
N 

0 

T 

F 

E 

M 

A 

A 
p 

p 

R 

0 

v 
E 

D 

FLOOD INSURANCE STUDY 

APPROXIMATE ZONE A DELINEATION 

WHFfE TANK MOUNTAIN FOOTHILLS 
ALLUVIAL FAN 39 

Prepared For: 
FLOOD CONTROL DISTRICT 

OF MARICOPA COUNTY 
2801 West Durango Street 

Phoenix, AZ 85009 

Prepared By: 
CMX, LLC 

7740 North 16th Street, Suite 100 
Phoenix, AZ 85020 

Phone: 602.567.1900 
Fax: 602.567.1901 



• 

• 

• 

FLOOD INSURANCE STUDY 

APPROXIMATE ZONE A DELINEATION 

WHITE TANK MOUNTAIN FOOTHILLS 
ALLUVIAL FAN 39 

TECHNICAL DATA NOTEBOOK 

Prepared For: 
FLOOD CONTROL DISTRICT 

OF MARICOPA COUNTY 
2801 West Durango Street 

Phoenix, AZ 85009 

Prepared By: 
CMX, LLC. 

77 40 North 16th Street, Suite 100 
Phoenix, AZ 85020 

Phone: 602.567.1900 
Fax: 602.567.1901 

December 2007 
CMX Project No. 6359.63 



• 

• 

• 

APPENDIXG 

GEOMORPHIC EVALUATION AND 
LANDFORM STABILITY ASSESSMENT 

BUCKEYE/ SUN VALLEY AREA DRAINAGE MASTER STUDY 

Prepared By: Ayres Associates, May 2005 



• 

• 

Fl L REPORT 

Geomorphic Evaluation and Landform Stability Assessment 
Buckeye/ un Valley Area Drainage Master Study 

Prepared by: 

AYRE 
ASSOCIATES 
3665 JFK Parkway 
Building 2, Suite 200 

Contract No. FCD 2002C027 

Prepared for: 

Flood Control District of Maricopa County 
2801 West Durango Street 

Phoenix, Arizona 85009 

::.. eL.tro 11r o~ o• f '18 

docur :::r u I~J'la 
eat . - t ,, t 

Fort Coll ins, Colorado 80525 

May 2005 



• Geomorphic Evaluation and Landform Stability Assessment 
Buckeye/Sun Valley Area Drainage Master Study 

Contract No. FCD 2002C027 

Prepared for 

Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

AYRES 
ASSOCIATES 

P.O. Box 270460 
Fort Collins, Colorado 80527 

(970) 223-5556, FAX (970) 223-5578 

Ayres Project No. 32-07 40.00 
BUCK-CP2.DOC 

May 2005 



TABLE OF CONTENTS 

• 1. PURPOSE ..... .. .......... ..... ... ... .. ..... .. ......... .... ....................... .... .. ........ .. ........ ....... ...... ... . 1.1 
2. SCOPE OF WORK ............. .... ........ ... ........ ... ........... ... ......................... ...... ... ....... .. ... .. 2.1 
3. PROJECT BACKGROUND ...... ... .... ... .. ..... ......... .. ............... ... ... .. ..... .. .. ...... ...... ....... ... 3. 1 

3.1 Piedmon t Land form Delineation ....... .... ...... .. ... ..... ......... .. ....... .... ...... .. .... .. ....... .... 3.2 
3.2 Landform Stability AssessmenL .... ... .. .. .. ........... .. ..... ......... ....... ....... .. ...... .... .. .. .. 3.2 
3.3 Existing Conditions Assessment of Primary Washes ... ... ...... .... ..... .... ............. .... 3.7 

3.3. 1 Caliche (Calcic Soils) ..... ... ..... ... ....... ............. ..... .. ... ... .... .... ....... .. .... ...... .... 3.7 

4. METHODOLOGY ... ...... ..... ... .................. : ... ... .. ....... ...... .. .... ........... ............ .... ....... ... ... 4.1 

4.1 Landform Identification, Delinea tion, and Mapping ..... .......... .... .. .... ...... .. ..... ....... 4.1 
4.2 Aerial Photography Analysis ... ....................... .... ... .. ....... ... .. ... ... ....... .. ...... ... ...... .. 4.1 
4.3 Field Reconnaissance .. ... .................. .. ... .... ..... ............. .. ............. .. ......... ...... ...... 4.3 

5. PIEDMONT LANDFORM DELINEATIONS AND VERIFI CATION ............ ........ .......... 5. 1 

5.1 Verification Site #1 ..................... ......... .. ... .. .. ............... ............. ........................... 5.3 
5.2 Verifica tion Site #2 .... ................... ..... ..... .. .... .. ... .... .... ..... .................. .. ........... .. .... 5.3 
5.3 Verification Sites #3, #4, and #5 ...................... .. .......... .. .... .. .... .. .. ................. .. .... 5.3 
5.4 Verifi ca tion Sites #6, #7, and #8 ... . ............... .. ................ .... ........ .. ................... . 5.5 
5.5 Summary ............. ... .. .... .. ........ ... .... ...... ........ .. ......... .. ..... ....... .... .. ... ............ ..... .... 5.7 

6. LANDFORM STABILITY ASSESSMENT .... .. .... ........ ...... .............. .... ....... .. .............. .. 6. 1 

6.1 Active Alluvial Fans ..... ................ ... ...... ... ..... ....... .. .. ... ......... .............. .. ... ........... 6.1 

6. 1.1 BSV Site 1 ................... ......... ... ... ....... .. ......... .......................... .. ... .......... . 6.3 
6. 1.2 BSV Site 2 .... .... .... ............ ..... ................................................ .. ..... .......... 6.4 
6.1.3 BSV Site 3 .... .... .. .. .. ...... .. ... ... ...................... ............... .. ........................... 6.5 
6. 1.4 BSV Site 4 .. ......... .. .... ................. .. .......... .... .. .. .. .. ...... ........................ ..... . 6.5 
6.1.5 BSVSite5 .... .. ...... .. .................... .... .. .. .. ............ .. .. .. .... ~ ........................ .. 6.6 
6.1 .6 BSV Site 6 .. .. .............. ................ ..... .. .-...... ...... .. ..................... ... .. ............ 6.8 
6.1.7 BSVSite7 ......... .. .. .... ... ......... .... ... ... .... ........... ............ ......... .............. ..... 6.9 
6. 1.8 BSV Site 8 .. ............................ .. .. .... ..... ... ..... ................. ......... ....... .. .. .... 6. 10 
6. 1.9 BSV Site 9 ................ ....................... ... .... .... .. ...... .... .......... .. .................. 6.11 
6.1.1 0 BSV Site 10 .. .. .... .... .... ..... .... .. ....... .... ............ ...... ...... ................. ...... ..... 6.11 
6.1.11 BSV Site 11 ........ ..... ....... .. .. ... ......... .. ................ ...... ...... .. ............... .. .... 6. 12 
6.1.12 BSV Site 12 ................ .. .............................. .. ...... .... ................ .. ...... .. .... 6.13 
6. 1.13 BSV Site 13 West ........ .. ........................ ...... .. .... .......... ............. .. .......... 6.13 
6. 1. 14 BSV Site 13 East ............................. .. .............................. .. .. ................. 6.15 
6.1.15 BSV Site 14 .................. ......... ......... .............. ................................. ....... 6.15 
6. 1.16 BSV Site 15 ... ......................................... .. ...... ...... ....... ...... ... .. ...... .. ...... 6.17 
6.1.17 USGS Site 36 (White Tank Fan) .............. .... ....... .......................... ........ 6. 17 
6. 1. 18 USGS Site 37 ...... .. .. ... ....... .. ... ... .... ....... .. .. ...... .. ......... .. ............ .. .. ......... 6.18 
6.1.19 US GS Site 38 .. .... .............. .. ...... .... .. .. ........................... .... .. .. ............... 6.19 
6. 1.20 USGS Site 39 ..................... .... ........ .. .............. .. ...... .......... .... ................ 6.20 



TABLE OF CONTENTS (continued) 

• 6. 1.21 Skyline W ash Fan ... ................... ........... ........ ....... ... .... ........ ..... ............. 6.21 
6. 1.22 Skyline W ash Tributary Fan ................. .... ........ ............ ... ... ........ ........ ... 6.22 

6.2 Other Unstable Areas ..... .. ..... ...... ...... ......... ............ ..... ... ..... ........ ........ ....... ..... 6.22 
6.3 Summary ........ .............. .. .. ........ ......... .... ... ...... ... ...... ..... ...... ........... ..... .......... ... 6.26 

7. EXISTING COND ITIONS ASSESSMENT OF PRIMARY WASHES ... .. .... .. .... ......... .. . 7.1 

7.1 Flow Splits, Braiding, and Multiple Flow Paths .. ... .... .. .... ....... .... ..... .. ......... ...... .... 7.1 
7.2 Aerial Photography Analysis .... .............. .. .. .... ... ... ............... ... ... ..... ... ......... ......... 7.1 
7.3 Field Reconnaissance ...... ... .. ... ........ ...... .. ... .. ........ .... .. ... ... .. .. ....... .. .. .. .. ... .... .. .. . 7.26 
7.4 General Descriptions of Primary Washes .. ..... .... ....... ....... .... .. ..... .. ..... ........... .. . 7.31 
7. 5 Summary ... .. ... ... ........... ... .. .. ...... .... ......... .. ... ... .... ........ ............... ... .. ............ .. .... 7.43 

8. REFERENCES .... ...... .. .... ........ .. .. ...... .. ...... ......... .. .... ...... .. ....... ....... ....... ..... .. ..... ..... .... 8.1 

APPENDIX A- Piedmont Landform Delinea tion Maps ... ............ ...... .................. ... ......... ...... --
APPENDIX B - Piedmont Landform Stability Assessment Maps ......... .......... .. .... ... .... ... .. ... .. --
APPENDIX C - Existing Conditions Assessment of Primary Washes Figures .. ....... ... .. .... .... --
APPENDIX D - Soi ls Map Exa mple and Soils Descriptions ...... .... ..... .. ......................... .... ... . --
APPENDIX E- Surficial Geology Map Exa mple and Geologic Unit Description s ........ .......... --
APPENDIX F- Flood Hazards Map Exa mple and Hazard Descriptions ....... .. ...... .... .. ........ .. --

• 

• 
ii 



•• 

• 

• 

LIST OF FIGURES 

Figure 1.1. Location map for Areas 2 and 3 of the Buckeye/Sun Valley ADMS .. .... .. ... .... 1.1 

Figure 4.1. Annual and monthly maximum precipitation ( 1905-2003) for 
Buckeye, Arizona .. ..... .. ... ... .... ...... ... ...... .. .......... ..... ......... ... ......... ..... .... ... .. .... 4.2 

Figure 4.2. All-Terrain-Vehicle (ATV) used for field verification of piedmont landforms, 
identification of stable and unstable areas, and primary wash assessments. 4.4 

Figure 4.3. Trimble GeoXT handheld GIS-based GPS unit (arrow) mounted on an ATV .4.4 

Figure 5.1. View looking downstream at Verifica tion Site #1 south of USGS 
Site 36 alluvial fan .............. .... .. ........ ...... ... .... ...... .. ....... .. .... .... .. .. .... .. ........ ... 5.3 

Figure 5.2. View looking east showing inactive fan surface of Verification Site #2 ...... .... . 5.4 

Figure 5.3. Drainage texture of Verification Site #2 .... .. ... ...... .......... ............. .. .... .. .. .... .. 5.4 

Figure 5.4. Tremant soils of the inactive alluvial fan at Verifica tion Site #2 .......... .... ........ 5.5 

Figure 5.5. Drainage texture at Verification Site #5 ...... . .. ....... ...... .. ...... .... .. .. .. .... .. ...... ... 5.5 

Figure 5.6. Drainage texture at Verification Site #6 .... .. ............ ... .. ......... .. .. .. .. .. .... .. .. .. .. .. . 5.6 

Figure 5. 7. Well-developed desert pavement and desert varnished stones on a 
re lict fan surface (Verification Site #6) ... .. ..... .. .......... .. ........ .. .... .... .. .. .. .. ........ 5.6 

Figure 5.8. Close-up of desert pavement and stones with well-developed desert 
varnish on a relict fan surface (Verification Site #6) ...... .... ...... .. .... .. ... .. ...... ... 5.7 

Figure 5.9. View looking south showing the pediment surface at Verification Site #7 .... .. 5.8 

Figure 6.1. View looking downstream from the apex of the active alluvia l fan at 
BSV Site 1 ...... .. .... .... .... ... .. ...... ... .. ... .. .. .. .. ...... .. ... .. ..... .. .... . :-. .... ..... ..... .. ....... ... 6.4 

Figure 6.2. Panoramic view to northwest from hill overlooking BSV Site 1 .. .. .. .... ...... ...... 6.4 

Figure 6.3. View looking downstrea m from the middle of BSV Site 2 .. ...... .. ...... .... .. .. ...... . 6.4 

Figure 6. 4. View looking downstream from the hydrographic apex of BSV Site 4 ........ .. .. 6.5 

Figure 6.5. View looking downstream from the middle of the active zone of BSV 
Site 4 .. .... .. ............ .... ... ... ........ .. ..... ..... ..... ... ......... .... ........ ... ... .... .. ....... .. .. ...... 6.6 

Figure 6.6. View looking upstream from the middle of BSV Site 4 ... .. .... .. .. .. .. .. ........ .. .... .. 6.7 

Figure 6. 7. View looking downstream from the hydrographic apex of the fan at 
BSV Site 5 .... .. .... .. ... .. .. ......... ... .. .. .... ... .. .. .. .... .. ..... .. .... ..... .... .......... .... ........... . 6.7 

iii 



\ 

• 

• 

\ 

• 

LIST OF FIGURES (continued) 

Figure 6.8. View looking downstream from the main diffluence of the inse t fan at 
BSV Site 5 ... ... ............. ....... .. .. ...... .... .......... ... ..................... ....... .... ........ ....... 6. 7 

Figure 6.9. Panoramic view looking upstream from the Sun Valley Parkway culvert 

crossing showing the active fan at BSV Site 6 ·· ········ ······· ···· ·· ·· ····--·····--··-······6.8 

Figure 6.10. Aerial photo (2003) of the active alluvia l fan of BSV Site 6 on the upstream 

side of Sun Valley Parkway ····· ···· ········· ·· ·····-- ·-·· -·-·-· ---·--····-··- ·---····-··--·-·-··- ···6.8 

Figure 6.11. View looking downstream toward the Sun Valley Parkway culvert cross ing 
showing the extensive aggradation of the cu lvert barrels from the active 
fan at BSV Site 6 ... ... ... .... ...... ........ .......... .. ...... .. .............. ........ .............. ....... 6.9 

Figure 6.12. View looking downstream from the hydrographic apex at BSV Site 7 ..... ....... 6.9 

Figure 6.13. View looking downstream from the hydrographic apex at BSV Site 8 ..... .... . 6. 10 

Figure 6.14. View east-southeas t from a hill overlooking the inset fan at BSV Site 9 ....... 6.11 

Figure 6.15. View looking downstream from the hydrographic apex at BSV Si te 10 ··- ···-- 6.12 

Figure 6.16. View looking downstream from the hydrographic apex at BSV Site 11 ........ 6.12 

Figure 6.17. Aerial Photo (2003) showing the active fan areas of BSV Sites 13 

West and Eas t ··· ···- ·· ······· ········· ·· ··· ····· ··· ···· ·· ······· ·· ··········-·-·-········· .. _ ... ...... 6.14 

Figure 6.18. View looking west from a hill overlooking the downstream end of the 
active fan at BSV Site 13 West.. .. .. ...... ........ .................. .... ................... ...... 6.14 

Figure 6.19. View looking downstream from the hydrographic apex of BSV Site 13 
East fan ............ .................. ................... ...... .... .. ...... ... .. .... .... ........ ... .. ...... ... 6.15 

-
Figure 6.20. Aerial photograph from 1953 showing the active fan area of BSV Si te 14 ... 6.16 

Figure 6.21 . View downstream from the apex of the active fan at BSV Site 14 ................ 6.16 

Figure 6.22. Aerial photograph from 1953 showing the active fan area of BSV Site 15 ... 6.17 

Figure 6.23. View downstream from the apex of the active fan at BSV Site 15 ....... ...... ... 6.18 

Figure 6.24. View looking downstream from the hydrographic apex of the active 
White Tank Fan (USGS Site 36) .... .... .... ... ... .. ........ ....................... ... ... ... ..... 6.18 

Figure 6.25. View looking downstream from the hydrographic apex at USGS Site 37 ..... 6.19 

Figure 6.26. View looking downstream from the apex of USGS Si te 38 ..... ...... .... .... ....... 6.19 

iv 



• 

• 

• 

LIST OF FIGURES (continued) 

Figure 6.27. Aerial photo (2003) showing the mapped active fan (purple), inactive fan 
(green), relict fan (orange) areas at USGS Site 38 ....... .. ....... ............ .... ... .. 6.20 

Figure 6.28. View looking downstream from the hydrographic apex at USGS Site 39 ..... 6.21 

Figure 6.29. View looking west from the southern branch of the USGS Site 39 active 
alluvial fan in the area that was revised during the field investigation .. .... .... 6.22 

Figure 6.30. View looking upstream showing the braided pattern of a wash entrenched 
into a relict fan .. ... ..... .. ............. ..... .... .............. ... .. .... ...... .. ......... ........ .. ...... 6.23 

Figure 6. 31 . View of a well defined throughflow channel that diverges into two primary 
channels and several smaller channels .. .. .. ... ......... .... ...... ..... ..... ...... ..... ..... 6.24 

Figure 6. 32. View of a throughflow channel that diverges into multiple braided channels, 
but still confined within well-defined boundaries (yellow lines) before 
converging downstream ...... .. .. ..... .. .. ... ........ ... ....... ............. ..... .... ... ...... .. ..... 6.24 

Figure 6. 33. View of a throughflow channel that diverges into braided and undefined flow 
paths as a result of localized aggradation, loss of channel capacity, and 
anthropogenic changes .. .......... .. ......... ..................... ........... ..... .. . .. .... .... ... . 6.25 

Figure 6.34. Aerial photos from 1953 and 2003 showing area of anastomosed flow 
distribution (yellow boundaries) with zones of braided and sp lit flow .... .. ..... . 6.27 

Figure 6.35. Schematic of 2003 aerial photo from Figure 5.5 showing area of 
anastomosed flow distribution with zones of braided and split flow ...... ...... 6.28 

Figure 6. 36. View looking upstream showing the loss of channel capacity and undefined 
overland flow on an inactive alluvial fan surface .. ... .... ........... ........ ............ . 6.28 

Figu e 6.37. Aerial view of the loss of channel capacity and undefined o_verland flow 
on an inactive alluvial fan surface in Area 4 just east of Sun Valley 
Parkway and Wagner Wash .. .... ... .......... ... ....... ....... ..... ..................... .. .... ... 6.29 

Figure 7.1. Comparison of 1953 and 2003 aeria l photos for area around Primary 
Wash 3 between BSV Site #1 and BSV Site #2 active alluvial fans (red) 
showing unstable areas of high (orange) haza rd ................. .. ....................... 7.3 

Figure 7.2. Comparison of 1953 and 2003 aerial photos for area around Primary 
Wash 3 downstream of the BSV Site #1 active alluvial fan (red) showing 
unstable areas of high (orange) hazard .... ... .. ............. ......... .. .. ............ .. ..... .. 7.4 

Figure 7.3. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 
6, 7, and 7 East showing unstable areas of moderate (yellow) and high 
(orange) hazard and a dam on Primary Wash 6 ........ ...... .......... .. .. .... .... ... .. .. 7.5 

v 



• 

• 

• 

LIST OF FIGURES (continued) 

Figure 7.4. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 
7, 9, and 10 showing unstable areas of moderate (yellow), high (orange), 
and extreme (red) hazard ...... .. .... ........ .. ..... ... ... .. ... ... ........ ........ ... ........ .. ... .. .. 7.6 

Figure 7.5. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 
13 and 14 showing unstable areas of moderate (yellow) hazard .. .. ... ...... .. ... .. 7.7 

Figure 7 .6. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 
16 and 17 showing unstable areas of moderate (yellow) and high (orange) 
hazard .. ... .. .. .... .... ..... .. ... .... ... .. .. · .. ..... .............. .... .... .... ..... ..... ... ..... .. .... ... ..... ... 7.9 

Figure 7. 7. Comparison of 1953 and 2003 aeria l photos for parts of Primary Wash 16 
and surrounding areas showing unstable areas of moderate (yellow) hazard 
and wing dam .. .... ... .. .... .... .. .... ... ....... ... ... .... .. ...... .. ... .. .... .... ....... ..... .. ... .. ...... 7.10 

Figure 7.8. Comparison of 1953 and 2003 aeria l photos for parts of Primary Wash 16 
and surrounding areas showing unstable areas of moderate (yellow) and 
high (orange) hazard ... ... ...... .......... .... .. .... .... ..... ..... .... ... ......... ....... .... .. ... .... 7.11 

Figure 7. 9. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 
17 and 17T and surrounding areas showing unstable areas of moderate 
(yellow) and high (orange) hazard ........ ... ...... .... ... ..... ..... ... ... ..... .. ....... .... .... 7.12 

Figure 7.1 0. Comparison of 1953 and 2003 aerial photos for parts of Primary 
Washes 18 and 19 and surrounding areas showing unstable areas of 
moderate (yellow), high (orange), and extreme (red) hazard .. .. ..... .... ...... .. .7.13 

Figure 7.1 1. Comparison of 1953 and 2003 aerial photos for parts of Primary 
Washes 18 and 19 and surrounding areas showing unstable areas 
of moderate (yellow), high (orange), and extreme (red) hazard ... .. .. ... ...... .. 7.15 

Figure 7. 12. Comparison of 1953 and 2003 aerial photos for parts of Pr-imary Wash 
19 and surrounding areas showing unstable areas of moderate (yellow) 
and high (orange) hazard ...... .. .. .. ... ...... ... .... ... ... ...... .. ... ... .... .. .... .... ... .. .. .... .. 7.16 

Figure 7.13. Comparison of 1953 and 2003 aeria l photos for parts of Primary Wash 
21 and surround ing areas showing unstable areas of moderate (yellow), 
high (orange), and extreme (red) hazard .. ... ....... ......... ..... ... ..... .... ...... ........ 7.17 

Figure 7 .14. Comparison of 1953 and 2003 aeria l photos for parts of Primary Wash 
22 and surrounding areas showing unstable areas of moderate (yellow), 
high (orange), and extreme (red) hazard .. ... .. ............. ...... .. .... ..... .... ..... .. .... 7.18 

Figure 7.15. Comparison of 1953 and 2003 aeria l photos for parts of Primary Washes 
23, 24 and 25 and surrounding areas showing unstable areas of moderate 
(yellow) and high (orange) hazard ... .... ... ..... .... ... ..... ...... ... .. ..... .... ........ .. ..... 7.20 

VI 



• 

• 

• 

LIST OF FIGURES (continued) 

Figure 7. 16. Comparison of 1953 and 2003 aerial photos for White Tank Wash 
(Primary Wash 20) at the confluence with Primary Wash 22 .............. .... ...... 7.21 

Figure 7.17. Comparison of 1953 and 2003 aerial photos for White Tank Wash 
(Primary Wash 20) upstream of the West Tonopah-Salome Highway ..... ... . 7.22 

Figure 7. 18. Comparison of 1949, 1953, and 2003 aerial photos for White Tank Wash 
(Primary Wash 20) downstream of the West Tonopah-Salome Highway .... 7.23 

Figure 7.19. Comparison of 1949, 1953, and 2003 aerial photos for White Tank Wash 
(Primary Wash 20) upstream of Buckeye FRS #1 ..... .... .. ... .. ............. ..... ..... 7.23 

Figure 7 .20. Comparison of 1949, 1953, 1992, and 2003 aerial photos for the area 
bound by White Tank Wash (Primary Wash 20), Sun Valley Parkway, 
the West Tonopah-Highway, and Buckeye FRS #1 ....... .. .............. ............. 7.24 

Figure 7.21. Magnified 2003 aerial photo of the development along Primary Wash 
24 shown in Figure 7.20 ....... .. ................................................................. .... 7.25 

Figure 7.22. Magnified 2003 aerial photo of the development and dairy farm along 
Primary Wash 25 as shown in Figure 7.20 .................................................. 7.27 

Figure 7. 23. View looking upstream showing a 3-foot high headcut at the confluence 
of Primary Wash 25 with Buckeye FRS #1 ........ .. .... ... ... ........ ............ .... ..... 7.29 

Frgure 7.24. View looking downstream on Primary Wash 25 toward Buckeye FRS #1 
showing the extensive gullying upstream of the incised channel reach 
of the wash ... .............. .... .... ..... ...... ........... ........ .... ............. ............ ... ..... ..... 7.29 

Figure 7.25. View looking upstream showing eroding banks on Primary Wash #3 ... .. ..... 7.32 

Figure 7.26. View upstream showing high cutbank in relict fan deposits-of right 
valley wall on Primary Wash #21 ... .. ...... .. .. .... ....... ... ,. .............................. .... 7.32 

Figure 7.27. View looking upstream showing bank undercutting and failure 
associated with channel incision on Primary Wash #9 ............... .. .. ...... ... .... 7.33 

Figure 7.28. View looking downstream showing undercut bank in caliche on left 
bank of Primary Wash #23 due to abrupt change in flow path .... ......... ..... .. 7.33 

Figure 7.29. View looking upstream on Primary Wash #25 showing high, undercut 
left bank in relict fan deposits due to flow deflection around sediment 
and debris deposits (bar) in channel along right bank .... ............ .. .. ...... .... ... 7.34 

vii 



• 

• (page intentiona lly left blank) 

• 
viii 



LIST OF TABLES 

• Table 3. 1. Principle Landforms, Common Soil Types, Typica l Geologic Map Units, 
and Significant Characteristics of Piedmonts in Maricopa County .. .... ... ..... ....... 3. 3 

Table 3.2. Steps for Identifica tion of Piedmont Landforms ...... ............. ....... .. .. ..... ... ..... ..... . 3.4 

Tab le 3.3. Selected Indicators of Stable and Unstable Areas ... ..... .... ...... ..... .... ..... ..... ... ... . 3.5 

Table 3.4. Selected Characteristics of Stable and Unstable Flood Hazards of 
Piedmont Landforms ............ .......... ................. ......... ......... ..... ... .. ....... ......... ..... 3.6 

Tab le 3.5. Stages of Calcium Carbonate Morphology in Ca lcic Soils .. .. .... .. ... ...... .. .. .... .... .. 3.8 

Table 5.1. Landform Verifica tion Sites: Description , Landform , Latitude, and 
Longitude .... ............... ...... ...... ........... .. ....... ..... .... ... ... .... .. ...... ........... ...... ... ... .... 5.1 

Table 5.2. Representative Landform Sites: Mapped Surficial Geology ..... ...... ... ..... ........... 5.2 

Table 5.3. Representative Landform Sites: Drainage Texture, Drainage Pattern , 
Desert Pavement and Va rni sh Development, and Vegetation ......... ............. ..... 5.2 

Table 6.1. Loca tion of the Hydrographic Apex for each Mapped Unstable Area .......... .... .. 6.2 

• Table 6.2. Direction of Flow on the Ac tive Alluvial Fan and the Area of Instability of 
Each Region ... ........................ ......... ........................................................................... 6.3 

Table 7.1. Factors Associated with Deg ree of Haza rd for Conditionally 
Unstable Areas ..... ...... ..... ..... .... ...... ..... .. .... ............ .... ... .... ..... ............... .... ...... .. 7.2 

Table 7.2. Knickzones on Primary W ashes ........... ... ............ ...... ....................... ... .......... 7.28 

Table 7.3. Headcuts on Primary Washes ......... ... .... ....... .. ....... ..... ..... ... ........ ....... ............ 7.28 

Table 7.4. Sun Va lley Parkway Bridge Culvert Data (Upstream Side) .. ....... .... ... ............. 7.30 

• 
ix 



• (page intentionally le ft blank) 

• 
X 



1. PURPOSE 

• This report is submitted to the Flood Con trol District of Maricopa County (District) by Ayres 
Associates in support of Subtask 2.6.6 of the Buckeye/Sun Valley (BSV) Area Drainage Master 
Study (ADMS) Scope of Work (C9 ntract FCD 2,902C027). 

• 

• 

The Buckeye/Sun Valley ADMS is being performed for the Flood Control District of Maricopa 
County and the Town of Buckeye. The purpose of the Buckeye/Sun Valley ADMS is to quantify 
the extent of drainage, flooding, and erosion problems, sources, and hazards in the 
Buckeye/Sun Valley area, and develop preliminary so lutions to mitigate the identified concerns. 
Arizona Revised Statutes Title 48, Chapter 21, requires the Board of Directors to identify flood 
control problems and prepare plans that, when implemented, will eliminate or minimize flooding 
problems. 

Task 2.6 represents the Geomorphic Evaluation and Landform Stability Assessment portion of 
the Scope of Work (SOW). The purpose of Task 2.6 is to provide a qualitative assessment of 
potential erosion and sedimentation haza rds of primary washes, lateral and vertical stream 
instabil ity, and piedmont landform stability within the drainage networks of Area 3 (Buckeye 
Structures) and Area 4 (North Sun Valley) of the Buckeye/Sun Va lley ADMS watershed (Figure 
1.1 ) . 

. . . . . . . . . 
. . . . . . . . . . . 

Figure 1.1. Location map for Areas 2 and 3 of the Buckeye/Sun Valley AOMS . 

