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INDEPENDENCE SITE CONDITIONS 
 
The Independence Mine can be accessed via two routes. The first and best is up 
Independence Gulch from Elk Horn Village. The second is from the Village of Triumph 
up Triumph Gulch past the Old Triumph (Shaft) over a 6400 foot summit and down into 
Independence Gulch. Both are 4wd seasonally closed routes which are heavily used by 
recreationists. 

 

 
  The above panoramic view is of Elk Horn Village (center) and Sun  

Valley Ski Area (Bald Mountain, upper left, Photo by Schuld May 2007) 
 

 
This photo of Independence Mine (upper right) and Mill Site (center) 
and Bonanza Tunnel (upper left) was taken from the Triumph Gulch 
Road between the Old Triumph (Shaft) and the Independence. (Photo 

by Schuld May 2007).  
 



The Independence mine and mill facilities are located on numerous patented mine claims 
in this steeply incised gulch. Generally speaking the Independence mine adits and waste 
dumps are located on the steep north facing slope of the gulch. The Independence mill 
site and foundation is located midway up the gulch where the Triumph-Independence 
road turns sharply westward towards Elk Horn Village. The Independence mill tailings 
are contained in a number of benches that have been landscaped, perhaps a number of 
different times, to form dams and settling basins or tailings ponds.  The Bonanza Tunnel 
is actually tied to operations at the Baltimore-Victoria Mine. It is the only adit and waste 
dump feature on the south facing slope of the Independence Gulch above the Millsite.  

 

 
Panoramic view of Independence Mine and Mill site from the road to 

the Baltimore-Victoria Mine site (Photo by Schuld May 2007) 
 
It is obvious that the landscape surrounding the Independence Mill Site has been 
modified numerous times as the result of early development, the burning of the mine 
buildings and latter development or exploration projects. Although the landscape has 
many obvious scars, and there are indications of deeply eroded rills and gullies, the 
vegetation appears very lush and responsive to the point of significantly containing 
erosion and sediment transport. The only areas where erosion appears to be a dominant 
force is on mine waste dumps and tailings piles. This may be due to the fact that the 
waste dumps are too steep for the accumulation of fine organic chafe, too phytotoxic, or 
they are constantly destabilized by recreational use by motorcyclists and bike riders. 



 
Looking down on the Independence Mill tailings impoundments and 
the concrete on/off heap leach pad for the piloted cyanidation mill. 

(Photo by Schuld May 2007). This dump has been removed and this 
location is currently being developed as a waste repository by DeNovo 

Independence LLC. 

 
Independence repository site development (Photo by Schuld 6/15/09) 

 
 
 



 
Excavation for the Independence tailings Repository uphill of the 

Independence Tailings Impoundment #1 (Photo by Schuld 6/15/09) 
 

 
Independence Mill site during excavation of repository (Photo by 

Schuld 6/15/09) 
 
 



 
Independence Millsite during excavation of repository (Photo by 

Schuld 6/15/09) 
  
 
 

 
Independence Millsite during excavation of repository (Photo by 

Schuld 6/15/09) 
 
Apparently there are some mineral values remaining in the Independence Mill tailings. 
According to Carl Massaro (verbal communication 2006) the site was leased out by an 
unidentified Professor of Metallurgy during the early 1980’s, who developed a crude 
concrete on-off heap leach and activated charcoal process for the tailings. The process 
involved a well drained concrete pad, a series of PVC tricklers and hoses, numerous 
dumpsters for recovery cells, and a series of HDPE lined tailings ponds constructed out 
of the previously deposited tailings piles. Until DeNovo Independence LLC (DeNovo) 
began implementation of its approved Remedial Action Work Plan (RAWP) a large 



quantity of these materials remained at the site, most were either deteriorated or had been 
shot up. Because there may be some residual contamination in these solid wastes, they 
are going to be disposed in the Independence repository. 

 
Looking south across Independence Gulch. The distant mine workings include 
the Independence Mine adits and waste dumps #1 through #5 (Photo by Schuld 

May 2007). 
The Independence Mine is contains at least five levels that “day lighted”. These were 
designated for the PA as Adit/Waste Dumps #1 - #5 and were so designated starting at 
the top of the ridge line. Dumps #3 - #5 were the most significant and were sampled. 
There is considerable evidence of subsidence feature(s) existing along side of Waste 
Dumps #1 - #3 which extends from below Waste Dump #3 upwards some 50 yards past 
the Waste Dump/Adit #1. This subsidence feature(s) may be a physical hazard during 
equipment operation or foundation construction, to recreationists and wildlife. These 
features will be closed or otherwise access restricted during implementation of DeNovo’s 
VCP. 

 
The south slope of Independence Gulch beneath the Triumph Gulch-

Independence Road is dissected with cat cuts and explorations. (Photo 
by Schuld May 2007). 



 

  
The subsidence features, possibly open stope or caved adits above IM 

Waste Dump #2.  (Photo by Schuld May 2007) 
 

 
Subsidence feature along side of IM Waste Dump #2 (Photo by Schuld 

May 2007) 
 
 



 
Looking down on IM Waste Dump #4. IMWD #4 and caved IM Adit 

#4 which is topped by the road from Triumph Gulch to the 
Independence Mine and Mill site. (Photo by Schuld May 2007) 

 
Outside of caved IM Adit #4 was a small but deep pond that appears to be a perennial 
drain to the upper Independence workings. Sample IMAD4SW-1 was collected.  

 

 
Looking up at the Independence Mine Waste Dump #3 from the 

Triumph Gulch-Independence Road. (Photo by Schuld May 2007) 
 



 
This very unusual crusher is located on the IM Waste Dump #4. (Photo 

by Schuld May 2007) 
 
 

 
This hoist wheel, with wooden brake system, was found on IM Waste 

Dump #5, below what was either a caved shaft or decline designated as 
IM Shaft #1. (Photo by Schuld May 2007) 

 



 
Minor drainage (approximately 1 gpm) flowing from the Bonanza 

Tunnel, which was designated as IM Adit #6 in IDEQ’s field notes. 
Orange precipitates, prompted collections of IMWD6SW-1. (Photo by 

Schuld May 2007) 
 

 
The waste Dump for the Bonanza Tunnel has remnants of a building 
foundation, which was likely the “Dog House” and Shifter’s Shack. 

(Photo by Schuld May 2007) 
 

The Bonanza Tunnel, which was referenced in IDEQ’s field notes and sample log as 
Independence Waste Dump #6 contains approximately 15,000 yd3 of waste rock located 
on both patented and unpatented claims. The wastes contain some massive sulfides. The 
adit drainage forms a small pond on the dump, but no drainage appears at the bottom of 
the waste dump.   
 
 



 
Collapsed Independence Flotation Mill. (Photo by Schuld May 2007) 

 
The Independence Mill ruins are fairly typical of floatation mills. They contain remnants 
of floatation cells, thickener tanks, plumbing and foundations. There are however, no 
indications of abandoned chemicals or other deleterious substances.  
 

 
One of the benches at the Independence Mill Site was used recently as 
the location for, presumably,  an office and home for workers on the 

cyanidation facilities (Photo by Schuld May 2007) 
 

Beneath the Independence Mill building is a bench that probably housed historic offices. 
Recently, perhaps during the use of the heap leaching operations, this site housed 
residents and/or employees as evident from the natural gas pipeline, electrical conduit, 
and septic plumbing. However, the base of this benched area resembles jig tails, which 
were sampled (IMM-SS-1). 
 



 
Motorcycle and 4X4 tracks on the upper Independence Mill Tailings 

Pile (Photo by Schuld May 2007) 
 
The Independence Mill tailings were discharged into a series of impoundments that were 
altered during the site’s development as an on-off cyanide heap leaching operation in the 
1980’s. Although it is difficult to clearly distinguish between the impoundments five (5) 
were designated as IM Mill Tailings Impoundments 1 through 5 starting at the uppermost 
pile.  
 
Prior to the DeNovo,  IM Mill Tailings Impoundment #1 was approximately 300’ long x 
150’ wide x 50’ thick. Accounting for the slope of the valley walls and drainage, the 
impoundment contained approximately 30,000 yd3.  
 
Prior to the DeNovo, IM Mill Tailings Impoundment #2 was approximately 125’ long x 
125’ wide x 30’ thick. Accounting for the slope of the valley walls and drainage, the 
impoundment contained approximately 8,000 yd3.  
 



 
Piles of trickler hoses used for leaching processes were found on a 
bench behind the concrete on/off heap leach pad. (Photo by Schuld 

May 2007) 
 

 
Concrete foundation for On-Off Heap Leach Pad (Photo by Schuld 

May 2007) 
 
The Independence On/Off Heap Leach Pad, which was adjacent to IM Mill Tailings 
Impoundment #2, was constructed of concrete and sloped into PVC drains. It is not 
evident where the recovery systems (dumpsters) were located, but lined ponds were 
constructed down gradient of this structure. 
 



 
Typical Independence Mill site tailings impoundment (Photo by Schuld 

May 2007) 
 

The above photograph is of an intermediate pond is located between IM Tailings 
Impoundments #3 and #4. It appears that it was bull dozed up from IM Tailings 
impoundment #4 and then was lined presumably to be used with the leach system.  
 

 
 

Between IM Mill Tailings Impoundment #4 and IM Mill tailings Impoundment #5 
(pictured above), another pond was constructed and lined, presumably, for use in the heap 
leach process. (Photo by Schuld May 2007) 

 



 
The Independence Mill Tailings impoundments were marred by various 
natural and anthropogenic erosional features. Human and animal foot tracks 
abound. Deep ruts from motorcycles, ATVs, and pickups are particularly 
destructive. Each of which are indicators of how unstable the site was and 
how frequently receptors used the site prior to exclusion under the DeNovo 
actions. (Photo by Schuld April 2007) 

 

 
Presumably these foundations were used in connection with the 

cyanidation process. (Photo by Schuld April 2007) 
  



 
Old computer monitors appear to be a favorite target for some shooters 

at the Independence Mill site. (Photo by Schuld April 2007) 
 

Information technology wastes, spent ordinance and recent motorcycle tracks indicate 
that there were trespass and illegal dumping issues at the Independence mine and mill 
sites, and that the use of the abandoned facilities for these purposes was frequent. 
 

 
IT Waste on Independence mill tailings impoundment. (Photo by 

Schuld May 2007) 
 



 
Motorcycle tracks indicate recent and frequent used of the tailings 

impoundment, and that there were significant exposures due to fugitive 
dust originating in the impoundments. (Photo by Schuld April 2007) 

 

 
Evidence of vandalism to site access controls, illegal dumping of solid 

wastes including IT waste, and erosion was prevalent on all of the 
Independence mill tailings impoundments. (Photo by Schuld April 

2007) 
 



 
IT waste on Independence mill tailings impoundments. (Photo by 

Schuld April 2007) 
 

 
Spent ordinance and sporting clays on Independence mill tailings 

impoundments (Photo by Schuld April 2007) 
 



 
View of Independence Gulch and Upper Tailings Impoundment from 
building sites, which was presumably the center of operations (Photo 

by Schuld April 2007) 
 

 
Apparently the USDA Forest Service Boundary splits the Bonanza 

Tunnel waste dump. View north from building area center of 
operations. (Photo by Schuld April 2007) 

 



 
This specimen of Rubber Boa (Charina bottae), was found adjacent to 
the concrete cistern below the Independence Mill site (Photo by Schuld 

April 2007) 
 

A diverse community of wildlife, or signs of that wildlife, was observed throughout the 
Independence Mine and Mill sites. For instance, while collecting data along the main 
road through the site, IDEQ have a rare opportunity to observe a not so rare Rubber Boa 
snake. Rubber Boas (Charina bottae), are one of the smallest members of the boa family, 
and are one of the northern most ranging of the family. Adults are generally a uniform 
color dorsally, ranging from tanned leather brown (southern population are almost always 
light tan), olive brown, medium brown, to a dark chocolate brown.  
 
NORTH STAR MINE SITE CONDITIONS 
 
North Star Gulch contains numerous features attributed to mine and mill development 
and operations. The North Star Mine contains numerous adits, structures and a complex 
roadway system all of which were connected to operations at the triumph Shaft in 
Triumph Gulch, and the Independence Mine and Mill Site in Independence Gulch. 
Although North Star Gulch is pre-dominantly on private or patented mining claims, there 
are numerous unpatented “fractions” in North Star Gulch. To further complicate 
understanding o North Star Gulch, recent activities by owners prior to DeNovo 
Independence resulted in the release of mine tailings down the gulch to private properties 
near Triumph Village. Furthermore, there is a number of small underground 
developments, waste dumps and loading chutes in lower North Star Gulch, that appear to 
be related to the development of the Triumph Tunnel Site. These workings in lower 
North Star Gulch will be discussed later in eth Triumph Tunnel Site section of this Site 
Conditions Appendix. 

 



 
Looking headward in North Star Gulch from just beneath the main 

North Star Mine waste Dump (Photo by Schuld October 2006) 
 

While evaluating potential surface expressions (springs) that may have developed in 
North Star Gulch as a result of placing the mine plug in the Triumph Tunnel, IDEQ first 
met, the owner (at that time) of the North Star Mine, Carl Masaro. Mr. Massaro had 
begun the work of recontouring mine wastes in North Star Gulch in October of 2006. 
 

 
Karst Drive in lower North Star Gulch (October 2006). 

 
Because of the public concerns and the County’s intervention regarding the instability of 
the site, and unknown metals concentrations in the wastes that were exposed in North 
Star Gulch, DEQ began an investigation to evaluate how metals contamination may be 
spread throughout the Gulch and towards residences in the Village of Triumph. With Mr. 
Massaro’s permission, IDEQ began its work to complete a site assessment of all of Mr. 
Massaro’s properties in and around the North Star, Triumph and Independence mines.  



 
This photo was taken from adjacent to the closest residence in North 
Star Gulch to the mine, which may be seen high on the hill above and 

right of center in the photo. (October 2006). 
 

 
Samples of disturbed areas that were affected by the North Star project 

were evaluated and sampled. This location adjacent to the Bradford 
property was sampled (Photo by Schuld October 2006) 

 



 
Looking down into North Star Gulch from the Upper North Star Gulch 

Road. IDEQ and Mr. Masaro agreed that temporary waterbars and 
ditches should be placed for erosion control. (Photo by Schuld October 

2007) 
 

Subsequent to expression of DEQ’s concerns that spring runoff in 2007 would erode and 
transport wastes from the disturbed areas, Mr. Masaro installed rolling drain ditches 
across the North Star Gulch road to shorten slope distances, and channel runoff into the 
adjoining vegetated buffer areas and sediment basins. 
 

 
This photo was taken of the North Star Waste Dump #1 (right) North 
Star Waste Dump #3, center diagonal feature, and North Star Waste 

Dump #4, left hand feature (Photo by Schuld June 2007). 
 

Mr. Massaro’s or his predecessor’s efforts to regrade mine waste is most evident along 
the bottom of the North Star waste dumps #1 #3 and #4. The dumps contained in excess 



of 150,000, 30,000 and 1500 cubic yards of mine wastes, respectively. Most of the wastes 
appears to be dolomitic and shaley country rock containing massive sulfides. Although 
the dumps contain significant sulfides they were probably not of any economic value and 
were consequently wasted. 
 

 
Looking down at the bottom of WD#3 (right), WD#4 (center) and 
WD#5 (left) which was developed at the opening of the Plummer 

Tunnel. Note the open Adit below WD#3, it is a dangerous opening 
that will be closed under the DeNovo RAWP (Photo by Schuld May 

2007) 
 

 
Repository development in upper North Star Gulch adjacent to the 

North Star Waste Dumps #6 and #7  (Photo by Schuld 6/15/09) 
 
 



 
Repository development in upper North Star Gulch adjacent to North 

Star Waste Dumps #3, #4, and #5 (Photo by Schuld 6/15/09) 
 
 

 

 
Lower North Star Gulch (Photo by Schuld 6/15/09) 

 
 
 
 



 
North Star Waste Dumps #7 & #8(Photo by Schuld 6/15/09) 

 
 

 
Mine wastes from WD#1 - #6 were dozed across a large area in the 

bottom of the upper gulch (Photo by Schuld, 5/15/2006)  
 

The Plummer Tunnel, which may be a series of openings and adits, connected the Old 
Triumph and Independence mines, with the Old Triumph (North Star) Mill at the mouth 
of North Star Gulch via an aerial tramway. North Star waste Dump #5 contains greater 
than 15,000 cubic yards of waste. However, it appears that some of the waste may have 
been transported down hill to North Star Waste Dump #6.  

 



 
Waste Dumps #3, #4, #5 and #6 are being regraded and consolidated in 
order to combine the wastes in a capped and covered repository with an 

armored interception trench above the repository and armored drain 
ditch at the base of the repository (Photo by Schuld, 6/29/09) 

 

 
From the access road to the upper North Star Mine workings, the 

Maintenance Shed and Ore Chute can be seen on North Star Waste 
Dump #1 and below North Star Waste Dump #2. 

 
 



 
On top of the North Star #1 Waste Dump and at the base of the North 

Star #2 waste Dump there is a vacant maintenance shed. (Photo by 
Schuld May 2007). 

 
 

 
The North Star #2 Waste Dump was generated by what may have been 
a decline. Although the opening is caved, the angular configuration of 

the timbers and track protruding from the caved feature make this 
probable. (Photo by Schuld May 2007) 

 
According to DeNovo’s approved RAWP, North Star waste dumps #1, #2 and #3, and the 
archeologically significant “Dog House” and Ore Bins will not be removed. Instead, 
access to these facilities will be restricted by degrading and revegetating the roads to 
these dumps from above and below. To accommodate future uses of the area by bikers 
and hikers, DeNovo is considering provision of an alternate road or trail around the 



dumps to Courier Gulch on the east and Triumph and Independence gulches to the 
northwest and north, respectively.  

 
During the1970s and 1980’s these trenches in NS gulch were 

developed to borrow top soil for commercial sales (Photo by Schuld 
April 2007) 

 
The remnant of an ore chute on the North Star Waste Dump #1 

contained less than 100 cubic yards of waste. Sample NSWDSS01 was 
collected here. (April 2007). 

 



 
At the base of North Star Waste Dump #3 is an open adit (below) that 
was uncovered possibly during the regrade. Because of the unstable 
nature of the waste dump and brow of the adit, this opening is very 
dangerous and will be closed under DeNovo’s RAWP. (Photo by 

Schuld April 2007) 
 

 
Open Adit below WD #3. Because of the unstable nature of the waste 
dump and brow of the adit, this opening is very dangerous and will be 

closed under DeNovo’s RAWP. (Photo by Schuld April 2007) 
 
 



 
Remnants of the “dog house” power poles and tram facilities on WD#5 

near the main entrance to the Plummer Tunnel. These features have 
already been obliterated during recontouring according to DeNovo’s 

RAWP. (Photo by Schuld April 2007) 
 
Subsequent to a range fire, the facilities at the Plummer Tunnel were destroyed. Prior to 
implementation of the RAWP, there were remnants of a foundation for the “dog house” a 
power pole and perhaps one of the up rights for the aerial tramway. The opening is caved, 
but the large volume of debris made Waste Dump #5 around the Plummer Tunnel very 
treacherous. 

 
 

 
 

Mr. Massaro’s 1997 work on Karst Drive began by scraping the contaminated soils away 
from adjacent private properties, and placing the soils in piles so it could be loaded into 
trucks. Removal of material went to the marker fabric left by the previous remedial 



actions at Triumph. Generally speaking trucks were filled only about halfway, which 
prevented spilling of materials in transit to the repository in upper North Star Gulch. 

 

 
 

As part of an agreement between Carl Masaro and the adjacent land owner, Mike 
Morgan, buildings and other materials were removed from the true Karst Drive plat 
boundaries to make way for re-construction of the road. 

 

 
 

The peripheral areas on Mr. Raabe’s and TMI’s properties were also scraped to ensure 
that all contamination was removed. Once the contaminated materials were removed 
crushed road mixed was compacted to prepare Karst Drive for surfacing. This included 
Mr. Raabe’s driveway. 

 



 
 

All of the contaminated soil was removed from the property boundary and lawn adjoining 
the Bradford’s property, and the upper Bradford driveway was prepped for resurfacing 
with clean gravel. 
 

 

 
 

In 1997 a repository area was prepared by Mr. Masaro in upper North Star Gulch 
adjacent to a mine waste dump to accommodate approximately 200 cubic yards of 
contaminated soils and other soil removed from lower North Star gulch, Karst Drive.  

 



 
 

Although the weather was exceptional during the 1997 removal work, storm water 
BMP’s were put in place to prevent runoff from carrying contaminated soils and dirt 
down hill. These BMP’s included straw bales and silt fence. 

 

 
 

Once contaminated soils from the 1997 work were placed in the repository, clean top soil 
was hauled to the site for use as a cap and cover. 

 
 



 
A shale borrow source was used to backfill and compact a layer of 
between 8” and 12” above the marker fabric on Karst Drive. (Photo by 
Schuld October 2007) 

 

 
 

While placing shale and gravel as a road base, most of the plus 4” rock were removed to 
get a better placement and compaction of the road base. Once the road base material 
started to dry out a little, some dust was generated. The material was immediately and 
continuously wet down to suppress the dust and get better compaction. 

 



 
A large berm was constructed to separate TMI’s property from Mr. 

Morgan’s, and to provide a retention barrier for seasonal runoff from the 
road. The berm was treated with top soil seeded with native seed mix and 

mulched. (Photo by Schuld October 2007) 
 

 
On the west side of Karst Drive is an exposed outcrop of contaminated soils 
that may have been contaminated by the historic milling operations in this 
area. The road cut was regraded to conform to the contours of the hillside, 

and then seeded and mulched. (Photo by Schuld October 2007) 
 

 



 
Clean top soil and gravel (upper left) was also shipped in from an off sight 

borrow source to supplement road fill and be used to amend topsoil for 
revegetation. (Photo by Schuld October 2007) 

 
 
 
 

 
Clean gravel and shale were initially spread on the 30’ wide roadway using 

a front end loader. The area was continuously hosed down to reduce 
fugitive dust, and optimize moisture content and compatibility. The wide 

tires of the front end loader provided for mechanical compaction. (Photo by 
Schuld October 2007) 

 
 

 



 
The road fill was placed and graded to approximately 10% except in the 
armored channel that was being developed along the berm to provide for 

clean stormwater runoff. (Photo by Schuld October 2007) 
 

 
 
 

 
Coarse dolomite (3”-18”) was hand picked from the North Star Gulch road 
and placed in the channel to armor it. Karst drive was constructed so that 

runoff would be shed diagonally into this armored channel rather than down 
its entire length. This should protect the surface integrity of the roadway. 

(Photo by Schuld October 2007) 
 

 



 
Armoring of the channel next to the new road will prevent some of the 

erosion on the road. Small check dams were placed in the channel to slow 
the velocity of runoff and allow fines to drop out in the channel rather than 

pouring out onto the East Fork Road. These check dams may also help 
preserve the entrance of Mr. Morgan’s driveway on Karst drive. (Photo by 

Schuld October 2007) 
 
 

 

 
Mulched berm between drain ditch on Karst drive and the adjoining private 

property (Photo by Schuld October 2007) 
. 
 
 
 
 
 



 
 

 
Reclaimed road that led to the Triumph (most recent) Mill building. This 

area was regraded top soiled, mulched and seeded with a native seed 
mixture (Photo by Schuld October 2007) 

. 
 

 
After the repository was filled, topsoil was graded over the top, seeded and 

mulched (Photo by Schuld October 2007) 
. 
 
 
 



 
2007 Repository site, post cleanup(Photo by Schuld October 2007) 

. 
 
 
 
 

 
In 2007 Triumph Mining Incorporated (TMI) replaced many of the water 

bars constructed in 2006. These waterbars were supplemented by the 
development of additional sediment basins in North Star Gulch(Photo by 

Schuld October 2007) 
. 
 

 
 
 
 



 
Final Surface (2007) of Karst Drive and BMPs(Photo by Schuld October 

2007) 
 

 
Final Surface (2007) of Karst Drive and BMPs (Photo by Schuld October 

2007) 
 
 
 



 
This is the final surface (2007) of Karst Drive and BMPs. Note the gate and 
fence above Mr. Bradford’s property. This and the driveway improvements 

for Mr. Morgan allow them to use TMI’s Karst Drive for access to their 
properties (Photo by Schuld October 2007) 

 
 
 

OLD TRIUMPH (SHAFT) AREA SITE CONDITIONS 
 
The Old Triumph (Shaft) area is located in both the northeast ad northwest extensions of 
Triumph Gulch. The area contains the remnants of very expansive mine and mine related 
facilities including head frames, hoist rooms, crusher building, operations sheds and 
offices, and probably homes. The area also contains large volumes of contaminated mine 
wastes derived from the Milligen Formation. Outcrops of the Milligen Formation and 
soils in the area contain highly variable concentrations of metals, some of which were 
targeted for exploration. 
 



 
View west from the Old Triumph #1 Waste Dump into the center of the 

historic facilities. All of the roads in the upper left hand corner of the photo 
were likely either exploration drill roads or for avalanche abatement. (Photo 

by Schuld April 2007) 
 

 
View eastward through the site where the Triumph Shaft (right) and 

crusher sheds were located. (Photo by Schuld April 2007) 
 



 
Remnant of the Water Tank above the Old Triumph (Shaft) and the 

road to the Independence Mine and Mill site through Triumph Gulch. 
(Photo by Schuld April 2007) 

 

 
This is the structure (#1) bellow the tank may have been one of the lift 

stations for filling the tank. (Photo by Schuld April 2007). 
 

Apparently there was considerable plumbing and pumping systems running south 
westward down the ridgeline from the Water Tank at the Old Triumph. The purpose of 
these facilities, seem to provide for a host of auxiliary facilities including offices, 
maintenance sheds and perhaps houses.  



