditions provide excellent food and cover for wildlife, especially such game species as 
Gambel's quail, mourning and white-winged doves, and rabbits. 

IV-4.07 When possible, borrow areas will be located where damage to  natural vegetation, 
especially high quality riparian growth, will be reduced. Borrow areas will be contoured t o  
facilitate reestablishment of natural vegetation. Exposed project areas will be landscaped 
with native vegetation to  provide visual and habitat benefits. Suitable species of native 
vegetation in the borrow and excavation areas will be salvaged' and used for landscaping 
when possible (i.e., saguaro cactus, barrel cactus). In those disturbed areas where surface 
soils are removed and not replaced, natural redevelopment of desert trees and shrubs may be 
very slow and forbs and grasses probably will predominate for many years. The downstream 
slope of the dam and dike will be landscaped, helping to  recover some wildlife habitat losses. 
Wildlife expected to dominate the disturbed terrestrial habitats include lizards, snakes, 
pocket gophers, desert  mi^% and rats, rabbits, doves and various song birds. 

IV-4.08 The impoundment of water behind New River Dam during floods will influence 
the quality of the riparian vegetation behind the dam and downstream. The floodway below 
the dam will significantly decrease, resulting in a decrease- in total plant cover and vigor 
along New River from the dam to Skunk Creek. A similar condition appears to predominate I 
along Cave Creek below Cave Creek Dam although no empirical data are available to  support I I 
this assumption. Riparian vegetation behind New River Dam probably will show increased 
vigor and cover in response to an additional water supply. However, any enhancement of 
riparian growth behind the dam probably will be at the expense of riparian and outwash 
vegetation downstream from the dam (i.e., a redistribution of total plant biomass). Salt 
cedar presently does not occur at the proposed New River Dam site. It is not known if the 
development of this dam will produce conditions favorable for salt cedar growth. For 
example, salt cedar growth behind the existing Cave Creek Dam is very rare. Although salt 
cedar provides wildlife habitat benefits for such species as white-winged doves, it is often at 
the expense of native vegetation which provides valuable food and cover sources. 



IV-4.09 Large ironwood, mesquite, blue paloverde, and desert willow will be removed by 
the proposed action. The loss of these trees as well as other less prominent members of the 
desert wash community structure represents a significant adverse impact on wildlife species 
since such growth provides food, cover, nesting and resting habitat. The loss of saguaro 
cactus is also viewed as adverse. The saguaro cactus has been declining in numbers in 
Arizona because of limited recruitment of new plants. Several factors (i.e., temperature, 
moisture, land uses) are apparently responsible for the limited recruitment of new plants. 
This large prominent plant provides esthetic benefits as well as food and cover for various 
wildlife species (i.e., flicker, Gila woodpecker, white-winged dove, elf owl, woodrat). Every 
effort will be made to retain or salvage saguaro cactus during project construction. 

IV-4.10 The proposed action will remove habitats that support a variety of wildlife species 
including lizards, snakes, rabbits, small rodents, song birds, doves, quail, hawks, badger, 
coyote, fox, javelina, and mule deer. Many small animals, especially rodents and reptiles, 
will be destroyed by construction activities and/or inundation of the overflow area during 
floods. Those animals not actually killed by construction activities will be displaced to 
surrounding habitats probably already supporting maximum wildlife populations and 
probably most would not survive. 

IV-4.I I No threatened or endangered plant or animal species will be jeopardized by the 
proposed action. 

IV-4.12 ARCHEOLOGICAL AND HISTORICAL RESOURCES. Construction of the 
recommended project feature will alter or destroy 20 archeological sites that are located 
within the New River Dams Archeological District, a property that has been nominated to  
the National Register of Historic Places (pl. 10). The type of land modification and 
inundation associated with the recommended damsite precludes preservation of the cultural 
resources. Mitigation measures proposed by the Corps of Engineers t o  the Advisory Council. 
on Historic Preservation include the mapping of the location of artifacts, excavation, pollen 
analysis, carbon 14 and archaeomagnetism dating, identification of flora and fauna from 
archeological deposits, petrographic analysis of ceramics, and the formulation of an 
adequate research design and testing program to identify and interpret the cultural resources 

. 

removed from the sites. The recovery ratio will vary, depending on the degree of impact and 
the importance of the site. Between 75 and 100 percent recovery is contemplated for sites 
that will be directly affected by construction or borrow operations, while the recovery of 
moderately and minimally affected sites will vary from 1 to  40 percent depending on the 
estimated value of the site. 

