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Attachment 1 

 The following is a list of suction dredging issues that each National Forest in the Pacific 
Southwest Region discussed. I have summarized each of the Forests response in an attachment.  

Angeles National Forest 

The Angeles National Forest comments and recommendations contained in the December 27, 
2007 letter are still accurate though we have new information to include in our comments. 

Potential post-fire hydrologic and geomorphic impacts associated with the Station fire (and to a 
lesser extent the Morris fire) will most likely materialize over the next couple of years within the 
four watersheds of the Forest.  These potential mud flows and debris flows are expected to result 
in significant impacts to stream courses and the biota dependent upon them.  In cooperation with 
California Department of Fish and Game (CDFG), U.S. Fish and Wildlife Service (USFWS), and 
the U.S. Geological Survey, the Forest is engaged in species salvage operations where listed 
species are being brought into captivity at local zoos until such a time as the watersheds recover.  
We are hoping that this drastic action will assist in promoting the long-term survival of these 
species.  Additionally invasive species detection surveys are being conducted and the Forest 
plans to act aggressively to keep these invaders in check.  Lastly, the Forest has issued a Closure 
Order for approximately one quarter of the Forest to safeguard human life and also minimize soil 
disturbance within the watershed to promote watershed recovery. 

The topography of the Angeles National Forest causes human activities to be concentrated in the 
river bottoms.  The canyons are steep-sided and narrow from a human use perspective which 
causes a higher probability of user group conflict and increases potential for resource damage.  
Every recreational use imaginable was represented in the East Fork of the San Gabriel River 
prior to the enactment of the State law prohibiting the issuance of suction dredging permits and 
suspending the operation of suction dredges permitted for use under the program.  This 
concentrated use results in extreme pressure on the natural resources of the area and on public 
service providers.  High numbers of Forest users involved in suction dredge mining, prolonged 
unauthorized occupancy, and other dispersed recreational opportunities along the East Fork 
caused parking issues, dumping and trash issues, health and safety issues, overuse of a picnic 
area located adjacent to the River, and resource damage.  With this as background, the Forest 
suggests that the State has underestimated the incremental demand associated with suction 
dredge mining on public services and transportation/traffic.  Please pass along our 
recommendation that each stream reach identified in the regulations be evaluated based on local 
characteristics and projected use. 

Lastly, we would like to suggest that the State consider realigning their regulations that pertain to 
the Angeles National Forest to recognize the inherent conflict with federal law, namely the 
Watershed Withdrawal Act of 1928.  Although the State asserts that nothing in the regulations 
authorize activities that are otherwise prohibited, we have witnessed the confusion of the public 



when they figure out that large portions of the Angeles National Forest have been withdrawn 
from mineral entry and are not open to suction dredge mining.  We are further put at a 
disadvantage to enforce federal law owing to lack of enforcement authority.  The easiest solution 
to avoid public confusion and anger would be for the State to incorporate the restrictions of the 
Federal law within the State regulations. 

Eldorado National Forest 

We reviewed the 2007 Regional Office comments to the State for accuracy and to determine if 
there are any new issues that should be discussed in the upcoming study and SEIR.  We would 
like to add the following discussion of known effects to aquatic species on the Eldorado National 
Forest.  

On the Rubicon River, aquatic surveys of the past few years for the relicensing of the Middle 
Fork American Project have concluded that the best population of foothill yellow-legged frogs 
(Rana boylii) in the project lies near a site where suction dredge mining occurs. The population 
is already reduced due to the effects of irregular stream flows from the hydropower project on 
the Middle Fork American River. The Rubicon River tends to have ideal flows for foothill 
yellow-legged frogs but suction dredging may be affecting populations where it is occurring 
during critical periods. Gravel and rocks can be moved many feet during suction dredging, and 
this is the same substrate where egg masses are attached or where tadpoles reside. Survival of 
eggs or tadpoles where disrupted at their habitat site is unlikely. In dry years, most egg masses 
hatch by the beginning of June, although in wetter years, this time period could be much later, 
even into July. 

We have observed effects of suction dredging upon foothill yellow-legged frogs at Camp Creek 
where foothill yellow-legged frog egg masses have been observed.  Egg masses occurred in the 
same pool where suction dredging was later observed.  It is possible that egg masses were 
destroyed or tadpoles were buried by this activity. The early summer appears to be the critical 
time period since later in the summer the older tadpoles may be able to move out of the way 
from a localized disturbance from suction dredging.  

Both the Rubicon River and Camp Creek also support western pond turtles (Clemmys 
marmorata). The juvenile and adult life stages could be disturbed by suction dredging, although 
it is most likely that western pond turtles would move out of the way from such disturbance.  
Downstream water turbidity reduces high water quality. 

The Eldorado NF Fisheries Biologist also suggested that CDFG use a start date on streams with 
Foothill Yellow-Legged Frogs based on the water year since the amount of water flow (water 
year) is a determining factor on when the eggs hatch and the tadpoles are mature enough to get 
out of the way of suction dredge intake hoses. 



Inyo National Forest 

The Inyo NF felt the issues are adequately discussed in the subject documents. 

Lassen National Forest 

The Lassen National Forest streams provide habitat to State and federally listed anadromous fish 
(steelhead and Spring-Run Chinook salmon and other aquatic life).  We are concerned about any 
potential negative impacts resulting from suction dredge activities on the Forest.  

Plumas National Forest 

The Plumas National Forest would like to reiterate that most common issues related to suction 
dredging are camping and residential occupancy, which requires significant commitments of 
time from the Forest Service mineral administrators. The Forest would also like to see a 
requirement that large rocks or boulders (e.g. larger than three feet in diameter) that are moved 
by mechanized equipment during suction dredging be replaced in their original position to 
minimize impacts to stream stability and aesthetics. 

In response to the Region’s request for comment on the Initial Study Suction Dredge Permitting 
Program Subsequent Environmental Impact Report, the Plumas National Forest included two 
documents that are included in this letter: 1) Plumas National Forest letter dated December 6th, 
2006 (Attachment 3) comments to the California Department of Fish and Game (CDFG) Suction 
Dredging Regulations and impacts from resulting mining activities on the Plumas National 
Forest; and 2) photographs of effects to habitat by dredging activities, Plumas National Forest 
memo dated July 17th, 1997 with (Attachment 4). The Plumas NF also include a paper of 
“Effects of Suction Dredging on Streams: A review and Evaluation Strategy” dated, July 14, 
1995 in hardcopy that is available upon request.    