 
Structure #2 of the Old Triumph plumbing system appears to be a 

header house for water distribution and control. (Photo by Schuld April 
2007) 

 
 

 
The “stair-step” contours of the foundations for the Old Triumph water 
facilities can be seen on the ridgeline. This view is from an exploration 

“dog hole” looking southeast towards the Old Triumph. (Photo by Schuld 
April 2007) 

 



 
This is a fairly typical caved “dog hole” that was probably driven as an 

exploration of a massive sulfide out crop north west of the Old Triumph. 
The dump was unremarkable in volume, but the sulfides were impressive. 

The “dog hole” does have rather unstable brow, which represents a 
significant physical hazard that should be approached with caution. 

(Photo by Schuld April 2007) 
 

 
This opening was discovered in the outcrop on the south facing slope 

behind the foundation and collapsed structure of the mill (?) building that 
overlooks the Triumph Shaft collar. Although this is not a very deep dog 
hole, it is a dangerous opening beneath and unstable rock face, which will 

be closed under DeNovo’s RAWP (Photo by Schuld April 2007) 
 

 



 
This building, located just east of the Old Triumph Shaft, appears as 

though it may have been constructed as a new hoist room, perhaps for 
re-opening the Triumph Shaft. (Photo by Schuld April 2007) 

 
The hoist room for the Triumph Shaft was modified and used as a core shed for the most 
recent exploration work done by Getty. The floor is strewn with old drill core and boxes. 
It represents a minor physical hazard with and unstable roof and lots of rat feces. 

 

 
Looking westward from the Old Triumph #3 Waste Dump towards the 

processing facilities. The site of what may have been a collapsed raise is 
located in the right center of the picture. Although partially filled, the 

feature may be a physical hazard that warrants caution in approach. (Photo 
by Schuld April 2007) 

 



 
Looking west from the toe of Waste Dump #3, the roof of the “core 

shed” (left of center) and collapsed buildings (upper right of center) of 
the Old Triumph can be seen. (Photo by Schuld May 2007) 

 
 
 

 

 
The northwest extension of Triumph Gulch (above) along the road to 

Independence Gulch, was initially targeted for a top soil borrow source 
to cap and cover the Triumph Repository (DeNovo RAWP 2009, Photo 

by Schuld 6/29/09).  
 

The northwest extension of Triumph Gulch (above) along the road to Independence 
Gulch, was initially targeted for a top soil borrow source to cap and cover the Triumph 
Repository (DeNovo RAWP 2009). However, soils testing by Golder Associates 
indicated that large area of soils exceeded the removal and capping materials criteria. 
Based on this data it was presumed that these soils were contaminated by mine wastes. 



While that may be partially true, IDEQ staff believes that consistent with other 
mineralized portions of the Milligen Formation, which underlies this area, these high 
levels are more likely due to natural mineralization similar to ore emplacements. 

 

 
The northwest extension of Triumph Gulch during soils stripping 

(Photo by Schuld 6-29-09) 
 

 
Two large stockpiles of “hot” soils in the northwest extension of 

Triumph Gulch. According to DeNovo’s RAWP these soils will be 
placed in the Triumph Repository (Photo by Schuld 6-29-09). 

 
 
 
 
 
 



 
TRIUMPH TUNNEL (MILL) SITE CONDITIONS 
 
The Triumph Tunnel (Mill) site is characterized by several distinctive features and areas 
related to numerous activities. The Triumph Tunnel was driven to numerous ore bodies, 
and was intended to connect the workings on those ore bodies with the (New) Triumph 
Mill that replaced the Triumph (North Star) Mill. Until the implementation of the 
DeNovo RAWP the Tunnel area was characterized by a large bench, remnants of a 
shower house, office, compressor shed, power station, and a “bone yard”. Adjacent to the 
main dump is a trestle which leads to numerous ore bins from. Beneath the ore bins is a 
large “foot print” of what had been the mill buildings, and the mill tailings impoundments 
beneath the village of Triumph. Those facilities beneath the ore bins, particularly the mill 
site and tailings impoundments are not part of this assessment as they were subject to 
remedial actions in the 1990’s. 
 
At least ten other mine adits are located on public and private properties in lower North 
Star Gulch. These were evaluated with the Triumph Tunnel (Mill) site because of their 
proximity to the tunnel and apparent connection with the work done at the Triumph 
Tunnel site. Some are relatively insignificant because they were not extensively 
developed. However, at least six have sufficient waste volumes (containing massive 
sulfides) which were sampled. Several of them have mine openings that pose significant 
physical hazards that should be closed or restricted. Differentiating between these 
individual working is difficult because of the caving of adits and stopes, slumping or 
creep of the thick overlying soils, and overlap of waste dumps. Differentiation and 
remediation efforts are further complicated by the complexities of unpatented fractions 
inside blocks of patented claims. However, those on private properties will be closed 
according to the DeNovo RAWP. The mine openings and waste dumps on public lands 
are not being targeted for remediation. 
 
There are several “newer” features located adjacent to the Triumph Tunnel (Mill) site that 
resulted from the work by Mr. Carl Masaro. These have been included in this assessment. 
Several hundred feet inside of the tunnel is a mine plug which was intended to back mine 
waters up into the underground workings to stifle ground water flow through the ore body 
and hence significantly reduce the acid generating process. Water quality monitoring and 
analysis of the residual drainage indicates that this has, thus far, been a success. The plug 
was connected by pipeline and a stainless steel header to the adit where flows are 
monitored and measured and then released through a buried pipeline to a surge pond and 
then into a natural wetlands. In 2007 the pipeline from the adit to the surge pond was 
plugged, presumably from iron/arsenic precipitates. Efforts to repair the plumbing have 
been stymied by the previous owner of the private properties, Carl Masaro, and the BLM 
who controls access across public lands. IDEQ is currently reviewing its legal authority 
to protect and maintain remedial actions under the 1997 Consent Decree.



 

 
Ore Bins and Trestle for the Triumph Tunnel and Mill Site (Photo by 

Schuld May 2007) 
 

 
Shower House Office on the Triumph Tunnel landing. These facilities 

were removed by DeNovo in 2009 (Photo by Schuld May 2007). 
 



 
Triumph Tunnel adit leads to the ore bodies and mine plug. Currently it 
houses the main components of the drainage control system. (Photo by 

Schuld May 2007) 
 

 
In 2009, DeNovo rebuilt an adit drain at eth triumph Tunnel. The drain  
passes the water (approximately 5 gpm) to an open channel jut east of 

the BLM property (Photo by Schuld 6/29/09) 
 

 
 



 
Flows from the Triumph Tunnel carry a heavy load of iron, which 

precipitates and “seals” the open drain. This phenomenon has, over the 
course of the last few years caused the drain ditch to be effectively 

sealed to the surge pond. (Photo by Schuld 6-29-09) 
 
 

 
During the progression of the “sealing” adit water seeped through the 

mine waste dump until the ditch was completely sealed to the surge pond. 
At that point, the discharge went underneath the pond liner until it sealed 
that area too. Then the discharge found a hole in the lining system and it 

now enters the surge pond at approximately the same rate as it is 
discharged from the adit. (photo by Schuld 6-29-09) 

 
 
 



 
Compressor and Power Shed for Triumph Tunnel. These facilities were 

target by vandals and slowly stolen. In 2009 DeNovo finished the 
removal of this equipment and facilities on their property (Photo by 

Schuld 6-29-09) 
 

 
Abandoned equipment and Receptacles on Waste Dump at the Triumph 

Tunnel (Photo by Schuld November 2006) 
 



 
Power Sub-Station at Triumph Tunnel (Photo by Schuld May 2007) 

 
 

 
Storage shed and fuel tank on Triumph Tunnel bench (Photo by Schuld 

May 2007) 
 



 
Half Pipe Drain from Triumph Tunnel to Surge Pond (Photo by Schuld 

May 2007) 
 
 

 
Armored storm water drain from a catchment bench below the  

Surge Pond. In the event of overtopping at the pond, discharge may  
be conveyed to the wetlands below  the East Fork Road (Photo by 

Schuld May 2007) 
 
 



 
Remnants of the mill foundation beneath the ore bins. (Photo by Schuld 

May 2007) 
 

 
Ore bins and trestle beneath the Triumph Tunnel bench (Photo by 

Schuld May 2007) 
 



  
Ore bins and trestle beneath the Triumph Tunnel bench contain less than 
100 cubic yards of ore, but because of the massive build up of metallic 
salts and other precipitates, waste sample TTWDSS-1 was collected. 

These ore bins are directly above the Morgan property and house (Photo 
by Schuld May 2007). 

 
 

 
New Home Construction on the Morgan property beneath toe of 

Triumph Tunnel Waste Dump and Ore Bins. This is also the site of the 
Triumph Mill site.(Photo by Schuld October 2006) 

 



 
View of Homes in Triumph Village from on top of the Triumph  

Tunnel Waste Dump – Post remedial Action (Photo by Schuld October 2006) 
 

 
Triumph Mill Tailings Impoundment Post Remedial Action  

(Photo by Schuld April 2007) 
 
 



 
 
There is a major access road that starts at the base of the Triumph Tunnel waste dump 
and goes west beneath the Surge Pond to a borrow source west of the Triumph Tunnel. 
Along this road is a primary cleanout for the pipeline that connects the Surge Pond with 
the wetlands. 
 
The borrow source resembles a waste dump and/or tailings impoundment in its 
morphology, and consequently it was mapped and inventoried. The borrow source is 
several acres in size and although it has the morphology of a waste dump. There are no 
signs of phyto-toxic stress on the vegetation. Additional discussions with Rob Hanson, 
the DEQ Project Manager, revealed that this is a reclaimed borrow site. 

 



 
View of Borrow Source from west to east and the Triumph  

Tunnel bench is in the background. (Photo by Schuld May 2007) 
 

 
Discharge from the Surge Pond is plumbed beneath the East Fork  

Big Wood River Road through a corrugated pipe. (Photo by Schuld 
May 2007) 

 
Mine adits and dumps in lower North Star Gulch were designated with adit numbers 
based on the sequence in which they were encountered and assessed. The locations of 
these dumps are mapped on exhibits at the end of this appendix. 
 
TR Adit #1 is a completely caved adit that appears to have produced less than 50 yd3 of 
waste. Triumph Waste Dump #1 (TRWD #1) was located but not sampled. DeNovo’s 
RAWP provide for removal of the dump, and reclamation of the surface area, most of 
which has been completed as of 6/29/09. 
 



TR Adit #2 was caved, built it appears to have been developed to a greater degree than 
Adit #1. TRWD#2 contains less than 500 yd3 of waste. Triumph Waste Dump #2 was 
located but not sampled. DeNovo’s RAWP provide for removal of the dump, and 
reclamation of the surface area, most of which has been completed as of 6/29/09. 
 
TR Adit #3 was one of the most extensively developed explorations in lower North Star 
Gulch. It is partially caved, but has a large enough opening to represent a physical hazard. 
TRWD#3 contains greater than 1,500 yd3 of waste bearing massive oxides and sulfides 
most notably chalcopyrite, malachite, and arseno-pyrite. It was sampled (TRWD3SS-1). 
DeNovo’s RAWP provide for closure of the mine opening removal of the dump, and 
reclamation of the surface area, most of which has been completed as of 6/29/09. 
 
 

 

 
 

Although partially closed, open Triumph Adit #4 does pose a significant physical hazard. 
(April 2007). TRWD#4 contained less than 1,500 yd3 of waste and was not sampled. 
DeNovo’s RAWP provide for removal of the dump, closure of the mine opening and 
reclamation of the surface area, most of which has been completed as of 6/29/09. 
 
Triumph Adit #5 was caved, and does not appear to have been extensively developed. 
TRWD#5 contains less than 100 yd3 of waste, and was not sampled. DeNovo’s RAWP 
provide for removal of the dump, and reclamation of the surface area, most of which has 
been completed as of 6/29/09. 
 
Triumph Adit #6 is an open adit that is a significant physical hazard. The adit was 
extensively developed and resulted in approximately 500 yd3 of waste, which was 
dumped on TRWD#6. The dump was not sampled. The mine opening and most of the 
waste dump may be on BLM administered public lands and are, at the present, not 
scheduled for any remedial actions or closures. 
 



Triumph Adit #7 is a series of small caved adits or excavations that do not make much 
sense regarding what the purpose and objectives of the work was. Very little (less than 50 
yd3 of waste) was generated, consequently TRWD#7 was not sampled. DeNovo’s RAWP 
provide for removal of the dump, and reclamation of the surface area, most of which has 
been completed as of 6/29/09. 

 
Copper Ore (Malachite) at BC Lot 21 beneath Triumph 

Waste Dump #7 
 Triumph Adit #8 is a caved adit. The adit was not extensively developed and resulted in 
less than 500 yd3 of waste, which was dumped on TRWD#8. The dump was not sampled. 
The mine waste dump may be on BLM administered public lands and are, at the 
present, not scheduled for any remedial actions or closures. 
 

  
Open Stope above Triumph Adit and Waste Dump #9 (May 2007) The 
mine opening and most of the waste dump may be on BLM 
administered public lands and are, at the present, not scheduled for 
any remedial actions or closures. 



 
 

 
 

 
Triumph Waste Dump #11 produced greater than 1500 yd3 of waste 

massive sulfides. It was sampled (TRWDSS11, Photo by Schuld May 
2007) DeNovo’s RAWP provide for removal of the dump, and 

reclamation of the surface area, most of which has been completed as 
of 6/29/09. 

 
Although partially collapsed, Triumph Adit #12 poses a significant physical 

hazard. (Photo by Schuld May 2007). The adit was extensively developed and 
resulted in approximately 500 yd3 of waste, which was dumped on TRWD#12. 

The dump was not sampled. DeNovo’s RAWP provide for removal of the dump, 
and reclamation of the surface area, most of which has been completed as of 

6/29/09. 
 

 



 

 
Collapsed Triumph Adit and Waste Dump #12 ( Photo by Schuld May 2007) 

 

 
Triumph Waste Dump #12 (Photo by Schuld May 2007) 

 
 
 



 
During implementation of the RAWP around Triumph waste dumps #1, 

#2, #3, #4, #5 and #7, DeNovo encountered and exposed an adit and 
stope that were buried by the waste dumps. The adit was discharging 
waters which were sampled and found consistent with that water from 

the Triumph Tunnel. Prior to closure of this and the other mine 
openings on DeNovo property, DeNovo will be conduct engineering 

and biological assessments of the opening to determine the best way to 
manage or close the openings. (Photo by Wicherski 6-29-09)  

 

 
The previously discussed adit that was exposed while excavating 

Triumph Waste Dump(s) #1, #2, #3, #4, #5 & #7 is in the center of the 
photo. The rectangular area above and to the left of the adit contains 
Triumph Adit/Waste Dump #8, which is on BLM Lot 21. (Photo by 

Schuld 6-29-09) 
 
 
 
 



 
Implementation of DeNovo’s RAWP included removal of an ore chute and 
dump adjacent to BLM Lot 19. The DeNovo property is indicated by the 

disturbed ground, while the undisturbed footings and Triumph Adit/Waste 
Dump #6 are believed to be located on Lot 19. (Photo by Schuld 6-29-09) 

 
 



 
Excavated Areas around Triumph Adit/Waste Dumps #1, #2, #3 #5, and #7. Waste Dumps #6, #8 and #9 

which may be on BLM Lands are left intact. Adit #9 is open and should be closed. (Photo by Schuld 6-29-
09) 

 
 



















































































































































Milligan Arsenic D_Arsenic Arsenic20 D_Arsenic20 Cadmium D_Cadmium Cadmium30 
13.7 1 13.7 1 2.67 1 2.67 
10.2 1 10.2 1 0.2 0 0.2 
2.5 0 2.5 0 2.13 1 2.13 
3.8 1 3.8 1 2.7 1 2.7 

11.8 1 11.8 1 3.28 1 3.28 
2.7 1 2.7 1 0.2 0 0.2 
5.8 1 5.8 1 0.61 1 0.61 
5.8 1 5.8 1 1.99 1 1.99 
9.9 1 9.9 1 3.33 1 3.33 

11.4 1 11.4 1 2.42 1 2.42 
20.6 1 20.6 1 5.4 1 5.4 
13.8 1 13.8 1 5.61 1 5.61 
11 .1 1 11 .1 1 2.09 1 2.09 

9.2 1 9.2 1 2.73 1 2.73 
45.4 1 45.4 1 14.7 1 4.75 

9.8 1 9.8 1 4.75 1 5.06 
34.7 1 34.7 1 5.06 1 4.15 
19.2 1 19.2 1 4.15 1 3.18 
22.5 1 22.5 1 3.18 1 2.35 
14.1 1 14.1 1 2.35 1 1.44 

16 1 16 1 1.44 1 0.2 
72.7 1 17.1 1 0.2 0 2.59 
17.1 1 10.9 1 2.59 1 2.24 
10.9 1 18.1 1 2.24 1 0.99 
18.1 1 12.8 1 0.99 1 1.5 
12.8 1 2.5 0 1.5 1 1.3 
2.5 0 11.9 1 1.3 1 5.21 

11.9 1 11.4 1 5.21 1 4.48 
11.4 1 49.7 1 4.48 1 6.1 
49.7 1 28.5 1 6.1 1 1.19 
28.5 1 52.4 1 16.6 1 4.22 
52.4 1 2.5 0 12.5 1 2.4 

2.5 0 10.3 1 1.19 1 5.47 
10.3 1 14.1 1 4.22 1 4.63 
14.1 1 10.2 1 2.4 1 3.54 
10.2 1 16.9 1 5.47 1 6.11 
16.9 1 13.3 1 4.63 1 0.86 
13.3 1 12.7 1 3.54 1 1.29 
115 1 16.1 1 611 1 2.09 

12.7 1 15.3 1 0.86 1 4.47 
16.1 1 7.6 1 1.29 1 
15.3 1 2.09 1 

7.6 1 4.47 1 



D_Cadmium30 Lead D_Lead Lead20 D_Lead20 Zinc D_Zinc 
1 39.3 1 39.3 1 315 1
 
0 26.8 1 26.8 1 119 1
 
1 25.9 1 25.9 1 182 1
 
1 27 1 27 1 401 1
 
1 37.1 1 37.1 1 370 1
 
0 16.4 1 16.4 1 64 1
 
1 26.9 1 26.9 1 171 1
 
1 63.7 1 63.7 1 350 1
 
1 111 1 111 1 412 1
 
1 62 1 62 1 393 1
 
1 47.6 1 47.6 1 884 1
 
1 66.5 1 66.5 1 762 1
 
1 61.1 1 61.1 1 427 1
 
1 65.4 1 65.4 1 358 1
 
1 91.8 1 91.8 1 1860 1
 
1 83.7 1 83.7 1 545 1
 
1 145 1 145 1 777 1
 
1 40.4 1 40.4 1 353 1
 
1 30.3 1 30.3 1 477 1
 
1 25.3 1 25.3 1 396 1
 
0 32.2 1 32.2 1 340 1
 
1 72.3 1 72.3 1 167 1
 
1 42.7 1 42.7 1 306 1
 
1 47.1 1 47.1 1 280 1
 
1 26.4 1 26.4 1 159 1
 
1 32.8 1 32.8 1 224 1
 
1 14.7 1 14.7 1 100 1
 
1 22.2 1 22.2 1 449 1
 
1 1820 1 104 1 2430 1
 
1 104 1 109 1 796 1
 
1 444 1 23.3 1 1150 1
 
1 109 1 21 1 1290 1
 
1 23.3 1 79.1 1 121 1
 
1 21 1 69.2 1 604 1
 
1 79.1 1 45.7 1 268 1
 
1 69.2 1 33.2 1 616 1
 
1 45.7 1 72.8 1 334 1
 
1 33.2 1 14.3 1 210 1
 
1 72.8 1 19.1 1 499 1
 
1 14.3 1 34.7 1 77 1
 

19.1 1 132 1 131 1
 
34.7	 1 194 1
 
132 1 801 1
 



Triumph Road Base Samples 
SSS5 Soil SSS5 Soil 

Sample· 80 Sample· 80 
Mesh Mesh 

XRF Analysis Lab Analysis 
Description ppm m~/k~ 

Aluminum 

Antimony 

Arsenic 23.64 39.5
 
Barium 66.3
I	 I I
 
Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

ND I 
23,524.96 

52.39	 I 
ND 

ND I 
7,458.76 

41.14 I 

189.57	 I 
ND I 
ND 

1.04 

18.4 

26.9 

58.8 

174 

<0.033 

Potassium 8,644.76 

Selenium ND <4.0 
Silver ND <0.50 
Vanadium ND 

Zinc 103.62 I 103 
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Triumph Road Base Samples Page 1 
EPA Waste Rock Soil SSS5 Soil SSS5 Soil SSS5 Soil 
Region 9 Sample - 80 Mesh Sample - 80 Sample + 80 Sample - 80 

IDTLs PRGs Mesh Mesh Mesh 
XRF Analysis XRF Analysis XRF Analysis Lab Analysis 

Description ppm ppm m~/k~ 

Aluminum 
Antimony 4.77 76000 <LOD 26.10 <LOD 24.68 <.LOD 27.48 
Arsenic 0.391 31 30.8 23.64 27.31 I 39.5 
Barium 896 0.39 915.2 <LOD 80.92 677.05 I 66.3 

Beryllium 1.63 5400 
Cadmium 1.35 1500 <.LOD 14.93 <LOD 14.23 <LOD 16.19 I 1.04 

Calcium 37 15,711.48 23,524.96 23,911.13 
Chromium 7.9 NA 67.27 52.39 60.23 I 18.4 

Cobalt 210 <LOD 190.66 <LOD 135.11 <LOD 145.68 

Copper 921 900 <LOD 39.32 <LOD 37.99 <LOD 34.15 I 26.9 
lron 3100 15,515.68 7,458.76 11,399.08 
Lead 49.6 23000 43.04 41.14 81.93 I 58.8 
Magnesium 400 
Manganese 223 NA 135.38 189.57 225.62 I 174 

Mercury 0.00509 1800 <LOD 16.21 <LOD 13.65 <LOD 12.88 I <0.033 
Nickel 59.1 23 111.83 <LOD 78.85 <.LOD 70.04 

Potassium NA 8,351.21 8,644.76 636.76 
Selenium 2.03 NA <LOD7.13 <LOD 6.61 <LOD 6.44 <4.0 
Silver 0.189 390 <LOD 11.39 <LOD 10.26 <LOD 12.20 <0.50 
Vanadium 390 346.48 <LOD 87.00 <LOD 84.13 
Zinc 886 550 377.69 103.62 127.19 I 103 
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1.0 INTRODUCTION 

Golder Associates Inc. on behalf of DeNovo Independence, LLC has prepared this Human Health 
Risk Evaluation (HHRE) for submittal to the Idaho Department of Environmental Quality (JDEQ) for 
the DeNovo Independence Site (Site) located in Blaine County, Idaho. This document is Appendix D 
of the Draft Remediation Work Plan and identifies potential risks to human health at the Site. The 
HHRE focuses on the human receptors that may become exposed to mine impacted media at the Site. 

1.1 Human Health Risk Evaluation Approach 

The HHRE evaluates potentially complete exposure pathways for impacted media at the Site to reach 
human receptors, and then characterizes cancer and non-cancer risks associated with the potentially 
complete exposure pathways. A conceptual site model (CSM) for evaluating exposures at the Site is 
developed for the HHRE and is shown on Figure D-1. The CSM identifies the potential human 
receptors and operative exposure pathways. 

The HHREs initially screens contaminant concentrations by comparing to Idaho's Initial Default 
Threshold Limits (IDTLs) and Site-specific background concentrations to eliminate specific 
constituents of potential concern (COPCs) (metals for this Site) or specific Site media from further 
consideration in more detailed and quantified evaluations. This HHRE does not eliminate any metal 
COPCs from fllliher consideration; it evaluates cumulative human risks resulting from all analyzed 
metal COPCs through all operative pathways for media having any metal concentration above 
screening values. 

This HHRE is streamlined to initially determine risks for the media having the highest concentration 
of metals at each mine site. Human health risks will only be determined for other Site media (having 
lower metal concentrations) if unacceptable risks are quantified for the materials having the highest 
metal concentrations. In this manner, the HHRE focuses on determining human health risks for all 
pathways and receptors without conducting exhaustive calculations for each possible exposure. 
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2.0 HUMAN RISK SCREENING LEVELS 

This section discusses the screening levels that were used to screen the metal COPCs at thc Site based 
on Federal and State applicable, relevant, and appropriate requirements. Media having metal COPCs 
that are above the screening levels were considered fUl1her in this HHRE. 

2.1 Human Risk Screening Levels 

Potentially applicable risk-based concentrations for human receptors were identified for soil and 
water in Table 0-1 from Federal and Idaho State criteria. Because screening levels or cleanup levels 
cannot be below background or laboratory practical quantification limits (PQLs) for standard EPA 
and Idaho accepted analytical methods, Site-specific background concentrations and PQLs are 
included in Table 0-1 and were also used in selecting risk-based screening levels that are appropriate 
for the Site. The selected human risk-based screening levels for each metal represent the highest 
value among the Federal or State risk-based criteria, Site-specific background levels, and laboratory 
PQLs. 

