ABANDONED URANIUM MINES
AND THE NAVAJO NATION

PART 11

ATLAS WITH GEOSPATIAL DATA

Section 1 Section 2 Section 3

MINING HISTORY AND MINE WASTE ENVIRONMENTAL SETTING
MINE SITE INFORMATION CHARACTERISTICS




ABANDONED URANIUM MINES AND THE NAVAJO NATION
CONTENTS
Page Number
PART II - ATLAS AND GEOSPATIAL DATA
MAP LEGEND AND BASEMAPS . ...ttt s st s st mta st s nam e ta s e s aaasa s s s aamsa s s sansarraansa s sannantnsnsnsnn iv
SECTION 1. MINING HISTORY AND MINE SITE INFORMATION ... eret s s s s s s s s s s e nrmnanns 1-1
MINING HIST O RY ..o et e e e e 1-2
Uranium Mining History in the United States ..........c.oviiriiiiiiiii et eaaaas 1-2
Uranium Mining Areas On the Navajo NatiOn ........o.viuiritiiiie ettt eerie e et e e eteene e aneanens 1-2
LEASES AND MINING PERMIT HISTORY ... e e 1-3
ABANDONED URANIUM MINES .. it e et ee e e e e 1-4
UTANTUM IMINIIE Lottt ettt et et et ettt e et ettt e e et ettt et e et e et e et e e e e et e e e e e eee et e et et e eaneennes 1-4
Method for Determining Point Mine Feature LOCations ..........couiviiiiiiiiiiiiiiiii it ee e eerae e 1-6
Abandoned Uranium Mine Polygon Delineation ............c.oiiiiiiiiiiiiii it e eaeaneaeens 1-8
Underground AUM WoOrKINES ... ..ottt et et e e et et e e eereeeeaeenneenanns 1-8
o014 10175 1 )& S 1-10
Production Data DevelOPIMENt ..........ouiiriitiiiii ettt ettt 1-10
Production Polygon GIS Dataset Development ............ovuieiitiitiiii e e ee e 1-12
Production Point GIS Dataset DeVEIOPIMENT ........ouiinuiiiiit it eeeee e ae s 1-12
Production Tabulation ...........c.iuitiitiitit et et et et et et et et et et et et et et e s e eaaaas 1-12
Uranium Mills On the Navajo NAtiOn . ........ouitinitit e 1-14
FIGURES
Figure 1. Map of Uranium Mines and Claims in the Eastern Carrizo Mountains .................cooeiiiiiiiiiiinnaninn... 1-3
Figure 2. Abandoned Uranium Mines Shown by Geologic Host Rock Formation. ...................ooiiiiiiiiinni, 1-5
Figure 3. Mine Features On the Lukachukai MOUNEAINS. ..........oouiitiiiiiii e e eee e e 1-7
Figure 4. Surface and Underground AUMs of the Lukachukai Mountains ...............ccooiiiiiiiiiiiiiiiiiiieinen, 1-9
Figure 5. Uranium (U3Og) Production On the Navajo Nation .........c.oouiiiiiiitiitiiititeit et eeeeeieaeanennns 1-11
Figure 6. Uranium (U;Og) Production for the Lukachukai Mountains ................coeoviiiiiiiiiiiiiiiiin e, 1-13
Figure 7. Mill Sites On or Near the Navajo Nation ........oouiiiiiiiiiii et e e e eereeaees 1-14
TABLES
Table 1. U.S. General Uranium Mining Periods............ouiiiitiitiiii i e e ees 1-2
Table 2. Mine Features by AUM REZION ... ..ottt e 1-6
Table 3. Example Production Record for Frank No. 1 MINE .......c.ooiiiiiiiiiiiiii it 1-12
SECTION 2. MINE WASTE CHARACTERISTICS ..ot r s s s s s s s s s s s s s s n s s s s s m s sn s s s e amsannnn 2-1
ABANDONED URANIUM MINE WASTE CHARACTERISTICS ... ..., 2.2
RADIATION SURV E Y S o e 2-2
NAUM Aerial Radiation SUIVEYS .......ouiniitiniitii e e e 2-2
National Uranium Resource Evaluation (NURE) Aerial Gamma Ray Surveys ............ooovviiiiiiiiiiiiiiinnenn. . 2-4
Church Rock Gamma SCaM .........ouii e e e 2-4
WATER AND SEDIMENT SAM P LES ... e 2-5
NURE Hydrogeochemical and Stream Sediment Reconnaissance (HSSR) Data ....................coiiat, 2-5
B S 1 T 41 ] 2-6
Navajo Abandoned Uranium Mines Study Water Samples ............oiiiiiiiiiiiiii e 2-6
U.S. Geological SUrvey Water SAmPIes ........oiuiiiriiitiit ittt et e et e te e e ee e e e eeeeraraees 2-6
Navajo Nation Environmental Protection Agency Water Samples ...........ooviiriiriiiiiiie i iiieieieeieeennn 2-6
Church Rock Uranium Monitoring Program Water Samples .............ooiiiiiiiiiiiiiiiiiice e, 2-6
AUM RECLAMATION ..o e e e 2-8
FIGURES
Figure 1. Aerial Radiation Survey Footprint Diagram .............oouiiiiiiiiiii i e e e e e as 20
Figure 2. NAUM Project Aerial Radiation Survey Data ...........oooiiiiiiiiiii i e e e i 2.3
Figure 3. Equivalent Uranium Map for the Conterminous United States ..............cooviiiiiiiiiiiiiiiiiiiieienn, 2-4
Figure 4. Truck Mounted Gamma Survey Near the United Nuclear Corporation Mine Area .............cccvvvuinnnenen 2-4
Figure 5. NURE Quadrangles Covering the Navajo Nation ...........ccoiiiiiiiiiiiiiiiit et eiteit et erenneenannennes 2-5
Figure 6. NURE Sediment Sample Locations by Sample SOUICE ..........ocvvuiiiiiiiiiiiiii i 2-5
Figure 7. Water Samples On the Navajo Nation With Analyses for Radionuclides ..............c..ocooiiii. 2.7
Figure 8. Example of an NAMLRP AUM Reclamation Project Site Technical Specification Drawing ................. 2-8
Figure 9. NAMLRP Reclamation Problem Areas with Prioritized AUM Features .............coooiviiiiiiiiniinniinnnnns 2-9
Figure 10. Polyurethane Foam (PUF) Closure On an Open Portal .............coiiiiiiiiiiiiiiiii e 2-10
Figure 11. NAMLRP Reclamation Project Sites and AUM Features in the Oak Springs Problem Area ................. 2-11
Figure 12. NAMLRP AUM Feature Reclamation Status and Presence of Unreclaimed Waste Piles ...................... 2-12
TABLES
Table 1. NAMLRP Problem Areas and Associated Naming Convention Designations .............cccevevvinnininnnnn..
Table 2. NAMLRP Reclamation Accomplishments by Problem Area ...............coiiiiiiiiiiiiiiiii e, 2-8
2-10