In 1997 the Forest responded to a Regional request on Suction Dredging Activities, the following 
is a summary of these comments, and includes some additional new information.  Those 
comments are in the hard copy addressed to Hilton Cass, Regional Mining Geologist, dated July 
17, 1997. 

In addition, the Plumas National Forest proposes the following wild trout streams should be 
closed to suction dredge mining or at a minimum implement a season of use (to protect fish 
spawning habitat and young of the year within spawning gravels) in the following drainages: 
Yellow Creek (Plumas Co.), Nelson Creek (Plumas Co.), and Middle Fork of the Feather River 
(Plumas and Butte Co.):  Class B (Open dredging from July1 through August 31) or Class C 
(open dredging from July 1 through Sept. 15th). 

Section 5.5.9 (pg. 19), Timing: The Forest recommends a season of use to protect the California 
red-legged frog (USFWS Federally listed as Threatened), mountain yellow- legged frog 
(USFWS Candidate Species) and the foothill yellow-legged frog (USFS Sensitive Species).   



 

 The Plumas National Forest recommends the following streams be closed to suction dredge 
mining.  No dredging should be permitted at any time (Class A) within the following drainages 
because of known populations of the California red-legged frogs; French Creek, Jack’s Creek, 
Pinkard, (Butte County) and Little Oregon Creek (Yuba County), and within the following 
drainages because of known populations of the mountain yellow-legged frogs; Boulder, Lone 
Rock, Pierce, West Branch Lights Creek, Rowland, Clark’s, Grizzly Creek, Cat, Dark  Ravine, 
Big Ravine, South Fork Rock Creek,  Willow Creek, Sulfur, Sawmill Tom, Cooks, Wolf Creek , 
(Plumas Co.), Pine Grove Creek, Rabbit, Potosi, Slate and tributaries (Plumas/Sierra Counties), 
Lower Mill Creek, Fall River (Butte Co.) ,Upper Middle Fork Feather River, Gold Run,  
(Sierra/Plumas Co.). 

The Plumas National Forest recommends that at a minimum a season of use as described below 
be implemented to reduce effects to these TES amphibian species. The Plumas National Forest 
has a few streams with mountain yellow-legged frogs (USFWS candidate species), as described 
above; and numerous streams with known populations of foothill yellow-legged frogs (Forest 
Service sensitive species), as identified below.  Suction dredging has the potential to impact 
these populations.  In previous comments submitted by Plumas NF for suction dredging, a 
limited operating period was suggested to help protect the frogs.  Information we have obtained 
since those comments were submitted indicates the limited operating period suggested may be 
insufficient to protect vulnerable life stages of frogs.  In streams occupied by foothill yellow-
legged frogs, we recommend that season of use for suction dredging begin after September 1st 
and extends no longer than March 31st, unless surveys show there are no foothill-yellow legged 
frogs in that section of stream. Foothill yellow-legged frogs metamorphose from tadpoles to frog 
metamorphs in one season. Beginning the season of use late in the summer will ensure that most 
tadpoles have reached a life stage less vulnerable to suction dredging. In streams occupied by 
mountain yellow-legged frogs, we recommend that suction dredging not be allowed.  Unlike 
foothill yellow-legged frogs, mountain yellow-legged frogs usually take two seasons to mature, 
so there are tadpoles present in streams year-round. Because mountain yellow-legged frogs are a 
candidate species for listing under the Endangered Species Act, caution is warranted.  A season 
of use starting after September 1st  and extending no longer than April 30th,  would better protect 
mountain yellow-legged frog tadpoles from impacts from suction dredging than current 
regulations, but a limited season of use would not fully protect frogs.  

At a minimum; the Plumas National Forest recommends that a season of use (September 1st – 
March 31st ) be implemented for streams with known populations of  foothill yellow-legged 
frogs: Butte County - Concow, Dogwood, Magalia, Pine Cluster, Pulga, American House 
Ravine, Barnards Diggings, Bean, Bear Ranch, Carpenter, Flea Valley, Frazier Cabin, Grizzly, 
Hunters Ravine, Kanaka Creek, Little North Fork Feather River; Plumas County/Butte County - 
Indian Creek, Meadow Valley Creek, Spanish Creek, McNair Meadow, Middle Fork of the 
Feather River, North Fork of the Feather River, Little North Fork of the Feather River, South 



Fork Feather River, South Fork Rock Creek; Plumas/Sierra Co’s - Slate Creek and tributaries, 
Rock Creek, Onion Creek, Oroleve Creek, Valley Creek, Woodleaf Creek; Yuba County -  Yuba 
River.  

In addition, there is one Congressionally-designated Wilderness within the Plumas National 
Forest that is withdrawn from mineral.  The Buck’s Lake Wilderness also is within the Buck’s 
Critical Aquatic Refuge and the mountain yellow-legged frog (Rana muscosa) and foothill 
yellow-legged (Rana boylii) frogs are found within these areas.  In addition; the Lake’s Basin 
Recreation Area (which is on both the Plumas NF and the Tahoe NF) is within the Lakes Basin 
Critical Aquatic Refuge and the Mountain yellow-legged frog (Rana muscosa) is found within 
this area.  All streams within the Buck’s Lake Wilderness and the Lakes Basin Recreation Area 
should be classified as closed to dredging at all times. 

Other general comments:  

Please clarify that the definition of fish includes all biological management indicators (BMI) 
such as benthic macroinvertebrates and amphibians (all life stages).   

Section 5.5.10 – Encampments (pg. 20):  Sanitation and lack of restroom facilities, and potential 
for disposal of human waste adjacent to stream, and contamination of streams.   

Page 50, discussion of impacts to wildlife, include a discussion on effects to amphibians by 
removal of LWD through dredging practices. 

Safety issues for anglers and other recreational users are not addressed.  There are large deep 
holes caused by dredging (example Chip’s Creek on the NFFR – a hole that is approximately 4 
feet in diameter and over 5 feet deep), also cables and other equipment in the rivers that can be 
hazardous to anglers and recreationists.   

San Bernardino National Forest 

The following recommendations are clarifications to that letter to protect threatened, endangered, 
and sensitive species on the San Bernardino National Forest in regard to suction dredging 
activities: 

Forest-wide: 

1. Recognize that the San Bernardino National Forest has newly designated wilderness on 
the San Jacinto Ranger District in addition to areas that were recommended to be 
wilderness as identified in the 2005 Land Management Plan.  Suction dredging should 
not be allowed in these special designation areas; such as research natural areas, 
wilderness areas, etc. 

