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Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, AZ 85009-6399

Re:  Evaluation Report - New River Dam

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 gravei
resources (Figures 1, 2 and 3); these areas are as follows: '

AREA

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.

B 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.

C 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.

D 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.




E 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 lbs/cu. f&. or 18 cu. ft./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 from 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 goif 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 after quarrying. 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,

([l

nald E. Ross, RPG
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INTRODUCTION

This work was completed by Ross Coﬁsulting 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 uées 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 11, 1999. The drill_ing program was deéigned by Ross Consulting and carried
out by Layne Western Environmental Drilling supervised in the field by Law Engineering and
Environmental Services Inc. |

Additionél 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 cify limits of Peoria, Arizona.
Peoria city center lies 14 miles south of the subject. The Centra,_l 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 vailey 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 constructéd across
New River wash which is a zone of flooding duﬁng periods of heavy rain (Figure 1).

The property is located more specifically in the south half of TSN, R1E comprising all of
section 26 and parts of sections 22, 23, 24, 25, 27, 34 and 35 and in the north half of TN, R1E
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 écres 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 Coms 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. ! 2

Some of the archeological sites on the subject were nominated for the National Register of
Historical Places. The construction éf 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, archeomagﬁatism dating,
flora/fauna 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. §.

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

'U. 8. Army Corps of Engineers, March, 1976, Final Environmental Impact Statement,
New River and Phoenix Streams, Maricopa County, Arizona

2U.S. Army Corps of Engineers, May, 1982, New River Dam, Design Memorandum No. 3

*U. 8. Army Corps of Engineers, March, 1976, Final Environmental Impact Statement,
New River and Phoenix Streams, Maricopa County, Arizona
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accepted by the Corps, the BLM, Arizona State Land Department, SHPO and the Flood Control

® District. * °

*Rodgers, James, 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 Adjunct Archeological Assessment

6




PROPERTY GEOLOGY

A, General

Approximately 93% of the surface of the subject property is covered by alluvial and
colluvial materials 6f 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 Vexposed
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 1s 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 6f metamorphic and
volcanic rocks. The basins are filled with alluvium and célluvium 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, limey clay loams and limey 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 carry salts down to the

SU. §. Army Corps of Engineers, May, 1982, New River Dam, p. A1-4 and PL 15,
Appendix 1




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 tfench
samples. The rate of surface erosion from the drainage basin 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. ’

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 and/or anastomosing 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

"U.S. Army Corps of Engineers, March, 1976, Final Environmental Impact Statement, p.
-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 ldrilling conducted in the past and the current program show sands, gravels and clayey
gravels in these three areas to over 100 feet in depth. Undér 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 historf and is characterized by extensive
surface development of caliche. The caliche can extend to mére than 8 feet (Trench NR11) and is
very hard digging. An examination of the contours in sections 22 and 27, T4N RI1E 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 from this area. The areas of older alluvium normally also contain patches of
rudimentary soil and slope wash. | |

The sands and gravels intersected in the recenf drilling 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 silty sand and sandy gravel with cobbles and boulders
and 111 feet of clayey sandy gravel to gravelly sandy clay (Table 1). Water was encountered at
70 feet in DDH-17. Three distinct laygrs 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 Iayei' 18 6-10 feet thick and is mainly sandy gravel non-plastic with 43-80% pius
No. 4 material and 1-9% fines. The lower layer extends from 15 to 25 feet to 136 feet; itis 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.* N
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 (1/15/99 - 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 31 feet of silty sand with
gravel. In general, drill holé 2 gontained gravels and cobbles with no water éncountered. Drill
hole 3 (1/18/99 - Ross Consulting) was drilled in area D; it encountered 2 feet of sﬂfy 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

8U. 8. Army Corps of Engineers, May, 1982, New River Dam, p. A1-36
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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 (1/14/99 - Ross Consulting) in area E penetrated 2 feet of silty sanci 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 hoie
5. Drill hole 6 (1/13/99 - 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 Engineering and Environmental Services Inc., January, 1999, geologic drill logs of
Patrick Cook

1
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® ® @ ® ® L o L @
TABLE 1
NEW RIVER DAM PROJECT
UNIFIED SOIL CLASSIFICATION SYSTEM
GW __|{Well graded gravels, gravel/sand mixtures, little or no fines
GP . |Poorly graded gravels, gravel-sand mixtures, fittle or no fines
GM |Siity gravels, gravel-sand-silt mixtures '
GC |Clayey gravels, gravel-sand-clay mixtures
SW _ |Well graded sands, gravelly sands, little or no fines
SP _ |Poorly graded sands, gravelly sands, little or no fines
- SM |Silty sands, sand-silt mixtures

SC - |Clayey sands, sand-clay mixtures
ML |jlnorganic siits and very fine sands, rock flour, silty or clayey fine sands or clayey silts with slight plasticity.
CL |Inorganic ciays of low to medium plasticity, gravelly clays, sandy clays, silty clays, lean clays
OL  |Organic silts and organic silty ciays of low plasticity
MH __|inorganic silts, micaceous or diatomaceous fine sandy or silty soils, elastic silts
CH |{Inorganic clays of high plasticity, fat clays '
OH  |Organic clays of medium to high plasticity, organic silts
Pt {Peat and other highly organiic soils

After U.S. Army Engineer Waterways Experiment Station (1960), *The Unified Soil Classification System.” Technical Memorandum

No, 3-357, Appendix A, Characteristics of Soil Groups Pertaining to Embankments and Foundations, 1953, and Appendix B,

Characteristics of Soil groups Pertaining to Roads and Airfieids, 1957; and A.K. Howard (1977), " Laboratory Classification of Soils

- Unified Soil Classification System,” Earth Science Training Manual No. 4, U.S. Bureau of Reclamation, Denver, 56 pp.
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C. Tertiary/Quaternary Rocks

Tertiary to Quaternary intrusive dikes and lava flows postdate basement Precambrian
crystalline rocks. The flows are composed of andesite or felsite rhyolite, vesicular bésalt, 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 gravel, sand silt and clay which contain
varying amounts of caliche. Recent “younger” alluvium consistihg of coarse sand and gravel fills

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

D. Precambrian Rocks

The majority of the basement complex rocks exposed on the property consist of
Precambrian granite and related crystéliine rocks with lesser amounts of schist and gneiss. The
East Wing 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.

Y. S. Army Corps of Engineers, May, 1982, New River Dam, p. A1-3 to A1-8 and P1 15,
Appendix I ' _

U.S. Army Corps of Engineers, May, 1982, New River Dam, p.A1-3 to A1-8, Appendix |
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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. 2

2U. S. Army Corps of Engineers, May, 1982, New River Dam, p. Al1-14 to Al-13,
Appendix ] :
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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 Qﬁginal 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."

The headwatérs of the New River dréinage 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 paﬁ of this study. In drill hole 17 (DD-17a
(17) Corps Engineers) water was reportedr at 70 feet at the dam site where the bedrock was under

136 feet of allyvium. ™

By, 8. Army Corps of Engineers, March, 1976, Final Environmental Impact Statement,
p I3, 17

41, 8. Army Corps of Engineers, May, 1982, New River Dam, Appendix 1, Plate 15
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BORROW, SAND AND GRAVEL

A. Current Mining 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 thé pervious shell of the emb_ankment:
An additional 264,000 cu. yds of sand and gravel were used for miscellaneous fill requirements.
The sand and gravel wés mined from the same three borrow areas. 125,000 tons of stone were
used in the project construction and were derived from screened and/or 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, TSN
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 sectioné 16 and 17 of T6N R2E which are also located in the New River
active channel.

On the Baldy Mountain USGS 7Y Quadrangle map an old gravel pit is shown in section 8

17




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 Agﬁa Fria drainage.

B. Trench Sampling Program

The property was subdivided into 7 resource areas for the purpose of exploratory
trenching and sampling (Figure 3). The work was conducted usiﬁg 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 Ibs. were collected
from each hole. Data on the trenéh 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 area§ 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.

Thé analytical testwork recetved 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
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the aggregate.

1. Area A (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, NR1 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 B (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 NRS. 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 C (74.38 acres) AreaCis relativély small and 1s mainly older alluvium and
in places has from 2.5 to 7 feet of fine 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.
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4. Area D (402.21 acres) Area D is a large area with high potential. The material
consists of valley fill or floodplain gravels with from O 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 inﬁ*astrﬁcture close to the boundary with area B. The
driller’s log reports- sand, gravel and “rocks” down to 145 feet with “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 .dn'lling suggest that volcanic
flow materials are not present in the stratigraphic section below the surface. Plate 1 (NR19) ahd
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 E (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 F (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
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due to SHPO constraints.

7. Area G (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

TeSQUICCS.

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.

21




TABLE 2
NEW RIVER PROJECT
TRENCH DEPTH & SAMPLING DATA
' R I
T(r;g::)# Area D‘;‘:m Sampie #s ;:':; (f:t) Soil Types Thickness in feet {(see table 1 for classification)
GW:!{ GP | GM | GC 1y SM | SW | ML CH OH
NR-1 A 14 |NR141 4.001 9.00 i 5
NR1-2 9.00| 14.00 5
NR-3 B 13 |NR3-1 1.00} 7.00 3 2 14
NR3-2 7.001 13.00 6
NR-4 B 11 |[NR4-1 0.00{ 7.00 275 3.25 1
NR4-2 7.00] 11.00 4
NR-5 B 10 INRS-1 0.00| 6.00 5.25
NRS-2 6.00( 10.00 4
NR-6 B 11 |NR6-1 2.50] 7.00 4.5
NRB-2 7.001 11.00 4
NR-8 G 8 None Taken
NR-9 B 14 |NRS-1 3.00] 8.00 5
NR9-2 8.00| 14.00 ) 6
NR-11 B 13 [NR11-1 0.00] 4.25 425
NR11-2 '5.75] 13.00 7.25
NR-12 C | 14 [NR12-1 3.25| 6.50 1.75 ' 1.5
NR12-2 6,50| 12.50 8 _
NR12-3 12.50| 14.00 ' 1.5
NR-14 C 14 {NR14-1 7.00] 11.00 4 '
NR14-2 11.00| 14.00 3
NR-15 C 15 |NR15-1 4.00] 10.00 6
NR15-2 10.00| 15.00 5
NR-16 B 12 [NR16-1 0.00| 6.00 6
) NR16-2 6.00| 12.00 6
NR-18 D 13 |{NR18-1 0.00| 7.00 7
NR18-2 7.00| 13.00 5]
NR-18 D 13 |NR159-1 0,007 7.00 2.5 4.5
NR19-2 7.00} 13.00 8
NR-20 D 13 |NR20-1 1.501 6.00 4.5
NR20-2 6.00! 13.00 7
NR-21 8] 12 |NR21-1 0.001 6.00 5 1
NR21-2 6.00! 12.00 6
NR-22 E 12 |NR22-1 1.00] 6.50 ' 5.5
NR22-2 6.50¢ 12.00 2 35
NR-23 E 12 |NR23-1 2,500 7.00 4.5
NR23-2 7.00! 12.00 5
NR-24 E ! 10.5 |NR24-1 1.00f 86.00 5
NR24-2 6.00{ 10.50 4.5
NR-27 B 10 |NR27-1 2.00f 6.00 4
- NR27-2 6.00} 10.00 4
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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. NRD1 was dn'lléd in area A,
NRD?2 and NRD3 are in area D and NRDS is in area E. NRD®6 is on the boundafy 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; laborato;y 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 preliminary
and derived from Law’s field logs which could be modified when laboratory classifications are
available. The data sho“} 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 Agaresate es in Drill Holes

Drill Hole %Clay/Sil¢ Y%Sand % Gravel
NRD1 0 11 89
NRD2 3 50 47
NRD3 0 57 43
NRD4 0 43 87
NRDS 3 60 37
NRDé6 0 75 25

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 Ibs/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 approximhtely 15.5 miillion tons of aggregate resources.
Area D. Contains applroximately 94.6 million tons of aggrégate 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 mgtric
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tons. *

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. 8. Department of Labor. Arizona added 94,000 jobs over this period. '
Maricopa County led the nation in business and employee growth from 1995 to 1996, the Census
Bureau reported on Decemt;er 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. 7

In addition to housing, one of the pﬁnciple 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,

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

$The Arizona Republic, December 17, 1998, p. D1

VThe Arizona Republic, December 18, 1998, p. EI
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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 rniilion in federal. gas-tax dollars over the next five years. *

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 from 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,*

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_Séptember,
1998. The new home market continued a strong upward trend moving from 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 rafes and growing economy have had a positive impaét on the
housing market. The market’s future 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

Y¥Rock Products, July, 1998 p. 30
¥The Arizona Republic, December 18, 1998, p. A1-A2

2Rock 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.”
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 ﬁnits must be considered strong in historical context. The greater Phoenix
area economy remains strong despite concern over the international economy. The Greater Phoenix
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
fueled by continued population growth, The ;ﬁanel 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 succeésﬁxl
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 m 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

2 4rizona Business, December, 1998, p. 7-9
24 rizona Business, November, 1998, p. 10

BGreater Phoenix Blue Chip Consensus, October, 1998, p
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material).?*
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 (esﬁmated). Construction sand and gravel prices are expected to increase
marginally compared with the past several yéars. 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 difficulties 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 $4.31 per short ton).*

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

*Montandon, Wendel L. 1997 - Marketability Study of Sand, Gravel and Borrow Products from
Three Sites Located Above Dams in North Metropolitan Phoenix Arizona. Private Report Jor Maricopa
Department of Transportation, Phoenix Arizona

B U. 8. Geological Survey, 1998, Mineral Industry Surveys, Crushed Stone and Sand and Gravel
in the Fourth Quarter of 1997, p. 2 and personal communication, W. Bolen, U S.G.S., 2/1/99
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of 1997 and the third quarter of 1998 increased 13% over the third quarter of 1997. %

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

1. 8. Geological Survey, December, 1998, Crushed Stone and Sand and Gravel in the
Third Quarter of 1998, p. 5
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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 aétivity would have a finite life and alterﬁate 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 and/or recreational lake. The need for recreational facilities in the Phoénix 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 nced 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 faci]ity
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
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treatment plant effluent recharge. At present recharge is being used by most operators to accumulate
b 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 will 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

D recognized as an important aspect of future water management planning.*’

D

D

D

, '

D

> ¥"Rascona, Steven 1998 - Hydrologist. State of Arizona, Department of Water Resources.

Personal Communication.
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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 quarry would be down in the wash in a relatively
non-visible location. Areas D and E are also prixﬁe 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 darh $0
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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PROJECT - New River Dam
Trench #: NR3
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PROJECT - New River Dam
Trench #: NR4 '
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PROJECT - New River Dam

Trench #: NRS
[ ] l | |Geologist: /Ty |Date: 12/3/98
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PROJECT - New River Dam
Trench #: NR6
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TD 11 feet. Trench collapsing.

.)




PROJECT - New River Dam
Trench #: NR8

| |Geologist: AW [Date: 12/7/98
=
= =2 s >8 %Gravet,
¢ | 2 |zE . i sample | 28 1 o0 |uciy lusanal Cobbles
g s :_: % Lithology - description numbers _§ »E.. A ay and
5 S = Boulders
a & 5 ig
—== ML |Thin brown soii cover. NONE -
‘\:-Z;) GC |Gravel. Extremely calcareous and caliche-cemented. Very hard digging. -
.‘ o —.
Za
5 -
Yo e
P .‘; [N I —
—f
- &
o TD 8 feet B
_1e N )
15




PROJECT - New River Dam
Trench #: NR9 )
| [ 1 |Geologist:  An/  [pate: 11/23/98
"5 § -§ B _§ Y%Gravel,
= e =38 . - Sample % 8 . . Cobbles
‘,:i E- ﬁ -§ Lithology - description numbers E :ﬁ; P.. | %Clay | %Sand and
@ g = Bould
a 0- 5 | g oulders
] ML |Silty Clay. Some shrub roots. o
:—::g ‘weak caliche o
i ;’3&; GP [Sandy/silty Gravel. Weak to moderately calcareous. NR9-1 |GP-GC| 30 4 8 88
5 :_%7.} ~30% boulders, ~30% cobbies. I R 1
2 N R
Ce
_O:O .
20 NRo-2 fopcc| 24 | 45| 115 84
i ) -
10 OO . ) e R - - e e —
-C? becoming less siity. L B
o7 ‘
1E% :
15 TD 14 feet
e - R




PROJECT - New River Dam
Trench #: NR11 3
| ] I |Geologist: AW |Date: 10/20/98
g _8; "E‘ E‘ :§ %Gravel,
= ¢ | 2 E Lithology - description Sample | g P.L | %Clay | %Sand Cobbies
£ '§, ol P numbers 2% - and
a g L
o 9 g : _ i | 8 8oulders
‘ﬁj%i GC |Dirty Gravel. ~15-20% cobbles, NR111 | 6c | 12 | 165] 18] 655
”—“(j . [Clay and silt in matrix as support. Moderately calcareous. - } L
125 | &0 ' A S U S
g fari GM |Gravel. Strong caiiche but ragged and disconfinuous. j
5-75 |0
;%2 GP Sandy Gravel. ~3% boulders, ~25% cobbies. NR11-2 GP 10 35 29 67.5
)%O Matrix sand coarse. - _ L
2 1 .
10 20
o e
| AN FENDUN, SRS S
I'M :.: : Q:- . ]
220
L TD 13 feet }
5 ] -
e B NN VORI DN S




PROJECT - New River Dam
' Trench #: NR12
| | | Geologist: Al |Date: 10120798
[
§ :g; _% g‘ ;—i %Gravel,
= = . - ® Cobbl
§_ -% E % Lithology - description nS"ammhpEI:s § % P.. | %Ciay | %Sand c:mdes
a 5 g i g; ‘ Boulders
=z SP [Fine Silty Sand. Varies in thickness from 1.5 to 5.0 feet across trench. -
Sandy Gravel. Varies 0 to 3.5 feet thick. ~2% boulders, ~15% cobbles. - NR12-1 {GP-GC| 12 7 9] 331 58
Silt. Weak to moderate caliche,
Sandy Gravel. ~5% boulders, ~15% cobbles. _ NR12-2 |GP-GC] 18 | 6] 365 57.5
Silty Gravel. ~5% boulders, ~15% cobbles. NR12-3 sSC 12 11] 425 46.5
TD 14 feet.
““ET , ’




PROJECT - New River Dam
: Trench #; NR14
1] [ [Geotogist: A [Date: 12/7/98
g _8: é g'-é 1§ %Gravel,
= z 8 . R Sample 53 . . Cobbles
g % 2 'E Lithology - description nEmbers E 'E- PL | %Clay | %Sand} ©
g ® © Bould
o o 5 8 g;, oulders
:j; ML |Sandy Silt. Moderately calcareous with some caliche nodules.
Sandy Gravel. Weakly to moderately calcareous. NR14-1 GP-GC|] 9 | 451 12 83.5
~10% boulders, ~50% cobbles. ' o .
NR14-2 |GP-GC| 26 | 25| 155 82
15 TD 14 feet
= ) ‘




PROJECT - New River Dam

‘ Trench #: NR15

1 1 [Geologist: /N [Date: 10/20/98
— < =
3 §' 8 ‘gg %Gravel,
< e |28 . o Sample ® i . . Cobbles
£n. £ i!. ﬁ Lithology - description n rs g :._-a_ P.l. | %Ciay | %Sand and
8 2 5 & m Boulders
a 0] G =43

7] sM {Fine silty Sand. L

ML {Silty Sand. Weak caliche. -
GP jCoarse sandy Gravel. ~5% boulders, ~25% cobbles. Good Material. - NR15-1 |GP-GC| 14 7.5 28.5 64
Weakly caicareous.

(4]
f-Q_.': e
o

AN
LY el L

S g v
Cr

bq' ok R e
C%g) NR15-2 |GP-GM 4l 295] 665
10 ':'f‘do%. o - L

:a: s
S

&
-

oS NR153 |aP-Gc| 20 4l 2a5] 715
TN it
o gg% o [ ]
15 §¥Vva
TD 15 feet

- 20




L L] L L @ L L4 @ o L @
PROJECT - New River Dam
Trench #: NR16
[ I T IGeoIogist: /W |Date: 12/7/98
g @ s 8 %Gravel,
g |2 ]l=% ] o Sample 28 Cobbles
EQ g_ E % Lithology - description pumbers _§ % Pl. | %Clay | %Sand and
g |: § s § Boulders
O% GP [Sandy Gravel. Weakly stratified. Not calcareous. NR16-1 GP | NP 0.5] 181 815
I [ ~12% boulders, ~45% cobbles. I
s -
100 Sand
5 g)d&- — NI VIR SRR -
. |
15 NR16-2 GP | 13 | 15 16 82.5
Bt Sand A — N —
Mg: '} Reddish coloration, some clay 1. b 1
10 {0y - ‘
ot |t}
":"‘_90";2 B
TD 12 feet e T
15 . T T TN T
- I —




L] @ L 9 L A J L L L
PROJECT - New River Dam
Trench #: NR18
|Geologist: Al |Date: 11/23,24/98
g 5’ -_-S_-, E‘é i %Gravel,
2 ] Lw
; '% § % Lithology - description nSamIpl:as E 'f-é Pl | %Clay | %Sand (:oal::::es
§‘ 5 § - § Boulders
L “5;0 GP |Sandy Gravel. NR18-1 | GP _|NP 0o5] 65| 93
- f_?{ﬁ:%j ~30% boulders, ~50% cobbles. Sharp sand. N I T

QO Weakly calcareous near surface diminishing lower.

c@» No stratification. R I
5 1758 .