2.2 Extent of Potential Contamination 

The extent of metal COPCs above human screening levels in source materials and media is 
sununarized by media in Table 0-2. The screening process compares screening level concentrations 
to metal COPCs concentrations. Metal COPC concentrations represent the lesser value of either the 
maximum detected metal concentration or the upper confidence level (VCL) of the arithmetic mean 
(at a confidence interval of 95 percent) for each media at each mine site or residential neighborhood. 
Site investigations have adequately defined the extent of metal COPCs that are present in source 
materials or media to proceed with this HHRE. The Site materials and affected media that have been 
found to have metal COPC concentrations above human screening levels (Table 0-2) are shown by 
shading and are considered further in this HHRE. As shown in Table 0-2, surface water at the site 
and the North Independence neighborhood soils are not above screening levels for all metal COPCs 
and will not be considered further in this HHRE. 
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3.0 HUMAN RECEPTOR AND EXPOSURE EVALUATION 

Information concerning potential receptors and exposure pathways, including chemical sources and 
chemical constituent release mechanisms, are integrated into a CSM. The CSM provides a 
framework for problem definition, defines the framework for the risk assessment, and assists in 
identifying response actions for the Site, if necessary. A CSM is typically based on the most current 
information available, but is dynamic and can change as new information becomes available for a 
site. 

The human health CSM for the Site (Figure D-I) reflects current and reasonable future land uses of 
the Site. The potential sources presented in the CSM represent the suspected sources of metal 
releases at the Site and are identified on the basis of historical information that is provided in 
Appendix A (IDEQ Sampling Results) and the Site investigation activities presented in Appendix C 
(Sampling and Analysis Report) of the Draft Remediation Work Plan (Golder, 2008). 

3.1 Potential Human Health Receptors 

The Site is currently an inactive and abandoned mine. The area surrounding the Site is mainly 
undisturbed and is composed of native soil cover, rock outcrops, and vegetation. There are no 
residences or schools on the Site; however, there is the town of Triumph with single-family homes 
adjacent to the south side of the Site. However, the redevelopment plan for the Site includes the 
construction of 30 single-family residences. The Site is currently used for recreation by the public 
from nearby towns. 

The following CU1Tent and future receptors may be exposed to Site metals and were included as 
potential receptors in the human health CSM: 

• Future on-Site residents 

• Current and future on-Site recreational visitors 

• Future on-Site remediation construction workers 

3.2 Potential Human Health Exposure Pathways 

A complete exposure pathway is defined by the following four elements (USEPA, 1989): 

• A source of chemical release into the environment 

• An environmental medium for transport of the chemical (e.g., air, ground water, or soil) 

• A point of potential exposure for a receptor 

• A route of exposure for the receptor (e.g., ingestion, inhalation, or dermal contact) 

An exposure pathway is considered complete or potentially complete when all four of these elements 
are present. All potential human health exposure pathways for the media of concell1 depict primary 
and secondary release mechanisms, retention-exposure mechanisms, and potential exposure routes. 

Complete and potentially complete exposure pathways were identified by comparing media 
concentrations to conservative risk-based screening values. The screening values for Site media are 
the lowest human risk-based screening criteria that are above Site-specific background levels and are 
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summarized in Table 0-1. A summary of the Site media containing metals that are above human 
screening levels are presented in Table 0-2, which provides the basis for the various human exposure 
pathways that are illustrated in the site conceptual model (Figure 0-1). A discussion of the main 
exposure pathways is presented in the following paragraphs. 

3.2.1 Groundwater Pathway 

The regional groundwater table at the Site exists in the bedrock. Localized perched groundwater may 
occur along the interface between the colluvium soils and weathered surface of the bedrock as 
interflow, which may be close to land surface. This is evidenced by stands of small shrub vegetation 
and treed areas on the mountain sides. The Site has numerous mine adits, drifts and tunnels. Mine 
workings collect groundwater locally within the bedrock. Where the mine workings are connected to 
the Triumph Tunnel, groundwater likely drains to the Triumph Tunnel because it is at the lowest 
elevation on-Site and is inclined toward the Triumph Tunnel p0l1al at the south end of the mine near 
the town of Triumph. Because the mine workings were in areas that exposed ore veins and deposits 
to atmospheric air, the groundwater may have become impacted with metals from sulfide mineral 
oxidation and dissolution processes. Historically, the groundwater discharge from the Triumph 
Tunnel portal has been around 100 gallons per minute (gpm), but in 2003 a plug was installed in the 
tunnel and the mine water discharge was reduced to between 3 -5 gpm. The metal concentrations 
were high in groundwater discharges prior to installation of the plug, but are much lower in metal 
concentrations since the plug was placed. IOEQ monitors nearby mine adit portals and the general 
area for groundwater discharges and springs that could represent mine water discharges as a result of 
the Triumph Tunnel plug installation. To date, no new groundwater discharges have been observed. 
As described above, these measures were taken pursuant to the 1998 ROD and are not addressed, 
supplanted, or affected by this Work Plan. ASARCO is responsible for the management of the 
groundwater associated with and impacted by the mine workings as outlined in the J998 ROD. 

Currently, there are no groundwater wells or groundwater users on the Site. Several groundwater 
supply wells exit for residents in the town of Triumph and nearby along the East Fork Road. These 
private supply wells are monitored on a regular basis by IOEQ and currently meet drinking water 
quality criteria. 

In the future, groundwater may be used as the drinking water supply for the proposed residential 
development at the Site. A future groundwater supply system was investigated with a test well in the 
lower Independence Creek area of the Site (Strata, 2008). The test well produced adequate quantity 
(-50 gpm) of groundwater for domestic use. The groundwater quality was below drinking water 
maximum contaminant levels (MCLs), except for arsenic. Arsenic is a primary MCL with a Federal 
MCL of 10 Jlg/L and an Idaho MCL of 50 Jlg/L. Arsenic concentrations in the test well were 24 
Jlg/L. These levels may be indicative of the natural background levels within bedrock at the Site 
because of the ore mineralization or from mine impacts. Any groundwater supply system installed 
on-Site for future residential developments will be analyzed for water quality and assessed for 
potential impact by mine workings and waste materials. If analytical results of groundwater supply 
systems indicate concentrations of arsenic are elevated above MCLs, treatment of the drinking water 
will be required. 

3.2.2 Surface Water Pathway 

Surface water is limited at the Site. Two groundwater springs surface in the Independence Mine area. 
One spring discharges from an adit and passes through a mine waste pile. The other spring surfaces 
down-stream of the Independence Mine area within Independence Gulch. The analytical results of 
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surface water seep samples that were collected at the Site are summarized in Table D-2. As can be 
seen from the table, these springs meet drinking water quality and do not pose a human health risk. 

Since the springs at the Independence Mine discharge from a mine adit, pass through or under mine 
waste materials, and do not indicate any mine related impacts, the mine operations and wastes 
materials at the surface (at least at the Independence Mine) do not indicate metals leaching is 
occurring and impacting local groundwater and springs. Therefore, surface water exposure pathways 
do. not represent a risk to human receptors and will not be evaluated further in this HHRE. 

The groundwater discharge from the Triumph Tunnel portal does not meet drinking water standards, 
but this discharge is sent to the bolding pond on BLM property and not used for as a drinking water 
source. 

3.2.3 Air Pathway 

Mine waste materials at the Site represent impacted media that may release metals through fugitive 
dust emissions. There is limited to no vegetative cover on mine waste piles, which make these 
materials more amenable to fugitive dust emissions. However the tailings and mine waste materials 
are relatively course grained and are not expected to be amenable to fugitive dust emissions. Soils 
analysis of the potential dispersal by wind generated fugitive dust indicated that wind dispersal was 
not widespread, except for possibly in the North Star Mine area. Recreational use and remedial 
construction on the mine waste materials at the Site could generate fugitive dust emissions by 
mechanical disturbance. Therefore, fugitive dust inhalation was considered for CUITent and future 
recreational visitors and for future on-Site remediation construction workers in the HHRE because 
these receptors could be exposed to localized dust emissions from activities on the Site. 

3.2.4 Soil and Sediment Pathway 

Site soils and sediments are impacted with metals above background levels. Current and future 
recreational visitors could be exposed to Site soils and sediments during biking, hiking, and other 
recreational activities. Exposure pathways include incidental ingestion and dermal contact of Site 
soils and sediments. Future on-Site remediation construction workers could become exposed to Site 
metals in soils and sediments during construction activities. Future Site residents could be exposed 
on a more or less continual basis to Site metals at the proposed neighborhood sites that have soil 
metal concentrations above background levels. Consequently, these three receptor groups are 
addressed in the HHRE for potential exposures to Site soils and sediments. 
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4.0 RISK EVALUATION 

The streamlined HHRE is completed in two steps. Step I involves screening constituent 
concentrations in each of the potential exposure mcdia against conservative screening values. The 
first step was completed as part of the evaluation of the data collected during the Site investigations 
are presented and summarized in Table 0-2. 

Step 2 of the risk assessment process further evaluates constituents and media for which 
concentrations at the Site were detected in excess of the screening values. The approach for further 
evaluation of metal COPCs is through a risk characterization performed in accordance with USEPA 
CERCLA Risk Assessment Guidance (RAGS-EPA, 1989) and the State of Idaho Risk Assessment 
Manual (IOEQ, 2004). Thc cumulative health risk is calculated to determine thc individual excess 
lifctime cancer risks (lELCR) and non-cancer hazard index (HI) for toxic metal COPCs. Risks arc 
assessed for receptors that may contact Site source materials or affected media identified in Step I of 
the risk evaluation, and are summed by multiple metal COPCs to obtain cumulative lELCR and non­
cancer HI. 

Cumulative carcinogenic potential (i.e., cancer risk) was calculated for arsenic for all exposure 
pathways; and for cadmium and chromium (assuming chromium in the hexavalent state) through the 
inhalation pathway because cadmium and hexavalent chromium are suspected carcinogens though 
inhalation. Cancer risks, calculated as the IELCR that occurs due to exposures to the Site 
carcinogenic metal COPCs through multiple exposure pathways, represent the cumulative IELCR for 
the Site and are the number of individuals that potentially would develop additional cancers for a 
given population over nonnally developed cancers. Acceptable calculated cancer risks less than I 
additional cancer out of ]00,000 people (l0·5

), are considered acceptable in Idaho when conducting a 
Risk Evaluation-lor 2 Level with cumulative contaminant effects considered (IOEQ, 2004). 

The non-cancer hazards for each constituent are included in the risk evaluation, except for lead, arc 
summed by medium to obtain a cumulative Hazard Index (HI) value. Again the cumulative HI values 
for all toxic metal COPCs are calculated, are summed, and are compared to a threshold Hazard Index 
value of 1.0, which is considered to be an acceptable risk level from toxic metal COPC exposure at 
the Site (lDEQ, 2004). Lead does not have an accepted reference dose (RID) intake that can be 
applied to risk evaluation methods. Therefore, the potential risk associated from lead exposures was 
conducted using the USEPA's Integrated Exposure Uptake Biokinetic (lEUBK) model (USEPA, 
1994). This model determines the probability of a receptor having an unacceptable concentration of 
lead in blood. 

This process entails the following components: 

• Selection of Site Media and metals 

• Reasonable Maximum Exposure Assessment 

• Risk Characterization 

The basic approach used to develop each step of the HHRE and the results of each step arc outlined in 
the following subsections. 
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4.1 Selection of Metals and Media 

The Site metals of potential concern were identified in the SAP (Appendix B of the Remediation 
Work Plan) from the Sitc history of mining operations, orc mineralogy, previous Site investigations, 
and remediation at the adjaccnt Triumph Tailings Pile in the town of Triumph. Based on the 
screening conducted in Section 2 and summarized in Table 0-2, the metals to be addressed in the 
HHRE are inorganic metals detected at elcvated levels in the source materials and affected media. To 
ensure that potential risks are not underestimated, all inorganic metals have been conservati vely 
can-ied through the streamlined HHRE. Therefore, the risk evaluation quantifies cumulative risks 
associated with potential exposures to the other inorganic constituents that were not detected at 
concentrations above the screening level values. It should be emphasized that some of these 
constituents occur naturally in background soils at concentrations that are generally similar to those 
reported for Site mine media. 

Based on the evaluation Step Iand the media that have metal COPCs above screening levels that were 
prcsented in Table 0-2 the following source media are retained as media for conducting Step 2 
HHRE: 

• North Star Mine area soils, sediments and road surfaces 

• Independence Mine area soils sediments and road surfaces 

• Old Triumph Shaft area soils, sediments and road surfaces 

• Triumph Tunnel Area soils 

• North Star Neighborhood soils 

• South Independence Neighborhood soils 

Although the groundwater discharge from the Triumph Tunnel portal is above screening levels this 
discharge is collected, is sent to the treatment holding pond on BLM property, is not used for as a 
drinking water source and will not be fut1her evaluated in this HHRE. 

4.2 Reasonable Maximum Exposure Assessment 

Consistent with Idaho guidance for calculating exposure point concentrations (IOEQ, 2004), the 
exposurc point concentration (EPC) for metals is the lesser of the maximum detected concentration or 
95% VCL on the mean. The UCL was based on a normal distribution for a specific Site source 
material or affected media depending how the data for a Site source material or affected medium was 
distributed. For some media, the maximum detected concentration was used as the EPC when the 
maximum detected value was above the 95% UCL of the mean and sample data sets were comprised 
of fewer than 10 samples. Table 0-2 presents the EPCs for each material type at each mine area. 

For evaluating IELCR, the cancer risk existing due to natural background metal concentrations were 
not subtracted from potential exposures at the Site. By definition, the IELCR represents the cancer 
risk solely due to exposures to Site impacted media. Site impacted media are metal COPCs that are 
above background levels. Typically, risk assessments remove cancer risk from natural conditions by 
either subtracting background levels from site impacted media or by subtracting the calculated cancer 
risk from only background from the total site cancer risks. This HHRE only calculates the total 
cancer risks from Site metal COPCs to be conservative using EPCs in Table 0-2 without subtracting 
background cancer risks. 
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Current and Future Recreational Visitor Receptor: 

Current and future recreational visitors at the Site may be engaged in several outdoor activities such 
as hiking, mountain or motor-biking, ATV riding, wildlife viewing, hunting or other activities. 
Recreational visitors include any visitor including: residents from the town of Triumph, Sun Valley, 
and nearby cities, future residents on the Site or people from other regions of Idaho or from out of 
state. 

Exposures would be expected to occur equally throughout the Site and, consequently, the exposure 
area for a recreational visitor would be the entire available Site open area. The open area 
encompasses approximately 848 acres and includes the former Old Tliumph Shaft Area, North Star 
Mine, Independence Mine areas and Triumph Tunnel area. The combined areas of waste piles and 
affectcd sUlTounding surface soils represents only about 3 percent of the entire Site. This risk 
assessment evaluates human risk from exposures to the mjne waste piles (some containing tailings). 
The mine waste piles have the highest metal concentrations of affected media at each mine area and 
would represent the highest human health risks. However, to provide a more conservative assessment 
of potential risks, and to account for the disparity in constituent concenh"ations among the various Site 
source materials and affected media evaluated in this HHRE, the mine waste piles were evaluated 
independently for each mine area with the recreational visitor spending 10 percent of recreating time 
on mine waste piles at each mine area. Therefore, potential exposw-es to the recreational visitors 
include the following media: 

• North Star Mine waste piles 

• Independence Mine waste piles 

• Old Triumph Shaft area waste piles 

• Triumph Tunnel area surface soils 

Exposures were assumed to occur from incidental ingestion and dermal contact with mine waste 
media. Inhalation of fugitive dust was also included in the HHRE for exposures to Site mine waste 
media. The standard recreational visitor scenario used in the Human Health Risk Assessment for the 
Triumph Tailings Pile Project (Tetra Tech, Inc., 1997) was used for the HHRE along with standard 
default exposure inputs from the Idaho Rjsk Evaluation Manual, (IDEQ, 2004). This scenario 
assumes both an adolescent and adult recreates at the Site seven (7) days per year for an exposure 
frequency (EF). The assumption that recreational visitors will access the Site seven (7) days per year 
was based on a HHRE prepared for the IDEQ for the Triumph Mine Tailings Pile Project (Tetra Tech, 
Inc., 1997). Each Site visit by a recreational visitor was assumed to last 6.6 hours (IDEQ, 2004). The 
exposure duration (ED) assumed 9 and 15 years for ao adolescent and adult, respectively, residing 
near the Site. Averaging times (AT) were 9 and 15 years, respectively for an adolescent and adult, 
respectively for non-carcinogenic metals COPCs and 70 years for carcinogenic metal COPCs. The 
open area at the Site is too remote with high relief topography for small children (six years old or 
less) to access the Sitc; therefore, the most sensitive human receptors expected for the Site are an 
adolescence and an adult). 

Exposure parameters used in this assessment are conservative. For example, to assess potential 
exposures, it is assumed that soil contact occurs at each mine area waste pile 10 percent of the 
recreating time on the days that visits occur at the Site. The mine waste piles total only 26 acres 
(three percent) of the entire Site 848 acres. This provides a conservative assessment of potential 
exposures because cumulative contact with all mine waste piles would total 40 percent (four mine 
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areas at 10 percent time at each area), because travel between mine areas is considered to occupy 
much of the recreating time. For a recreational visitor you have contact frequencies greater than the 
thrce (3) percent of the time at the mine waste piles, a recreational visitor must target and stay at the 
mine waste piles. Although a mine area would be expected to be initially visited from curiosity and 
mineral specimen collecting, recreational visitors may actually avoid visiting the mine waste piles 
during subsequent visits over the longer term. 

Other exposure inputs are consistent with the Idaho Risk Evaluation Manual exposure inputs, if 
default values were provided, or based on the Baseline Human Risk Assessment for the Triumph 
Mine Tailings Pile Project (Tetra Tech, 1997) in cases where default values are not provided in the 
Idaho Risk Evaluation Manual. An exception was for the exposure input for incidental soil ingestion 
rate (IRs). The Idaho Risk Evaluation Manual does not specify a default IRs for recreational visitors. 
Although the Baseline Human Risk Assessment for the Triumph Tailings Pile used 100 mg/day for 
the recreational visitor, an IRs of 200 mg/day was used in this HHRE to be conservative. Inhalation 
exposures assumed an average daily adolescent and adult-breathing rates of 1.3 and l.6 mJ/day, 
respectively (IDEQ, 2004). For estimating concentrations of metals in air, a particulate (dust) 
emission factor (PEF) of 4.0 E+08 m3/kg was used (IDEQ, 2004; and Tetra Tech, 1997) assuming no 
vegetative cover on the waste piles. Other exposure parameters such as body weight (55 and 70 kg) 
and averaging times were based on the Idaho Risk Assessment Manual (IDEQ, 2004) for adolescents 
and adults, respectively. The input parameters and calculated Site risks to the recreational visitor 
scenario are presented in Table 0-3 and 0-4 for an adolescent and adult, respectively at each minc 
area. The total risk for the recreational visitor would be the sum of the HI and IELCR for the entire 
Site. 

The HHRE evaluated exposures to lead separately than for the other metals at the Site. Lead does not 
have an accepted reference dose (RID) intake that can be applied to risk evaluation methods used for 
the other Site metals. Therefore, the manner for evaluating risk from lead exposure was to estimate 
blood lead levels in human receptors from exposures to Site media. 

Risks associated with potential exposures to lead for the recreational visitor scenario were evaluated 
by methods recommended in the USEPA document titled Recommendations of the Technical Review 
Workgroup for Lead/or an Adult Exposures to Lead in Soil (USEPA, 2003). The recommended 
approach uses a biokinetic model and identifies the greatest worker risk population to be women of 
child-bearing age. Since adolescences are not considered to be child-bearing age, lead risks are based 
on the potential for a fetus (at the upper 95 1h percentile of the population) to have a lead concentration 
of 10 ).lg/dL or more in blood from the recreational visiting woman to the Site. The fetus could 
receive lead from the woman's intake of lead from exposures while recreating or visiting at the Site. 
The guidance document to the IEUBK model (USEPA, 1994) suggests that the arithmetic mean value 
for lead soil concentrations be used in the biokinetic model, but to be conservative, the UCL of the 
mean lead concentrations were used as input to the model for this Site. Using the suggested input 
parameters for the type of population in the area and research of populations around lead mines 
(USEPA, 2003), the Geometric Standard Deviation (GSD j) for individual blood lead and the Baseline 
Blood Lead Concentration (PbBadlllt,o) used for the Independence Mine Site are 1.9 individual blood 
lead geometric standard deviation (GSDi) and 1.9 antecedent blood lead levels in woman of child 
bearing age (PbBadult,o), respectively USEPA, 2003). 

The IEUBK equations, input values and resulting fetal blood lead levels are presented in Attachment 
A to this HHRE and summarized in Table 0-5. The lead concentrations for Site media were used to 
predict the fetal blood lead concentration for the 95 1h percentile population from females exposed to 
lead while recreating at the Site. The IEUBK modeling results predict potential fetus blood lead 
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levels are below 10 flg/dL for at least 95 percent of the exposed population for fetuses of women of 
child-bearing age that result from recreational activities at the Site. 

Future Remediation Construction Worker Receptor 

A future remediation construction worker may be exposed to metal COPCs in Site media by 
incidental ingestion and dermal contact during outdoor activities such as excavating, transporting, 
placing, trenching and general earthwork during remedial actions. A Site worker could also be 
exposed to Site metals from the inhalations of fugitive dust generated from Site work. 

Exposures would be expected to occur primarily at the mine waste piles (some containing tailings), 
because remedial actions are focused on the mine waste piles. This risk assessment evaluates human 
risk from exposures to the mine waste piles. The mine waste piles have the highest metal 
concentrations of affected media at each mine area and would represent the highest human health 
risks. In this HHRE, the mine waste piles were evaluated independently for each mine area with the 
remediation construction worker spending all their time on individual mine waste piles. Therefore, 
potential exposures to the remediation construction worker include the following media: 

• North Star Mine waste piles 

• Independence Mine waste piles 

• Old Triumph Shaft area waste piles 

• Triumph Tunnel area surface soils 

Exposures were assumed to occur from incidental ingestion and dermal contact with mine waste 
media. Inhalation of fugitive dust was also included in the HHRE for exposures to Site mine waste 
media. The same approach for the recreational visitor was used for the construction worker in this 
HHRE, except standard default exposure inputs from the Idaho Risk Evaluation Manual, (JDEQ, 
2004) for an adult construction worker were used when applicable. This scenario assumes an adult 
construction worker at the Site with an exposure frequency (EF) of 30 days/year and assumed to be 
working the entire time on the mine waste piles. The averaging time used for this evaluation was one 
year (ATnc) for toxic metal COPCs and 70 years (ATc) for carcinogenic metal COPCs. Each work 
day was assumed to be 10 hours/day (IDEQ, 2004). The soil incidental soil ingestion rate and air 
inhalation rates used for worker exposures were 480 mg/day and 2.4 m3/hour, respectively (IDEQ, 
2004). For estimating concentrations of metals in air, a palticulate (dust) emission factor (PEF) of 4.0 
E+08 m3/kg was used (JDEQ, 2004; and Tetra Tech, 1997) assuming no vegetative cover on the 
waste pi les. Other exposure parameters such as body weight (70 kg) were based on the Idaho Risk 
Assessment Manual (IDEQ, 2004). The input parameters and calculated Site risks to the future 
remediation construction worker scenario are presented in Table 0-6 for mine waste piles at each 
mme area. 

The HHRE evaluated exposures to lead separately than for the other metals at the Site. Lead does not 
have an accepted reference dose (RID) intake that can be applied to risk evaluation methods used for 
the other Site metals. Therefore, the manner for evaluating risk from lead exposure was to estimate 
blood lead levels in human receptors from exposures to Site media. 

Risks associated with potential exposures to lead for the Remediation Construction worker scenario 
were evaluated by methods recommended in the USEPA document titled Recommendations of the 
Technical Review Workgroup for Leadfor an Adult Exposures to Lead in Soil (USEPA, 2003). The 
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approach used for this receptor scenario is the same as used for the recreational visitor scenario. The 
most sensitive construction worker to lead exposures is an adult woman of child bearing age. Using 
the suggested input parameters to the EPA biokinetic model for the type of population in the area and 
research of populations around lead mines (USEPA, 2003), the Geometric Standard Deviation (GSD i) 

for individual blood lead and the Baseline Blood Lead Concentration (PbBaduh,o) used for the Site is 
2.0 individual blood lead geometric standard deviation (GSDi) and 2.0 antecedent blood lead levels in 
woman of child bearing age (PbBadult,O), respectively (USEPA, 2003). The lead EPC used for Site 
media was the UCL of the mean lead concentration of the mine waste piles. 

The IEUBK equations, input values and resulting fetal blood lead levels from women workers at the 
Site are presented in Attachment A to this HHRE and summarized in Table 
D-5. The lead concentrations for Site mine waste media were used to predict the fetal blood lead 
concentration for the 951h percentile population from females exposed to lead while working at the 
Site. The IEUBK modeling results predict child blood lead levels are above 10 I-tg/dL for at least 5 
percent of the exposed population for fetuses of women conducting remediation activities at the mine 
waste piles of the Site 

Future On-Site Resident Receptor 

A future resident at the Site may be exposed on a continuous basis to Site soils in the neighborhoods 
where homes will be developed. Three neighborhoods are identified for potential future residential 
development and are: 

1. North Independence Neighborhood 

2. South Independence Neighborhood 

3. North Star Neighborhood 

Based on the screening conducted and shown in Table D-2, soils in the North Independence 
Neighborhood are below screening levels and will not be further evaluated in this HHRE. Soils in the 
other two neighborhoods have concentrations of some metals above screening levels and will be 
further evaluated in this HHRE. 