2. In order to provide protection to known federally-endangered riparian bird breeding 
activities, please identify the need for miners to contact the Forest Service prior to any 



suction dredging activities proposed on the San Bernardino National Forest.  This will 
allow communications with the miners to coordinate performance of dredging operations 
outside of the breeding season for these species.  If possible, please accomplish this 
through the CEQA process and subsequent implementation of the proposed action. 

Mountaintop Ranger District: 

1. Please exclude suction dredging from any perennial or intermittent water source that 
occurs on the Mountaintop Ranger District, to minimize impacts to know occurrences, 
critical habitat, and suitable habitat for federally threatened, endangered, and sensitive 
species.  

San Jacinto Ranger District: 

1. Please exclude suction dredging from streams that were designated as Critical Biological 
Zones in the 2005 Land Management Plan.  This includes Bautista Creek, Fuller Mill 
Creek, and North Fork San Jacinto River. 

2. The 2008 Riparian Biological Assessment (Attachment 4) for ongoing effects to seven 
listed riparian/aquatic species contains all known occurrences and critical habitat of 
threatened and endangered species on the Forest by Ranger District (see Attachment 4 - 
Table 2).  In order to protect these species, we recommend that streams that are identified 
on this list as occupied or critical habitat for mountain yellow-legged frog, arroyo toad, 
San Bernardino kangaroo rat, and slender-horned spineflower be excluded from suction 
dredging. 

3. The Forest requests that suction dredging be excluded from any perennial or intermittent 
water sources that are identified in the above bullet statement. 

Front Country Ranger District: 

1. Please include the requests made in a letter addressed to the California Department of 
Fish and Game dated December 27, 2007. 

2. To protect Forest Service Sensitive listed fish species, Santa Ana speckled dace, please 
exclude suction dredging from Plunge Creek. 

3. The 2008 Riparian Biological Assessment for ongoing effects to seven listed 
riparian/aquatic species contains all known occurrences and critical habitat of threatened 
and endangered species on the Forest by Ranger District (see Attachment 4 - Table 2).  In 
order to protect these species, we recommend that streams that are identified on this list 
as occupied or critical habitat for mountain yellow-legged frog, arroyo toad, San 
Bernardino kangaroo rat, and slender-horned spineflower be excluded from suction 
dredging. 



4. To protect the habitat in the Santa Ana River, please consider excluding it from suction 
dredging.  The Santa Ana River has been identified as a suitable location to re-establish 
populations of native fish including the endangered Santa Ana Sucker. 

Shasta-Trinity National Forest 

The last couple years has seen a drastic increase in the number of suction dredges in operation in 
Trinity County. One small creek in particular, Dutch Creek has a claim that is owned by an 
operator that leases rights out to dredgers. This creates a situation where multiple dredging 
operations can effectively take place on one claim. Dutch Creek is small (2 cubic feet per second 
(CFS) summer base flow and average wetted channel width of 8 feet) and having multiple 
mining operations on one claim has really altered the particle size distribution. Gravels are 
becoming scarce as mining has created geomorphic instability and allowed the gravels to be 
transported downstream to the mainstem Trinity River. This has resulted in an abundance of 
boulders and a lack of gravels. The creek has also become entrenched within and below the 
mining activity. With the creek effectively disconnected from its floodplain the channel acts 
mainly as a transport pathway for bedload and depositional (spawning) areas are hard to come 
by.   This creek serves as spawning and rearing areas for winter steelhead, coho, and fall-run 
chinook. Canyon Creek has also been heavily impacted by suction dredge mining. This creek is 
listed as a Tier 1 watershed and is also listed as a key watershed and supports winter and summer 
steelhead, coho, and spring and fall chinook. The North Fork Trinity River and its largest 
tributary the East Fork North Fork Trinity River are also listed as a key watershed. Suction 
dredge mining operations here are adversely impacting anadromous fish. The North Fork Trinity 
River is one of the top summer-run steelhead streams in California and measures should be taken 
to insure that they are protected. In addition, this stream supports spring and fall chinook, winter 
steelhead, and coho. The New River is the single largest producer of summer run steelhead in 
California and is also listed as a key watershed. Suction dredge mining has occurred extensively 
here and is impacting summer and winter steelhead and spring and fall chinook.   There are 
countless other creeks that are impacted from suction dredge mining in Trinity County as well. 
The Trinity River watershed is an incredible fisheries resource and suction dredge mining 
appears to be hampering efforts to recover SONCC Coho. Suction dredge mining in any waters 
that have anadromous fish within the Trinity River watershed should be evaluated for impacts on 
those fisheries. Currently, our fisheries program is in the planning phases for gravel injection and 
large woody debris placement for several creeks to mitigate for lack of suitable size spawning 
gravels. 

In addition to the previously listed Trinity River tributaries, Soldier Creek, Hayfork Creek, 
Deadwood Creek, Rush Creek, Brown's Creek, Reading's Creek, Big French Creek, and 
Manzanita Creek also host significant anadromous fisheries represent the bulk of our creeks that 
support anadromous fish and have had recent suction dredge operations. 



Other impacts that have not been mentioned are that suspended sediment: (1) increases daytime 
water temperatures, this is important to note as most of our creeks temperatures during 
midsummer approach the threshold of concern (TOC) value of 67 F for salmon; (2) Suspended 
sediment increases the mobility of waterborne pathogens; (3) Turbidity decreases light levels 
reaching the stream bottom thereby inhibiting primary productivity of the aquatic system. Many 
types of aquatic macroinvertebrates utilize aquatic vegetation as a primary food source and in 
turn many anadromous juveniles utilize these bugs as food.  

Stanislaus National Forest 

We would like to commend the agency for its thorough consideration of the resources potentially 
affected by suction dredging and the extensive use of literature to support the rationale for 
establishing significance. 