.

O

Sale -

OQQ NR18 2 . GP 25 0.5 24 97
10 o c. e - S S

?Q_ 8 Weak carbonate on cobble and boulder surfaces.

<5 Some reddish clay last 2 feet

TD 13 feet

15 . e —~ e —— ——— =
— N I




PROJECT - New River Dam
Trench #: NR19 _

| l |Geotogist: AN Date: 12/3/98
‘é‘ é': é g‘ é Y. Gravel,
£ 1=3 . o %3 Cobbl
% % :.‘L"" L_;: Lithology - description “S;:‘nbpelfs E % P.l. ] %Clay | %Sand oan des
& g § L é Boulders

“i:sM  |Fine Sand. Occasional gravel bed. Weakly calcareous. NR19-1 GM NP 10]__ 33 57

Soy|eP  |sandy Gravel 1 3

“§5|  |~15% boulders, ~50% cobbles
NR19-2 |GP-GM|NP 2l 12 86

Gravel becoming reddish with some clay.
TD 13 feet




PROJECT - New River Dam
Trench #: NR20 X
[ ] | [Geologist: /W [Date: 111/99
§ §1 -§ g‘ _5_ %Gravel,
= 2 z 3§ - - Sample ® 5 . . Cobbles
":5, _§ La_: E Lithology - description numbers ag- tE P.lL | %Clay | %Sand and
3 5 g = _org Boulders
=21 ML [siity Sand.
(S '
%25 GP |Coarse sandy Gravel. Very weakly calcareous. Looks "dirty” and has - NR20-1 |GP-GM] NP 2 8 _ 90
?6 : minor clay fraction from 2.75 feet. ' i 3 N
5 Fozs ~7% boulders, 70% cobbles.
%
e NR20-2 |GP-GM| NP | 15| 95 89l
0% R -
10 |5 G
Tom
------ 2l e
20 . -
s
TD 13 feet
15

20




PROJECT - New River Dam
Trench #: NR21
: I | [ |Geofogist: fW [Date: 1/11/99

§ é': % %‘ .g %Gravel,
= =z . - - Cobbl
g % 2 % Lithology - description ::::l“g::s § % PL | %Clay { %Sand ‘:m des
a g § = § Boulders

?*E ML |Sandy Silt. Some cobbles and gravel lenses. V. weakly calcareous NR21-1 GP NP 0.5 3 96.5

___|Z%3] &P |sandy Gravel. Very weakly calcareous. Some clay on bouldersand .| I N i} o

Ca)O“ cobbles.

e ~35% boulders, ~50% cobbles.
s |4

Tl I JENNUU NN P I S—
I e

C: NR21-2 |GP-GC] 13 1] s55f 935

SEo

Q{; SORTRTD

R
[

A~
(0}

g
27500850
R

TD 12 feet _ _ _




PROJECT - New River Dam

Trench #: NR22
| | | |Geologist: Al [Date: 1741722
g _g: .§ 2 -§ %Gravel,
£ z 8 . - s %8 Cobb}
£ ,‘:i 5 % Lithalogy - description num‘:::s E a-‘; Pl | %Clay | %Sand oan des
& 5 § = _§ Boulders
1829] &P |sandy Gravel. _
7] SP |Sand. Some gravel horizons. NR22-1 SP NP} 31 66] 31
GP  |Sandy Gravel. ' NR22-2 IGP-GM} NP § 25 20§ 77.5

~5% boulders, ~50% cobbles.
GC [Clayey sandy Gravel.
~5% boulders, ~50% cobbles.

TD 12 feet

20




PROJECT - New River Dam
Trench #: NR23
| | | IGeologist:

=

[Date: 1/11/22

—_ o g s
E g ‘?c_; %"% %Gravel,
< ] . . = Cobbl
: é S’-_% Lithotogy - description nim‘::s §§ PL | %ciay | %sana] “0 %
2 8 % Boulders ||
2 5 g o g oulaers
— 23 SM [Fine silty Sand. o
GP |sandy Gravel. Very weakly calcareous. NR231 | oP | NP | 15| 175] 81
~7% boulders, ~55% cobbles. S R T N I
NR23--2 SP | NP 2 211 77
Coarse sand wedge. | ' R P ;
TD 12 feet




PROJECT - New River Dam
Trench #: NR24

|| | . |geologist: /T [Date: 1/11/22
'.?8:- é” _§ g‘ .é %Gravel,
£ = 3 . L 58 Cobb:
g % u.% % Lithology - description nsuar:‘nbpel:s E % Pl | %Clay | %Sand (;ndles
a o 3 = g Boulders
= -7 ML |Sandy Silt.
1098 GP [sandy Gravel. Weak calcareous cement. Dirty looking. NR24-1 | GP | NP} 1] 12| 87
O’Z ~10% bouiders, ~60% cobbles . ) L
s ~ 1 1
- NR24-2 lep-Gc] 8 158 12| 865
10 at 9 feet tough digging - some clay and weakly calcareous., ] B
TD 10.5 feet N .
15 o




v L J L - - - v L L]
PROJECT - New River Dam
Trench #: NR27 ‘
IGeoIogist: AN [Date: 12/7/98
§ _g: é : g" .§ %Gravel,
£ 3§ . o Sampl % 9 Cobbl
£ % 2 % Lithology - description . u::'nnb':a :s E ,:’é p). | %ctay J%sana oandes
8 5 5 = g Bouiders
=] ML |Sandy Siit. o
GP |Sandy Gravel. Good material. Weakly calcareous 1o 5.5 feet thereafter NR27-1 GP NP 1.5 10 88.5
not caicareous. e
~20% boulders, ~50% cobbles. Coarser at the top o
NR27-2 8P NP 0.5 15 84.5

TD 10 feet. Trench collapsing.




odel omes am neaily complete,
workers amm nshing 1o fiish landscaping.

THE ARIZONA REPUBLIC

, and about 700 Del Wabb's Anthem general manager,
emply into A lake that will be stocked

Tim HoorsfThe Arizopa Reputic
Tom Lucas, sits on 1he site of a waterfalf that will
with figh lor residents to catch,

Anthem opening near

Leading wave of development in north

ANTHEM DEVELOPMENT
LAND USE

By Catherine Reagor
the Arironm Republic
Anthem -- Del Webh

torps figst big  multi-
generational housing
commiRity in Arizona - -
i« fess than two months
vy frem opening for

Originally named The Villages

al Desert Hills, Del Webb's Anthem
will occupy 5,800 acres east

of Tnterstate 17 between Desert Hills
Drive and Honda Bow Road, which

eales,
Ahout 700 construction

is being rendmed Anthem Road, |

varkers and landscapers
me fustling to get the
nearly 6,000 acres of

YAVAPAL .
COUNTY
Lake

oNew filver Pragoed

desert nmear New River : hlr school/
and the buse of Daisy middle stheol
MMownitain ready: for An. —
nlwm.'v.- March 6 grand T Elﬁ:‘:‘m;u/
oning, -

{he ey elnpment even- Icopa | :
bty will have jnore é‘é{?ﬂ% A ) Park Desant Hills Br. ol
Han 1000 homes and 3 Shig a:mml
SN people — and iy 0] ! ; Ta be ‘ 1
Welv to trensform  the 4t 1 snrounes
“latacter of the northwest o) Lo Lo  Mountain prasarve arass 2
Vibey, i VAL TN Tkm <

Anthein is leading the : Gus ViakaThe Aizons Toesubic

vy for howsing develoy-
ment in the far dorthiwvest region,
shich actially  goes past  the
ues of the Valley. But it’s not
hoeng

Fallowing Dot Webbs lead will
b tiree other major  housing
de-eleptnents: Tramomto near the
Cuefree Highway;  Dynamite

feas

- par

Viliags markst —

Commusily
k

west Valley

-t DAISY
Clubhoyse MOUNTAIN
Tia Aniham -
Comntry CIUE < Moyntatn
JTesdrm

+Atday N

Honda Bow &d,
L e

Mountain Ranch east of 1-17 and
north of Happy Valley Road: and
& new Sunbelt Holding commuy.
fnily near 19th Avenue, east of
1-17,

Those developments comprise
neatly 4,000 ncres and will have
at least twice that many homes.

Home building analysts are call-
ing the northwest corridor run-
fing along 117 and north of the
Loap 101 the next hot spot for

new houses,

"Anthem will be the start of #
wave of home bailding that will
filt in the entire nerthwest carri-

p— -

dor of the Valley” said David
Thikall. a home-building analyst
with the Meyers Group of Phee-
nix.

in typical el Webh style, the
company plars to have many of

Fieerse sve ANTREW, Page £1

E

SATLRIAY
JANVARY 0. joyn

Semro Foigon:
Fes Pk« 041 a8t

contests

‘workers’

union vote

By Peter Cortrett
The Arlzana Heputie

America West Airlines hagpage
hantdless won a narmew victery Friday
i a union.orpanizing election, but the
Tempe-based carrier comtesicd the
vole, charging electinn coorcion by
union Yeaders.

Transport Workers Union ormniz.
ers inlerfered with the secrecy of the
election by collecting ballots at public
meelings, which would viole the
Raitway Labor Act, America West
said in a statement,

Union officials were wnavailahle
late Priday sfemoon to espond 1o
America West's allegation.

The union needed about 1000
votes from the baggage handlers and .
ather fleet service workers and ended
wp with 1,063, haggage handler Pat
Rezler said. America West said f.054
workers veted for representation.

About 2,000 fleet service workers
were cligible to vote.

National Mediation Board ofTicials
counted mail-in ballots on Friday in
Washington,

Rezler, who has worked in fect
services i Phoenix for ahow 12
years, said the enion will poll em-
plovees to see what issues are most
impertant o them in ncgatisting a
contract with America West,

Workers want better pav and a
voice in workplace issises, said Rerler,
who has served on the uniony Phoe.
nix organizing cominitice.

Wozkers mow arc paid between
$h.35 and about 510 pet hour, accord-
ing to Rezler,

Fleet service workers for rival
Southwest Aitlines zre paid vp to $19
per hour, & Southwest spokeswomen
said

Bruce Johnson, Ametica Wost vice
president for human resources, said in .
@ slatement that the airline will ask the
Matiopal Mediation Road to order &
new glection,

Fleet service wotkers marrowdy re-
Jected & unlon-organizing effort in
aturnn 1997 and, by taw, had 10 wail
A year before requesting a new elec.
tion.

Amercia  West, which sewled a
contract disptiie with mechanics in
September, Wwill resume pegoliations
with the flight attendants  union
lan.25. The flight attendants have
voled to strike i an mpasse is
dectared,

————e
Peter Corbett can ba reached ut 444.4815 or
at potet.corbettehed.com via g-mail,

Bond funds
"08 returns
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S BROWSER

p. o Monday will unvelt Pentium Hl
‘e for its next microprocessat,
“oooenit this guarter Rt ohas more
- wiuns  instructions that |mprm
- & nn personal computess.
coments of PC8 soared  about
o snapped Up low-cost machines.
I sales, said Friday that retailers
i+ n December, Revenue rose just |
«h hecause of deep price cuts.

MTREN, fom Poge K1

{t¢"" multtmillion-dolar  amenities
" potplete before (e [irst resident
moves in,
"Before the first house is done,
. we will [lave sperit $150 million on
Anthetn,” said Thomas Lucas, gen-
etal manager of the development,
wh:ch is a tew concept for the Sun
" City creator Del Webb,
Ma dther master-planned com-
om In the Valley has ever
ils resulems as much right
when they move in,” he said.
" The Phoetiia-based company i
Spending 566 milliot alone on the
pmjews infrastructtie, Its buildihg
b j .‘;lmdi mﬁwlméufnr "the
- ITy| mrlhon
ﬁmeum “of -
off 14¥

5 fourlh-quarter eamingd rose .
= lems rose 1o 4218.3 mitlion, or”
£ & iflion, or $1.04, a year earﬂer

i nilhon from $3.23 billion, .
“ut e $1.3 billion fiscal first-quarter
 puaclings to reflect the value of its |-

i rents a share to the net Incorme |
~rled Dec. 31,
il take fourth-quarter charges of
! of fiting workers and to acoourt fo
! Yieids and stored oil. The ch
wn of about $170 milion, a
e nlnetion propemes of $100 fﬂl"b{hu i

fimd donating

't construction of large shoppind;
-5 for five years in a bid to reduﬂc
~ AN downtowns.,
1 e rose to 10.9 percent i
*} R percent as the number of peg
= Ihe first tme In four mcntm
“p of johs-crestion pmgrams !ﬂd
" unpmployment_

Anihedty First K-8 sehool.

teted or will be i year,
drm 8 & petfect exampie of

0&1&“& pﬂylng for itself,"

pive its’ real:!ems places o

wiav that it declded against heapumng B3y j E
‘inng Ine. MCI WondCom's dropping - 2[5
oy fof 5ﬂnsﬂ'ancisnr:]?i gaelsled AlrToueti i\ th HTISVE m
ndatone Group & E

1) bt 30 Millon of 15 bricks 1AL By A SHE-SEIREAt 32000
o Statue of Uberty and the 8afit] 3,,*.5% g

» Catifomnia, The 128-acre m_ba s I:f“gm

Snnin March. N 1 n et parkit s

o s of s néw el /|Gy g SOk Siunin Wnll,

vr‘hlcfe caﬂ!ae Bk fﬁi}iﬂmﬂ

< for the year, narfowly: KSepink: i
"t Ganorai Motors am*m
wears, Ford Mmco’sumnm

on sales of Re luxury SWV, tﬁﬂ

'.
“vme  Shopping thwod*.
on network  reaching 70 mi
.t month ever in Decembar ﬂ!
via their TV sats, it sald it rah
sales, including sates of 100,
+00 Beanie Bab{es‘ end

isitions |
Hans Exchm Kaé citted
ractlc Exchungd that. m&
s dervatives exchangs
Coorontracts a day.
! the talks aftét Maming ST
w1 requird an extenshel W

el ity bitter five-month mkemf
ystama Ine, ot Friday, withtrah
s way for Quicktum to be ot

n Sy=tems Inc. for $274, 3 millic

s
werced by 0.8, compa
‘ the yaar, doubling the Hg.u
~=y iy the outplacement
=, Anonunced fayoffs in Deeembufﬂ
wth 51642 a month - MW)E
y i b

wi Phgh b;!., 5 ;

:lﬁ'

‘hew  freewny
1 iﬁ“ land: &ind .39 Hilliea 10 hulld,

‘All of those projects are eilh'sr ,
- @ little apprehensive.”

!ﬂgand pluy, Del Webb is creatidig -
] 63m park nedr the heart of-._
Anth . *"master-planned conymuimity like An-

- about 1,300 residents,

-by 2005,

# Ini-line skating arcas.

o Samsl volleybot! wumts, soccer
fields and basketball cours

* An 18-hode golf conrse

Also, about wne-thind of  the
cdmmunity’s tand  will he apen

space. . .

Though Anthem is stacked with
amenities and parks, arcl paying ils
own way for all infrasiructure, it has
its detractors.

New River emerged as a rusal
communidy, far enough away from
Phoétix 1o escape the poliwtion and
erowds. Many of ils cesitdenls have
i-acre spreads and bave lought to
kéep a high-dollar dense develop-
ient away,

Some change minds
" Howevet, a3 the project has
evalved, gome of its original oppo-
penls have changed Wicir ininda,
T graw Up here, and when [ first
heard about Del Webb's plans [ was
said Macy
Déth Baker, culgoing president of
the Desert Hilly [mproveisient Asso-
cidtion and and vice president of
Ditsert Hills Water Co.

But its obvious that prawth is
heading this way. she said, and a

therit is one of the best ways for the

" Hud fo be developed.

It 1985, the New River area had
Estimates
now put the population at 7,300,
and that figure s expected to triple
mainly because of An-

Dcsplte Det Webbhy plans for
{ch amienities and h:gh doffar

thdt use FHA loans are [irst-time
purchasers or minorities. ‘The loans

&ml iniés W érd or - tequife smafler down payments and
‘p mg fieti-ave more flexible programa to

iy,
thiure Center sold
] lu.%ﬂlllhm Financial Center

i pifchased by the State of
; Retin ment  Fond  for.

o o T 2887 nallbions
Taderh mmnng s - i 204,880. square-fat olfice
the lknut om ;

projoct at 2390 E. Canelbnck -Rond

v sold by RREEF of San Fran-
m swid
ard Elils. He negotinted the deal with
Glean Srilgiel,. Don Worthington
grid Jun Fijan of the same bro.

i%gz lmesh'rlenl adviser RREEF

'.ﬂbough! the buikding just over tia,

New ?ﬁl‘f
wnstigated by a federal Y
-vnntenance and repalr m&% M!‘hmd;mm:m m

some jetiners, The Seattil>’

A Tawslit over defave during a4l

ding - the governmerit’s Air

‘1]_749!‘ Contumer Report. I im-
prived 1o Mo, 3 in October.

-.*&'thmsf also regufarly placed

REAL £STATE

| Anthem preparing for grand opening

b Young of CB Rkl

fhey want nething smaller than a
priject with one howse per acre.

Howevet, home-building analysea
and many prospective biyers ace
being wowed by it,

More than 1,000 peaple have
called Dei Webb about Buving a
fhome In Anthem, which will be the

- city name residents use for their

meil addresses.

Anne Mariucei, 4 senior vice
president at Del Webb, said the
company eipects Anthem fo be the
lop-selling master-planned commu-
nity in the Valley from the dmy It
opens.

5 housing areas

The develdpment will likely have..
five housing areas when ity com~ .

pleted yéars from now. The first tway
are upemns in March.

A farilly orlented neighborhood’ :'
with several types of homes built by’
D¢l Webhy Coventry division” wiil -

be called Asnthert Parkside, Homes

will run froim the Yow $100.000s {0,
", autlets; a ovile theater and several
offiee ecmp|exea are pianned for

the mid-$200.0005.
The more expensive, pated-com

munity thet will be home to the .
project first golf course is called .
Club. The feast -
expensivé Homc there’ will be in the,

Anther

high $130,000s. With extra smeni-
ties such #s a wine room, mshogany.
cabinets apd bookcases and granite

floort,” homes can reach almost

£400,000,

Mowever, sortié of the houses in .

Anthem cant f'nu.nd in other Del
Webb “Ebiftynities in  Scoltsdale’

distinct architectural siyles -- rang-
ing from rasch to Santa Barbara —
and a color paliet with yellows,
mocta browny amd charcoal grays to
make eachi louse different,

Convenient location

Some people who have passed
the land on their way to Flagstaff or
the Prime Qhtlet shops that are right
deross 1-17 from the development,
might wondet who will drive that
far to buy a house,

Det Webb answer to that is
twalold. Lucas has clocked the time
from Anthem to the 1-17 and Loop
101 fhterchange at 15 minutes, That

- areh called the Déest Valley corridor
is evolving ibi8 & hot spot for.
busintsses md.pz}aﬂ. s i

g --the . prbject a large

fttietalil” 6d rewil compotent
that will oﬂbf Juba énd shopping for
Anthéftt residents.

A grocery sore, pharrnu:ws.
fotel, gas stationts, convenience
stores, banky, rostaurants, faat-food

Anthen. ; .
Mort than " i percent  of the
- cotrriunfty hag has been set dside
for mixed-use development.
“Drigmallﬁwwhen ¥ heard about
Antlienm, | thought [t was just lod

faf of £ drive to mlly fifes
ceasful,” Thikol said. .
* “But now thaf [ see what they ‘am
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* make the made-off of being farther

" tut for llnm menities and lifestyle at

costifiy tert O ilicusands of dollars; . Anthern.

mum‘

To_ avoid the cookie-cutler ap-.:

proact, ‘D¢t Webb has more tha

wo dumﬁ typ& of homes, six”,

buyers get FHA break in loan 11rmts

© in S¢attadale:

Offices eumbined

The ‘aidountifiy firm Henry &
Harné Has #6mbined its two Scotts- -
dale oFfites and moved into s oWt .

new m‘mmm foot bailding will-
house the firm's 45 emplayces.

Koil panies executive

Kofl Develapiitent has a new head
for its E

- division,

New village officers .

The Canitelback East  Villwge
. Planning Committes, which ig
" nloting ® village core con

Citebd Caral gt e wouth, 64th Street
ohmeee!tﬁosmuh Street on the
west

flarbara Filosi is the group’s chair-

*; wudfian. Pam Koestet of the Arizona

Associgtion of Chiropmctic is vice
chairdiorimn, and Rose Arck of Arck

' Gorportls Servict has becn clected

e Vice | {
Valley uﬂ" fcd, which is deveiopmg the

office [iojects Atrowhead Fountains
in Peﬁflt and L tricoln Towme Cenler

sear th bdmm i haudlmg baggag
and coftSumer complaints.