ABANDONED URANIUM MINES AND THE NAVAJO NATION

CONTENTS Page Number
SECTION 3. ENVIRONMENTAL SETTING .....couiiiiiiiiiiiiiiiiir s s s s rea s s s e s s rasm s na s e s e s rasmrn s s e s s sarmsnnnnnsmrnnnnnnnnns 3-1
ENVIRONMENTAL SETTING ...t e e e e 3-2
LAND ST AT U oot 3-4
NAVAJO NATION ADMINISTRATIVE BOUNDARIES ... ... 3-6
NAVAJO NATION DEMOGRAPHICS ... e 3-8
0 2L B 20 3-10
TRANSPORTATION ..ot ettt 3-12
L0 0 017 7. N0 3-14
ELEVATION AND TOPOGRAPHY ... e 3-20
PHYSIOGRAPHY ..o e e e 3-23
63 0 1 170 L "/ 324
GROUND WATER RESOURCES ... .o e 3-28
AQUIFER SENSITIVITY ..ot e e e et 3-32
SURFACE WATER RESOURCES ... e 3-34
0 7 3-38
SENSITIVE ENVIRONMEN TS ..ttt 3-44
PUBLIC LAND SURVEY SYSTEM (PLSS) ...ttt e 3-48
DIGITAL RASTER GRAPHIC (DRG), ORTHOPHOTO, AND SATELLITEIMAGES ...................cooen. 3-50
FIGURES
Figure 1. Location of the Navajo Nation .........o.eiuiiutitiiti it e 3.3
Figure 2. Additions to the Navajo Reservation, 1868 - 1934 ... . . e, 3.4
Figure 3. Navajo Nation Land Status ...... ..o e 3-4
Figure 4. Land Status in the Eastern Navajo Nation ..........o.eiiitititiiit et e eeeeaeaneenean 3-5
Figure 5. Navajo Nation Agencies and DiStrICES .......o.einiintitii e 3.7
Figure 6. Navajo Nation Census 2000 Population and Households ..., 3-9
Figure 7. Photo Key Showing Ground Photo and Corresponding DOQQ Image of Structures ..................ccouee.. 3-10
Figure 8. Photo Key Showing Ground Photo and Corresponding DOQQ Image of Corrals ...............ccooevieiene... 3-10
Figure 9. Structures Within 1 Mile of AUMs and Other Populated Places ..............coooiiiiiiiiiiiiiiiee, 3-11
Figure 10. Example of Unadjusted BIA ROAdS ........coviiiiiiiiii e e e 3-12
Figure 11. Example of Adjusted BIA ROAS .......oiuiiii e 3-12
Figure 12. Elevated Excess Bismuth-214 Along Haulage Road ............coooiiiiiiii i, 3-12
Figure 13. Paved Roads and Railroads On and Near the Navajo Nation ..............coooiiiiiiiiiiiiiiiiiiiii e, 3-13
Figure 14. Location of Eolian Sand and Direction of Wind On the Navajo Nation ............cccccevviiiiiiiiiiininiinnenn., 3-14
Figure 15. Navajo Nation Average Annual Precipitation, 1971 - 2000 ..........ooiiiiiiiiiii e 3-15
Figure 16. Navajo Nation Average Minimum and Maximum Temperatures, 1971 - 2000 ................ccooeeiiiinn.nn. 3-17
Figure 17. Navajo Nation Wind RESOUICES ........ouuitititititt e e e e e e e e e e e e e e neenens 3-19
Figure 18. Navajo Nation Shaded Relief and Digital Elevation Model ................cooiiiiiiiiiiiiiii e, 321
Figure 19. Slope (in percent) On the Navajo Nation .........oiueiieiiiiiit ittt e et ae e enneeaaeanaaes 3.22
Figure 20. Physiographic Sections On the Navajo Nation ............oooiuiiiiiiiii e 3-23
Figure 21. Shinarump Channels in the Monument Valley ATea ..........c.oiiiiiiiiiiiiiiiiiit it eeeeieeeeeanens 324
Figure 22. Geologic Map of the Navajo Nation .........o.evuiiuiittiti ittt e aae e 3.25
Figure 23. Karst Terrain On and Near the Navajo Nation ...........ooovuiiiiiii e 327