We would like the SEIR to additionally consider the impact of suction dredging on reproductive 
success of the foothill yellow-legged frog, particularly as pertains to early season breeding 
activity.  In late spring, male foothill yellow-legged frogs congregate near suitable breeding 
habitats where individuals establish and defend territories (Wheeler and Welsh 2008) and 
employ calling to entice a mate.  MacTague and Northern (1993) reported a majority of calling 
for mates involved underwater vocalizations; however, Davidson (199) reported calling also 
occurred above water.  We believe the early season operation of dredges has the potential to 
disrupt breeding activities in two primary ways.  The presence of dredgers in or near suitable 
breeding habitat during the breeding season may result in regular disturbance of males which 
may cause them to abandon preferred calling locations which may have social implications in 
frog mating and may result in impaired reproductive success as described in Wheeler and Welsh 
(2008).  The operation of dredges may interfere with the vocalizations of males and impact 
breeding success since the vocalizations are used to attract suitable mates.  On the Stanislaus 
National Forest, dredging occurs in several locations where the population size is believed to be 
small and the dredging impacts that may be affecting these occurrences may have broader 
implications relative to long term viability of the populations.  We recommend that the season of 
operation for streams with known populations of the frog start on or later than June 15 to 
mitigate these potentially significant impacts.  Since surveys have not covered all streams 
potentially affected by suction dredging, we also recommend that the season of use be adjusted 
accordingly should additional populations of the frog be discovered in the future. 

The Stanislaus NF would like CDFG to provide a process for the Forest Service to provide 
feedback to CDFG regarding start and end dates or closures for stream reaches. Monitoring of 
sensitive species may indicate trends in populations and adjustments in the suction dredging 
season may be warranted. 



Tahoe National Forest 

The issues described in DFG’s SEIR and the Initial Study adequately addresses the issues 
surrounding the controversy of suction dredging, except for the following items: 
 

1. Suction dredging utilizes mechanized equipment; so an approved Plan of Operations is 
necessary for suction dredging activity on Forest Service lands.  Many adverse impacts of 
suction dredging can be mitigated by compliance with Conditions of Approval.  

 
2. Vehicles, trailers and suction dredges can introduce and spread noxious weeds, including 

aquatic weeds, to the riparian ecosystem.   
 

3. Encampment, which is the act of setting up a physical living area, involves activities that 
can be deleterious to riparian habitat, aquatic resources, and water quality.  The adverse 
impacts of encampment include:  

a. Unauthorized roads and/or trails to the camping area; 
b. Compaction of the soil on the road, camp and stream bank; 
c. Introduction and spread of noxious weeds; 
d. Removal of riparian vegetation; 
e. Lack of adequate sanitation; 
f. Disposal of human waste and garbage on land and into water; 
g. Contamination of domestic water supplies; 
h. Inadequate fuel storage;  
i. Soil erosion; 
j. Noise from dredges could adversely affect forest sensitive wildlife species; 
k. Abandoned equipment and vehicles; 
l. Unauthorized permanent structures; and 
m. Unauthorized occupancy. 

 

The potential impacts of suction dredging are more than was described in the CDFG Initial 
Study.  For example, Section XIII, of the Initial Study, Public Services, does not adequately 
represent the adverse impact of dredging on the Forest Service Law Enforcement work force and 
the Department of Fish and Game Wardens.   

Section XIV.  Recreation states that there is a Less-than-Significant Impact to recreational 
facilities.  Suction dredgers on the Tahoe NF do contribute to an increase in campsites being 
utilized, often for the entire summer.    

Section XV. Transportation/Traffic states that there is a Less-than-Significant Impact to 
inadequate parking capacity.  The Tahoe NF has reached full parking capacity on the Highway 
49 Scenic Corridor due to suction dredgers requesting to camp near their claim. 

The Tahoe NF does not believe that the current CDFG suction dredging regulations are adequate.  
The Tahoe NF does not have time during this initial comment period to adequately describe 



which suction dredge regulations are inadequate; however, Tahoe NF Fisheries Biologist 
prepared the following comment: 

Suction dredging overlaps the habitats of both foothill yellow-legged frog (Rana boylii) and 
rainbow trout (Oncorhynchus mykiss) in the following streams, Duncan Creek, North Yuba, 
Downie River, North Fork of the Middle Fork and Eldorado Canyon Creek. The timing of 
spawning for rainbow trout in the above watersheds occurs from February through May. For 
foothill yellow-legged frogs on the Tahoe National Forest, breeding and egg laying usually await 
the end of spring flooding and may commence any time from mid-March to May, depending on 
local water conditions. The breeding season at any locality is usually about two weeks for most 
populations. Based on known occupancy and habitat, the Tahoe National Forest is in agreement 
with the Plumas National Forest, which states in the Forest Service December 17, 2007 letter that 
“Due to the deleterious effects seen to fish and amphibian, specifically in the form of inhibiting 
the hatching of eggs, development of fry, fingerlings and tadpoles, and the survival of adults, as 
well as the sediments levels also adversely affect the food source (benthic invertebrates) of trout 
in our fish bearing streams, we request that consideration be granted for moving the beginning of 
dredging season on perennial fish bearing waters from the 4th Saturday in May to the 4th Saturday 
in June. 
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Subject: California Fish and Game Suction Dredging Regulations     

  
To: Regional Forester    

  
  

The following are comments relating to California Department of Fish and Game (CDFG) 
Suction Dredging Regulations and impacts from resulting mining activities on the Plumas 
National Forest.  Plumas National Forest comments are provided under the categories outlined 
by your office in the internal memo issued on November 16, 2007. 

1) Whether suction dredge mining activities results in adverse impacts to the environment: 

• The Plumas NF has documented incidences (see Attachment 1, Figures 2 and 3) 
where suction dredging has modified in-stream fisheries and amphibian habitat.  
Based on Regional Office letter dated May 26, 2004, suction dredging is defined 
as “the excavation of unconsolidated sands and gravels from the streambed with a 
motorized, hand held device.”  The movement of large boulders by a winch and 
chain (Figure 2) and the excavation of streambanks (Figure 3) do not appear to 
meet the intent of the suction dredging definition.   

The Plumas NF requests that the CDFG clarify in their suction dredging 
regulations the definition of what constitutes unconsolidated sands and gravels, 
and whether the movement of large boulders and the excavation of a streambank 
are compatible with existing or revised suction dredging regulations. 

• Of the 1000 estimated mining claims we have on the Mt. Hough and Feather 
River Ranger Districts, only 3% of the operators submit a notice of intent to 
operate on Federal lands.  Of those 3% that are monitored, the Forest has 
documented adverse impacts to the environment that include, but are not limited 
to: high banking, excessive sediment, modification of large in-stream habitat 
structures (boulders), occupation of federal lands longer than 30 days, and 
sanitation issues (human waste).  The cumulative effects of the other 97% of 
dredgers operating on the Plumas NF are estimated to be at significant levels and 
causing adverse impacts to water quality, in-stream fish habitat, streambank 
stability, and aquatic species survival.   