Company officials  blamed the % p
poot sliowirig on bad weather and

cwmnuwmbommatm
qmmu

abd! slcrwdowlﬁ, mc!udmg the pi-
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of the dam, This channelization is required to assure conveyance of
the SPF to the Adobe detentioﬁ basin. Two training levees, which will
intercept and concentrate floodwaters at the bridges, will be about
5550 and 6590 feet in length and will vary to a maximum height of

25,5 feet near the bridges. To preclude erosion, the 1V on 3H
sideslopes will be revetted where necessary. A 629-foot-long
rectangﬁlar concrete channel, 24f feet wide, ﬁill convey flows under
the four existing bridges. A grouted stone section, 271 feet wide, will
extend 596 feet downstream from the bridge section. The channel depth
will vary from 18 5 to 14,5 feet with 1V on 2H sideslopes. The next
14”0 feet will have an unlined invert and grouted stone sideslopes.

At this point the levees will end, but channel excavation will continue

to daylight where floodflows will reenter the existing water course.
NEW RIVER ‘DAM -

2;11 New Fiver Dam will be conétfucted on the New River abo;t 8 miles
upstream from the confluence with Skunk Cheek. The main embankment will
be a compacted-carthfill structure with a maximum height of about 10“
feet above streambed. The crest of the embankment (el. 1486.7,
exclusive of settlement allowance) will be 2320 feet long. 4n earthfill
dike, about 7000 feet northwest of the right abutment of the main
embankment, will be required along the west edge of the detention basin
area to confine the design flood. The dike will have a crest length of

TH64 feet and a maximum height of about 36 feet. An unlined spiilway, _

700 feet west of the right abutment of the main embankment,




maintenance shop, and fenéihg. All cost-shared facilitles must also
be on project lands, which precludes cost sharing of any facilities

planned for Thunderbird Park.
NEW RIVER DAM

_2.40 Development of formal recreational facilities are not recommended
at the New River damsite at this time. The abundance of natural
vegetation and wildlife was a factor in the decision of the recreational
task force not to undertake recreational develcopment ih the area.
Another factor in the deci;ibn was that, of the recommended damsites,
the New River site.is farthest from the .urban center. While hunting and
other informal recreational activities will probably contlnue, no formal
recreational facilities will be developed until such time as the demand
warrants. The resocurce use plan to this report {appendix 2) outlines a‘
land use plan for the dam basin that has been carefully coordinated with
involved agencies. This plan provides rbr recreation and other uses of
the project land while'preaer'ving its wildlife habitat and cultural

resource values.

2.41 An overloock structure is planned as part of the flood control
project at New River Dam., The facility will consist of a small parking
area, a ramada-covered plaza, and an access rcad. The overlook is sited

on the north end of dike 1! near Lake Pleasant Road.
ARTZCNA CANAL DIVERSTON CHANMEL {ACDC)

2.42 The recreationsl plan for the diversion channel 1s based on the
development of a safe, functional, and esthetically pleasing trail

system for equestrians, hikers, Jogsers; and bicyclists. The paved

26




2.57 The temporary storage and controlled release of floodwaters from
the dams will increase localized groundwater recharge along downstream
channels, While this will not signifiéantly affect the overall
groundwater regime in the study area, riparian habitat along the

channels will benefit from the increased duration of flows.

2.58 Sand and gravel occur in recoverable quantities along the
streambeda of the project area. Aggregate materials have been excavated
from numerous locations along Cave Creek, Skunk Creek, and the Agua
Fria, Salt, and Gi;a Rivers. The major sources of supply close to the
City of Phoenix_alpng:the Salt and Gila Rivers will not be affected by
the project. The only potential resource that will be permanently
removed is the land under the proposed embankments. The stream channels
will still pe available for mining. The floodways and flowgge easements
;ill restrictoﬁrban déVeIoﬁﬁeﬁt aléng the stream channels, helping to
preserve sources of material adjacent to urban areas. Mining will be
possible in the area behind the dams before the development of
recreational facilities or in areas where nco facllities are planned.

The dams will trap some of the sediments that normally replenish the
streambeds, but this will.not slgnificantly affect the quantity of sand
énd gravel available downstream. No active mining operations will be

disturbed by construction of the project.

2.59 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 to supply

construction materials. Over 95 percent of this acreage will be within

33




2.68 Construction of the Arizona Canal diversion channel will result in
approximately 11.5 million cubic yards of excess materials., The Flood
Control District determined that waste areas prasently available within
5 miles of the proposed channel cé.n accommodate approximately 18.4
million cubiec yards. After socioeconom_ic projects are éonaidered, the
waste area available in 1985 could just accommodate the 11.5 million
cubic yards of excess material, An environmental assessment of New

River Dam is included as an attachment to the Feature Design.

Historical, Cultural, and Archeological Resources

2.69  Surveys and lj:tetratur'e séafches to i:dentit‘y cultural resources ‘ ¢
in the project area were conducted in the fall of 1973 by Arizona

State University, Department of Anthropology, under contracta with the
Hati:onal Park Service and the Corps ocf‘ Engineers. The surveys resulted
in the discovery of 85 historic and prehistoric sites. All but three of
the sites are 1§cated within or on the margins of the rights-of-way for

one or more of th. project alternatives.

2.70 Temporarily, the sites range in age from historic activities of

the early 1900s, such as ranch house foundations and areas of past | ®
cultivation, to sites representing a yet undefined Archaic Period that

predates the earfliest ceramic periods of about A.D. 100 to 500. State

inventory forms for the sites investigated during the survey were | ®
submitted to the State Historie Preservation Officer. Subsequently,

the State Historic Preservation Officer and the Keeper of the National

Register determined that one site and the Cave Creek, New River Dam, and : '.
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Skunk Creek Archecological Distriefs were eligible for inclusion in the
National Register of Historic Places. Pursuant to Section 106 of the
National Historic Preservation Act of 1966 and to Title 36 C.F.R., Part
800.4, the Corps of Engineers requested the comments of the Advisory
Council on Historic Preservation and prepared a preliminary case report
containing relevant information about the project, and its effect on the
National Register sites, and proposed plans to avoid or mitigate the |
adverse effects. Onsite inspections of the sites that will be affeeﬁed
were held prior to the formulation of a Memorahdum of Agreement. This
document (refer to Adobe Dam, Design Memor-andum No. 3, General Design
:Memorandum-—-Phase II Project Design - Part 2, April 1979, Exhibit A) C
details the actions to be taken to avoid or mitigate the adverse effects
of the proposed project on National Reglster aites. The Advisory
Council has reviewed the proposal and has determined that it is
sufflcient. It has been signed by the Executive Director and Chairman
of the Advisory Council, the Arizqna State Historic Preservation
Offlcer, and representatives of the U.3. Bureau of Land Management,
National Park Service, Flood Control Diatrict of Maricopz County, and
the Corps of Engineers. An areheological testing program was carried
out at New River to evaluate the effects of dam construction and

to design a cultural resources mitigation program to minimize the
effects. Testing involved mapping sitea, examination of surface and
subsurface artifacts, and test excavations of surface and subsurface
features. Prehistoric and historic artifacts and nonartifactual remains
were collected from all sites and analyzed. This study resulted in the -

formulation of recommendations for the development of a research design
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1. Introduction

Purpose and Scope

1.01 The New River Dam Feat&re Design is primarily a technical document
designed to provide the basis for preparation of plans and
specifications. The report provides justification for general feature
dimensioning, siting, selection of construsction materiais, and
management of basin resources. It cafries forth ggneral concepts of the
Phase I General Design Memorandum (GDM), which recommended construction
. of a dam, a dike, a spillway, and outlet works in the proximity of the
West Wing Mountains on the New River and management of the flood plain
between the New River damsite and the Skunk Creek confluence under flood
plain management principles. The authorized Phoenix and Vieinity Flood
Control Plan is shown on plate 1., The report specifically addresses -a
revised site selection for the dam, spillway, outlet works, and access
road; the addition of another dike; ahd revised real estate

requirements,

The Phase IT Process
1.02 Major studies initiated under the Phase 1 GDM have been
supplemented in the Phase II process to achieve feature design

quality. Studies specifically included in the feature design are

summarized in table 1.

FD=1




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

Ecornomic Research Service - U.3, Dept, éf Agriculture ®
Maricopa County Association of Governments |

Historical Trends

Local and Regional Development Plans . . ®

3.38 It was projected that urbanization in the direction of New River

Dam would reach Union Hills by the year 2020-approximately 6 miles . ®
downstream from the proposed damsite. It was also reasoned that much of |

the valley watershed, composed of State of Arf::zona School trust lands,

would not be developed because State law would prohibit its sale. ®

3.39 Since 1980, several factors have changed the urbanization

projection pattern of Phoenix rather significantly. Much of the

modified projection is aﬁtr}buted to an unforgseen rapid increase in °
commercial movement to the Phoenix area followed by a rapid popuiétidn
increase. Recycling of land near the urban core to multiple-unit ®
dwellings is increasing and hias resulted in sending single-family units'_
to outlying areas where land and prices are lower, This trend has been
accentuated. because of the existence of large privately ogned tracts of ®
land in the outlying areas that are inc_rearsj.ngly attractive to the
plamed community developer. The natural geographic setting (mountains
to the south and Indian Reservation to the east) has further accentuated e
the urbanization trend to the north and west of Phoenix.

®
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4,02 Land Use. The project area lies within an undeveloped area and
provides open space for such land.uses as grazing, hunting, and informal
recreational use. Currently the nearést residential development iS
about 4 miles south of the project area. However, this is projected to
change as metropolitan Phoenix continues to expand north and west. A
solar community is currently being proposed for develqpment on State
lands adjacent to the project area. As urbanization continues to
expand, New River Dam will become increasingly important as an area of
open space. As stated in the FES, the area downstream of the proposed
dam td the confluence with Skunk Creek will be subject to flood plain

management.

4,03 Land Ownership. Land ownership consists of private lands
purchased by the Flood Control District of Maricopa County (FCDMC,

@ ¢ o

1463 acres), State of A;iggna:lands currently being pur&hasedjﬁy the
FCDMC (U480 acres), and Federal lands under administration of the Bureau
of Land Management (BLM, 770 acres). The FCDMC currently holds a grant
for BLM lands (770 acres) that permits construction and operation‘of
flood control facilities. If the FCDMC's applications are granted for
subsurface mineral rights and surface management rights on BLM lands,
under - the Federal Land Policy Management Act (FLPMA) and the Recreation
and Publie Purposes Act (R&PPA}, respectifely, effective management of

all project lands will be assured,

4.04 Mineral Resources. The only knowh mineral deposits located within
the project area are non-metallic resources of sand and gravel

deposits. There has been no extraction of sand and gravel from within.

EA-3




the project area. Construction of New River Dam will rot result in a
shertage of sand and gravel for the areas adjacent to this project area,
as the Agua Fria River, another source of sand and gravel, lies about
one mile west of New River. A resource use plan, hasel on project
resource use objectives has been developed to guide management (in three
phases) of the flood control basin. Implementation of this plan will
provide a more balanced use of the natural resources, as the plan
identifies permitted uses for specific areas. Specific areas have been
designated for preservation of sensitive biologleal and cultural |
resources. Mineral extraction will be pgrpitted in high intensity use
areas. Enforcement of such a plan becomes critical as sand and gravel
supply in the Phoenix area dwindles, thus increasing the pressure to
excavate within the boundaries of the project area. The Arizona State
Land Department has not made any estimates of the aﬁount of sand and

<

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

4,05 Air Qu=lity. The project area lies within the Phoenix non- ®
attainment area for carbon monoxide, ozone, and particulates. Although

there is no monitoring of air quality within the project area, it is

unlikely that the standard for each of these pollutants is exceeded. ®
According to the Arizona Department of Health Services, Bureau of Air

Quality, the boundary lines for the Phoenix non-attainment area are not

based' on measurements or models; the boundaries are the same as those ®
used by the Maricopa Association of Governments to delineate their

‘planning area. The lack of development within or adjacent to the

project area indicates that pollutant levels are likely to be similar to ®

those found in desert environments: low levels of carbon monoxide,
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Existing cultural resources

4,112 The basin area represents an important source of data on the
nature oleohokﬁm settlement and subsistence patterns and on the
relatiohship of these patterns to earlier Archaic settlements.
Investigations conducted by ﬁhe Museum of Northern Arizona have
identified 41 archeological sites within the project limits that
collectively represent'habitation sites, agricultural fields, food
gathering areas, and campsites., Three historic period sites, including
" a stage station, have also been ideptified. The New River cultural
resource sites have been listedcin the Naﬁlonal Regiséér of Historic

Places as the New River Argheclogical District.

4,113 Geotechnical testing would have diaturbed at least one site,
which was recovered priof to testing. Closé coordination has been
maintained throughout the geotechnicél testing program to asaure that
ércheological resources are properly safeguarded. Construction limits
have been established to preserve cultural resource sites while still
allowing construction flexibility. All sites within the conatruetion
work 1limits will be recovered prior to the initiation of construction.
Selected sites outside the work limits, but within the basin, will be
preserved. Plate 6 of appendix 2 shows general archeological areas

designated for preaervation.
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FLOOD CONTROL

7.03 The first cost of flood control features was based upon detailed
quantity estimates and unit price development at October 1981 price
levels. Quantity estimates were based on detailed design drawings.
Large quantity items, such as borrow, excavation, dam and dike fill
placement, slope protection, and spillway excavation, have been based
upon a breakdown of plant, labor, and materials specific to the New
River.site. Other unit and lump sum costs have been developed

strictly on the basis of comparable price analysis.
Borrow Areas

7.04 Borrow areas will be stripped.of topsoil to a depth of 9 inches
and stockpiled for later use. Stockpiled material will be spread over
the borrow areas after construction and spread over the downstream
slopes of the embankment and dike 1 prior to seeding. Impervious
materials will be obtained generally_from 1 to & feet in depth and will
be moistened prior to excavation. Pervious shell and transition
materials will be obtained from 3 to 13 feet below the ground surface
and will not be moistened. Haul roads to borrow areas could use the
northern exposure of the left or right abutments or an access ramp on
the face of the dam. The averége haul distance to the impervious borrow
will be 0.2 and 1.9 miles for the dam and dike No. 1, respectively. The
average distance to the pervious borrow will be 0.8 and 1.5 miles for

the dam and dike No. 1, respectively.

7.05 Borrow materials will be blended at the borrow site.
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1. Introduction

Purpose and Scope

1.01 Geology, soils, and materials investigations have been conducted
for the following purposes (a) to determine the extent, distributionm,
and physical properties of the rock and soils at the site of the
proposed New River Dam, dikes, and appurtenances; and (b) obtain
detailed information on the foundation, construction materials, and
groundwater conditions in crder to provide a sound basis for the design
of the proposed structures. This appendix dgscribes tﬁe geologic and
seismic setting, the geotechnical explorations, fieid and laboratory
testing, analysias of data; foundation treatment, embankment design,

construction conéiderations, instrumentation, and inspection plan.

<
[+ =

Description of Project Features

1.02 The project provides for the foilowing features: _

a. A zoned earthfill dam, approximately 104 feet high (maximum) and
aboutl2320 feet long at the crest, above the existing streambed
at elevation 1486,7 feet (without settlement allowances) above
ﬁean sea level (msl).

b. A zoned earﬁhfill dike, approximately 36.3 feet high (maximum)
and approximately T464 feet long at the crest, about 1.7 miles
northwest of the right abutment of the dam at elevation 1486

feet (without settlement allowahces).

Al=1




2. Topography, Geology, and Seismicity

Regional Topography

2.01 The project area lies near the boundary of the Salt River Valley
and New River-Cave Cfeek areas, portions of the Basin and Range
physiographi¢ province that are characterized by broad gently sloping
valleys bounded by high rugged mountains. The project area is at the
southern edge of a topographie and structural basin and 1is bounded to
the southeast and southwést by the low=-lying East and West Wing
Mountains, respectivély, and td the east by an unnaqed group of peaks.
The broad alluvial plain to the north and west 5} the project area
extends up to the New River and Bierogiyphioc Mountains. The damsite
spans a narrow valley between the East and West Wing Hountains at the
northern edge of Deer Valley, a small undissected tributary valley
within the large plain of the Salt River Valley. Th; main drainage froﬁ
the project area is through Deer Valley to the Agua Fria River and then
to the Gila River. The New River begins in thq New River Mountaing-
about 40 miles north of Phoenix, is approximately 40 miles iong and has
a drainage area of about 350 square miles. Thé New River merges with

Skunk Creek, approximately 8 miles below the damsite, then flows about

8 miles further downstream before merging with the Agua Fria River.

Regional Geology

2.02 The rock types existing in the mountainous areas within the
- project area are very similar., The basement complex consists

predominantly of Precambrian granite and related erystalline rocks with
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lesser amounts of schist and gneiss. These formations ane.extensively
exposed along the eastern and southeaétern margins of the pboject

area. Elsewhere, they are covered by sedimenté or lava floﬁs. Lava
flows of Tertlary to Quaternary age'cover a considerable aﬁea along the
soutﬁuestern margin of the project area and cap a small isolated hill
north of the damsite. The flows are eomposedrof andesite (felsite),
rhyolite, and vesicular basalt, and locally include tuff, flow breccia,
and tuffaceous agglomerate. Exposures of Tertiary intrusive igneocus
rocks, consisting mainly of granitg and monzonite, are found in the
mountains to the east. Older Quarternary sediments are found on the

" 8lopes of most of the hills. The most extensive Quarternéry deposits in
the area are the poorly to well consolidated older alluvial materialas
that consist mainly of gravel, sand, silt, and elay and contain varying
amounts of caliche. These materials form the nearly flat valley floor
and extend tb undeteriined depths‘Beﬁéath the éurface of valley. Hecent
alluvium, consisting mainly of unconsolidated coarse sarnd and gravel,
fills the channe’ of the main stream cgurses and the tributaries
associated with flood plain washes. Bedrock, sifiilar to that of the
nearby hills and mountains, underlie the alluvial deposits at great

depths.

Geologic History

2.03 During the late Miocene time, subsidence, block-faulting, and
erosion occurred in southwesternlnrizona, which broke up the region with

its existing Precambrian and yOunger rocks. This “gave the area a
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typical basin and range structure of mountain-forming horsts separated
by valleys underlain by grabens or half-grabens" (Eberly and Stanley}

1978).

2,04 Sediments were deposited in these troughs or grabens during late
Cenozoie timé. These sediments consisted of clastics and lesser amounts
of interbedded volcanic rocks, and in some valleys, thick intervals of
evaporites. All are continental deposits, Estimates of thickness of
these sediments range up to 3,000 feet in the Deer Valley area, a few

miles south of the proposed site for the New River Dam.

. 2,05 Many of the. older volcanics are from the Mip-Tertiary (late
Oligocene and early Miocene) orogeny, which produced great quantities of
rhyolitic to andesitic tuffs, breccias, and flows. Fanglomerateé and
lacustrine deposits alternate with these volcanies. Overlying these
voléanics and other deposits are fanglomerates (containing voleanic
detritus), as gell as beds of water-laid tuffs-and other sediments
interlayered with and overlain by basaltiﬁ lava flows, These are
believed to be middle to late Miocene in age. The youngest basalts are
possibly 6 million years or less, making them Pliocene in age, similar

to the basalts near Glla Bend and Gillespie Dam.

Fault

2.06 The major structural features for the State of Arizona are shown
on plate 2. The greatest concentration of faults primarily coincidea
with the Transition Zone physiographiec province and tha Basin and Range

Mountain Region subprovince along the Jerome-Wasatch Structural Zone.
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This structural zone is a tectonic lineament roughly 60 miles wide which
is characterized by long, conﬁinuous, subparallel, normal faults
trending generally to the.north and northwest. This zone extends from
Utah south to southeast acfoss Apizona into Mexico and is assoziated
with numerous earthuakes and contains evidence of Quaternary

faulting. The edge of this pcostulated zone is approximately 30 miies

northeast of the project area at its closest approach.