Exposures were assumed to occur from incidental ingestion and dermal contact with soils in each 
neighborhood. Inhalation of fugitive dust was also included in the HHRE for exposures to Site soils 
the neighborhoods. The standard residential scenario (IDEQ, 2004) assumes residents live on the Site 
350 days per year. A child and an adult were evaluated as receptors in a future resident scenario. For 
the HHRE, it was assumed that all exposures occur in the neighborhood. The soil ingestion rate used 
to evaluate incidental ingestion exposures was 200 mg/day for a child and 100 mg/day for the adult 
(IDEQ, 2004). Inhalation exposures assumed an average daily child-and adult outside breathing rate 
of 1.1 m3/hour and 1.3 m3/hour, respectively. For estimating concentrations of metals in air, a 
particulate fugitive dust emission factor of 8 E+08 m3/kg was used from the USEPA Soil Screening 
Guidance (IDEQ, 2004) assuming 50 percent vegetative cover on yard soils. Other exposure 
parameters such as body weight (15 kg chi ld and 70 kg adult) and averaging times were based on 
Idaho Risk Evaluation Manual (IDEQ, 2004), if default values are provided. The input parameters 
and calculated Site risks to the future residential scenario are presented in Table D-7 for the 
residential child and Table D-8 for the residential adult receptors. 

The HHRE evaluated exposures to lead separately than for the other metals at the Site using the 
IEUBK model (USEPA, 1994) for children exposures. The IEUBK model was run assuming a child 
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resided on each of the source materials and affected media at the Site. The standard default input 
parameters suggested for the model were used for a child residing on-Site. The lead UCL of the mcan 
concentrations for Site media was used as the lead EPCs in the residential yard. Using yard soil 
concentrations, the IEUBK model estimates the expected indoor dust (internal IEUBK algorithm). 
The default value for lead in drinking water was used for the future residential scenario, which is 4 
flg/L. The input values and resulting child lead blood levels are presented in Attachment B to this 
HHRE. The IEUBK model results are summarized in Table D-5. Although the calculated average 
blood lead levels in children residing at both neighborhoods are below 10 flg/dL, the model results 
indicate children blood lead levels would be below 10 flgldL for more than 95 percent of the 
population from residing on the South Independence Neighborhood, but may be over 10 flg/dL for 
less than 9S percent of children residing at the North Star Neighborhood. 
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5.0 HUMAN RISK CHARACTERIZATION SUMMARY 

The cumulative risk calculations for the recreational visitor, the future remediation construction 
worker and future resident scenarios are provided in Tables 0-3, 0-4, 0-5, 0-6, 0-7, and 0-8. 
Chronic non-cancer risk was evaluated by calculating the hazard quotient (HQ) for exposure to each 
constituent, and the total cumulative Hazard Index (HI) for concomitant exposure to all metal 
constituents. Idaho considers a cumulate HI of 1.0 to be acceptable for sites conducting a Risk 
Evaluation-2 Level (IDEQ, 2004). Cancer risks were evaluated by calculating the probability for 
cancer to develop from specific metals (arsenic, cadmium and hexavalent chromium) that are 
suspected carcinogens for concomitant types of exposures at the Site. Cancer risks represent the 
individual excess lifetime cancer risks (IELCR) that occur due to exposures to the Site contaminants. 
and are presented as the number of individuals that potentially would develop cancer for a given 
population. Idaho considers cancer risk less than I additional cancer out of 100,000 people (l0-5

) to 
be acceptable when conducting a Risk Evaluation-lor 2 Level (IDEQ, 2004) with eumulativc 
contaminant effects considered. Chronic exposures to Site lead was evaluated separately using the 
IEUBK model and the results are shown in Table 0-4 for the recreational visitor, future remediation 
construction workers and future residents. Blood lead levels below 10 flg/dL for more than 95 
percent of children or fetuses resulting from exposures to Site material are considered acceptable 
(USEPA, 1994). 

5.1 Human Recreational Visitor Scenario 

This HHRE determined that unacceptable risks (including HI, IELCR, and blood lead) to recreational 
visitors at the Site do not exist. Although all impacted media was not carried though the detailed risk 
evaluation, mine waste at each mine area were evaluated because these materials have the highest 
metal concentration and they also represent the highest risk to recreational visitors. The highest HI 
risk to recreational visitors at an individual mine waste pile was calculated to be 0.05 for the Triumph 
Tunnel soils (Tables 0-3 and 04). This HI was highly influenced by one sample obtained by IDEQ 
that was collected below the ore bins. If the recreational visitor frequented all mine waste piles 
(assuming 40 percent of their entire recreating time), the accumulative HI could total 0.1 for an 
adolescent (sum of all HI for each mine area waste piles). The highest IELCR risk to recreational 
visitors from all Site areas evaluated in the HHRE was calculated at 4x I0-6

01' assuming the 
recreational visitor frequents all mine area wastes piles the total IELCR could be 8x 10-6(Tables 0-3 
and 0-4). The highest potential blood lead levels for the 95[h percentile of potentially affected fetuses 
was calculated at 5.6 flg/dL, well below the threshold of 10 flg/dL (Table 0-5) (US EPA 1994). 

Although the mine impacted materials at the Site do not represent an unacceptable risk to recreational 
visitors, remedial alternatives for the Site evaluated in the Section 6 of this Draft Remediation Work 
Plan include measures to reduce or eliminate risk for these human receptors. 

5.2 Remediation Construction Worker Scenario 

This HHRE determined that unacceptable risks (including HI, IELCR, and blood lead) to future 
remediation construction workers exist at the Site. Although all impacted media was not carried 
though the detai led risk evaluation, mine waste piles at each mine area were evaluated, because fllture 
remedial actions will be focused on the mine waste piles. The only mine waste pile that had the 
calculated HI less than 1.0 was at the Independence Mine. Therefore, any other mine impacted soils 
that were not explicitly evaluated and has metal EPCs comparable to or less than the metal EPCs at 
the mine waste piles of the Independence Mine area should not represent an unacceptable risk to the 
future construction worker. HI risk to remediation construction workers for all other mine waste piles 
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at the other mines were above 1.0. The highest potential IELCR risks to remediation construction 
workers from all Site areas evaluated in the HHRE was calculated at 3.3x I0-5 at the Triumph Tunnel 
area, while all other cancer risks arc approximately 10-5 or below (Table 0-6). Again, the IELCR was 
highly influenced by one sample obtained by lDEQ that was collected below the ore bins. The 
potential blood lead levels for the 95 1h percentile of affected fetuses are above 10 ~g/dL at all mine 
waste piles (Table 0-5). 

The mine impacted materials at the Site do represent an unacceptable risk to remediation construction 
workers. Remedial actions at the Site will need to address human risks during active remediation in 
order to protect workers. Protective measures will need to be identified and included in the Site 
Specific Remediation Health and Safety Plan. 

5.3 Future Site Resident Scenario 

For the future residential scenario, two neighborhood areas were evaluated in this HHRE because 
they had metal concentrations in soils above screening levels. These neighborhoods are: 

• The North Star Neighborhood 

• The South Independence Neighborhood 

Both the North Star and South Independence Neighborhoods have potential HI for cumulative metal 
non-cancer risks above I for a child resident, which indicates an unacceptable risk may be associated 
with future residential usc unless some remedial action is conducted. Also, both residential 
neighborhoods have a calculated IELCR risk of between 2x 10-4 and 3x 10-4 for children. Future 
residential use of the Site could result in average blood lead levels to children of 5.8 and 4.7 Ilg/dL at 
the North Star and South Independence Neighborhoods, respectively, but only the NOl1h Star 
Neighborhood represents a potential to affect more than 5 percent of childTen to have greater than 10 
f1g/dL. 

Remediation of surface soils at the North Star and South Independence Neighborhoods are warranted. 
Inspection of the analytical results for the South Independence Neighborhood revealed that one soil 
sample had high levels of metals and influenced the average for the rest of the neighborhood soils. 
The surface soils at the South Independence Neighborhood appear to have isolated occurrences of 
elevated metals that either represent an anomalous background level or small areas of mine materials, 
both conditions can be effectively removed and remediated. The North Star Neighborhood soils have 
multiple samples that had elevated metal content. The area appeared to have been disturbed by 
mining activities in the past and includes sediments that eroded down the drainage from the North 
Star mine. Remedial actions for mine material removal are recommended for future residential 
development in the North Star Neighborhood. 

5.4 Uncertainty Assessment 

Risk evaluations have great uncertainty. The human physiologic responses to contaminants are 
extrapolated from animal studies with great uncertainty. The exposure and contaminant uptake by 
human receptors is highly variable and therefore uncertain. Human risk evaluations are by nature 
conservative to account for the uncertainty associated with exposures, intake and physiological 
responses. Although the actual calculated risk is uncertain, human risk evaluation arc conducted 
using standard approaches and procedures for relative comparability in evaluating potential risks and 
making remedial decisions. 
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In reviewing the results of this risk characterization, it should be emphasized that the risks estimated 
in this analysis are based on a series of conservative assumptions regarding exposure and toxicity. 
For example, although the true exposure area at the Site is the entire Site area, risks were evaluated 
for discrete exposure points within the Site area, assuming that exposures occurred at each of the 
areas on a frequent basis, rather than across the entire Site. Recreational visitors would be expected 
to use the entire Site rather than spend all their time in one specific area. For example, the mine 
waste piles and impacted surrounding soils occupy about 3 percent of the entire 848 acres at the Site. 
Assuming a human receptor would not spend a disproportionate amount of time at any of the mine 
waste media areas, the true risk to humans from the mine media would likely be less than calculated 
for the recreational visi tor scenario. 

For evaluating IELCR, the cancer risk existing due to natural background metal concentrations were 
not subtracted from potential exposures at the Site. By definition, the IELCR represents the cancer 
risk solely due to exposures to Site impacted media. Site impacted media are metal COPCs that are 
above background levels. Typically, risk assessments remove cancer risk from natural conditions by 
either subtracting background levels from site impacted media or by subtracting the calculated cancer 
risk from only background from the total site cancer risks. This HHRE only calculates the total 
cancer risks from metals at the Site rather than the IECLR to be conservative using EPCs in Table 
D-2 without subtracting background cancer risks. 

Risks to humans from inhalation and deonal contact may be overestimated. Inhalation reference 
concentrations (RfCs) were not available for the inorganic metal analytes evaluated in the HHRE. 
Therefore, dust inhalatioD non-cancer risks were conservatively estimated using oral RIDs. However, 
dust inhalation exposures are negligible compared to ingestion exposures. 

(J Il209chnl_JPP d human health eval (2).doc'i Golder Associates 



DRAFT
 
January 13,2009 0-16- 083-93359-02.6
 

6.0 REFERENCES 

Golder Associates Inc. 2008. Appendix C Draft Sampling and Analysis Report - Draft Remediation 
Work Plan for the Independence Mine. Prepared for DeNovo Independence LLC. Chicago, 
Illinois. December. 

Idaho Department of Environmental Quality (IDEQ). 2004. Idaho Risk Evaluation Manual - Final. 
Boise, Idaho, July. 

Tetra Tech, Inc. 1997. Risk Assessment Services for the Triumph Mine Tailings Pile Project ­
Baseline Human Health Risk Assessment. Prepared for the Idaho Department of Health and 
Welfare /Division of Environmental Quality. Boise, Idaho. August 12. 

USEPA. 1989. Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health 
Evaluation Manual (Part A), Interim Final: EPN5401I-89/002 

USEPA. 1994. Technical Support Document: Parameters and Equations Used in the Integrated 
Exposure Uptake Biokinetic Model for Lead in Children (v 0.99d). USEPA publication: 
EPA 540/R-94/040. Washington, DC. 

USEPA. 2003. Recommendations of the Technical Review Workgroup for Lead for and Approach 
to Assessing Risks Associated with Adult Exposures to Lead in Soil. USEPA publication: 
EPA-540-R-03-001. Washington, DC. 

OlI2U9drn:t_npp d human hcal1h c\'~ll (2:),Lion Golder Associates 



TABLES
 

Golder Associates 



083-93359-02January 2009	 TABLE D-l 

Screening Levels 

Metal 

Soil (mg/kg) Surface Water (Ilg/L) 

IDTV PQU 
Background 

Levels3 

Soil 
Screening 

Level4 

Federal Primary 
Drinking Water 

MCL 

Idaho State 
Drinking Water 

Standards 
PQU 

Surface Water 
Screening Level 

Arsenic 0.391 2.5 46.1 46.1 10 50 I 50 
Cadmium 1.35 0.2 7.13 7.1 5 5 0.5 5 

Chromium 7.9 0.6 85.4 85.4 100 100 6 100 
Copper 921 I 48.9 921 1,300 1,300 10 1,300 

Iron NA 6 26,900 26,900 300* 300* 100 300 
Lead 49.6 0.75 94.8 94.8 15 15 0.5 15 

Manganese 223 0.4 770 770 50 50 4 50 
Mercury 0.005 0.033 0.07 0.1 2 2 0.2 2 

Selenium 2.03 0.5 3.42 3.4 50 50 3 50 
Silver 0.189 0.5 1.19 1.2 100* 100* 0.5 100 
Zinc 886 I 872 886 5,000* 5,000* 10 5,000 

, Idaho Initial Default Target Levels 

2 Laborator:, Practical Quantiiication Limit 
4 
J	 Site Speeitie Milligan FOllT1ulion Background UP-90% Levels 

Derived from the highest value between IDTL, PQL nnd Site Specific Background Level. 

• federal Water Quality Criteria Secondary Drinking Water Standards 

NA - Not Available 
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Comparison of Screening Levels to Media Exposure Point Concentrations (EPC)
 

Mercury Selenium Silver 
(mg/kg) (mg/kg) (mg/kg) 

14,300 1.600 2.23 7.49 liS 
2,990 1,540 0.27 5.46 22.9 

1,780 1.350 0.54 5.51 11.8 
700 1,260 0.15 7.68 3.92 

687 1,130 0.20 3.21 6.34 

94.8 770 0.07 3.42 1.19 

Soil Samples 
Arsenic Cadmium Chromium Copper Iron Lead Manganese Zinc 
(mg/kg) (mg/kg) (mg/kg) (i!!g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

NOlth Star Mine - Exposure Point Concentrations 

WasteDum~ 2,920 148 54.4 288 68,700 7,050 
Wind, Water.. Vehicle Dispersal 367 24.6 70.6 93 23,200 2,820 
Repository Area 693 29.8 72.6 95.8 20,100 3,870 
Secondary Borrow Area 148 14 95.4 57.3 21,100 1,560 
Independence Mine - Exposure Point Concentrations 

.­

Waste Dumps 640 10 59 129 40300 10400 465 0.77 19.50 101 1,100 
Wind, Water, Vehicle Dispersal 33.7 6.6 I 75.3 36.8 17,500 968 361 0.06 2.34 12.9 471 _. 

1RepositOlY Area 145 5.38 48.6 39.3 17,900 2,520 243 0.13 6.17 35.2 569 
Secondary Bon-ow Area 18.2 4.93 71.0 33.5 20,600 315 373 0.07 1.02 3.8 617 
Old Triumph (Shaft) - Exposure Point Concentrations 
Waste Dumps 3,130 291 23.3 --­ --­ 9200.00 --­ 1.84 9.00 70 12,600 
Wind, Water, Vehicle Dispersal 592 15.4 67.6 69.3 27,300 907 920 0.19 2.56 7.18 2.070.00 
Repository Area 32.5 8.74 63.3 48.2 24,300 326 1,131 0.17 2.79 1.88 913 
Triumph Tunnel - Exposure Point Concentrations 
Waste Dumps 6,863 52 72.6 1,300 I 17,900 7,620 I 656 13.9 3.40 25.0 8,050-

Independence Neighborhood - Exposure Point Concentrations 
NOlthern Home Neighborhood 3.71 0.28 39.4 22.7 14,300 I 19.0 459 0.02 I 0.25 0.25 98 
Southern Home Neighborhood 239 7.34 50.5 73.6 24,410 368 548 I 0.05 I 2.44 3.37 682 
NOlth Star Neighborhood - Exposure Point Concentrations 
Neighborhood 304 15.2 72.0 57.0 22,800 1,880.00 

Screening Levels 46.1 7.13 85.4 
I 921 26,900 

, 

886 

Surface Water Samples (mglL) 
G-TRSW2 0.375 0.000389 <0.006 <0.01 17.7 <0.003 9.87 <0.0002 <0.003 0.000708 0.915 
G-IMSWI <0.003 0.000888 <0.006 <0.01 <0.06 0.00571 0.0116 <0.0002 0.0146 <0.000125 0.0274 
G-IMSW2 0.00476 0.000273 <0.006 <0.01 <0.06 <0.003 <0.004 <0.0002 0.0134 <0.000125 <0.01 
G-IMSW4 <0.003 0.000626 <0.006 <0.01 0.641 <0.003 0.191 <0.0002 <0.003 0.000143 0.186 

Screening Levels 0.01 0.005 0.1 1.3 0.3 0.015 0.05 0.002 0.05 0.1 5 

Exposure Point Concentrations - Lcsscr ofthc maximum valuc detcctcd and thc 95% UCL ofthc mcan 

Shading indicates value in excess of the Screening Level 

Screening Levels derived /Tom Table D-I 
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Sununary ofIEUBK Model Results for Human Blood Lead Levels"
 

Human Receptor 

95th Percentile Predicted Blood 
Lead Level Among Fetuses Born to 
Women From Lead Exposures at 

Site 
(IlgldL) 

Predicted Blood Lead Level of the 
Upper 95th Percentile Children 

PopuJation From Lead Exposures at 
Site 

(IlgldL) 

Percentile of Children 
Predicted to have blood lead 

Levels Greater Than 10 
,.gldL From Lead Exposures 

at Site 
(IlgldL) 

Tresspasser I Rocreational Visitor Scenarios 

Recreational Visitor to North Star Mine Waste Rock Piles 5.6 

Recreational Visitor to Independence Mine Waste Rock Piles 5.4 

Recreational Visitor to Old Triumph Shaft Area Waste Rock Piles 5.4 

Recreational Visitor to Triumph Tunnel Area Soils 5.3 

Remediation Construction Worker at North Star Mine Waste Rock Piles 75 

Remediation Construction Worker at Independence Mine Waste Rock Piles 56 

Remediation Construction Worker at Old Triumph Shaft Area Waste Rock Piles 50 

Remediation Construction Worker at Triumph Tunnel Area Soils 42 

On-Site Residential Scenarios 

Child Resident on North Star Neighborhood Soils 13 12.7 

Child Resident on South Independence Neighborhood Soils 9 4.3 

a = IEUBK Model lnputs, Outputs and Calculations for each case is provided in 
Attachment A and B to the Human Health Risk Evaluation (HHRE) 
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Attachment A
 
Fetal Blood Lead Prediction Model for
 

Recreational Visitor
 

PbB = PbB + [(PbS)(BKSF)(AFs)(EFs)(PT») (IR + (lOOO)(IR.)(ET)_I_)]
adult,central adult.O AT s ! PEF 

Where: 

PbS adull.ceiliral = Central estimate of blood lead concentrations (llg/dL) in adults (i.e., women 
of child-bearing age) that have site exposures to soil lead at concentration, 
PbS. 

PbS aduh,O = Typical blood lead concentration (assumed 1.9 ~lg/dL) in adults (i.e., women 
of child-bearing age) in the absence of exposures to the site that is being 
assessed, 

PbS = Soillcad concentration (Ilg/g) (appropriate arithmetic average concentration 
for individual). 

SKSF= Siokinetic slope factor relating (quasi-steady state) increase in typical adult 
blood lead concentration to average daily lead uptake (0.4 Ilg/dL blood lead 
increase per Ilg/day lead uptake). 

IRs = Intake rate of soil, outdoor soi I, soi l-derived dust (0.20g/day), 
AFs = Absolute gastrointestinal absorption fraction for ingested lead in soil and lead 

in dust derived from soil (0. I2 dimensionless), 
EFs = Exposure frequency for contact with assessed soils and/or dust derived in part 

from these soils (days of exposure during the averaging period); may be taken 
as 7 days per year for continuing, long term exposure. 

AT= Averaging time; the total period during which soil contact may occur; 
365 days/year for continuing long term exposures. 

PEF= Particulate Emission Factor [4 E + 08(m3 - air)j(kg ­ soil)] 
ET= Exposure time [6,6 hours/day] 
IRao = Outdoor inhalation rate [1.6 m 3 

/ hr] 
1000 = Conversion (g/kg) 
PT= Percentage of time sent on medium during recreational activities (l0 percent) 

Source: U,S. Environmental ProtectIOn Agency, 1996 and 2003 

Then: 

PbB feta l,o.95 

PbS felal.0.95,goal = Goal for the 951h percentile blood lead concentration Cllg/dL) among 
fetuses born to women having exposures to the specified site soil 
concentration, This is interpreted to mean that there is a 95% likelihood 
that a fetus, in a women who experiences such exposures, would have a 
blood lead concentration no greater than PbP fetal, 0.9\ goal (i .e., the likelihood 
of a blood lead concentration greater than 10 Ilg/dL would be less than 5% 
for the approach described in this report.) 

GSD i.aduh = Estimated value of the individual geometric standard deviation (assumed 
1,9 dimensionless); the GSD among adults (i.e., women of child-bearing 
age) that have exposures to similar on-site lead exposures. The exponent, 
1.645, is the value of the standard normal deviate used to calculate the 95'h 
percentile from a lognormal distribution of blood lead concentration, 

R tClaUI1l~liernal = Constant of proportionality between fetal blood lead concentration at birth 
and maternal blood lead concentration (0.90 dimensionless). 

Source: U.S. Environmental Protection Agency, 2003 
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==========~=========================================== ============================ 

Model Version: 1.0 Build 263 
User Name: Douglas Morell 

Date: January 2, 2009 

Site Name: Independence Mine Site, Triumph, Idaho 
Operable Unit: North Star Neighborhood 

Run Mode: Research Child Resident 

================================================================================== 

The time step used in this model run: 1 - Every 4 Hours (6 times a day) . 

****** Air ****** 

Indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time Ventilation Lung Outdoor Air 
Outdoors Rate Absorption Pb Conc 
(hours) (mA 3/day) (%) (ug Pb/m

A 

3) 

.5-1 1.000 2.000 32.000 0.100 
1-2 2.000 3.000 32.000 0.100 
2-3 3.000 5.000 32.000 0.100 
3-4 4.000 5.000 32.000 0.100 
4-5 4.000 5.000 32.000 0.100 
5-6 4.000 7.000 32.000 0.100 
6-7 4.000 7.000 32.000 0.100 

****** Diet ****** 

Age Diet Intake (ug/day) 

.5-1 5.530 
1-2 5.780 
2-3 6.490 
3-4 6.240 
4-5 6.010 
5-6 6.340 
6-7 7.000 

****** Drinking Water ****** 

Water Consumption: 
Age Water (L/day) 

.5-1 0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 

Drinking Water Concentration: 4.000 ug Pb/L 

****** Soil & Dust ****** 

Age Soil (ug Pb/g) House Dust (ug Pb/g) 

.5-1 687.000 200.000 
1-2 687.000 200.000 
2-3 687.000 200.000 
3-4 687.000 200.000 
4-5 687.000 200.000 
5-6 687.000 200.000 
6-7 687.000 200.000 



****** Alternate Intake ****** 

Age Alternate (ug Pb/day) 

.5-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

****** Maternal Contribution: Infant Model ****** 

Maternal Blood Concentration: 2.500 ug Pb/dL 

***************************************** 
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
***************************************** 

Year Air 
(ug/day) 

Diet 
(ug/day) 

Alternate 
(ug/day) 

Water 
(ug/day) 

.5-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 

0.021 
0.034 
0.062 
0.067 
0.067 
0.093 
0.093 

2.405 
2.465 
2.821 
2.765 
2.761 
2.952 
3.281 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.348 
0.853 
0.904 
0.939 
1.011 
1.080 
1.106 

Year Soil+Dust 
(ug/day) 

Total 
(ug/day) 

Blood 
(ug/dL) 

.5-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 

9.298 
14.480 
14.759 
15.043 
11.554 
10.539 
10.020 

12.073 
17.833 
18.547 
18.814 
15.392 
14.664 
14.501 

6.5 
7.3 
6.9 
6.5 
5.5 
4.6 
4.2 
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Blood Pb Conc (ugldL)
 

Cutoff = 10.000 ug/dl Age Range = 0 to 84 months 
Geo Mean = 5.853 Time Step = Every 4 Hours 
GSD= 1.600 RUD Mode = Research 
% Above = 12.720 
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Blood Pb Conc (ugldL) 

Cutoff= 10.000 ugldl Age Range = 0 to 84 months 
Geo Mean = 5.853 Time Step = Every 4 Hours 
GSD= 1.600 Run Mode = Research 
% Above = 12.720 
% Below = 87.280 
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=====~=~============================================== ============================ 

Model Version: 1.0 Build 263 
User Name: Douglas Morell 

Date: January 2,2009 

Site Name: Independence Mine Site, Triumph, Idaho 
Operable Unit: South Independence Neighborhood Soils 
Run Mode: Research Child Resident 

================================================================================== 
The time step used in this model run: 1 - Every 4 Hours (6 times a day) . 