As a result of the high number of operators that do not submit a notice of intent, 
the Plumas NF recommends the following courses of action: 

1. Increased cooperative enforcement efforts between CDFG field 
personnel and Forest Service minerals personnel to monitor a 



 

greater number of the 97% of operators that do not submit Notices 
of Intent. 

2. The CDFG modify their regulations to impose suspension or 
sanctions on mining operations and claims for up to 3 years for 
operators that do not file Notices of Intent with the Forest Service.    

2) Whether suction dredge mining under CDFG’s current regulations governing such 
activities results in deleterious effects to fish;  

• Existing suction dredging operations do appear to have deleterious effects to fish.  
The suction dredging operation documented in Figure 2 is resulting in the 
downstream effects to fish and amphibians noted in Figure 1.  This level of 
sediment results in deleterious effects to aquatic species in the form of inhibiting 
the hatching of eggs, development of fry, fingerlings and tadpoles, as well as the 
survival of adults.  These sediment levels also adversely affect the food source 
(benthic invertebrates) of trout in our fish bearing streams.   

As a result of these deleterious effects to fish noted above, the Plumas NF 
recommends that the CDFG consider moving the beginning of dredging season on 
perennial fish bearing waters from the 4th Saturday in May to the 4th Saturday in 
June. 

3) Whether there are changed circumstances or new information available since 1994 
regarding suction dredge mining and the environment generally, and whether changed 
circumstances or new information available since 1994 indicates suction dredge mining 
under the CDFG’s existing regulations is resulting in new significant or substantially 
more severe environmental impacts than previously considered by the CDFG.   

• Since 1994, the Mountain Yellow-legged Frog (MYLF) has remained on our 
Regional Forester’s Sensitive Species list, but it status has been heightened by the 
U.S. Fish & Wildlife Service (FWS).  The FWS has concluded in its status review 
of listing proposals that the MYLF is warranted for listing, but precluded by 
higher priority listings.  The FWS fully expects the MYLF to be listed under the 
Endangered Species Act in the near future (within the next 18 months).  The 
Plumas NF is concerned about suction dredging within occupied MYLF streams, 
as the effects noted in items 1 and 2 above have been documented in occupied 
streams.     

1. As impacts continue within occupied MYLF streams, the Plumas 
NF recommends that the CDFG’s suction dredging regulations 
require that operators to submit a Plan of Operations for any 
operation occurring within a Critical Aquatic Refuge and/or MYLF 
occupied stream.    

2. For suction dredging operations within occupied MYLF streams, 
the Plumas NF recommends that the CDFG’s suction dredging 
regulations require a limited operating period (LOP) from May 1st 
(or beginning of the suction dredging season) to August 30th.  This 

 



 

 

LOP would significantly reduce adverse impacts to MYLF while 
still allowing suction dredging operations to continue during part 
of the year.   

If you have any questions regarding the input provided above, please contact George Garcia, 
WFRP Program Manager at (530) 283-7828.    

 
 
 

 

/s/Maria T. Garcia (for)   
ALICE B. CARLTON   
Forest Supervisor   
 
 
cc:  Patricia A Krueger 
Hilton Cass    



Attachment 1 - Impacts from Suction Dredging 
Operations on the Plumas NF 

 

 

Figure 1.  Sediment impacts from 
suction dredging on Hopkins 
Creek, Plumas NF.  Sediment 
impacts fish reproduction (eggs) 
development (fry, fingerlings) 
and survival (adults) on this Trout 
stream.  A food source such as the 
macroinvertebrate community is 
also impacted by this level of 
sediment.   

 

 
 
 
 
 
 

Figure 2.  Suction dredging operation on Hopkins Creek, 
Plumas NF.  Note large boulder being moved by chain 
and winch resulting in modification of fish and amphibian 
habitat. 



 
 

Figure 3.  Suction Dredging Operation on the Little North Fork Middle Fork Feather 
River.  Operator in this photo cut riparian vegetation (alder) from stream bank and 
dug out a hole in the stream bank behind large boulder for suction dredging access.  
Stream bank material excavated was moved into channel, modifying in-stream 
habitat and flows on this trout bearing stream.   



 

Attachment 4 – San Bernardino National Forest Riparian Biological Assessment – Tables 1 and 
2 

Table 1 – San Bernardino National Forest 

Table 1.  Summary of Known Occurrences of T/E Riparian Species On and Near the SBNF 
Occurrence Location (Ranger District) NFS Acreage* Non-NFS Acreage* 
Shay Unarmored Three-Spine Stickleback 
Shay Creek and Baldwin Lake (MTRD)  634 463 
Sugarloaf Meadow Pond (MTRD)  16 0 
Juniper Springs (MTRD) 12 0 
Arroyo Toad Breeding Upland Breeding Upland 
Bautista Creek (SJRD) 270 384 95 291 
Cajon Creek/Wash (FCRD) 326 832 556 1254 
Cleghorn Arm/Silverwood (MTRD)  60 72 0 307 
Cucamonga Canyon (FCRD)  3 5 21 61 
Lower Deep Creek (MTRD) 1156 1860** 3938** 7465** 
Deep Creek – Devil’s Hole (MTRD) 384 ** 0 ** 
Deep Creek – Hot Springs (MTRD) 133 ** 0 ** 
Deep Creek – Mojave Forks Dam (MTRD) 318 ** 13 ** 
Deep Creek – Summit Valley/Spillway (MTRD) 45 ** 3301 ** 
Deep Creek – Warm Springs (MTRD) 67 ** 0 ** 
Kinley Creek (MTRD)  8 ** 0 ** 
Little Horsethief Canyon (FCRD)  201 ** 625 ** 
Non-FS: Grass Valley Creek (Adjacent to MTRD) 0 ** 11 ** 
Arroyo Toad Critical Habitat 
Bautista Creek – Unit 9 (SJRD) 
South Fork San Jacinto River – Unit 9 (SJRD) 

673 Did Not Calculate 

Cajon Wash –Unit 20 (FCRD) 483 Did Not Calculate 
Mountain Yellow-Legged Frog 
City Creek (FCRD) 90 4 
Day Creek (FCRD)  49 3 
East Fork Barton Creek (MTRD) 1 0 
Fuller Mill Creek (SJRD)  48 25 
Indian Creek @ Hall Canyon (SJRD)  46 6 
Mill Creek @ Thurman Flats (FCRD) 24 8 
North Fork San Jacinto River (SJRD) 49 14 
Mountain Yellow-Legged Frog Critical Habitat 
Andreas Canyon – Subunit 3D (SJRD) 109 Did Not Calculate 
City Creek, East and West Fork – Subunit 2A (FCRD) 1268 Did Not Calculate 
Day Canyon – Subunit 1E (FCRD) 635 Did Not Calculate 
East Fork Barton Creek – Subunit 2B (MTRD) 193 Did Not Calculate 
Indian Creek – Subunit 3B (SJRD) 126 Did Not Calculate 
North Fork (of Middle Fork of) Whitewater River – Subunit 2C 
(FCRD)  