IV-4.13 POPULATlON AND LAND USE. Construction of a dam on New River at the 
recommended site will have no effect on future land use or population in the area. County 
and local land use plans presently indicate this site as the future location of New River Dam. 
The inundation basin behind the dam will become permanent open space. As a result of the 
construction of the dam, the floodway immediately below New River Dam will be reduced, 
and acreage will be released for other uses. Because of the remote location of this acreage, 
no impact on land use is expected to occur. 



IV-5. ANY PROBABLY ADVERSE ENVIRONMENTAL EFFECTS 
WHICH CANNOT BE AVOIDED 

IV-5.01 Visual impairment will occur with construction of the recommended project 
feature. The dam. and its appurtenances will be obviously artificial structures that many 
persons will consider unattractive. 

IV-5.02 Sediments transported by New River will be impounded by the recommended 
dam; an estimated 4,920 acre-feet of sediments will be impounded over a 100-year period. 

IV-5.03 Large quantities of material will be required for construction of the dam. 

IV-5.04 Construction of the project feature will subject 1,460 acres t o  the effects of 
periodic inundation and sedimentation. Approximately 300 acres of desert biotic 
communities within the reservoir area will be removed by the construction. Of this total, 
approximately 225 acres are high quality desert wash or riparian vegetation. 

IV-5.05 Twenty archeological sites within the New River Dams Archeological District will 
be altered or destroyed. 



IV-8. ANY IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 
WHICH WOULD BE INVOLVED IN THE PROPOSED ACTION 

' SHOULD IT BE IMPLEMENTED. 

IV-8.01 The recommended feature would commit 1,460 acres of land to flood control 
purposes 

IV-8.02 Construction of this project feature will result in the destruction of archeological 
resources in the New River Dams Archeological District. 

IV-8.03 Construction of New River dam and its appurtenances will require 1.8 million 
cubic yards (silt, sand, gravel and cobbles) of material. 



IV-9. COORDINATION 

IV-9.01 Detailed coordination for the New River Dam feature of this project has been 
carried out with the Recreation Task Force, the Arizona Conservation Council, the U.S. 
Fish and Wildlife Service, the Arizona Game and Fish Department, the National Park 
Service, and the Advisory Council on Historic Preservation. 
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UNITED STATES 
D E P A R T M E N T  OF T H E  I N T E R I O R  

OFFICE OF THE SECRETARY 
0 PACIFIC SOUTHWEST REGION 

BOX36098  . 4 5 0  GOLDEN GATE AVENUE 

SAN FRANCISCO. CALIFORNIA 94102 

(415)  5 5 6 - 8 2 0 0  

Octn ber  30, 1975 

Col. John V. Foley 
U.S. Army Engineer D i s t r i c t ,  L.A. 
Corps of Engineers 
300 N. Los Angeles S t r ee t  
Los Angeles, CA 90054 

Dear Col. Foley: 

The Department of the  In t e r io r  has reviewed the  d ra f t  environmental 
statement and General Design Memorandum f o r  flood control  project ,  
Gi la  River Basin, New River and Phoenix City Streams, Maricopa and 
Yavapai Counties. Arizona. 

We a re  pleased t h a t  impacts on sand and gravel resources a r e  acknowl- 
edged i n  both documents. Because of rapid growth and continuing 
development i n  the  Phoenix area, these aggregate resources a r e  of 
considerable value and significance.  I n  f a c t ,  data more recent than 
the  1970 figure c i t ed  i n  the  environmental statement (page 1-19) show 
an upsurge i n  the  production of sand and gravel i n  Maricopa County. 
According t o  the Bureau of Mines' Minerals Yearbook, quant i t i es  
produced rose from 6,363,000 tons ($6,866,000) i n  1970 t o  12,912,000 
tons  ($14,022,000) i n  1971 and t o  15,675,000 tons ($18,198,000) i n  
1972. We suggest t h a t  the  discussion about overa l l  e f f e c t s  of the  
pro jec t  on t h i s  prosaic but v i t a l  mineral resource be expanded to  
show i n  more d e t a i l  the  magnitude of the  impact and t o  discuss 
measures for  mitigation. 