2.07 The most significant fault in the State of Arizona is the
100~mile-long Main Street fault, which trends norph—south and is about
150 miles northwest of the project area. A maximum credible éarthquéke
of magnitude 7.5 could be generated on this fault, This could result in
a bedrock aeceleratidn of approximately Q.Oﬂg at the proposed damsjite,
The Verde fault system, located ;Pproximately 45 milis northeast of the
projéot area at its souiherly extent, has a total length of about 45
miles. However, this fault system consists of severai splays and
segmenta. The l.ngest and most continuous segment is the central .
segment which is about 17 miles long. A maximug credible eérthquake of
magnitude 7.0 is possible over the total length of the Verde fault |
system. This could result in a maximum bedroék acceleration of
approximately 0.08g at the site of the New River Dam (after Schnabel and
Seed, 1973). The largest earthquake eier recorded near.the Verde aystem
was one of magnitude 5.1 in 1976, which would have produced a ground
acceleration of less than 0.01g at the proposed damsite, The third
largest faulft system is near Globe, Arizona, approximately 95 miles

east-northeast of the project area. This system is about 42 miles long
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and ls not considered active. The Main Street and Verde fault systems
have shown signs of Quaternary movement. There have been, however, no

historic or Holocene surface ruptures recorded,

2.08 Thg project area is located in the Basin and Range structural
province whose general structural configuration is that of parallel
horsts and grabens produced by block faulting. Blook faulting and
tilting have had an important effect upon the topographic forms in the
project area. These structural movements probably reached a maximum
during the Tertiary period and have affected the Quaternary lavas and
sediments. Although of considerable magnitude, the faulting and tilting
apparently have been gradual and the tilted blocks are not greatly
broken up. The strike of the major movements conforms with the general
northwest structural trend of the region; however, there are numerous
northgast-tyending oross faults,

Local Geology

2.09 The proposed damsite is about 23 milgs northwest of Phoenix and
about 7 miles west of Black Canyon Highway. The damsite spans the New
River between the West Wing Mountains, which form the right abutment,
and Keefer Hill, a westward projection of the East Wing Mountains, which
form the left abutment. The valley is approximately 2000 feet wide_at
the project site. The West Wing Mountains are composed of various
Tertiary voleanla rocks described as felsite, flow breccia, tuff,'and
tuffaceous agglomerate. The valley floor consiats of poorl& to well-

cemented Quaternary silts, sands, and gravels that are underlain by
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Tertiary volcanics near the righﬁ abutment and Precambrian zranites near
the left abutment. The thickness of this older alluvium ét the site
varies from a few feet near both abutments to an approximate depth of
136 feet near the center of the valley. The older alluviur is masked by
shallow depositsrof younger alluvium, consisting of loose sands,
gravels, and cobbles with occasional boulders, which are generally found
in the active stream channel and the smaller washes., The older alluvium
includes slope wash and residual soil found on both abutments and the
spillway sites. The East Wing Mountains, including Keefer Hill, are
composed primarily of Precambrian granite and granodiorite with minor
gneiss, vein quartzi and schist intrusives. Seecplate 3 for a geologic

map of the damsite,

SGroundwater

2.10 The New River,ﬂan ephemeral streanm, fiouﬁ generally south from its
headwaters in the New River Mountains, through the project area on the |
boundary between the Salt River Valley aﬁd New Biver-Cave Creek
groundwater areas, and emerges into Deer Valley where it meets Skunk
Creek and continues south to its confluehce with the Agua ¥ria River.

In both groundwater areaa,.fhe principal‘aquifera are mainly alluvial
deposits located in the central parts of the basins, but small water
supplies can be obtained locally from the crystalline and consolidated
sedimentary rocks in the mouﬂtains bounding the basins. The alluvial
deposité range in thickness from a few tens of feet near the mountains
to more than 1200 feet approaching the center of the basins. South of
the project area, gfounduateé flow is in a southerly direction, toward a

ma jor cone of uzpression in Deer Valley.
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2.1 Recharge to the groundwater basgins is deriﬁed from.seepage of
irrigation watera, stream flows, rainfall and underflow of ground-
water. There is very little recharge from stream flow and rainfall and
the amount of recharge from irrigation seepage and underflow has not
cléarly offset the lowering of the water table due to the pumping of
water for 1lrrigation, increase'in population, high evaporation and ldw

annual precipitation.

2.12 In 19“6, the highest groundwater depths in Deer Valley ranged from ¢
161 feet in well (A=U4-2) 19 bee, approximately 4-1/2 miles spﬁtheast of

the damsite to 173 feet in well (A-4-1) 10 daa, approximately 2 miles

south of the ;'-ight abutment of the damsite. In 1979~8d, the depth £0' ®
groundwater in these same general areas ranged from 449 feet in well 19

boe to 494 feet in well (A-#-1) 10 aab, about 1)2 mile north of well 10

daa. These results show a waterclevel declinp of approximately 3300 f‘e:et *
or an average decline of about 9 feet per year. There has been a

decrease in the rate of decliﬂe of the.water table since the mid-1960s3,

based on data from well 19 boc and well (A-4-1) 22 bbb, approximately 4 o
miles southwest of the right abutment of the damsite., 1In well 19 bee,

the decline has been about 2-1/2 feet per year from 1963 td 1980. In

well 22 bbb, the decline has been about 4 feet per year from 1963 to o
1979. This decrease in the rate of decline of the water table can be

attbibuted to the progressive change from agricultural to residential

and industrial land use and a decrease in the pumpage for irrigation.

2.13 There are no water-well data ava;lable for the area in the
. immediate vicinity of the damsite. It is estimated that the d'epth to ®

groundwater is below 70 feet (elevation, 1320 feet) based on information
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from bucket auger test holgs, TH 80-35 and TH 80-38, where possible
groundwater was encountered at depths.of 84 and 70 feet, respectively.
It was not determined if grouhdwatér was encountered in any of the
diamond core holes drilied during subsurface investigatlo's. 2erched
water tables were encountered in bucket auger test hole TH 80-36 at a
depth'of 39 feet, and test trenches TT 80-197, TT 80-198, and TT 80-200
at deptha of 10 feet, 22 feeﬁ, and 15 feet, respectively. See plate §

for the locations of the test holes and test trenches.

2.1 The only local groundwater information is provided by the
following wells. In 1970, the depth to groundwater in well (A-5-1) 26
bea, about 1 mile north of the right abutment of the damsite was 126
feet (elevation, 1294 feet). In 1979, the depth to groundwater in well"
(A-4-1) 1 dcb, almost 2 miles southeasf of the damsite, was 320 feet
(approximate elevation, 1045:feet).’ The higher groundwater at the
damsite is the result of bedrock censtrictions in the narrow confines of

the valley.

2.15 Groﬁndwater information for dike no. 1 was obtained from well 26
bca, discussed in paragraph 2.14, about 1 mile east 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 well 10 aab wﬁs 256 feet (elevatipn
1318 feet). Based on data from these two wells, it is estimated the
depth to groundwater in the vicinity of the dike is greater than 150

feet.
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3. Economic Geology

Natural Resources

3.01 The natural resources considered in this statement are those
reasources that have a large enough iolume or value so that their
exploitation would havq a significant impact on the water uge, land use,
or econcmy of Maricopa County. The resources are'discussed in three
general groups; mineral and foasil fuels, metallic minerals, and
nonmetallic minerals, All d&ta is derived from the "Lower Colorado

Region‘COmprehensive Framework Study," U.S. Department of Interior.

Mineral and Fossil Fuels

3.02 There aré no known:reaoﬁrces of coal or crude oil in Mariboﬁ#

County.: The nearest field source of coal to the project‘area is iha

Deer Creek field, 2 relatively minor field in eastern Pinal County, ®
located about 100 miles southeast of downtown Phoenix. Although

appreciable uranium-vanadium deposita hgve been located in Coconino,

Navajo, and Gila Counties, none have been located in Maricopa County. )
The eiosest uranium resources to the study area lie in the Sierra Ancha

Mountains in the Tonto National Foreét, 75 miles east of Phoenix,

Metallic Minerala

3.03 South of the study area, in a wide belt running southeast through
Pinal, Pina, and Santa Cruz Counties, lies a district in which

disseminated copper and COpper-molybdenun areas are being developed for
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future large-scale mining. A4 large volume of potential iron resources
oceur in the Hieroglyphic Mountains (Pikes Peak district) 25 miles
northwest of Phoenix. Known resources in the area total about 90

million short tons.

Nonmetallic Minerals

3.04 Halite (common salt) has been discovered underground 20 miles west
of Phoenix in wells drilled about 1 mile apart. In one well, below 880
feet, more than 3000 feet of solid halite were penetrated. This

resource could also be used as a raw material for the chemical industry.

3,05 Sand and gravel, a resource that is becoming more limited in the
study area because. of vast quantities of aggregate materials used by the
oonétruction industry, océurs in recdverable concentrations in exposed
and buried siream channeis, on terraces near mountain frdnts, and
alluvial fans, The.materials near the mountain fronts contain a higher
ratio of gravel to sand, where as the basin fills are mostly sand and
silt. In 1970, Maficopa County produced 6,350,000 tons of sand and
gravel, which represented more than a third (35.7 percent) of the
production for the State. Up to the present time, there have been no
sand and gravel operations within the project area. Other signifiecant
mining activities include the production of scrap micé near Buckeye in
Marjicopa County, and miscellaneous clay and shale for manufacturing_

bullding brick, mined at the Tolleson pit in Maricopa County.'
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4, Field Investiqations
General

4.01 Two alternative damsites have been gaotechnically investigated and
evaluated. The first site considered was presented in the Phrase I GDM

and is referred to as the Phage I site. Tais site is on the New River

approximately 7 miles north of Bell Road. The second site i3
wwumuuymmfwtwmﬂmm(muwﬂahthnuwﬂ

streambed) and 15 referred to as the Phase II site.\

4,02 The Phase I site was explored between March 1970 and January 1972,

#s discussed in the Phase I GDM; the Phase II site was explored in

detall between November 1979 and May 1981. Geotechnical considerations ]
had no significant ianUen;e'ou the aelgqtion of the Phase II site overL

the Phase I site. The Phase 1I site uaa\aeleetad on the basis of

economies. ®

Geotechnical Investigations of the Phase IT Dammite

4,03 Subsurface investigations were conducted at the New River damsite
for the foundatlion of the dam, dikes, cutlet works, three alternative
sbillways, and potential borrow areas to determine the design and cost
data for constructing an earthfill dam, two dikes, and appurtenant
works. The geotechnical investigations consisted of geologic
reconnaissance and mapping, shallow seismic refraction surveys, dlamond

ecore drilling, bucket-type power auger drilling, trenching, and field

and laboratory testing.




Borrow Areas

4.14 The subsurface investigation of the potential borrow areas
consisted of drilling 16 test holes, TH 712 through TH 71-M,VTH 71-7,
TH 71-8, TH 71-14 through TH T1-15, TH T1-19, TH 71-20, TH ?1-2&,
through TH 71-26, TH 71-30 and TH 71-31, in 1971, The test holes were
drilled with a bucket-type power auger to depths ranging from'S'to 13
feet, Sixteen teat trenches, TT 71-7, through TT 71-13, TT 71-15,

TT 7T1=-16, TT 71-20, and TT 71-22 through TT-71-2T7 were also excavated in
1971, All thése trenches except TT 71=13 were excavatéd with a dozer.
Seventy~nine test trenches,.TT 79«31, TT 80-33 through TT 80-86,

TT 80-91 through TT 80-399, TT 80-101, TT 80-108 through.TT 80-110,

TT B80-186 through TT 80-194, and TT 80-196 were excavated in 1979 and
1980, with a backhoe. Locations of the test holes, test trenches, and
borrow areas are shown on plate 13. Large representative disturbed
samples were:obtainedlat 3«foot intervals or at each 6hange in soi; type

for classification tests and blending for detailed laboratory testing.

Stone Revetment

4,15 Visual inspections of potential stone sources, stockpiles of
cobbles and boulders at gravel plants along the Salt, Agua Fria, and New
Rivers, and Cave and Skunk Creeks were made to determine if sufficient
ambunts of stone revetment could be producéd from these stockpiles.
These sources would all be within approximately 30.milés of the

damsite. A stockpile of oversize rock, excavated from the Central

Arizona Project (CAP} Agua:Fria tunnel outlet about 5 miles northwest of
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5.03 The minus 12-inch gr-adations of these tests are summarized in ®
tables 2 and 3. The fine limit, upper quartile, median, lower quartile,

and coarse limit for the materials tested are shown in fipures 1 and 2,

respectively. Because of atrat'ification of the foundation, the terms .
Stratum A, B, and C have been adopted for use in identifying the

foundation strata, as explained in paragraphs 6.02, 6.05, and 6.10,

raespectively, of this appendix. . ®

PERMEABILITY TESTS

s } _ ' ®
5.04 Permeability tests were performed in shallow pits dug in the |
bottoms of the trenches excavated for TH 79-32 through TH 79-34, and
‘TH 80-35. The purpose of these tests was to obtain largq scale field - ®
data that wo;ildi be used as a éuid‘e :i.n dcetermining ac r:ecpr-esentative

coefficlent of permeability for the foundation materials. To perform

the test, a 25-i~ch steel casing was placed in a pit, and a compacted _ ®
backfill consisting of bentonite mixed with native soll was piaced

around the casing. The compacted backfill formed a seal around the

casing uhiéh prevented the upward movement of water. A constant head PY
permeability test (Test Method E-18, Bureau of Reclamation Earth Manual)

was then performed, The results of the tests are shown in table i,

5.05 The permeability test performed in test hole 79-32 at a depth of
13 feet developed leakage around the casing, which is responsible for

the high permeability value obtained from this particular test on the ®

Stratum C Material.




Table 4, Dam foundation—Field permeability.

Depth perzzgtglity -rd (fie%d) -4 ~-200 Materials
Test hole (ft) (fpd) (lb/ft (3) (%) 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, 2l 5 Stratum C
80-35 18 8 - 17 5 Stratum C

#From large-scale density tests.
- Bo value obtained.

PRESSURE TESTING

< . o

5106 Hydraulic pregsure testing, consisting of pumbing water into a
predetérmined depth inerement in a core hole and noting éhe quantity of
water pumped at any given pressure for a specific period of time, was
conducted using a single packer to seal off the sectiqn (generally a 20-
foot interval) to bg tested. Pressure tests were performed to loggte
potential zones of leakﬁge and to determine the permeability of the

rock. The results of the tests are shown on plates 15 through 20,

REFRACTIVE SEISMIC SURVEY

5.07 The geophysical explorations consisted of conducting refractive
seismic surveys at the locations shown on plates 6 and 12 to determine
the depth to bedrock and subsurface P-wave velocities along the dam
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®
Dike No. 1 foundation
5.13. The results of classification and moisture content .eterminations

®
are shown on s0il logs on plate 28. The results of the soluble salts
test are presented in attachment B.

e

5.13 The results of classification and moisture content determinations

- G .
are shown oo soil logs on plates 29 through 34, The results of all
detalled laboratory tests on shear strength, consolidation,

permeability, dispersion, and compaction are presented in attachment B.

A summary of the "Q® and "R" triaxial Lcouprgasio::i, qoagolidation; °
peru;eability, compaction, and the test sample gradations are presgnta:d

on plates 35 and 36 for the core materials and plate 37 for the pervious

shell materials. °
5.15 Dispersion tests were performed on samples representative of the °
upper quartile, nqd:lan, and lower quartile gradations of the core

material. Iniﬁially pinhole dispersion tests were to be performed on

the samples; however, the holes drilled in the remolded samples ®

collapsed during the saturation phase of each test, neceasitating double

hydrometer tests instead (Sherard, Decher, and Ryker, 1972).




6. Analysis of Data
Dam Foundation
GENERAL

6.01 The foundation materials consist of layered homogeneous alluvial
s0ils extending to a depth of 136 feet. Interpretatioﬁ qf the data
contained on the soil logs and visual examination of the sides of the
dozer trenches (pl. 38), excavated in the dam foundation indicate that
there are three distinct soil 1ayérs in the daﬁ foundation above ﬁhe
bedrock. The approximate geologic profile along the centerline of the

dam is shown on plate 39.
STRATOM i

6.02 The first soil layer, designated,Stratun:A, varies in thickness
from 2 to 9 feét; It eonsisté mostly of silty sand and has been ebéded
away to form the banks of the active channels. The percent passing the
No. 200 sieve varies from 25 to 51 percent, and the in-situ dry density
varies from 98.5 to 105.8 pounds per cubilc foot (1b/ft3) with an average
value 101.5 1b/et3 (80-percent compaction). The in-situ moisture
content varies from 1.2 to 2.9 percent with an average value of 2.2
percent. Thin lenses of fine sand are found in this stratum. The
.results of the in-situ densitj tests for this stratum are presented in

table 1,

6.03 The statistical analysis of the percent passing the No. 4 and No.
200 sieves and the Atterberg linita are summarized in the following

tabulation.
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Foundation-Stratum A

Sieve Coarse Loﬁer Upper Fine
(No.)  limit quartile Median quartile  1limit
Percent finer®*

Unblended Iy 80 93 94 98 100
200 22 33 37 4o 5T
Atterberg
limits:
LL - - - - 27
PI ‘NP NP NP NP 6

%Based on minus 3 inch samples.

6.04 The in~situ densities and gradations of the materials in Stratum A
indicate that they would have low shear sérengths and be compressible

and, therefore, are considered not suitable for the dam foundatien.

STRATUM B

<

6;05 The second soll layer, deaignated Stratum B, consists mostly of
sandy gravels having bétween 48 and 80 percent plus No. 4 material and a
fine content that varies between 1 and 9 percent. The stratum varies in
thickness from 6 to 10 feet and has lenSes of fine sand and silty sand
that vary in thickneas form about 2 inchesa to 1 foot. The in-situ dry
density of this stratum ranges from 125.2 to 146.5 1b/ft3 with an
average value of 139.8 1b/ft3 The relative density (ASTM D 2049) of the
material varies from 52 to 107 percent and the percent compaction (ASTM
D 698-70) varies from 91 to 103 percent with average values of 80 to 97
percent, respectively. The in-situ moisture content varies from 2.5 to
3.8 percent with an average value of 3.2 percent; The results from

TT 80-197 at 8 feet were not included in this analysis because of errors
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made in the large-scale density test. The results of the in-situ
density tests, relative density tests, and compaction tests are

presented in table 1.

6,06 The statistical analysis of the percent passing the 3-inch, No. %,
and No. 200 sieves, and the Atterberg limits 1s summarized in the

following tabulation.

Foundation—Stratum B

Sieve Coarse Lower Upper Fine

Item {No.) limit guartile median quartile 1limit
: Percent finer®
Unblended 3 in. 55 70 T4 83 92
No. 4 20 24 28 33 52
No. 200 1 2 2 4 9
Atterberg :
1limitas: . :
LL - - - - - =
PI NP NP ‘ NP NP NP

¥Based on minus 12-inch samples.

6.07 Basedron the preceding statistical summary of the gradation data
for Stratum B and the field denaity data; selectesd representative
materials were remolded to approxnmétely BS-perceht relative-dgnsity,
f33.u 1b/£t3 for detailed laboratory testing. The laboratory testing
consiated‘of shear strength.and permeability tests, using 12- and
18-inch-diameter cﬁlindrieal samples,.respectively. The gradations of
materials on which laboratory tests were conducted are shown in figure 1%

along with the field gradations of representative in-situ materials for

comparison purposes.
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6.08 The maximum total shear strensth'of this material has a cchesiocn
(e) of 1200 pounds per square foot (lb/fpz) and friction angles (8) of
33 degrees. Conservative test results for the total shear strength used
in design are shown in figure 3. The effective shear strength for this
material has a @' value of = 40 degrees. The effective shear strength
test results are shown in figure 4., The permeability values for the in;
situ field tests were 19.5 and 22.7 feet per day (fpd) (table 4), and

the laboratory tests ranged from 2 to 20 fpd.

6.09 The results of field and laboratory tests of the materials in
Stratum B indicate that they would have high shear strengths and ;ow
cothpr:essibility, and therefore, are suitable for the dam .f‘oundat.ion; @
Because of their high permeability, however, they are conasidered not

suitable for foundation of the core.
:STRAIUM c

6.10 The third soil layer, designhated Stratum C, consists mostly of
cemented sandy gravels having between 46 and 83 percent plus No. Y L
material and a.fine content that varies between 3 and 9 percent. This
atratum extends down from Stratum B to bedrock at a maximum depth of 136
feet below ground surface. The in-situ dry density of Ithis layer varies ®

from 123.5 to 149.9 1b/ft3 with an average value of 140 lb/ft3. The

relative density (ASTM D 2049) of the material varies from 75 to 126

percent and the percent compaction (ASTM D 698-70) varies from 98 to 102 ®
percent with average values of 97 and 100 percent, respectively. The
in-situ moisture content varies from 1.9 to 5.2 pergent with an average

®

value of 3.7 percent. The results of the in-situ denalty tests,

relative dénsity tests, and compaction tests are presented in table 1.
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6.11 The statistical analysis of the perdent passing the 2-inch, No. 4,
and No. 200 sieves and the Atterberg limits are summarized in the

following tabulation and shown in figure 2.

Foundation-Stratum C

Sieve Coarse Lower ' Upper Fine |
Item (No.) limit quartile - Median quartile limit
Percent finer®

Unblended 3 in. 51 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 ] 10 23 3N 46

#Based on minus 12-1n¢h Samples.

| 6.12 Based on the preceding statistical summary of the gradation of
- Stratum Caand the field density data, gelected representative matgrials
were remolded to approximately 85-percent relative density 126.5 pef,
for detailed laboratory testing. The laboratory testing consisted of -
sﬁear strength, consolidation, and permeability tests using 12-inch-
diameter cylindrical samples for the shear strength and consolidation
tests and 18-inch-diameter cylindrical samples forrthe permeability
tests. The gradations of materials on which laboratory teﬁts were
conducted are shown in.figure 4, along with the field gradations of

representative in-situ materialas for comparison purposes.