1.1 
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2. SCOPE OF WORK 

• This report is a combination of three technical memos previously submitted to the District in 
fu lfillment of Subtasks 2.6.2, 2.6.3, and 2.6.4 of the BSV ADMS Scope of Work. The following 
report documents the methodology and factors measured by Ayres Associates using the Stage 
1 and 2 Analyses of the Piedmont Flood Hazard Assessment For Flood Plain Management 
User's Manual (PFHAM) (Hjalmarson 2003) per SOW Subtasks 2.6.2 and 2.6.3, and documents 
the qualitative assessment of the existing conditions for 46 primary washes within Areas 3 and 4 
per SOW Subtask 2.6.4. Als6 included is supporting documentation for the Stage 1 and 2 
analyses with examples of the various measurements used to identify each landform and 
unstable area and the conditions along each wash. 

• 

• 

The PFHAM Stage 1 methodology provides guidelines for delineating the lateral limits of the 
various piedmont landforms (Subtask 2.6.2.1 ). The results of the Stage 1 analysis and mapping 
included in this report are submitted in fulfillment of Subtask 2.6.2.2. A field verification using 
the factors listed in the PFHAM was conducted on 2 representative sites for each landform 
under Sub task 2.6.2.3. Preliminary maps (original scale = 1: 18,000) delineating the lateral limits 
of the piedmont landforms in Areas 3 and 4 are also included as attachments (Appendix A, 
Plates 1 through 5). 

The PFHAM Stage 2 methodology provides guideline for assessing piedmont landform stability 
and delineating unstable landforms (Subtask 2.6.3.1 ). The results of the Stage 2 analysis and 
mapping included in this report are submitted in fulfillment of Subtask 2.6.3.2. A field verification 
using the factors listed in the PFHAM wa s conducted at sites where unstable landforms were 
identified under Subtask 2.6.3.3. Prelim inary maps (1: 18,000) delineating the lateral limits of 
the stable and unstable landforms in Areas 3 and 4 are also included as atta chments 
(Appendix B, Plates 1 through 5). 

The primary washes assessed under SOW Subtask 2.6.4 are defined as those intermittent 
str a s and washes delineated by a combination dot and dash blue line on the USGS 7.5-
rn inute topographic quadrangle maps for the study area. All primary washes including White 
Tank Wash and its primary tributaries are included in the assessment and are shown on Plate 1 
of Appe dix C. The washes covered under the White Tank Fan study (Wood, Patel & 
Associates 2001) and the Skyline Fan study (DEI-HEC 1997), Wagner Wash and its right bank 
{northern ) tributaries, and the primary streams north of the Granite Reef Aqueduct are not 
included in the assessment. The total length of the 46 primary washes that were assessed is 
approximately one hundred and sixty one (161) miles. The assessment was conducted using 
field investigations, aerial photographs, maps, and existing studies and reports . Detailed 
subsurface or geotechnical analyses are not part of this subtask. Preliminary maps (original 
scale = 1: 18,000) delineating the stable and unstable landforms were submitted as Plates 1 
through 5 in Appendix B and include the unstable channel reaches identified in Areas 3 and 4 . 
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3. PROJECT BACKGROUND 

Piedmonts are the broad, gently sloping and low relief plains that are located between 
mounta ins and axial drainages. Much of Maricopa County is piedmont landforms. The Stage 1 
Analysis methodology of the PFHAM was used for delineating the lateral limits of the various 
piedmont landforms. There is a three-stage process in defining and assessing piedmont 
landforms provided by the PFHAM: 

• Stage 1 - Recognizing and characterizing the kind and extent of piedmont landforms and 
showing these landforms on a map. The four main landforms on piedmonts of Maricopa 
County requiring identification and delineation are pediments, relict fans, alluvial fans and 
alluvial plains. Procedures for identifying piedmont landforms are described in Chapter 2 of 
the PFHAM. 

• Stage 2 - Defining the nature of the piedmont landform environment, identifying unstable 
and stable components of the piedmont, and showing those areas subject to various flood 
hazards on a map. For example, flood hazards of alluvial fan landforms in Maricopa County 
consist of fans with stable flow paths and fans with unstable flow paths. Procedures for 
identifying un stable and stable components of the piedmont are described in Chapter 3 of 
the PFHAM. 

• Stage 3 - Identifying and applying methods for defining and characterizing areas affected by 
the 1 00-year flood and showing these areas on a map. Realistic methods for definition of 
1 00-year flood haza rds are discussed in Chapter 4 of the PFHAM. 

For the purposes of Task 2.6 of the SOW, only Stage 1 and Stage 2 analyses were performed . 
This report provides a summary of the Stage 1 Piedmont Landform Delineation (per SOW 
Subtask 2.6.2 ) and Stage 2 Piedmont Landform Stability Assessment (per SOW Subtask 2.6.3). 
The PFHAM Stage 1 and 2 methodologies provide the procedures for identifying the nature and 
location of flood hazards on the four major piedmont landforms. 

The PFHAM defines Stable Areas as those in which "the relative state of the location , geometry 
and roughness of a channel, network of channels, or landform where any changes of flow path, 
g ometry, and roughness during floods are likely to be minor and can be set aside in realistic 
a sessments of flood risk." Common stable areas are hillsides, relict fans, pediment areas, and 
inactive alluvial fans. 

The PFHAM defines Unstable Areas as those in which "the relative state of the location, 
geometry and roughness of a channel, network of channels, or landform where major changes 
of flow path, geometry, and roughness are possible during flood s and cann,ot 'be set aside in 
realis tic assessments of flood risk." Common unstable areas are active alluvial fans, some 
multi-channel (d istributary) areas below active alluvial fans, alluvial plains with active 
sedimentation, split or braided flow channels where flow is wide and shallow, and areas of 
recent sediment deposition and erosion. 

The assessment of the existing conditions of the primary washes was conducted in conjunction 
with the Stage 1 and Stage 2 analyses . Discussions for both the Stage 1 and Stage 2 analyses 
in the PFHAM provide some general information and guidance for assessing the stability of the 
primary washes that drain these landforms. However, an extensive knowledge of fluvial 
geomorphology, and more specifica lly the geomorphic characteristics of desert washes, is 
necessary for accurately conducting this task. 
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3.1 Piedmont Landform Delineation 

The four princip le landforms delinea ted under the PFHAM methodology are relict fans, 
ped iments, alluvial fans, and alluvial plains. A relict fan is the erosion remnant of an old alluvial 
fan formed in a previous epoch and hardened by cementation. A broad, flat or gently sloping, 
rock-floored erosion surface loca ted at the base of an abrupt mountain front or plateau 
escarpment is a pediment. An alluvial fan is a fan-shaped (either partially or fully extended) 
sediment deposit loca ted at a topographic break, such as a mountain front, that is made up of 
stream flow and/or debris flow sediments. A nearly flat or gently sloping area or a slightly rolling 
land surface produced by deposition of sediment is an alluvial plain. Alluvial plains are 
generally located adjacent to a river that occasionally overflows its banks and might be on a 
floodplain, a delta, or at the toe of an alluvial fan. 

Each of the landform s has distinctive topog raphic, surface, and soil characteristics, and the 
land forms can be reliably identified using several combined criteria. The identification and 
delinea tion of these characteristics are discussed in detail in Chapter 2 and the Appendices of 
the PFHAM (Hjalmarson 2003). In general, distinctive characteristics that assist in delineating 
pediments and relict fans are the products of erosion, and distinctive characteristics that assist 
in del ineating alluvial plains and many alluvial fans are the products of sediment accumulation. 
A summary of the general characteris tics of the four principle piedmont landforms is listed in 
Table 3.1 and the steps required for the iden tifica tion of the landforms are provided in Table 
3.2 . 

3.2 Landform Stability Assessment 

The procedures in Chapter 3 (S tage 2 methodology) of the PFHAM (Hjalmarson 2003) use 
many of the readily observable indica tors described in Chapter 2 (Stage 1 methodology) of the 
PFHAM to assess landform stabil ity. These indica tors are used to delinea te areas of potential 
flood ing on each of the landforms. Many of the stability indicators are simple measures of 
relat ive surface age and wea thering like desert pavement and rock. Most of the indicators used 
to Identify the type of landform such as surface texture, surface geology, rock varnish, desert 
pavement, cementation of deposits, drainage pa ttern and channel shape are also used to 
identify stable and unstable areas. Specifica lly, the following indicators are used to define 
stable and unstable areas: 

e Flow path movement • Soils (carbonate zones) • Vegetation 
• Surface geology • Soil surveys • Bed material size 
• Desert pavement and varn ish • Surface color • Donoring 
• Surface texture • Drainage pa ttern • Shear stress 
• Channel capacity • Channel shape • Drainage basin 
• Degree of flood hazard 

Table 3.3 shows several selected indica tors of stable and unstable areas. Table 3.4 provides 
select characteristics of stable and unstable flood hazards of piedmont landforms . 
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Table 3.1 . Principle Landforms, Common Soil Types, Typical Geologic Map Units, and 
Significant Characteristics of Piedmonts in Maricopa County (Hjalmarson 2003) . 

Landform 

Relict Fan 

Pediment 

Alluvial Fan 

Alluvial Plain 

Component Landform 
(common soil types) 1 

(typical geologic units/ 

Erosion Fan remnant 
(Mohaii-Contine, Gunsight­
Chuckawalla- Rillito, Pinamt, 
Tremant-Ebon- Momoli­
Carefree, Eba-Pinaleno, laveen, 
Mohave-Continental) 
(Qo, Qmo, Qm) 

1~1-AIIuvial Fan 
(Camzo, Gilman, Antho, 
Estrella, Glenbar) 
{Qy, Oy2, Qy1) 

Bedrock remnant 
(Gran-Rock outcrop, Gran­
Wickenburg complex, 
Cherioni-Rock outcrop 
association) 
(various bedrock units) 

Inset Alluvial Fan 
(Anlhony-Arizo 
complex, possibly Eba­
Pinaleno and Carrizo) 
(Qy, Oy2, Qy1) 

Active Alfuvial Fan 
(Carrizo, Gilman, Antho, Brios, 
Estrella, Glenbar, Coolidge, 
Valencia, Torritluvents, 
Maripo) 
(Qy, Oyc, Qy2, Qy1) 

Inactive Alluvial Fan 
(laveen, Anthony, Antho, 
Momoli, Mohave, Pinaml, 
and other soils of relict fans) 
(Qm, Qm1, Qm2, Ql, Qly) 

Piedmoot Toe 
(Gilman, Estrella~. Glenbar, 
Memoli, Denure, Antho, 
Contine, Mohall, Avondale) 
(Oy, Qy2, Qy1, Qyf) 

Significant characteristics2 

Typically incised channels in cemented conglomerate of cobbles 
and boulders. Drainage typically is tributary but small pockets 
of distributary channels may occur. Some relict fans have a 
ridge-valley morphology. Incised throughflow streams typically are 
more than 10 ll. deep and less than 20ft. deep with steep banks. 
Desert pavement and rock vamish are common on flat intertluves. 
General slope typically is 1-6 percent. 

Generally small and confined between relict fan remnants_ Fluvial 
deposit that can act like a floodplain with high potential for scour 
and fill. Much of the alluvial fan material may be from gulling of 
the relict fan and such material may be boukfery. 

Incised channels generally formed in bedrock and old soils. 
Drainage typically is tributary but distributary channels may be 
present especially on lower slopes. There are many first order 
tributary channels. Parent rock typically is granite with large 
granite boulders on the upper slopes near the mountains. The 
crests of transverse slopes are small and shoulders are steep. 
General slope typically 2-5 percent. 

Generally small alluvial fan confined between pediment. Fan 
typically widens like a partially opened fan and lower part typically 
narrows as distributary channels rejoin. Fluvial deposit that 
typically is actively aggrading and eroding with possible balance of 
sedirnent over past few hundred years. 

Fluvial deposits with little, if any, calcium carbonate development. 
Fan shaped in plan view •Nith hydrographic apex at topographic 
break. Typically no desert varnish. Stream channels are wide with 
little incision or channels are very small. Active portions of alluvial 
fans in Maricopa County typically are a small part of an alluvial 
fan that is mostly inactive. General slope ·J-1 0 percent 

Fluvial deposits with much carbonate in K soli hortzon_ Fan shaped 
typically with distributary network of incised-throughflow 
channels. Transverse slopes of interfluves are flat. lnl.erfluves 
typically drained by small channels thai are tributary to 
throughflow streams. lnterfluve slopes are s table and throughflow 
streams typically are incised less than 3 ft .. General slope typically 
1.5 - 4 percent 

Aggrading or rather stable fluvial deposit with fittle transverse 
relief and small throughflow channels. Channels typically are less 
th-an·1 ft. deep_ Few tributary channels head on the surface. 
Little·, if any, rock varnish but possibly some desert pavement. Can 
be channel incision of a few feet where there has been general 
head cu.tting of base- level stream. General slope is 0 "3 percent 

Soil complexes on NRGS maps include one or more of .the soli types associated with the indicated landform. 
1 T ese characteristics may be observed on topographic maps, aerial photographs and by field inspection. 
1 

Some of th is soil is associal.ed with alluvial fans by Camp (1 986) and with a.lluvia! plaiw; in !his rnanuat Thi s soil is 
associated with alluvial plains Jor this manual because Estrella loam (Soil type 50) typically is at the toe of piedmonts, .the 
slop i small and the landform does not meet the criteria for alluvial fans (NRC, 1996). This iS an example of a few minor 
inconsistencies between this manual and NRCS soil surveys that have no effect on the reliability of the method. 

• Surtrcial geologic map units commonly used by AZGS geologiSts to describe deposits associated with the various landforms . 
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Table 3.2. Steps for Identification of Piedmont Landforms (Hjalmarson 2003) . 

Recognizing landforms 

1. Define general setting (Geology, tectonics, 
soils, surficial geology, relief) 

Type of landform. 

2. Define physical setting and type of landform. 

Geomorphology of source area (relief, slopes, 
feeder channel geometry, vegetation distribution, 
size of source area, drainage pattern) 

Geomorphology of piedmont (size, relief, slopes, 
channel geometry, vegetation type and 
distribution, surface color and soil) 

Location of landform (Is there a topographic 
break? Is it at a mountain front? Is it at an 
isolated remnant or inse/berg? Is it inset on 
a larger landform?) 

3. Verify and refine landform characteristics and 
boundaries. 

Composition and age (bedrock or a sedimentary 
deposit, soil development, desert varnish, 
desert pavement, surface color and caliche) 

Morphology (plan view shape, drainage pattern 
and spacing, channel incision and geometry, 
ridges and valleys) 

Location of landform (Is it at a topographic 
break? Is it at a mountain front? Is it an isolated 
remnant or inse!berg? Is it inset on a larger 
landform?) 

3.4 

Data information source 

Geologic, topograph ic, 
aerial photos, soi l maps. 
General reference. 

Detailed surficial geology 
maps, soil maps and geology 
maps 

Topographic maps, aerial 
photographs. 

Topographic maps, soil 
maps, aerial photographs. 

Topographic maps and aerial 
photographs. 

Field work using geologic 
maps and soil survey maps. 

Field work using topographic 
maps and aerial photographs. 

Fieldwork using topographic 
maps and aerial photographs. 



Table 3.3. Selected Indicators of Stable and Unstable Areas (Hjalmarson 2003) . 
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Table 3.4. Selected Characteristics of Stable and Unstable Flood Hazards of Piedmont 

Landforms (Hjalmarson 2003) . 

L andform Com~onent Landform Significant stability and flood characteristics 
(State) 

Relict Fan Erosional Fan remnant Remnants of broad coalescent plains or bajadas that have been incised 
(Stable) by streams for thousands of years. 

The presence of large areas of varnished desert pavement and soi ls 
with substantial clay or carbonate suggests the surface of this landfom1 
is very stable in many places and flood now has been conveyed past 
these stable areas for thousands of years. 
The 100-year flood is confined to throughflow channels and small 
over bank areas adjacent to the defined channels . 

Inset Alluvial Fan These typically bouldery fluvial deposits can have a great aggradation 
(Unstable) and erosion potential and are unstable. 

The 100-year flood can spread over much of these areas. 

Pediment Bedrock remnant Nearly all of these landforms are eroding and stable. 
(Stable) Relatively small areas along larger channels subject to scour and fill. 

The 100-year flood typically is confined to defined channels of 
throughflow streams and streams that head on the pediment 

Inset Alluvial Fan These fluvial deposits resemble flood plains except the inset fan may 
(Unstable) be subject to more erosion and deposition lhan typical flood plains_ 

Inset deposits of sediment can be the "apex" of distributary channels_ 

Alluvial Fan Active Alluvial Fan Fluvial deposit with little or no calcium carbonate soil development, no 
(Unstable) insilu rock varnish development, and seldom any desert pavement. 

The surface typically is a light tan or grey color tha t is indicative of 
recent abrasion of the weathered surface during sediment transport. 
Some areas not recently eroded or that have received sediment may 
be darkened by weathering. 
Typical channels are poorly defined with large width-to--depth ratios 
and may have a braided pattern in addition to a general radiating 
pattern below the hydrographic apex. 
Typical clasts are angular, sorted and unweathered. Both the maximum 
and average clast siz.e of the sediment deposits decreases rapidly down 
fan_ 
Deposits are mounded across the fan unless lh~re has been erosion 
and/or co-mingling with adjacent alluvial fans_ 

Inactive Alluvial Fan Fluvial deposit with much carbonate in K soil horizon, reddish upper 
(Stable) soil horizon, desert pavement, rock varnish, incised throughflow 

channels, trees along the throughflow channels and developed 
tributary drainage systems that head on the fan surface_ Very old 
inactive alluvial fans that have lost their shape are re lict fans. 

Alluvial Plain Piedmont Toe Rather stable or possibly aggrading fluvia l deposit wi th lit!Je transverse 
(Generally stable but relief except where channels are incised as the result of lowering of 
some areas may be base-level stream_ 
unstable.) Floodwater of the 1 00-year Hood may spread over large areas like 

that shown in Appendix G. 
Areas with low slopes, lack of flow confinement, little aggradation and 
developed caliche soi l Ulat resists erosion are stable. Areas may be 
unstable where there is much aggradation_ 
Where channels are incised the gully walls may be unstable and 
head cutting may progress upslope. 
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3.3 Existing Conditions Assessment of Primary Washes 

During an extensive field investigation, the existing geomorphic characteristics were 
documented and stream reaches that could be problematic with regard to lateral and vertical 
instability under existing and future developed conditions were identified. The existing 
conditions assessment identified and focused on, but was not limited to, the following: 

• Identify and delineate stream reaches that have undergone historic and/or recent 
degrada tion or aggradation. 

• Identify and delinea te stream reaches that have undergone historic and/or recent lateral 
instability_ 

• Identify and delinea te stream reaches at bridges, dip cross ings, and existing hydraulic 
structures that have existing sedimentation problems. 

• Identify and delineate historic and recent stream responses to development rn the 
watershed and along the primary watercourses. 

• Identify and delinea te points of natural grade control. 

• Identify and delinea te existing sediment sources within the wa tershed. 

3.3.1 Caliche (Calcic Soils) 

Caliche is exposed along most of the washes in the study area and, as such, req uires some 
discussion of its development and occurrence within the landscape_ The term 'ca liche' has 
been · broadly applied to deposits of secondary calcium carbonate (CaC03) of va rious origins, 
but is generally associated with soil ca rbonate_ Soils having significa nt accumulations of 
secondary ca lcium ca rbonate are defin ed as calcic so ils. For the purposes of this report , 
caliche will be considered synonymous with ca lcic soils. 

Calcic so ils form widely in unconsolidated sediments over periods of a few thousand years to as 
much as several million yea rs. Calcic soils are commonly developed in sediments throughout 
the rid and semiarid parts of the southwestern United States and vary regionally in their 
con ent of secondary calcium carbonate. The formation of calcic soils - is believed to occur 
mainly by subaerial precipitation of carbonate that is derived from Ca ++ dissolved in rainwater 
and that is leached from airborne carbonate (Machette 1 985; Birkeland 1 984 ). Calcium 
carbonate is leached from the ground surface and upper soil horizons and subsequently 
precipi tates and accumulates in lower soi l horizons at a depth controlled by soil moisture and 
texture (McFadden and Tinsley 1 985). 

Calcic soil horizons generally increase in deg ree of CaC0 3 morphology, concentration of 
CaC0 3, and thickness with age and are strongly in fluenced by the character of the soil 's parent 
materia l. As carbonate accumulates in the so il , recognizable morphological stages 
prog ressively develop that are reflected in enriched ca rbonate content, increased bulk density, 
and calcic horizon thickening . Soil studies in the southwest by Gile et a!. (1 966 ) and Bachman 
and Machette (1 977) have led to the recognition of 6 stages of carbonate morphology (Table 
3.5 )_ 
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T able 3.5. Stages of Calcium Carbonate Morphology in Calcic Soils (from Birkeland 1984) . 

Stage Gravelly Parent Material Non-gravelly Parent Material 

Thin discontinuous clast coatings; some Few filaments or coatings on sand 
I filaments; matrix can be calcareous next to grains; <1 0% CaC03 

stones; about 4% CaC03 

I+ 
Many or all clast coatings are thin and Filaments are common 
continuous 

Continuous clast coatings; local Few to common nodules; matrix between 
cementation of few to several clasts; nodules is slightly whitened by carbonate 
matrix is loose and calcareous enough to (15-50% by area), and the latter occurs in 

II give somewhat whitened appearance veinlets and as fil aments; some matrix 
can be noncalcareous; about 10-15% 
CaC03 in whole sample, 15-75% in 
nodules 

Same as Stage II, except carbonate in Common nodules; 50-90% of matrix is 
II + matrix is more pervasive whitened; about 15% CaC03 in whole 

sample 
-

Continuity o f Fabric High in Carbonate 

Horizon has 50-90% K fabric wi th Many nodules, and carbonate coa ts so 
carbonate forming an essentia lly many grains that over 90% of horizon is 

Ill continuous medium; color mos tly white; white; carbonate-rich layers more 
carbonate-rich layers more common in common in upper part; about 20% 
upper part; about 20-25% CaC03 CaC03 

Most clasts have thick carbonate coats; Most grains coated with carbonate; most 
matrix particles continuously coa ted with pores plugged; >40% CaC03 

Ill+ carbonate or pores plugged by carbonate; 
cementation more or less continuous; 
>40% CaC0 3 

Partly or Entirely Cemented 

Upper part of K horizon is nearly pure cemented carbonate (75-90% CaC0 3) and has a 
IV weak platy structure due to the weakly expressed laminar depositional layers of 

carbonate; the rest of the horizon is plugged with carbonate (50-75% CaC03) 

v Laminar layer and platy structure are strongly expressed; incipient brecciation and 
pisolith (thin, multiple layers of carbonate surrounding particles) formation 

VI Brecciation and recementation , as well as pisoliths, are common 

Initia lly, ca rbonate coa ts the undersides of coarse particles or occurs as thin filam ents in fine­
g rained materials . Over time, carbonate deposition fills the pore spaces and voids in the soil 
horizon and greatly restricts the percolation of water through the horizon . The laminated part of 
the upper calcic so il horizon forms as a result of solution and re-precipitation induced by the 
periodic collection of water over the plugged portion of the horizon. Over time, the calcic 
horizon builds upward and so is younger in that direction. However, the highest stage attained 
is usually near the top of the carbonate-enriched horizon and changes to progressive ly lesser 
stages with depth (Birkeland 1984). Caliche is easily identified by its effervescence when 
hydrochloric acid is applied . 
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The buildup of calcium ca rbonate is more rapid in coarse-grained sediments than in non­
gravelly material because coarse sands and gravels have less pore space and surface area to 
coa t with carbonate than do silts and clays . Thus, a calcic horizon in silt and another in gravel 
of the same age and loca le can have different stages of carbonate morphology, different 
concentrations, and different thicknesses, and may appear quite dissimilar (Machette 1985). 
For this reason, coarse-g rained ca lcic soils appear stronger in outcrop than fine-grained calcic 
soils. In addition, the difference in texture between gravelly and non-gravelly parent materials 
significantly influences the time required to form Stage I, II , Ill , and IV morphologies (Table 3.1). 
Field investigations of the primary washes in the study area reveal that the morphology of the 
caliche along th ese channels is no grea ter than about Stage Ill . In most areas, the caliche 
appears to have Stage II morphology. 

Extensive streambed and bank cementation can occur through the process of case hardening. 
La ttman ( 1973, 1977) suggests that case hardening results from surface water flowing over 
vertica l or steeply sloping alluvial and colluvial deposits, causing solution of calcareous fines 
and redeposition as cement. Case hardening can occur rapidly and is most strongly developed 
at the surface and decreases in development inward from the surface (Lattman and Simonberg 
1971 ). However, the studies of case hardening and gully-bed cementation by Lattman and 
Simonberg (1971) and Lattman (1973, 1977) were conducted in areas that are rich in limestone 
(rock composed en tirely of ca lcium carbonate) alluvium and colluvium, and where groundwater 
ca lcretes (highly cemented ca lcic so ils formed by laterally flowing CaC0 3-rich groundwater) 
hav-. en pedogenically modified (Machette 1985). Since the Buckeye/Sun Valley study area 
doe not contain any significant sources of limestone or groundwater ca lcrete, case hardening 
is not considered to be a factor in the stability of the primary washes in this area . 
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4. METHODOLOGY 

4.1 Landform Identification, Delineation, and Mapping 

Th Stage 1 methodology for identification and delineation of the characteristics of piedmont 
landforms are described in detail in Chapter 2 and the Appendices of the PFHAM (Hjalmarson 
2003). Chapter 3 (Stage 2 methodology) of the PFHAM provides the methodology used in this 
project for identification of stable and unstable flood hazard areas of piedmont landforms. The 
described procedure is complementary to the procedure used to identify landform types in 
Chapter 2 of the PFHAM. 

ArcGIS was the Geograph ic Information System (GIS) software used for the piedmont landform 
delinea tion, the landform stability assessment, the stability assessment of the primary washes, 
and the associated mapping. Ten-foot contour topography and 2003 MrSID orthophotography 
were obtained from the District and overlaid in ArcGIS. The soils mapping from the National 
Resources Conservation Service (NRCS), in the form of a GIS shapefile, was then used to 
guide the initial in-house landform mapping and delinea tion. Appendix D provides an example 
of the typica l NRCS soils maps and so il descriptions for the BSV area. The landform mapping 
was based on the soi l associations related to each landform (PFHAM). The aeria l photography 
and the 2003 topographic maps (1O-ft contour interva l) provided by the District were then 
examined in detail to refine the landforms and ass ist in identifying stable and unstable areas. 

Compared to color photography, black and white orthophotography was more difficult to use in 
identifying subtle differences in surface color and tone . However, the black and white 
photography was still useful in viewing the lighter active alluvia l fans and other unstable areas, 
the ground surface texture, and drainage patterns. The 1 0-foot contours from the 2003 District 
contour maps provided a better picture of the drainage patterns, allowed calcu lation of the 
drainage texture in the relict fan s and inacti ve fans, assis ted in defining topographic breaks, and 
provided a clearer view of the relative depths of channe l incision. 

The Arizona Geologica l Survey (AZGS) surficial geology mapping (Field and Pearthree 1991) 
and flood hazard mapping (Field and Pearthree 1992) for the White Tank Mountains area were 
then used to refine the landforms even further. Both the surficia l geology maps (Appendix E) 
and the flood hazard maps (Appendix F) were scanned and converted to digital images. These 
images were then registered in ArcGIS using the USGS 7.5-minute topographic quadrangle 
maps and the 2003 aeria l photography as the base system. Once these maps were 
georeferenced, the maps could be viewed with the soils, topography, and delineated landforms 
overlain on them. 

Two primary methods were used to assess current conditions on the primary washes. One 
method required the comparison of historic and contemporary aeria l photography to iden tify 
reaches and areas of potential and existing stream instability. The other method was to conduct 
an on-site field reconnaissance of each of the primary washes whereby unstable reaches could 
be identified and delineated in real-time in the field using the portable GPS unit. Both methods 
were used to identify, delineate, and veri fy stability problems along the primary washes. 

4.2 Aerial Photography Analysis 

A comparison of sequential aerial photography can identify potentia lly dangerous landforms and 
stream reaches that are stable or unstable or that have changed significantly in planform due to 
aggradation, degradation, or migration as a result of major events, especia lly if a major event 
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has occurred sometime between subsequent photos or immediately prior to a photo date . In the 
case of the Buckeye/Sun Valley area, a major storm event that occurred in 195 1 created 
significant changes in the landscape and to reaches of some of the primary washes within the 
project area. 

The 1951 storm event is identified in precipitation records for the Buckeye weather gage (NCDC 
COOP station number 021026), which is located in the town of Buckeye to the south and has 
been in operation since 1893. The largest single day precipitation recorded at the gage since 
1907 occurred on August 28; ·1951 . The total volume on that day was 2.6 inches and the total 
recorded precipitation from August 27 to the August 30, 1951, was more than 4':6 inches. 
A lthough 1951 was not an unusually wet year, the monthly total for August of that yea r was 6.89 
inches, which is the wettest month on record (Figure 4.1 ). In comparison, the mean monthly 
precipitation for August is only 1.13 inches. Thus, aeria l photographic coverage that 
encompasses this date or was taken immediately after that year will be valuable in assess ing 
changes that occurred then and subsequently. 
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Figure 4.1. Annual and monthly maximum precipitation (1905-2003) for Buckeye, Arizona. 