****** Air ****** 

Indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time Ventilation Lung Outdoor Air 
Outdoors Rate Absorption Pb Conc 
(hours) (m"'3/day) (%) (ug Pb/m"'3) 

.5-1 1.000 2.000 32.000 0.100 
1-2 2.000 3.000 32.000 0.100 
2-3 3.000 5.000 32.000 0.100 
3-4 4.000 5.000 32.000 0.100 
4-5 4.000 5.000 32.000 0.100 
5-6 4.000 7.000 32.000 0.100 
6-7 4.000 7.000 32.000 0.100 

****** Diet ****** 

Age Diet Intake (ug/day) 

.5-1 5.530 
1-2 5.780 
2-3 6.490 
3-4 6.240 
4-5 6.010 
5-6 6.340 
6-7 7.000 

****** Drinking Water ****** 

Water Consumption: 
Age Water (L/day) 

.5-1 0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 

Drinking Water Concentration: 4.000 ug Pb/L 

****** Soil & Dust ****** 

Age Soil (ug Pb/g) House Dust (ug Pb/g) 

.5-1 368.000 200.000 
1-2 368.000 200.000 
2-3 368.000 200.000 
3-4 368.000 200.000 
4-5 368.000 200.000 
5-6 368.000 200.000 
6-7 368.000 200.000 



****** Alternate Intake ****** 

Age Alternate (ug Pb/day) 

.5-1 0.000 
1-2 0.000 
2-3 0.000 
3-4 0.000 
4-5 0.000 
5-6 0.000 
6-7 0.000 

****** Maternal Contribution: Infant Model ****** 

Maternal Blood Concentration: 2.500 ug Pb/dL 

***************************************** 
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
***************************************** 

Year Air Diet Alternate Water 
(ug/day) (ug/day) (ug/day) (ug/day) 

.5-1 0.021 2.488 0.000 0.360 
1-2 0.034 2.567 0.000 0.888 
2-3 0.062 2.923 0.000 0.937 
3-4 0.067 2.852 0.000 0.969 
4-5 0.067 2.819 0.000 1.032 
5-6 0.093 3.002 0.000 1.099 
6-7 0.093 3.330 0.000 1.123 

Year Soil+Dust Total Blood 
(ug/day) (ug/day) (ug/dL) 

--------------------------------------------------------------­
.5-1 6.325 9.194 5.0 
1-2 9.914 13.404 5.5 
2-3 10.053 13.975 5.2 
3-4 10.203 14.091 4.9 
4-5 7.757 11 . 674 4.1 
5-6 7.048 11.242 3.6 
6-7 6.687 11.233 3.2 
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Blood Pb Conc (ugldL) 

Cutoff = 10.000 ugldl Age Range = 0 to 84 months 
Geo Mean = 4.466 Time Step = Every 4 Hours 
GSD = 1.600 Run Mode = Research 
% Above = 4.318 
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Blood Pb Cone (ugldL) 

Cutoff = 10.000 ugldl Age Range = 0 to 84 months 
Geo Mean = 4.466 Time Step = Every 4 Hours 
GSD= 1.600 Run Mode = Research 
% Above = 4.318 
% Below = 95.682 



 

Environmental Assessments • Streams and Wetlands • Threatened and Endangered Species • Federal and State Permits 
• Design and Specifications for Mitigation • Public Education, Involvement, and Participation 

 

ECOLOGICAL DESIGN, INC. 
217 North Walnut Street • Boise, Idaho 83712 
208.338.5852 • ecodesigninc@mac.com 
 

 
 
MEMO TO: Mike McDonald 

Environmental Staff Biologist 
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FROM: Rob Tiedemann, CPWS, CWD, CFS, CWB, Ecological Design, Inc. 
 
DATE: January 25, 2009 
 
RE: DeNovo Independence, LLC 
 DeNovo Independence Site (a.k.a. Triumph Mine Site) 
 Ecological Risk Assessment - Abstract and Summary of Preliminary Results 
 
I have posted to my Public Folder two documents of interest to Idaho Department of Fish and 
Game.  They are: (a) Abstract of a Summary of Preliminary Results of an Ecological Risk 
Assessment for the DeNovo Independence Site (a.k.a. Triumph Mine Site, and (b) Summary of 
Preliminary Results of an Ecological Risk Assessment for the DeNovo Independence Site. 
 
You can access both documents by using the following instructions.  To connect to my Public 
Folder using a web browser: 
 

1. Open your web browser (i.e. Internet Explorer 6 or later, Firefox 1.0.4 or later, 
or Safari 2.0.2 or later). 
 

2. Enter the following address to your web browser, "idisk.mac.com/ecodesigninc-
Public".  Be sure to use an uppercase P when typing Public. 
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3. No password is required.  Simply drag the documents in the folder titled 
“Public” to your desktop. 

 
 
Both documents have been submitted to the Idaho Department of Environmental Quality (DEQ) as 
part of a Human Health Risk Assessment (HHRA) prepared by Golder Associates, Inc.  The abstract 
of the ERA appears in the body, and the full report appears as an appendix to the HHRA.  Both 
documents are titled “preliminary results” because they lack some information requested by Idaho 
DEQ and Idaho Department of Fish and Game - Magic Valley Region (IDFG-MVR).  A complete 
Ecological Risk Assessment (ERA) for the project, to follow these summary reports, will contain the 
following additional information and a discussion of its relevance to the project area. 
 

1. Species of all fish and wildlife at risk of exposure and their sensitivities to 
known constituents of potential ecological concern (COPECs). 
 

2. Response of an organism to COPECs (e.g. absorption, distribution, metabolic 
decomposition, and excretion). 

 
3. The consequences of both acute and chronic exposure of fish and wildlife to 

known COPECs. 
 

4. The potential for, and consequences of bio-accumulation and bio-
magnification of known COPECs. 
 

5. Indirect effects to the health and vigor of wildlife due to the loss of their prey 
base and food resources because of exposure to COPECs. 
 

6. An evaluation of whether exposure of wildlife to locations of elevated 
concentrations of COPECs is random, or effected by a possible unique appeal 
of waste piles.  Examples include their chemical composition - such as that of 
naturally occurring salt licks that attract mule deer and elk - or their ability to 
provide snow free loafing areas in early spring because their black color 
absorbs greater radiant energy from the sun than the surrounding ground. 
 

7. An evaluation of the locations of elevated concentrations of COPECs relative to 
known daily or seasonal migration routes of wildlife species. 
 

8. The potential for harm to aquatic life in the East Fork of the Big Wood River that 
is within the jurisdiction of the US EPA that oversees, and Idaho DEQ that 
administers §402 of the Clean Water Act. 
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9. A qualitative assessment of risk to sage grouse (Centrocercus urophasianus), a 
Species of Greatest Conservation Need (SGCN) as identified by the IDFG; and 
gray wolf (Canis lupus), both an endangered species and an experimental non-
essential species as identified by the US Fish and Wildlife Service. 
 

10. The potential for seed and container plants installed above waste repositories to 
attract wildlife. 
 

11. The potential for mobilization of buried COPECs to the soil surface by 
burrowing animals. 
 

12. The potential for deep-rooted plant species to penetrate the cover of waste 
repositories. 
 

13. Pathways and routes of exposure to COPECs in the environment (i.e. Pathways: 
air, surface water, groundwater, soil, solid waste, and food / Routes: ingestion 
of food and water, skin contact, inhalation, preening, and grooming). 

 
14. Graphical depiction and narrative describing a conceptual model of the 

relationships between assessment endpoints and stressors (i.e. source, stressors, 
receptors, potential exposure, predicted effects). 
 

15. A comparison of known concentrations of a COPECs in soil (Sc) to US EPA 
Ecological Screening Level (Eco-SSL) values for each COPEC (see 
http://www.epa.gov/ecotox/ecossl/).  As with use of the Modified BLM RMC 
(Level 2 Analysis), these values will be modified to take into account spatial 
and temporal factors. 
 

16. An uncertainty analysis including a discussion of the variability of the data and  
factors that contribute to the uncertainty of results. 
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INTRODUCTION
 
This report describes materials and methods, and the prelimi ary
 
res Its of an ecological risk assessment (ERA) for the DeNovo
 
Independence Site for use by DeNovo Independence, LLC in their
 
planning and engineering of future use of the property, and Idaho
 
Department of Environmental Quality (DEQ) and Idaho Department of Fish
 
and Game (IDFG) in their evaluation of risk, before and af er
 
remediation.
 

Mater~als and methods of the ERA are an amalgam of those prescribed by
 
the US Bureau of Land Management (BLM) and US Environmental Protection
 
Agency (EPA). Materials and methods I determined to be most
 
appropriate and selected for use for the DeNovo Independence Site are
 
suppor ed by a review of the scientific literature and discussions
 
with peer revipwers of the ERA from Idaho DEQ and colleagues from
 
Golder Associates, Inc.
 

The study area lies immediately east of Sun Valley, Idaho between it
 
and the town of Tr' umph. Independence Gulch lies to the north (;i the
 
property, and the East Fork of the Big Wood River to the south. It is
 
approximately 343 hectares (848 acres) in si ze on patented ground
 
largely surrounded by public lands.
 

DESCRIPTION OF THE STUDY AREA
 
The study area is located in Sections 14, 22, 23, 24, 25, 26, and 35;
 
T4N; R18E n Blaine County, Idaho (see Figure 1) in mo ntainous
 
terrain. Topographic re ief varies in elevation from the 6,000-foot
 
elevation at the mouths of Independence Gulch and Triumph Gulch to the
 
7,600-foot elevation of unnamed peaks. The morphology of its val eys
 
and r' ges are typical of those found throughout the Idaho ba holith.
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N Figure 1 - USGS Quadrangle Map Showing the Study Area 
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The study area is bounded by Independence Gulch to the north, Courier 
G lch to the east, the East Fork Road and town of Tri mph to the 
south, and Triumph Gulch to the west. The DeNovo Independence Site 
l'es within the study area. It and the surrounding public lands have 
been, and continue to be, grazed by sheep and provide habitat for both 
big game and non-game species of vJildlife. It is bordered by single 
family residences that are part of Triumph, Idaho, but is largely 
unoccupied by structures. Exceptions to this are the relics of past 
mining activities. Abandoned adits, portals and mine entrances, spoil 
piles, and a variety of wood structures and supports are scattered 
a ross the property. 

The mountain sides of the study area are vegetated with herbaceous and 
woody vegetation typical of the high elevation sagebrush steppe in 
Idaho. Dominant plants include mountain big sagebrush (Artemisia 
triden ta ta ssp. vaseyana) , rabbi tbrush (Chryso thamnus nauseosa) , 
1 pine (Lupinus spp.), sticky geranium (Geranium viscosissimum) , 
Louisiana sage (Artemisia ludoviciana) , buckwheat (Eriogonum spp.), 
Indian paintbrush (Castilleja spp.), and penstemon (Penstemon spp.). 
The sagebrush steppe is broken by islands of quaking aspen that grow 
in draws and seeps on hillsides. Rocky talus is common on the south 
facing slopes of Independence Gulch. Weedy species are largely absen 
from the study area with the exception of spotted knapweed (Centaurea 
stoebe) and cheatgrass (Bromus tectorum) that sparsely grow in areas 
where ground has been disturbed by past mining activities and active 
maintenance of unimproved roads. 

Although the bed and banks of Independence Creek (vJhich lies largely 
o tside of the DeNovo Independence Site) and Triumph Creek (which lies 
en irely outside of the DeNovo Independence Site) are poorly defined, 
the presence of a riparian plant community indicates the seasonal 
presence of surface water. At the time of this study, water flowed 
only in Independence Creek and only in its lowest reach near the OS 
Forest Service / Sun Valley property boundary. Riparian species 
growing in both gulches include black cottonwood (Populus 
trichocarpa) , quaking aspen (Populus tremuloides) , willow (Salix 
spp.), Great Basin wild rye (Elymus cinereus) , showy milkweed 
(Asclepias speciosa) , and wooly sedge (Carex lanuginosa) Both 
waterways have been altered by past mining activities. 

North Star Gulch has neither a channel with defined bed and banks, nor 
a riparian plant community. Because of the small size of its 
watershed, it likely gathers insufficient volumes of precipitation to 
form a surface waterway. 

BACKGROUND 
I met with staff of IDFG Magic Valley Region (MVR) (i.e. Mike 
McDonald, Environmental Staff Bio~ogist; and Mark Fleming, Habitat 
Manager) on Thursday, July 31, 2008 to discuss the ERA and other 
interests of the agency. I1formation of interest to IDFG-MVR 
incl des: (a) a qu litative and quantit tive analysis of known 
contaminants and their locations within the De ovo Independence Site; 
(b) species of fish and wildlife at risk of exposure and their 
sensitivities to known contaminants; (c) the consequences of both 
acute and chronic exposure of fish and wildlife to known cont minants; 
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and (d) the potential for, and consequences of bio-acc mulation and 
bio- agnification of known contaminants. 

I met with staff of Idaho DEQ (i.e. Bruce Wicherski, Voluntary Cleanup 
Program Manager; Bruce Shulde, Mine Project Coordinator; and Dr. 
Jeffrey Fromm, Toxicologist) on Wednesday, December 3, 2008 and Dr. 
Jeffrey Fromm again on Tuesday, December 23, 2008 to discuss the ERA. 
Risks of particular interest to Idaho DEQ include: (a) direct 
mortality or morbidity of w~:dlife by inhalation, ingestion, or other 
means of contact with a constituent 0 potential ecological concern 
(COPEC); (b) indirect effects to the health and vigor of wildlife due 
to the loss of their prey base and food resource; (c) mob~lization of 
a bur' ed COPEC to the soil surface by burrowing animals; (d) the 
potential for deep rooted plant species to penetrate the cover of 
waste repositories; and (e) the potential for seed and container 
plants installed above waste repositories to attract wildlife. 

DESCRIPTIO OF THE PROPOSED PROJECT 
The proposed project includes remediating spoils and other waste 
resu - ting from past mining activi ties, and future development of the 
infrastructure to support a limited number of private residences. 
DeNovo Independence, LLC is presently discussing with the Idaho 
Department of Environmental Quality (DEQ) the means and methods of 
remediation. They include excavating and consolidating contaminated 
soils, where feasible, and entombing them in a permanent waste 
repository. In some cases, contaminated soils that are inaccessible 
will be left in-place and prevented from contacting humans and 
wildlife, or migrating from their source by wind and water. DeNovo 
Independence, LLC is also discussing with the City of S,Jn Valley and 
Blaine County future use of the property for residential development. 

METHODS OF STUDY 
Soil and Surface Water Sampling 
Personnel from Golder Associates, Inc. sampled soils and surface 
waters within the DeNovo Independence Site in the summer and fall of 
2008. Soil samples were co~~ected to determine metals concentrations 
at the follmving locations: (a) random - ocations to establish 
background levels; (b) waste piles; (c) areas likely affected by 
dispersion of metals by wind, water, and vehicles; and (d) along a 
grid within the three proposed neighborhoods. Samples to assess 
dispersal by wind were collected proximate to waste piles, 
particular y those that will remain after remediation. Samples to 
assess dispersal by water were collected at areas of physical erosion 
of the gr nd surface by running water. Samples were also collected 
at varying depths below the ground surface at: (a) repository areas, 
where waste will be relocated; and (b) secondary borrow areas that may 
provide native soil and rock to cover relocated waste. 

Soil sample positions were placed within each location (e.g. 
background, waste pile, and dispersal samples) by identifyi!1g points 
within the study area and col ecting s b-samples around those point . 
Sub-samples were combined for chemical analysis. Surface waters were 
grab sampled within active drainages and seeps. 
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A con r cting laboratory prepared and analyzed soil and water samples 
according t standard methods for metals incl ding arsenic, cadmium, 
chromium, copper, iron, Ie d, manganese, mercury, selenium, si ver, 
and zinc. 

Personnel from Golder Associates, Inc. combined this data with that 
provided by Idaho DEQ and calculated the media exposure point 
concentrations (MEPC) shown in Table 1. MEPC are the upper bounds of 
the arithmetic mean at the 95% confidence interval or the maximum 
detected value, whichever is lower, of all data. 

Adjustments to Water Quality Criterion and Risk Management Criteria 
The bio-availability of metals to aquatic organisms is dependent on 
the pH and buffering hardness of the water in which they live. US EPA 
Wa ter Quality Criterion for metals is reported for hardness (CaC03) 
equal to 100 mg/L. Measured hardness for surface water samples within 

he DeNovo Independence Site differ considerably from this hardness 
value. 

For this reason, I adjusted - for each of the surface water samples ­
the US EPA Water Quality Criterion Max' mum Concentration (CMC) for 
metals for actual hardness (CaC03) measured for each sample. Metals 
concentrations reported for the DeNovo Independence Site would have to 
exceed these adjusted CMCs to be in violation of BLM Risk Management 
Criteria (RMC) - Freshwater Aquatic Life, Acute Toxicity. 

S'milarly, I adjusted US EPA Water Quality Criterion Continuous 
Concentration (CCC). Metals concentrations reported for the DeNovo 
Independence Site would have to exceed these ad-j.Jsted CCCs to be in 
violation of BLM RMC - Freshwater Aquatic Life, Chronic Toxicity. 

Arsenic and mercury are not considered by the US EPA to be hardness 
dependent, therefore I made no adjustments for these metals. 

All adjustments were made in accord with methods, conversion factors, 
and equations published by the US EPA in Current National Recommended 
Water Quality Criteria Appendix B Parameters for Calculating 
Freshwater Dissolved Metals Criteria that are Hardness Dependent 
(2008) (see http://vJWW . epa. gov Iwa tersciencel cri teria/wqctable/) 

Selection of Indicator Wildlife Species 
ERA endpoints, as defined by the US EPA, for this study are wildlife 
species of different trophic levels (i.e. primary and secondary 
consumers) and dietary habitats (i.e. herbivores and carnivores) known 
to occ py habi tat found wi thin the DeNovo Independence Site. 
Attributes of the ERA endpoints are \vildlife species of par icular 
concern to IDFG-MVR [i.e. big game that generate revenue for IDFG by 
the sale of licenses, tags, and permits; and Species of Greatest 
Conservation Need (SGCN)] and the US Fish and Wildlife Service (FWS) 
(i.e. threatened and endangered species) 

Indicator wildlife species, selected for this study, that follow 
defined ERA endpoints and attributes for quantitative comparisons to 
acceptable risk are red-taile hawk (Buteo jamaicensis), Nut all's 
cottontail (Sylvilagus nuttallii), mule deer (Odocoileus heminus), and 
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Table 1
 

Comparison of Modified Bureau of land Management (BlM) Risk Management Criteria (RMC) - Prior to Remediation
 
to Calculated Media Exposure Point Concentrations (MEPC) 

Data Source: Golder Associates, December 2008 

Arsenic Cadmium Copper Mercury
Site Sample Location Lead (mg/kg) Zinc (mg/kg)

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Backqround Milliqan Formation 46.1 489 94.8 0.070 
North Star Mine Waste Dumps with IDEO Data 14800 288.0 ~ 14.1.300 .0 2.230L­

_.~ ..North Star Mine Wind, Water, Vehicle Dispersal 24 liO 93.0 0.271 -
North Star Mine Repository Area ,• 6920 :';;PI( I 95.8 ..... ,,1 0.538-
North Star Mine Secondary Borrow Area 148.0 1400 57.3 lOOe 0.155•Independence Mine Waste Dumps with IDEO Data 640.0 0111 1290 _10~400.0 0770 
Independence Mine Wind, Water, Vehicle Dispersal 33.7 368 0.058 
IndElpendence Mine Repository Area · 1452 538 393 ,J~:ml~. 0.126-
Independence Mine Secondary Borrow Area. 18.2 4.93 33.5 I 0.066 
Old Triumph Shaft Waste Dumps with IDEO Data C 29100 9,200.0 1.840 12.600.0 
Old Triumph Shaft Wind, Water, Vehicle Dispersal 592.5 69.3 9071 0.193• .... ";I°.U;;;: "1Old Triumph Shaft Repository Area 32.5 48.2 0.167 
Triumph Tunnel Waste Dumps with IDEO Data 7,620.5 13.853 8.050.0 
Independ~nc,e Neighborhood Independence Neighborhood - North 3.7 0.28 22.7 19.0 0.017 979 
Independence Neighborhood Indep~n9.ence NeighbQrhood - South 2~89 73.6 0.048 
North Star Neighborhood North Star Neighborhood 304.0 57.0 <5871 0.200..... J~ 

BlM RMC - Red-tailed Hawk (See Note ~ BelowJ 4.0 0.30 7.0 6.0 1.000 43.0 
Modified,BlM RMC (level 2 Analysis) - Red-tailed Hawk 3220 24.15 563.5 483.0 80.506 3,461.8 

BUv1 RMC - Cottontail 438.0 600 358.0 172.0 15.000 373.0 
Modified BlM RMC (level 2 Analysis) - Cottontail 438.0 6.00 3580 172.0 15.000 373.0 

+ 

BlM RMC - Mule Deer 200.0 3.00 1020 106.0 9.000 222.0
+ 

Modified BlM RMC (Level 2 Analysis) - Mule Deer 7,122.8 106.84 3,632.6 3,775.1 320.525 7,9063 
Not£' Forag'" Area =2tlt\ hectares 

BlM RMC - Elk 328.0 3.00 131.0 127.0 11.000 275.0
 
Modified BlM RMC (level 2 Analysi~) - Elk 573,246.9 5,24311 228,9492 221,958.4 19,224742 480,6186
 

Note 1: Values shown in blue exceed Modified BlM RMC (level 2 Analysis) - Red-tailed Hawk.
 

Note 3 \ialut.:s sho',\1n In orange exceed Modified BLIVI RMC (lev!>1 2 Analys:~) Redta,led Haw~ 'Ind Cottontail + +
 

Note 4: Values shown in red exceed Modified BlM RMC i!,.evel2 Analysis) - Red-tailed Hawk, Cottontail, and Mule Deer
 
Note 5: Assumes 10.67 hectares (26.36 acres) of contaminated waste dumps and wind, water, and vehicle dispersion areas.
 
Note 6: Assumes all of the areas described in Note 5 are contiguous for this and other quantitative analyses. They are, in fact, a mosaic within the DeNovo Independence Site.
 
Note 7: Assumption desfribed in Note 6 results in a conservative (i.e. overestimate of risk) Modified BlM RMC - Cottontail.
 
Note 8: American robin is used as a surrogate for red-tailed hawk for this and other quantitative analysis for BlM - RMC values.
 
Note 9: Mean body weight of American robin is reported as 77.3 grams and red-tailed hawk in southwest Idaho as 957 grams (US EPA 1993).
 
Note 10: Because of differences in body weight, the use of American robin as a surrogate results in a conservative (i.e. overestimate of risk) Modified BlM RMC - Red-tailed Hawk.
 
Note 11: Values hi.ghlighed in orange exceed Modified BlM RMl,jlevel 2 Analysis)- Mule Deer if foarge area (FA) =70 h!tCtares. but do not if FA =285 hectares.
 
Note 12: Values described in Note 11 continue to exceed Modified BlM RMl (level 2 Analysis) - Red-tailed Hawk and/or Cottontail.
 



elk (Cervus el phus) . That portion of the life history of e ch 
spec'es relevant to the ERA is summarized in Table 2. 

In ic tor wildlife species, selected for this study, that ollow 
define ERA endpoints nd attrib tes for qualita ive comparisons to 
accept ble risk are sage grouse (Centrocercus urophasianus) , a SGCN as 
ident'fie by the IDFG; and gray wolf (Canis lupus), both an 
endangere species and an experimental non-essential species as 
identified by the US FWS. Further analysis, to be resent d in the 
complete ERA to follow this summary report, will qualitatively assess 
risk to these species. 

Initial Screening and Further Analysis of Risk 
Tools for initial screening and further analysis of ecological risk I 
reviewed for this study include methodologies and models developed by 
the US EPA, US BLfl1, and state agencies. Idaho OEQ has no prescribed 
guidelines or required methods for the preparat':'on of an ERA. In 
tl eir abs nce, Bruce Wicherski (Idaho OEQ) suggested use of 
methodolo ies and models described in Risk Management Criteria for 
Metals at BLM Mining Sites (2004). 

The eneral outline of a work plan for this ERA incl des a review and 
an lysis of: (a) the data generated by Golder Associates, nc. and 
others, (b) means of transport and fate of COPECs, (c) risk of 
expo ure of wildlife species of particular concern to IOFG-MVR a d 
others (e. g. big game, SGCN, threatened and endangered spe ies), and 
(d) the consequences of exposure for these species. A work plan for 
the ERA with greater detail is presented in Attachment 1 of this 
report. 

Method of study for this ERA follow the approach developed by the US 
EPA for the initial screening of COPECs. Those not present in 
concentrations that warrant concern are dropped from further study. 
For this ERA, concentrations of metals within the DeNovo Independence 
Site were compared to wildlife species specific values identified in 
Table 4 of Ris k Management Cri ter ia for Metals at BLM Mining i tes 
(2004) (see Figure 2). The remaining COPECs were further analyzed as 
described below. 

I considered Risk Quotient (RQ) models, such as those prescribed by 
the US EPA, that quantify environmental risk for a g':'ven wi dlife 
species. They require numeric values from the liter t re for 
variables that include: (a) food ingest' on rate (FIR), (b) proportion 
of a given food ite, in the di t of a given species (P), (c) soil 
ingestion rate (SIR), (d) water ingestion rate (W R), inhalation rate 
(IR), and dermal cont ct rate (OCR) Little if any infor ation exists 
in the literature for IR and OCR. 

Required data for RQ models - specific to the project area or taken 
from the literature and assumed to be representative of the project 
are incl de: (a) body weight of a given individu 1 of a give 
speci (BW), ( ) concentration of a COPEC in a given food item (Fc), 
(c) conc ntration of a COPEC in soil (Sc), (d) concentration of a 

COPE in wat r (Wc), and (e) concentration of a COPEC in air (Ac) No 
dat exists for Fc and Ac within the OeNovo Independence Site. 

5 



Table 2 - Life History Factors for Wildlife Species Relevant to the Ecological Risk Assessment 

r--commonName-l- --scientiiicN-ame·-l	 Forage Area Occupied Habitat(s)l..---....---FOOd Habits.	 Time1-·-­
i I	 withi~ the : 

! I'	 ProJect ri'L . Area:"'---1-:-:--;----, _----,-----,-:-:-,,--_ 
IR-ed-tailed Hawk---rButeo jamaicensis--- Carnivore -..- ---- 'r Spring, Summer, Fall, Jan-uary - Woodiands, Wetlands, 

Spring, Summer, Fall, Winter Wmter. December i Pastures, Prairies, and 
Large Insects, Snakes, Lizards, (When red-tailed hawk are Deserts iI' 

Birds, and Small Mammals present wlthm the DeNovo 

r';;;;",'~YTv"ag" "ria,m ··-~e'bivoro .-_...... . ..- ..-..". ! ;;;;:;;;~e:'t:ll, __. Ja;;"a'l'~,"b-Steppe; Rooky ~ 
i Spnng, Summer, Fall. i Winter:	 i December I Areas, and Riparian Areas 
. Grasses and Fobs ! (When Nutall's cottontail I .
 