6.13 The total shear strength of this material has a ¢ = 2000 1b/ft2
and a @ = 14 degrees. The tests results for the total shear strength
are shown in figurc 5. The effective shear strength of this material
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has a 5 = 36 degrees. The tests results for the effective shear

strength are shown in figure 6. The permeability values for the in=-situ

field tests ranged from 6.2 to 8.5 fpd and for the laboratory tests from e
2 to § fpd.
6.14 Two consolidation tests were performed. on remolded samples of the ®
minus 2~-inch material of Stratum €. No undisturbed samples were
obtained or tested because of the coarseness of the in-situ materials.
The consaolidation tests results are presented on piate 27. The 9
coefficients of consolidation (Cc) of these tests were 0,059 and 0.065.
6.15. The results of ‘field and laboratory teats of the materials in
Stratum C indicate that théy would have high shear strengths, low ¢
compressibility, and a relatively low permeability and, therefore, are
considered suitable for the dam foundation including the core, o
LIQUEFACTION :
6.16 An evaluation of the data and conditions at the site indicates
that the foundation materials of the dam are not susceptible to °
1i§uefaetion because of the following conditions:

a. The embankment will be constructed in an area of relatively low °
seismic activity., The project site 1s located in Zone 1, seismic risk
map of the United States.

b. The foundation materials will be extremely coarse. and highly | ®
resistant to loss of strength from pore presaure built-up because of
cyclic loading. Foundaﬁion materials beneath the embankment ére |
moderately to highly cemented. The cemented materials are resistant to @

any loss of strength because of pore pressure build-up.
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¢, The groundwater at the site is located at least 7) feet below
ground surface, but in fact may be at a depth greater than the maximum

depth to bedrock at the site, which is approximately 136 feet.

d. Partial saturation of the upper foundation may occur only during
flood pocl storége whose maximum duration is 19 days based on the

maximum probable flood pool routing.

BEDROCK

6.17 Subsurface exploration indicates that the bedrock profile is very
irregular. Bedrock is exposed on both abutments, then slopes down to a
known maximum depth of 136 feet in the west centra; part of the

streambed approximately TOQ feet east of the toé of the right abutment

(station 2H+00).' . o .

6.20 Results of investigations condueted from station 13+00 to 25+00
indicate a shal.ow, gently dipping, grénitic bedrock surface extending
from its surface contact at the left abutment to a depth of 25 feet in
TH 79-34 (station 1§+80), then dropping off very rapidly to its known
depth of 136 feet in Db-1TA (station 2U4+00)., The upper 2 to 15 feet of
the granite is generally soft to.moderately hard_and decomposed_to'
highly weathered. This zone of intense weathering extends to a depth of
4 feet near the left abutment, 7 feet in DD-34, 22 feet in DD-14, and 25
feet in DD-15. The underlying more competent granite is moderately hard

to hard, moderately to highly fractured, and slightly to moderately
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weathered. See plate 15 for the geologic logs of core holes drilled
along the proposed dam alinement and plates 5, U0, 41, andlﬂe for the

embankment foundation and outlet works test trench logs.

6,21 Interpretation 6f data from the refractive selsmic surveys
conducted from the toe of the left abutment toward the center of the
valley along the proposéd dam alinement, lines 1,l2; 11, and 13; were
not conclusive when compared with subsurface information obtained by
drilling and trenching. Survey data indicate a generally thin, low
velocity surface layer (1000-1380 ft/s) representing poorly consoclidated
alluvium extending to an average depth of 3 feet (with a maximum depth
of 10 feet). An intermediate layer with seismic velocities ranging from
3500 to 4700 ft/s; indicative of moderately consolidated alluvium, was
found to extend tolvarious depths, ranging from about T4 feet near
station.19+00 to 44 feet near<DD-14 and to 57 faé£ in the vieinity of
the outlet works. Below these depths, bedrock velocities ranging from
6700 to 10,000 ft/s were encountered. An exception to this three-layer
sequence was found at line 13 where a 9- to 25-foot-~thick layer with
seismic velocities from 2400 to 3500 ft/s was indicated beneath the low
velocity surface layer. This anomaly may be attributed to layers of
caliche or cobbles and boulders that are discontinuous in length, and

vary in thickness and degree of cementation.

6.22 After comparison with drill hole, test hole, and test trench data
indicating granitic bedrock at much shallower depths, it appears the

boundary between the intermediate and higher velocity layers may
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actually reflect the contact between weathered and unweatheied granite
and that density contrasts between the more consolidated alluvium and

weathered bedrock are too minimal to be recorded.

6.23 Refractive seismic survey line 12, which explored a possible
location for the outlet works near the toe.of the left abutment (near
DD-16), revealed a 3-1/2-foot-thick, low velocity sﬁrface layer (1350-
1550 ft/s} overlying competent granitic bedrock with an average seismic
velocity of 8800 ft/s. This compared favorably with the hard,
moderately to highly fractured granite encountered at a depth of U feet
in DD~16. A comparison of line 12 gith survey iine 11 seems to indicate
a steeply dipping unweathered bedrock surface.: Core recovery in'DDf1R
was very poor {(only 17 percent) to 5 depth of Ui feet where competent
granite with an average seismic velocity of 7400 ft/s was encountered.
This depth was remariably close to the depth of the postulated eontaef
between weathered and unweathered granite interpreted from refractive
seismic survey lire 1. Low core recovery (48 percent) in DD-15 may
account for the low average seismic velocity of 4100 ft/s for the
weathered granite. No faults were encountered in anj of the embankment
holes drilled in the granite. Joints measured in the rock cores dip
primarily near vertical and 30 to 60° from the horizontal, and are

slightly to moderately weathered with minor rust staining aﬁd clay.

6.24% Investigations of the bedrock from station 25+00 to station 32+00
revealed volcanic rock types. Volcanic (felsite) bedrock similar to
that found on the right abutment was encountered in bD-23 and DD-18.

The felsite is hard, moderately to highly fractured, and unweathered.
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The bedrock surface dips steeply from its surface contact on the
abutment to a depth of 11 feet approximately 20 feet from the toe of the
slope. Within 125 feet of the abutment, the depth to bedrock is
approximately 25 feet, dropping off to 136 feet approximately 700 feet
toward the east. A poasible cap of hard, massive tuffaceous agglomerate
was encountered in DD-20 at a depth of 82 feet. No faults were noted in
any of the embankment holes drilled in the felsite and agglomerate.
Joints measured in the rock cores dip primarily.20 to 70° from the
.horizontal and are slightly weathered with minor clay filling. DD-44
was drilled near TH 79-33 to verify the tyﬁe of material encountered in
TH 79=33 at a deptqzof 34 feet.. No bedrock was encountered to a depth
of 106 feet, It was concluded, therefore, that the material.encountefed

in TH 79-33 was not bedrock.

- 68.25 Inferpfetations'of the repaining two:embankment surveys °
corresponds ¢losely with results from power auger'énd diamond core -
drilling. Line 14, running perpendicular to the proposed dam alinement,
encountered volcanic bedrock with seismic velocitles of 9300 to 10,000
ft/s at depths ranging from 25 feet at the south end of the line near
DD-18 to 50 feet at the north end, indicating a possible pre-existing
river channel condiéion. Line 15, in the New River channel, encountered
apparent bedrock with an average seismic velocity of 9100 ft/s at about
68 feet. When diamond core drilling commenced at 82 feet in DD-20,
slightly west of line 15, bedrock was encountered immediately.
indicating that the power auger may have pehetrated bedrock at a highev'

depth.
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6.26 The permeabilit} of the rock Qas determiﬁed'from pressure tests
conducted in each core hole drilled along the proposed dam alinement.
Permeabilities in the granite ranged from 0.0 tp 6.4 feet per day

{fpd). Generally, the lowest permeabilities were in the mc leracely to
highly weathered granite. Perﬁeability values ranged from 0.0 to 0,05
fpd in DD=-17A and from 0.01 to 0.02 fpd in the highly weathered zone
above 4U feet in.DD-14. Values for the unweathered to moderaﬁely-
weathered granite ranged from 0.1 to 6.4 fpd, but generally averaged 0.8
to 2.5 fpd. 'Higher permeabilities determined for.cértain zones in DD-16
and DD-34 reflect intervals whgre 50~ to 100-percent water losses were

encountered during drilling.

6.27 Permeabilities determined from pressure tests conducted in the
voleanics were overall much lower-thag those in the granite. Values
ranged from 0.0 to 0.03:fpd in the aggiomeréte:and between 0.0 and 0.3_-:
fpd for the felsite ;n DD-18. Small water losses noted during the

drilling of DD-27 contributed to higher permeabilities (0.2 to 1.0 fpd)

for the felsite.

Left Abutment

6.28 The materials exposed on the left abutment consist of weathered
granitic bedrock and weathered residual granite boﬁlQers up to 2 to 3
feet in diameter with scattered thin patches of residual soil and
slopewash varyiné in thickness from 0 to 5 feet, .The underlying bedrock
is hard, highly fractured, slightly to moderately weathered granite, ‘:_

with the upper 5 to 10 feet being 36ft to moderately hard and moderately
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to highly weathered. Based on inforhation from holes DD=19 and DD-21,
the'depth to good, sound rock near the toe and near the crest of the
proposed embankment is approximately 10 feet, See plate 16 for the

geologlo logs of holes DD-19 and DD-21.

6.29 The major Joint systems found in bedrock surfaee exposures give
the granite a somewhat block~Jointed appearance, the joints strike
N45°E, dip near vertical and 30 to 60° to the SE, and strike N4O®W, dip
near vertical and 40° to the SW. Joints measured in the rock cores
generally dip 20 to 70° and almost vertical from the core axis, and are
slightly weathered and usually rust-stained. Fault zones were
encounté;ed ik each of the core holes; between the depths'of 63 and 69
feet in DD-19 and inclined 70° from the core axis, and between the

depths of 16 and 35 feet in DD-21 and inelined 20° from the core axis,

. None, however, were found during sgrfaee geclogic mapping.

6.30 The permeability of the abutment rock was determined from pressure
tests conducted in each core hole. The permeability of the rock in DD-
19 varied between 0.03 and 7.9 fpd. The highést permeabilities (5.4 to
7.9 fpd) oceurred in the 34~ to 43-foot interval where a 100-percent

water loss was noted during drilling. Permeability calculations in the

fault zone ranged from 0.04 to 0.1 fpd.

6.31 The permeability of the rock in DD~21 was much less, varying from .
0.0 to 0.2 fpd. No water losses were noted during drilling. The
permeabllity of the fault zone was calculated ﬁo be 0.1 fpd. The low
permeabilities iﬁ the fault zones of both holeshindicate areas.that are
relatively impermeable and aﬁould have no adverse effect on elther the
embankment or the left abutment foundation.
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Right Abutment

6.32 The materials exposed on the right abutment consist of
outcropping, steeply dipping volcanic (felsite) bedrock masked by a
spotty thin cover of residual soil and slopewash., The alluvial cover
ranges from a depth of 4 feet near the base of the abutment to a depth
of 0 to 1 foot furthef up the steep slope. The exposed and underlying

felsite is hard, moderately to highly fractured, and unweathered.

6.33 The depth to good, sound bedrock is about 2 to 3 fest below the
existing bedrock Sﬁrface based upon information from core holes Db-22
aﬁd DD-45. The.drill logs indicate that the upper 2:50 3 feet of th;
felaite is loose and shattered. Approximately 3 feet of loose, iﬁ-place
rock, however, was removed by hand.and pick-axe prior to setting up to
. dg;ll_DD-u5. See plate 16 for the geologic logs of holes DD-22 and DD-
45, The felsite outeropping on the abutmént in the vi;inity of the
proposed embankment centerline and downstream from it is platy in

appearance becauae of the closely spaced parallel joints and exhibita.

flow layers.trending N40-50%, dipping 35° NE. The major joint system
parallels the attitude of the layering (adversely'dipping upstreah and
diagonally acfoss the abuﬂnént); a Secondary system strikes N30°E and

dips 75° NW.

6.34 Joints measured in the rock cores dip primarily T0° to near
vertical from the core axis, are parallel with 1ntersecting Jjoints
dipping 20 to 60° from the core axiﬁ,-and cqntain varying amounts of
caleite and minor hard clay. No fault zones were encountered in elther
core hole nor were any faults noted during surfae; geologic mapping.
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6.35 North of the centerline, particularly on the upper half of the
‘abutment, the thin alluvial cover 1s more extensive, and the jointing in
the exposed felsite 1s less distinet. However, the attitude of the
jointing is different; the major joint system strikes NBOPE and dips
near vertical. A small outerop of moderately hard to hard flow breccia
is exposed at the upstream toe of the prbposed embankment and oceurs
locally as small thin dikes in the surrounding felsite. See plate 9§ for

more detailed geologic mapping of the right abutment,

6.36 The permeability of the abutment rodk was determined from pressuﬁe
tests conducted in each core hole. The permeability of the rock in 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 encouniered
dupfng drilling. ;Th; pérmeability of the rock in th; drill hole above
56 feet varied from 1.6 to 4.3 fpd where 100-percént water losses wers
encountered several times during drilling. The permeability of the rock
in DD-U5 was similar, ranging from 0.1 to 3.1 fpd. :Thé lowest
permeabilities (0.1 to 0.9 fpd) occurred helow the 45-foot depth.
Permeability values above U5 feet varied between 1.9 and 3.1 fpd,

reflecting heavy water losses encountered during drilling.

Spillway

6.37 Plate 43 shows a geologic profile along the centerline of the
proposed apillway and croas sections. The profile and coross seoctions
show both the generalized geologic sections and the foundation
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excavation line and cut slopes. The geologic sections were developed
from surface geologic mapping, dozer trenching, and diamond core

drilling.

6.38 The spillway site consists of a layered volcanie sequence,
together with an underlying sandstone ﬁnit that dips 30° to the
northeast., The bedrock is overlain by thin scattered patches of
alluvium (0 to 2 feet thick) with a 3= to 5-foot thick cover from
station 12+60 to station 11490 west of the centerline. The alluvium
congists of residual so0il and slopewash, which would be readily

rippable.

6.39 The underlying bedrock, as encountered in the majority of the
diamond core holes with the exception of DD-37 and DD-50, is a hard,
moderately to higply fractured, unweathered felaite. See plates 17 and
;18 for the geologic logs of the core holes drilled in the spillway.
Interpretation of data from the refractive seismie surveys condﬁeted
-near the crest of the saddle_that forms the spillway, lines 9 ahd 10,
indicate a thin low velocity surface layer (1400 ft/s) of approximately
2-foot-thickness repreaenting poorly consolidated alluvial material. An
intermediate layer, with seismic velcocities ranging from 2700 to U250
ft/s extends to a maximum depth of 6 feet and is composed of less
competent, ﬁighly fractured felsibelbedrock with residuval soil-filled
joints. Thias layer, together with the surface layer, would be easily
rippable. Below the 6-foot depth, seisaic velocities ranged from 7800
to 11,500 ft/s, indicating compétent felsite bedr§ck, the upper few feet

of which could be ripped. Generally, P-wave velocitles greater than
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8000 ft/s for extrusive and intruslive igneous rocks are considered to
represent'bompetent bedrock, marginally rippable, and suitable for an

unlined spillway.

6.40 Production trench TT-93, excavated with a D9G dozer to verify
interpretations of the seismic data, encountered nonrippable felsite
bedrock at a maximum depth of 8 feet. TT-94 was excavated to determine
the rippability of the bedrock on the downatream side of the spillway
because of a lack of seismic information. Excavation extended down to a
depth of 14 feet, but no.bedrock refusal was encountered. See plate 7

for trench logs of TT-93 and TT-94.

6.41 Spillway excavation from station 19+25 to 23+00 would be in
felaite. From station 13400 to station 11480, excavation would be in
the dippiﬁg layered volcanica, consisting of felsite, a 6-foot~-thick
layer of fioy breccia, énd:a 302foot-thicg layer of turf, Cbre hole DD=
37, drilled at statioﬂ 13430, encountered these three diffrent rock
units; the flow breccia and tuff, however, were below the spillway
invert. A 3=1/2=-foot-thick zone of altered felsite was found above its
contact with the moderately hard to hard massive flow breccia., The
underlying tuff unit is moderately hard_to hard and moderately to highly
fractured. A moderately soft sandstone, the upper 7 feet of which is
tuffaceous in nature and underlies the tuff unit, was encountered in DD~

50, drilled at station 12+30.

6.U2 Felsite outcrops on the spillway, particularly on the crest of the
saddle, exhibit flow layers trending N35°W, dipping 25-30°NE, similar to
that of the felsite on the right abutment. Bedrock eiposurea in TT=-93
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show 2 moderately hard to hard, platy to blocky, highly frastured
felsite with the same layering characteristics. The major joint systenmsa
strike N35°W, dip 25°NE (the same as the attitude of the layering) and

strike N60CE, dip 80° NW.

6.43 No definite layering of the felsite was found in TT-94. The
felsite was hard, blocky, moderately fractured with pockets.of highly
fractured rock. Five prominent joint systems were measured: striking
N45°E, dipping adversely 45°H; striking N25°W, dipping 20°SW, striking
N60°W, dipping 40°NE, striking N20°E, dipping ap°uw, and striking E/W
dipping 60°ﬁ. The greater depth of excavation ;ccomplished in this -
treﬁch could be due to the greater variety and more random orientation

of fracture patterns and the nature of the fracturing.-'

6.44 The flow breceia exp9§ed on the surface tends to be highly
fractured aﬂa moderately soft to moderatély hard., The tuff forms'a _
prominent ridge with columnér-type jointing east of the spillway
centerline near ti : downstream end. The primary joint sysﬁems strike N
35°W, dip 30°NE, and strike N50°E, dip near vertical. The same dip
patterns were noted in the core samples of tuff in DD-37. The joints
measured in the félaite cores tend to dipIZO—u0° from the horizontal,
with occasional intersecting joints dipping 50° from the horizontal to
near vertical, and contain varying amounts of calcite and minor hard Eed

clay.

6.5 The permeability of the spillway rock was determined from pressure
tests conducted in each core hole. Permeability values at the invert
elevation varied between 0.0 and 1.8 fpd. The rock near the iavert of
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the creat and vicinity showed overall lower permeabllity values, between

0.0 and 0.7 fpd. This indicates less fractured rock.

6.46 At the location and elevation of the sill, the rock wbuld be
adequate to resist scour during spillwajs flows.  Experience with the
different types of materials in the splllway indicates that excavation
in this rock would be stable at slopes of 2V on 1H and 4V on 3H and
excavation in the alluvium would be stable at slope of 1V.on 2H. The
alluvial materials at the downstream end of the spillway, varying in
thickness from 3 to 5 feet near DD-50 and 0.5 to 1.5 feet in the
vicinity of test trenches 58 through 80, would be easily eroded during a
spillway flow. }hérhnderlyihg sandstone bedrock would also be sub ject
to some erosion during a spiliway flow, See plate 8 for the logs of the
these test trenbhes; |

Outlet Works

6.47 Results of the investigation conducted near the right abutment for
a possible outlet works location indicatedlthat the depth to bedrock
along an alinement close to the toe of the abutment would be deeper than
the invert elevation of the outlet works in most areas. This would
result in differentizl settlement unless the outlet conduit was notched
into the abutment to found the structure entirely on.rock. The sﬁeép
and adverse dip of the bedrock on the abutment, however, would cause
slope stability probleﬁs and excessive reﬁoval of rock from the abutment
during excavation. This adverse.eondition was the basis for locating
the outlet works near the left abutment. The logs of the trehches

excavated along the right abutment are shown on plates 9, 10, and 11,
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6.48- A geologic profile alongkthe centerline of the proposed outlet
works near the left abutment is shown.on plate 5. This profile shows
both a generalized geologic section and the foundation excavation line
for the outlet works. The geologic sectiocn was developed f om surface
geologic mapping, backhbe trenching, and diamond core drilling. The
materials from station 21+00 to station 23400 (upstream from the inlet
portal) consist of alluvium underlainiby granitic bedroek. The
materials along the alinement from station 21400 to station 13+00
conzist of alluvium underlain by granitiec bedrock. Downstream from
station 13+00, the bedrock surface drops off gradually and is below the

invert elevation of the ocutlet channél.

6.49 Thé alluvium from station 23+00 to station 21+00 consists of silty
sand to gravelly silty sand and decreases in thickness from 6 to 3

feet. The ;nlet channel will be féﬂnded along most of its 1eng£h in
soft to moderately hard granite except in thé vicinity of core borrow
area No. 2. From station 21400 t§ station 13+00, the alluvium is
composed of silty sand to gravelly, Silty sand and varies in thickness
from 2 to 4 feet. The underlying granitic bedrock is moderately hard to
hard, slightly to moderately weathered, and highly.fractured, the upper
3 feet of which is soft to moderately hard, decomposed to highly
weathered with numerous thin breccia, clay gouge,.and,caliChe zones,
Joints measured in the rock cores generally dip near vertical, and 20 to
60° from the horiiontal, and are rust stained with occasional clay
filling. The prominent joint system in the trench exposures strikes
N65°E, and dips 70° to near vertical to the SE, similar to joint
attitudes on the left abutment. See plate 19 for the geologic logs of
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core holes drilled near the alinement of the proposed outlet works' and
plates 40, 41; and Uz fér the outlet works test trench logs. The outlet
conduit, dissipator, and a small portion of the outlet channel will be
founded on moderaﬁely hard to hard granite that will provide a sound

foundation fér the structﬁres.

6.50 Two fault zones were encountered in thé area of the outlet works
in core holes DD=32 and DD-33; between the depths of 17.5 and 20 feet in
DD-32; and inclined 60° from the horizontal and between 19 and 28 feet
in DD=33 with an undeterminea dip._ No fault zones were found in DD-3l4
drilled near the dam centerline or in DD-35, drilled downstream from the

centerline.