74 Did Not Calculate 

North Fork of San Jacinto River – Subunit 3A (SJRD) 823 Did Not Calculate 
Tahquitz Creek – Subunit 3C (SJRD) 217 Did Not Calculate 



Table 1.  Summary of Known Occurrences of T/E Riparian Species On and Near the SBNF 
Occurrence Location (Ranger District) NFS Acreage* Non-NFS Acreage* 
Southwestern Willow-Flycatcher 
Arrastre Creek (MTRD)  3 0 
Banning Canyon (FCRD) 28 6 
Barton Creek (Owl Site) and Jenks Meadow (MTRD) <1 17 
Bautista Canyon 1-4 (SJRD) 15.7 30.6 
Bear Creek #2 and #3 (FCRD) 9 11 
Cajon Creek #2 (FCRD)  2 4 
Cajon Creek #4 (FCRD)  20 21 
Cienaga Seca (MTRD) 9 <1 
City Creek (FCRD) <1 9 
Clark’s Ranch (MTRD) 46 0 
Cold Creek (FCRD) 14 0 
College Camp (MTRD) 16 0 
Cucamonga Canyon (FCRD) 3 0 
Day Creek (FCRD) 26 4 
Deep Creek 1 & 2  (MTRD) 31 0 
Deer Creek (FCRD and MTRD) 6 0 
East Etiwanda Creek (FCRD)  4 9 
Forest Falls on Mill Creek (FCRD) 4 16 
Green Canyon (MTRD) 4 0 
Heart Bar (MTRD) 4 0 
Jacoby Canyon ( MTRD) 13 0 
Jenks Lake (MTRD) 9 0 
Keenbrook – Cajon Creek (FCRD) 6 5 
Little Bear Springs 1-4 – Holcomb Creek (MTRD) 21 0 
Lost Lake (FCRD) 8 0 
Rattlesnake Creek 1 & 2 (MTRD) 13 0 
Sand Creek (MTRD) 14 0 
Santa Ana River/Barton (MTRD)  56 0 
Santa Ana River/Crystal Creek (FCRD) 5 11 
Seven Oaks (MTRD) 14 0 
Sheep Creek (FCRD) 15 0 
Terrace Springs (MTRD) 2 0 
Thurman Flats Picnic Area on Mill Creek (FCRD) 20 0 
Van Dusen Canyon (MTRD) 8 0 
Non-FS: Chino Canyon (Adjacent to SJRD)  0 4 
Non-FS: Metcalf Creek South (Adjacent to MTRD)  0 3 
Non-FS: Mill Creek Gauging Station (Adjacent to the FCRD) <1 6 
Non-FS: Morton Canyon (Adjacent to the FCRD) 0 13 
Non-FS: North Fork San Jacinto River (Adjacent to SJRD) <1 8 
Non-FS: Oak Glen (Adjcent to FCRD) 0 6 
Non-FS: Waterman Creek #1 (Adjacent to FCRD)  0 12 
Southwestern Willow Flycatcher Critical Habitat 
Santa Ana Unit – includes Santa Ana River, Bear Creek, Mill 
Creek, and Waterman Canyon (MTRD and FCRD)  

934 Did Not Calculate 

Mojave Unit – includes Holcomb Creek and Deep Creek (MTRD) 527 Did Not Calculate 
Least Bell’s Vireo 



Table 1.  Summary of Known Occurrences of T/E Riparian Species On and Near the SBNF 
Occurrence Location (Ranger District) NFS Acreage* Non-NFS Acreage* 
Bautista Creek (SJRD) 9 0 
Cajon Creek #1 (FCRD)  3 2 
Cajon Creek #3 (FCRD)  1 0 
Cajon Creek #4 (FCRD) 7 4 
Little Sand Canyon (FCRD)  7 14 
Lost Lake (FCRD) 8 0 
Non-FS: Badger Canyon (Adjacent to FCRD) 0 8 
Non-FS: Cable Creek (Adjacent to FCRD) 0 17 
Non-FS: Cajon Creek #2 (Adjacent to FCRD) 0 2 
Non-FS: Chino Canyon (Adjacent to SJRD) 0 14 
Non-FS: Cushenbury Springs (Adjacent to MTRD) 0 22 
San Bernardino Kangaroo Rat 
Bautista Creek (SJRD) 272 208 
Cajon Wash (FCRD)  314 1403 
Lytle Creek (FCRD) 127 536 
North Fork San Jacinto River @ Cranston (SJRD) 37 361 
Non-FS: Santa Ana River (SBNF Air Tanker Base  Administrative 
Site)  

0 8159 

San Bernardino Kangaroo Rat Critical Habitat Designated Proposed  
Santa Ana River and Wash (Unit 1) (FCRD) 6 0 Did Not Calculate 
Lytle/Cajon Creek Wash Unit (Unit 2) (FCRD) 
Note: under the proposed revision, most of the SBNF portion of 
the CH would be dropped 

644 86 Did Not Calculate 

San Jacinto River Wash Unit (Unit 3) (includes Bautista Canyon) 
(SJRD)  
Note: under the proposed revision, most of the SBNF portion of 
the CH would be dropped. 

293 110 Did Not Calculate 

Etiwanda Fan and Wash Unit (Unit 4) (FCRD)  
Note: under the proposed revision, all of this CH unit would be 
dropped.   

6 0  

Slender-Horned Spineflower 
Bautista Creek (SJRD)  103 0 
Keenbrook/Cajon Wash (FCRD) 20 0 
North Fork San Jacinto River @ Cranston (SJRD) 30 30 
Non-FS:  Devore (Adjacent to FCRD) 0 50 
Non-FS:  Lytle Creek (Adjacent to FCRD) <1 187 
*Acreages were calculated using GIS layers of mapped habitat polygons.  The mapping was accomplished using digital 
aerial photography and has not been ground-verified for suitability.  Thus, these acreages should be considered as 
approximations. 
** Upland arroyo toad habitat was mapped using the 2000 SCCS model as a starting point.  The upland model was 
clipped at a mile from known occurrences.  In some cases, the model was edited to fit with what looked like suitable 
upland habitat.  The upland toad habitat for the lower Deep Creek area was not broken out by site. 