There are no aerial photos taken of the study area prior to 1949 that were avai lable. W ith 
rega rd to the 1951 event, black and white aeria l photography taken in 1949 is ava ilable for 
areas a short distance north of the Buckeye Flood Retarding Structures (FRS), but coverage for 
most of the project area north of the structures is not available in the 1949 aeria l photography. 
However, black and white 1953 aeria l photographic coverage is available for the entire study 
area. In addition , 1973, 1992, 1997, 1999, and 2003 aeria l photographic coverage is availab le. 
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The digital versions of the 1973 aerial photos are of poor quality and the 1997 and 1999 aerial 
photos show no major changes compared to the 1992 and 2003 aerial photos. Only the 1949, 
1953, and 2003 aerial photographs were used in this study for comparative purposes since 
there have been no storm events that have produced any identifiable changes in the study area 
after 195 1. 

The active alluvial fans and other unstable areas that were identified and mapped using the 
aerial photo comparison are included in the GIS database submitted to the District as part of this 
report. 

4.3 Field Reconnaissance 

All-Terrain-Vehicles (ATVs) with utility racks were the main mode of transportation used in the 
fie ld reconnaissance and verification of the piedmont landforms and the areas of instability, and 
the assessment of the existing conditions of each of the primary washes (Figure 4.2). The 
ATVs were used because of the large extent and relative inaccessibility of the study area. and 
allowed for quick and efficient movement across the landscape to verify landform s and check 
uncerta in or questionable areas in a short amount of time. Having less travel time allowed for 
more time to accurately verify landform types and boundaries. 

The Trimble GeoXT, which is shown mounted on an ATV in Figure 4.3, is part of the Trimble 
GeoExplorer CE Series, a handheld Windows CE device with an integrated Trimble GPS 
rece1ver. The GPS sys tem uses the Wide Area Augmentation System (WAAS) for free rea l-time 
connections. The WAAS was crea ted by the Federal Aviation Administration (FAA) as a free­
to-air differential correction service. With Windows CE, the device is ca pable of incorporating 
mobile GIS field software. ESRI 's ArcPad 6.0, which is the mobile form of ArcG IS with 
GPSCorrect, was used for this project. 

Using ArcPad with the georeferenced aerial orthophotog raphy and the pre-defined landforms 
Gl files, the Trimble GeoXT enabled quick navigation to a verifica tion site or questionable 
feature and proper identifica tion and delineation of the boundaries and loca tion of the landform 
or feature. The Trimble GeoXT provides the accuracy of a survey grade GPS with the 
portability of a fully editable mobile GIS database. 

The portability of the Trimble GeoXT for use with the ATVs was accomplished using a GPS 
mount placed on the front utility rack of the ATV. The mounted GPS wa s readily visible and 
allowed for easy tracking of the current location and navigation to a specific site. 

Field verification of the areas of instability was accomplished by configuring the Trimble 
handheld GPS .. to display the boundaries of the unstable area previously delineated in the office. 
Wi th the mapped boundaries visible on the ATV-mounted GPS, the mapped boundaries were 
verified by tracking the boundary using the ATVs and observing the path using the GPS track 
log. Verifica tion of the boundaries required knowledge of the specific characteri stics unique to 
stable and unstable landforms and any deviation of the mapped boundary from the loca tion of 
the observed true boundary in the field was edited in real time in the A TV-mounted GPS. The 
correct· boun~ary was delinea ted by driving the ATV with the GPS along the correct location of 
the boundary and recording the pa th of the ATV as a new track log. Where changes or 
corrections to the boundaries were necessa ry, the new ATV track log was used to guide and 
document alteration of the original mapping . 
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Figure 4. 2. All-Terrain-Vehicle (ATV) used for field verification of piedmont landforms, 
identifica tion of stable and unstable areas, and primary wash assessments . 

Figure 4.3. Trimble GeoXT handheld GIS-based GPS unit (arrow) mounted on an ATV . 
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Real-time identification and delineation of areas of instability and other features along the 
washes was accomplished by recording the track log of the travel path and recording waypoints 
in the Trimble handheld GPS at specific features or boundaries. Each waypoint record included 
a feature designation, identifying notation, and photo record that are included in the GIS 
database. 

The fie ld reconnaissance as part of the assessment of the primary washes was conducted by 
traversing the entire length of each wash on A TVs until a point was reached where travel along 
the wash was no longer possible because it was completely obstructed by bedrock or some 
other feature, there was a loss of capacity or flow confinement as the wash disappeared, or the 
wash joined with another primary wash. It should be noted that the reconnaissance attempted 
to fo llow the path defined by the designated stream location on the USGS topographic maps. 
However, in a few cases, the primary flow path was not the one defined on the USGS 
topographic maps. Since the SOW called for conducting a field assessment of those channels 
defined by the USGS mapping, the assessed stream reaches were primarily those specifically 
defined on the USGS topographic maps. Nonetheless, the final maps submitted under this 
contract do include unstable reaches of non-primary washes that are identified in the aerial 
photo comparison later in this report. 

During the field assessment of the primary washes, a track log was maintained as the ATVs 
were driven along the bed of the wash. The track log included not only the coordinates of track 
poin ts recorded at 5 to 10 second intervals, but also the approximate elevation of those points. 
Since the Trimble GPS unit was maintained at a constant height on the ATVs while traversing 
the washes, it was intended that the final track log could be used to produce a general or rough 
channel profile. However, in a number of instances, the ATV had to be driven out of the 
channel because of obstructions, they became too narrow, or because the banks were too high 
to exit from the wash. The vertica l accuracy of the Trimble GPS unit is generally ±3m (±10 
feet). Discrepancies were noted when comparing the track log eleva tions and the elevations of 
the contour mapping and it was determined that the track log eleva tions were unreliable for use 
1n developing the channel profiles of the primary washes. Therefore, the channel profiles 
provided in this report (Appendix C) are compiled from the 1 0-foot contour mapping provided by 
the District. In many cases, knickzones, headcuts, or bedrock falls were noted in the field, but 
may not be defined on the profiles because the large contour interval is not conducive to 
delineating anything less than 20 feet high. Therefore , these features were identified on the 
profiles and an approximate elevation change is included. 

In addition to maintaining a track log and assessing the channel conditions, field data sheets 
wer fi lled out at various locations along the wash. The field data sheets included a cartoon 
sketch of the channel cross section, the waypoint and loca tion of the cross section , a record of 
the presence, absence, and dimensions of va rious geomorphic features, vegetation types and 
density, the proximity to headcuts and knickzones where present, the presence or absence of 
caliche (see Section 7) in the channel bed, bedrock control, and a photograph log at each site. 
Where the washes were crossed by Sun Valley Parkway, culvert data sheets with similar 
information were also filled out. The streambed profiles, field data sheets , culvert data sheets, 
and the appropriate photos taken at each cross section for each of the primary washes are 
compiled in Appendix C . 

4.5 



• 

• (page intentionally left blank) 

• 
4.6 



5. PIEDMONT LANDFORM DELINEATIONS AND VERIFICATION 

• Although the District has performed full piedmont landform delineation and stability 
assessments on a number of piedmont surfaces prior to this study using the methodology 
prov ded in the current version of the PFHAM (Hja lmarson 2003), the methodology has not been 
used to conduct assessments on areas similar in size to the combined area of Areas 3 and 4 of 
the BSV ADMS (184 mi2). Therefore, the District determined that verification sites would be an 
appropriate means of fully eva luating and documenting in detail the characteristics of specific 
representative sites for each type of landform found on the piedmont. The detailed 
characteristics documented for each type of land form should be essentially similar for the same 
landform types found within the watershed. 

• 

• 

Based on the District's requirements under Subtask 2.6.2.2, eight locations, two for each 
landform, were chosen as landform verification sites. The verification sites were chosen 
because there were discrepancies or contradictions in the characteristics that generally define 
the andform, severa l characteristics were not common to the landform, or the boundaries were 
not easily delineated or clearly definable . These sites were initially identified during the 
mapping effort in the office . For the verification sites that were mapped or delineated 
inwrrectly, the landform or site was correctly identified based on the defining characteristics 
identified in the PFHAM, and the boundaries were properly delineated in the field by making the 
appropriate rea l-time correc.tiors to the GIS database stored in the Trimble GeoXT handheld 
GP,·· u it. 

Table 5.1 provides the description of each site and landform designation, including the latitude 
and longitude of each site. Table 5.2 shows how each site was mapped relative to surficial 
geology (Field and Pearthree 1991 ), flood hazards (Field and Pearthree 1992), and soils 
(Hartman 1977). Table 5.3 provides the drainage pattern and texture, the desert pavement and 
varnish development, and the vegeta tion for each verifi ca tion si te. 

Table 5.1 . Landform Verification Sites: Description, Landform , Latitude, and Longitude 
(Northing and Easting Coordinates are in State-Plane Arizona Central zone). 

,-

Site # Description Landform Northing (ft) Easting (ft) 
1---

1 Active alluvial fan south of the White Tank 
Alluvial Fan 907260.60 484461.72 

Fan (USGS Site 36) -- -- -

2 
Inactive alluvial fan immediately south of Sun 

Alluvial Fan 966329.56 480823.51 
Valley Parkway 

3 
Site is south of southern intersection of Sun 

Alluvi al Plain 958546.01 464198.14 
Valley Parkway and Wagner Wash 

4 
Si te is south of W agner Wash at th e 

Alluvial Plain 942661.37 456163.98 Hassayampa River 

5 Site is immediately south of USGS Site 39 Relict Fan 925808.36 474959.37 
-

6 
Site is wes t of Sun Valley Parkway, 

Relict Fan 904417.67 460790.10 southwest of USGS Sites 38 & 39 

7 Site is southwest of north edge of White 
Pediment 950524.26 478971.90 Tank Mountains, eas t of Sun Valley Parkway 

- ---
Site is north of the end of Buckeye FRS #2 Pediment 893537.00 491246.42 

--- --
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Table 5.2 . Representa tive Landform Si tes: Mapped Surficial Geology (Field and Pearthree 
1991 ), Flood Haza rds (Field and Pearthree 1992), and Soi ls (Hartman 1977) . 

Site# Surficial Geology Mapping Flood Hazard Mapping NRCS Soi ls 

1 Y2 - Late Holocene H1 -Very High Hazard 
An tho-Ca rrizo-Ma ri po 

Complex 

2 Y2- Late Holocene H2 - Moderate Flood Hazard Tremant Grave lly Loams 

I - Intermediate Flood 
3 Y- Undifferentiated Holocene Gilman Loams 

Potentia l 

4 Y1 - Late to early Holocene Not Mapped Antho Gravelly Sandy Loams 

5 M1b- Mid to Late Pleistocene L2 - Very Low Flood Potentia l Ca rrizo Very Gravelly Sands 

6 M1b - Mid to Late Pleistocene L2 - Very Low Flood Potential Pinamt-Tremant Complex 

7 
TK- Tertiary or Cretaceous intrusive 

L2 -Very Low Flood Potential Vaiva Very Gravelly Loams 
and volcanic rocks 

8 
X - Early Proterozoic gneiss and 

B- Bedrock Gunsight-Pinamt Complex 
granite 

Table 5.3. Representative Landform Sites: Drainage Texture, Drainage Pattern, Desert 
Pavement and Varnish Development, and Vege tation. 

Desert 
D rainage Drainage 

S ite # Land form Pavement and Vegetation 
T exture Pattern 

Varni sh 

NA Stippled pattern, sca ttered 
1 Alluvial Fan (indefinable on Distributary None desert bushes and trees 

topo maps) throughout 

Re lative ly 
Desert trees along main 

2 Alluvial Fan Distributary None channels, abundant desert 
constant 

bushes, scattered saguaros 

Desert trees along small 
3 Alluvia l Plain NA Tribu tary None channels, abundant scattered 

desert bushes 

Desert trees along small 
4 Alluvial Pla in NA Tributary None chann~s,abundant scattered 

desert bushes 

Decreasing Moderately 
Relatively sparse desert trees 

5 Relict Fan Tributary and bushes only concentrated 
upslope Developed 

along channels 
f- -

Desert trees and bushes only 

6 Relict Fan Decreasing 
Tributary Well Developed 

concentrated along chann els, 
ups lope no sagua ros, abundant 

creoso te 

NA Desert trees and bushes 
7 Pediment (indefinable on Tributary NA concentrated along 

topo maps) entrenched ch~nnels 

NA Desert trees and bushes 
8 Pediment (insufficient Tributary Not Observed* concentrated along 

contours) entrenched channels 

•site #8- not accessible for field verification 
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5.1 Verification Site #1 

Verification Site #1 (Appendix A, Sheet 5) is an alluvial fan region located south of the White 
Tank Fan (USGS Site 36). Figure 5.1 provides a view looking downstream from the 
hydrographic apex of the active portion of the alluvial fan. The site has all the charac teristics of 
an active alluvial fan including multiple unconfined flow paths, extensive sedimentation, and little 
to no soil development or desert pavement. 

Figure 5.1. View looking downstream at Verification Site #1 south of USGS Site 36 alluvial fan . 

5.2 Verification Site #2 

Verification Site #2 (Appendix A, Shee t 1) is an alluvial fan reg ion located in the northern part of 
Area 4 just south of Sun Valley Parkway (Figure 5.2). Initially this reg ion was mapped as an 
alluvia l fan, but then changed to relict fan because the topography appeared to have deeper 
drainage incision than that usually associated with alluvia l fan areas. However, thi s was again 
reversed and mapped as an alluvia l fan based on the surficial geology map showing this area 
as being fate Holocene in age and having a relatively constant drainage texture (Figure 5.3). 

The field verification of Site #2 also confirmed the presence of the weakly developed Tremant 
soil, a lack of significant desert pavement (Figure 5.4), and areas of confined and sheet flow. 
The Tremant Series is a weakly developed gravelly foam soil that is slightly effervescent and is 
found on fan terraces, stream terraces or relict basin floors. 

5.3 Verification Sites #3, #4, and #5 

Verification Site #3 (Appendix A, Sheet 1) is an alluvial plain region that is immediately south of 
the southern intersection of Wagner Wash and Sun Valley Parkway. Verification Site #4 
(Appendix A, Sheet 2) is an alluvial plain region that is sou th of Wagner W ash near the 
Hassayampa River. These sites have the characteristic flat relief, little or no desert pavement, 
small or poorly defined throughflow channels, and a stippled vegetative pattern resulting from 
regularly spaced creosote bushes. 

Verification Site #5 (Appendix A, Sheet 2) is a relict fan region that is immediately south of 
USGS Site 39. The drainage texture (contour crenulations versus eleva tion) for Verification Site 
#5 is shown in Figure 5.5. This si te has the cha racteristics typical of a relict fan including 
entrenched throughflow streams, desert pavement and desert va rnish on interfluves, well­
developed soils, and abundant cactuses . 
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Figure 5.2. View looking eas t showing inactive fan surface of Verifi ca ti on Site #2 . 
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Figure 5.3. Drainage texture of Verifica tion Site #2 . 
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Figure 5.4. Tremant so ils of the inactive alluvial fan at Verifica tion Site #2. 
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Figure 5.5. Drainag e texture at Verification Site #5. 

5.4 Verification Sites #6, #7, and #8 

Veri fica tion Site #6 (Appendix A , Sheet 4) is a relict fan region that is west of Sun Valley 
Parkway and southwest of USGS Sites 38 and 39. The drainage texture of Site #6 is shown in 
Figure 5.6. This site has the chara cteristics typical of a relict fan including entrenched 
throughflow streams, desert pavement and desert varnish on interfluves, well-deve loped soi ls, 
and abundant cactuses. Figure 5.7 shows the well-developed desert pavement in this area. 
Figure 5.8 provides a close-up of the desert pavement on the re lict fan surface, as well as some 
stones coated with well-developed desert varnish . 

5.5 



• 

• 

• 

s ;te #6 Relict Fan Drainago Texture 

>2 ~---------------------------------------------------. 

10 -- ---- - -- - - - -----=""------..;;;::--·----

~----~-1 

1250 1240 12JO >220 12 10 1200 l!QO 11 80 1170 

Elevat ion (ft) 

Figure 5.6. Drainage texture at Verifica tion Site #6 . 

Figure 5.7. Well-developed desert pavement and desert varnished stones on a relict fan 
surface (Verification Site #6) . 
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Fig re 5.8 Close-up of desert pavement and stones with well-developed desert varnish on a 
re lict fan surface (Verification. Site #6). Internal grid sq uares are 2-inch square . 

Veri fica tion Site #7 (Appendix A, Sheet 1) is a pediment reg ion that is east of Sun Valley 
Pa rkway and southwest of the north edge. of the White Tank Mountains (Figure 5.9). 
Verification Site #8 (Appendix A, Sheet 5) is a pediment region that is north of the west end of 
Buckey FRS #2. Both si tes have the typical characteristics of pediments including extensive 
shallow bedrock mantled with a thin and discontinuous veneer of alluvium, exposed bedrock 
along deeply entrenched tributary channels, extensive desert pavement and varnish on 
interfluves , and abundant cactuses. 

5.5 Summary 

The lateral limits of the four principle piedmont landforms were delineatedror the Buckeye/Sun 
Va lley area using the Stage 1 Analysis defined in the PFHAM (Hjalmarson 2003). The 
landforms were identified and mapped in-house using geologic, flood hazard, topographic, and 
soils maps as well as aerial photography. A total of eight landform sites were identified for 
verification, two from each landform type. Seven of the sites were visited in the field to 
document and verify the characteristics for each landform type. Where there were 
discrepancies or contradictions in the characteristics that generally define the landform, where 
several characteristics were not common to the landform, or where the boundaries were not 
easily delineated or clearly definable, the landform or site was correctly identified based on the 
defining characteristics identified in the PFHAM, and the boundaries were properly delineated in 
the field and changes were made to the GIS database. Of the 184 mi2 of total area mapped, 
4.46 mi2 are mapped as pediment surfaces, 34.6 mi2 are mapped as alluvial plains, 38.26 mi2 

are mapped as alluvial fan surfaces, 79.14 mi2 are mapped as relict fan surfaces, and 27.49 mi2 

are mapped as bedrock. The landform mapping has been provided to the District in ArcGIS 
format and is included as Appendix A of this report . 
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Figure 5. 9. View looking south showing the pediment surface at Verification Si te #7 . 
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6. LANDFORM STABILITY ASSESSMENT 

Under the PFHAM Stage 2 methodology, the nature and location of flood hazards on the four 
major piedmont landforms are to be identified and classified as either stable or unstable 
hazards. The SOW states that stable and unstable areas of the piedmont landforms will be 
defined using the PFHAM Stage 2 analysis. Common areas identified as stable under the 
PFHAM Stage 2 methodology are : 

• Hillsides 
• Relict fans 
• Pediment 
• Inactive alluvial fan 
• Throughflow channel with a movable bed 
• Some sheet flow and split flow areas 

Common unstable areas identified under the PFHAM Stage 2 methodology are: 

s Active alluvial fans 
• Some multi-channel areas below active alluvial fans 
• Alluvial plain with active sedimentation 

Multi-channel pocket along a throughflow canne l 
• Area of recent sediment deposition and erosion 
• Split flow channe l where flow is wide and shallow 
• Areas of low relief where minor development such as roads can divert floodwater and cause 

significant erosion in areas otherwise not susceptible to flood hazard 

It should be noted that, although the PFHAM distinguishes between active alluvial fans and 
other unstable areas, they are lumped toge ther under the unstable designation. Although the 
SOW states that "potentially unstable areas include active or inset alluvial fan s with unstable 
channel reaches as well as areas with high potentia l for avulsion or significant shift," the SOW 
does not specifically state that active fans should be mapped separately from other unstable 

reas . However, we have accommodated the District's request to map the active fans 
separately. As a result, the mapping effort includes the delineation of active alluvia l fans 
separately from other unstable areas, and the other unstable areas are reaches of washes that 
we have further delineated ahd classified as having a moderate or high geomorphic hazard . 
This more detailed delineation is not defined or included in the PFHAM Stage 2 methodology. 
The plates in Appendix B show the unstable areas mapped in red . Areasjn so lid red represent 
active alluvial fans and open areas outlined in red represent other unstable areas . 

6.1. Active Alluvial Fans 

Numerous areas were identified as being unstable , active alluvial fans . Table 6.1 provides the 
location of the hydrographic apex for each identified site in northing-easting (State Plane 
NAD83) and latitude-longitude coordinates. Table 6.2 displays the direction of flow and the 
area of instability in acres for each of the unstable areas. Studies were previously completed on 
the White Tank Fan (Hja lmarson and Kemna 1991; Hjalmarson 1994; Wood-Pate! 2000), also 
known as USGS Site 36, and the Skyline Wash Fan and tributaries (DEI-HEC 1997). Other 
previously identified active fans include USGS Sites 37, 38, and 39 (Hjalmarson and Kemna 
1991; Hjalmarson 1994 ). Although a discussion of these areas will not be included in this 
document, they were examined and their characteristics were field checked during the field 
verification of unstable areas . 
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Table 6.1 . Location of the Hydrographic Apex for each Mapped Unstable Area . 

• Unstable Site Description 
North East Lat. Long . 

( ft) ( ft) (dd) (dd) 

BSV Site 1 
Small fan north of the White Tank 

960445 487493 33.638 112.615 
Mountains (Eastern Area 4) 

BSV Site 2 
Small fan north of the White Tank 

959472 490774 33.636 112.604 
Mountains (Eastern Area 4) 

BSV Site 3 
Fan in southern part of Area 4, 

956199 482420 33.626 112.631 
SE of Wagner Wash 

BSV Site 4 Small fan north of BSV Site 6 940436 472030 33.583 112.665 

BSV Site 5 Inset fan north of USGS Site 39 939479 478896 33.580 112.643 

Small fan on east side of Sun 
BSV Site 6 Valley Parkway and NW of USGS 929797 468825 33.554 112.675 

Site 39 

BSV Site 7 Small fan south of USGS Site 36 907676 484235 33.493 112.624 

BSV Site 8 
Small fan southeast of BSV Site 

90 11 88 486927 33.475 112.6 15 
7 

BSV Site 9 
Small inset fan near the start of 

886736 489291 33.436 112.607 
Buckeye FRS #1 

BSV Site 10 
Small fan near middle of Buckeye 

889640 496686 33.444 112.583 
FRS#2 

• BSV Site 11 
Sma ll fan eas t of BSV Site 1 0 

88983 1 498447 33 .444 112.577 
near middle of Buckeye FRS #2 

BSV Site 12 
Small fan south of BSV Site #8 

893687 487162 33.455 112.615 
and north of BSV Site #9 

BSV Site 13 E 
Small fan north of BSV Site #3 

958787 482281 33.634 112.632 
and east of BSV Site #13 West 

BSV Site 13 W 
Small fan north of BSV Site #3 

958834 481148 33.634 112.636 
and west of BSV Site #13 East 

BSV Site 14 
Small fan SW of USGS Site 39, 

920817 464522 33 .529 112.689 
west of Sun Valley Parkway 

BSV Site 15 
Small Fan west of BSV #16 , 

914052 465260 33.510 112.687 
southwest of USGS Site 38 

USGS Site 36 
(White Tank Hassayampa Tributary #1 914760 484982 33.513 112.622 

Fan} 

USGS Site 37 Hassayampa Tributary #2 918160 484049 33.522 112.625 

USGS Site 38 Hassayampa Tributary #3 920143 475736 33.527 112.653 

USGS Site 39 Hassayampa Tributary #4 926491 476428 33.545 112.650 

Skyline Wash 
Skyline Wash 900475 504260 33 .474 112.559 Fan 

Skyline Wash East Tributary to Skyline Wash 
897517 512488 33.466 112.532 Tributary Fan Fan 

• 
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Table 6.2. Direction of Flow on the Active Alluvial Fan and the Area of Instability of Each Region . 

Unstable Region Direction of Fan Area of Instability (Acres) 

BSV Site 1 S toN 93.94 

BSV Site 2 S toN 37.03 

BSV Site 3 E toW 142.23 

BSV Site 4 NE to SW 59.36 

BSV Site 5 E toW 129.27 

BSV Site 6 NE to SW 27.32 

BSV Site 7 N to S 200.76 

BSV Site 8 NE to SW 72.55 

BSV Site 9 NW to SE 10.40 

BSV Site 10 NW to SE 51.93 

BSV Site 11 NW to SE 24.97 

BSV Site 12 N to S 26.20 
--

BSV Site 13 E SE to NW 16.42 

BSV Site 13 W SE to NW 27. 15 

BSV Site 14 NE to SW 50.93 

BSV Site 15 NE to SW 24. 12 

USGS Site 36 

(White Tank Fan) 
NE to SW 898.64 

USGS Site 37 NE to SW 466.22 
- · 

USGS Site 38 NE to SW 348.17 
-

USGS Site 39 NE to SW 394.09 

Skyline W ash Fan NW to SE 546.66 

Skyline Wash Tribu tary Fan NW to SE 61.95 

6.1.1 BSV Site 1 

The active alluvial fan at BSV Site 1 is located at the northwest end of the White Tank 
Mounta ins and just south of Sun Valley Parkway. It is 93.9 acres in size and extends from 
south to north roughly two-thirds of a mile. Figure 6.1 shows the fan area downstream of the 
hydrographic apex. Figure 6.2 shows the upper (southern) portion of the active fan area. 

Although mapped as a high flood hazard in the AZGS flood hazard mapping (Field and 
Pearthree 1992), this area, including BSV Site 3, is part of a larger region that is mapped as a 
young surface (late-Holocene) in the AZGS surficial geology mapping (Field and Pearthree 
1991 ). The aerial photography shows a lighter colored surface texture in this area as well as 
distributary and unce rtain flow paths. The topography indica tes a relatively undissected surface 
with very little, if any, incision in the smal l channe ls. The vegeta tion on the aerial photography 
in this small area has a "salt-and-pepper" appearance and the field inves tigation verified that 
there are abundant desert bushes, scattered desert trees, and the occasional saguaro cactus. 
The soils were poorly developed, which is also indicative of a youthful surface . 
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Figure 6.1. View looking downstream from the apex of the active alluvial fan at BSV Si te 1. 

Figure 6.2. Panoramic view to northwes t from hill overlooking BSV Site 1. Flow is left to right. 

6.1.2 BSV Site 2 

The active alluvial fan at BSV Site 2 is also loca ted at the northwes t end of the White Tank 
Mounta ins and just south of Sun Valley Parkway, but is directly southeast of BSV Site 1. It is 37 
acres in size and extends roughly two-thirds of a mile from south to north. Figure 6.3 shows the 
fan area looking downstream from the middle of the unstable zone. 

Figure 6.3. View looking downstream from the middle of BSV Site 2. 

The BSV Site 2 area is mapped as a high flood hazard in the AZGS flood hazard mapping (Field 
and Pearthree 1992). Part of the larg er area discussed above, th is area is mapped as a young 
surface (la te-Holocene) in the AZGS surficial geology mapping (Field and Pearthree 1991 ). The 
aeria l photography shows a lighter co lored surface texture in this area as we ll as a zone of 
uncerta in flow paths . The topography indicates a relatively undissected surface with almost no 
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incision of the main channel. The vegetation has the salt and pepper appearance on the aerial 
photography. The trees are denser near the upstream half (upstream of the road), whereas the 
trees north (downstream) of the road are more highly concentrated along the few small 
channels. Saguaros are sca ttered throughout the downstream portion , north of the road. The 
field examination of the site indicated that the downstream boundary was too far north; 
therefore, it was shifted farther south. Downstream (north) of the adjusted boundary, the 
channels are well defined and there is a noticeable change in the vegetation that delineates the 
edge of the unstable area . 

6.1.3 BSV Site 3 

The act ive alluvial fan at BSV Site 3 is located southeas t of Wagner Wash and eas t of Sun 
Valley Parkway near the northwestern margins of the White Tank Mountains. The area is 142.2 
acres in size and extends over a mile from east to west. Figure 6.4 shows the fan downstream 
of the ydrographic apex. 

Figure 6.4. View looking downstream from the hyd rographic apex of BSV Site 4 . 

The BSV Site 3 is an area of undifferentiated Holocene surfaces (Field & Pearthree 199 1) 
mdicatin') a young surface that may be subject to freq uent flooding. The upper portion is 

appe as a high flood hazard (Field and Pearthree 1992) while the two downstream-most 
(western) arms of the active area are in a region that is rated as an interm ediate flood hazard. 
The downstream areas show no evidence of recent flooding , but could potentially become flood 
prone w"th a few minor changes in channel configuration . The topographic analysis and site 
vi il r v .lied no apparent incision in the area that is delineated as actiye. The active area 
origina ly was mapped with the lower left (southern) arm extending farther downstream and 
converging with the main region of activity, but the field reconnaissance revealed that this arm is 
entrenched where it skirts the south side of a large hill . At the northwestern edge of the active 
area, the active portion was extended further west because of the extent of the uncertain flow 
paths and a re-evaluation of the reg ion following a review of the aerial photography. 

6.1.4 BSV Site 4 

The active alluvia l fan at BSV Site 4 is loca ted less than a mile eas t of the north-south extension 
of the Sun Valley Parkway and half a mile north of BSV Si te 5. The area is 59.4 acres in size 
and extends roughly two-thirds of a mile from northeas t to southwest. Figure 6.5 shows the fan 
looking downstream from the middle of the active zone. This is an area mapped as middle­
Pleistocene (Field and Pearthree 1991 ), which is indica tive of an older surface. The area is also 
map~ed as a very low flood hazard (Fie ld and Pearthree 1992). The soils maps did not indicate 
an active area, since it was mapped as Carrizo-Gunsight. However, an analysis of the aerial 
phot graphy and the topography indica ted that this small area should be delineated as 
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unstable. The aerial photography reveals uncertain flow paths, stippled vegetation and 
sca ttered desert trees in the active zone, as well as very little incision of the main channel. This 
sit represents a problem area because the surficial and flood hazard mapping, as well as the 
soils mapping, do not match with the aerial photography and topographic indicators or the 
resu ts of the field investigation. It is possible that the relatively small size of the area precluded 
sufficiently detailed mapping that would have delineated the site during previously conducted 
mapping, particularly since the area is along a soils boundary . 