! are present within the i I
I
i Winter: IDeNovo Independence Site) I '
 i 
i Woody Vegetation i 3 hectares1 ~ I .	 ___.. __.---JI	 .-;- --.-- -" - -- -1-.- -- -_. .. ·--..----..-1·-·---""· "..-..---·--- ..· ----.-- :

i Mule"beer Odocoileus heminus	 Herbivore Spring, Summer. Fall: ~brrh _ i All Habitats Except Dense I 
Spring, Summer, Fall: . (When mule Fo~s~ , 
Grasses, Forbs, Sedges, and present within the DeNovo 
Rushes Independence Site) 

ll.E. ~cV" e'aph" JE;~t~~--_.._-·.. 
Spring, Summer: 

'1 Grasses and Forbs jthe DeNovo Independence I Shrub Steppe 
S~ , 

i__. ... ---L..-._____ .. l~~'s:;t:~·~/or ShrubBro...~~~__ ..... ....::...2.':....=:' 72.10 hec:t9T~L._ ___."	 i 

1 Source: US EPA. 1993. Wildlife Exposure Factors Handbook (Mean Value)
 
2 Source: Chapman, J.A and G.A Feldhamer (Editors). 1992. Wild Mammals of North America
 
3 Source: Idaho Department of Fish and Game - Magic Valley. 2008. Personal communication with Mike McDonald (Environmental Staff Biologist)
 
4 Additional Sources: See Attachment 2
 

(To be reviewed and verified by Mike McDonald) 
5 Source: Idaho Department of Fish and Game - Magic Valley. 2008. Region Elk Winter Habitat and Group Locations 2 

(To be reviewed and verified by Mike McDonald) 



Note: The diameter of each circle is proportional to the BLM - RMC for metals, shown in the 
bottom-most row, and each wildlife species shown in the left-most column of this graphic. 

B ( - Amerian Rool 

Figure 2 - BLM Risk Management Criteria (RMC) for Indicated Species 
(Source: BLM 2004 Risk Management Criteria for Metals at BLM Mining Sites) 

DeNovo Independence Site / DeNovo Independence, LLC 
Blaine County, Idaho 

January 12, 2009 



Because of the 1 ck of information from the literatur a data 
specific to the project area, I determined h t use of RQ models is 
impractic b e for the DeNovo Independence Site. 

Inste d, I use the published 81M RMC, with modifications to account 
for patial and temporal factors spe ific to each wil lif species. 
They are the following factors: (a) the propor ion of time 
given wil life "'pecies is in contam' nated areas, and (b) the ratio of 
foraging area for a given wildlife sp cies to the area of 
contamination. 

The model takes the form shown below: 

Modified BLM RMC (Level 2 Analysis) (81M RMC) x (l/AUF x
 
l/TUF)
 

Where:
 
8LM RMC = Species specific values identified in Table 4 of
 
Risk Management Criteria for Metals at 8LM Mining Sites
 
(2004)
 

AU (No Units) = Area> [8LM RMC for a particular COPEC /
 
forag'n area (i.e. Proportion of project area exceeding 8LM
 
RMC to fora ing area of a given species)
 
Range of Values: 0 to 1
 

TUF (No Units) = Months present / 12 Months (i.e. Proportion
 
of time a given species is present within the project area)
 
Range of Values: 0 to 1
 

I used Ameri a robin (Turdus migratorius) as a surrogate for red­
tailed hawk because there is no 8LM RMC for red-tailed hawk. American 
robin is an imperfect surrogate because its body weight and habitat 
preferences differ considerably from that of red-tailed hawk, however 
both are predators and therefore have somewhat similar exposures to 
m tals. 

I did not adjust the Modified 8LM RMC (Level 2 Analysi ) or red­
tailed hawk for the difference in body weights between the two 
species. As such, the calculated Modified 81M RMC (Level 2 Analysis) 
for red-tailed hawk conservative (i.e. overstates the potential 
risk) . 

A plication of the model, resul ts in the Modified 8LM RMC (Leve 2 
Analys' s) shown in Tables 3 and 4. My calcul tion of these Modi ied 
B1M RMCs (L vel 2 Analysis) assumes the 10.67 hectares (26.36 acres) 
of contaminated \vaste dumps and wind, water, and vehicle dispersion 
are s are contiguous. They are, in fact, a ,osaic within the De ova 
Indepen ence Site (see Table 5). This has the potential to re ce the 
amount of ti e an individual that forages within a sm 11 are is 
exposed to elev ted concentrations of metals. Because of th' s, the 
values shown in Tables 3 and 4 are conservative (i. e. overstate the 
potential risk) for wildlife species (i.e. cottontail) with foraging 
areas less than 10.67 hectares (26.36 acres) in size. 
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Table 3
 

Bureau of Land Management (BLM) Risk Management Critena (RMC) - Prior to Remediation
 
Modified to Account for Temporal and Spatial Factors Specific to Each Wildlife Species (Level 2 Analysis)
 

Arsenic Cadmium Copper MercurySite Lead (mg/kg) Zinc (mg/kg)
(mll/kq) (mg/klll (mq/kql (rnA/kql 

BL.!-'1 RMC - R~d-tailed Hawk (See Note 4 Below) 4.0 0.30 7.0 6.0 1.000 43.0 
Time Within Pr()Ject Area (Months) 12 12 12 12 12 12 
TUF 1,00 1.00 1.00 1.00 1.00 100t
1ITUF 1,00 1.00 1.00 1.00 1.00 100t 
Area> [BLM [,<MGJ. for COPEC (hectar~ 10.67 10.67 10.67 10.67 10.67 10.67 
Year Round Foraging Area (hectares) 

~ 

859.00 859.00 859.00 859.00 859.09 859.00 
AUF 

~ 

0.01 0.01 0.01 0.01 0.01 0.01 
1/AUF 

~ 
80.51 80.51 80.5_1 80.51 80.51 80.51 

Modified BLM RMC - Red-tailed Hawk 322·CL 2415 563.5 483.0 80.506 3.461.8 

BLM RMC . Cottontail 438.0 6.00 358.0 172.0 15.000 373.0--_. -' - ~ --1,fTime Wit.hin Project Area (Months)_ ,. 12 12 12 12 12 
TUF 1,Q9 1,90 1.00 1.00 100 1.00 
1ITUF 

~ 

1.00 1.00 1.00 1,00 1.00 1.00 
&"ea > [Bh..M RMCllQI CQrEC (hec@!~s) 

~ 

1067 10.67 10.67 10.67 10.67 10.67 
YeE,r Round Forag!ng Area {hectares) 

~ 

3.00 ~OO 3.00 300 
~ 

.~OO~ 3.Q.Q 
AUF 

~ 
1.00 1.0_0...... 1,QO 1.00 1.00 1.00 

1/AUF 1.00 1.00 1.00 1.00 1.00 1.00-Modified BLM RMC - Cottontail 438.0- 6.00 358.0 172.0 15.000 3730 

._--" •._. -- ~ 

~ 

BLM RMC . Mule Deer 200.0-+- 300 102.0 106.0 9.000 222.0 
Timt'l..\fIIJ..thin Project Area (Montt1,s) 

~ 

9 9 9 9 9 9 
TUF 

~ 

0.75 0.75 0.75 0.75 0.75 0.75t 
1ITUF ..l}3 1}3 1,33 1.33 1.33 133 
Ar~lli.LM-RM.:gfor CO.PEC (hectares) 

~ 

10.67 10-91- 10.67 10.67 1Q.§.7 10,~7 

SPI.!D9, Summer. Fall Foraging Are~(hecl§.r~..s) 28500 285.00 285.00 285.00 28500 285.00 
--- -----1 

AUF ____C10j~ 0.04 _O:Q:4~ 0.04 0.04 0,04 
1/AUF 26.71 26.71 26.71 26.71 26.71 26.71 
Modified-BLM RMC • MuleDeer 

~ 

7,122.8 106.84 3,6326 3.775,1 320.525 7,9063 
Noli £.or<oge Area = 2B5 hectares. 

B,LM RMC - ~lk 328.0 3.0.9 131.0 127.0 11.000 275.0 
~ 

Time Within Project Area (Months) 
~ 

5 5 5 5 5 5 
TUF 

~ 
_042 042 .Q42 0.42 042 0.42 

1ITUF 240 240 240 240 2.40 2.40 
~ 

Area> [BLM RMC] for COPEC (hectares) 
~ 

106I .. 1Q.67 10.67 10.67 10.67 10.67 
Winter For.~ging Area (hectares) 7,770.00 _7,779.00 7,770.00 7,770.00 7,770.00 7.770.00 
AUF 

~ 

0001373 0.001373 0.001373 0.001373 0001373 0.001373 
~ 

1/AUF 
~ 

728,21 728.21 72821 728.21 728.21 728.21 
Modified BLM RMC • Elk 573,246.9 5243.11 228,949.2 221.958.4 19,224.742 480.618.6
 

Note 1: Assumes 10.67 hectares (26.36 acres) of contaminated waste dumps and wind, water, and vehicle dispersion areas,
 
Note 2: Assumes all of the areas described in Note 1 are contlguous for this and other quantitative analyses. They are, in fact, a mosaic within the DeNovo Independence Site,
 
Note 3: Assumption described in Note 2 resultsin a conservative (i.e. overestimate of ris'kl Modified BLM RMC - Cottontail.
 
Note 4: American robin is used as a surrogate for red· tailed hawk for this and other quantitative anslysis for BLM . RMC values.
 
Note 5: Mean b9dy weight of American robin is reported as 77.3__grams and red·tailed hawk in southwest Idaho as 957 grams (US EPA 1993),
 
Note 6: Because of differences in body weight. the use of American robin as a surrogate results in a conservative (i.e. overestimate of risk) Modified BLM RMC . Red-tailed Hawk.
 



Table 4
 

Bureau of Land Management (BLM) Risk Management Criteria (RMC) - After Remediation
 
Modified to Account for Temporal and Spatial Factors Specific to Each Wildlife Species (Level 2 Analysis)
 

Arsenic Cadmium Copper Mercury
Site lead (mglkg) Zinc (mglkg)

(mQ/kQ) (mQ/kQ) (mQ/kQ) (mQ/kQ) 

BLM RMC - R.ed-talled Hawk (See Note 5 Below) 4.0 030 7.0 6.0 1.000 430 
Time Within Project Area (Months) 12 1.2 12 12 12 12 
TUF 1.00 1.00 1.00 1.00 1.00 1.00 
llTUF 

~ 

1.00 i.o'o- 1.00 100 1.00 100 
T 

Area> [BLM RMC] for CqPEC (hectares) 2.12 2.12 212 2.12 2.12 2.12 
T 

Year Round Foraging Area (hectares) 85.9~9Q. 859.00 85900 859.00 859.00 859.00 
AUF 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 
l/AUF 

~ 

405.19 405.19 405.19 405.19 405.19 405.19
+ 

Modified BlM RMC - Red-laJled Hawk 
T 

1,620.8 121.56 2,836.3 2,431.._1 405.189 17,423.1 

BLM RMC - Cottontail 
T 

438.0 600 358.0 1-72.0 15.000 373.0 
Time Within Project Area (Months) 12 12 12 12 12 12

+ 
TUF 1.00 100 100 1.00 1.00 1.00

+ 
llTUF 1.00 100 1.00 1.00 100 1.00 
Area> [BLM Rry1C] for COPEC (hectares) 2.12 2.12 2.12 2.12 2.12 2.12 
Year Round ForagiDg Area (hectares) 3.00 3.00 3.00 3.00 3.00 3.00 
AUF 

T 

0.71 0.71 0.71 0.71 0.71 0.71 
llAUF 1.42 1.42 1.42 1.42 1.42 1.42

+ 
ModIfied BlM RMC - Cottontail 619.8 8A9~ 506.6 243.4 21.226 527,8 

~ 

BLM RMC . Mule Deer 200.0 3.00 102.0 106.0 9.000 222.0 
T 

Time Within Project Area (Months) 
~ 

9 9 9 9 9 9 
TUF 0.75 0.75 0.75 075 075 0.75+
llTUF 133 1.33 1.33 1.33 1.33 1.33 
Area> [BLM RMC] for COPEC(hectares) 2.12 2.12 2.12 2.12 2.12 2.12 
Spring, Summer. Fall Foraging Area (hectares) 285.00 285.00 285.00 285.00 285.00 285.00 
AUF 0.01 001 001 0.01 001 0.01 
llAUF 134.43 134.43 134.43, 134.43 134.43 134.43+
Modified BlM RMC - Mule Deer 35,849.1 537,74 18,283.0 19,000.0 1,613.208 39,792.5

T 

Note Farag. Area = ,IlS ,dr, 

. 
BLM RMC - Elk 3280 300- 131.0 127.0 11.000 275.0+
Time Within Project Area (Months) 

~ 
5 5 5 5 5~ 

TUF 0.42 0.42 0.42 0.42 0.42 0.42 
T 

llTUF 2.40 2.40 2.40 2.40 2.40 2.40 
Ar~?_> [BLM RMC] for COPEC (hectares) 

+ 

2.12 2.12 2.12 2.12 2.12 2.12 
T 

Winter Foraging Area (hectares) 7.770.00 7.77000 7.770.00 7.770.00 7.770.00 7.770.00+
AUF 0.000273 0.009273 0.000273 0.000273 0.000273 0.000273 

T 

l/AUF 3.66.509 3,665.09 3.665.09 3,665.09 3,665.09 3,665.09 
Mo~fied BLM RMC - Elk 2,885,162.3 26,38868 1,152,305.7 1,117,120.8 96.758.491 2,418,962.3 

NoteJ: Assumes successful remediation of 8.55 (21.12) of 10.67 hectares (26.36 acres) of contaminated waste dumps and wind, water. and vehicle dispersion areas.
 
Note 2: Assumes 2.1~ hectares (5.24 acres) oLcontaminated waste dumps and wind, water, and vehicle dispersion areas will remain in·place.
 
Note 3: Assumes all of the areas described in Note 2 are contiQuous for this and other quantitative analyses. They are, in fact, a mosaic within the DeNovo Independence Site.
 
Note 4: Assumption described in Note 3 results in a conservative (i.e. overestimate of risk) Modified BLM RMC - Cottontail.
 
Note 5: Americanro.bin is used <l§il.su~9gate for red·tailed hawk.,tor this and other quantitative anslysis for BLM - RMC values.
 
Note 6: Mean body weight of American robin is reported as 77.3 grams and red-tailed hawk in southwest Idaho as 957 grams (US EPA 1993).
 
Note 7: Because of differences in body weight, the. use of American robin as a surrogate results in a conservative (i.e. overestimate of risk) Modified BLM RMC - Red·tailed Hawk.
 



Table 5
 

Calculated Areas Where Waste Will Be Remediated and Where Waste Will Remain In-Place
 

Data Source: Golder Associates, December 2008 

Site Pile Number Area (Square Feet) Area (Acres) Area (Hectares) 
Areas Where Waste Will Be Remediated: 
North Star Mine and North Star Neighborhood' 524,931 12.05 4.88 
Independence Mine 105,830 243 0.98 
Old Triumph Mine 111,570 2.56 1.04 
Triumph Tunnel 77,727 178 072 
Independence Neighborhood - 99,870 2.29 0.93 
TOTAL 919,927 2112 8.55 

.. 
Areas Where Waste Will Remain In-Place: 
North Star Mine 

+ 

+ 
N8 153,255 3.52 142 

North Star Mine 
Independence Mine 
Independence Mine 

+ 
+ 

+ 

N9 
114 
115 

1,453 
28,640 
12,514 

0.03 
0.66 
0.29 

0.01 
0.27 
012 

Independence Mine 
Ind§!pendence Mine 

+ 
.. 

116 
117 .. 

4,394 
1,460 

0.10 
0.Cl3 

0.04 
0.01 

Independence Mine 
IndejJerldence Mine 

+ 

.. 
118 
119 

+ 
13,749 
5,227 

0.32 
0.12 

0.13 
0.05 

Independence Mine . 120 1,697 0.04 0.02 
Incjependence Mine .. 121 .. 2,538 0.06 0.02 
Independence Mine 122 666 0.02 0.01 
Independence Mine .. 123 2,816 0.06 0.03 
TOTAL .. 228,409 5.24 2.12 

- -

GRAND TOTAL 1.148,336 26.36 10.67 



RESULT OF INITIAL SCREE I G A FURT ~R ANALY IS 
Resul ts in this re ort are presen ted and discusse only for hose 
metals for which there exists BLM RMC. Whi~e at were also generated 
for chromi m, iro, manganese, selenium, and silver they ar not 
consid red by this report because of a lack of recognized standar s 0 

which to compare them. 

Surface Water Samples 
xamination of the data for s rface water samples (see Table 6) Shows 

in one sam le (i.e. Sample 10: G-TRSW2, Sample Locati n: Triumph 
Tunnel) the concentration of arsenic exceeds BLM RMC(adjusted for 
hardness) Freshwater Aquatic Life for both chro ic and acute 
oxici ty. All other metals con entrations in this sample are less 

than BLM RMC FreshvJater Aquatic Life for both chronic and acute 
toxicity. 

All other surface water samples all located in the Independence 
reek drainage have metals concentrations less than BLM RMC 

( djusted for hardness) - Freshwater Aquatic Life for both chronic and 
ac te toxicity. 

Surface waters within the OeNovo Independence Site flow 
intermittently, yet there is seasonal opportuni y for potential 
pollutants in Independence Creek to reach the Big Wood River, and in 
Triumph Creek to reach the East Fork of the Big Wood River. There is 
also a potential connection between the groundwater seep at the 
Triumph Tunnel and the East Fork of the Big Wood River by pipe and 
itch. At the present t~me, water flows from the tunnel 

infiltrates into the ground. Previously it flowed by pipe to a 
treatment pond, but that pipe is now not funct'oning. That pipe will 
be repl ced by DeNovo Independence, LLC. When this occurs water ay 
flow out of the pond into the ditch, and perhaps reach the East Fork 
of t e Bi Wood River. It is important to note however, the treat ent 
of water disch rging from the Triumph Tunnel is assured by a Record of 
Decision prepared by the US EPA (1998) and is not a responsibility of 
De ova Independence, LLC. 

Further analy 's, to be presented in the complete ERA to follow this 
s mmary report, will evaluate the potential for harm to aquatic life 
in the East Fork of the Big Wood River that is within the juris iction 
of the US EPA that oversees, and Idaho OEQ that admini ters §402 of 
the Clean Water Act. 

Background Soil Samples 
The raw dat for background soil samples (see Attachment 3) show 
considerable variability for concentr tions of metals. Some values 
exce d Modified BLM RMC (Level 2 Analysis). A princip 1 components 
an lysis (peA) of the raw data a d f rther statistical an lysis using 
analysis 0 vac' a ce (ANOVA) and a multiple Students t-test show the 
first and second princip 1 components scor s 
are significantly different a the 95% level fa some sample 
locations. Thi' analysis separates the data into three groups. 
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Table 6
 

Comparison of Bureau of land Management (BlM) Risk Management Critena (RMC), Adjusted for Hardness,
 
to Calculated Meella Exposure Point Concentrations (MEPC) 

Data Source: Golder Associates, Inc" December 2008 

Sample Identification label 
(e.g. G·TRSW2) Sample location 

Arsenic 
(mgfL) 

Cadmium 
(mg/L) 

Copper 
(mg/L) 

Lead (mg/l) Mercury 
(mg/L) 

Zinc (mgfL) 
Hardness 
(CaC03) 
(mg/L) 

In Hardness 
(CaC03) 
(mgfl) 

G·TRSW2 Triumph Tunnel 037500 000039 <0,01000 <0,00300 <000020 091500 2,620 7.870930 
Conversion Faclor (CF) for Criteria 
Maximum Concentration (CMC) NA 0.80737 0,96000 0,31514 NA 0.97800 
Conversion Factor (CF) for Criteria 
Continuous Concenlration (CCC) NA 0.77237 0,96000 031514 NA 0.98600 
US EPACMC NA 47.63708 291,53728 1,644,11676 NA 1,864,58360 
US EPA CCC NA 2.34968 14589502 64,06887 NA 1,879,83582 

G-IMSWl Independence Creek <000300 000089 <001000 000571 <000020 002740 429 6,061457 
Conversion Factor (CF) for Cnteria 
Maximum Concentration (CMC) NA 0.88307 0.96000 0,57880 NA 0,97800 
Conversion Faclor (CF)for efiteria 
Continuous Concentration (CCC) NA 084807 0,96000 057880 NA 0.98600 
US EPA CMC NA 827906 52,99951 301.70253' NA 402.47253 
US EPA CCC NA 067513 31,08399 11.75691 NA 405.76474 

G·IMSW2 Independence Creek jl 00476 000027 <001000 <0.00300 <000020 <001000 377 5,932245 
Conversion Factor (CF) for Criteria 
Maximum Concentration (CMC) NA 0.88848 0,96000 0.59763 NA 0,97800 
Conversion Factor (CF) for Criteria 
Continuous Concentration (CCC) NA 0.85348 0.96000 0.59763 NA 0,98600 
US EPACMC NA 7.30439 4692448 264.26855 NA 36073577 
US EPA CCC NA 0.61740 2783465 1029817 NA 363.68657 

G-IMSW4 Independence Mine <000300 000063 <001000 <0,00300 <000020 o16000 590 6380123 
Conversion Factor (CF) for Criteria 
Maximum Concentration (CMC) NA 086974 096000 0.53237 NA 0,9780D 
Conversion Factor (CF) for Criteria 
Continuous Concentration (CCC) NA 0.83474 0.96000 053237 NA 096600 
US EPACMC NA 11.27369 71.55951 41633019 NA 527.22754 
US EPACCC NA 0,84147 40.81268 1622379 NA 531.54024 

BLM Risk Management Cnteria IRMC) - Freshwater Aquatic life, Chronic TOXicity 0,15000 000025 0,00900 0,00250 000077 012000(Hardness = 100 mg/l)
 

BlM Risk Management Criteria (RMC) • Freshwater Aquatic Life, Acute Toxicity
 0,34000 0,00200 0,01300 0.06500 0,00140 >0,12000
(Hardness = 100 mg/l)
 

NOI" j Values snown In grtlen arr, less tnan BlM RISk ManagM'lMt CnlHna • F"'shwatar Aquatic Life. ChrOfllC and Aeula TO>l""Y tAdJustBd for HarOMSS)
 

Nota 2. VBlues shown In rad excaad BLM RJsk ManaQemanl Cntena - Freshwater Aauatrc life, Chromc and Acute TOXICllV (AdtuslBd for Harcnessl
 

Note 3: US EPA Water Quality Criterion Maximum Concentration (CMC) are values adjust&<! for hardness that would have to be exceeded by surface water samples to be in violation of BlM RMC . Freshwater AQualic Life. Acute ToxiCity,
 

Note 4: US EPA Water Quality Criterion Continuous Concentration (CCC) are values adjusted for hardness that would have to be exceeded by surface water samples to be in violalion of BlM RMC • Freshwater Aquatic life, Chronic Toxicit
 

Note 5 . Arsenic and mercury are not considered by the US EPA to be hardness dependent, therefore no conversion factors or equations that adjust values for hardness # 100 mgil have been published,
 

Note 6: See http://www,epa.govlwatersciencelcriteria/wqctable/ for conversion factors and equations that adjust values for hardness ~ 100 mg/L
 

Note 7' Melal concentrations in surface waler samples reported as "less Than" (I.e. symbol "<"') are less than practical detection limits of analysis.
 



Current National Recommended Water Quality Criteria 
EPA's compilation 01 national recommended water qua ty aU preserled as a mmary table CXIIltalning recomme ded waler quahty Crltef1a rOf" the prole<1Jon of 
aquatic I and huma surrece water for approximately 150 pcllutants.11' criteria po .ed pursuant to 5ectlon 304(a) oil e Cean Wa er Act 
(CWA) atId provide guidana! ffK stales and tnbes to use In adopting water ~ standards. 

~~!J:n ~ 011'1 25, 2005) 
• Pdo t Y!!rI!on gl' tblS ta llIe (PDE) I 
• PmlOUS Ym!lIOI of national recommended Wi! er quality atteria table 

Appendix A-Conversion Factors for Dissolved Metals 

C-v F c:tor 
Metal 

w CCC ..Itw. rCNC ..Itw••r CCc l 

Arsenic 1.000 1.000 1.000 1.000 

1.136672 !(In I>ardl"ess)(0.041838)] 1.101612- ( I'lII'dress)(0.041838)] 0.994 0.994 

O\rom m UI 0.316 0.860 

O\rom,um VI 0.982 0.962 0.993 0.993 

Cqlper 0.960 0.960 0.83 0.83 

Lead 1.46203 ((In hardness)(O. 45712)] :.46203 (In""'" )(0.1457 2)) 0.951 0.951 

0.85 0.8S 0.85 0.85 

0.998 0.991 0.990 0.990 

5eIeni m 0.998 0.998 

SlIver 0.85 0.85 

Zinc 0.918 0.986 0.946 0.946 

t 

Appendix B-Parameters for Calculating Freshwater Dissolved Me als Criteria That Are Hardness-Dependent 

F...........r Cony raIon I'.e:wr. (CF)
 
Ch..... lcal mA bA me be 

CMC CCC 

Cildml m 1.0166 -3.924 0.7'109 -4.119 1.136672-{(1rII'armess)(0.0418381] 1.101612-((In aroness){0.041838)] 

O\rom.um 1II 0.8 90 3.7256 0.8190 0.6848 0.3_6 0.860 

Copper 0.9422 ·1.100 0.8545 -1.102 0.960 0.960 

Lead 1.273 1.460 .273 .705 1.46203 ("'1>011 t!SS)(0. 451121] .'16203 [(lnhardro )(0.145712)] 

Id< I 0.8'160 2.255 0.8460 0.0584 0.998 0.991 

Solver 1.72 6.59 0.85 

Zinc 0.8'173 0.884 0.8'173 0.88'1 0.978 0.986 

Hardness·l!ependa t metals' cnteria may be calculated !'rom the following:
 

CMe (dissolved) - exp{mA [In(hardness)] bAJ (a=>
 

CCC (dtssolved) - exp{mc [In(hardness)] be} (CF)
 



The location of background samples that are significantly d' fferent 
and the three groups to which each belong are shown in Figure 3. Some 
have speculated this may be due to the locations of exposure at the 
ground surface of the ore bearing geological formation (i. e. Milligan 
Formation, symbol Om) that is naturally hi h in concentrations of 
metals. Thi' compares to low concentrations of metals expected for 
background samples gathered from non-Milligan Formation loc tions. 
Further analysis would be required to conform this theory. 