 
Table 2 – San Bernardino National Forest 
 

Table 2.  Summary of Known T/E Occurrences by District  
Site UTS ARTO MYLF SWWF LBVI SBKR DOLE 



Table 2.  Summary of Known T/E Occurrences by District  
Site UTS ARTO MYLF SWWF LBVI SBKR DOLE 
Front Country Ranger District 
Badger Canyon      X*   
Banning Canyon    X    
Bear Creek    X/CH    
Cable Creek     X*   
Cajon Creek/Wash (including Keenbrook)  X/CH  X  X X/CH X 
City Creek   X/CH X    
Cold Creek     X    
Cucamonga Canyon   X  X    
Day Creek    X/CH X    
Deer Creek    X    
Devore         X* 
East Etiwanda Creek     X    
Etiwanda Fan      CH  
Forest Falls on Mill Creek     X    
Little Horsethief Canyon   X**      
Little Sand Canyon       X   
Lost Lake     X X   
Lytle Creek      X/CH X* 
Mill Creek Gauging Station    X*    
Mill Creek    CH    
North Fork (of Middle Fork) Whitewater 
River  

  CH     

Santa Ana River/Crystal Creek     X/CH    
Morton Canyon      X*    
Oak Glen    X*    
Santa Ana River    CH  X*/CH  
Sheep Creek     X    
Thurman Flats Picnic Area on Mill Creek    X X/CH    
Waterman Canyon #1    X*/CH    
Mountaintop Ranger District 
Arrastre Creek    X    
Barton Creek (Owl Site) and Jenks Meadow     X/CH    
Cienaga Seca     X    
Clark’s Ranch     X/CH    
Cleghorn Arm/Silverwood  X      
College Camp     X/CH    
Cushenbury Springs     X*   
Lower Deep Creek   X  X/CH    
Deep Creek - Devil’s Hole   X  CH    
Deep Creek – Hot Springs   X  CH    
Deep Creek – Mojave Forks Dam   X  X/CH    
Deep Creek – Summit Valley/Spillway  X  CH    
Deep Creek – Warm Springs   X  CH    
Deep Creek    CH    
Deer Creek     X    
East Fork Barton Creek    X/CH     
Grass Valley Creek  X*      
Green Canyon     X    
Heart Bar     X    
Holcomb Creek    CH    
Little Bear Springs – Holcomb Creek    X/CH    



Table 2.  Summary of Known T/E Occurrences by District  
Site UTS ARTO MYLF SWWF LBVI SBKR DOLE 
Jacoby Canyon     X    
Jenks Lake     X    
Juniper Springs  X       
Kinley Creek   X      
Metcalf Creek #1    X*    
Rattlesnake Creek 1 & 2     X    
Sand Creek     X    
Santa Ana River @ Barton    X/CH    
Seven Oaks     X/CH    
Shay Creek and Baldwin Lake  X**       
Sugarloaf Meadow Pond  X       
Terrace Springs     X    
Van Dusen Canyon     X    
San Jacinto Ranger District 
Andreas Canyon    CH     
Bautista Creek   X/CH  X X X/CH X 
Chino Canyon     X* X*   
Fuller Mill Creek    X/CH     
Indian Creek @ Hall Canyon    X/CH     
North Fork San Jacinto River    X/CH X*  CH  
San Jacinto River @ Cranston      X/CH X 
South Fork San Jacinto River   CH      
Tahquitz Creek    CH     
Other SBNF Sites 
Air Tanker Base      X*/CH*  
*=On Non-FS lands within 1-mile of NFS land. 
X=species occurs 
CH=critical habitat 
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  Caring for the Land and Serving People Printed on Recycled Paper     

File Code: 2600/2800 
Date: December 4, 2009 

  
Mark Stopher 
Environmental Program Manager 
California Department of Fish and Game 
601 Locust Street 
Redding, CA 96001 
 
Dear Mr. Stopher: 

This letter is in response to your request for comments dated October 26, 2009 on the Notice of 
Preparation of a Draft Subsequent Environmental Impact Report for the State of California 
suction dredge permitting program.  The National Forests of the Pacific Southwest Region 
(Forests) submitted comments regarding potential impacts of suction dredge to the California 
Department of Fish and Game in a letter dated December 27, 2007 (Attachment 1) and those 
issues are still valid.  The Forests reviewed your Initial Study, Suction Dredge Permitting 
Program; Subsequent Environmental Impact Report dated November 2009 and found it to be 
quite comprehensive, although several Forests have additional comments.  The Forests found 
some additional issues that needed to be addressed and some potential impacts that, based on 
Forest Service mineral administration experience, appear to be greater than indicated in your 
study.  I have summarized each of the Forests response in Attachment 2. 

In conclusion, thank you for this opportunity to provide information for your consideration. 
Please contact Rich Teixeira, Washington Office Minerals and Geology Mineral Exam Team 
Leader at (707)562-8965 or rteixeira@fs.fed.us for additional information. 

Sincerely, 
 
 
 
/s/ Thomas A. Contreras (for) 
RANDY MOORE 
Regional Forester 
 
Enclosures 
 
 
cc:  Christine Nota 
Debra Whitman 
Barnie Gyant 
Joseph Furnish 
Michael Kellett 
Rich Teixeira 

mailto:rteixeira@fs.fed.us


 

 

Tony L Ferguson 
Tracy Parker    
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    From:  scott <scott@icmj.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 12:27 PM 
Subject:  Suction Dredging Permitting Program 
Attachments: Joseph-Greene-suction-gold-dredge-study.pdf; Joseph-Greene-suction-gold-dre 
 dge-study.doc; Claudia Wise on SB 670.pdf; Claudia Wise on SB 670.doc; The  
 Economic Impact of Suction Dredging in California.pdf 
 
**(Peer reviews by Joseph C. Greene and Claudia Wise are provided in  
both Microsoft Word and Adobe pdf format for your convenience. These  
documents may also be downloaded from our website at www.icmj.com or by  
clicking on the links at the bottom of this page.) 
December 3, 2009 
Mark Stopher 
California Department of Fish and Game 
601 Locust St 
Redding, CA 96001 
 
Mr. Stopher, 
 
Thank you for the opportunity to provide comments on the initial scoping  
study for the suction dredge permitting program for California. 
 