Figure 6.5. View looking downstream from the middle of the active zone of BSV Site 4. 

During the field investigation, the downstream boundary of the active area was extended further 
west and the area downstream of the active area was reclassified as an inactive alluvial fan as 
opposed to relict fan . Figure 6.6 shows the middle portion of the unstable area with abundant 
desert bushes and sca ttered trees, as well as a lack of well-defined flow paths. 

6.1 .5 BSV Site 5 

The active alluvial fan at BSV Site 5 is located a mile and a half eas t of Sun Valley Parkway and 
less than a half mile south of BSV Site 4. It is 129.3 acres in size and extends about a mile and 
a half from northeas t to southwest. Figure 6.7 shows the fan downstream of the hydrographic 
apex. The BSV Si te 5 area is an active fan tha t could be class ified as an inse t alluvial fan since 
it is re lative ly entrenched within its active boundaries . 
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Figure 6.6. View looking upstream from the middle of BSV Site 4. 

Figure 6.7. View looking downstream from the hydrographic apex of the fan at BSV Site 5 . 

The active zone has two main branches around a bedrock formation that ca uses the flow split. 
Figure 6.8 provides a view from the main diffluence looking downstream. The main flow 
branches north and south of the bedrock formation are mapped as a high flood hazard (Field 
and Pearthree 1992). Both main branches were also classified as late Holocene in the surficial 
geology mapping (Field and Pearthree 199 1 ). Initially the south branch was delinea ted as 
rnactive and stable downstream of the eastern bedrock formation . Although there was some 
uncertainty in the flow path and the flood haza rd and soils maps suggested a potentially 
unstable zone along the south branch, the site inves tigation revea led that the south branch 
contains an entrenched channel downstream of the bedrock formation and that portion of the 
outh branch remained classified as inactive and stable. An analysis of the aerial photography 

confirmed the uncertain flow paths and revealed sca ttered desert trees and bushes throughout 
the north branch. 

Figure 6.8. View looking downstream from the main diffluence of the inset fan at BSV Site 5 . 
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6.1.6 BSV Site 6 

The active alluvial fan at BSV Site 6 is loca ted on the east side of the Sun Valley Parkway and 
about one and a half miles northwes t of USGS Site 39. It is 27.3 acres in size and extends 
about one-third of a mile from northeast to southwest and is on the upper end of White Tank 
Wash. Figure 6.9 shows the fan upstream of the Sun Valley Parkway crossing. 

Figure 6.9. Panoramic view looking upstream from the Sun Valley Parkway culvert crossing 
showing the active fan at BSV Site 6. 

The BSV Site 6 area is mapped as a high flood hazard (Field and Pearthree 1992) and late 
Holocene in age (Field and Pearthree 1991 ). which is indica tive of a younger surface. The fan 
is re latively small compared to other fans in the area . The aerial photography (Figure 6.1 0) 
clearly shows the fan shape of the active area and the significant difference in the vegetation 
pa tterns relative to the bounding relict fan surfaces. Vegetation is denses t along the north side 
of the fan and where a small tributary intersec ts the north side of the fan nea r the highway. Two 
culverts pass flows from the fan under the Sun Valley Parkway. 

Figure 6.1 0. Aeria l photo (2003) of the active alluvial fan of BSV Site 6 on the upstream side of 
Sun Va lley Parkway. Site is bound by an inactive fan to the south and a relict fan 
to the north . 
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This area was initially mapped as an inactive fan, but the site class ification was revised to active 
alluvia l fa n. The active fan of BSV Site 6 is crea ting significan t sedimentation problems at the 
culvert. Five of the six 3- ft high by 1O- ft wide barrels of the culvert are currently nearly half full 
wi th sediment (Figure 6.11 ). The bed level of the wash about 100 fee t upstream is at 
approximately the same eleva tion as the top of the cu lvert. 

Figure 6.11 . View looking downstream toward the Sun Va lley Parkway culvert crossing showing 
the ex tensive agg rada tion of the culvert barrels from the active fan at BSV Site 6. 

6.1.7 BSV Site 7 

The active alluvia l fan BSV Site 7 is located nearly three miles east of Sun Va lley Parkway and 
south of the hydrographic apex of USGS Site 36 (White Tank Fan). The fan, which has three 
branches, is 200.8 acres in size and extends about a mile from north to- sou th down the east 
branch, two-thirds of a mile down the middle branch, and a mile down the west branch . Figure 
6.12 shows the fan downstream of the hydrographic apex. 

Figure 6.12. View looking downstream from the hydrographic apex at BSV Site 7 . 
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The BSV Site 7 area has three branches running north to south. It is mapped as a high flood 
hazard (Field and Pearthree 1992) at the upstream reg ion nea r the hydrog raphic apex, mapped 
as a moderately high flood haza rd in the wes t and east branches, and as an in te rmediate flood 
hazard in the smaller middle branch. The BSV Site 7 area is mapped as a mix of late Holocene 
and undifferentiated Holocene in age (Field and Pea rthree 199 1 ). The area is very young and 
extremely prone to unconfined flooding. The topographic analysis indica tes almost no incision 
of the channels and very few contour crenulations. Vegetation is sca ttered desert trees and 
bushes with numerous saguaros near the downstream ends of the wes tern and eas tern 
branches. 

Following the fie ld investigation, the mapped eastern branch was modified at the southeast 
corner and along the western side since the channels in these areas were incised and the land 
surfaces were higher in elevation relative to the mapped active areas. The aerial photography 
was then re-examined to further ass ist in the adjustment to the boundaries. Following the site 
investigation, the central and western branches were adjusted slightly based on a re­
examination of th e aerial photography. 

6.1.8 BSV Site 8 

The active alluvial fan at BSV Site 8 is loca ted roughly one and a half miles south of BSV Site 7. 
It is 72. 5 acres in size and extends about a half mile from northeast to southwest. Figure 6.13 
shows the fa n downstream of the hydrog raphic apex . 

Figure 6.13. View looking downstream from the hydrographic apex.a t BSV Site 8. 

The BSV Site 8 area is mapped as a high flood haza rd along the upstream outer boundaries 
and a moderately high flood hazard in the central portion of the unstable area · (Field and 
Pe rth ree 1992). The entire unstable zone is class ified as undifferentiated Holocene (Field and 
Pearth ree 1991 ). The field inves tigation of the area confirmed these characteristics, as well as 
also containing a mix of small , very young but inactive surfaces. The topographic analysis 
indicates a very smooth and undissected surface with no incision of the channels. However, 
there are significa nt eleva tion changes and larg e, identifiable islands in the area that the 1 0-foot 
contour mapping does not show. The fan-shaped area, which has a lighter shading than the 
surrounding areas, is clearly visible in the aerial photography. The aerial photog raphy shows a 
lack of well-defined flow paths and a speckled vegetation pattern with sca ttered trees. This area 
was delinea ted as be ing active and unstable, bu t the field inves tiga tion identified a mix of 
unstable and stable areas . 
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6.1.9 BSV Site 9 

The ctive alluvial fan at BSV Site 9 is a very small unstable area that terminates at Buckeye 
FRS #1 approximately one-quarter mile west of the eastern end of the structure. The site is 
only 10.4 acres in size and extends about 1, 000 feet from northwest to southeas t. Figure 6.14 
shows the inset fan downstream of the hydrographic apex, as viewed from a hill on the western 
side of the fan, where it expands out into Buckeye FRS #1. 

Figure 6.14. View eas t-sou theast from a hill overlooking the inset fan at BSV Site 9. 

The inset fan of BSV Site 9 is one of the smallest active areas identified during the mapping 
effort. The fan is mapped as having a very high flood hazard (Field and Pearthree 1992) and is 
classified as late to early Holocene in age (Field and Pearthree 1991 ). The aerial photography 
shows the associated dense vegetation and the lighter co lored, distinct wedge-shape of the fan. 
The abundant desert bushes are evident in Figure 4.16, but there are very few trees on the fan 
except along the edge. This area is also bounded by old alluvia l fan surfaces giving it the inset 
appearance. The active zone is bounded on the right (southwest) by bedrock. 

6.1 .1 0 BSV Site 10 

The active alluvial fan at BSV Site 10 is an unstable area that terminates at Buckeye FRS #2 
approximately one mile east of the western end of the structure. The site is 51.9 acres in size 
and extends roughly one half mile from northwes t to southeast. See Figure 6.15 shows the fan 
downstream of the hydrog raph ic apex. 

The BSV Si te 10 area is mapped as a high flood haza rd (Field and Pearthree 1992) and late 
Holocene in age (Field and Pearthree 1991 ). The fan is relatively sma ll compared to most of 
the active areas to the north. The aerial photography clea rly shows the fan shape of the active 
area and the significant difference in the vegetation patterns rela tive to the bounding relict fan 
surfaces; the vegetation within the relict fan area is spa rse except along the channel margins, 
whereas the vegetation in the active zone of BSV Site 10 is abundant and sca ttered. Two main 
channels form the eas t and wes t boundaries and the distributary and undefined flow paths 
between the two channels are eviden t in the aerial photography. The topographic analysis 
indicates very few vis ible con tour crenulations with little or no incision of the channels except the 
eastern channel. 
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Figure 6.15. View looking downstream from the hydrographic apex at BSV Site 10. 

6.1: 11 BSV Site 11 

The active alluvial fan at BSV Site 11 is an unstable area that terminates at Buckeye FRS #2 
directly east of BSV Site 10. The BSV Site 11 area shares part of its western boundary with the 
BSV Site 10 area . The BSV Site 11 area is 25 acres in size and extends roughly one- third mile 
from northwest to sou theas t. Figure 6.16 shows the fan downstream of the hydrographic apex . 

Figure 6. 16. View looking downstream from the hydrographic apex at BSV Site 11 . 
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BSV Site 11 is mapped as a high flood hazard (Field and Pearthree 1992) and late Holocene in 
age (Field and Pearthree 1991 ). The BSV Site 11 fan is smaller and similar in appearance to 
the BSV Site 10 fan . The aerial photography also shows the fan shape of the active area and 
the significant difference in the speckled pattern and abundance of the vegetation. Like BSV 
Site 10, there are two main channels that form the east and west boundaries of the area and the 
u defined flow paths between the two channels are readily apparent in the aerial photography. 
The topographic analysis identified no contour crenulations across the active area except those 
associated with the incised bounding channels. 

6.1.12 BSV Site 12 

The small active alluvial fan at BSV Site 12 is an unstable area that is located on the same 
primary wash as BSV Site 9 and is situated approximately half way between BSV Site 8 and 
BSV Site 9. The BSV Site 12 area is only 26.2 acres in size and extends roughly a half-mile 
from north to south . 

BSV Site 12 is mapped as a very low flood hazard (Field and Pearthree 1992) and middle- to 
late-Pleistocene in age (Field and Pearthree 1991 ). The BSV Site 12 fan is smaller and simi lar 
in appearance to the BSV Site 4 fan. The elongate fan shape of the active area and the 
significant difference in the speckled pattern and abundance of the vegetation is evident on 
aerial photography. Like many of the other active fan sites, there are two main channels that 
fo rm the east and west boundaries of the area and the undefined flow paths between the two 
channels is readily apparent in the aeria l photography. The topographic analysis identified no 
contour crenulations across the active area except those associated with the incised bounding 
channels. 

• 6.1.13 BSV Site 13 West 

• 

The small active alluvial fan at BSV Site 13 West is an unstable area that is eas t of Wagner 
Wash, south of Sun Valley Parkway, and just north of BSV Site 3. The designation of this site 
as an active alluvial fan is considered borderline because it does not have all the characteristics 
of an active fan nor for active alluvial fan flooding. The active fan designation will remain until 
further detailed studies are conducted to determine if the site is indeed an active alluvial fan . 

BSV Site 13 West is just west of BSV Site 13 Eas t. BSV Site 13 Eas t connects to BSV Site 13 
West along the north arm (Figure 6.17). The BSV Site 13 West area is 27.1 acres in size and 
extends roughly one-half mile from southeast to northwest. 

The majority of BSV Site 13 West is mapped as undifferentiated Holocene surfaces (Field and 
Pearthree 1991) indica ting a young surface that may be subject to frequent flood ing. The very 
upper portion is mapped as a low flood hazard (Field and Pearthree 1992) while the rest of 
downs tream portion of the active area is in a region that is rated as an intermediate flood 
haza rd. Figure 6.18 shows the channel reach downstream of the hydrographic apex as viewed 
from a hill overlooking the active fan. In the field, the down-fan and cross-fan profiles appeared 
convex in shape . 
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• Figure 6.17. Aeria l Photo (2003) showing the active fan areas of BSV Sites 13 Wes t and Eas t. 

• 
Figure 6.18. View looking west from a hill overlooking the downstream end of the active fan at 

BSV Site 13 Wes t. 
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6.1.14 BSV Site 13 East 

The small acti ve alluvial fan at BSV Site 13 Eas t is an unstable area that is east of Wagner 
Wash, south of Sun Valley Parkway and northeast of BSV Site 3. The designa tion of this site as 
nn active alluvial fan is considered borderline because it does not have all the characteristics of 
an active fa n nor for active alluvial fan flood ing. The active fan designation will remain until 
further detailed studies are conducted to determine if the site is indeed an active alluvial fan . 

BSV Site 13 East is just eas t of BSV Site 13 West. BSV Site 13 East connects to BSV Site 13 
West's north arm (Figure 6.17). The BSV Site 13 Eas t area is 16.4 acres in size and extends 
rough ly one-half mile from southeast to northwest. 

The area of BSV Site 13 East is mapped as a middle- to late-Pleistocene surface (Field and 
Pearthree 1991) indica ting an older surface that is typica lly a relict fan landform. The upper 
portion is mapped as a low flood haza rd (Field and Pearthree 1992) while a small part of the 
downstream portion of the active area is in a region that is class ified as an intermediate flood 
hazard . Figure 6.19 shows the channel area looking downstream from the hydrographic apex 
of the active fan. In the field, the down-fan and cross-fan profiles appeared convex in shape . 

Figure 6.19. View looking downstream from the hydrographic apex of BSV Site 13 East fan . 

6.1.15 BSV Site 14 

The sma ll active alluvial fan at BSV Site 14 is an unstable area that is loca ted wes t of Sun 
Valley Parkway and one mile southwest of USGS Site 39. The BSV Si te 14 area is 50.9 acres 
in size and extends roug hly 4,300 feet from northeas t to southwes t. 

BSV Site 14 is mapped as a very high flood hazard (Field and Pearthree 1992) and late 
Holocene in age (Field and Pea rthree 199 1 ). Although the area was originally mapped as an 
inactive alluvial fan surface surrounded by relict fa n surfaces, an examination of the 1953 aerial 
photo (Figure 6.20) indica tes that the area was an active fan at that time, probably as a result of 
the major storm event of 1951 . The current aeria l photography shows the elongate fan shape of 
the active area , which also still shows minor signs of continued active alluvial fan processes. A 
field reconnaissance later con fi rmed that this area is an active alluvial fan. Figure 6.21 is a 
view look·ng downstream from near the apex of the active fan . 
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Figure 6.20. Aerial photograph from 1953 showing the active fan area of BSV Site 14 . 

• 

• Figure 6.21 . View downstream from the apex of the active fan at BSV Site 14 . 
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6.1.16 BSV Site 15 

The small active alluvia l fan at BSV Site 15 is an unstable area that is loca ted west of Sun 
Valley Parkway, just west of BSV Site 16, and one mile southwes t of USGS Site 38. The BSV 
Si e 15 area is 23.6 acres in size and extends roughly 3,000 feet from northeast to southwest. 

BSV Site 15 is mapped as a very high flood hazard (Field and Pearthree 1992) and late 
Holocene in age (Field and Pearthree 1991 ). Although the surface encompassing thi s area was 
originally mapped as an inc;~c tive alluvial fan surface, an examination of the 1953 aerial photo 
(Figure 6.22) indica tes that the area was an active fan at that time, probably as a result of the 
major storm event of 1951. The current aerial photography shows the elongate fan shape of the 
act1ve area , which con tains numerous well defined flow paths, but also still shows a few signs of 
continued active alluvial fan processes. A field reconnaissance later confirmed that this area is 
an active alluvial fan. Figure 6.23 is a view looking downstream from near the apex of the 
active fan . 

Figure 6.22. Aerial photograph from 1953 showing th e active fan area of BSV Site 15. 

6.1.17 USGS Site 36 (White Tank Fan) 

The USGS Site 36 active alluvia l fan, also known as the White Tank Fan, is an unstable area 
that is loca ted directly south of USGS Site 37 and is three miles east of Sun Valley Parkway. 
The White Tank Fan has been mapped in detail and its characteristics have been well 
documented in an approxima te floodplain delineation study conducted by Wood-Pate! (2001 ). 
The fan is the largest active fan in the area at more than 898.6 acres in size and it extends 
about two miles from northeas t to southwest. Figure 6.24 shows the fan downstream of the 
hydr graphic apex . 
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Figure 6.23. View downstream from the apex of the active fan at BSV S ite 15 . 

Figure 6.24. View looking downstream from the hydrographic apex of the ac tive White Tank 
Fan (USGS Site 36). 

6.1.18 USGS Site 37 

T he USGS Site 37 active alluvial fan is an unstable area that is loca ted directly north of the 
White Tank Fan (USGS Site 36) and is three miles east of Sun Va lley Parkway. The USGS Site 
37 fan was previously identified as Hassayampa Tributary #2 (Hjalmarson and Kemna 1991 ; 
Hjalmarson 1994 ). The site extends about two miles from northeas t to southwes t. Figure 6.25 
shows the fan downstream of the hydrographic apex . 
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Figure 6.25. View looking downstream from the hydrographic apex at USGS Site 37. 

The USGS Site 37 active area is the third largest active site in this area spanning 466.2 acres. 
Only the Skyline Wash Fan and the White Tank Fan are larger. The area is mapped almost 
entirely as a late Holocene surface, except for two smaller areas that are mapped as late to 
early Holocene (Field and Pearthree 1991 ). USGS Site 37 is also mapped almost entirely as a 
high flood hazard except for the areas mapped as late to early Holocene, which are classified as 
an intermediate flood hazard (Field and Pearthree 1992). The distributary flow pattern and 
undefined flow path areas are readily visible on the aerial photography. The topographic 
analysis reveals a wide, undissected landscape with very few contour crenulations and almost 
no channel incision. There are two main arm s of instability at the lower end of the active area . 

6.1 .19 USGS Site 38 

Th . USGS Site 38 active alluvial fan is an unstable area that is located northwest of USGS Site 
37 and terminates to the west at the Sun Valley Parkway. The apex of the site is one and one 
half miles east of the Sun Valley Parkway. The USGS Site 38 fan was previously identified as 
Hassayampa Tributary #3 (Hjalmarson and Kemna 1991 ; Hjalmarson 1994). The site is 466.2 
acres in size and extends almost two miles from northeast to southwest. Figure 6.26 shows the 
fan downstream of the hydrographic apex. 

Figure 6.26. View looking downstream from the apex of USGS Site 38. 

The unstable portion of USGS Site 38 covers 348.2 acres . Except for two sma ller areas that 
ar mapped as late to early Holocene in age, most of the area is mapped as late Holocene in 
age (Fie ld and Pearthree 1991 ). The USGS Site 38 area is split by the Sun Valley Parkway with 
an eastern portion and a western portion that is split into two branches (Figure 6.27). In the 
upstream (eastern) portion, the northwest half of the area is delineated as late Holocene in age, 
whi le the southeast half is delineated as late to early Holocene in age (Field and Pearthree 
1991 ). The two downstream (western) branches are mapped as late Holocene in age (Field 
and Pearthree 1991 ). Relative to the flood hazard mapping (Field and Pearthree 1992), in the 
upstream (eastern) portion, the northwest half of the area is mapped as a high flood hazard, 
while the southeast half of the area is mapped as an intermediate flood hazard. The two 
downstream (western) branches are mapped as high flood hazards (Field and Pearthree 1992) . 
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Figure 6.27. Aerial photo (2003) showing the mapped active fan (purple), inactive fan (green), 
and relict fan (orange) areas at USGS Site 38. Note the apparent excavation area 
along the east side of Sun Valley Parkway. 

The unstable area of the USGS Site 38 active alluvial fan appears to have a narrower active 
zone relative to the other USGS sites in the current aerial photography (2003), with desert trees 
confined mainly to the margins of the primary channels. The site is a distributary flow zone with 
areas of undefined flow paths, but the channels are slightly more incised than those at other 
ites. The vegetation patterns are identifiably different from the areas delineated as relict fan 

and as inactive areas that surround the active area. The active area appears slightly lighter on 
the black and white aerial photography and the desert bushes appea r more patchy and 
scattered. The boundary along the south edge of the north branch was adjusted northward in 
the field with less active area than was initially mapped. A small part of the area originally 
mapped as active appeared during the field investigation to be slightly higher in elevation than 
the rest of the active area and had a different surface texture composed of poorly developed 
desert pavement. 

There appears to have been some recent shallow excavation (or surface scraping) along the 
east side of the Sun Valley Parkway at the western ends of the active areas of USGS Site 38 
as defined by the lighter rectangular area visible in Figure 6.27. The reason for the excavation 
is unknown. 

6.1.20 USGS Site 39 

The USGS Site 39 active alluvial fan is an unstable area that extends roughly two miles from 
northeast to southwest, is located directly north of USGS Site 38, and terminates at the Sun 
Valley Parkway. The hydrographic apex of the site is one and two-thirds miles east of Sun 
Valley Parkway. The USGS Site 39 fan was previously identified as Hassayampa Tributary #4 
(Hja lmarson and Kemna 1991; Hjalmarson 1994). Figure 6.28 shows the fan downstream of 
the hydrographic apex . 
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Figure 6.28. View looking downstream from the hydrographic apex at USGS Site 39. 

The USGS Site 39 area, which covers 394. 1 acres, is the fourth largest active area in the study 
region, smaller in size only to the White Tank Fan, the Skyline Wash Fan and USGS Site 37. 
Nearly he en tire area is mapped as a late Holocene surface, but there are a few small patches 
mapped as late to early Holocene in age (Field and Pearthree 1991 ). The USGS Site 39 area is 
mapped almost entirely as a high flood hazard (Field and Pearthree 1992). Areas of distributary 
flow and undefined flow paths are readily visible on aerial photography. Desert trees are 
abundant, especially in the upstream portion near the first major diffluence. The lack of 
saguaros vis ible in the unstable area during the field investigation is typica l of the active zone. 
The topographic analysis revea led very few con tou r crenulations except where there has been 
some incision of the two channels_ that run along the northern and southern boundaries. 

The northwes t area of the southern branch near the Sun Valley Parkway was extended 
northward during the field inves tigation to account for an area of instability that is larger than 
wa previous ly mapped. The surfi cial geology and flood hazard mapping supports the location 
of the revised boundary, but an in itial examination of the aerial photography did not indicate that 
the area is active since there was sparse vegeta tion visible in the aerial photography and the 
main flow pa th appeared to bypass the area . However, during the field investigation this area 
was noted as being at approximately the same eleva tion as the initially ma_pped active area and 
there were fewer desert trees. Figure 6.29 shows the vegetation and unconfined flow paths in 
the area that was adjusted. 

6.1 .21 Skyline Wash Fan 

The Skyline Wash Fan is an unstable area encompassing 546.7 acres that extends roughly two 
mi les from northwest to sou theast. It is located directly north of and terminates at Buckeye 
Flood Retard ing Structure #3. The hydrographic apex of the site is about three quarters of a 
mile north of the end of Watson Road about 2 miles north of Interstate 10. The active alluvial 
fan was mapped in detail and its characteristics have been well documented in an approximate 
floodplain delinea tion study conducted by DEI-HEC (1997) . 
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Figure 6.29. View looking wes t from the southern branch of the USGS Site 39 active alluvial fan 
in the area that was revised during the fie ld investigation . 

6.1.22 Skyline Wash Tributary Fan 

The Skyline W ash tributary fan is an unstable area encompassing about 62 acres that ex~ends 

roughly 2,200 feet from north to south and is loca ted at the southeast corner of the Skyline 
Wash Fan and directly north of Buckeye Flood Retarding Structure #3 where it ends. The active 
alluvia l fan was mapped as part of the approximate floodp lain delineation study conducted by 
DEI-HEC (1997). 

6.2 Other Unstable Areas 

There are a number of other non-active alluvial fan areas that can be considered conditionally· 
unstable. These areas were identified as part of Task 2.6.4 (Existing Conditions Assessment of 
Primary Washes), but a brief discuss ion of these areas is provided here. · 

The conditionally unstable areas are ou tlined in red on the attached plates (Plates 1 through 5). 
Most of the areas are located along washes, floodways, or through-flow channels that are 
confined or entrenched within relict or inactive fan surfaces. They may be identified as inset 
active alluvial fans, bu t in most cases they are the result of any number of causes such as a 
loss of conveyance or channel braiding due to changes in slope or localized agg radation, flow 
deflection around obstructions, a reduction in stream gradient associa ted with extensive sha llow 
or exposed ca liche or bedrock across the floodway, a natural widening of an entrenched 
floodway that allows for lateral adjustments, or localized backwater sed imentation associated 
with sharp downstream bends, dense vege tation, or severe floodway constri ctions . 
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Most of the conditionally unstable areas are reaches containing multiple channels or defined 
flow pa ths that produce a braided or anastomosed pattern , whereby flow passes through a 
given confined reach along one or more paths (Figure 6.30). Although these reaches are 
considered as be ing unstable areas under the PFHAM methodology, they pose little hazard 
ou tside the confining margins of the defined floodway since it is likely that mos t of these areas 
would be contained within the 1 00-year fl ood boundary. However, in some cases, evidence 
exists tha t indica tes flow breakouts along low-lying areas have occurred in the past or may 
occur in the future . 

Figure 6.30. View look ing ups tream showing the braided pa tte rn of a wash entrenched into a 
relict fa n. The left bank area is a low terrace that is being dissected by overbank 
flows. 

The conditionally unstable throughflow channel reaches generally fall into one of three 
categories: (1) individually con fined sp lit or distributary flow pa th s, (2) multiple split or braided 
flow pa ths confined within a single reach, and (3) confined loca lized aggradational reaches with 
split, braided, or undefined flow pa ths. The first ca tegory is associated with we ll-defined 
throughflow channels that may diverge or spli t into numerous smaller channels, which may 
rejoin, while still rema ining we ll confined (Figure 6.31 ). The second type of channel reach is 
one that has a confined braided or multiple channel appearance similar to that shown in Figure 
6.32. The third type of channel is one that bifurca tes or diverges into two or more flow paths as 
a resul t of loca lized aggrada tion, possibly associated with an obs truction in the fl ow path, but is 
still generally co nfined within a we ll-de fined boundaries (Figure 6.33). This type of channel 
reach is sometimes described as an inse t active alluvial fa n, although it is technica lly not an 
alluvial fan . 
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Figure 6.31. View of a well defined throughflow channel that diverges into two primary 
channels and several smaller channels. The confined flow split converges 
downstream . 

Figure 6.32. View of a throughflow channel that diverges into multiple braided channels, 
bu t s till confined within well-defined boundaries (yellow lines) before 
converging downstream . 
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Figure 6.33. View of a throughflow channel that diverges into braided and undefined flow paths 

as a result of loca lized aggrada tion, loss of channel capacity, and anth ropogenic 
changes. Most of the reach is still confined wi thin relatively we ll-defined 
boundaries (yellow lines) . 
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In several locations within the BSV ADMS study area, there are inset or entrenched 
conditionally unstable areas of anastomosed flow distribution, which are defined by oval-shaped 
multiple braided or split flow zones that have a diffluence at their upstream ends (Figure 6.34). 
The braided or split flow pattern within the individual zones is likely caused by stream capture, 
avulsions, obstructions, flow ramping, and/or localized aggrada tion at the diffluence points. The 
oval shape is attributed to flow path divergence at the upstream end followed by flow path 
convergence at the downstream end (Figure 6.35). Although these areas may be identified as 
active inset alluvial fans, for the purposes of thi s report they are mapped as being conditionally 
unstable- high hazard (see Section 7). 

The flow patterns and characteristics of the conditionally unstable areas are similar to those 
discussed by Wertz (1963 1966) for steep, ephemera l, mountain stream channels in southern 
and southwestern Arizona . Ayres Associates (1996) identified similar pa tterns, characteristics, 
and process along Yuma W ash near Yuma, Arizona. Although most of Wertz's work deals with 
mountain stream channels that exit onto a gently sloping piedmont. many of the processes he 
describes may be applicable to the channels in the BSV study area. 

In a number of other locations, conditionally unstable areas are areas or reaches where the 
primary flow path, which is situated on an inactive alluvial fan and alluvial plain surface and is 
not en trenched or well confined, loses capacity and flow is distributed across the ground surface 
a long undefined flow paths (Figure 6.36). These are not active alluvial fan areas because the 
channel does not transport any appreciable sed iment into the unconfined zoned, and the 
sediment that is deposited in the unconfined zone is deposited in a thin veneer over a very 
imited area. In almost all cases, the upstream channel capacity is very small and the amount of 
flow transported in these reaches is minimal. The predominant haza rd associa ted with these 
areas is from sheet flooding and poorly defined, shallow surface flow generally much less than 1 
foo t deep. Several of the small channels loca ted on the inactive alluvia l fan surfaces at the 
southwest end of Area 3, in area 4 south and east of the Sun Valley Parkway (Figure 6.37), and 
on the north side of the urbanized area just north of Buckeye FRS #1 terminate in thi s way. 