Aggregate resources, of unspecified qua l i t y  and quanti ty,  would be 
l o s t  a t  Cave Buttes Dam (DES, page 11-19), a t  Adobe Dam (DES, page 
1 1 - 2 9 ) ,  and a t  New River Dam (DES, page IV-13), and a t  t he  f i r s t  two 
s i t e s ,  ongoing qfning operations apparently would be displaced (DES, 
pages 11-19 and 111-13). For the  d o l e  project ,  aggregate resources 
under some 6,100 acres required f o r  channels, dams o r  dikes and 
impoundments would be c o m i t t e d  (DES, pages 1-79 and 1-81); urban 
development tha t  is expected t o  r e s u l t  from flood protection afforded 
by the  project  might cover another 1,200 acres of po ten t ia l  aggregate- 
bearing land (DES, page 1-88); and the  8,300 acres of designated 
floodway/flowage easement would remain open for  recovery of aggregate 
resources (DES, page V-31) subject  t o  a lack of replenishment from 
upstream sources (DES, pages 1-79 and -80). 



The documents do not provide any analysis about the  significance of 
project impacts i n  re la t ion  t o  the  t o t a l  supply of aggregate i n  the  
Phoenix area. 

Basic t o  such analysis i s  proximity of avai lable  aggregate resources t o  
markets. Since, generally, the pr ice  of aggregate a t  the  quarry or  p i t  
i s  doubled a f t e r  25 miles of truck transportation, the  importance of 
close-in recoverable resources of aggregate i s  obvious. I f  such 
resources a re  available only a t  some distance from the  c i t y  because of 
encroachment and c d t m e n t  of close-in deposits, the  documents should 
recognize tha t  costs of construction would be increased s ignif icant ly.  
We suggest that  the reports show not only the  commitment of aggregate 
but a l so  the  overall  impact of the project oa the a v a i l a b i l i t y  of 
sand and gravel i n  the  Phoenix area. To mitigate o r  reduce the  los s  
of t h i s  valuable resource, we urge tha t  multiple sequential use of project 
lands be considered and practices wherever possible so that  aggregate 
resources lying i n  the  path of the  project  can be extracted before they 
a r e  lo s t .  

Some major construction requirements which would apparently e n t a i l  
major impacts in  urban areas have been mentioned i n  a peripheral 
manner i n  widely scat tered par t s  of the  d r a f t  environmental statement. 
For example, the f i r s t  mention of bridges t h a t  has been noted i s  tha t  
the channelization of Skunk Creek would require  the  lengthening 'by 

a 
134 f e e t  of two exis t ing highway bridges and two frontage road bridges ' 
(p. 1-7, par. 3). Later it i s  noted tha t  20 d ip  crossings would be 
replaced by all-weather bridges (p. 1-91, par. 2). S t i l l  l a t e r ,  a 
br ie f ing  reference i s  made t o  the  requirement f o r  14 new highway 
bridges and one ra i l road  bridge extension i n  providing the  recommended 
floodways below the dams (p. V-3, par. 3). It i s  f i r s t  mentioned i n  
the  supplementary section on t h e  Arizona Canal Diversion Channel tha t  
26 bridges would be required fo r  s t r e e t s  and highways t h a t  presently 
cross the  Arizona Canal (p. VI-4, l i n e  19). 