Examina ion of the data for backgrou. d soil samples shows MEPC of 
metals less than Modified BLM RMC (Level 2 Analysis) for mule deer and 
elk (see Table 1), the species least sensitive to exposure to metals. 
The same is true for red-tailed hawk, a species moderately sensitive 
to exposure to metals. 

This compares to MEPC of cadmi m and zinc that exceed Modified BLM RMC 
(Level 2 Analysis) for cottontail, the species most sensitive to 
exposure to metals. 

An underst nding of backgro nd concentrations of metals at the OeNovo 
Independence Site is important because Idaho OEQ does not require 
remediation of areas with high concentrations of metals below site­
specific background concentrations. 

Soil Samples Prior to Remediation 
Examination of the data for soil samp~es Drlor to remediation 
shows MEPC of a' 1 metals at all site and sar:1ple locations are less 
than Modified BLM RMC (Level 2 Analysis) for elk (see Table 1) 

MEPC of cadmi m, lead, and zinc are greater than the values of 
Modified BLM RJ.VJC (Level 2 Analysis) for mule deer for at least two and 
as many as four site and sample locations. MEPC of al metals, except 
mercury, exceed Modified BLM RMC (Level 2 Analysis) for red-tailed 
hawk for at least one (1. e. copper) and as many as eleven (1. e. lead) 
site and sample locations. And, MEPC of all metals, except mercury, 
exceed Modified BLM RMC (Level 2 Analysis) for cottontail for at least 
one (1. e. copper) and as many as fourteen (i. e. zinc) site and sample 
locations. 

Concentr tions of arsenic, cadmium, lead, and zinc notably exc e 
Modified BLM RMC (Level 2 Analysis) at more site and sample locations 
than copper and mercury. As expected, MEPC of all metals are greatest 
at waste dumps. 

The numbers, if qualitatively evaluated in accord with Risk Management 
Criteria for Metals at BLM Min'ng Sites (2004), may be interpreted in 
the fol owing fashion: 

Less than criteria = low risk
 
1 0 10 times the criteria = moderate risk
 
10 0 100 imes the crite ia = high risk
 
Greater than 100 times the cr'teria = extremely high risk
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Figure 3 - Map Showing Sample Locations Where Background 
Concentrations of Metals are Significantly Different 

(Source of Underlying Graphic: Golder Associates, Inc.) 
DeNovo Independence Site I DeNovo Independence, LLC 

Blaine County, Idaho 
January 12, 2009 



As s ch, risk of exposure to metals - prior to remediatio is low 
for elk, and low to moderate for mu e deer, red-tailed hawk, and 
cottontail. 

Soil Samples After Remediation 
Examination of the data for soil samples - after remediation - shows 
MEPC of arsenic, cadmium, and lead notably less than MEPC prior to 
remediation (see Table 7). After remediation, MEPC of all metals 1S 

less than Modified BLM RMC (Level 2 Analysis) for mule deer at all 
site and sample locations. 

After remediation, MEPC of arsenic and cadmium exceed Modified BLM RMC 
(Level 2 Analysis) for red-tai ed hawk and cottontail at only one, and 
for lead at two site and sample locations; namely the waste duo ps at 
North Star Mine and Independence Mine. MEPC of all metals, except 
mercury, exceed Modified BLM RMC (Level 2 Analysis) for cottontail for 
at least one (i. e. copper) and as many as thirteen (i. e. zinc) site 
and sample locations. 

Remediation goals have not been finally determined for copper, 
mercury, and zinc. However, Golder Associates, Inc. has concluded they 
represent no risk to human heal th. Concentrations of these metals 
shown in Table 7 are those reported by Golder Associates, 1. c. as 
present prior to remediation. With the exception of zinc and a si gle 
site and location for copper, they also represent low risk to all 
wildlife indicator species. Concentrations of zinc are of moderate 
risk to cottontail at thirteen of fifteen site and sample locations. 

The numbers, if qualitatively evaluated in accord with Risk Management 
Cr i teria for Metal s at BLM Mining Sites (2004), show ris k of exposure 
to me als - after remediation - is low for elk and mule deer, and low 
to moderate for red-tailed hawk and cottontail. 

However, this simple evaluation ignores as much as a 90% reduc ion in 
concentration of arsenic and cadmium, and 87% reduction in 
concentration of lead at the TriumDh Tunnel waste dumps. Notable 
reductions in concentrations of meta':"s are shown for other si te and 
s mple locations. 

CO LUSIONS 
Risk of exposure to metals for wildlife species of greatest interest 
to IDFG is low for elk, both prior to and after remediation, and low 
to moderate for mule deer prior to remediation. Risk for ule deer is 
greatly improved after remediation. All site and sample locations 
wi thin the DeNovo Independence Site are qu Ii tatively describe as 
hav'.ng low risk (see Table 8). 

A red ction in risk of exposure for red-tailed hawk - below that of 
Modified BLM RMC (Level 2 Analysis) after remediation - is shown for 
five site and sample loc tions for arsenic, four for cadmium, ni e for 
lead, and four for zinc. A reduction in risk of exposure for 
cottont il - below that of Modified BLM RMC (Level 2 Ana ysis) after 
remediation - is shown for five site and sample locations for arsenic, 
three or c dmium, two for lead, and one for zinc. 
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Comparison of Modified Bureau of land Management (BLM) Risk Management Criteria (RMC) . After RemediatJon 
to Remediation Goals and Calculated MEPC Prior to Remediation 

Data Source: Golder Associates. December 2008 

r 

Arsenic ICadmium ISile Sample Location Lead If' . L(mg/kg) Comments ( or Arsenic, Cadmium, and ead)[ (mg/kg) (mg/kg) 

Background Milligan Formation 46.1 7.13 94.8 No Change in Metals Concentrations After Remediation 

No Change in Metals Concentrations After RemedIation 
North Star Mme Waste Dumps with IDEO Data .l.9201 
North Star Mine tWind, Water Vehicle DisDersal Ar 1 OOO.O;AnticiDated Remediation Leyel 24,603..00.0 
North Star Mine 

North Star Mine 

Independence Mme 

.!!!!!.ependence Mine 
Independence Mine 

!D.de~endence Mine 
Old Triumph Shaft 

Old Trium~h Shaft 
Old Triumph_Shaft 
Triumph Tunnei 
Independence NeiQhborhQ( 

IndeFendence N~g~borho 

North Star Neiohborhood 

Repository Area Anticipated Remediation Level 

No Change In Metals Concentrations After Remediation 

29.80 1.000.030Q,0 

Secondary Borrow Area 148.0 14.00 ,..-----.!...OOO 

No Change in Metals Concentrations After Remediation 
Waste Dumps with IDEO Data 640.0 9.78 
Wind Water. Vehicle Dispersal Ar 337 ChanQe for Cadmium Only I Remediation Goal 6.60 968.5 
Reposltorv Area Chanoe for Cadmium and Lead / Remediation Goal 1452 5.38 1,000.0- I-

No Change in Melals Concentrations After Remediation 
Secondary Borrow Area 4.9318.2 314.8 
W~ste Dumps with IDEO Data 30.00 1,000.0 Anticipated Remediation Leyel 3000 
Wind. Water, Vehicle Dispersal Ar 907.1300.0 15.36 Change for Arseni~ and Cadmium / Remediation Goal 
Repository Area 32.5 8.74 325.7 Change for Cadmium Only I Remediation Goal 
Waste Dumps With IDEO Data 300~0 30.00 1,000.0 Anticipated Remediation Leyel-

I ­
46.1 94.87.10Indeoo~den"" Neiohborhood - No Remediation Goal I At or Below Backoround Concentrat 
46.1 7.10 94.8 Remedialion Goal I At or BelOW Background Concentrat Independence Neighborh~od - So 
46.1 7.10 94.8North Star NeiQhborhood Remediation Goal I At or Below Backoround Concentrati 

J 
BLM '3.Mf - ~~d:tailed .Hawk (See.~ote 8 Be!.o",) 4-:0 0.30 6Jl 
Modified BLM BMC t!-~yel 2 Analy~ . Red·tailed Haw!< 1,620.8 121.5§. 2,431.1 

Nu", For".lle All., 859~"'es 

BLM RMC - Collonlail 1 4380 6.00 
Modified BLM RMC (Leyel 2 Analysis) - fottontail 619.8 8~49 

INa, FOf~" Artie 2 11 hi"'" 

~ RMC - Mule Dee..';.",...., - 200.0 3.00 
.:40dified BLM RMC (Leyel2 Analysis)· Mule Deer 
NulL T, <ao& Aiea 0 285 ho<.ldrllll - ­ 35.849.1 53774 

BLM RMC - Elk 328.0 3.00 
Modified BLM RMC (Level 2 Analysis - Elk 2,885,162.3 26388.68 

NOlO. Farago Area • JJ70 00 h8l:mI05 

Nolo 1: Values shown in blue oxceed Modified BLM RMC (Lelllll 2 Analysis) - Cottontail 

172.0 
243.4 

106.0 

19~ 

127.0 
1117120.8 

-

~ 

Copper 
(mg/kg) 

48.9 

2880 
93.0. 
958 

Mercury I Zinc 
(mg/kg) I (mg/kg) 

0.070 
I 

872.0 

2230 7.050.0 

0271 2820.0 
0.538 3.870.0 

I 
I I 

57.3 
0. 

1551 1.5600 

_. 129.0 0.770 1100.0 

36.8 471.0~ 
569.439.3 0.126 

0.066 617.3335 
1.840 12,600.0 

2,070.0 

482 
69.3 0.193 

912.6 
1,300.0 13.853 

0.167 
8,050.0 

0.017 97.922.7 
682.573.6 0.048 

0.200 1,88ll.057.0 

- -
7.0 1000 430 

2,836.3 405.189 17,423.0 

~ 
358.0 15.000 3730 
506.6 21.226 527.8 

102.0L 9.000 222.0 

18.283.0 ---L?~T 39.792.5 

131.0 11.000 275.0 

1,152,305.7 96758.491 2,418962.3 

NOIP 3 Valu".. shown In >mnce o.tC<...Jd Moo.L-:! BLM RMC ._0",-12 Analv. ,I Coun..811 AOd Rod-iaol8<l HOIwfo.
 
Nole 4 Values shown in red oxceed Modified BLMRMC (LoYe!2 AnalY"''!I CattonlBll ROd-IaII"" Hawk. ond Mulo 0_
 
Note 5: Assumes success(ul remediation o( 8.55 (21.12) of 10.67 hectares (26.36 acres) of contaminated waste dumps and wind. waler, and yehicle dispersion areas. 

~9.le 6: Assumes 2.12 hectare~j5.24 acre.?)..Qf£~~amjnate~_waste dumps and_VoIind , water, and vehicle dispersion areas will remain in·place. l 
INote 7: Assumes all 01 the areas described in Note 6 are contiguous for this and other guantilative analyses. They are, in (act. a mosaic within the DeNoyo lnoe~endence Site. 
~o~ssu!!!ption described in Note 7 reSuUs in a conservative (i.e. overestimate of risk) Modified BLM RMC - Cottontail. . I 
Note 9: American robin is used as a surrogate for red-tailed haw!< (or this and other quantita!lYe analysis for BLM - RMC values. 1 I 
Note 10: Mean body weight of American robin is reported as 77.3 grams and red-tailed hawk in soulhwestldaho as 957 grams (US EPA 1993J.
 

Note 11' Because of differences in body w~.!!!,,!!!e~ American robin as a surrogate resulls in a conservatiYe~"-oYerestimate of ris!;) Modified B~Red·tailed Har'
 
Note 12: Values hlghllghed ,n orange exceed Modofied BLM RMl (Leyel 2 AnalysJ§J . Mule. Deer Illoarge area (FA) = 70 hectares, but do not If FA : 285 heClares,
 
Note .13: Values described in Nolo 12 conllnue to exceed ModifIed BLM RML (LeYel 2 Analysis) - Red-tailed Haw!< and/or Cottontail.
 
Note 14: Concentrations ofElP.f'er, mercury, and zinc shown in this table are those repor1ed by Golder Associates. Inc. as present prior to remediation. As such, they are Media Exposure Point Concentrations (MEPC1­

. ­

I 

~ 

• 
+ 

-

-­

. 

jNole 15 Values hIghlighted i~g.reen are the remediation goals for mule deer and therefore, for this Ecological Risk Assessment. None 01 t~emedlallon goals for arsentc cadrruum. or lead Of MEPe for other metals exceed thiS value. 



Comparison of Risk of Exposure to Metals for Mule Deer,
 
Prior to and After Remediation at the DeNovo Independence Site
 

Site Sample Location Risk Prior to / After Remediation,
~ 

Arsenic Cadmium Copper Lead Mercury Zinc 
Backqround Milligan Formation 

+ 
Low/ Low 

~ 

Low/Low Low/Low Low/Low low/low Low/Low
t-

North Star Mine Waste Dumps with IDEQ D~ta Low/low Moderate flow Low flow Moderate/ Low low/low Low/Low•North Star Mine Wi rl.-d , Water, Vehicle Dispersal Area low/low t Low/low Low/low t
f-

low/low low/ Low Low/Low 
North Star Mine Repository Area low/Low low/low Low flow low/low low/ Low Low/Low

t
North Star Mine Seconcla_ry Borrow Area _ Low/low low/low low /Low 

+ 

Low low/ Low Low/ Low 
t­

Ind~pendence Mine Waste_pumps with IDEQ Data Low/ Low · Low/Low Low/ Low 
+ 

Moderate / Low Low/Low Low / Low 
Independence Mine Wind, Water, VehicleDispersal Area Low/Low · Low/Low Low/ Low Low/Low Low/ Low Low / Low 

f-

Independence Mine RepQsitory Area Low/Low · low/Low low/low low/low Low/Low low/Low 
Independence Mine Secondary Borrow Area low/low 

~ 

low/low low/low low/low Low/ Low low/Low 
Old Triumph Shaft Waste Dumps with IDEQ Data low/low Moderate flow low/low Moderate flow Low/Low Moderate / Low 

t-

Old Triumph ,shaft Wind, Water, Vehicle Dispersal Area low/low low/Low low/ Low Low Low/ Low Low/Low
t-

Old Triumph Shaft Repository Area low/Low low/Low low/ Low Low Low/ Low Low/ Low 
t-

Triumph Tunnel Waste Dumps with IPEQ Data Low/low low/Low Low / Low Moderate / Low Low/ Low Moderate / Low 
Independence Neighborhood Independence N5lighb9rhood -.North low/Low low/Low low/ Low Low Low/ Low Low/Low

t
Independence Neighborhood Independ~nce N~lghborhood - South low/Low low/Low low/ Low Low Low/ Low Low/ Low. 
North Star Neighborhood North Star Neighborhoog Low / Low 

~ 

low/Low Low /Low Low Low/ Low Low/Low 

Note 1: Qualitative evaluations of numeric calculations of risk shown in this table are based on those from Risk Management Criteria for Metals at BLM Mining Sites (2004) and are shown below 
Note 2: BLM -RMC-=US Bureau of Land Management-Risk Management Criteria - - . - - --- - ­
Note 3: Modified BLM RMC (Level 2 Analysis) = BLM RMC modified to account for spatial and temporal factors particular to each wildlife Indicator species_ 

Less than BLM RMC lbevel2Analysis) =low risk 
1 to 10 x BLM RMC(Le_vei 2Analys~) = moderate risk 
10 to 100 x BLM RMC (Level 2 ~nal~si~) = high risk 
> BLM RMC (Level 2 Analysis) = extremely high risk 



Remaining risk for red-tailed hawk and cottontail would, perhaps, be 
of concern i not for the fact that neither the waste ump at the 
orth tar Mine, nor that at the Independence Mine have any vegetat've 

cover to provide habitat for prey, and no perch sites (i.e. trees 
common to riparian areas) for red-tailed hawk to settle on, and from 
which to prey. F rther assurance is provided by the fact that MEPC 
for all metals after remediation at all site and sample locations is 
notably reduced, and at all b t two site and sample locations are less 
than Modified BLM RMC (Level 2 Analysis) for red-tailed hawk. 

Further, because of their difference in body weight, the use of 
A erican robin (average body weight 77.3 grams) as a surrogate for 
red-t iled hawk (average body weight 957 grams) results in a 
conservative (i.e. overestimate of risk) Modified BLM RMC (Level 2 
An lysis) for red-tailed hawk. If body weight were to be considered 
by t e risk model to be a multiplicative variable to BLM RMC, level of 
risk would be below this further Modified BLM RMC. 

And, although cottontail is an important prey species in the sagebrush 
steppe of Idaho, those animals that prey upon them (e. g. red-tailed 
hawk, owls, coyotes, and bo c ts) have large foraging areas, of which 
the DeNovo Independence Site is but a small portion. Their exposure 
to metals is therefore greatly diminished by this dilution of 
cottontail with potentially elevated concentrations of lead. One 
analogy to help understand this phenomenon is that if we were to eat 
only seafood in our diet we might suffer from chronic exposure to 
mercury, however our diet is diverse and as a result our exposure is 
Ie sened. 

And finally, it must be remembered that my calculation of Modified BLM 
RMCs (Level 2 Analysis) assumes the 10.67 hectares (26.36 acres) of 
contaminated waste dumps and wind, water, and vehicle dispersion areas 
are contiguous. They are, in fact, a mosaic within the DeNovo 
Independence Si te. This has the potential to reduce the amount of 
time an individual that forages within a small area is exposed to 
elevated concentrations of metals. Because of this, the values shown 
in T bles 3 and 4 are conservative (i.e. overstate the potential risk) 
for wildlife species (i.e. cottontail) with foraging areas less than 
10.67 hectares (26.36 acres) in size. 

Further anal ysis, to be presented in the complete ERA to follow this 
summary report, will answer several concerns of Idaho DEQ. Those 
concerns - which were expressed in a meeting with Dr. Jeffrey Fromm on 

esday, December 23, 2008 - are described below. 

1.	 Idaho DEQ will require and DeNovo Independence, LLC will 
provide, in the complete ERA to follow this summary report, 
a comparison of Sc to US EPA Ecological Screening Level 
(Eco-SSL) values for each COPEC (see 
http://www.epa.gov/ecotox/ecossl/). As with use of the 
Modified BLM RMC (Level 2 Analysis), these values will be 
mo ified to take into account spati 1 and temporal factors. 

2.	 Beca se they are sparsely vegetated and provide litt e or no 
wildlife habitat (i.e. living space, rep rod ctive space, 
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food and water, cover from predators and thermal extremes), 
waste piles are not a likely attractant to wildlife. 
However, their appeal ~~y be affected by 0 her factors and 
unique circu st.ances. Idaho DEQ will require and De ovo 
Independence, LLC will provide, in the complete ERA to 
follow this summary report, an evaluation of whether 
exposure of wildlife to locations of elevated concentrations 
of COPECs is random, or affected by a possib e unique appeal 
of waste p'les. Examples include their chemical composition 

such as that of naturally occurring salt licks that 
attract mu e deer and elk - or their ability to provide snow 
free loafing areas in early spring because their black color 
absorbs g eater radiant energy from the s n than the 
surrounding ground. 

3.	 Idaho DEQ will requ' re and DeNovo Independence, LLC will 
provide, i the complete ERA to follow this suo mary report, 
an evaluation of the locat'ons of elevated concentrations of 
COPECs relative to known daily or seasonal migration routes 
of wildlife species. 

4.	 Repositories of waste encapsulated with a cover of soil and 
revegetated wi th grasses and forbs may be attractive to 
wildlife. DeNovo Independence, LLC and Idaho DEQ w'll 
consider this in their development and review of final 
design specifications for remediation, and avoid this risk 
by selection of species that are not inordinately 
attractive. 

I certify that I have prepared this report and that I am a qualified 
expert, as demonstrated by the following professional certifications. 

Ecological Design, Inc. by 
Robert B. Tiedemann 
Principal 

Certified Professional Wetland Scientist 
(Society of Wetland Scientists No. 000702) 
Certified Wetl nd Delineator 
(US Army Corps of Engineers April 15, 1994) 
Certified Fisheries Scientist 
(Americ n Fisheries Society No. 1,717) 
Certified Wildlife Biologist 
(The Wildlife Society December 10, 1986) 
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ATTACHMENT 1 

WORK PLAN FOR THE ECOLOGICAL RISK ASSESSMENT - PRELIMINARY DRAFT 



ECOLOGICAL DESIGN, INC. 
217 North Walnut Street • Boise, Idaho 83712 
208.3385852 • ecodesigninc@mac.com 

MEMO TO: Denovo Properties, Inc. 
C/O Kendra Lindahl
 
Principal
 
Landform, Inc.
 

Bruce Wicherski
 
Jeff Fromm
 
Bruce Schuld
 
Idaho Department of Environmental Quality
 

Mike McDonald
 
Idaho Department of Fish and Game - Magic Valley Region
 

Dick Vorpahl
 
DeNovo Properties, Inc.
 

Doug Morell
 
Golder Associates
 

FROM: Rob Tiedemann, CPWS, CWO, CFS, CWB, Ecological Design, Inc. 

DATE: December 19, 2008 
Most Recent Revision: January 11, 2009 

RE:	 DeNovo Independence, LLC 
Triumph Mine Site 
Ecological Risk Assessment - Work Plan 

At an office meeting and telephone conference conducted Wednesday, December 3, 2008 with 
the persons listed above, with the exceptions of Kendra Lindahl and Mike McDonald, we 
discussed the elements of a work plan for the ecological risk assessment (ERA). 

It was agreed Rob Tiedemann would provide Idaho Department of Environmental Quality (DEQ) 
the following for review prior to a preliminary draft of the ERA: (a) an outline of the ERA, (b) 
guiding assumptions, (c) identification of constituents of potential ecological concern (COPEC), (d) 
factors unique to the Triumph Mine Site not common to other remediation sites, and (e) a 
description of methods for initial screening of COPEC and further study. 

That work plan is described in the following narrative and graphics. 

Environmental Ass'ssments • Streams and Wetlands • Threatened and Endangered Species· Federal and State Permits 
• Design and Specifications for Mitigation· Public Education, Involvement, and Participation 
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Outline 
The ERA will largely follow the content and format described in guidelines authored by the US 
Environmental Protection Agency (EPA) and shown in Appendix A of this memo. 

Cuiding Assumptions 
Variables required by models to evaluate risk will be taken from recognized sour es including, but 
not limited to, the following: 

•	 US EPA 1993 Wildlife Exposure Factors Handbook
 
BLM 2004 Risk Management Criteria for Metals at BLM Mining Sites
 
Chapman, J.A and G.A Feldhamer (Editors) 1992 Wild Mammals of North America
 

Indicator wildlife species, selected for this study, that follow defined ERA endpoints and attributes 
for quantitative comparisons to acceptable risk are red-tailed hawk (Buteo jamaicensis), Nuttall's 
cottontail (Sylvilagus nuttalliil, mule deer (Odocoileus heminus), and elk (Cervus elaphus). That 
portion of the life history of each species relevant to the ERA is swmmarized in Table 1. 

Indicator wildlife species, selected for this study, that follow defined ERA endpoints and attributes 
for qualitative comparisons to acceptable risk are sage grouse (Centrocercus urophasianus), a 
SGCN as identified by the IDFG; and gray wolf (Canis lupus), both an endangered species and an 
experimental non-essential species as identified by the US FWS. Further analysis, to be presented 
in a complete ERA to follow a summary report, will qualitatively assess risk to these species. 

Soil concentrations of COPEC less than those shown in Risk Management Criteria for Metals at 
BLM Mining Sites (2004) will be eliminated from further study. 

Factors Unique to the Triumph Mine Site 
Natural and cultural features, disturbances, events, and history unique to the Triumph Mine Site 
include the folloyvmg: 

•	 Presence of water is limited to intermittent streams and isolated seeps. 
•	 Motorized access via Triumph Gulch is prohibited from December 1 to April 30. 
•	 Past land use and practices (e,g, grazing) have affected the quality of habitat. 
•	 Natural disturbances and events (e.g. fire) have affected the quality of habitat. 