Figure 24. Ground Water REZIONS .........uiniiniitit it e et e e e e e ae e e e e eeanenes 3-28
Figure 25. Areas of Aquifer Recharge On the Navajo Nation ...........ooeiiiiiiiiiiii e 3-29
Figure 26. Water-Level Contours, Direction of Water Movement, and Areas of Recharge of Aquifers ................... 3-30
Figure 27. Water Sources Within Four Miles of an AUM and Across the Navajo Nation ................ccoevivininnnnn. 3-31
Figure 28. Inputs to Aquifer Sensitivity Model ..........ooiiiiii 3-32
Figure 29. Aquifer Sensitivity On the Navajo Nation ...........cooiiiiiii e 3-33
Figure 30. Hydrologic Unit Code REZIONS .........iuiitini e 3-34
Figure 31. Watersheds On and Near the Navajo Nation .........o.iiuiiniiiiitit ittt ettt et et eeeeenrieeneenens 3-35
Figure 32. Surface Water Features On and Near the Navajo Nation ..............oiiiiiiiiiiii e 3-36
Figure 33. Downstream Drainages Within One (1) Mile of an AUM ....... ... 3-37
Figure 34. Status of SSURGO Processing As of May 30, 2007 and Comparison of SSURGO and STATSGO Data ... 3.38
Figure 35. S0oil Map UNItS .. ..ouieiitii ettt et ettt ettt et et et et et et et et et e e 3-39
Figure 36. HYArolo@ic GIrOUP ......uiintiiititt et ettt et et et et e e et e et e et e et et et e et e et e et e aeentaeaneanas 3-40
Figure 37. Soil PermeEability .........iuuintitititit ittt e et e et e et e et et 3-41
Figure 38. Soil Erodibility by Water (K-Factor) .........ccoiiiiiiiiiii e e et et eeaeaen 3-42
Figure 39. Soil Erodibility by Wind (WEL)........oiiiiii e e e e e e e e aeeas 3-43
Figure 40. Fisheries On the Navajo Nation ........o.iorititiitii et e et et et e e aereeeneaes 3-44
Figure 41. Wetlands Downstream from AUMs and Protected Areas On and Near the Navajo Nation ..................... 3-45
Figure 42. Example Wildlife Areas Map for the Chinle Chapter ..., 3-47
Figure 43. Diagram Showing the Relationship Between PLSS Township, Range, and Sections ........................... 3-48
Figure 44. Public Land Survey System (PLSS) of the Navajo Nation .............ccoiitiiiiiiiiiiiii i iineeenieans 3-49
Figure 45. Landsat, Digital Raster Graphic, and DOQQ Imagery of the Navajo Nation ..............ccceeiiiiiiiiieni. 3-51
TABLES
Table 1. Average Annual Snowfall On and Within One (1) Mile of the Navajo Nation ................cooevviviinninnnn.. 3-16
Table 2. Average Wind Speed by Month and Average Annual Wind Speed On and Near the Navajo Nation .......... 3-18
Table 3. Uranium Production On or Within One (1) Mile of the Navajo Nation .............cccceiiiiiiiiiiiiiiiiiniieen, 324
Table 4. STATSGO Codes Used for Key Parameters .........c.ouiiiitiiiiiit ittt ettt eiteteeeeenieeeenns 3-38
Table 5. Protected Federal Lands On and Near the Navajo Nation ... 3-44
Table 6 DRG and DOQQ County Mosaics with Corresponding DVD Name, Filenames, and UTM Zone .............. 3-50
REFEREN CES ..o i e e e ettt e et 3.52
SOUR CES .. e e 3-56
il