Similarly,  t he  f i r s t  mention.of the proposed construction of f a i r l y  
extensive levees i n  several places was found in  the  .supplementary 
sect ion on Skunk Creek, New River and the  Agua Fr ia  River. There it 
i s  noted t h a t  nearly 10,000 f e e t  o f  leveee from three- t o  eight-feat  
high a re  proposed around f i v e  res ident ia l  subdivisions along the  Agua 
Fr ia  River (p. V-6) and tha t  5,700 fee t  of levee up t o  four-feet 
high would be constructed along New River (p. V-5). These proposed 
f a c i l i t i e s  do not appear t o  be included among the  proposed levees 
and dikes delineated on P la t e  4 (Recommended Plan, Flood Control). 
It would be helpful t o  provide a reference t o  the  map on which these 
propdsed f a c i l i t i e s  have been delineated, and t o  evaluate any impact 
of these levees. 
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September 29, 1975 

Ms. Constance LaMonica 
State Clearinghouse Contact 
1645 West Jefferson 
Phoenix, AZ 85007 

Project: Draft Environmental Impact Statement for  New River 
and Phoenix City Streams 

State Application Identif ier:  75-80-0041 

Dear Ms.  LaMonica: 

The Draft EIS fo r  the New River and Phoenix City Streans represents 
an excellent consideration of the  archaeological resources tha t  w i l l  
be affected by t h i s  project.. The thoroughuess exhibited i n  t h i s  
aspect of the  document is appreciated. 

Sincerely, 

%fj " <&a*( &.cq 
Robert J. Hard R. Owinn Vivian 

State Clearinghouse Contact Archaeologist 
Arizona State Museum Arizona State Museum 

cc: Garth A. Fug&y 



DEBITAGE - The waste chips of stone left over after a stone tool has been fashioned. 

DEBRIS BASIN - A basin formed behind a low dam or excavated in a stream channel to 
trap debris carried by flood water. 

DENDRITIC DRAINAGE - A tree-like pattern of converging tributaries upon a main river 
or stream. 

DETENTION BASIN - (Also called a retarding basin) a reservoir wherein excess water is 
stored for a relatively brief period of time, until it can be safely released. 

DIKE - An embankment constructed to prevent overflow from a body of water, to retain 
water in a reservoir, or to prevent water from inundating an area of lower elevation. 

DIVERSION DAM - A Tied dam built to divert all or part of the water in a stream away 
from its natural course. 

DROP STRUCTURE - Structure, vertical or inclined, installed for the purpose of dropping 
water to a lower level and dissipating its energy. 

ECOSYSTEM - A basic unit of ecology referring to a balanced system of organisms with 
their environment. It is usually self-maintaining and self-stabilizing unless its organisms or 
environment are altered by natural or human influences. 

ECOTONE - The boundary between two ecosystems. It is important to consider such areas 
in an environmental/ecological analysis. Because two different ecosystems are acting in such 
areas, there tends to be greater species diversity and activity (referred to as the "edge 
effect"). 

ENERGY DISSIPATOR - A structure designed to decrease the velocity or turbulence of 
flowing water. 

ENTRENCHED - See intrenched. 

EPHEMERAL STREAM - A stream which flows only during and following a period of 
rainfall. 

FAUNA - The animals of a given region taken collectively. 

FELSITE - A light-colored igneous rock having few or no conspicuous crystals. 

FERRIGENOUS - Of or pertaining to iron. 

FLAKE - Any bit of stone derived when a core is struck with another stone. It may be 
waste or may be fashioned into a tool. 

FLIP BUCKET - An energy dissipating structure found on the spillway or outlet works of a 
dam. 



FLOOD INSURANCE - Any insurance program designed to provide fmancial relief for 
damages incurred due to flooding. 

FLOOD PLAIN - A belt of low, flat ground bordering a river or stream on one or both 
sides which is inundated when surface flows exceed the capacity of natural channeL 

FLOOD PROOFING - Those adjustments, temporary or permanent, to a building or its 
contents, which are designed to keep water out or reduce effects due to inundation. 

FLOOD WARNING - Any system of broadcasting an advance warning of possible flooding, 
to allow time to activate flood proofiig devices or to evacuate a flood-prone area. 

FLOODWAY - Is the portion of a flood plain required to cany and discharge the flood 
waters of a selected probability of occuence storm with an insignif~cant (less than 1 foot) 
increase in floodstage above that of normal conditions. 

FLOODWAY FRINGE - The portion of the flood plain between the floodway and the 
normal outline of the selected flood. 