6.3 Summary 

Historic aerial photography, topographic maps, surface geology maps, flood hazard maps, soils 
maps, the PFHAM Stage 1 land form delineations, and the PFHAM Stage 2 methodology were 
used to identify, delineate, and map the areas of land form instabi lity. Unstable areas were 
verified in the field using a handheld GIS-based GPS receiver. Common unstable areas include 
active alluvial fans . some multi-channel areas below active alluvial fans, ally vial plain with active 
sedimentation, multi-channel pocket along a throughflow channel, areas of recent sediment 
deposition and erosion, sp lit flow channel where flow is wide and shallow, and areas of low relief 
where minor development such as roads can divert floodwater and ca use significant erosion in 
areas otherwise not susceptible to flood hazard. A total of 16 new active alluvial fans were 
identi fied in addition to the three identified by the USGS and the previous ly studied White Tank 
and Skyline Wash fans. Since the exact boundaries of the three USGS fans (Sites 37, 38, and 
39) were not delineated as part of previous studies, thei r boundaries were delinea ted as part of 
this project. 

The areas of instability are identified on the accompanying mapping as those areas delineated 
in red. The so lid red areas on the mapping represent areas of extreme hazard associated with 
active alluvial fans. The open areas outlined in red on the maps represent other unstable areas. 
The other unstable areas are further defined in Section ·7 as being ei ther a moderate or high 
hazard depending on the features associated with the area . 
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Figure 6. 34. Aerial photos from 1953 and 2003 showing area of anastomosed flow distribution 

(ye llow boundaries) with zones of braided and sp lit flow (orange boundaries). 
Diffluence of individual zones marked by red triangles. Solid red arrows show 
additional flow distribution and dotted red arrows show locations of past or 
po tential future flow breakout points . 
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Figure 6.35. Schemati c of 2003 aerial photo from Figure 5.5 showing area of anas tomosed flow 
distribution with zones of braided and split flow (orange boundaries). The blue 
lines represent wel l-defined flow paths identified on the photos_ Major diffluences 
are marked by red triangles_ 

Figure 6.36_ View looking upstream showing the loss of channel capa city and 
undefined overland flow on an inactive alluvia l fan surface_ 
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Figure 6.37. Aerial view of the loss of channel capacity and undefined overland flow 
on an inactive alluvial fa n surface in Area 4 just eas t of Sun Valley Parkway 
and Wagner Wash . 
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7. EXISTING CONDITIONS ASSESSMENT OF PRIMARY WASHES 

The locations of each of the primary washes examined as part of Task 2.6.4 are shown on Plate 
1 of Appendix C. Two primary methods were used to assess current conditions on the primary 
washes. One method required the comparison of historic and contemporary aeria l photography 
lo identify reaches and areas of potential and existing stream instability. The other method was 
to conduct an on-site field reconnaissance of each of the primary washes whereby unstable 
reaches could be identified and delineated in rea l-time in the field using the portable GPS unit. 
Both methods were used to identify, delineate, and verify stability problems along the primary 
washes. 

7. 1 Flow Splits, Braiding, and Multiple Flow Paths 

Most of the conditionally unstable areas identified on aeria l photos and in the field are reaches 
containing multiple channels or defined flow paths that produce a braided or anastomosed 
pa ttern, whereby flow passes through a given confined reach along one or more paths. In some 
cases, evidence exists that indicates flow breakouts along low-lying areas have occurred in the 
pas or may occur in the future. As previously discussed, the conditiona lly unstable throughflow 
channel reaches generally fall into one of three ca tegories: (1) individually confined split or 
distributary flow paths, (2) multiple split or braided flow paths confined within a sing le reach, and 
(3) confined localized aggradational reaches with split, braided, or undefined flow paths. 

In several locations within the BSV ADMS study area , there are inse t or entrenched 
conditionally unstable areas of anastomosed flow distribution, which are defined by ova l-shaped 
multiple braided or sp lit flow zones that have a diffluence at their upstream ends. The braided 
or split flow pattern within the individual zones is likely caused by stream capture, avulsions, 
obstructions, flow ramping, and/or loca lized agg rada tion at the diffluence points. The oval 
shape is attributed to flow path divergence at the upstream end followed by flow path 
convergence at the downstream end. 

7.2 Aerial Photography Analysis 

A number of sites were identified as being conditionally unstable in the comparison of historic 
aerial photos. For the purposes of the following discussion, several sites of condi tional 
instability were identified as being a moderate hazard (yellow), a high hazard (orange), or and 
extreme hazards (red). Throughflow channels, flow paths, and floodways with well defined 
boundaries that were not mapped as cond itionally unstable are sti ll considered a fluvial hazard 
because the areas within their boundaries are still susceptible to common fluvial process such 
as bank erosion, localized sedimentation or bar development, and meander bend migration . 
Tab le 7.1 provides a description of the factors that define the degree of hazard for conditiona lly 
uns table areas. The moderate and high hazard areas described below are loca ted in areas of 
low, in termediate, and high flood potential as mapped by Field and Pearthree (1992). 

A comparison of the 1953 and 2003 aeria l photographs for a portion of Primary Wash #3 
(Figure 7.1 ) shows an area of high hazard due to the presence of multiple shallow, but relatively 
well-defined, distributary channels. The interfluve areas between the distributary channe ls may 
be subject to flooding during major storm events. Another portion of Primary Wash #3 and the 
as ociated distributary flow paths downstream of the BSV Site #1 active alluvia l fan is shown in 
Figure 7.2. Most of the areas shown in Figures 7.1 and 7.2 are mapped by Field and Pearthree 
( 992) as having a high flood potential. 
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Table 7.1. Factors Associated with Degree of Hazard for Conditionally Unstable Areas. 

Moderate Hazard High Hazard Extreme Hazard 
(Yellow) (Orange) (Red) 

Instability associated with 
Instability primarily associated numerous shallow distributary 
with fluvial processes such as channels; generally confined areas 
eros ion, sedimentation, and with poorly defined flow paths; 

meander migration. Primarily areas of significant braiding of 
composed of well defined flow th roughflow channel; reaches of Primaril y associated with 

splits and distributary channels, throughflow channel with active alluvial fa ns. 
and minor braided reaches characteristics of inset alluvial fan; 

where flow paths confined in and areas exhibiting significant out-
narrow, short segment of of-bank flow or avu lsions. Includes 

throughflow channel. inactive fan areas downstream of 
ac tive alluvial fans. 

Areas of moderate and high haza rd on portions of Primary Washes 6 and 7 just south of Sun 
Valley Parkway are shown in Figure 7.3 . The areas of moderate hazard are associated with 
either a narrow, confined area of land encompassing the channels that is probably subject to 
flooding or areas of split flow, where the spl it flow channels are well defined and separated by 
interfluves that may be subject to potential flooding. Primary Wash 6 is loca ted in a high flood 
hazard area (BSV Site #2) whereas Primary Wash 7 is in a low flood haza rd area as mapped by 
Field and Pearthree (1992). 

The area to the north of BSV Site #3 (Figure 7.4) that encompasses Primary Washes 9 and 10 
and a major non-primary wash and several smaller non-primary washes is composed of both 
moderate and high haza rd areas and the acti ve alluvial fans of. BSV Sites 13 East and Wes t. 
The soils, geologic mapping, topog raphy, and fie ld reconnaissance indica te that this area 
conta ins multiple poorly defined flow pa ths and overbank flow in places in conjunction with 
active alluvial fans. The intersection of Primary Washes 9 and 10 is defined by the 
hydrographic apex of the active alluvial fan at BSV Site 13 Wes t. This area may be a youthful 
stream capture or avulsion site. The abrupt change in flow direction due to the flow split results 
in a loss of transport ca pacity, deposition of sediment at the split, and ramping of flow and 
sediment into the intervening downstream area between the split flow channels. Downstream, 
most of the overbank flow quickly returns to the main throughflow channe!s bounding the zone 
as seen in Figure 7.4. In addition , another active alluvial fan, BSV Site 13 East , intersects the 
north arm of the BSV Site 13 West fan along Primary Wash 9. There are small portions within 
the boundaries of both fans that are we ll a.bove the fan surfaces that are identified as re lict fan 
surfaces. The remaining areas of moderate haza rd to the north of BSV Sites 13 Eas t and West 
are associated with confined zones of fairly we ll defined split flow channels and interfluve areas 
that could potentially be subject to flooding. 

A comparison of the 1953 and 2003 aerial photos for parts of Primary Washes 13 and 14 
showing unstable areas of moderate (ye llow) haza rd is provided in Figure 7.5. The moderate 
hazard areas are associated with confined flow splits in the throughflow channels and potential 
flooding of the interfluves. The orange arrow in the figure shows the loca tion of a channel 
avulsion that occurred after 1953. The entire area in the figure is mapped as having an 
intermediate to low flood potential by Field and Pearthree (1 992) . 
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Figure 7.1. Comparison of 1953 and 2003 aerial photos for area around Primary Wash 3 

between BSV Site #1 and BSV Site #2 active alluvial fans (red) showing unstable 
areas of high (orange) hazard . 
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Figure 7.2. Comparison of 1953 and 2003 aerial photos for area around Primary W ash 3 

downstream of the BSV Site # 1 active alluvial fan (red) showing unstable areas 
of high (orange) hazard . 
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Figure 7.3. Comparison of 1953 and 2003 aeria l photos for parts of Primary Washes 6, 7, and 7 

East showing unstable areas of moderate (yellow) and high (orange) hazard and a 
dam on Primary Wash 6 . 
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Figure 7 4. Comparison of 1953 and 2003 aerial photos for pa rts of Primary Washes 7, 9, 

and 10 showing unstable areas of moderate (ye llow), high (orange), and extreme 
(red) haza rd . 
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Figure 7.5. Comparison of 1953 and 2003 aerial pho tos for pa rts of Primary Washes 13 and 14 

showing unstable areas of moderate (yellow) haza rd . 
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Figure 7.6 provides a comparison of the 1953 and 2003 aerial photos for parts of Primary 
Washes 16 and 17 showing unstable areas of moderate (yellow) and high (orange) hazard. The 
moderate hazard areas are associated with distributary flow splits and joins. The high hazard 
areas are com posed of multiple flow splits and joins as well as braided reaches and there is a 
high potential for flooding of the interfluve areas and potential avulsions. Th e dotted red line 
and arrow in Figure 7.6 represent significant bank retrea t at the confluence of Primary Wash 16 
with Wagner Wash after 1953. 

Primary Wash 16 and other nearby washes east of Sun Valley Parkway are shown in Figure 
7.7. The main unstable areas are of moderate hazard associated primarily with flow splits and 
wider, shallow flow zones of the confined throughflow channels. Also shown in the figure is a 
wing dam that was installed after 1953. The area is mapped by Field and Pearthree (1992) as 
having a very low flood potential. 

A comparison of the 1953 and 2003 aerial photos for parts of Primary Washes 16 just south of 
BSV Site #3 is provided in Figure 7.8, which shows unstable areas of moderate (yellow) and 
high (orange) haza rd . The moderate hazard areas are associated with distributary flow splits 
and joins. The high hazard area is composed of multiple flow splits and joins as weff as 
unconfined and poorly defined flow path areas indicative of a possible alluvial fan. However, 
the unconfined and poorly defined flow path areas are relatively small because unconfined flow 
is rapidly captured by fairly well defined channels a short distance down valley from the 
breakout point. There is a high potential for flooding of the interfluve areas and avulsions within 
the high haza rd zone. In contras t, Field and Pearthree (1992) mapped this area as having a 
very low flood potential. The unstable areas of moderate hazard are associated primarily with 
flow splits and wider, shallow flow zones of the confined throughflow channels . 

A comparison of the 1953 and 2003 aeri al photos for parts of Primary Washes 17 just east of 
Sun Valley Parkway is provided in Figure 7.9, which shows unstable areas of moderate (yellow) 
and high (orange) haza rd . The moderate hazard areas are associated with distributary flow 
splits and joins. The high hazard area is composed of multiple flow splits and joins as well as a 
small area of unconfined and poorly defined flow. However, flow from the unconfined and 
poorly defined flow path areas is rapidly ca ptured by fairly well defined channels a short 
distance down valley from the breakout point. There is a high potential for flooding of the 
interfluve areas and avulsions within the high hazard zone. In contrast, Field and Pearthree 
(1992) mapped this area as having a very low flood potential. The unstable areas of moderate 
haza rd are associated primarily with flow splits and wider, shallow flow zones of the confined 
throughflow channels . 

Figure 7.10 provides a compa rison of the 1953 and 2003 aerial photos for parts of Primary 
Washes 18 and 19 and other intervening washes between the Hassayampa River and Sun 
Va lley Parkway showing unstable areas of moderate (yellow) haza rd and the small area of 
extreme (red) hazard associated with an active alluvial fan . The small affuvial fan has 
developed in an area where Primary Wash 18 has breached a high ridge of relict fan deposits 
and spreads out onto the alluvial plain of a wash to the north. The moderate hazard areas are 
associated with distributary flow splits and joins and wider, shallow flow zones of the confined 
throughflow channels . 
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• Figure 7.6. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 16 and 17 
showing unstable areas of moderate (yellow) and high (orange) hazard . 
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Figure 7. 7. Comparison of 1953 and 2003 aerial photos for pa rts of Primary W ash 16 and 

surrounding areas showing unstable areas of moderate (yellow) haza rd and 
wing dam. 
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Figure 7.8. Comparison of 1953 and 2003 aeria l photos for parts of Primary Wash 16 and 
surrounding areas showing unstable areas of moderate (ye llow) and high 
(orange) hazard . 
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Fi ure 7.9. Comparison of 1953 and 2003 aerial photos for pa rts of Primary Washes 17 and 

17T and surrounding areas showing unstable areas of moderate (ye llow) and high 
(orange) hazard . 
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Figure 7.10. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 18 and 
1 9 and surrounding areas showing unstable areas of moderate (ye llow), high 

• (orange), and extreme (red) hazard . 
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Figure 7.11 provides a comparison of the 1953 and 2003 aerial photos for parts of Primary 
Washes 18 and 19 and other intervening washes east of Sun Valley Parkway showing unstable 
areas of moderate (yellow), high (orange), and extreme (red) hazard . The areas of extreme 
(red) hazard are associated with the active alluvial fans at BSV Sites #4 and #5. The high 
hazard areas are composed of multiple flow splits and joins, braided reaches, and unconfined 
and poorly defined flow path areas indicative of possible inset alluvial fans . However, the 
unconfined and poorly defined flow path areas are relatively small because unconfined flow is 
ra pid ly captured by fairly well defined channels a short distance down valley from the breakout 
point. There is a high potentialfor flooding of the interfluve areas and avulsions within the high 
hazard zone. The unstable areas of moderate hazard are associated primarily with flow splits 
and wider, shallow flow zones of the confined throughflow channels . Field and Pearthree 
(1 992) mapped the areas north and south of Primary Wash 18, including the BSV Site #4 active 
alluvial fan, as having a very low flood potential, whereas the area including and bordering 
Primary Wash 18 and BSV Site #5 are mapped as having a very high flood potential. 

A comparison of the 1953 and 2003 aerial photos for parts of Primary Wash 19 just east of the 
Hassayampa River is provided in Figure 7.12, which shows unstable areas of moderate 
(yellow) and high (orange) hazard . The moderate hazard areas are associated with distributary 
flow splits and joins. The high hazard area is composed of multiple flow splits and joins as well 
as braided reaches and there is a high potential for flooding of the interfluve areas and potential 
avu lsions. A comparison of the 1949 and 1953 aerial photos for this area indicates that an 
avulsion and new channel developed during this period at the downstream end of Primary Wash 
19. The unstable areas of moderate haza rd are associated primarily with flow splits and wider, 
shallow flow zones of the confined throughflow channels. Field and Pearthree ( 1992) mapped 
these moderate and high haza rd areas as having a very high flood potential. 

comparison of the 1953 and 2003 aeria l photos for pa rts of Primary Wash 21 and White Tank 
Wash just wes t of Sun Valley parkway is provided in Figure 7.13 , wh ich shows the unstable 
area of extreme (red ) haza rd on Primary Wash 21 in the 1953 aerial photo as being a high 
(orange) hazard in the 2003 aerial photo. Th is is a function of construction of Sun Valley 
Parkway. The extreme hazard area in 1953 was the result of active alluvial fan flow path 
development associated with the USGS Site 39 alluvial fan. Once the highway was 
constructed, the culvert and highway embankment cut off unconfined alluvial fan flooding and 
associa ted processes downstream of the highway. With the construction of the highway 
culverts, downstream flow is now forced into channels and the supply of sediment from 
upstream is trapped upstream of the culverts and is slowly released to the downstream reaches, 
thus causing some downstream channel degrada tion. The previously extreme hazard area is 
now classified as a high haza rd area since uncon fined flooding of the interfluves is still possible. 

The unstable area of high hazard is composed of multiple flow splits and joins, as well as 
braided reaches, with a high potential for flooding of the interfluve areas and potential avulsions. 
The unstable areas of moderate (yellow) hazard are associated primarily with flow splits and 
wider, shallow flow zones of the confined throughflow channels. Field and Pearthree ( 1992) 
mapped these moderate and high haza rd area s as having a high flood potential. 

Figure 7.14 provides a comparison of the 1953 and 2003 aeria l photos for parts of Primary 
Wash 22 and other intervening washes just west of Sun Valley Parkway showing unstable areas 
of moderate (ye llow), high (orange), and extreme (red) hazard . The areas of extreme (red) 
hazard are associated wi th the active alluvia l fans at BSV Sites #14, #1 5, and #16. The high 
hazard areas are composed of multiple flow splits and joins, braided reaches, and unconfined 
and poorly defined flow pa th areas immediately ups tream and downstream of the extreme 
hazard areas associa ted wi th the active alluvial fans. There is a high potential for flooding of the 
in terfluve areas and avulsions within the high haza rd zone areas. The unstable areas of 
moderate hazard are associated primarily with flow splits and wider, shallow flow zones of the 
confined th roug hflow channels. Field and Pearthree (1992) mapped most of these unstable 
areas, including the BSV Sites #14, #15, and #16 active alluvia l fans, as having a very high 
flood potential. 
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Figure 7.11 . Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 18 and 

9 and surrounding areas showing unstable areas of moderate (yellow), high 
(orange), and extreme (red) hazard . 
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Figure 7.1 2. Comparison of 1953 and 2003 aerial photos for parts of Primary Wash 19 and 
surrounding areas showing unstable areas of moderate (yellow) and high 
(orange) haza rd . 
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Figure 7.13. Comparison of 1953 and 2003 aeria l photos for parts of Primary Wash 21 and 

surrounding areas showing unstable areas of moderate (yellow), high (orange) . 
and extreme (red) hazard. 
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Figure 7.14. Comparison of 1953 and 2003 aerial photos for parts of Primary Wash 22 and 

surrounding areas showing unstable areas of moderate (yellow), high (orange), 
and extreme (red) hazard. 
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A comparison of the 1953 and 2003 aerial photos for parts of Primary Washes 23, 24, and 25 
just west of Sun Valley parkway is provided in Figure 7.15, which shows the unstable areas of 
extreme (red) hazard in the 1953 aerial photo as being moderate (yellow) and high (orange) 
hazards in the 2003 aerial photo. This is also a function of construction of Sun Valley Parkway. 
The extreme hazard areas in 1953 were the result of active alluvial fan flow path development 
associated with USGS Sites 37 and 38 alluvial fans. As discussed above, once the highway 
was constructed, the culverts and highway embankment cut off unconfined alluvial fan flooding 
and associated processes downstream of the highway. The previously extreme haza rd areas 
are now primarily moderate and high hazard areas. The unstable areas of high hazard are 
composed of multiple flow splits and joins, as well as braided reaches, with a high potential fo r 
flooding of the interfluve areas and potential avulsions. The unstable areas of moderate hazard 
are associated primarily with flow splits and wider, shallow flow zones of the confined 
throughflow channels. Field and Pearthree ( 1992) mapped these moderate and high hazard 
areas as having a high flood potential. 

A comparison of historic photos for White Tank Wash, also denoted as Primary Wash 20, shows 
significant changes occurring between 1949 and 1953, co incident with the 1951 storm event. 
Figures 7.16 through 7.19 show comparisons for sections of the wash, from upstream at the 
confluence with Primary Wash 22 to downstream where it intersects Buckeye Flood Retarding 

tructure (FRS) #1 . Figures 7.16 and 7.17 show a compa rison of the 1953 and the 2003 aerial 
photos. The 1953 aerial photos show fairly fresh erosion and sedimentation and out-of-bank 
flow indicative of the impacts of the 195 1 storm event. Of particular interest is the comparison 
of the 1949 and 1953 aerial photos shown in Figures 7.18 and 7.19. The 1949 photos show a 
fa irly narrow channel bound by trees and other vegeta tion. However, the 1953 photos s hO)N the 
much wider flow path that resulted from flooding induced by the 195 1 storm event. In many 
places, flood flows were well outside the boundaries of the 1949 channel and in some places a 
neyv flow path was created (Figure 7.17). In all of the figures, the 2003 channel has 
reestablished vegetation along its margins and developed a narrower flow path compa rable to 
the width of the 1949 channel. As is described in Delineation of Erosion Hazard Zone technica l 
memo (Ayres Associates 2005), the flooding and changes that occurred during the 195 1 storm 
event are wel l within the boundaries of the mapped 1 00-year floodplain . 

In addition to the changes that occurred naturally as a result of the 195 1 storm event, there 
have also been significant changes associated with development in the area, especially north of 
Buckeye FRS #1 and west of Sun Valley Parkway. Figure 7.20 provides a comparison of the 
1949, 1953, 1992, and 2003 aerial photos for the area bound by Sun Valley Parkway to the 
e st, the West Tonopah-Salome Highway to the north, White Tank Wash to the west, and 
Buckeye FRS #1 to the south. As seen in Figure 7.20, there are numerous first and second 
order dra inages and primary channels that dissect the area from north to south. As identified in 
the 1973 aerial photos, roads were being constructed in the area, and by 1992 homes and other 
buildings was being constructed. By 2003, many of the first and second order drainages were 
obliterated by ongoing development and many of the primary and secondary washes had been 
modified, rerouted, or built-over by landowners and developers . 

7.19 



• 

• 

Figure 7. 15. Comparison of 1953 and 2003 aerial photos for parts of Primary Washes 23, 24 
and 25 and surrounding areas showing unstable areas of moderate (ye llow) and 

• high (orange) hazard. 
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Figure 7.16. Comparison of 1953 and 2003 aeria l photos for White Tank Wash (Primary Wash 
20) at the confluence with Primary Wash 22 . 

7.21 



• 

• 

• 

Figure 7.17. Comparison of 1953 and 2003 aerial photos for White Tank Wash (Primary Wash 
20) upstream of the West Tonopah-Salome Highway . 
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Figure 7. 18. Comparison of 1949, 1953, and 2003 aeria l photos for White Tank W ash (Primary 
Wash 20) downstream of the West Tonopah-Salome Highway . 

Figure 7.19. Compari son of 1949, 1953, and 2003 aeri al photos for White Tank W ash (Primary 
Wash 20) upstream of Buckeye FRS #1 . 
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Figure 7.20. Comparison of 1949, 1953, 1992, and 2003 aerial photos for the area bound by 
White Tank Wash (Primary Wash 20), Sun Valley Parkway, the West Tonopah­
Salome Highway, and Buckeye FRS #1. 

As seen in Figure 7.21 , Primary Wash 24, where it once traversed the developed area, has 
been rerouted at least twice. The first rerouting was a short distance to the east probably to 
allow for construction of N. 3051

h Ave. The channel actually crosses over W. Bellview St. and 
W. Latham St. and has deposited sediment on the pavement. At the intersection of W. Latham 
St and N. 3051

h Ave. the flow follows the roadway for a short distance to the south were it then 
drops back into its old channel. The most recent rerouting of the channel -occurs at the back of 
a property just north of W. Lynwood St. The current position of the channel runs from east to 
west along the back of a residential property and intersects another wash several hundred feet 
to the west. The owner of the property just west of the previous course appears to have 
diverted the channel to the west by constructing a low sediment berm along the back of his 
property, capturing the smaller flows and diverting th em to the west. It should be noted that this 
wash is a primary drainage that carries flow and sediment from portions of the USGS Site 37 
and 38 active alluvial fans. Although the culverts and embankment of Sun Valley Parkway may 
con trol the flow of water and sediment to this area, it is highly likely that the highway could be 
overtopped during a major even t, especia lly if sed iment from the alluvial fans blocks the 
highway culverts . This co uld result in significant flooding of the properties along Primary Wash 
24 downstream of the highway . 
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Figure 7.21 . Magnified 2003 aeria l photo of the development along Primary Wash 24 shown in 
Figure 7.20 . 
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Similar conditions exist along Primary Wash 25 west of Sun Valley Parkway. As seen in Figure 
7.22, the wash is obstructed and obliterated by a large dairy farm . Development to the south of 
the farm has also significantly modified or destroyed what remained of the wash. Major flood 
flows from the wash will likely become unconfined at the farm structures to the north of the main 
dairy and flow will be diverted around or through the dairy farm. Serious flooding of the farm 
and the properties to the south could occur as a result. As discussed above, Sun Valley 
Parkway could capture and control much of the flow of water and sediment coming from the 
White Tank (USGS Site 36) alluvial fan, but obstruction of the culverts could result in 
overtopping of the highway and unpredictable flood flow routes downstream. 

7.3 Field Reconnaissance 

A detailed examination of the primary washes was conducted in the field using GPS, field data 
co lection sheets, and photo documentation. As part of Task 2.6 .4 of the Scope of Work, 
knickzones, headcuts, natural and man made grade controls, sources of sediment, and areas of 
significant erosion along the washes were to be identified. These sites were identified by 
recording a waypoint in the field at each location and documenting the feature and its 
characteristics. These features are identified on the channel profiles and on the field data 
sheets in Appendix C. Table 7.2 lists the locations and approximate dimensions of knickzones 
identified in the field. The locations and approximate dimensions of headcuts (developed either 
in caliche or as bedrock falls) that were identified in the field are provided in Table 7.3. 

The principle stability issues on most of the primary washes are associated with the processes 
f active alluvial fans where they traverse the fan or immediately downstream of the fan, 

headcutting and gullying where the primary washes intersect the FRSs, and sed iment blockage 
at culvert crossings that could result in overtopping of the highway with concomitant 
downstream flooding and channel degradation . The stability issues of the primary washes 
where they traverse active alluvia l fans have been addressed previously in this report. The 
headcutting (Figure 7.23) and gullying (Figure 7.24) at the FRSs is associated with a significant 
grade change from the natural bed elevation of the wash to the base eleva tion of the FRS over 
a very short distance. The gullying and headcutting is migrating upstream and could pose a 
potential threat to any property in close proximity to the FRSs. Headcuts and gullying are 
common at all the washes that do not have a smooth grade transition from their bed to the base 
level of the FRSs. In many cases, the headcutting and gullying has created a small alluvial fan 
with in the FRS basin immediately downstream of the confluence of the wash . 

As discussed above, the culvert crossings of Sun Valley Parkway on the P_rimary Washes were 
examined in detail as well. Primary Washes 1 through 8 were intercepted by a concrete and 
grouted riprap lined channel on the south side of and parallel to the east-west portion of the 
highway at the north end of the study area. The engineered channel also contained low drop 
grade control structures. The channel drained flow from these and other washes to the south 
in to Wagner Wash where the highway turns to the southwest. There is a large rock drop 
structure on Wagner Wash immediately downstream of the confluence of the engineered 
channel. The rock grade control structure appears to have intercepted about 4 to 5 feet of 
degradation on Wagner Wash. The degradation downstream of the structure is ca using 3 to 4 
fee t of incision at the lower end of Primary Wash 9. 

Primary Washes 9 through 14 drain directly to Wagner Wash where it flows to the southwest 
along the east side of the highway. Once the highway turns southward, the primary washes 
sou th of Primary Wash 15 and north of Primary Wash 20 must pass through culverts under the 
highway before emptying into the Hassayampa River. Primary Washes 20 through 25 and 
those washes just south of Primary Wash 25 pass through culverts under the highway and then 
drain to Buckeye FRS #1. The culverts for the primary washes that pass under the highway and 
were examined in detail are on Primary Washes 15 through 25. 
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Figure 7.22. Magnified 2003 aerial photo of the development and dairy farm along 

Primary Wash 25 as shown in Figure 7.20. The ye llow line is the 
current acti ve path and the blue line is the nearly obliterated historic path . 
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Table 7.2. Knickzones on Primary Washes. 