Table 1 - Life History Factors for Wildlife Species Relevant to the Ecological Risk Assessment 

Scientific Name i Food Habits·Common Name For-ag-e-Are.-- i~t~:;:~h' I OCCUP-ie-d-H-abitai(~ 
, 

Project I'Area .lR'd-la"ed Hawk ~,o Ja,;aiiee;;;;---h'amiVO,." Spring, Summer,Fall, . Jan~ary---· 

r
Woodlands, Wetlands, - ..-; 

Spring, Summer, Fall, Winter: Winter: i December Pastures, Prairies, and 
Large Insects, Snakes, Lizards, i (When red-tailed hawk are ! Deserts 
Birds, and Small Mammals I present within the DeNovo ' Independence Site) 

t- _._,_.._L.__. ..:._ __~ --.-: . B?~.bE;C.t<3.rE;~1-_ +. _m.m : 

. Nuttall s Cottontail Sylvilagus nuttalill I Herbivore Spnng, Summer, Fall, I January - 1 Shrub Steppe, Rocky Hi Spring, Summer, Fall: : Winter: I December Areas, and Riparian Areas 
Grasses and Fobs I (When Nutall's cottontail 

I 

. are present within the . 
Winter: DeNovo Independence Site) ! I ! 
Woody Vegetation 

r······_··_·_··_······_····· - - _ _ .
I Mule Deer i Odocoileus hemin us Herbivore 

1-1~~~!;,~~:~';~~~:--l ~~~~~b:-I ~~,~:t~taiilicePt 0'''e1Spring, Summer, Fall:
 
Grasses, Forbs, Sedges, and present within the DeNovo
 
Rushes Independence Site)
 

lk-'_'.-+c
eNO 

0 0 __"',- I I I 
; elaPhus-·l-~~~~~~~~~~_··_---

Spring, Summer: 
I .,Grasses and Forbs ! 

S~ I' 

, i Fa/I, Winter: I I J' 'I
I Grasses and/or Shrub Browse < or =7,770 h~~t<3T~~5__...~_._._._ ..__._._. . __.....__._.__... ...._._..._ ..._L...............................................................•._ ...__•....•........._.__.
 

1 Source: US EPA 1993 Wildlife Exposure Factors Handbook (Mean Value)
 
2 Source: Chapman, J.A and GA Feldhamer (Editors). 1992. Wild Mammals of North America
 
3 Source: Idaho Department of Fish and Game - Magic Valley. 2008. Personal communication with Mike McDonald (Environmental Staff Biologist)
 
4 Additional Sources: See Attachment 2
 

(To be reviewed and verified by Mike McDonald) 
5 Source: Idaho Department of Fish and Game· Magic Valley. 2008. Region Elk Winter Habitat and Group Locations 2 

(To be reviewed and verified by Mike McDonald) 

http:L...............................................................�
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•	 Plant associations, and therefore wildlife habitat, within the project area are those 
native to southwest Idaho and include the sagebrush steppe, aspen groves, isolated 
springs and seeps, and riparian areas. Their present condition is good to very good, 
with the exception of isolated springs and seeps and portions of Independence 
Creek and Triumph Creek altered by placed fill and the relics of past mining 
activities including abandoned adits, portals and mine entrances, spoil piles, and a 
variety of wood structures and supports. Weedy species are largely absent from the 
study area with the exception of spotted knapweed (Centaurea stoebe) and 
cheatgrass (Bromus teetorum) that sparsely grow in areas where ground has been 
disturbed by past mining activities and active maintenance of \;Jnirnproved roads. 

Methods for Initial Screening of Constituents of Potential Ecological Concern (COPEC) 
Initial screening of COPEC will be accomplished by comparison of Media Exposure Point 
Concentrations (MEPCl calculated by Golder Associates to BLM Risk Management Criteria (RMCl 
shown in Risk Management Criteria for Metals at BLM Mining Sites (2004). This comparison is 
shown in Figure 1 and Table 2. 

Methods for More Refined Analysis of COPEC and Risk to Wildlife 
Refinement of the initial screening of COPEC will be accomplished by recognized risk quotient 
(RQ) models (see Table 3), or modification of BLM Risk Management Criteria (RMCl to account for 
the following: (1) the proportion of time a given wildlife species spends in contaminated areas, and 
(2)	 the ratio of foraging area for a given wildlife species to the area of contamination. 



Note: The diameter of each circle is proportional to the BLM - RMC for metals, shown in the 
bottom-most row, and each wildlife species shown in the left-most column of this graphic. 

(opper (rng,'kg) 

Figure 1 - BLM Risk Management Criteria (RMC) for Indicated Species 
(Source: BLM 2004 Risk Management Criteria for Metals at BLM Mining Sites) 

DeNovo Independence Site I DeNovo Independence, LLC 
Blaine County, Idaho 

January 7, 2009 



Comparison of Bureau of land Management (BlM) Risk Management Criteria (RMC)
 
to Calculated Media Exposure Point Concentrations (ME PC) Within the Triumph Mine Site
 

Data Source: Golder Associates, December 2008 

Site Sample location 
Arsenic 
(mQlkQ) 

Cadmium 
(mQ/k\1) 

Chromium 
(mq/kQ) 

Copper 
(m\1/k\1) 

Iron (mglkg) lead (mg/kg) 
Manganese 

(mQ/kQ) 
Mercury 
(m\1/k\11 

Selenium 
(mQ/kQ) 

Silver 
(mQ/kQ) 

Zinc (mg/kg) 

North Star Mine Waste Dumps with IDEO Data 2,920.0 14800 544 2880 68,700 14,3000 1.600 2.230 749 1180 7.050,0 
North Star Mine Wind, Water, Vehicle Dispersal - 3670 2460 706 930 23,200 2.990.0 1,540 0.271 546 22.9 2,820.0 
North Star Mine Re.pository Area - 6930 2980 726 95.8 20,100 1.7800 1.350 0.538 551 118 3.870.0 
North Star Mine Seco~daryJ~9rrow Area . 148.0 1400 954 57.3 21,100 7000 1,260 0155 768 39 1,560.0 
Independence Mine Waste DumQs withlD~O D"ta 640.0 978.. 58.6 1290 40,300 10,4000 465 0.770 19.50 1010 11000 
Independence Mine Wind, Water, Vehicle Dispersal 33.7 6.60 .. 75.3 36.8 17,500 9685 361 0.058 2.'34 12.9 4710 
Independence Mine RepositoryArea 145.2 5.38~ 48.6 393 17.900 2.5200 243 0.126 6.17 35.2 5694 
Independence Mine Secondary Borcow Area 18.2 493 ­ 710 335 20,600 314.8 373 0.066 102 3.8 617 3 
Old Triumph Shaft 
Old Triumph Shaft 

.',!Vaste,Qumps.,with IDEO Data 
Wind, Water, Vehicle Dispersal 

3,1300 
5925 

29100. 
15.36 

233 
676 693 27,300 

9.200.0 
9071 920 

1840 
0.193 

900 
256. 

700 
7.2 

12,6000 
2,0700 

Old Triumph Shaft Repository Area 32.5 874 63.3 48.2 24,300 3257 1,131 0167 2.79 1.9 9126 
Triumph Tunnel Waste..Q.unJPs with IDEO Data 6.8629 52.01 72.6 1,300.0 17,900 7,6205 656 13.853 340 250 8.0500 
Independence Nelqhborhood Independence Neighborhood, North 37 0.28 394 22.7 14,300 19.0 459 0.017 025 03 97.9 
Independence Neiqhborhood Independence Neiqhborhood ' Soute 2389 734 505 736 24,410 3680 548 0.048 244 34 6825 
North Star Neighborhood North Star Neighborhood 304 0 15.22 72.0 57.0 22,800 6871 1,130 0.200 3.21 6.3 1,8800 

BlM RMC ' Cottontail 
BlM RMC - Mule Deer 
BlM RMC, Elk 

.. .. 
4380 
200.0 
3280 

6.00 
300 
3.00 

.. 
358.0 
102.0 
131.0 

t 

172.0 
106.0 
127.0 

.. 
15.000 
9000 

11.000 • 
3730 
2220 
2750 

Note Values Shown In Red Exceed BlM RMC - Mule Deer 



Table 3 - Variables Taken from the Literature, Calculated Media Exposure Point Concentrations (MEPC) (Source: Golder Associates, Inc.),
 
Estimated Exposure (EE), and Calculated Risk Quotent (RQ) for Indicated Species
 

Variable Nuttall's Cottontail Mule Deer Elk 
Body Weight (BW) 
Food Ingestion Rate (FIR) 
Concentration in Food (Fc) 
Soil Ingestion Rate (SIR) 
Concentration in Soil (Sc) 
Water Ingestion Rate (WIR) 
Concentration in Water (Wc) 
Proportion of Food Item in Diet (P) 
Accumulation Factor (AF) 
Proportion of Time Spen.t in Area (T!JF) .(I.e. months[year) 
Proportion of Foraging Area Within Contaminated Portions of Project Area(AUF) 
Estimated Esposure (EE) (Calculated) 
Toxicity Response ValL.:!e (TRV) 
Risk Quotent (RQ) (Calculated) 

Note 1: RQ = EE / TRV
 
Note 2: EE = [(FIR*Fc*P) + ( SIR*Sc) + .(WIR*Wc)) * (AUF*TUF)
 



Appendix A - US EPA Guidelines for Ecological Risk Assessment 
(Source: http://www.epa.gov/risk/ecological-risk.htm) 

Planning Phase - Planning and Scoping Process 
1.	 Identification of Individuals, Populations, Communities, and Ecosystems at Risk 
2.	 Identification of Constituents of Potential Ecological Concern (COPEC) 
3.	 Source(s) of COPEC 
4.	 Pathways and Routes of Exposure in the Environment (i.e. Pathways: air, surface 

water, groundwater, soil, solid waste, and food / Routes: ingestion of food ilnd 
water, skin contact, inhalation, preening, and grooming) 

5.	 Response of an Organism to COPECs (e.g. absorption, distribution, metabolic 
decomposition, and excretion) 

6.	 Physiological and Ecological Effects to an Organism 
7.	 Time of Exposure within the Life History of a Species, and Duration of E posure for 

Resulting Acute and Chronic Effects 

Phase 1 - Problem Formulation 
1.	 Definition of Assessment Endpoints (e.g. species, functional group, community, 

ecosystem, and habitat) 
2.	 Attributes of the Assessment Endpoints at Risk (e.g. threatened and endangered 

species, species of commercial importance, and indicators of ecological health) 
3.	 Graphical Depiction and Narrative Des ribing a Conceptual Model of the 

Relationships Between Assessment Endp ints and Stressors (i.e. source, stressors, 
receptors, potential exposure, predicted effects) 

Phase 2 - Analysis 
1.	 Qualitative and Quantitative Analysis of the Level of Exposure and Predicted Effects 

(e.g. Hazard Quotient == LCOPECl / IScreening Benchmark], comparison of field 
data to BLM Risk Managem nt Crit ria) 

Required Parameters Include, but are not Limited to: (a) Area of Use, (b) Food 
Ingestion Rate, (c) Bioaccumulation Rate, (d) Bioavailability, and (e) Life Stage 

Phase 3 - Risk Characterization 
1.	 Estimate and Chamcterization of the Risk to Assessment Endpoints (i.e. acute 

response and chronic response, severity of effects, time frame of exposure, species 
(t risk, vulnerable portions of their life stage) 

2.	 Di cussion of the Variability of Data and Uncertainty of Results 
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REVIEW OF THE LITERATURE RELATED TO MULE DEER FORAGING AREA 



ECOLOGICAL DESIGN, INC. 
2-17 North Walnut Street • Boise, Idaho 837"12 
208.338_5852 • ecoclesignin @mac.com 

MEMO TO: DeNovo Independence, LLC 
C/O Kendra Lindahl
 
Principal
 
Landform, Inc.
 

Dick Vorpahl
 
DeNovo Properties, LLC
 

Doug Morell
 
Kirsi Longley
 
Golder Associates
 

Mike McDonald
 
Environmental Staff Biologist
 
Idaho Department of Fish and Game - Magic Valley Region
 

FROM: Rob Tiedemann, CPWS, CWO, CFS, CWB, Ecological Design, Inc. 

DATE: January 10, 2009 

RE:	 DeNovo Independence, LLC 
DeNovo Independence Site 
Ecological Risk Assessment - Review of the Literature (Mule Deer Foraging Area) 

The following is a summary of the referenced literature provided to me by Kirsi Longley (Golder 
Associates, Inc.) on Wednesday, January 7, 2009. 

http://www.gsd.harvard.edu/studios/brc/report/28_deer.html 
Untitled 

This document cites others who estimate the mean distance to water within the home range of 
mule deer in California coastal environments to be 80 meters. Assuming this also approximates 
the foraging area of coastal populations within an 80-meter diameter circle, this area is 5,024 
square meters (0.5 hectares). The document does not provide any actual information on the size 
of foraging area or home range. 

http://www.jstor.org/pss/1381086 
Movement and Activity Patterns of Mule Deer in the Sagebrush-Steppe Region 
Lester E. Eberhardt, Eric E. Hanson and Larry L. Cadwell 
Journal of Mammalogy, Vol. 65, No.3 (Aug., 1984), pp. 404-409 

The authors of this peer reviewed, published study found the average home range of mule deer in 

the sagebrush steppe at the Hanford Site in south-central Washington to be 39.3 ± 26.5 km 2 (3,930 
hectares) (n=34) in size. 

Environmental Assessments· Streams and Wetlands· Threatened and Endangered Species· Federal and State I'ermits 
• Design and SpeCifications for Mitigation • Public Education, Involvement, and Participation 



Review of the Literature (Mule Deer Foraging Area) 
January 10, 2009 
Page 2 

This is equivalent to a home range that varies from 12.8 km 2 (1,280 hectares) to 65.8 km2 (6,580 
hectares) in size. The fact this a peer reviewed, published study conducted in an ecoregion 
equivalent to the DeNovo Independence site must be recognized. However, the range of values 
and small sample size (n=34) suggest the variability of this statistic is large and perhaps 
misrepresented by only 34 observations. 

http://sibr.com/mammals/M181.html 
Untitled 

This document cites others who report "home ranges are usually less than 1.6 km (1 mile) in 
diameter" for mule deer in an unspecified ecoregion of California. This is equivalent to a home 

range 2.01 km2 (201 hectares) in size. 

ftp:/Iftp-fc.sc.egov.usda.gov/WHMIIWEB/pdflTechnicaILeaflets/Muledeer.pdf 
Natural Resources Conservation Service 
Wildlife Habitat Management Institute 
Wildlife Habitat Management Leaflet Number 28 - Mule Deer 

This document reads, in part "Mule deer home range size varies depending on the region, habitat 
quality, season, and distribution of vital resources." It reports a mean home range for adult does as 
0.3 to 1.2 square miles (77.7 to 310.8 hectares) and for adult bucks as 1.2 to 4 square miles (310.8 
to 1,036.0 hectares). 

http://www.rw.ttu.edu/newsletter/PDF/Mgmtnotes/MANAGING%20PLAINS%20MULE%20DEER%20IN%20TEX 
AS%20AND.pdf 
Managing Plains Mule Deer in Texas and Eastern Mexico 
Bryant, F.C. and B. Morrison 
Undated 
Range, Wildlife and Fisheries Management 

This document states, in part, "Home ranges extend only 0.5 to 1 mile beyond the cover of 
suitable vegetation or a rimrock, caprock, or ravine." This is equivalent to a home range 50.8 to 
203.3 hectares in size within a 0.5 to 1 mile diameter circle. 

http://www.biggamehunt.neUsections/Mule_Deer/Mule-Deer-Those-Western-Deer-06010709.htmI 
Mule Deer Hunting 
Gruenefeld, G. 
2007 
Big Game Hunt.net 

This document- with no references to the literature, but presumably relying on it - states, in part, 
liAs a general rule, the home range of mule deer, no matter what the subspecies nor the terrain in 
which they flourish, is fairly small covering little more than 250 hectares." 



Review of the Literature (Mule Deer Foraging Area) 
January 10, 2009 
Page 3 

To this point In time I have used Wild Mammals of North America (1992) edited by Joseph A. 
Chapman and George A. Feldhamer as the referenced source of the value 70 hectares for the 
foraging area for mule deer. This book is a respected summary of the scientific literature. It states, 
in part, "Summer home ranges of does averaged 92 hectares (37 - 207 hectares) (Pac 1976; Steerey 
1979), while adult males ranged over areas from 52 to 66 hectares (Steery 1979). Other studies on 
mountainous summer ranges have also indicated home ranges 40 - 100 hectares in size (White 
1960; Leopold et al. 1951 )." I selected the midpoint (i.e. 70 hectares) of the range (i.e. 40 - 100 
hectares) from those studies conducted in an ecoregion and environment most similar to the 
DeNovo Independence Site. My review of the literature summarized in this memo suggests there 
may be reason and rational to alter that selection of value. 

In order to continue progress toward completion of the Summary of Preliminary Results of the 
Ecological Risk Assessment (ERA) for the DeNovo Independence Site, I recommend we proceed 
with the forage area value for mule deer suggested by Kirsi Longley and accepted by the US 
Environmental Protection Agency (i.e. 285 hectares) after their review of the terrestrial risk 
assessment for the Blackbird Mine in Custer County, Idaho (Golder Associates, Inc.) 

I further recommend we allow Mike McDonald, Environmental Staff Biologist (Idaho Department 
of Fish and Game - Magic Valley Region) to review this memo and complete his review of records 
from his agency; and that we consider his recommended value for foraging area of mule deer, that 
will be specific to the project area, in the complete ERA to follow the summary report. 



ATTACHMENT 3 

BACKGROUND CONCENTRATIONS OF METALS IN SOILS DATA 



TABLE 3-1
 

Background SOil Sample Results
 
Data Source: Golder Associates, November 2008
 

Sample Arsenic Cadmium Chromium Copper Iron lead Manganese Mercury Selenium Silver Zinc
Sample ID Collection Date 

Location (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mglkg) (mg/kg) (mg/k.g) (mg/kg) 
G-IMBGSS2 G-IMBGSS 10/14/08 13.7 2.67 43.8 48.9 23,700 39.3 379 0.050 1.1 <0.5 315.0 
G-IMBGSS3 G-IMBGSS 10/14/08 10.2 <0.20 419 29.3 30,900 268 332 <0.033 1.2 <0.5 119,0 
G-IMBGSS4 G-IMBGSS 10/14108 2,7 <0,20 61.6 19.2 15,500 164 442 <0.033 <05 <0.5 636 
G-IMBGSS5 G-IMBGSS 10/14/08 5,8 0.61 44.4 30.2 11.500 269 357 <0.033 05 <0.5 1710 
G-IMBGSS6 G-IMBGSS 10/15/08 <2,5 2.13 78.5 14.9 5,570 25.9 132 0.045 0.8 <0.5 182.0,. 
G-IMBGSS7 G·IMBGSS 10115/08 38 2,70 86.6 30.4 14,000 270 224 <0.033 <0,5 <0.5 4010 
G-IMBGSS8 G-IMBGSS 10/15/08 11,8 328 53.2 45.6 24,200 37,1 237 <0.033 2.1 05 3700 
G-INBGSSI G·INBGSS 10/18108 2,6 <0.20 41.5 210 14.700 116 398 <0.033 <0.5 <0.5 673 
G-INBGSS3 G-INBGSS 10/18/08 5,0 363 22.3 29.6 17.200 50.9 372 <0.033 1.5 <0.5 3670 
G-KOBGSSl G·KOBGSS 10/14/08 5,8 199 35.3 23,8 14,300 637 288 <0.033 <0.5 <0.5 3500 
G-KOBGSS2 G-KOBGSS 10114108 9,9 3,33 78.6 31.5 14,800 111.0 313 <0.033 09 08 4120. 
G-KOBGSS3 G-KOBGSS 10114/08 .. 11.4 242 66.7 24.1 13,700 620 313 <0.033 <0.5 <0.5 3930 
G-KOBGSS4' G·KOBGSS 10/14/08 20,6 540 70.3 30.2 18.200 476 201 <0.033 <2 0.5 8840 
G-KOBGSS5 G·KOBGSS 10/14/08 13,8 561 783 33.1 19.700 66.5 156 0.037 09 06 7620 
G-KOBGSS6 G-KOBGSS 10/14/08 11.1 209 636 273 15.000 611 164 0053 1.6 0.5 427.0 
G-KOBGSS7 G-KOBGSS - 10114/08 92 2.73 580 29.2 17,200 65.4 164 0,062 2.0 0.7 358,0 
G-KOBGSS8 G-KOBGSS 10/14/08 454 1470 51.0 30.0 18,300 91.8 353 0,163 <2 0.9 '.860,0 
G-KOBGSS9 G-KOBGSS 10/14/08 ,. 9,8- 4,75 53.8 26.9 16.300 83.7 340 0.047 <2 0.7 545.0 
G-NSBGSS3 G-NSBGSS 10/14/08 34,7 506 ­ 63.0 456 22,900 1450 436 0.038 25 1.1 777.0 

~ , 
G-NSBGSS4 G-NSBGSS 10114/08 19,2 4,15 46.8 46.0 16,100 40.4 392 <0.033 19 <0.5 3530 

~ ~ 

G-NSBGSS5 G-NSBGSS 10/14108 22.5, 3,18 76.4 40.3 18,100 30,3 303 <0.033 4.5 <0.5 477,0 
G-NSBGSS6 G-NSBGSS Hil14/08 

r 
14,1 2,35 51.8 37.2 20.100 35.3 276 <0.033 1.3 <0.5 3960 

G-NSBGSS7 G-NSBGSS 10/15108 16.0 1.44 80.0 461 25.000 32.2 482 <0.033 1.9 0.7 3400 
~ 

G-NSBGSS8 G-NSBGSS 10115/08 72.7 <0,20 81.3' 342 35,500 723 1,360 0102 <0.5 0.7 '670 
G-NSBGSS9 G-NSBGSS 10120108 17,1 2,59 718 402 19,700 427 400 <0,033 33 07 306,0 
G-NSBGSS10 G-NSBGSS 'OnO/08 ;0,9 2.24 453 386 18,000 47.1 324 <0,033 0.7 <0.5 2800 
G-NSBGSS1'l G-NSBGSS 10/20/08 18.1 0.99 429 34.1 18.500 26.4 458 <0.033 <0.5 <0.5 1590 
G-NSBGSS60 G-NSBGSS 10/15/08 128 150 93.6 52.5 24.500 32.8 397 <0.033 1.8 0.7 224.0 
G-SBBGSSl G·SBBGSS 10117108 <2.5 130 79.8 208 29,400 14.7 631 <0,033 <0.5 0.6 996 
G-SQBGSSI G·SQBGSS 101'14108 <2.5 <0.20 54.4 158 19,200 204 422 <0,033 <0.5 <0.5 62.7 

~ 
G-SQB'GSS2 G-SQBGSS 10/14108 11.9 52' 71.1 47.3 17.200 22.2 177 <0,033 7.5 1.1 4490 
G-TGBGSS2 G·TGBGSS 10/14/08 11.4 4.411 56.0 49.9 29.300 ',8200 348 0.170 3.9 2.2 2,4300 

~ 

G-TGBGSS3 G-TGBGSS 10/14/08 49.7 6.'0: 57.0 41.1 19.000 1040 331 0,052 1.8 1.0 7960 
G·TRBGSSI G-TRBGSS 10/21108 28,5 HI 60 57.8 409 19.900 444 0 912 0,058 06 2' 1150,0 
G·TRBGSSll G·TRBGSS 10/21/08 52~4 '250 62.9 35,2 18,000 '090 382 0075 0.5 14 1.2900 
G-TRBGSS'12 G·TRBGSS - 10/21/08 <2.5 1.19 87.2 26.2 29.000 233 1.040 <0.033 <0.5 07 1210 
G-TRBGSS13 G-TRB-GSS 10/21/08 103 4.22 92,5 64.2 16.500 21.0 296 0,052 5.2 1.7 604 0 
G-TRBGSS14 G-TRBGSS 10121/08 <2,5- 0,35 99.5 25,2 25.200 150 774 0,047 <0.5 <0.5 576 

~ 

G-TRBGSS15 G·TRBGSS 10121108 <2,5 0.41 95.8 20.9 21,900 17.4 473 <0,033 <0.5 <0.5 71,0 
t ~ 

G-TRBGSS16 G-TRBGSS 10/21/08 <2,5. 1.31 819 31.0 37,100 159 694 <0,033 <0.5 <05 121.0 
G-TRBGSS17 G-TRBGSS 10/21108 <2,5 1.52 86.0 29.8 29.900 17.0 664 <0,033 <0.5 <0.5 118,0 

~ 

G·TRBGSS18 G-TRBGSS 10n2/08 14,1 2.40 699 324 13.100 79.1 558 0,065 <0.5 0.8 268.0 
~ 

G-TRBGSS19 G-TRBGSS , 10/22/08 10.2 547 694 35.8 24.200 69.2 355 <0.033 24 1.4 6160 
G-TRBGSS2 G-TRBGSS 10/21108 16,9 463 745 32.6 22,100 457 470 <0,033 <0.5 07 3340 
G-TRBGSS3 G·TRBGSS 10/21/08 13,3 3.54" 85.5 41.2 19.300 332 151 <0,033 2.0 0.8 2100 

~ 

G-TRBGSS4 G-TRBGSS 10/21/08 115,0 6 II 71.9 55.9 26.900 72.8 1,520 0,075 3.5 1.9 4990 
t

G-TRBGSS5 G-TRBGSS - 10nl/08 127 0,86 577 219 13.100 14.3 449 <0,033 <0.5 0.5 76.9 
r 

G-TRBGSS6 G-TRBGSS 10,121/08 16,1 129 64.0 44.2 20,300 19.1 293 0058 1.0 05 131,0 
~ 

G-TRBGSS7 G-TRBGSS 10121108 15,3 2,09 768 329 18,700 347 396 0.062 <0.5 06 1940 
~ r 

G-TRBGSS8 G-TRBGSS 10/21108 7,6 4.47 69.7 38,5 22.000 132.0 316 <0033 1.0 1,0 801.0 
MINIMUM <2.5 <0.20 22,3 14,9 5.570 116 132 <0.033 <0.5 <0.5 57.6 

t 
MAXIMUM 115,0 16,60 99.5 642 37,100 1.8200 1,520 0,170 7.5 2.2 2,430,0 
MEAN 19.4 372 66.1 34.5 20.289 91,3 433 0,069 2,1 0.9 4405 

BlM Risk Management Cntena • Mula Deer 200 3 102 106 9 222 
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