FLOWAGE EASEMENT - The acquired legal right to flood land owned by others. 

FLOW BRECCIA - Rock consisting of consolidated angular rock fragments larger than sand 
grains, formed in connection with a lgva flow. 3 

FORB - A pasture herb. 

FRIABLE - Easily cmmbled or pulverized. 

GABIONS - Wire containers filed with stones and used to construct stabilizing structures. 

GNEISS - A thickly banded (foliated) metamorphic rock of no specific coiposition. 

GRADIENT - The steepness of a slope expressed either as a proportion between its vertical 
in te rd  and its horizontal equivalent, e.g. 1V to 2H, or as an angular measurement from the 
horizontal. 

HABITAT - The place where an organism lives or the place occupied by an entire 
community. 

HERBACEOUS - Any plant that lacks woody tissue on which the leaves and stem fall to 
ground during periods of freezing or dry weather. 

IGNEOUS ROCKS - Rocks formed by the solidification of hot flowing rock material 
(magma). 

INCISED - Intrenched. 



SOFT BOTTOM CHANNEL - A channel in which the bottom remains unlined; such a 
channel allows ground water recharge. 

SPF - Standard project flood. The flood that may be expected from the most severe 
combination of meteorologic and hydrologic conditions that are considered reasonably 
characteristic of the region * 
STILLING BASIN - A structure or excavation that reduces velocity or turbulence of 
flowing or falling water. ' 

STORAGE DAM - A  fixed dam used to impound water, usually for long periods of time. 
e 

STUDY AREA - The area impacted by a project featwe. 

SUBSTRATE The layer upon which organisms grow, often used synonymously with 
surface of ground. 

TACONITE - Bonded rock with high iron content. 

TALUS - An accumulated heap of rock fragments derived from and lying at the base of a 
cliff or very steep slope. 

TLTFFACEOUS - Pertaining to or resembling tuff, a hardened mass of rock, predominantly @ 
consisting of fine grained volcanic ash and dust. 

VESICULAR - A textural term indicating the presence of many small cavities in a rock. 

WEIR - A structure with a crest and some side containment of known geometric shape, 
used to measure the flow of water. 0 

XERIC - Characteristic of a scanty water supply. 



PHOTO 1. I n  t h e  New River a rea ,  a deser t  wash or  r i pa r i an  
plant  community of ironwood, mesquite, blue paloverde, 
deser t  willow, catclaw acacia,  deser t  broom, burrobrush, 
and saguaro cactus. 

PHOTO 2.  I n  t he  New River area,  an outwash p l a in  or baiada 
p lan t  community of creosotebush and grasses with a sca t te r ing  
of bursages, cholla cactus and saguaro cactus. 



PHOTO 13. The recommended New River Dam site, looking southeast 
from the west abutment. Stream flow is from left to right. 

PHOTO 14. A large ironwood (Olneva tesota) about twenty-five 
feet tall in the vicinity of the proposed New River Dam site- 



TABLE 2 

DEPTH TO WATlTR IN WELI,S PRINCIPALLY I N  
ALLWIAL DEPOSITS, I N  FEET BELOW LAND SURFACE 

!lev River Study Area 200' t o  300' 

Adobe Dam Study Area 200' t o  500' 

Cave Buttes Dinn Study A r e a  300' t o  400' 

Along Cave Creek 33' t o  239* 

Along New River Channel Stucly Area 100' t o  200' 

Along Agua Fria  Channel Study Area 100' t o  200' 

Along Sa l t  River Channel Study Area 0' to  100' 

Along Arizona Canal Channel Study Area 300' to  400' 

?lap showing Depth t o  Water in  Wells i n  t he  Phoenix Area, 
Arizona, 1972, by W. R. Osterkamp, 1973. 
Base from U.S. Geological Survey, Phoenix and Mesa 1954-69' 
Ajo 1953-69, Tucson 1956-62. 
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D 
2226 E. Sunnyside Drive 
Phoenix, AZ 85028 