• Primary Upstream Upstream Downstream Downstream End Length Comments 
Wash Easting (ft) Northing (ft\ Easting (ft) Northing (ft) Waypoints (ft) 

34 504843 895155 504889 895051 6-7 114 upstream of headcut 
33 --- -- 502659 894453 12 100 
33 501400 891818 . 501374 891664 14-15 156 zone of mull. flow paths 
32 500032 889508 500048 889399 17-18 110 
32 499822 890592 499963 890202 20-21 415 
32 499279 891318 499449 890972 24-25 385 in caliche 
27 479134 889874 478627 889180 79-80 859 in caliche 

1--
25 476739 914331 476596 914201 100-101 193 in caliche 
25 475885 913520 475695 913380 102-103 236 in caliche 
25 465956 901828 --- --- 109 50 in ca liche, 3ft drop 
22 467648 921536 467415 921535 171-172 233 in caliche 
22 466985 921390 466947 921363 174-175 47 in caliche 
21 461559 923019 461410 922984 189-190 153 in caliche 
20 468615 929816 468418 929851 216-217 200 in caliche 

-
20 470201 930258 470071 930189 219-220 147 in caliche 

20 North 467278 932124 467247 932006 239-240 122 
18 471909 940537 471789 940573 272-273 125 in caliche 
16 464526 950304 464476 950296 329-330 51 in caliche 
13 476956 958606 476878 958671 362-363 101 in caliche 

--
9 471668 967092 471476 967066 366-367 195 4 ft drop to confluence 

• 9 472457 966478 --- --- 369 40 1.5 ft drop 
7 476550 967324 476408 967321 393-394 142 in caliche 

7 East 480320 964060 480250 964480 398-399 426 in ca liche, d/s of headcut 
6 486489 964903 486408 965019 406-407 142 in caliche 

- ·-
3 488831 962828 488604 963285 412-413 510 in caliche 
3 486529 968115 486408 968232 416-417 168 

Table 7.3. Headcuts on Primary Washes. 

Primary Eas ting Northing Waypoint Height Comments Wash (ft) (ft) (ft) 

36 479944 940722 261 10-12 bedrock fa ll s 
34 504890 895052 2 4 in caliche 
30 489932 893255 48 10-12 bedrock falls 
25 488146 921546 92 10-12 bedrock falls 
25 467298 904897 107 1-2 in caliche 
25 462827 890907 428 3 in caliche 
24 461691 903225 119 1.5 in caliche, downstream of sheet flow 
20 467626 932363 238 2-3 in caliche 
17 477959 947683 297 3-4 bedrock falls 
14 485647 953168 342 12 bedrock falls 

7 Eas t 480320 964060 398 3 in ca liche 

• 
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Figure 7.23. View looking upstream showing a 3-foot high headcut at the confluence of 
Primary Wash 25 with Buckeye FRS #1. Note the 3.5-foot deep incised 
channel upstream. 

F1gure 7 24. View looking downstream on Primary Wash 25 toward Buckeye FRS #1 showing 
the extensive gullying upstream of the incised cha nnel reach of the wash . 
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Severa l culverts were examined on primary washes that drain from active alluvial fans. As a 
result, many of these culverts are experiencing severe blockage from sediments derived from 
the fans and areas below the fans. Table 7.4 provides a listing of the primary wash culverts that 
we re examined, their size, skew, and slope, the degree of blockage, sediment depth, and 
design flow associated with each. At leas t 2 of the primary washes examined had culverts that 
were more than half full of sediment and four others had culverts that were nearly half full of 
sediment. Continued sediment deposition at the partially blocked culverts, especially during 
major flow events, could lead to complete blockage of the culverts, backwater flooding upstream 
of the road embankment, overtopping of the roadway embankment, and uncontrolled and 
unconfined downstream flooding . 

Table 7.4. Sun Valley Parkway Bridge Culvert Data (Upstream Side). 

Max. 

Primary 
SVP RCBC 

Skew Slope 
Sed. % Obstruction Design Downstream 

Wash 
Highway #Barrels 

(deg. ) (%) 
Depth in of Upstream 100-yr Q Headcut Comments 

Sta. and Size Barrel Barre ls (cfs) Height (ft) 
(ft) 

Downstream of USGS 
25 161+67 6 - 10'x3' 23.00 0.37 0 0 1,067 0 Site 37 Active Alluvial 

Fan 
1-

Downstream of USGS 
25 North 172+93 2- 8'x3 ' 39.00 0.36 --- --- 369 --- Site 37 Active Alluvial 

Fan 
Downstream of USGS 

24 227+85 2 - 10'x3' 30.00 0.36 0.3 5 200 0 
Sites 37 & 38 Active 
Alluvial Fans (on 
borders) 
Downstrea m of USGS 

24 North 230+27 2 - 10'x3' 40.00 0.24 0.5 17 280 0 Site 38 Active Alluvial 
Fan (on north border:)_ 
Downstream of USGS 

23 266+49 6 -10'x4 ' 25.50 0.24 2.5 50 1,575 0 Site 38 Active Alluvial 
Fan 
Downstream of USGS 

22 333+84 3- 10'x4 ' 8.50 0.39 1.75 42 739 0 Site 39 Active Alluvial 
Fan 
Downstream of USGS 

21 360+44 4-10'x4' 15.50 0.32 2.5 55 1,031 0 Site 39 Active Alluvial 
- Fan -

Downstream of BSV 
2 41-5+81 6 - 10'x3' 39.55 0.35 1.75 44 1,080 1.5 Site #6 Active Alluvial 

Fan 

20 North 443+33 1 - 8'x4 ' 37.13 1.72 0 0 232 0.75 

480+10 6- 1 O'x5' 0.00 0. 35 2.4* 43* *South bridge 

19 481+03 6 - 10'x5' 6.03 0.35 0 0 6,723 
3 

downstream of BSV 
Total Site #5 Active Alluvial 

482+43 3-12'x5' 30.00 0.30 0 0 Fan (on north border) 

18 518+50 6-12'x5' 19.42 0.40 1 1 2,449 2.5 

17 Trib 577+40 3- 10'x5' 22.62 0.70 0.3 3 1,123 2.5 

17 580+28 3- 12'x6' 32.52 0.91 0.2 3 1,538 0 

16 
630+89 4- 10'x3 ' 30.58 0.58 1.75 44 910 1.1 miles downstream 

0 
of wing dam 632+08 3- 12'x5' 6.48 0.30 1.75 32 Each 

15 718+02 3- 10'x4' 10.52 0.35 0 0 unknown 0 

(Sun Va lley Parkway constructed 1988-1 991) 
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Bank erosion and bank failures can also be significant hazards that can affect future 
development. Major areas of bank erosion and bank failure are found primarily along the lower 
reaches of washes where channel capacity is grea ter (Figure 7 .25) or in the entrenched relict 
fan areas nea r the mountain front where channel depth or entrenchment is sufficient to produce 
cond itions conducive to large mass failures of the banks and va lley walls (Figure 7.26). 
Channel incision (Figure 7.27) and abrupt changes in flow path (Figure 7.28) can also induce 
bank erosion and bank fa ilure. There are also loca tions where the channel is constricted or 
where an obstruction occurs such that sediment deposition may occur within the channel and 
flow is diverted around the sedimentary deposit In these cases, flow may impinge on the toe of 
a high bank or valley wall producing undercutting of the bank and subsequent gravity failure of 
the bank. Large blocks of failed material may exacerbate or enhance the further undercutting 
and failure of the bank and adding the deposition in the channel (Figure 7.29). At these 
loca tions, channel widening occurs at and upstream of the obstruction and oversteepening of 
the channel occurs downstream until the obstruction and sedimentary deposits are either 
bypassed or eroded away. Major floods that pass through these loca tions can erode the 
sediment deposits at the obstruction and ca n produce a significa nt wedge of sediment that is 
transported downstream into the lower reaches where it ca n crea te additional obs tructions at 
road crossings or induce further bank erosion. 

7.4 General Descriptions of Primary Washes 

The following descriptions of the existing conditions of the primary washes are based on the 
field reconnaissance and the aeri al photo analys is. The loca tion of each primary wash is shown 
on Plate 1 of Appendix C. Profile plots, annotated cross sections, and cross section photos for 
each of the channels are provided in Appendix C as we ll and should be referred to during the 
following discuss ions. Add itional ground photos were taken at strateg ic loca tions along the 
washes and are linked to georeferenced points delinea ted in the ArcG IS mapping database that 
was provided to the District. The primary washes are numbered in ascending order from north 
to south , with Primary Wash #1 at the northeas t end and Primary Wash 34 at the southeast end 
of the study area. 

Primary Wash #1 - Approximately 2.5 miles of this wash were examined in the field . Upstream 
(south) of Sun Va lley Parkway, the wash is a small, stable channel that passes under the 
roadway via a culvert Downstream of the roadway, channel capacity decreases and the 
channel becomes undefined on the inactive fan surface. 

Primary Wash #2 -A total of about 1.34 miles of this wash were examined in the field . This 
wash is located entirely north of Sun Valley Parkway. The channel -is poorly defined or 
nonexistent until approximately 200 feet upstream of the confluence with Wagner Wash where it 
becomes one of many small gullies feeding the upstream end of Wagner Wash . 

Primary Wash #3 - A total of about 4.62 miles of thi s wash were examined in the field, 2.65 
miles of which are south of the Sun Va lley Parkway. The wash beg ins at the northern end of 
the White Tank Mountains and is intercepted by an engineered drainage channel along Sun 
Valley Parkway. The remains of the cutoff lower portion of the wash are present be tween the 
roadway and Wagner Wash. As discussed in th e previous section, the wash upstream of the 
parkway is an area of high haza rd due to the presence of multiple shallow, but relative ly well­
defined, distributary channels (Figures 7.1 and 7.2). The interfluve areas between the 
distributary channels may be subject to flooding during major storm events. The channel just 
upstream of the confluence wi th the parkway drainage channel is incised and is actively 
widening. The ongoing incision and widening are prod ucing sedimentati on at the energy 
dissipation structure at the confluence with the parkway drainage channel. 
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Figure 7.25. View looking upstream showing eroding banks on Primary Wash #3 . 

Figure 7.26 . View upstream showing high cu tbank in relict fan deposits of right valley 
wa ll on Primary Wash #2 1 . 
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Figure 7.27. View looking upstream showing bank undercutting and failure associated with 
channel incision on Primary Wash #9 . 

Figure 7.28. View looking downstream showing undercut bank in ca liche on left bank of Primary 
Wash #23 due to abrupt change in flow pa th . 
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Figure 7.29. View looking upstream on Primary Wash #25 showing high, undercut left bank in 
relict fan deposits due to flow deflection around sediment and debris deposits 
(bar) in channel along right bank. Note high, steep slip face on the cobble­
boulder bar on the left side of photo. Bar is forcing flow into left bank causing 
bank to be undercut and inducing mass failure of the bank material. Note the 
large blocks of failed bank material at the toe of the left bank. 

Primary Wash #4- A total of about 1.86 miles of thi s wash were exa mined in the field, 0.63 
miles of which are south of the Sun Valley Parkway. The wash begins just south of Sun Valley 
Parkway and ends at Wagner Wash. However, the upper part of the wash is ca ptured by the 
drainage channel that runs along the south side of the parkway. Downstream of the parkway, 
there is no well-defined channel until about 200 feet downstream. Flows from the parkway feed 
the channel downstream of the roadway. At about 700 feet downstream of the parkway, there is 
bedrock control in the channel bed. Caliche is present in the bed between 3,000 and 4,500 feet 

pstream of the confluence with Wagner Wash. The channel eventually peters out at a point 
about 2,300 feet upstream of the confluence and downstream flow becomes primarily 
unconfined sheet flow. The channel does not redevelop until several hundred feet upstream of 
th c nfluence with Wagner Wash where it becomes one of many small gullies feeding the 
upstream end of Wagner Wash . 

Primary Wash #5 -A total of about 0.54 miles of this wash, which is north of the Sun Valley 
Parkway, were examined in the field. This wash is deeply incised at its confluence with Wagner 
Wash. Wagner Wash is also deeply incised at this location. Much of the area around the 
confluence of this wash with Wagner Wash is heavily dissected with gullies and may represent 
one of the larger, well-defined gullies . 

Primary Wash #6 -A total of about 3.11 miles of this wash were examined in the field. This 
wash begins in the northern end of the White Tank Mountains and flows from south to north until 
the northern end of the mountains, at which point it turns due west. The wash drains the active 
alluvia l fan at BSV Site #2 over much of its north-south route (Figure 7.2). The downstream end 
of the fan is marked by localized bedrock control and a short knickzone in the channel bed . 
Once the channel turns to the west, it becomes confined and well defined. At a point about 2 
m1les downstream of where it turns to the west , the wash is intercepted by the Primary Wash 
#7. The wash passes between inselbergs about 3,000 feet upstream of the confluence. Just 

7.34 



• 

• 

• 

downstream of the inselbergs, the channel is intercepted by a large tank with an earthen wing 
dam (Figure 7.3). The wash is intercepted by Primary Wash #7 with the confluence marked by 
a knickzone in caliche in the bed. The channel at and upstream of the confluence is deeply 
incised with active bank erosion_ The reach here and downstream along Primary Wash #7 
appears to have undergone about 3 to 4 feet of recent incision, probably in response to 
construction of the parkway drainage channeL 

Primary Wash #7 -A total of about 2.46 miles of this wash were examined in the field, 2.04 
miles of which are upstream if the Sun Valley Parkway_ This wash begins in the northwestern 
part of the White Tank Mountains and is intercepted by the constructed drainage channel along 
the south side of Sun Valley Parkway (Figure 7.3). The abandoned reach north of the parkway, 
including the confluence with Wagner Wash, provides drainage to Wagner Wash only for part of 
the north side of the parkway and a small area of land in between. The confluences of Primary 
Wash #7 East and Primary Wash #6 are located at about 2,600 feet upstream of the parkway. 
Caliche in the bed of the channel from about 6,000 to 7,200 feet upstream of the parkway is 
con trolling the grade of the channel at that location and may be the cause of the distributary flow 
paths located at the upstream end of the reach _ The same situation exists at about 5,000 feet 
upstream of the parkway. A short reach just upstream of the parkway drainage channel is also 

efined by a knickzone. 

Primary Wash #7 Eas t - A total of about 0.79 miles of this was h were examined in the field . 
This wash begins in the northwestern part of the White Tank Mountains and is intercepted by 
Pnmary Wash #7 nea r the confluence with Primary Wash #6 (Figure 7.3). Caliche outcrops in 
the b0d of the channel provide some temporary grade control at about 2,450 and 2,900 feet 
upstream of the confluence_ A knickzone is present at about 3,200 feet upstream and ends at a 
3-foot headcut in ca liche at about 3,600 fee t upstream of the confluence_ 

Primary Wash #8 - A tota l of about 1.72 miles of this wash were examined in the field, 1.28 
miles of which are upstream of the Sun Va lley Parkway_ This wash begins on the relict fan area 
outh and west of Primary Wash #7 and is intercepted by the constructed drainage channel 

along t e south side of Sun Valley Parkway_ The abandoned reach north of the parkway, 
mclud1ng the confluence wi th the abandoned portion of Primary Wash #7, provides drainage to 
Primary Wash #7 only for part of the north side of the parkway and a sma ll area of land in 
be w .en. Some incision (approximately 1.0-1.5 feet) is readily apparent upstream of the 

arkway with sediment eroded from the upstream channel deposited at th~ confluence with the 
parkway drainage channeL 

Primary Wash #9 -A total of about 2.95 miles of this wash were examined in the field . This 
wash beg ins in the northwestern part of the White Tank Mountains and drains to Wagner W ash. 
The confluence lies just downstream of the Sun Va lley Parkway crossing of Wagner Wash. The 
confluence area of the wash is deeply incised (up to 4 feet) as a result of acti ve degradation on 
Wagner Wash. The wash for more than 200 feet upstream is active ly incising and widening as 
indicated by the active bank eros ion and knickzone in ca liche along this reach. There are a 
number of locations along the remaining upstream channel where ca liche outcrops in the bed of 
the channel. There are also several reaches of distributary flow along the wash . The 
confluence of Primary Wash #9 South is loca ted about 1, 700 feet upstream and the confluence 
of Primary Wash #9 Eas t is located about 12,500 feet upstream . 
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Primary Wash #9 East - A total of about 0.53 miles of this wash were examined in the field . 
The wash begins in the northwestern part of the White Tank Mountains and drains to the upper 
end of Primary Wash #9. Only about the lower half mile of this channel was examined in detail 
since much of the wash is bedrock controlled . 

Primary Wash #9 South - A total of about 0.59 miles of this wash were examined in the field . 
This wash is relatively small with loss of flow confinement about 1,300 feet upstream of the 
confluence with Primary Wash #9. Sheet flow and multiple, poorly defined distributary flow 
paths occur for several hundred fee t downstream of this point. Bedrock control is present in the 
channel about 2,500 feet upstream of the confluence. 

Primary Wash #1 0- A total of about 3.48 miles of this wash were examined in the field. This 
wash begins in the White Tank Mountains and drains to Wagner Wash about midway between 
the 2 crossings of Sun Valley Parkway over Wagner Wash. The wash is the principal supply to 
the active fan at BSV Site #13 West. The active fan is located between 11,000 and 14,000 feet 
upstream of the confluence. The active fan and wash pass between several inse lbergs. In 
addition to the inselbergs, outcrops in the bed of the channel between 9,600 and 10,500 feet 
upstrea m represent intermittent bedrock control of the channe l. 

Primary Wash #11 - A total of about 1.23 miles of this wash were examined in the field . This 
wash drains to Wagner Wash about midway between the 2 crossings of Sun Valley Parkway 
over Wagner Wash. Distri butary flow from Primary Wash #1 0 contributes to the flow on this 
wash. 

Primary Wash #12 -A total of about 1.08 miles of this wash were examined in the field. This 
short wash drains to Wagner Wash about midway between the 2 crossings of Sun Valley 
Parkway over Wagner Wash. A major flow split into 2 well-defined, entrenched channels occurs 
be tween about 1,500 and 2,500 feet upstream of the confluence. 

Primary Wash #13 - A total of about 2.46 miles of this wash were examined in the field . The 
wash drains to Wagner Wash and its confluence is loca ted about 2,000 feet upstream of the 
lower Sun Valley Parkway crossing over Wagner Wash. The confluence of Primary Wash #13 
North is loca ted about a mile upstream of the confluence. A large inselberg is also located just 
south of the Primary Wash #13 North confluence area . Ca liche is present in the channel bed 
around 4,500 feet upstream. Another long reach with caliche present in the bed is located 
between 11 ,500 and 12, 100 feet upstream and the reach also contains a 1 00-foot long 
kn ickzone. Loca lized caliche is present in the bed at the upper end of the channel as well. 
Some distributary flow is present in the lower reach of the channel just upstream of Wagner 
Wash. 

Primary Wash #13 North - A total of about 0.44 miles of this wash were examined in the field . 
Although this wash was defined on the USGS topographic maps for this short distance, the well­
defined upstream reaches of the wash con tinues for another mile to the eas t and intersects the 
northern arm of the active alluvial fan at BSV Site #3. This wash appears to be a major 
distributary channel of the fan . 

Primary Wash #14 - A tota l of about 4. 73 miles of this wash were examined in the field . The 
wash drains from the White Tank Mountains and empties into Wagner Wash jus t upstream of 
the lower Sun Valley Parkway crossing of Wagner Wash. The wash is the principal drainage 
through the BSV Site #3 active alluvial fan, both of which pass between a number of inse lbergs . 
The downstream end of the active portion of the fan is loca ted about 13,400 feet upstream and 
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the hydrographic apex is located about 20,200 feet upstream. The channel upstream of the 
hydrog raphic apex is bedrock controlled with a short bedrock drop at about 21,600 feet 
upstream and a 12-foot high bedrock falls within the mountains at about 24,800 feet upstream of 
the confluence. 

rimary Wash #15 - A total of about 1.04 miles of this wash were examined in the field . The 
confl uence with Wagner Wash is loca ted on the downstream side of at the lower Sun Valley 
Parkway cross ing of Wagner Wash. This wash is predominantly composed of distributary flow 
paths with poorly defined channels that are generally less than 1 foot deep and 1-2 feet wide. 

Primary Wash #16 - A total of about 5.0 miles of this wash were examined in the field. The 
w sh drains from the west side of the White Tank Mountains, pa sses between several large 
inselbergs surrounded by pediment surfaces, crosses under the Sun Valley Parkway, and 
merges with Wagner Wash about 1.3 miles wes t of the parkway. The bed and or banks of the 
upper 2.2 miles of the channel are partially or completely controlled by bedrock associated with 
the inselbergs and pediment (Figure 7.9). A large wing dam and stock tank are located on the 
channel about 1.1 miles upstream (east) of the parkway crossing (Figure 7.7). Major 
distributary flow zones are loca ted at about 8,600 and 20,300 feet upstream of the confluence. 
The reach between the parkway and the co nfluence is defined by several major flow splits and 
ome distributary flow (Figure 7.6). 

Primary Wash #17 -A total of about 5.5 1 miles of thi s wash were examined in the field. The 
wash drains from the west side of the White Tank Mountains, passes betwee n several large 
in elbergs surrounded by pediment surfaces, crosses under the Sun Valley Parkway, and 
merges with Wagner Wash about 1.6 miles wes t of the parkway. The bed and or banks of the 
upper 2.2 miles of the channel are partially or completely controlled by bedrock associated with 
the inselbergs and pediment. A 4-foot high bed rock fall in the channel provides grade control at 
about 22 ,100 fee t ups tream of the confluence. The wash upstream of the parkway is defined by 
a single, we ll-defined en trenched channel except be tween 11 ,900 and 12,600 feet ups tream, 
which marks a distributary flow zone. The reach be tween the parkway and the confluence is 
defined by minor flow splits and some distributary flow (Figure 7.6). 

Primary Wash #17 Trib - A total of about 1.91 miles of this wash were examined in the field . 
The wash drains from the pediment area wes t side of the White Tank Mountains and merges 
with Primary Wash #17 at Sun Valley Parkway. The bed and or banks of the upper 1 ,800 feet 

f the channel are partially or completely controlled by bedrock associated with the inselbergs 
and pediment. Small , well-confined distributary flow zones are present for a short distance 
upstream of the parkway. 

Primary Wash #18 - A total of about 6.44 miles of this wash were examined in the field. The 
wash drains from the ped iment area wes t side of the White Tank Mountains, passes between 
severa l large inselbergs surrounded by ped iment surfaces, crosses under the Sun Valley 
Parkwa y, and merges wi th a non-primary wash tri butary to the Hassayampa River about 2.8 
miles west of the parkway. The confluence is located along an alluvial plain surface associated 
with the tributary and the ri ve r. The bed and or banks of the upper 3,000 fee t of the channel are 
partia lly or completely controlled by bedrock associated with the inselbergs and pediment. 
There are a number of loca tions where ca liche crops out in the bed and several areas of 
distributary flow bo th upstream and downstream of the parkway. In addition , the upstream end 
of tile active alluvial fa n at BSV Site #4 appears to ca pture some of the flow from this wash at 
about 21,800 feet ups tream. The wash that is the principal drainage for BSV Site #4 passes in 
close proximity to Primary Wash #1 8 (Figure 7.11 ). Because of the close proximity of these two 
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washes, itappears that part of the flow from Primary Wash #18 avulses into this unnamed wash 
and may have been the principal ca use of the development of the BSV Site #4 active alluvial 
fan. 

Primary Wash #19 - A total of about 8.71 miles of this wash were examined in the field . The 
wash drains from the west side of the White Tank Mountains, passes to the north of 2 
inselbergs as part of the BSV Site #5 active alluvial fan, crosses under the Sun Valley Parkway, 
and merges with the Hassayampa River about 3.88 miles southwest of the parkway crossing. 
The bed and or banks of the upper 7,500 feet of the channel are partially or completely 
controlled by bedrock. A sma ll tributary, Primary Wash #19 Trib, merges with this wash at 

bout 37,000 feet upstream. At the upstream end of the active fan of BSV Site #5, flow splits 
around and rejoins at the downstream (west) end of the inselbergs. A short distance 
downstream of the fan area, the throughflow channel splits forming a narrow, entrenched split 
flow zone for a short dis tance. At about a half mile upstream of the parkway, a distributary 
channel from the downstream end of the BSV Site #4 alluvial fan merges with this wash. At the 
confluence of the distributary channel, Primary Wash #19 divides into two flow paths that pass 
under the parkway and remain divided on the downstream side (Figure 7.11 ). The southern 
channel is Primary Wash #19. There are additional flow splits and divides downstream between 
the confluence and the pa rkway (Figure 7.12). 

Primary Wash #19 Trib- A total of about 1.21 miles of this wash were examined in the field . 
The wash drains from the west side of the White Tank Mountains and is intercepted by Primary 
Wash #19 about a half mile upstream (east) of the hydrographic apex of the BSV Site #5 alluvial 
fan. There is intermittent bedrock control along the wash with a 1 0-foot high bedrock falls 
loca ted about 2,300 feet upstream of the confluence . 

Primary Wash #20 (White Tank Wash)- A total of about 14.2 miles of this wash were examined 
in the field . The wash drains from the wes t side of the White Tank Mountains, passes through 
the small BSV Si te #6 active alluvial fan on the upstream side of the Sun Valley Parkway, 
passes under the parkway, turns due south about 8 miles above the confluence, and empties 
into the Buckeye FRS #1 basin about 2 miles east of the Hassayampa River. Primary Washes 
#20 North, #2 1, #22, and #23 are tributary to the was h at 6.63, 5.4, 3.4, and 0.8 miles upstream 
of the FRS, respectively. There are a number of relatively confined distributary and braided flow 
zones and ca liche outcrops in the bed along the length of the wash . Small knickzones are 
present at the upstream and downstream ends of the BSV Site #6 alluvial f_? n. 

Primary Wash #20 North - A total of about 2.8 miles of this wash were examined in the field. 
The wash drains from the relict fan area just eas t of Sun Valley Parkway to Primary Wash #20. 
The wash is fairly well entrenched with no distributary sp lit flow areas . The channel immediately 
downstream of the parkway is incised about 2 feet as seen in the 2-foot high headcut in caliche 
about 50 feet downstream of the concrete apron of the parkway bridge. The headcut represents 
th upstream end of a short knickzone. Another small knickzone is loca ted about 700 feet 
downs tream of the parkway. 

P rimary Wash #21 -A total of about 7. 77 miles of this wash were examined in the field. The 
wash drains from the west side of the White Tank Mountains, passes between several 
inselbergs, is the primary wash for the USGS Site #39 active alluvial fan, crosses under the Sun 
Va lley Parkway, and merges with White Tank Wash (Primary Wash #20) about 3 miles 
downstream of the parkway. The upper 1. 71 miles of the channel are deeply entrenched and 
are partially or completely controlled by bedrock. The wash is the primary supply to the USGS 
Site #39 active alluvial fan with the wash being the northern boundary of the fan over most of its 
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length. The confluence of Primary Wash #21 North is located a few hundred feet downstream 
of the hydrographic apex. Ca liche is exposed intermittently in the channel bed and banks for 
about 800 feet upstream of the pa rkway. Prior to construction of the parkway, the active 
portions of alluvial fan extended well downstream of the parkway area (Figure 7. 13). However, 
with the constru ction of the roadway the upper and lower parts of the fan are now disconnected, 
and Primary Wash #21 downstream of the parkway is currently less affected by the processes 
on the fan. Although there is still a braided pattern to the channel for some distance 
downstream of the parkway, the active distributary flow paths downstream of the roadway 
appear to be less active now. Narrow, well confined split flow and distributary flow zones are 
present further downstream. 

Primary Wash #2 1 North -A total of about 1. 7 miles of thi s wash were examined in the field. 
The wash runs generally north to south and drains relict fan surfaces and the west side of 
severa l inselbergs between Primary Washes #20 and #21 . The confluence of this wash with 
Primary Wash #21 is loca ted about 1,500 feet downstream of the USGS Site #39 fan 
hydrog raphic apex. The wash is we ll defined and well entrenched. 

Primary Wash #22 - A total of about 5. 23 miles of this wash were examined in the field. This 
wash is tributary to White Tank Wash. The wash beg ins on the relict fan surface about a mile 

as t of the Sun Va lley Parkway, but a significa nt portion of the flow of water and sediment at the 
pa rkway cross ing is supplied by the USGS Site #39 active alluvial fan. Although the wash only 
passes through the fan area for a short distance at the southern end of the fan where it 
intersects the parkway, there is a significa nt vo lume of wa ter and sediment supplied to the wash 
by the fan. Th e wash passes through 2 short knickzones in ca liche a short distance 
downstream of the pa rkway. At about 2,000 feet downstream of the parkway, the wash 
intercep ts another small tributary wash from the north and the combination has produced a 
small active alluvia l fan known as BSV Site #14 (Figure 7.14). A number of flow splits and 
confined distributary flow pa ths are present along this wash downstream of the active portion of 
BSV Site #14. 

Primary Wash #23- A total of about 10.92 miles of this wash were examined in the field . The 
wash dra ins from the wes t side of the White Tank Mounta ins, passes between several 
inselbergs, is the primary wash for the USGS Site #38 active alluvial fan, crosses under the Sun 
Valley Parkway, and merges with White Tank Wash (Primary Wash #20) less than a mile north 

f Buckeye FRS #1 . The upper part of the channel east of the inse lbergs is deeply entrenched 
a 1d asses through a major relict fan embayment in the mountains. The inselbergs between 
which the wash passes are loca ted between 8. 5 to 9 miles upstream of the confluence. The 
wash is the primary supply to the USGS Site #38 active alluvial fan with flow from the wash 
being dis tributed over the fa n surface . The wash maintains a relative ly well-defined, shallow 
course as it passes through the central part of the fan. Caliche is exposed in the channel bed in 
places as the wash passes over the fa n. The wash passes under the parkway about 4.55 miles 
upstream of the confluence. Minor distributary/split flow zones and ca liche outcrops in the bed 
of the channel are present downstream of the parkway. Primary Wash #23 Trib merges with 
this wash at about 2.4 miles upstream of the confluence. 