6.51 The permeability of the rock'was determined from pressure tests
conducted in each core hole and:var;ed betweeqjo.o and 5.5 fﬁd, showing
increased permeapilitieé_dqwnstream from DD=33, where 100 percent water
losses were encountered during drilling in the less weathered granite of
DD-34 and DD-35. The low permeabilities of the fault zones in DD=-32 and
DD-33 (0.0 to 0.2 fpd) are 1ndioations.of relatively impermeable zones
that should have no adverse effect on either the embankment or the

outlet works foundatlon.

6.52 Below station 13+00, the outlet'channel will be founded in poorly
to well cemented alluvial streambed deposits, overlain by a variable
thickness (ranging from 3 to 7 feet) of silty sand and gravelly=-silty

sand.
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_ Dike No. 1 Foundation

6.53 A generalized profile along the centerline of the proposed dike is
shown on plate 44. The foundation materials of Dike No. 1 consist of
nonhomogeneous alluvial soils. Examination of the soil log3 indicates
three distinet layers in the upper 25 feet of the foundation. The first
layef i3 a sandy clay that varies between 1 and 4 feet in thickness.

The second layer is caliche and varies between 10 and 18 inches in. _
thickness, The total dissolied solids (IDS) of the caliche layer ranged
from 520 to 1900 parts per million (ppm) at a pH of 8 and from 4100 to
6900 ppm at a pH of 5.5. These values indicate that the caliche in the
foundation of dike No. 1 is not water‘soluble. The third layer, which
extends down to at least 25 fee£ below ground surface, is a cemented
sandy gravel. There are thin lenses of caliche within the cemented

sandy gravel. -~ . ° ‘. . : z

[

6.54 An approximate velocity proéile along the original alinement of

the proposed dike ‘3 shown on hlate 23. This profile was developed from -
interpretation of data from the refractive seismic surveys. Results .
indicated that the velooities of the materials north of line 35, from

the surface to a depth of 5 feet, varied from 1250 to 2700 ft/s. The
velocity of the underlying materials, from 5 to 30 feet beloﬁ.ground _
surface (with a maximum of U7 feet at line 35), varied from 3100 to 5300
ft/s. This interﬁedi#te velocity layer appeared to pinch out at line

29. Below these depths, velocities of the bottom layer ranged from 6600

to 15,000 ft/s. Some of the differences noted in the seismic velocities

.....

shown on plate 23, can be attributed to layers of caliche.
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Dike No. 2 Foundation

6.55 A generalized geologic profile aiﬁng the centerline of the
proposed dike is shown on plate 19. The profile was developed from
surface geologic mapping and diamond core drilling. The materials along
the dike alinement consist of a 0- to 6-~foot layer of alluvium composed
of silty sandy gravel overlying hard, highly fractured, slightly
weathered granitic bedrock, the upper 2 to 13 feet of which is soft to
moderately hard and moderately to highly weathered, according to
information from core ho;es DD=-9 through DD-11. See plate 19 for the
geologic‘logs of the core holeé.‘ Interpretation of data from refractive
séismic suryeys conducted near the proposed dike alinement; lines

6 through 8, indicate that the zone of weathered, less competent
granite, represented by seismic velocities ranéing_from 5300 to 6800
ff/s, may extend from depths of 16 to 19 feet near the upstream end of
the dike:£6 depths of 25 t& 29 feet'ﬁear the do;nstream end. The harder
slightly weathered granite i3 represented by seismic velbcities ranging
from 8500 to 12,000 fi/s.

6.56 Fault zones were moted in DD-11 between the depths of 13.5 and 15
feet and 35.5 and 36 feet, inclined 40-60° and 70-80° from the
horizontal, respectively. Joints measured in the rock cores dip
primarily near vertical and 30 to 50° from the horizontal, and are

usually rust stained with occasional clay filling.

6.57 The permeability of the rock was determined from pressure tests
conducted in holes DD-9 and DD-11. The permeabllity of the rock in DD-9
varied between 0.2 and 0.8 £pd and in DD=11 from 0,0 to 0.2 fpd., Little
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or no water takes were observed while pressure-testing the intervals
_containing the two faults in DD-11, indicating that these zones are

relatively impermeable and should have no adverse effect on the dike

foundation.

Embankment Materials

CORE BORROW

.6.53 Core materials, claésified as a iow to nonplastic, sandy silts,
sllty sands, and_gravally silty sands, will bg obtained by excavating
and blending the upper soil layer in core borrow areas No. 1, No. 2, and
No. 3, which extend to shallow depphslor 4, 6, and 3 feet, respectively.
Suitable coré materials exca;ated from Stratum A of the main embaniment
foundation may slso be used. Profiles of core borrow areas No. 1 and
No. 2, are shown 61 plate us.and of borrow area No. 3 on plate 36; The
statistical analysis of the blended materials of the upper soil layers
presented in.figurés 7, 8 and 9, reépectively, indicate that a
sufficient quantity of fines, at least 22 percenﬁ paasipg the No. 200

sieve, is present in the soils to'provide a relatively impervibus cora,
6.59 The statistical analysis of the percent passing No. 4 and No. 200

sieves before and after blending and the Atterberg limits is summarized

as follows.
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Borrow area No. 1, core material, 0 to 4 feet

: ®
Siave Coarse Lower Upper Fine
Item Size limit quartile Median quartile limit
Percent finer®
Blended No. 4 66 90 92 94 99
No, 200 25 29 3 37 53 ®
Unblended No. 4 51 92 95 97 100
No. 200 21 28 33 41 65
Atterberg
limits: N
LL - - - - -
PI NP NP NP NP - NP
* Based on minus 3-inch samples,
i
Borrow area No. 2, core material, 0 to 6 feet
Sieve Coarse Lower © Upper Fine
Item . size limit quartile Median  guartile limit ®
- Percent finer#®
Blended No. 4 69 87 91 95 97
' No,., 200 24 30 35 u3 54
Unblended No. 4 55 85 92 .95 100 ®
' No. 200 21 27 34 L6 73
Atterberg - - - - 26
limitsa:
LL - - - - -
PI NP NP NP NP 6 L
% Based on minus 3-inch samples.
®
9
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Borrow area No. 3, core material, 0 to 3 feet

Sieve Coarse Lower Upper Fine
size limit quartile Median quartile limit
Percent finer#
Blended No. 4 T2 88 96 98 99
No. 200 22 31 36 42 61
Unblended No. 4 72 88 96 98 100
No. 200 22 31 37 43 63
Atterberg '
limits: :
LL - - - - -
PI ' NP NP NP NP 18

* Based on minus 3 inch samples.

6.60 Examination of the soil logs indicate that, while 98 percent of
the material is smaller than 2 inches, there are zones of cobbles and
boulders, or caliche cemented materials in the core materials of the
three borrow areas. It is estimated that the maximum sizés of the
cobbles in core borrow areas No. 1 and No. 2 is less than 9 inches (3/4
the placement 1ift thickness) while the core borrow materials from
borrow aréa No. 3 will contain some cobbles larger than 9 incges. The
percentage of plus 9-inch cobbles in the core borrow material from
borrow area No. 3 i3 so minute that the material can be processed on
grade during placement. Nine inches will be ﬁhe maximm material size
allowed in the core. Tﬂe caliche cemented material, which is located
beneath the designated core borrow depth in areas No. 1 and No. 2 and in f
the lower portions of Stratum A from station 13+00 to station 21400 1in

the dam foundation, will be wasted and not permitted in the core zone.
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6.61 The approximabe percentagé of the total embankment 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 épproximately twice the required amount of material is

-avallable,

6.62 The selection of core material samples for laboratory tests was
based upon statistical gradational analysls of the core borrow areas.
The samples for the “i“ triaxial'eompression_tests were selected %o
represent the upper quartile, median, and lower quﬁrtile gradations of
the blended'corg materials. The test gradations are shown in figure 9.
Since the core materials will bé placed at about 95Fpercent maximum
density (ASTM D 698-70) with a moisture content at about optimum, the
samples were remolded to 95-percent maximum density (ASTM D 698-70) at
| optimum, optimum plus élpefcént; and’ optimum minus 2-percent moisture.
The results ;f the tests are summarized on plate 36 and in figure 10,
The test results and pertinent back-up information are presented in
attachment B. A summary of maximum p-q values from labobatory teats,
and the design total shear strength envalope is presented in figure 10.

The total shear atrength parameters ranged from C = 2000 lb/ft2 and 8 =

4 degrees to ¢ = 500 lb/ft2 and 4 = 19 degrees.

6.63 The design effective shear strength envelope was developed from
the "E" triaxial compression tests and the meaured pore pressure. The
results of the tests are summarized on plate 36 and in figure 11. The

effective shear strength parameter ranged from'ﬂ' = 3 degreéa to 8 =

39 degrees.




6.64 Excess pore pressure during construction is not antiecirated because.
the core materials will not be placed in a saturated condition and
consolidation of the core materials will occur gradually during
construction. Only two Q triaxial tests, therefore, were [ :rformed.

The samples selected for the Q test represent the upper quartile and
median of the blended core borrow gradations. A summary of maximum p-q
values, from laboratory tests, and the design Q shear strength are

presented on plate 35 and in'figure 12.

6.65 Permeability tests were performed on samples representative of the
median and lower quartile core gradations. Fach sample was compacted to
90~, 95-, and 100-percent maximum density (ASTM D 698-70) at optimﬁm
moisture content. _Chgmber pressures of 25 ahd 50 pouﬁds per square inch
were used in‘the tests. The results of these tests are summarized in

table 5 and presented on plate 35.

Table 5. Core material, laboratory permeability

Gradation . : Maximum density Permeability
(» (£pd)
Median . 90 0.5
Median 95 ' .1
Median 100 _ .02
Lower quartile 50 .8
Lower quartile 95 o3
Lower quartile 100 .05

6.66 Consolidation tests were performed on samples representative of
the upper quartile, median, and lower quartile gradations. Each sample

was compacted to 95 percent maximm denaity (ASTM D 698-70) at optimum,
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optimum plus 2-percent, and optimum minus 2-percent moisture content.

The results of these tests, which were very similar, are summarized in

o
table 6 and presented on plate 35.
Table 6. Core material, consolidation tests.
Moisture Pressure Initial Overburden ®
content saturated vold pressure
Gradation (%) at (tsf) ratio (taf) Ce
Lower quartile opt +2 3.28 0.39 T.2 0.092
Lower quartile opt +2 6.55 .389 7 .093
Lower quartile opt 3.28 .386 6.2 . 104 o
Lower quartile opt 6.55 .388 8.2 .10
Lower quartile opt-2 3.28 .390 6.8 .089
Lower quartile opt=2 6.55 .392 8,0 115
Median opt +2 6.55 A1y 8.9 .081
Median opt. 3.28 415 8.2 L1 ®
Median opt. 6.55 416 10.5 .087
Median opt-2 3.28 LA415 10.8 .097
Median opt=2 6.55 416 10.8 .10
Upper quartile opt=2 3.28 .398 - -
Upper quartile opt+2 6,55 166 10.5 o1
Upper quartile opt 3.28 466 9.1 Lo @
Upper quartile . ° opt 6.55 . 468 10.1: .115
Upper quartile opt=-2 3.28 LU76 1.7 . 146
Upper quartile’ opt=2 6.55 76 8.3 .131
- ®
6.67 The consolidation test results, placement densitles, gradations,
and Atterberg limits of the core material indicate that: {a) collapse
of the soil will not occur during saturation of the core under ®
embaniment loading; and (b) very little settlement should oceur because
of consolidation.
6.68 Dispersion tests were performed on samples representative of the e
upper quartlile, median, and lower quartile gradatiqns. These teasats
indicate that the core materials are nondisperive (Sherard, Decker, and
Ryker, 1972). - g
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PERVIOUS SHELL

6.69 Pervious material, claséified.as coarse-grained, silty sandy
gravels, and sandy gravels, will be obtained by excavating and blendiﬁg '
the s0ils between 3 and 13 feet below original ground surface in borrow
area No. 3, (pl. #6) and from Suitabie materials excavated from the
Stratum B of the dam embankment foundation and spillway excavation.
Profiles of borrow area No. 3 are shown in plate 4¥6. A statistical
analysis of the blended gradations of this material, shown in figure 13,
indicates that 75 percent of the materials will have less than 8 percent
fines by ueight, and therefore, will provide a relativel} pervious

shell.

6.70 The statistical analysis of the percent passing the 3 inch, No. 4,
and No. 200 sieves before and after blending and the Atterberg limits

are summarized in the following tabulation.

Borrow Area No. 3, pervious shell materials, 3 to 13 feet.

Sieve Coarse Lower. Upper Fine
(No.) limit quartile Median quartile 1limit
Percent finer®
Blended 3 in. 60 76 85 91 100
No. 8 20 32 39 uly - ol
No. 200 1 y 5 6 15
Unblended 3 in, 52 76 85 94 100
No. 4 13 : 32 37 ¥4 94
No. 200 _ 1 3 6 7 20
Atterberg
limits:
L.I_. ) - - - - -
PI NP NP NP NP . NP
"Pased on mimus A~inch sample.
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6.71 The pervious shell materiéls, wheﬁ excavated and blended for the
full depgg of excavation, will have high shear strengths, and relatively
high permeability, and will form a nonshrinking dense shell.

Examination of the data éontained in the soil logs indicates that there
are materials larger than 18‘inches (3/4 of the placement 1lift
thickness). Visual estimates indicate that & percent of potential
pervious shell materials contain boulders larger than 18 inches. This
percentage 1s hased ﬁpon.the footage of the zones containing oversize
materials below 3 feet, divided by the exploration footage below 3 feet

of the teat trenches and holes in the pervious shell borrow area.

6.72 The seI;ction of samples tested in the laboratory was based‘on the
statistical gradation anal}sis of the blended pervious shell borrow
areas, "R" type triaxial shear tests and permeability were performed on
- samples seleéted:tg represent the upper quaptile, median, and 1oyer
quartile blended pervious shefl gradation us;ng 12- and 18-inch-diameter
cylincirical samples, respectively. The upper quartile, median, and
lower quartile blended gradations and the corresponding gradations of
materials on which 1aboratory tests were conducted afe shown in.figufes
14, 15, and 16, respectively. The pervious shell materials will.be
placed with an average relative density (ASTM D 2049) of 85 percent with
no portion of the embankment having a relative density less than 80
percent in accordance with EM 1110-2-2300. For this reason, the test

samples were remolded to 85-percent relative density.

6.73 The results of the "R" tests are summarized on plate 37 and
presented In attachmenh B. A summary of maximum p=-q values and design

total shear strength is presented in figure 17. The total shear
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strength parameters ranged frbm C = 1200 lb/ft2 and @ = 12 degrees to

e = 1000 1b/ft2 and @ = 29 degrees.

6.7 The design effective shear strength was developed from the "R"
triaxial comﬁression tests and thé measured pore pressures. Tﬁe results
of the test are summarized on piate 37 and in figure 18. The effective
shear strength parameters rahged from B' = 37 degrees to g = 43

degrees.

6.75 Since excess pore pressures are not expected because of the arid
conditions, anticipated range of placement moisture (the material will
be placed dry), and the relative coarseness of the pervious shell

materials, "Q" triaxial shear tests were not performed.

6.76 Permeability tests were conducted on samples ?epresentative of the
gradationai range of tﬁe blended perviaua shéll materials., The sajples
were compacted to 85-, 90-, and 95~percent relative density (ESTH.D
2049). The pe-meability test results are summarized in table 7 and

presented on plate 37.

Table 7. Pervious shell material laboratory permeability.¥

. Percent ASTM D 2089

relative density Permeability

Gradation (%) ' ' _(fpd)
Upper quartile - 85 G.9
Upper quartile 90 0.09
Upper quartile ' 95. 0.05
Median _ . 85 0.9
Median 90 _ 0.4
Median 95 0.15
Lower quartile _ 85 20
Lower quartile 90 7

3

Lower quartile 95

*Based on minus 2-inch sample.
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TRANSITION

6.77 Transition materials will be obtained by excavating and blending‘
_ the s0il between 3 and 13 feet below original ground surface in borrow
area No; 3 (pl. 46) and then removing the plus 3-inch materials, A
statistiecal analysié of the blended gradations of the materials after
excavation, blending, and removal of the plus 3-ihch materials,
presented in figure 19 indlcates that this materizl will meet filter

requirements for the core and pervious shell materials.
6.78 The statistical analysis of the pergent passing the No. 4 and No.
200 sieves after blending and removal of the plus 3-inch material is

summarized in this next tabulation.

Borrow area No. 3, transition materials, 3 to 13 feet.

Sieve Coarse Lower Upper Fine
{No.) limit quartile Median quartile Limit
Percent finer '
Blended No. 4 33 42 48 Rt 64
No. 200 2 5 6 T 15

6.79 The unit weights, shear strength, and permeability of these
materials were developed from the tests performed on the pervious shell
materlals. These values are valid becauée the minus 2-inch portion of
the pervious shell materials waﬁ teated to'develop the shear strength
and permeability while the minus 3-inch (coarser) portion of the
perviﬁus shell materials will be used for transition materials.
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STONE REVETMENT

6.80 After the inspection of existing gravel plants on the Salt River,
Aqua Fria River, New River, Skunk Creek, and Cave Creek, it was
concluded that there would not be enough plﬁs 12-inch stone beadily
available after processing to.meet the gradation and quantity
requirements for Type I stone revetment. In addition, existing
quantities of oversize stone may not be present when constrﬁction of New
River Dam commences, because of possible flood emergency use and |
processing for Adobe Dam.

<

6.81 Laboratory tests were performed on the large angular volcanic r;ck:
stockpiled near the CAP aqueduct. The résults of pétrographic analyseas
and other laboratory tests are shown in attachment A. Because of the
amall quantity of rock available (approiimately 1500 cubie yards),.this
 waste pile, which contained a ;ignificant amount of 3~ to 4-cubic yard
rock, may be suitable 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 Phoeﬁix éfea revealed no existing or
potential rock gquarries where appreciable amouhts of oversize material
would provide sources of Type I stone revetment. Cores of drill holes
and trenches at the design spillway were examined to determine the
quality and potential size of breakage of the rook.. Laboratory tests
were performed on selected core samples to determine the rocks
suitability as a source for stone révetment. The results of
petrographic analyses and other laboratory tests are shown in attachment
A. The felsite, because of its physical characteristics, was the only
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Eook considered for use as stone revetment. Based on information from
the core holes and the two test trenches (TT-93 and TT-94), the average
slze of stone that could be produced from the spillway excavation was
estimated to be about 5 inches, The apparent specific grévity of the
felsite samples tested fanged from 2.65 to 2.72, However, breakdown
along incipient fractures occurred during the wetting and drying teéta
performed on the felsite 6ores. It was concluded that the felsite would
not be suitable for upstream slope protection, but could be used as

bedding stone, downstream slope protection, or gravel drain material.

6.83 On-site processing of the pervious shell méterial or processing
the material from an Arizona Department of Transportation‘gravel‘pit on
the New River, approximately 8 miles north of the damsite on Federal
1anda administered bj the Bureau of Land Management, would provide Type
I stone. Mass gradation samples will be obtained in the vicinity of the
New River pit to vebiry the visual estimatés of the amount of material
that needs to be processed to obtain the amount of Type I stone
required. Laboratory tests will be performed on samples of material
from the damsite and the New River pit to determine their suitability

for stone protection.
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7. Foundation Treatment

Foundation Treatment--Dam Embaniment

STREAMBED

7.01 After clearing and grubbing, which requires the removal of about 9
inches of shrficial s0il material, Stratum A will be excavated frdm
beneath the entire embankment as indicated on plate 47, .The excavation
will remove foundation materials (Stratum A) thét exhibit undesirable
settlement properties and would have a low shear strength. A core
trehch, with a base éidth:of 20 feet and sideslopes no steeper than 1.0V
to 1.5H, will be excavated through pervious foundation materials
(Sﬁratum B) and into Stratum C or bedrock. Between the léft abutment
and station 16450 along the éenterline of the embankment, the core
trench will be excavated to sound bedrock. Between stations 16+50 and
20+00, the core trench will be excavéted through Stratum B and Stratum C
to sound bedrock and will have 15-foot benches upstream and downstream
from the core that will allow the transition zones to be founded on
Stratum C. The benches will be at elevation 1378 feet above msl at
station 16450 and will slope to elevation 1370 at station 20+00.

Between stations 20+00 and 31400, the core trench will be excavated to
elevation 1365 and will have 15-foo£ benches at elevation 1370 upstrean
and downstream from the core. Between station 31400 and the right
abutment, the core trench will be excavated through Stratum B and
Stratum C to sound bedrock, and will have 15-foot benches at elevation

1370 upstream and downstream from the core.
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gravel. Below this, to a depth of approximately 100 feet (32 metres),
are layers of coarse-grained sandy gravels and clayey sandy gravels.
The steep mountain slopes within the project area are covered by thin

soil accumulations or are exposed rock surfaces.
SLOPE

4,09 The project area contains three broad categories ﬁf slope, each of
which influences potential use and intensity of use. Most of the area
is characterized by slopes between 0 and 10 percent, making them
poténtially useful for.élk actiy{ties% Shaller portions of the area are
in moderately sloping alluvial fans and steeper mountaiﬁ faces, .These

slope categories would permit moderate and reétricted use, respectively.