DONALD E. ROSS 

Registered Professional Geologist 
Certified Senior Property Appraiser 

Telephone (602) 992-0758 
Fax (602) 482-3220 

GENERAL Consultant and owner of Ross Consulting - specializing in: mine valuation, 
B EXPERIENCE: expert testimony, property tax consultation and sand and gravel appraisal. (Since 1973) 

Natural Resource Appraisal Supervisor for the State of Arizona - appraisal and cash flow 
analysis of mining and petroleum properties. (1974-88) 

Senior Geologist for Inspiration Consolidated Copper Co. - mineral 
exploration/development and hydrologic studies. (1 967-1973) 

PROPESSIONAL American Institute of Professional Geologists, Number 3223 
GEOLOGIST Arizona State Board of Technical Registration, Geologist, Reg .I3519 

B REGISTRATION: Idaho State Board of Registration of Professional Geologists, Reg. 279 
California State Board of Registration for Geologists, Reg. 4513 

APPRAISER Certified Appraiser, State of Arizona, Number 30142 
CERTIFICATION: Certified Appraiser, State of Utah, Number CG00047299 

8 Accredited Senior Appraiser, American Society of Appraisers, Number 003 142 

MEMBERSHIP: American Institute of Mining Engineering (AIME), member since 1967 

EDUCATION: B. S. Degree - Arizona State University, Major: Geology 
Colorado School of Mines, Short Courses 
The Lincoln Institute of Land Policy, "Appraisal of Mining Property" 
Society of Mining, Metallurgy and Exploration, Short Course 
State of Arizona and International Association of Assessing Officers, 9 appraisal courses 

EXPERIENCE: ConsultanfjAppraiser, Ross Consulting, 1973 to present 

Mine valuation, expert testimony, property tax consultation, ore body appraisal, geologic 
evaluation, ore reserve determination, sand and gravel appraisal, implementation of mine 
appraisal systems, environmental studies and royalty rate determination. 

Natural Resource Unit Supervisor, State of Arizona, 1974 to 1988 

Expert witness testimony to defend mine appraisals; economic evaluation and appraisal of 
each producing mine in Arizona including analysis ofcosts, revenues and production data; 
development of capitalization rates and discounted cash flow analysis; investigation of 
hydrologic and environmental factors, analysis of successful and unsuccessfid mining 
investment; evaluation of metal price trends and technological advances. 



DONALD E. ROSS 

EXPERIENCE: Inspiration Consolidated Copper Co., Inspiration, AZ, 1967 to 1973 

Chief Geologist. Sanchez Proiect. AZ - Supervise geology division, prepare hydrology and 
environmental reports; prepare geological interpretation for the district; estimate ore 
reserves; coordinate property acquisition; conduct pit planning and feasibility studies. 

Proiect Geologist, Leslie Denn Proiect, Wi th ro~ .  WA - Supervise exploration program, 
drilling and geological mapping; correlate geochemical and geophysical results; study 
hydrology; study environmental impact; estimate ore reserves; prepare iinal geological 
report. 

Resident Mine Geoloeist, Ins~iration. AZ - Estimate ore reserves, log drill core, stake 
mining claims; develop water supply; study environmental impact; prepare geological and 
property maps. 

Expert witness in court cases regarding appraisal and mine valuation: 
EXPERIENCE: American Smelting and Refining Co. v. P i a  County, AZ, 1974. 

Ranchers Exploration and Development v. Gila County, AZ, 1975. 
Cyprus-Pima Mining Co. v. Pima County, AZ, 1976. 
Duval Corporation/Mineral Park Mine v. Mohave County, AZ, 1976. 
Cyprus-Bagdad Mining Co. v. Yavapai County, AZ, 1977. 
Inspiration Consolidated Copper Co. v. Gila County, AZ, 1980. 
Inspiration Consolidated Copper Co. v. Gila County, AZ, 1981. 
Maricopa County Flood Control District v. R. C. Jones, AZ, 1993. 
Wharf Resources v. Lead-Deadwood School District, SD, 1993. 
ASARCO - Ray Mine v. Gila County, AZ, 1996. 
City of Phoenix v. R. Peters, 1997. 
Halloran et. al. v, Sierra Aggregate Co., CA, 1998. 