Primary Wash #23 Trib - A total of only about 1.23 miles of this wash were examined in the 
field . This small wash is we ll entrenched into the relict fa n area wes t of the parkway and is 
tributary to Primary Wash #23 . 
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Primary Wash #24- A total of about 7.69 miles of this wash were examined in the field. The 
wash drains a portion of a major relict fan embayment on the west side of the mountains, 
passes through the southern limb of the USGS Site #38 act ive alluvial fan before turning 
southwest and crossing under the parkway. The wash crosses under the parkway at about 4.24 
miles upstream of its confluence with Buckeye FRS #1. The wash becomes oversteepened for 
about 300 feet immediately upstream of the intersection of the wash with the southern boundary 
of the USGS Site #38 alluvial fan. There is a major flow split at the intersection and the primary 
flow path of the wash follows the northwes t channel. Flow that avulses to the south of the wash 
at the intersection is recaptured by the wash once it turns due south about a half mile from the 
Sun Valley Parkway. However, further downstream the channel red istributes flow through a 
series of distributary channels and flow paths before reaching the parkway. Downstream of the 
parkway, there is a long, wide depositional area along the channel that may be a remnant of the 
USGS Site #38 alluvial fan processes prior to construction of the parkway. At about 13,200 feet 
upstream of the confluence, the channel appea rs to become oversteepened, loses capacity, 
and flow is delivered downstream via sheetflow. A 1.5-foot high head cut marks the downstream 
end of sheetflow where some of the flow is collected back into a small, well-defined channel. 
However, a short distance further downstream at about 11,700 fee t upstream of the confluence, 
the channel loses capacity and flow spreads out again as sheetflow. A few hundred feet further 
downstream, the sheet flow becomes confined and is crea ting multiple gullies that eventually 
feed to a main channel again at about 10,000 feet upstream of the confluence . The wash 
crosses McDowell Road at about 8,200 feet upstream. At about 6,000 fee t upstream, the 
channel intersects a developed area and, as a result , the original channel has been rerouted 
and the old channel has been abandoned. As described above, the wash through the 
developed are is not well confined and future flows co uld pose a significant flood hazard to the 
homes in the area (Figure 7. 21 ). The lower reach of the wash just north of the FRS is marked 
by sheetflow and poorly defined flow paths that eventuall y converge to form a series of shallow 
gull ies that then converge to reform the main wash just north of the FRS. The intersection of 
the shallow gullies and the main wash with the FRS basin is marked by channel incision and 
headcutting due to a significa nt change in base level at the FRS. 

Primary Wash #25- A total of about 11 .08 miles of thi s wash were examined in the field. The 
wash drains from the White Tank Mountains, passes th rough a portion of a major relict fan 
embayment on the west side of the mountains, is the primary contributor to and flow path 
through the USGS Site #37 active alluvial fan , crosses under the parkway at about 3.08 miles 

pstream , and then turns south and drains into Buckeye FRS #1 . The upper 1.6 miles is 
bedrock controlled. At about 46,000 feet upstream, the channel passes through a bedrock 
constriction created by the pediment that underlies the relict fan surface in the area. At about 
44,000 feet upstream, the channel passes over a 10 to 12 foot high bedrock falls created by the 
pediment. The wash is the principal contributor to the USGS Site #37 active alluvial fan with the 
hydrographi c apex located at about 38,300 feet upstream of the confluence. A large proportion 
of the flow and sediment from the wash is distributed over the fan surface. The wash traverses 
the central part of the fan , the active part of which ends at about 28,000 feet upstream of the 
con fluence. For about a mile upstream of the Sun Valley Parkway, the wash is defined by a 
narrow zone of braided and distributary flow before pass ing under the parkway at about 16,200 
feet upstream. About 1,000 fee t downstream of the parkway, the cha nnel splits into a series of 
small distributary channels with 1 to 2 foot high headcuts. At about 7,500 feet upstream the 
channel crosses th e unpaved West Tonopah-Sa lome Highway (d irt road) and then loses 
confinement and definition at a ran ch on the south side of the road. The remaining length of 
wash is indefinable because of obliteration by a dairy farm and home sites south of the highway 
(Figure 7.22) as described above. The wash does not redevelop until about 2,000 fee t north of 
the Buckeye FRS #1. The lower reach of the wash just north of the FRS is marked by sheetflow 
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and poorly defined flow paths that eventually converge to form a series of shallow gullies that 
then converge to reform the main wash just north of the FRS (Figure 7.24). The intersection of 
the main wash with the FRS basin is marked by channel incision and a 3-foot high headcut due 
o the change in base level at the FRS. 

Pr"mary Wash #26- A total of about 1.97 miles of this wash were examined in the field . This 
well-defined wash, which flows north to south near the east side of the Hassayampa River, is 
confined by and drains the relict fan surface to the north of the west end of the Buckeye FRS 
#1. The wash drains into the FRS basin . 

Primary Wash #27 -A total of about 6.9 miles of this wash were examined in the field. The 
wash drains part of the southwestern end of the White Tank Mountains. Once the wash exits 
the mountain front, it turns southward, passing between several large inselberg s, is the primary 
contributor to and flow path through the BSV Site #7 active alluvial fan, and empties into the 
eastern part of the Buckeye FRS #1 . The upper mile of channel is deeply entrenched and 
bedrock controlled. Between 28,000 and 31,000 feet upstream of the FRS, where the channel 
turn southward, there are several tributaries draining from the north that are contributing a 
significant volume of sediment to the wash. The sed iment contribution at this location has 
re:~ulted in a wider entrenched reach of channel with multiple flow paths. At about 25,400 fee t 
upst earn , the wash loses capacity (hydrographic apex) and crea tes the BSV Site #7 active 
alluvial fan. The wash is somewhat defined until about a half mile downstream of the 
hydrographic apex where it becomes poorly defined and difficult to follow. South of the fan, flow 
follows multiple small, shallow, poorly defined paths until the unpaved West Tonopah-Salome 
H1ghway cross ing. Downstream of the roadway, multiple flow paths combine to form a better­
def ined channel. At about 3,500 fee t downstream of the highway, flow from this channel is 
captured by a dirt track that follows a north-south fence line. The track has developed into a 
channel and ca rries flow southward until it intersects the FRS basin levee. At the FRS levee, 
the channel turns due west and runs along the levee for about 1,250 feet where it spi lls into the 
FR basin with another major wash that drains part of the White Tank Fan (USGS Site #36). 
The roach from about 1, 700 feet upstream to about 5,000 feet upstream of the confluence 
dppears to be oversteepened and the channel flows across extensive exposures of ca liche in 

e bed. A 2-foot high bedrock drop related to a heavily weathered and poorly exposed 
i selberg is present in the channel bed at a~_out 5,300 feet upstream of the confluence. 

Primary Wash #28 -A total of about 4.55 miles of this wash were examined in the field . The 
wa5 dra ins part of the southwestern end of the White Tank Mountains a nd empties into the 
eastern part of the Buckeye FRS #1 . The upper 2,000 feet of the channel is contro lled by 
bedrock. At about 20,000 feet upstream of the confluence, the channel intersects the southern 
portion of the eas t limb of the BSV Site #7 active alluvial fan and provides the eas tern boundary 
for the active part of the fan for less than 1,000 feet. From about 14,000 feet to about 16, 100 
feet upstream of the confluence, the wash provides the western boundary for much of the length 
of the BSV Site #8 active alluvial fan . At the downstream end of the fan , the wash loses 
capacity and flow is distributed predominantly along multiple, poorly defined flow paths. The 
wash does not become well defined until about 6,400 feet upstream of the confluence where it 
crosses the unpaved West Tonopah-Salome Highway below which it red istributes flow into a 
number of poorly defined distributary channels again. 

Primary Wash #28 Eas t - A total of about 1.55 miles of this wash were examined in the field . 
The wash is tributary to Primary Wash #28. The wash drains part of the southwestern end of 
the White Tank Mountains with the upper 4,500 feet of the channel being controlled by bedrock . 
Between about 1,900 and 2,300 feet upstream of the confluence, the channel has aggraded 
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along a narrow entrenched section and might be considered as an inset alluvial fan. The 
hydrographic apex for the BSV Site #8 active alluvial fan is about 1 ,400 fee t upstream of the 
confluence. The wash is the primary supply to the fan and provides the northwestern boundary 
of the fan until the confluence. 

Primary Wash #29 - A total of about 3.98 miles of this wash were examined in the field . The 
wash drains part of the southwestern end of the White Tank Mountains and empties into the 
east end of the Buckeye FRS #1. Much of the area through which the channel passes is 
partia lly or completely controlled by bedrock that is associated with inselbergs and numerous 
other larger remnants of the retrea ting mountain front. The wash is the primary supply to and 
passes through the BSV Site #12 and BSV Site #9 active alluvial fans. The reach of channel 
wi thin BSV Site #12 active fan is from 6, 700 to 8,800 feet upstream of the con fluence and the 
BSV Site #9 active fan is located at the confluence with the FRS. There appears to be ongoing 
aggradation within the entrenched channel upstream of the hydrographic apex of BSV Site #12. 
In addition, the wash crosses the West Tonopah-Salome Highway three times between 3,200 
and 5,100 feet upstream of the confluence. The Primary Wash #29 Eas t and #29 Trib 
confluences are located at 14,000 and 15,800 feet upstream of the FRS. 

Primary Wash #29 East - A total of about 1.23 miles of this wash were examined in the fie ld. 
The wash drains part of the sou thwestern end of the White Tank Moun tains including areas of 
pediment and relict fan before joining Primary Wash #29. Bedrock control is present in parts of 
the lower reaches. 

Primary Wash #29 Trib -A total of about 0.47 miles of this wash were examined in the field. 
The wash drains part of the southwestern end of the White Tank Mountains including areas of 
pediment and relict fan before joining Primary Wash #29. Some bedrock con trol is present. 

Primary Wash #30 -A total of about 1.31 miles of this wash were examined in the field. The 
wash drains part of the sou thwestern end of the White Tank Mountains including areas of 
p diment and relict fan before emptying into the west end of Buckeye FRS #2. Bedrock control 
is present along much of the channel. A 12-foot high bedrock falls is present at about 6,000 feet 
upstream. 

Primary Wash #31 -A total of about 3.56 miles of this wash were examined in the field . The 
wash drains part of the southwestern end of the White Tank Mountains including areas of 
pediment and relict fan before emptying into Buckeye FRS #2. Bedrock control is present along 
most of the upper 8,500 feet of channel. A 12-foot high bedrock falls is present at about 6,000 
fee t upstream. Constrictions are present at about 5,000 and 8,800 feet and the channel is 
actively aggrading at about 6,500 feet upstream of the con fluence. The wash is the primary 
supply to and provides the wes tern boundary for the BSV Site #1 0 active alluvial fan , which 
empties into the FRS. The hydrographic apex of the fan is located at abou t 2,000 feet upstream 

f the FRS. 

Primary Wash #32 -A total of about 1.61 miles of this wash were examined in the fie ld. The 
wash drains part of the southwestern end of the White Tank Mountains including areas of 
pediment and relict fan before emptying into Buckeye FRS #2. Bedrock control is present along 
most of the upper 4,000 feet of channel. Three long knickzones developed in ca liche are 
present in the lower 2,500 feet of the wash . In addition, the channe l appears to be actively 
aggrading between 1,600 and 2,000 fee t upstream of the FRS . 
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Primary Wash #33 - A total of about 1.8 miles of this wash were examined in the field. The 
wash drains part of the southwestern end of the White Tank Mountains including areas of 
pediment and relict fan before emptying into Buckeye FRS #2. Bedrock control is present at the 
upper end of the wash and at about 4,300 feet upstream where it passes around a small 
inselberg. Short knickzones are present at about 3, 200 and 6, 600 fee t upstream of the FRS. In 
addition, there are multiple small distributary flow paths associated with the lower knickzone. 

Primary Wash #34 - A total of about 1.63 miles of this wash were examined in the field. The 
wash drains part of the southwestern end of the White Tank Mountains including areas of 
pediment and relict fan just wes t of the Skyline Wash Fan before emptying into the wes t end of 
Buckeye FRS #3. Bedrock control is present at the upper end of the wash down to about 6,000 
feet upstream of the FRS where the channel moves away from the mounta in front. A 4-foot 
high headcut and short upstream knickzone are present just downstream of the Watson Road 
cross ing and about 4, 100 feet upstream of the confluence. The head cut is developed in caliche, 
but because it is less than 100 feet downstream of Watson Road, it still poses a significant 
threa t to the road cross ing. A few hundred feet downstream of the headcut, the channel 
becomes constricted and deeply entrenched. 

7.5 Summary 

A tota l of 161 miles on 46 primary washes were examined in detail th rough historic aerial photo 
comparisons and by conducting a field reconnaissance of each wash. Conditions along the 
washes were documented using a handheld GPS unit with portable GIS capabilities. Access 
along the washes was accomplished using A TVs. Field data sheets and photo documentation 
were used to collect data at representative cross sections along the washes. Waypoints were 
recorded in the washes at major fea tures that included headcuts, knickpoints, ca liche and 
bedrock outcrops, braiding or distributary flow, and other areas of existing or po tential instability. 

Severa l headcuts and knickzones were identi fied in the field . The locations were identified with 
G S using waypoints and the heights were approximated . Mos t were associated with ca liche or 
bedrock in the channel bed. The highest headcuts were associated with bedrock outcrops 
forming large falls because of their close proximity to the mountain front. Headcuts in ca liche 
were generally no higher than 3 or 4 feet. Mos t of the knickzones were formed in ca liche as 
well and had drops of less than three feet over a distance of more than on~ hundred feet. 
Although not documented in detail , many of the washes emptying into the Buckeye Flood 
Retarding Structures contained large headcuts or knickzones at their confluences with the FRS 
basins because of the major change in base level associated with excavation of the basins. 

Culvert crossings were also examined and po tential problems were noted and documented 
using field data sheets and ground photos . Several of the culvert cross ings lie downstream of 
active alluvial fans and as a result have serious blockage problems due to aggrada tion at the 
upstream ends of the culverts. Many of these same sites also have degrading reaches and 
ssociated headcuts immediately downstream of the cu lverts because of clea r wa ter scour 

attribu table to upstream deposition and flow confinement at the culvert. 
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P1 0/4 Primary Wash #9- Cross Section #1 -View looking downstream P1 0/6 Primary Wash #9 - Cross Section #2- View looking downstream 
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P9/7 Primary Wash #14 - Cross Section #1 -View looking downstream P9/8 Primary Wash #14 - Cross Section #2- View looking downstream 
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P9/9 Primary Wash #14 - Cross Section #3 -View looking downstream 

Buckeye/Sun Valley ADMS PW14-4 Primary Wash #14 
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PB/35-36 Primary Wash #16 - Cross Section #1 - Panorama view looking upstream PB/42 Primary Wash #16 - Cross Section #2- View looking upstream 
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P9/5 Primary Wash #16 - Cross Section #5 - View looking upstream 

P8/45 Primary Wash #16 - Sun Valley Parkway Bridge Culvert 
Looking south at upstream face of right channel bridge 
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Looking north at upstream face of left channel bridge 

P8/44 Primary Wash #16 - Sun Valley Pkrkway Bridge Culvert 
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PS/46 Primary Wash #16- Sun Valley Parkway Bridge Culvert 
Looking upstream at upstream right (north) channel 

PS/48 Primary Wash #16 - Sun Valley Parkway Bridge Culvert 
Looking south at downstream face of left (south) channel bridge 
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PS/49 Primary Wash #16 -Sun Valley Parkway Bridge Culvert 
Looking north at downstream face of right (north) channel bridge 
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Looking downstream at downstream right (north) channel 
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P9/2 Primary Wash #17 - Cross Section #1 -View looking downstream P9/1 Primary Wash #17 - Cross Section #2- View looking downstream 
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P8/25 Primary Wash #17 - Gross Section #3- View looking upstream P8/26 Primary Wash #17 - Cross Section #4- View looking upstream 
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P8/27 Primary Wash #17- Cross Section #5- View looking upstream P8/23 Primary Wash #17- Sun Valley Parkway Bridge Culvert 
Looking south at upstream face of bridge 

P8/24 Primary Wash #17 - Sun Vafley Parkway Bridge Culvert 
Looking upstream at upstream channel 

Buckeye/Sun Valley ADMS 

P8/22 Primary Wash #17 -Sun Valley Parkway Bridge Culvert 
Looking upstream at downstream face of bridge 
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P8/46 Primary Wash #17- Sun Valley Parkway Bridge Culvert 
Looking downstream at downstream channel 
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P8/18 Primary Wash #17 Trib- Sum Valley Parkway Bridge Culvert 
View looking at upstream face 

PB/17 Primary Wash #17 Trib- Su~ Valley Parkway Bridge Culvert 
View looking upstream at upstream channel 
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P8/20 Primary Wash #17 Trib - Sun Valley Parkway Bridge Culvert 
View looking upstream at downstream face 

PS/20 Primary Wash #17 Trib- Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 

P8/13 Primary Wash #17 Trib - Cross Section #1 -View looking downstream 
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P8/14, 15,16 Primary Wash #17 Trib - Cross Section #2 - Panorama view looking downstream 
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BuckeyeiSun Valley ADMS PW17T-5 Primary W ash #17 Trib 
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P8/8 Primary Wash #18 - Cross Section #3 - View looking downstream P8/9 Primary Wash #18 - Cross Section #4- View looking downstream 
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P8/52 Primary Wash #1 8 - Cross Section #7 -View looking upstream 

BuckeyeiSun Valley ADMS 

P8/6 Primary Wash #18 - Sun Valley Parkway Bridge Culvert 
View looking downstream at upstream bridge face 

PW18-8 

P8/53 Primary Wash #18 - Cross Section #8- View looking upstream 

P8/5 Primary Wash #18 - Sun Valley Parkway Bridge Culvert 
View looking south at upstream face and grouted riprap inlet 

Primary Wash #18 



• 

• 

• 

P8/4 Primary Wash #18 -Sun Valley Parkway Bridge Culvert 
View looking upstream at upstream channel and delta at road embankment 

BuckeyeiSun Valley ADMS 

P8/2 Primary Wash #18 -Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 
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P8/3 Primary Wash #18 - Sun Valley Parkway Bridge Culvert 
View looking upstream and south at downstream fa ce 

P8/1 Primary Wash #18- Sun Valley Parkway Bridge Culvert 
View looking upstream at undermined downstream grouted riprap apron 
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P7/1 2 Primary Wash #19- Cross Section #3- View looking downstream P7/21 Primary Wash #19 - Cross Section #4 - View looking upstream 
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". P7/22 Primary Wash #19- Cross Section #5- View looking downstream P7/23 Primary Wash #19- Cross Section #5- View looking upstream 
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P7/26 Primary Wash #19- Cross Section #6- View looking downstream 

P7/20 Primary Wash #19- Sun Valley Parkway Bridge Culvert 
View looking upstream at upstream channel where re-routed to north 

Buckeye/Sun Valley ADMS PW19-7 

P7 /27 Primary Wash #19 - Cross Section #6 -View looking upstream 

P7/18 Primary Wash #19- Sun Valley Parkway Bridge Culvert 
View looking upstream/south at new re-routed channel and southern culverts 
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P6/38 Primary Wash #21 North - Cross Section #1 -View looking downstream 
P6/39 Primary Wash #21 North -Cross Section #2- View looking upstream 
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P5118 Primary Wash #22 - Cross Section #1 -View looking upstream 

P5/20 Primary Wash #22- Cross Section #3- View looking upstream 
from riaht bank to left bank 

Buckeye/Sun Valley ADMS PW22-6 

P5/19 Primary Wash #22 - Cross Section #2- View looking upstream 

P5/26 Primary Wash #22 - Cross Section #4 -'- View looking downstream 
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P5/27 Primary Wash #22 - Cross Section #4- View looking upstream P5/28 Primary Wash #22 - Cross Section #5 - View looking downstream 
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P5/29 Primary Wash #22 - Cross Section #6 -View looking upstream PS/30 Primary Wash #22 - Cross Section #7 -View looking upstream 

Buckeye/Sun Valley ADMS PW22-7 Primary Wash #22 
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P5/23 Primary Wash #22- Sun Valley Parkway Bridge Culvert 
View looking upstream at channel upstream of bridge 

P5/21 Primary Wash #22- Sun Valley Parkway Bridge Culvert 
View looking upstream/south at downstream bridge face 

Buckeye/Sun Valley ADMS PW22-8 

P5/22 Primary Wash #22- Sun Valley Parkway Bridge Culvert 
View looking downstream/west at upstream bridge face 

P5/24 Primary Wash #22 - Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 
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P4/34 Primary Wash #23 - Cross Section #1 - View looking upstream 

P4/35 Primary Wash #23 - Cross Section #1 -View looking downstream 

PW23-6 Primary Wash #23 
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P4/36 Primary Wash #23 - Cross Section #2 -View looking upstream P4/37 Primary Wash #23 - Cross Section #2- View looking downstream 

• 

, .• 1..-..:.-

P4/39,40,41 Primary Wash #23- Cross Section #3- Panorama view looking downstream 

Buckeye/Sun Valley ADMS PW23-7 Primary Wash #23 
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P4/38 Primary Wash #23 - Cross Section #3- View looking upstream P5/1 Primary Wash #23 - Cross Section #4- View looking upstream 

• 

- PS/2 Primary Wash #23 - Cross Section #4- View looking downstream P5/3 Primary Wash #23 - Cross Section #5 -View looking upstream 

Buckeye/Sun Valley ADMS PW23-8 Primary Wash #23 
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P5/5 Primary Wash #23 - Cross Section #6 -View looking downstream P5/6 Primary Wash #23 - Cross Section #6 -View looking upstream 
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.. P5/7 Primary Wash #23 - Cross Section #7 - View looking downstream P5/8 Primary Wash #23 - Cross Section #7 -View looking upstream 

Buckeye/Sun Valley ADMS PW23-9 Primary Wash #23 
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P7 /26 Primary Wash #1 9 - Cross Section #6 - View looking downstream 

P?/20 Primary Wash #19- Sun Valley Parkway Bridge Culvert 
View looking upstream at upstream channel where re-routed to north 

Buckeye/Sun Valley ADMS 

P7/27 Primary Wash #19- Cross Section #6 - View looking upstream 

P?/18 Primary Wash #19- Sun Valley Parkway Bridge Culvert 
View looking upstream/south at new re-routed channel and southern culverts 

PW'I9-7 Primary Wash #19 
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P?/19 Primary Wash #19- Sun Valley Parkway Bridge Culvert 
View looking downstream at upstream face of southern and middle set of culverts 

P?/16 Primary Wash #19 - Sun Valley Parkway Bridge Culvert 
View looking upstream at upstream face and undermined downstream 

qrouted rock riprap apron 

Buckeye/Sun Valley ADMS PW19-8 

P7 /15 Primary Wash #19- Sun Valley Parkway Bridge Culvert 
View looking north at downstream face of bridge culverts 

P7 /17 Primary Wash #19 - Sun Valley Parkway Bridge Culvert 
View looking downstream at incised downstream channel 

Primary Wash #19 
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W.J. Spitz, A.B. Alvarado 

Primary W ash #20 (White Tank Wash) 
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P5/14 Primary Wash #20 (White Tank Wash)- Cross Section #1 
View looking downstream 

P5/16 Primary Wash #20 (White Tank Wash)- Cross Section #2 
View, looking downstream 

Buckeye/Sun Valley ADMS PW20-9 

P5/15 Primary Wash #20 (White Tank Wash) - Cross Section #1 
View looking upstream 

P5/17 Primary Wash #20 (White Tank W~sh)- Cross Section #2 
View looking upstream 

Primary Wash #20 (White Tank Wash) 
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P6/9 Primary Wash #20 (White Tank Wash)- Cross Section #3 
View looking downstream 

P6/11 Primary Wash #20 (White Tank Wash)- Cross Section #5 
View looking downstream 

Buckeye/Sun Valley ADMS PW20-10 

P6/10 Primary Wash #20 (White Tank Wash) - Cross Section #4 
View looking downstream 

P6/12 Primary Wash #20 (White Tank Wash)- Cross Section #6 
View looking downstream 

Primary Wash #20 (White Tank Wash) 
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P6/13 Primary Wash #20 (White Tank Wash)- Cross Section #7 
View looking upstream 

P6/15 Primary Wash #20 (White Tank Wash)- Cross Section #9 
View looking upstream 

Buckeye/Sun Valley ADMS PW20-1 ·1 

P6/14 Primary Wash #20 (White Tank Wash) - Cross Section #8 
View looking downstream 

P6/32 Primary Wash #20 (White Tank Wash)- Cross Section #11 
View looking upstream 

Primary Wash #20 (White Tank Wash) 



• 

' 

j 
/ 

• ~4 

P6/34 Primary Wash #20 (White Tank Wash)- Cross Section #12 
View looking downstream 

P12/5 Primary Wash #20 (White Tank Wash)- Cross Section #13 
View looking downstream 

BuckeyeiSun Valley ADMS PW20-12 

P6/5 Primary Wash #20 (White Tank Wash) - Cross Section #12 
View looking south-southeast from top left bank 

P6/25 Primary Wash #20 (White Tank Wash)- Sun Valley Parkway Bridge Culvert 
View looking downstream/north at obstructed upstream face of bridge 

Primary Wash #20 (White Tank Wash) 
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P6/22,23,24 Primary Wash #20 (White Tank Wash)- Sun Valley Parkway Bridge Culvert 
Panorama view looking upstream at upstream channel and BSV Site#6 active alluvial fan area upstream of bridge 

P6/26 Primary Wash #20 (White Tank Wash)- Sun Valley Parkway Bridge Culvert 
View looking downstream at obstructed upstream face of bridge at barrels 2 and 3 

BuckeyeiSun Va lley ADMS PW20-1 3 

P6/21 Primary Wash #20 (White Tank Wash)- Sur;~ Valley Parkway Bridge Culvert 
View looking upstream/south at partially silted-in downstream face of bridge 

Primary Wash #20 (White Tank Wash) 
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P6/19 Primary Wash #20 (White Tank Wash)- Sun Valley Parkway Bridge Culvert 
View looking upstream at downstream face of bridge and undermined grouted rock 

riprap apron 

BuckeyeiSun Vailey ADMS PW20-14 

P6/20 Primary Wash #20 (White Tank Wash)- Sun Valley Parkway Bridge Culvert 
View looking downstream at degrading downstream channel 

Primary Wash #20 (White Tank Wash) 
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WAYPOINT: 

0/S Face:~ 

U/S Face: 237 

Primary Wash #20 North 



• 

P7/6 Primary Wash #20 North- Cross Section #1 -View looking upstream P7/9 Primary Wash #20 North- Cross Section #3- View looking upstream 

• ' 

' 
P7/7 & 8 Primary Wash #20 North- Cross Section #2- Panorama view looking upstream 

Buckeye/Sun Valley ADMS PW20N-4 Primary Wash #20 North 
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P7/3 Primary Wash #20 North- Sun Valley Parkway Bridge Culvert 
View looking upstream at channel upstream of bridge 

P7/5 Primary Wash #20 North- Sun Valley Parkway Bridge Culvert 
View looking upstream at downstream bridge face, apron and 2' headcut 

Buckeye/Sun Valley ADMS PW20N-5 

P7/2 Primary Wash #20 North- Sun Valley Parkway Bridge Culvert 
View looking downstream/south at upstream bridge face 

P7/4 Primary Wash #20 North- Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel and person at headcut 

Primary Wash #20 North 
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Buckeye/Sun Valley ADMS 

CHANNEL: DATE: 

PW21 
March 13, 2004 

looking downstream - downstream channel appears to be incising even 
there is significant sediment dposits immediately below bridge 

WAYPOINT: 

PW21 -5 Primary Wash #21 
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P6/5 Primary Wash #21 - Cross Section #1 -View looking downstream P6/6 Primary Wash #21 -Cross Section #1- View looking upstream 

• 

• P6/7 Primary Wash #21 - Cross Section #2- View looking upstream P6/8 Primary Wash #21 - Cross Section #3- View looking upstream 

'" 7 

BuckeyeiSun Valley ADMS PW21-6 Primary Wash #21 
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P6/40 Primary Wash #21 - Cross Section #4- View looking upstream 

• 

P7/1 Primary Wash #21 -Cross Section #6- View looking upstream 

• 
Buckeye/Sun Valley ADMS PW21 -7 

P6 /41 Primary Wash #21 -Cross Section #5- View looking upstream 

P6/2 Primary Wash #21 -Sun Valley Parkway Bridge Culvert 
View looking upstream at channel upstream of bridge 

Primary Wash #21 
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Buckeye/Sun Valley ADMS 

P6/1 Primary Wash #21 -Sun Valley Parkway Bridge Culvert 
View looking downstream/south at upstream bridge face 

P6/4 Primary Wash #21 -Sun Valley Parkway Bridge Culvert 
View looking upstream at downstream bridge face 

P6/3 Primary Wash #21 -Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 

PW21-8 Primary Wash #21 
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P5/1 0 Primary Wash #23 - Cross Section #8- View looking downstream 

P4/45 Primary Wash #23 -Sun Valley Parkway Bridge Culvert 
View looking upstream at channel upstream of bridge 

Buckeye/Sun Valley ADMS PW23-10 

PS/11 Primary Wash #23 - Cross Section #8 - View looking upstream 

P4/43 Primary Wash #23- Sun Valley Parkway Bridge Culvert 
View looking downstream/north at upstream bridge face 

Primary Wash #23 
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P4/44 Primary Wash #23- Sun Valley Parkway Bridge Culvert 
View looking downstream/south at upstream bridge face at south end 

P4/47 Primary W ash #23- Sun Valley Rarkway Bridge Culvert 
View looking upstream/north at dowristream bridge face 

P4/46 Primary Wash #23- Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 

BuckeyeiSun Valley ADMS PW23-11 Primary Wash #23 
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~' 

P4/3 Primary Wash #24 - Cross Section #1 -View looking upstream 
secondary flow paths 

P4/6 Primary Wash #24 - Cross Section #2 -View looking upstream 

BuckeyeiSun Valley ADMS PW24-7 

P4/4 Primary Wash #24 - Cross Section #1 - View looking upstream 
primary flow path 

P4/7 Primary Wash #24 - Cross Section #2 L View looking downstream 

Primary Wash #24 



• 

P4/13 Primary Wash #24 - Cross Section #3 -View looking downstream P4/14 Primary Wash #24 - Cross Section #4- View looking upstream 

• 

• -< 

P4/15 Primary Wash #24 - Cross Section #4- View looking downstream P4/25 Primary Wash #24 - Cross Section #5 :__ View looking downstream 

Buckeye/Sun Valley ADMS PW24-8 Primary Wash #24 



• 

P4/26 Primary Wash #24 - Cross Section #5 -View looking downstream 

, 

• ,,;/ 

P4/27 & 28 Primary Wash #24 - Cross Section #6 - Panorama view looking downstream 

Buckeye/Sun Valley ADMS PW24-9 Primary Wash #24 



• ·"4 
} 

P4/29 Primary Wash #24 - Cross Section #7- View looking downstream P4/30 Primary Wash #24 - Cross Section #J- View looking upstream 

• ~ 
.!' 