MINERALS

< .- 2
4,10 There are no known resources of coal, crude oil, metallice

minerals, or ncnmetallic minerals in the New River Dam projecf area.
Sand and gravel deposits,.however, are preéent in the exposed and buried
stream channels and alluvial fans. Until now, there have been no known
sand and gravel operations within the project area. This resource;
however,lhas only limited availability in the Phoenix area and demand
for construction material is increasing., Therefore, additional
pressures for excavation within the project area are foreseen. The

FCDMC has applied for conveyance of mineral rights from the BLM under

Section 209 of the FLPMA,
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sites at New River Dam can provide an inereasingly valuable study tool

of the regional Hohokam culture.

4.15 An initial survey by Arizona State University in 1976 identified a
total of 43 cultural resource sites in the project area. In 1979 the
Museum of Northern Arizona inventoried and tested 22 of these sites for
archeological significance in the upstream portion of the New River
autborized damsite, Studies currently underway by the Museum of
Northern Arizona will provide data on an additional 11 sites downstream
from the damsite and spillway area. A cultural resource management
program, based on th% results of testing in both the upstreanm and
downstream areas, will be developed. The New River cultural resources
have been listed in the National Register of Historic Places as the New

River Archeological District.

.16 The 22 sites inventoried repfesent a wide range of archeological
features, with variations of site function and time period. Site
functions include habitation sites, agricultural fields, food gathering
camps, and campsites. Representative time periods range from the
Archaic (prior to AD 300) to the Sacaton Phase (AD 900-1100). Three
historic period sites, including a stage station, have alsoc been
identified. Many of the sites have been disturbed by erosion, roads,
animal burrows, off-road vehicles, and pot-hunters. Construction of the
New River Dam will impact several archeological sites. In éddition,
frequent inundation will alter many sites., Prior to construction, the
impact on all sites within the construction work limits will be

mitigated. Impact on remaining sites in 'the project area will be

mitigated during construction.




Limit damage to the cultural resource during construction

6.25 Project construction will destroy mény of the identified
archeological‘sites. Archeological data within the construction work
limits wiil, therefore, be retrieved through mitigation prior to
construction. To grévent further loss of the resocurce, haul roads have
been located in areas of lower cultural significance. In addition,
sites discovered on BLM land during construction will be examined by an
archeologist in the field and will be reported.to the authorized officer
of the BLM, who will determine their significance as well as the.course.
of action necessary.to preserve;the resource. Sité% discovered on any
other project_lands during construction will be examined in thé‘field 5y
a Corps of Engineers archedlogist, who will determine the significance

of the sites, as well as the actioncneeded to preserve the resource.

Manage the cultural resource so_that further damage is minimized

.26 Preliminary archeological investigation pf all 22 sites in the
basin resulted in the recommendation that two of the sites bé‘preserved
for their critical interpretative value. These two sites are _
representative of ﬁhe diversity of site function aﬂd‘time ﬁhase.that
exist at New River Dam. 1In addiﬁion, the two sites are not subject to.

direct impact from project construction or frequent inundation.

6.27 Two archeological management areas have been established within
the projeét area to preserve these major_sites. The management zone,
when feasible, will provide opportunities for passive observational

activities and future research and interpretation. Because of the
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fragile nature of the surface and subsurface archeological deposits at
these sites, access will be greatly limited during the interim phase and

will remain so until a suitable management 3ponsor becomes available.

RECREATIONAL ®

Provide for present and future recreational use

consistent with the objectives of environmental

preservation and enhancement and prevent incompatible

development ¢

6.28 Previous contact with local agencies in the form of recreation
task force meetings has produced a recommendation that the New River
damsite be retained in its natural state as a wildlife habitat area.

The recreational objectives outlined below support this goal.

.29 The continuing growth of the P:hoenix area 1n the direotion__ of New ®
River Dam increases the possibility of some r'ecr'eational::u?se in the |

future. The project area has many natural resources with inhér-ent

esthetic, ecological, cuiltural, and opt;n space valuea. The Resource Use ®
Plan (pl. &) usage zones have been developed so as to allow future

recreational development' that minimizes damage to the original resocurce

base. As recreatiqnal sponsors become available in the future, the .
FCDMC can lease lands to them to provide recreational services in

accordance with the use levels outlined below.

Low intensity use area--to preserve environmental resources

6.30 The low intensity use area encompasses lands of high erosion
potential, slope hazard, potential for vegetation and wildlife ®

disturbance, archeological and historic value and/or proximity to
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project struétures. Because of these qualities, the area i3 most
sensitive to disturbance. Possible uses of this land includé passive
observational activities, such as hiking, bird watching, and
interpretation. Vehicular access will not be permitted. Included in
the low intensity use aréé are those portions designated és

wildlife/vegetation management and archeological management zones. -

Moderate intensity use area—to preserve environmental rescurces and to

provide for moderate intensity recreational use

6.31 The querate_intensity dsg area is located in relatively flat
upland. Sensitivity to diéturbance varies withiﬁ-the area but tﬁe
resource base, in general, can withstand moderate levels of
environmental stress without detrimental effectas. Possible uses in the
" area are hiking, equestrian riding, passive-observational activities,

interpretation, and other moderate lével recreational activities.

High intensity use area—-to'ggpvide for maximm economic and

recreational use of the resources therein

6.32 The high intensity use area is located in the borrow area, which
will be a highly altered 1ands¢apg aé a result of project |
construction. Additional disturbance ?ithin this area will only
marginally affect the environmental quality of the New River Dam Basin
as a wholé. Possible uses include extraction of minerals and all

moderate and low intensity recreational uses,
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Design Memorandum No. 3

General Design Memorandum — Phase [
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 structuraknonstructural 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 d1vers10n channel to the Gila Rwer

All dams are earthfill dams designed to provide standard project flood protection.
Dreamy Draw Dam was completed in 1973 subsequent to approval of Design Memorandum
No. t, Feature Design for Dreamy Draw Dam. The design capacities of the detention basins
are 317 acre-feet for Dreamy Draw Dam, 46,600 acre-feet 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 7.3 miles of channelization along the Arizona Canal
(Arizona Canal diversion channel) designed to intercept 100-year-frequency floodflows. This
channelization includes 8,1 miles 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)
- Cave Creek
" Below Cave Buttes Dam 500
At Greenway Road 17,500
At Arizona Canal 15,000*
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 2,700
Above Skunk Creek confluence 9,000
Below Skunk Creek confluence 41,000
‘At Agua Fria River confluence 39,000
Agua Fria River
Below New River confluence 45,000
At Gila River confluence 43,000
Dreamy Draw
Below Dreamy Draw Dam : 220
At Arizona Canal diversion channel 1,000
Arizona Canal diversion channel
At 40th Street . . 6,800
At Dreamy Draw confluence . 10,000
Above Cave Creek confluence 15,000
Below Cave Creek confluence 26,000
At Skunk Creek confluence 36,000

‘Top

Width Depth
(ft) (ft)
*% Co EY)
*% * &
140 10
L ] . . T )
*% * %k
'TT e o e
*wn .
*% -
>k Xk
I ek
Ekw P
wke *okm
g HokE
T T . *n
et "k

36 21
50 - 24.5
60 22.5
168 22
445 20

*The design discharge was limited' by the capacity of Peoria Avenue bridge. The 100-year

discharge is estimated at 21,000

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.




‘Physical Data — Dams (Continued)

NEW RIVER DAM

Prainage area sq mi 164
Dam (rolled earthfill)
> ‘ Crest elevation ft msl 1,481.7
- Maximum height above streambed ft 91 ®
: Crest length : : ft 2,800
Freeboard ' ft 6.5
Spillway (detached, concrete lined)
. Crest elevation ft msl 1,455.3
» . Crest length ' ft 220 ®
' .. Elevation of maximum water surface ft msl 1,475.2
Qutlet conduit
Diameter ‘ ft 3.5
Length o ft _ 450
Intake elevation ft msl 1,392.0
» Saddle dike No, 1 (west dike) = . ™
: Crest length ft 5,800
Maximum height above existing ground ft 30
Reservoir B
Area at spillway crest acre 1,460
D Capacity (gross) at spillway crest acre-ft 34,500 P
Storage allocation below spillway crest
Flood control _ acre-ft 29,580
Sedimentation . acre-ft . 4,920
Standard project flood :
Total volume acre-ft : 39,000
| 3 Peak inflow : cfs 48,000 ®
‘ Peak outflow cfs 2,590
Drawdown time hr 185
Peak spillway discharge cfs " 63,300
b 'Y
. .;
4 ®
v




feet. The unlined spillway, excavated in rock about 400 feet southeast of the left abutment
of the main embankment, had 2 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 36-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 a2 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 spillway crest, of which 150 acre-feet was allocated for the accumulation of
sediment over a 100-year period. The detention basin would have reduced a standard project
flood with 2 peak inflow of 2,180 ¢fs to 2 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 embankmeént, 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
with 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 100-year 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 downiown
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 ¢fs. The only bridge crossing in this reach is at Bell
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 60-89-93 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 110 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 311 square miles.
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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 localized centering on an area of 10 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
slapes of the McDowell Mountains. Flooding occurred along Indian Bend Wash from
Paradise Valley through Scottsdale and Tempe to the Salt River. A U.8. 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 is estimated to have a frequency of occurrence of once every 70
vears. 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. Immediately 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 Canai 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 the Grand Canal from 15th Avenue to 44th
Street ($1.7 million damages); and along four breaks in the Grand Canal (30.9 million
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 $15 million. The proposed Arizona Canal diversion channel would
prevent 70 percent of these damages which would amount to approximately $7.4 million
(1972 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 graphical 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 storms of record have been
incorporated into a revision of earlier hydrologic values (See appendix 1). A comparison of
flood magnitudes for two representative concentration points follows:




TABLE 2
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 50000 65000 86,000 126,000
100 26,000 29,500 58,000 58,000

50 14,000 19,500 44,000 38,000

25 7,000 == 31,000 --

10 2,400 6,000 17,000 | 11,500

5 900 ' 3,000 ' 8,400 6,000

2 500 - 1,700 —_

*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 severe 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




purposes for agricultural land not already under cultivation ‘when the ban was placed in

effect. The overdraft of ground water is one of the primary reasons for the development of

the Central Arizona Project. The legal use of ground water for esthetic and/or promotional

: displays is currently being explored by the Arizona Water Commission and State Land

4 Department. Future legal and legislative decisions can be expected to control more closely
the use of water within the ground water basin. '

TABLE 5
o Depth to Water in Weil‘s“‘
Project Area Depth to Water (feet)
Ca_\?e Buttes Dam | 30 to 240**
d ~ Adobe Dam | - 40010500
New River. Dam 7 " - 400 to 500
{ Cave Creek : , - 0 to 400
’ -- Skunk Creek | 300-to 500
New River - 100 to 500
. | Agua Fria  0t0200
| Aﬁzona Canal ' : | | Oto 3:00, 5
Salt River (Cave Creek. to Gila River) _ 0to.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 taﬁ consolidated rocks téken.from»“Map showing
Depth to Water in Wells in the Phoenix. Area, Arizona, 1972” by W. R. Osterkamp, 1973:
°
2
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The recommended plan at the Cave Buttes site includes 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 |6 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 locationai 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
deterition 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 II 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. 1), 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 site or
to favor the combination of dams. However, a change in dammtes would have no effect on
pro;ect formulation.

The recommended dam (site 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 natural 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 II 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 35th Avenue would be ramped over the dam to provide
continuous 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 (10-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 consiructed 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
gight-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 9! feet above streambed. -
The crest of the embankinent (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-basin 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 of the 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 at 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 flip-bucket structure. The spiliway, in conjunction with the
outlet works, would pass a peak discharge of 63,300 cfs with 6.5 feet of fresboard.

The outlet works would consist of an intake struéture, conduit, and an energy dissipator.
The 8.5-foot diameter concrete conduit, which would have an intake elevation of 1,392,
would be 450 feet in length 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 g
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 development 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. To 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 to supply construction materials. Over 95% of 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
gquantity 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 diversion channel would divert water from the Cave Creek
watershed to Skunk Creek. This diversion would increase the total volume (acre-feet) 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
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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
River) 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
diversion 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 110 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 acres would be altered through consiruction 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
channe! 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 becausa of periodic ﬂoodmg, and 8,510 acres would be a!tered shghtly
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 occurring under
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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
tharacterized by relatively open areas of short grass and some creosote, alluvial soil, and a
predominantly lithic assemblage of artifacts. Additional features are present, such us
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 4 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, at 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 field 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 channeis 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 fire-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 small, horseshoe-shaped basait 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 all of
Sections 1, 2, and 3, and the north 1/2 of Sections 11 and 12 of Township 4 North, Range 1
East and the south 1/2 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 ail of the individual sites,
be nominated to the National Register of Historical Places as an archeclogical district. The
reservoir area of the recommended damsite extends into parts of Section 22, 23, 24, 25, 26,
27, and 35. Bvidence 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 floodstuffs, 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
firecracked 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 choppers,

» 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 District. The area comprises Section 21 and the

: -« southwest 1/4 of Section 22, 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 terms 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 definition of site types, which has been
® » possible in this locality because of the number present, was developed as the sites were
located. Seven categories eventuzlly 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. :
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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 modern 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. No 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 east 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 numbers of unidentified brownwares, redwares, and variations of Wingfleld
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 a petroglyph site, and it is close to a concentration of
ceramics.
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Benefits

The primary benefit that will accrue from the recommended pian 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 carry the 100.year flood. A reduction of
standard project floodflows will resuit 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 relief).

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 wfo. 50,000 60"“ 4,500 5.6 3.9 29
Arizona Canal w/ 18,000 2%*x 3600 3.5 2.4 1.9
Cave Creek at the wjo 37,000 60%** 12,200 6.8 36 1.6
Salt River w/ 31,000 6%+« 11,100 6.5 34 . 1.5
Cudia City Wash at wfo 14,800 9 9,600 1.8 1.0 1.1
Arizona Canal w/f 3800 9 1,500 1.5 1.5 1.0
Skunk Creek above w/o 60,000 24 4,000 10.8 3.5 5.7
Arizona Canal wf 4,000 24% 110 5.0 4.7 10.0
Agua Fria River below wie 90,000 27 7,400 - 6.3 3.2 4.3

New River w/ 82,000 274+ 7,300 6.1 3.0 3.9

*Standard project flood without (w/o) and with (w/ ) project under future conditions of
development.
*%Reflects existence of existing Cave Creek Dam.
. #*xReflects existence of Cave Buttes Dam and Arizona Canal diversion channel,
+Discharges from Adobe Dam (1,900 cfs max.) would flow for 5 days.
++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
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SECTION I

NEW RIVER AND PHOENIX CITY STREAMS
FLOOD CONTROL PROJECT

I-1. PROJ ECT DESCRIPTION

I-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, (¢) 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 alternatives 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
jrreversible 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.

I-1.02 ORGANIZATION OF 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 recommended plan, regional
relationships between short-term uses of the environment and long-term productivity,
regional irreversible commitments of resources, and the overall regional coordination effort.
Sections 1] 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 a.ltematlves for the project features, such as specific alternative
sites or alinements.

I-1.03 During detailed design studies, the environmental statement will be revised as
required. Prior to construction of the recommended project features, pertinent sections of
the environmental statement will. be re-examined and updated or supplemented if required. ~

I-1.04 Plates, tables, p};otos, references, a glossary of technical terms, and Appendix A
(Letters of Comment) follow the last feature section of the report.

I-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 30 miles 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. 1). This area contains both desert and irrigated
lands, as well as the Phoenix metropolitan area.

I-1.06 PROJECT AUTHORIZATION The New River and Phoenix City Streams project

 was authorized by the Fiood 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 Hills 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 uncompleted features of the authorized
project is given in Sections II through VI of this statement. -

I-1.09 RECOMMENleD 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. Th.ce
additional earthfill dikes will be required, with lengths of up to 9,010 feet 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 Valley
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 compactzd-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 acre-feet of which 2,700 acre-feet will be used for the accumulation of
sediment over a 100-year 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.

¢. 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 earthfill dike will be required along thé west edge of the detention
basin, A concrete-lined spillway, east of the left abutment, in conjunction with the outlet
works, will pass a peak discharge of 63,300 cfs. 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
which 4,920 acre-feet will be used for the accumulation of sediments over a 100-year
period. S . '




d. Anzona Canal Diversion Channel The Ari’zona Canal diversion channel will be built -

for development mté'a fecreatmnar greenbelt At the tune
s w1ll construct 26 bndges, at all streets and

of tonstruction ‘of the pro
highways that presently cross

R Floodways -In order to assure: the long:term: capacxty to operate the four ‘dams as
desigried, local ifiterests will be’ requu-ed to manage and ‘maiitain: fladdways:and floodway
-fnnge areas- along Dreamy Draw Wash from 14th Street to the: Arizona Canal diversion

Cave: ro! veé Buttes Dam to Peoria Ave., along Skunk Creek from
Adobe Dam to: the :-Anzona Ci al-rdwerslon ‘channel ang: along New: River, from New River
Dam to the confluence with Skunk Creek. Limits of the floodways and floodway fringe
aréas will-bé: ‘delineated- by the Corps of- Ernigineers. - Along Cave Creek :between Peoria
‘Avenue and’ the' Arizona Cafial 0.7 mile-of concrete channel will:be required-along with a
confluence stnucture at the Arizoria Canal diversion channel. These structures are desctibed
in- ‘detail i Section VI of this report. As: part: of the project, local interests will construct
8 bridges at exxstmg dip crossmgs, as requn'ed by urban development

f. Flowage: Easements Domxst:eam of the conﬂuence of the Arizona Cana.l diversion
channel with Skunk Creek flowage easements will be required along Skunk Creek and the
“New:and Agua Fria-Rivers to assure: positive: control of the flood plain under the condmon
“of dwerted flows discharging from the:diversi -canal., Within these reaches ev:
pomons of the flood plam and some structural measures. such as ﬂood proofing, bank

channel cleanng ‘These structural measures are dmcussed in. more detzul 1n Sectxon 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, ! 1 bndges at exlstmg dip
crossings, as required by urban development In addmon _one rallroad bndge wﬂl require
modification. : _

I-1.10 Recreational opportumtxes will be prowded at Cave Buttes Dam 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 damsﬁes mclude plcmckmg dnd camping areas,
riding and thmg trax]s equesman areas, and nature areas No T creatmnal f; 'cxhtxes are

facilities will not be prov:ded at New Rlver Dam, m'.é'tead in accordance w;.th thie 'mggestmns
of the Recreatmn Task Force the acreage be!nnd the dam Wﬂl remam m 1ts natural state

recreatzon facxht:es is planned along Cave Creek A low" intenisity 'remeatmnal greenbelt is
planned along the Arizona Canal diversion channel west of Cactus Road Other facilities are
planned by local interests.
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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.

[-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. 2), and comprises approximately
2,730 square miles. The area is roughly oval, with a maximum length and width of
approximately 90and 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 form 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 fo about 10 feet per mile at the Gila River. '

b. New Rjver. 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 River,
about 15 miles west of Phoenix. The drainage area of New River at its mouth is 340 square
- miles, of which approximately one-third 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. .

¢. 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 northwest 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 Atizona 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-311 square miles. The stream gradient ranges
- from 500 feet per mile in the mountains-to 25 feet per mile near the Arizona Canal.

-7




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. O-squarc 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.

[-2.03 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-filled 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 extensive 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 cobbies. 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. leve! surface, combined with soils of favorable workability, provide
~ areas of good cropland where irrigation is available. General soil types in theproject area are

sandy loams, limy clay loans, and limy loamy soils (ref. 3). Stony and rocky soils are locally
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 carry 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 caicium carbonate to a concrete-like material called caliche. Farther
down the basin .slopes, calcium carbonate content decreases, but soluble alkali salts
detrimental to agriculture are still 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 yieid of 0.3 acre-foot of sediment from
each square mile was estimated for the drainage area upstream of the dams.

[-2.05 EARTHQUAKE HAZARD. The earthquake potential in the project area is
considered low (ref. 4). Severe earthquakes in California and Mexico have been wid¢ly 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 XII (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. S)
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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
relatively minor field in eastern Pinal County, located about 100 miles southwest of
downtown Phoenix.

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 Nationat Forest
75 miles east of Phoenix.

I-2.09 Metallic Minerals, South of the study area, in a wide belt running south eastward
through Pinal, Pima, and Santa Cruz Counties, lies a district in which disseminated copper
and copper-molybdenum ores are being developed for future large-scale mining.

I-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

‘}2.11 Nonmetallic Mmerals Halite. (common salt) has been chscovered 20 miles west of
Phoenix in wells drilled about 1 mile apart. In one well, below 880 feet, more than
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.,

I-2.12 Sand and gravel, a resource that is becoming more limited in the study area because
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
mountain fronts, and on alluvial fans. The materials near the mountain fronts contain a
higher ratio of gravel to sand, whereas the basin fills are mostly sand and silt. In 1970,
Maricopa County produced 6,363,000 tons of sand and gravel, which represented more than
a third (35.7 percent) of the production for the state. Other significant mining activities
include the production of-serap mica near Buckeye in Maricopa County, and miscellaneous
clay and shale for manufacturing building brick, mined at the Tolleson pit in Maricopa
County.