T A

?[_LL.

ABANDONED URANIUM MINES AND THE NAVAJO NATION

A standard set of symbols for administrative boundaries, transportation, and cultural features were used for this Atlas, where possible.
This allowed minimizing the legend area to include only the map’s specific set of thematic symbols. The standard map legend symbols

used throughout this Atlas are shown below.

MAP LEGEND
ROADS AND ROUTE SHIELDS BOUNDARIES
U.S. Interstate Route I Navajo Nation Boundary
Shonto .
- Navajo Chapter Bounda
U.S. Route Oljato L "y
ARIZONA
sS==—=———=== State Bounda
264 Arizona State Route NEW MEXICO Y
. o e, County Boundary
_@— New Mexico State Route Apache Co

Utah State Route

Indian Service Route

BUILDINGS AND RELATED FEATURES

o Hiprock Populated Place Name

Abandoned Uranium Mine Regions
|:| Central AUM Region

|:| Eastern AUM Region

|:| North Central AUM Region

D Northern AUM Region

- Southern AUM Region

[ ] Western AUM Region

A series of Navajo Nation basemap images were generated for this Atlas. These include scanned U.S. Geological Survey (USGS) topog-
raphic quadrangle maps, orthographic-corrected aerial photographs (orthophotographs), computer-generated terrain images, and satellite
imagery. Examples of the basemaps and imagery are shown below.

A Landsat Multispectral Scanner (MSS) satellite image mosaic covering the
Navajo Nation was generated from four images that were acquired between
June 2 and September 7, 1992. The imagery has a ground resolution of 60
meters. The bands used to generate the mosaic are band 4 (near-infrared),
band 2 (red) and band 1 (green). In addition, a Landsat 7 Enhanced
Thematic Mapper satellite image (band 8, 15 meter panchromatic band)
was also processed and used throughout this Atlas as an image base.
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USGS 7.5 minute 1:24,000-scale topographic quadrangle maps were
scanned to produce Digital Raster Graphic (DRG) maps. These DRGs
were used by the Natural Resources Conservation Service (NRCS) to
create county-wide mosaics. The mosaics were compressed to a ratio of
about 1:20 to save on storage requirements and to accelerate computer
processing and display. In the example above, a portion of a DRG for the
community of Round Rock is shown. DRGs show elevation contours, and
transportation and various cultural features. These county-wide DRG
mosaics are provided for the entire Navajo Nation in MrSID compressed
format.

A shaded relief image for the Navajo Nation was generated using 30-meter
resolution data from the U. S. Geological Survey (USGS) National Elevation
Dataset (NED). Elevation is shown as a range of colors, from white for
higher elevations to blue for lower elevations.

USGS Digital Orthophoto Quarter Quadrangles (DOQQ) are 1-meter ground
resolution images that were used by NRCS to create county-wide mosaics.
Like the DRGs, the DOQQ mosaics were compressed to a ratio of about

1:20. The example above shows the community of Round Rock (same
area as shown left) and illustrates that orthophotos combine the image
characteristics of a photograph with the geometric qualities of a map.
These county-wide DOQQ mosaics (photos taken in 1997 and 1998) are
provided for the entire Navajo Nation in MrSID compressed format.
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