EXPERT Arizona Board of Tax Appeals, AZ, expert witness in ninety-three 
WITNESS mine valuation cases 
EXPERIENCE: Homestake - McLaughlin Mine v Lake County, CA 

Sonora Mining Co - Jarnestown Mine v Toulumne County, CA 
Cyprus-Bagdad Mining Co v Yavapai Co , AZ 

PIIBI.IC.\TIONS: Assessment of Sand and Gravel Resources and Economic Mining Potential: 
Fort McDowell Mohave - Apache Indian Community, AZ; 
NADSAT project #19; U. S: ~ e ~ a r t m e n t  of ~ommeyce 

Appraisal Manual for Mines and Natural Resources: 
Arizona Department of Revenue, published from 1979 to 1988. 

Appraisal Manual for Mines and Ouanies: 
South Dakota, Lawrence County, published 1989 & 1990. 

INSTRUCTOR: Mines and Ouam Valuation, Int. Assoc. of Assessing Officers Workshop, 1993-1998 



DONALD E. ROSS 

CONSULTING PROJECTS 

Project: Carlin Trend, NV Project: Morenci Mine, AZ 
Objective: Appraisal and Property Tax Analysis Objective: Appraisal and Expert Witness 
Client: Newmont Gold Company Client: Phelps Dodge Corporation 

Project: Miss~on and Ray Mines, AZ Project: McLaughlin Mine, CA 
Objective: Appraisal and Property Tax Analysis objective: Economic Evaluation and Expert Witness 
Client: ASARCO Client: Homestake Mining Company 

Project: Bagdad and Miami Mines, AZ Project: Tuscon Houghton and Marana Quames, AZ 
Objective: Appraisal and Exprt Witness Objective: Appraisal sandlgravel 
Client: Cyprus Minerals Company Client: The CalMat Companies 

Project: Valley gravel quarry, CA 
Objective: Appraisal 
Client: Tokai Bank 

Project: Utah Gypsum Mine 
Objective: Appraisal 
Client: Key Bank, UT 

Pro~ect Jarnestown Mine, CA Project: Sandgravel deposits, AZ 
Objectwe: Appraisal and Expert Witness objective: Appraisal 
Client: Sonora Mining Corporation Client: Flood Control District - Maricopa Co ,AZ 

Project: Alaska Mines 
objective: Appraisal 
Client: CityBorough Juneau, AK 

Project: Coal Mines, AZ & NM 
Objective: Appraisal 
Client: Navajo Nation 

Project: San Manuel Mine, AZ Project: La Posta & Pala Indian Reservations, CA 
Objective: Appraisal of gold and copper mines Objective: Appraisal & royalty rate - gravel quarry 
Client: Magma Copper Company Client: Bureau of Indian Affairs 

Project: Sanchez Mine, AZ Project: Fort McDowell In&an Reservation, AZ 
Objective: Geologic and ore reserve analysis Objective: Financial analysis for sandgravel 
Client: AZCO Mining Client: Fort McDowell Indian Tribe 

Project: South Dakota Gold Mines Project: McDowell Mountains, AZ 
Objective: Appraise gold mindwrite appraisal manual Objective: Prepare geological map and analysis report 
Client: Lawrence County, SD Client: Andover Corporation Markland Properties, 

Inc. 

Project: Rocky Canyon BLM, CA 
Objective: Appraise granite quarry 
Client: Union Asphalt, Inc., CA 

Project: Mississippi River Limestone Quarry, MO 
Objective: Discounted cash flow 
Client: Mercantile Bank, St. Louis, MO 

Project: Appraisal Manual, AZ Project: Gila River Waterfowl Preserve, AZ 
Objective: Write appraisal manual Objective: Appraisal sand and gravel deposit 
Client: Arizona Department of Revenue Client: Sam Kelsall 

Project: Russian gold mines 
Objective: Evaluate potential 

Project: Wellington, UT 
Objective: Appraisal coal mine 
Client: Coastal Cop. 

Project: Poulsbo Clay Mine, WA Project: Henderson Moly Mine, CO 
Objective: Appraisal Objective: Appraisal 
Client: Pope Res. & Ash Grove Cement Client: Grand County, CO 