1-2.13 CLIMATE. The project area is located in the Sonoran Desert Climatic Zone
(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
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
Fahrenheit to a minimum of 34 degrees Fahrenheit.




1-2.14 Precipitation is biseasonal, generally occurring as short heavy thundershowers in the
summer and long, light showers in the winter. Most summer precipitation falls in the
afternoon or evening. In late summer or early fall, tropical storms 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
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
. precipitation for a 24-hour period is 5.0 inches, which occurred in July 1911. ‘

_1-2.15 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
plantings. .

I-2.16 'The project area averages 86 percent of possible hours of sunshine annually with
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 average velocity of about 6 miles per
hour. Peak gusts occasionally reach as much as 50 miles per hour. The strongest gust of
record at Phoenix was 75 miles per hour.

I-2.17 The combination of high temperatures, low relative humidities, maximum amount
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).

12,18 SURFACE HYDROLOGY The watercourses of the Agua Fria River, New River,
Gila R1ver, and Skunk Creek are genera.lly characterized .by well-defined floodways and
channels. The channels of Cave Creek and Dreamy Draw are well defined above the Arizona
Canal; downstream from the Canal the natural floodways have been obliterated by urban
development, Flows in the channels are ephemeral because climate and drainage
- characteristics are not conducive to continuous runoff. Flows occur only during and
immediately after periods of heavy ramfall. : '

- 1-2.19 The United States Geological Survey has recorded dlscharge for surface waters at
several recording gages within the project area. Precipitation and stream gages. are located
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.

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.
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
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 aresa is 187 square

miles.




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 acré parce! 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 Archeclogical Districts). See

plate 10,

[-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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and a 25-foot-long flip bucket.

SECTION IV

- NEW RIVER DAM
Feature of the
New River and Phoenix City Streams
Flood Control Project

_IV-1. PROJECT DESCRIPTION

IV-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 environmental 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 invoived should the feature be constructed, and (i) the
coordination effort which has taken place.

IV-1.02 PROIJECT FEATURE LLOCATION. The site of the recommended New River
Dam feature is on the New River about 9 miles north of the New River-Skunk Creeck
confluence. This site, which is the authorized site, is located about 14 miles north of

" Glendale and 6-1/2 miles west of the Black Canyon.Highway. The location of the

recommended dam embankment, chke, and reservoir is shown 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 inciude 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,




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 spillway
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 sireambed.

- e. Access Roads. "Vehicular access to the dike, dam, and spillway will be provided by
one road having its single entrance at the northemmmost 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, w1th 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.

IV-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 ! (which is located approximately 2,000 feet
downstream from the recommended site) are located in a narrow valley between West Wing
Mountain and outliers of East Wing 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 lulls to the east of the recommended site and Alternative
- Site 1 are a northern extension of the Hedgpeth 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 fset 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 Wing Mountains and
Keefer Hill, an outlier of East Wing Mountain. From this point southward to Alternative
Site 1, New River is confined to a narrower bed The valley area has a slope of 20 to 40 feet
per mile. :

IV-2.03 Alternative Site 2 is on a wide plain between Pitcher Hill 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 floocd plain has a slope of about 30
feet per mile.

1V-2.04 GEOLOGY AND SOILS. The embankments at both the recommended site and
Alternative Site ! would be on poorly consolidated alluvium (primarily silt, sand, and gravel,
with occasional cobbles and bouiders) that is about 90 feet deep. The alluvium is underlain
by tuffaceous agglomerate and granite. The embankment at Altemative 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 Alternative Site 2, the west abutment is granite and gneiss
and the east abutment is felsite with an andesite cap. The spillway at the recommended
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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
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
valley soils 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.

IV-2.06 SURFACE HYDROLOGY. New River and its tributaries drain the western
slopes of the New River Mountains and then flow southward across the dissected plateau at
the northwest end of Biscuit Flat. In the Biscuit Flat area, the drainages form a dense
dendritic pattern that merges at the study area. Here, the water course is confined 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
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. .

1V-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
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
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. ' '

iV-2.08 VEGETATION AND WILDLIFE. The study area at the recommended site and
at Alternative Site | is a natural desert landscape with little disturbance to the vegetative
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
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
this site (see photo 14). Large ironwoods are unique in the Phoenix area, because many have
been cut for firewood 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
is currently under cultivation, and there is Iittle evidence that farming occurred here
historically. The area is used for grazing many types of domestic animals, including cattle,
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
ripatian wildlife habitat, composed of dense growth of large mesquite, ironwood, blue
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
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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.

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
Adobe Dams.

IV-2.11 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.
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
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
alternative site. As at the upper sites, game species are common, providing many hunting
opportunities. .

IV-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 Anthropology, 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
characteristic of all the manifestations. In terms 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. The State Historic
Preservation Officer has recommended that an area comprising all of Sections 1, 2, and 3,
and the north 1/2 of Sections 11 and 12 of Township 4 North, Range 1 East, and the south
1/2 of Sections 13, 14, and 15, and all of Sections 22, 23, 24, 25, 26, 27, 34, 35, 36, of
Township 5 North, Range 1 East be nominated to the National Register of Histotical Places
as an. archeolog:cal district. (pl. 10) The New River Dams Archeologcal District was
nominated to the National Register in July 1975 (ref. 29).

IV-2.13 A classification of site. types within the archeological district inciudes sherd
and/or lithic scatter areas, campsites, gathering sites, agricultural areas, habitation sites,
multicomponent 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
site has been identified at the recommended dam site.

IV-2.14 POPULATION. The New River study area contains no residentiat dwellmg
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.
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
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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.

1V-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 sites are 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. 2 : ) :

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 Wing 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. _

V-5




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 borrow to supply the necessary material. Approximately 143 acres of the
designated borrow areas will-be within the reservoir.

IV-403 SUBSURFACE HYDROLOGY. As a result of the conmstruction 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.

1V-404 WATER QUALITY. The recommended project feature will have no effect on
water quality in the area,

IV-405 VEGETATION AND WILDLIFE. The proposed project will cause a significant
loss of native vegetation and wildtife 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 excelient 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.

1v.7




IV-406 In addition to the 300 acres of habitat physically removed by the proposed
action, an estimated 1,460 acres of vegetation will 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 smalier 50 or 100-year floods. A 100-year flood will inundate
about 1,000 acres for 3 days and 80 acres for 7-1/2 days. A 10-year flood will cover about
300 acres for 1 day and 80 acres for 2-1/2 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 to 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 speczes 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 to

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 mice and rats, rabbits, doves and various song birds.

[V-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
along Cave Creek below Cave Creek Dam although no empirical data are available to support
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 piant 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 valuabie food and cover sources.
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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
sinnce 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.

I1V-4,10 The proposed action will remove habitats that support a variety of wildlife species
including lizards, snakes, rabbits, smail 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-4,11 No threatened or endangered plant or animal species will be jeopardized by the
proposed action.

IV4,12 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 to 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,

. 1V-4.13 POPULATION 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 resuit 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.
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IV-S. 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 to 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-11




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.

1V-8.03 Construction of New River dam and its appurtenances will require 1.8 million

cubic yards (silt, sand, gravel and cobbles) of m_aterial.

1vV-14
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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. .

IV-15
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UNITED STATES
DEPARTMENT OF THE INTERIOR

OFFICE OF THE SECRETARY

- PACIFIC SOUTHWEST REGION

ER~75/837 BOX 36088 + 450 GOLDEN GATE AVENUE .

SAN FRANCISCOQ, CALIFORNIA 94102
(418) 556.8200

Octo ber 30, 1975

Col, John V. Foley

U.S5. Army Engineer District, L A,
Corps of Engineers

300 N. Los Angeles Street

Los Angeles, CA 90054

Dear Col. Foley:

The Department of the Interior has reviewed the draft envirommental
statement and General Design Memorandum for flood control project,

Gila River Basin, New River and Phoenix City Streams, Maricopa and

Yavapai Counties, Arizona. : .

2

~ We are pleased that impacts on sand and gravel resources are acknowl-

- edged in both documents. Because of rapid growth and continuing
development in the Phoenix area, these aggregate resources are of
considerable value and significance., In fact, data more recent than
the 1970 figure cited in the envirommental statement (page 1-19) show
an upsurge in the production of sand and gravel in Maricopa County.
According to the Bureau of Mines' Minerals Yearbook, quantities
produced rose from 6,363,000 tons ($6,866,000) in 1970 to 12, 912 000
tons ($14,022,000) in 1971 and to 15,675,000 tons ($18,198, 000) in
1972, We suggest that the discussion abcut overall effects of the
project on this prosaic but vital mineral resource be expanded to
show in more detall the magnitude of the impact and to discuss
measures for mitigationm, '

Aggregate resources, of unspecified quality and quantity, would be
lost at Cave Buttes Dam (DES, page II-19), at Adobe Dam (DES, page
111-29), and at New River Dam (DES, page IV-13), and at the first two
sites, ongoing mining operatioms apparently would be displaced (DES,
pages II-19 and III-13), TFor the whole project, aggregate resources
under some 6,100 acres required for channels, dams or dikes and
{mpoundments would be committed (DES, pages 1«79 and I-87); urban
development that is expected to result from flood protection afforded
by the project might cover another 1,200 acres of potential aggregate-
bearing land (DES, page 1-88); and the 8,300 acres of designated
floodway/flowage easement would remain open for recovery of aggregata
resources (DES, page V~31l) subject to a lack of replenishment from
upstream sources (DES, pages I-79 and -80),




.
®
The documents do not provide any analysis about the significance of
project impacts in relation to the total supply of aggregate in the
Phoenix area.
Basic to such analysis i1s proximity of available aggregate resources to ®

markets. Since, generally, the price of aggregate at the quarry or pit

is doubled after 25 miles of truck transportation, the importance of

close-in recoverable resources of aggregate is obvious. 1If such

resources are available only at some distance from the city because of

encroachment and commitment of close-in deposits, the documents should

recognize that costs of construction would be increased significantly, ®
. We suggest that the reports show not only the commitment of aggregate :

but also the overall impact of the project on the availability of

sand and gravel in the Phoenix area. To mitigate or reduce the loss

of this valuable resource, we urge that multiple sequential use of project

lands be considered and practices wherever possible so that aggregate

resources lying in the path of the project can be extracted before they ®

are lost,.

Some major construction requirements which would apparently entail

major impacts in urbean areas have been mentioned in a peripheral

manner in widely scattered parts of the draft envirommental statement.

For example, the first mention of bridges that has been noted is that ®
the chammelization of Skunk Creek would require the lengthening by
134 feet of two existing highway bridges and two frontage road bridges
(p. I-7, par. 3). Later it is noted that 20 dip crossings would be
replaced by all-weather bridges (p. I-91, par. 2). Still later, a
briefing reference is made to the requirement for 14 new highway
bridges and onme rallroad bridge extension in providing the recommended e
floodways below the dams (p. V-3, par. 3). It is first mentioned in

the supplementary section on the Arizona Canal Diversion Channel that

26 bridges would be required for streets and highways that presently

" eross the Arizona Canal (p. VI-4, line 19).

[+

Similarly, the first mention,K of the proposed construction of fairly ®
extensive levees in several places was found in the supplementary '
section on Skunk Creek, New River and the Agua Fria River. There it

is noted that nearly 10,000 feet of levees from three- to eight-feet

high are proposed around five residential subdivisions along the Agua

Fria River (p. V-6) and that 5,700 feet of levee up to four-feet

high would be congtructed along New River (p. V-5). These proposed &
facilities do not appear to be included among the proposed levees :
and dikes delineated on Plate 4 (Recommended Plan, Flood Control).

It would be helpful to provide a reference to the map on which these

proposed facilities have been delineated, and to evaluate any impact

of these levees,




ARIZONA STATE MUSEUM
THE UN!\;!ERS!TY OF ARIZONA l

TUCSON, ARIZONA 85121

September 29, 1975

Ms. Constance LaMonica
State Clearinghouse Contact
1645 West Jeffersen
Phoenix, AZ 85007

Project: Draft Environmental Impact Statement for New River
and Phoenix City Streams '

State Application Identifier: T5-80-0041

Dear Ms. LaMbniédE

The Draft EIS for the New River and Phoenix City Streams represents
an excellent consideration of the archaeclogical resources that will
be affected by this project.. The thoroughness exhibited in this
aspect of the document is appreciated. '

Sincerely,

Robert’J. Bard R. Gwinn Vivian

Archaeologist -
State Clearinghouse Contact ‘
Arizona State Museum Arigona State Museunm

RJH/RGV:sT

ce: Garth A, Fuguay




DEBITAGE — The waste chips of stone left over after a stone tool has been fashioned.

DEBRIS BASIN — A basin formed behind & 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 tiver
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 ovefﬂow 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 fixed dam built to divert all or part of the waterina stréam 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
envxronment are altered by natural or human influences. X

3

BCOTONE The boundary between two ecosystems It is nnportant to cons:der 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.

FPHEMERAL STREAM — A stream which flows only during and following a period of

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 2




FLOOD INSURANCE — Any insurance program designed to provide financial relief for
damages incurred due to flooding, '

FLOOD PLAIN — A belt of low, flat ground bordering a river or stream 6n 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 proofing devices or to evacuate a flood-prone area.

FLOODWAY - Is the portion of a flood plain required to carry and discharge the flood
waters of a selected probability of occurence storm with an insignificant (less than 1 foot)
increase in floodstage ahove that of normal conditions. :

FLOODWAY FRINGE - The portion of the flood plain between the floodway and the |
normal outline of the selected flood. E

FLOWAGE EASEMENT - The acquired legal right to ﬂood land owned by others.

FLOW BRECCIA -~ Rock consisting of consolidated anguiar rock fragments larger than sand
grains, formed in connectmn with a lava flow. . >

FORB - A pasture herb.

FRIABLE Easily crumbled or pulverized.

GABIONS — Wire containers filled with stones and used to construct stabilizing structures.
GNEISS — A thickly band_ed (foliated) metamorphic roek of no specific comoposition.
GRADIENT - The steepnese of a slope expressed either asa prOportioﬁ between its vertical
interval 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.

HERBACEQOUS — Any plant that lacks woody tissue on which the Ieaves and stem fall to
ground during periods of freezing or dry weather.

IGNEOUS ROCKS — Rocks formed by the solidification of hot ﬂowmg 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.
STUDY AREA — The area impacted by a project feature. '

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 a2
chff or very steep slope.

TUFFACEOUS - Pertammg to or resembling tuff, a hardened mass of rock, predommantly
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.

XERIC — Characteristic of a scanty water supj:ly.




PHOTO 1. In the New River area, a desert wash or riparian
plant community of ironwood, mesquite, blue paloverde,
desert willow, catclaw acacia, desert broom, burrobrush,
and saguaro cactus. '

PHOTO 2. In the New River area, an outwash plain or bajada
plant community of creosotebush and grasses with .a scattering
of bursages, cholla cactus and saguaro cactus.

.
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PHOTO 13. The recommended New River Dam site, locking 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. @
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TABLE 2
®
DEPTH TO WATER IN WELLS PRINCIPALLY IN
ALLUVIAL DEPQSITS, IN FEET BELOW LAND SURFACE
» o .
Hew River Study Area . 200* to 300°
3 Adobe Dam Study -Area 200° to 500°
. Cave Buttes Dam Study Area ' 300% to 400°
» ‘
‘ Along Cave Creek . 33* to 239*
E Along New River Channel Study‘Area _ 100° to 200°
§ Along Agua Fria Channel Study Area : 100* to 200°
.% . £l 2 . .
) Along Salt River Channel Study Area : 0 to 100°
; Along Arizona Canal Channel Study Area ©300° to 400° |
o .
. |

Map showing Depth to Water in Wells in the Phoenix Area,
Arizona, 1972, by W. R. Osterkamp, 1973,
- Base from VU.S. Geological Survey, Pheenix and Mesa 1954-69,
Ajo 1953=69, Tucson 1956=62.
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DONALDE, ROSS

Registered Professional Geologist
Certified Senior Property Appraiser

2226 E. Sunnyside Drive | Telephone (602) 992-0758
Phoenix, AZ 85028 Fax (602) 482-3220
GENERAL Consultant and owner of Ross Consulting - specializing in: mine valuation,
EXPERIENCE:  expert testimony, property tax consuitation and sand and grave! appraisal. (Since 1973)
Natural Resource Appraisal Supeﬁisor 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. (1967-1973)
PROFESSIONAL  American Institute of Professional Geologists, Number 3223
GEOLOGIST Arizona State Board of Technical Registration, Geologist, Reg .13519
recIsTRATION: 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
Accredited Senior Appraiser, American Society of Appraisers, Number 003 142
MEMBERSHIP: American Institute of Mining Engineering (AIME), member since 1967
epucation:  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:  Consultant/Appraiser, 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 of .costs, revenues and production data,
development of capitalization rates and discounted cash flow analysis; investigation of
hydrologic and environmental factors, analysis of successful and unsuccessful mining
investment; evaluation of metal price trends and technological advances.




DONALD E. ROSS

EXPERIENCE:

COURT
EXPERIENCE:

EXPERT
WITNESS
EXPERIENCE:

PUBLICATIONS:

INSTRUCTOR:

Inspiration Consolidated Copper Co., Inspiration, AZ, 1967 to 1973
Chief Geologist, Sanchez Project, AZ - Supervise geology d'ivision; prepare hydrology and
environmental reports; prepare geological interpretation for the district; estimate ore

reserves, coordinate property acquisition; conduct pit planning and feasibility studies.

Project Geologist, Leslie Denn Project, Winthrop, WA - Supervise exploration program,

- drilling and geological mapping; correlate geochemical and geophysical results; study -

hydrology; study envtronmental impact; estimate ore reserves; prepare final geological
report.

Resident Mine Geologist, Inspiration, AZ - Estimate ore reserves; log drill core; stake
mining claims; develop water supply; study environmental impact; prepare geolog;cal and

property maps.

Expert witness in court cases regarding appraisal and mine valuation:
American Smelting and Refining Co. v. Pima 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,

Arizona Board of Tax Appeals, AZ, expert witness in ninety-three
mine valuation cases.

Homestake - McLaughlin Mine v. Lake County CA

Sonora Mining Co. - Jamestown Mine v. Toulumne County, CA.

Cyprus-Bagdad Mining Co. v. Yavapai Co., AZ.

Assessment of Sand and Gravel Resources and Economic Mining Potential:
Fort McDowell Mohave ~ Apache Indian Community, AZ
NADSAT project #19; U. S. Department of Commerce

Appraisal Manual for Mines and Natural Resources:
Arizona Department of Revenue, published from 1979 to 1988,

Appraisal Manual for Mines and Ouérries: _
South Dakota, Lawrence County, published 1989 & 1990.

Mines and Quarry Valuation, Int. Assoc. of Assessing Officers Workshop, 1993-1998.




‘DONALD E. ROSS

CONSULTING PROJECTS
Project: Carlin Trend, NV Project; Morenci Mine, AZ
Obijective: Appraisal and Property Tax Analysis Objective:.  Appraisal and Expert Witness
Client: Newmont Gokd Company Client: Pheips Dodge Corporation
Project: Misston 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 Quarries, AZ
Objective: Appraisal and Expert Witness Objective: Appraisal sand/gravel -
Client: Cyprus Minerals Company Client: The CalMat Companies
Project: Valley gravel quarry, CA : Project: Utah Gypsum Mine
Objective: Appraisal Objective: Appraisal
Client: Tokai Bank - © Client: Key Bank, UT
Project: Jamestown Mine, CA Project: - Sand/gravel deposits, AZ -
Chbjective: Appraisal and Expert Witness Obiective: . Appraisal
Client: - Sonora Mining Corporation Client: ~ Flood Control District - Maricopa Co. ,AZ
Project: Alaska Mines : Project: - Coal Mines, AZ & NM
Objective; Appraisal : : Objective: Appraisal
Client: City/Borough Juneau, AK Client: Navajo Nation
Project: San Manuel Mine, AZ Project: La Posta & Pala Indian Reservations, CA
Objective: Appraisal of gold and copper mines Objective: Appraisal & royaity rate - gravel quarry
Client; Magma Copper Company Client: - Burcau of Indian Affairs
Project: Sanchez Mine, AZ Project: Fort McDowell Indian Reservation, AZ
Objective: Geologic and ore reserve analysis Objective: Financial analysis for sand/gravel
Client: AZCO Mining Client: Fort McDowell Indian Tribe
Project: South Dakota Goid Mines _ ~ Project: McDowell Mountains, AZ
Obijective: Appraise gold mines/write appraisal manual Objective: Prepare geological map and analysis report
Client: Lawrence County, SD Client: Andover Corporation Markland Properties,
Inc.
Project: Rocky Canyon BLM, CA Project Mississippi River Limestone Quarry, MO
Objective: Appraise granite quarry Objective: Discounted cash flow
Client: Union Asphalt, Inc., CA 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 Project; Wellington, UT
Objective: Evaluate potential Objective: Appraisal coal mine
Client: Coastal Corp.
Project: Poulsbo Clay Mine, WA - Project: Henderson Moly Mine, CO
Objective: Appraisal Objective: Appraisal '

Client: Pope Res. & Ash Grove Cement . Client: Grand County, CO