• .:;,?t' 

P4/32 Primary W ash #24- Cross Section #8- View looking upstream 
P12/4 Primary Wash #24 - Cross Section #9'- View looking downstream 

Buckeye/Sun Valley ADMS PW24-10 Primary Wash #24 



• ' i 
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' 

P4/21 Primary Wash #24 - Sun Valley Parkway Bridge Culvert 
View looking upstream at channel upstream of bridge 

P4/22 Primary Wash #24- Sun Valley Parkway Bridge Culvert 
View looking upstream/north at downstream bridge face 

Buckeye/Sun Valley ADMS P\tV24-11 

P4/20 Primary Wash #24 - Sun Valley Parkway Bridge Culvert 
View looking downstream/south at upstream bridge face 

P4/23 Primary Wash #24- Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 

Primary Wash #24 



co
 

c ('"
) 

;.:
­ ro '<
 

cP
 

(/)
 

c ::J
 <
 

(l
) iD
 

'<
 

J>
 

0 $ (/
) \J

 
~
 

N
 

(.
]1

 
I ·-
'-

0 (.
)1

 

0 

N
 

(.
)1

 

0 

w
 

(.
)1

 

0 

E
LE

V
A

T
IO

N
 (

ft
-N

A
V

D
8

8
) 

..,. (.
)1

 

0 

(.
)1

 
(.

)1
 

0 

N
 

0 (.
)1

 

0 

0 
~
~
W
U
~
~
~
U
+
~
~
~
~
~
~
~
W
+
L
U
L
U
~
~
~
~
~
~
~
~
~
U
L
W
U
~
~
W
+
~
~
~
W
+
~
~
 

3
:ft

 H
ea

dc
ut

:in
 c

al
ic

he
 

(.
)1

 

0 0 0 0 0 0 0 .....
 

(.
)1

 

0 0 0 N
 

0 0 0 0 N
 

(.
)1

 

0 0 0 

0 (!
) 

-
\ 

)>
w

 
z
o

 
o

o
 

m
8 w

 
(.

)1
 

0 0 0 ..,. 0 0 0 0 ..,. (.
)1

 

0 0 0 (.
)1

 
0 0 0 0 (.

)1
 

(J
l 

0 0 0 

C
ro

ss
 S

e
ct

io
n

 #
8 

ah
d 

up
st

re
am

 e
nd

 o
f 

gu
lly

in
g 

' 
. 

' 
. 

' 

..
. 

~W
es

t
. T

on
op

ah
-S

al
om

e 
H

ig
h

w
ay

 
.:

cr
o

ss
 S

e
ct

io
n

 #
7

 

U
ps

tr
ea

m
 e

nd
 3

 .ft
 x

 5
0

ft
 k

ni
ck

zo
ne

 
-C

ro
ss

 S
e

ct
io

n
 #

6 
an

d 
C

al
ic

he
 in

 b
ed

 

· C
ro

ss
 S

e
ct

io
n

 #
5 

I- · I
 :I
 

·I
 :I
 

:~
:t

>
. 

1
0

 
-C

ro
ss

 S
e

ct
io

n
 #

4 
:::::

! 
'I<

 c
 

·lm
 U

J 
..

. :
::t

>
.Q

. 
:l
r
 U

l 
:r

 UJ
 

:I
C

 :
::j

 
::::

5 
m

 
:,:

t>
 (

...)
 

··
:,
r

·'
-'1

··
 

:I
 11

 

:: 
:t>

 
'I
Z

 
:I

 :I
 

··
··

I
..

 
. .

. 

:~-
--

··
·-+

··
·-
--

~H
yd
ro
~r
ap
hi
c 

A
p

e
x 

• -
B

e
d

ro
ck

 f
a

lls
 1

0-
12

 f
t 
hi

~h
 

. .
 . 
. .

 . .
 . 

. 
. . 

. .
 . . 

. . 
. .

 . 
. .

..
..

..
..

. 
~ 
. 

-C
ro

ss
 S

e
ct

io
n

 #
2 

B
ed

ro
ck

 c
on

st
ri

ct
io

n 

··
··

:·
··

· 

0
)
 

0 0 
-
L
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
 

0 0 



CHANNEL: 

PW25 
• II'" ·Ja-··,-o-o-o-t''" a-,.,,.-'11 

, 
i-S -tt=-36 

tNS&' 
l-·i~pl"G-·~;--rc6 
5olv ,Jf 

fV110. t.p.-"'lfY!U 
eN~' 

'iaL-s 

CROSS­

SECTION : 

1 

WAYPOJNT: DATE : 

93 March 9, 2004 

W.J. Spitz, A.B. Alvarado 

t..Jg;;,.-

'~;t:;~ 
5otw /CP!!'ro 
~ru>r 

N<> /"'~i)N". 

• r---------------------------------~AMREs "-':7 ASSOCIATES 

Buckeye/Sun Valley ADMS 

CHANNEL: 

PW25 

~ ~b I 

l~~~r 

v~·J _ f:i:t, ~~ 
\w~ ;M~~ _ ~itfl7 {1 

PW25-2 

2 

WAYPOINT: 

94 

-«~ -..J C 
1,_;/o<J'I~~­
M~p-

DATE: 

March 9, 2004 · 

Primary Wash #25 



• 

• ) 

0~\-B.) 

\. 

t>j) 

• 1 
,~,;/ 

BuckeyeiSun Valley ADMS 

CHANNEL: 

PW25 

xs~ 3Z--
ffif:: \ 

~~~ 

CROSS­
SECTION: 

3 

WAYP OINT: DATE : 

98 March 9, 2004 

PW25-3 

CHANNEL: 

PW25 

CROSS­
SECTION: 

4 

WAYPOINT: 

99 
DATE : 

March 9, 2004 

fC0--( (')\ fwl 
I w/ rA<161'1c-Jr 

1t....-. .....{ ~ _ ~ -vP , s--~ 

~----------------------------------~~5 
ASSOCIATES 

Primary Wash #25 



• 

• 

• ,.._,.;;c .. / 

f~ \._y;O" ~1~~} 
cot-P~ 

~ 

CHANNEL: 

PW25 

~s~ -

CROSS­
SECTION: 

5 
WAYPOINT: 

104 

DATE: 

March 9, 2004 

.------------------------------------4~5 
ASSOCIATES 

BuckeyeiSun Val ley ADMS PW25-4 

~VI 

CHANNEL: CROSS­
SECTION: 

PW25 

X5 -{F-35 

t:"Z"" ~ J$" t"t"E'\. ~lt-'f) 
e,.,f.Jt--zZP eN . c:Mn£ 

u,-n..E o:>"~ tfiff 

~ ,_ 

~ 

6 

WAYPOINT : DATE : 

108 March 9, 2004 

50 1<_ 

1 c f&tPro 
e;z.v.sr;:;. 

{j/.'5J: 
Fz-oLJ 
~ 

~----------------------------------~~5 
ASSOCIATES 

Primary Wash #25 



• CHANNEL: 

PW25 
WAYPOINT: 

March 9, 2004 

DATE : 

110 

• 
X5 1fJJo 

)Jfo ) t-1 >4[}7 Lt. 
FM 

·JfiJ 
)OIL C . 

J/;~~~ 
OI~J5 

• 
BuckeyeiSun Valley ADMS PW25-5 

~I s 
5,~u5 
~~+A~ 

~ L ,f/f i~~J ('~!1 
___.--v , · ~~ 

CHANNEL: 

PW25 

xst.t-142-

J\{.rt' ~ jf/ ~/ 
' L.._...)~ 

CROSS­

SECTION : 

8 

D(S 

WAYPOINT: 

427 

(; tK.L '-11 A.J 4 
\''(/ 

DATE : 

March 19, 2004 

~-

~----------------------------------~AMRES 
ASSOCIATES 

Primary Wash #25 



• CHANNEL: 

PW25 

• I 
I 

' BuckeyeiSun Val ley ADMS 

DATE: WAYPOINT: 

DIS Face: _ _,_1.=.0,_6 __ _ 
UIS Face: 105 March 9, 2004 

v-~ ·r=> 
s ~~ ~t.P61"~¥: ~u\ 
vP ~ ----7?P 

--IV I• 

PVV25·-6 Primary Wash #25 



• 

P3/29 & 30 Primary Wash #25 - Cross Section #1 -Panorama view looking upstream 

' 

• _,:;..7 

P3/28 Primary Wash #25- Cross Section #1 -View looking downstream P3/31 Primary Wash #25 - Cross Section #2- View looking upstream 

Buckeye/Sun Valley ADMS PW25-7 Primary Wash #25 



• 

P3/32 Primary Wash #25 - Cross Section #2 -View looking downstream P3/36 Primary Wash #25 - Cross Section #3- View looking downstream 

~ 

• __ :} 

P3/37 Primary Wash #25 - Cross Section #3- View looking upstream P3/38 Primary Wash #25 - Cross Section #4- View looking upstream 

Buckeye/Sun Valley ADMS PW25-8 Primary Wash #25 



• 

P3/39 Primary Wash #25 - Cross Section #4- View looking downstream 
P3/40 Primary Wash #25 - Cross Section #5- View looking upstream 

• 

• P3/41 Primary Wash #25 - Cross Section #5- View looking downstream 
P3/49 Primary Wash #25 -Cross Section #6 -View looking upstream 

~:.;/ 

Buckeye/Sun Valley ADMS PW25-9 
Primary Wash #25 



• 

P3/51 Primary Wash #25- Cross Section #7- View looking downstream 

• 

P3/50 Primary Wash #25 - Cross Section #6 -View looking downstream 

• P3/52 Primary Wash #25 - Cross Section #7 -View looking upstream 

~:.::.Y 

BuckeyeiSun Valley ADMS 
PW25-10 

Primary Wash #25 
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• .;.J" 

P12/1 Primary Wash #25- downstream of Cross Section #8 
View looking upstream from Buckeye FRS #t 

BuckeyeiSun Valley ADMS 

P12/2 Primary Wash #25 - Cross Section #8 -View looking downstream 

P12/3 Primary Wash #25 - Cross Section #8- View looking upstream 

PW25--11 Primary Wash #25 
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P3/43 Primary Wash #25 -Sun Valley Parkway Bridge Culvert 
View looking upstream at channel upstream of bridge 

P3/44 Primary Wash #25 - Sun Valley Parkway Bridge Culvert 
View looking upstream/north at downstream bridge face 

BuckeyeiSun Valley ADMS PW25-12 

P3/42 Primary Wash #25- Sun Valley Parkway Bridge Culvert 
View looking downstream/south at upstream bridge face 

P3/45 Primary Wash #25- Sun Valley Parkway Bridge Culvert 
View looking downstream at downstream channel 

Primary Wash #25 
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' 
P12/6 Primary Wash #25- Cross Section #1 -View looking downstream P12/7 Primary Wash #25 - Cross Section #2 -View looking downstream 

• • c;J7 

BuckeyeiSun Valley ADMS PW26-3 Primary Wash #26 
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P1/1 Primary Wash #34- Cross Section #1 -View looking downstream P1 /2 Primary Wash #34 - Cross Section #1 - View looking upstream 
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• P1/3 Primary Wash #34 - Cross Section #2- View looking downstream P1/4 Primary Wash #34 - Cross Section #2- View looking upstream 
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P1/5 Primary Wash #34- Cross Section #2- View of right bank ca liche P1/7 Primary Wash #34- Cross Section #3- View looking downstream 
toward 4' headcut in caliche 
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P1/8 Primary Wash #34 - Cross Section #3- View looking upstream 
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P3/1 Primary Wash #26 - Cross Section #1 -View looking downstream P3/5 Primary Wash #26 - Cross Section #2 --:- View looking downstream 

• 
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P3/9 Primary Wash #26- Cross Section #3- View looking upstream 
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P3/14 Primary Wash #26 - Cross Section #5- View looking right bank to 
left bank (southeast) 

P3/1 8 Primary Wash #26 - Cross Section #6 -View looking upstream 

P3/17 Primary Wash #26 - Cross Section #6- View looking downstream 
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P2/3 Primary Wash #28:... Cross Section #2 -View 
looking downstream 
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P2/4 Primary Wash #28 - Cross Section #2 -View looking upstream P2/5 Primary Wash #28 - Cross Section #3 -View looking upstream 

P2/6 Primary Wash #28 - Cross Section #3 -View looking downstream 
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P2/7 Primary Wash #2:8 - Cross Section #4 -View looking downstream P2/8 Primary Wash #28 - Cross Section #4;- View looking upstream 
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• P2/9 Primary Wash #28 - Cross Section #5- View looking downstream P2/1 0 Primary Wash #28 - Cross Section #5 -View looking upstream 
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• I 

P2/12 Primary Wash #28 East - Cross Section #1 -View looking upstream P2/13 Primary Wash #28 East- Cross Section #2 - View looking downstream 

• 
Buckeye/Sun Valley ADMS PW28E-3 Primary Wash #28 East 
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P1/34 Primary Wash #29- Cross Section #1- View looking downstream 
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• P1/35 Primary Wash #29- Cross Section #1- View looking upstream 
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BuckeyeiSun Valley ADMS PW29-4 Primary Wash #29 



• J 

P1/36 Primary Wash #29 - Cross Section #2 -View looking downstream P1 /37 Primary Wash #29 - Cross Section 

• 

' 
P2/17 Primary Wash #29 - Cross Section #3- View looking upstream P2/18 Primary Wash #29 - Cross Section #3 -View looking downstream 

;.;p' 

Buckeye/Sun Valley ADMS PW29-5 Primary Wash #29 
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P2/21 Primary Wash #29 - Cross Section #4 - View looking downstream P2/22 Primary Wash #29 - Cross Section #4- View looking upstream 

' 

• P2/14 Primary Wash #29 - Cross Section #5- View looking upstream P2/15 Primary Wash #29 - Cross Section #5 -View looking downstream 

~-~ .. 

Buckeye/Sun Valley ADMS PV\/29-6 Primary Wash #29 
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P2/19 Primary Wash #29 East- Cross Section #1- View looking downstream 
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P1/28 Primary Wash #31 - Cross Section #1 - View looking downstream P1/29 Primary Wash #31 - Cross Section #1 - View looking upstream 
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• P1/231 & 32 Primary Wash #31 - Cross Sections #2 & 3- Panorama view looking upstream 
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P1/30 Primary Wash #31- Cross Sections #2 & 3- View looking P1 /33 Primary W ash #31 -Cross Section #4 - View looking downstream 
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--· P1/34 Primary Wash #31 -Cross Section #4- View looking upstream 
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P1/22 Primary Wash #32- Cross Section #1 -View looking downstream P1/23 Primary Wash #32- Cross Section #1 - View looking upstream 

, 

• P1/26 Primary Wash #32- Cross Section #2- View looking downstream P1/27 Primary Wash #32 - Cross Section #2 -View looking upstream 
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P1/14 Primary Wash #33- Cross Section #1 -View looking downstream 
P1/15 Primary Wash #33- Cross Section #1- View looking upstream 

• ) 

• P1/17 Primary Wash #33- Cross Section #2- View looking downstream 
P1/18 Primary Wash #33 - Cross Section #2- View looking upstream 

Buckeye/Sun Valley ADMS PW33-3 
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• 
Figure D-1. Excerpt of soils mapping from part of Area 3 of the BSV ADMS study area overlain 

on 2003 aerial photo. Numbers represent soil types shown in Table D-1 . 
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Table D-1 Soils for Area 3 of BSV ADMS 

• TYPE# SOIL DESCRIPTION 

1 Antho sandy loams 

2 Antho gravelly sandy loams 

3 Antho-Carrizo-Maripo complex 

4 Antho-Carrizo-Maripo complex, low precipitation 

7 Anthony-Arizo com plex , low precipitation 

999 Blank/Unknown/Uncertain 

10 Brios-Carrizo complex. 1 to 5 percent slopes 

11 Brios-Carrizo complex, low precipitation, 1 to 5 percent slopes 

13 Carefree-Beard sley complex 

14 Carrizo very gravelly sand 

15 Carrizo-Gunsight complex, 1 to 5 percent slopes 

18 Cheriono-Rock outcrop complex, 5 to 60 percent slo_2_es 

19 Chuckawalla-Gunsiqht complex, 1 to 8 percent slopes 

20 Chuckawalla-Gunsight complex, low precipitation , 1 to 8 percent slo_Qes 

21 Cipriano very gravelly loam 

23 Contine clay 

22 Contine clay loam 

24 continental clay loam, 0 to 3 percent slopes 

29 Denure-Momoli-Carrizo complex 

• 30 Denure-Momoli-Carrizo complex, low precipitation 

31 Dixaleta-Rock outcrop complex, 25 to 65 percen t slopes 

32 Dixaleta-Rock ou tcrop complex, low precipitat ion, 25 to 65 percent slopes 

33 Eba very gravelly loam, 1 to 8 percent slopes 

35 Eba very gravelly loam, low precipitation , 8 to 20 percent slopes 

36 Eba-Continental complex, 1 to 8 percent slopes 

38 Eba-Continentai-Cave association, low precipitation, 3 to 20 _Qercent 

39 Eba-N ickei-Cave association, 3 to 25 percen t slopes 

43 Eba-Pinaleno complex, low precipitation, 20 to 40 percent slopes 

42 Eba-Pinaleno complex, low precipitation, 3 to 20 percent slopes 

44 Ebon very gravelly loam, 1 to 8 percent slopes 

45 Ebon very gravelly loam, 8 to 20 percent slopes 

46 Ebon-Contine complex, 1 to Bpercent 

47 Ebon-Gunsight-Cipriano associa tion, 3 to 25 percent slopes 

49 Ebon-Pinamt complex, 20 to 40 percent slopes 

48 Ebon-Pinamt complex, 3 to 20 percent slopes 

50 Estrella loams 

52 Gachado-Lomitas-Rock outcrop complex, 7 to 55 percent slopes 

57 Gilman clay loam 

55 Gilman loams 

56 Gilman loams, low precipitation 

• 58 Gilman-Momoli-Denure complex 
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Table D-1 (cont.). Soils for Area 3 of BSV ADMS . 

• ~-

60 Glenbar loams 

63 Gra n-Wickenburg-Rock outcrop complex, 1 to 7 percent slopes 

~4- 0 ran-Wickenburq-Rock outcrop complex, low precipitation, 10 to 65 _Q_ercent slopes 

66 Greyeagle-Suncity Variant complex, 1 to 7 percent slopes 

68 Gunsiqh t-Cipriano com plex, 1 to 7~ercent slopes 

69 Gunsight-C ipriano complex, low precipitation, 1 to 7 percent slopes 

70 Gunsight-Rillito complex, 1 to 25 percent slopes 

71 Gunsiqht-Rillito complex, low precipitation , 1 to 40 percent slo_Q_es 

73 Lehmans-Rock outcrop complex, low precipitation, 8 to 65 percent slopes 

74 Luke-C ipriano associa tion, 1 to 15 percent slopes 

78 Mohall clay loam, calcareous solum 

75 Mohall loam 

76 Mohall loam, calcareous solum 

80 Mohaii-Tremant complex, 1 to 8 percent slopes 

81 Mohaii-Tremant complex, low precipitation, 1 to 8 percent slopes 

91 Momoli-Carrizo complex 

92 Momoli-Carrizo complex , low precipitation 

94 Nickel-Cave com plex, low precipitation, 8 to 30 R_ercent slopes 

95 Ohaco gravelly loam 

96 Pinaleno-Tres Hermanos complex, 1 to 10 percent slopes • 97 Pinaleno-Tres Hermanos complex, low _precipitation, 1 to 10gercent slopes 

99 Pinamt-Tremant complex, low precipitation, 1 to 10 percent slopes 

53 Quilotosa-Mom oli-Carrizo complex, 1 to 15 percent slopes 

54 Quilotosa-Rock outcrop complex, 15 to 55 percent slopes 

100 Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 percent slopes 

102 Rillito qravelly loam, 1 to 8 percent slopes 

105 Rock outcrop-Lehmans com plex, low precipitation, 15 to 65 percent sloQeS 

106 Sai-Cipriano complex, 1 to 10 percent slopes 

107 1Sai-Cipriano complex, low precipitation, 1 to 10 percent slopes 

110 Suncity-Cipriano complex, 1 to 7 percent slopes 

113 Tremant qravelly loams 

114 Tremant gravelly loams, low precipi tation 

112 Tremant qravelly sandy loams 

115 Tremant-Antho complex, 1 to 5 percent slopes 

116 Tremant-Gunsight-Rillito complex , 1 to 5 percent slopes 

117 Tremant-Gunsiqht-Rillito complex, low precipitation, 1 to 5 percent slopes 

11 9 Tremant-Suncity complex, 1 to 8 percent slopes 

121 Tres Hermanos-Anthony complex, 1 to 5 percent slopes 

123 Vaiva very gravelly loam , 1 to 20 percent slopes 

124 Valencia sandy loams 

• 
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Table 0-2. Soils for Area 2 and southern part of Area 3 of BSV ADMS . 

• TYPE SOIL DESCRIPTION 

A a Agualt loam 

AbA Anthosandy loam, 0 to 1 percent slopes 

AbB Antho sandy loam, 1 to 3 percent slopes 

Ac Antho sandy loam, saline-alkali 

AdA Antho gravelly sandy loam, 0 to 1 percent slopes 

A dB Antho gravelly sandy loam , 1 to 3 percent slopes 

Ae Antho-Brios sandy loams 

A fA Antho-Carrizo complex, 0 to 1 percent slopes 

AfB Antho-Carrizo complex , 1 to 3 percent slopes 

AGB Antho-Carrizo complex, 0 to 3 percent slopes 

AHC Antho-Tremant complex, 1 to 5 percent slopes 

AkB Antho-Tremant-Mohall complex, 1 to 5 percent slopes 

AL Antho associa tion 

AM Antho-Valencia association 

An Avonda clay loam 

Ao Avondale cl ay loam 

Ap Avondale clay loam, saline-alkali 

BPI Borrow pi t 

Br Brios loamy sand 

• Bs Brios sandy loam 

Bt Brios loam 

CA2 Calciorthids and Torriorth ents, eroded 

Cb Carrizo gravelly sandy loam 

CF Carri zo and Brios soils 

Co Casa Grande Sandy loam 

Ch Casa Grande loam 

Cm Casa Grande-Leveen complex, alkali 

Cn Cashion clay, saline-alkali 
. . 

co Cheriono-Rock outcrop complex 

Cp Coolidge sandy loam 

CrB Coolidqe qravelly sandy loam, 1 to 3 percent slopes 

cv Coolidge-Laveen association 

EPD Ebon-Pinamt complex, 0 to 10 percent slopes 

Es Estrella loam 

Et Estrella loam , saline-alkali 

Gb Gadsden clay loam 

Gc Gadsden clay 

Gd Gadsden clay, saline-alkali 

Ge Gilman fine sandy loam 

• 
Gf Gilman fine sandy loam, sal ine-alkali 

GgA Gilman loan, 0 to 1 percent sfopes 
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Table D-2 (cont.). Soils for Area 2 and southern part of Area 3 of BSV ADMS . 

• GgB Gilman loam, 1 to 3 percent slopes 

Gh Gilman loam, saline-alkali 

GM Gilman-Antho association 

GN Gilman-Laveen association 

Go3 Gilman,Antho and Glenbar soils, severely eroded 

Gp Gilman loam, clayey subsoil variant, moderately saline 

GPI Gravel pit 

Gr Glenbar loam 

Gs Glenbar loam, saline-alkali 

Gt Glenbar clay loam 

Gu Glenbar clay loam, saline-alkali 

Gv Glenbar clay 

GWD Gunsiqht-Pinal complex, 1 to 10 percent slopes 

GxA Gunsight-Rillito complex, 0 to 1 percent slopes 

GxB Gunsight-Ri llito complex, 1 to 3 percent slopes 

GYD Gunsight-Rillito complex, 0 to 10 percent slopes 

HAB Harqu a complex, 0 to 3 percent slopes 

HAC Harqu a complex, 3 to 8 percent slo_Qes 

HLC Harqua-Gunsight complex, 0 to 5 percent slopes 

HrB Harqua-Rill ito complex, 1 to 3percent slopes 

• Lb Laveen sandy loam 

LeA Laveen loam, 0 to 1 percent slopes 

Ld Laveen loam, saline-alkali 

Le Laveen clay loam 

LEV Man-made levee 

Ma Maripo sandy loam 

Mo Mohall sandy loam 

Mr Mohall clay loam 

MTB Mohaii-Tremant complex, 0 to 3 percent slopes 

Pa Perryville sandy loam 

Pb Perryville loam, sal ine-alkali 

PeA Perryville gravell y loam, 0 to 1 percent slopes 

PeB Perryville gravelly loam, 1 to 3 percent slopes 

PRB Perryvi lle-Ri llito complex, 0 to 3 percent slopes 

PsB Pinal loam, 1 to 3 percent slopes 

PT Pinal gravelly loam 

PWB Pinai-Suncity complex, 0 to 3 percent slopes 

PYD Pinamt-Tremant complex, 1 to 10 percent slopes 

RaA Rillito sandy loam, 0 to 1 percent slopes 

RaB Rill ito sandy loam, 1 to 3 percent slopes 

• RbA Rillito loam, 0 to 1 percent slopes 

RbB Rillito loam, 1 to 3 percent slopes 
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Table D-2 (cont.). Soils for Area 2 and southern part of Area 3 of BSV ADMS . 

• RhB Rillito-Harqua complex, 1 to 3 percent slopes 

RpE Rillito-Perryville complex, 5 to 20 percent slopes 

RS Rock outcrop-Cherioni complex 

Ta Toltec loam 

TB T orrifluvents 

Tc T orriorthents 

TO Torripsamments and Torrifluvents, frequently flooded 

Te Tremantloam 

TrA Tremant-Rillito complex, 0 to 1 percent slopes 

TrB Tremant-Rillito complex, 1 to 3 percent slopes 

TSC Tremant-Rillito complex, 0 to 5 percent slopes 

Tu Tucson loam 

Va Valencia sandy loam 

Vb Valencia sandy loam, saline-alkali 

Vg Vint loamy fine sand 

Vh Vin l fine sandy loam 

Vk Vintloam 

Vr1 Vint clay loam 

w Lakes, ponds, reservoirs - perennial 

Wg Wintersburg complex 

• 

• 
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Figure E-1. Excerpt of surficial geology map for part of Area 3 of the BSV ADMS study area 
(from Field and Pearthree 1991 ). Descriptions of geologic units provided in 
Table E-1 . 
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• Table E-1 . Geologic Map Units of the BSV ADMS study area (Field and Pearthree 1991) 

Unit Geologic Age and Surface Age* 

Y2 
Late Holocene alluvial fans, low terraces, and active 

< 3 ka 
stream channels 

Y1 Late to early Holocene alluvial fans and terraces 1 to 10 ka 

y Undifferentiated Holocene alluvial surfaces 0 to 10 ka 

M2 Latest to late Pleistocene alluvial fans 10 to 150 ka 

M1b Middle to late Pleistocene alluvial fans 150 to 300 ka 

M12 Middle to late Pleistocene distal alluvial fans 10 to 300 ka 

M1a Middle to early Pleistocene alluvial fans 300 to 1,000 ka 

M1 Middle Pleistocene alluvial fans 1500 to 1,000 ka 

0 Early Pleistocene to late Pliocene alluvial fans > 1,000 ka 
---
•ka = k1fo-annum (1 ,000 years before present) 

• 
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Figure F-1. Excerpt of flood hazards map for part of Area 3 of the BSV ADMS study area 
(from Field and Pearthree 1992). Descriptions of flood hazard designations 
provided in Table F-1 . 
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Table F-1. Flood hazard designations for BSV ADMS study area (Field and Pearthree 1992). 

Zone Haza rd Rating Distribution 
-

Entrenched reaches of major drainages and 
H1 Very High Flood Potential distributary flow areas on middle and upper 

piedmont 

H2 High Flood Potential 
Restricted to lower piedmont and small drainages 

heading on the piedmont 

I Intermediate Flood Potential 
Adjacent to H1 and H2 in distributary flow areas 

and on lower piedmont 

L1 Relatively Low Flood Potential 
Downslope from and adjacent to distributary flow 

areas on middle and lower piedmont 

L2 Very Low Flood Potential 
Upper and middle piedmont and adjacent to 

Hassayampa River 

M Flood Hazard Unknown Mechanized disturbance 

B Low Flood Potential 
Bedrock outcrops with localized slope wash and 

L...__ 
debris flows possible in steepest areas 

• 

• 
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