I have been the editor, publisher and owner of /ICMJ’s Prospecting and  
Mining Journal/ for ten years. The magazine was originally established  
in 1931 as the /California Mining Journal/ and has been based in  
California since its inception. I also worked for the magazine prior to  
purchasing it, beginning in 1982. I began suction gold dredging in 1983,  
and have used suction gold dredges in both California and Oregon  
waterways. I believe my personal and professional experience provides  
valuable expertise in the area of suction gold dredging. 
 
I have spent a considerable amount of time examining the initial study  
document and summary of available studies recently released for  
comments. Nowhere in those documents are the overriding laws listed or  
discussed, including the grants afforded miners by the mining laws from  
1866 to present. While I’m sure you are aware that no regulations can be  
changed or implemented without considering the laws pertaining to  
mining, I am also aware that the various mining laws and grants are  
covered in comments submitted by Public Lands for the People and others,  
so I will not duplicate their efforts here. 
 
The majority of the material cited in the Notice of Preparation was  
published prior to the original EIR in 1994 and subsequent attempt at a  
new EIR in 1997. The research material listed after that date is  
inadequate to support a change from insignificant to deleterious. In  
fact, I was unable to locate any definitive studies that make this  
conclusion; rather, the literature cited is ripe with speculation, often  
using words such as “may” cause or “could” cause harm to fish or their  
spawning areas. 
 
I attended the public scoping meeting in Sacramento. At the meeting,  
Mark Stopher stated that materials submitted to the State Water  
Resources Control Board in their recent (2007) scoping process were  
included and do not need to be resubmitted. However, this does not seem  
to be the case. 
 
Joseph C. Greene, a retired U.S. EPA research biologist, provided a peer  
review of available studies on suction gold dredging to the State Water  
Resources Control Board (2007). He concluded, “The issue against suction  
dredge operations in the streams of the United States appears to be less  
an issue of environmental protection and more of an issue of certain  
organized individuals and groups being unwilling to share the outdoors  
with others without like interests.” 
 
Claudia Wise is a retired U.S. EPA physical scientist/chemist. She  
provided a peer review of available studies to Governor Schwarzenegger  
prior to the passage of SB 670 (2009). She stated, “Dozens of  
peer-reviewed journal articles some commissioned by the USEPA, USGS,  
CDFG, Corp of Engineers, and many more from universities support suction  



dredging as having de minimis effects or no significant effect on the  
environment they are used in. Nothing has changed in peer-reviewed  
literature since that time to change this fact.” 
 
Page 41 of the scoping literature states that mercury is discharged into  
our waterways by suction dredges. This is dishonest at best. Mercury is  
a heavy metal that settles at or near the bedrock due to its high  
specific gravity so it often gets vacuumed up and entrained in the  
dredge’s riffles along with other heavy metals and minerals. One study  
cited in the scoping document claimed that approximately 98% of the  
mercury was recovered during a test. The study went on to claim that the  
remaining 2% could cause problems through fish contamination and  
methylation. Claudia Wise addresses this concern in her peer review: 
 
 /The mining community of today is, in my opinion, the only group that  
is in a position with the technology to help with the removal of lead  
and mercury at a very economical price to the public. Any residual  
mercury remaining after dredging is that much less to worry about  
residing in our Nations waterways. 
 
In reviewing Humphrey's (2005) comments regarding possible problems  
associated with collecting mercury via suction dredging methods, it is  
right to look to the suction dredge community for help locating hotspots  
and removing mercury from the river systems. In my opinion the data  
provided in the report by Humphrey's (2005) did not demonstrate any  
clear conclusions that would prohibit the State from allowing this  
activity. On the contrary, in the discussion of results it was stated  
that a suction dredge in the American River was able to collect 98  
percent of the measured mercury processed through the dredge. The amount  
of mercury collected may have been higher if the investigators had been  
using a dredge with the modern jet flare design. Even 98 percent is a  
huge plus for the environment and it would be irresponsible to not allow  
mercury to be removed from the rivers and streams whenever it is found. 
 
In Humphreys report (2005), the author expressed concern for the loss of  
a small portion (2%) of the mercury from the back end of the sluice box.  
In the conclusions it was stated that the amount lost constituted a  
concentration more than ten times higher than that needed to classify it  
as hazardous waste. Yet 98 percent of the mercury was now secured and  
the process did not add any mercury to the system that was not already  
present. The small fraction lost, because of its density, would relocate  
back onto the river floor buried in the sediment close to where it was  
removed while dredging. 
 
Mercury is continuously moved every winter in high storm events. Since  
the cessation of hydraulic mining, accumulated sediment from hydraulic  
placer mining has been transported to the Sacramento–San Joaquin Delta  
and San Francisco Bay by sustained remobilization (James, 1991).  
Providing a program to collect mercury from miners would aid the Water  
Board’s mission of reducing mercury contamination in the deltas and bays  
where mercury methylation is a large concern. 
 
In the test described by Humphreys (2005) a small portion of floured  
mercury was collected in the sediments as it escaped the sluice box.  
This mercury whether floured before it entered the sluice box, or not,  
would still be in elemental form. Regardless of surface area it would be  
no more toxic then the other 98 percent that was suggested to be left in  
place. 
 
Aside from grossly polluted environments, mercury is normally a problem  
only where the rate of natural formation of methyl mercury from  
inorganic mercury is greater than the reverse reaction. Methyl mercury  
is the only form of mercury that accumulates appreciably in  
macroinvertebrates and fish. Environments that are known to favor the  
production of methyl mercury include certain types of wetlands, dilute  
low-pH lakes in the Northeast and North central United States, parts of  
the Florida Everglades, newly flooded reservoirs, and coastal wetlands,  
particularly along the Gulf of Mexico, Atlantic Ocean, and San Francisco  
Bay (USGS 2000). 
 



If not collected the mercury is guaranteed to end up farther downstream,  
and eventually in the delta or the bay, where methylation is a real  
environmental problem. In my opinion it would be a highly irresponsible  
management practice to leave a large portion of mercury in the rivers  
and streams because of unrealistic concerns for the lesser amount moving  
only a short distance away from an operating dredge. Most likely if  
floured the movement of fine mercury would extend no farther than  
50-feet off the end of the sluice box. That would relate to the distance  
a turbidity plume might extend downstream from a small-scale suction  
dredge. 
 
However, if the mercury was left in place the next storm event would  
surely move it downstream closer to, and eventually into, the bay and  
delta. In fact, according to Humphrey's study in 2005 mercury was seen  
moving down stream and re-deposited on bedrock already dredge cleaned.  
The important fact here is mercury was flowing down stream in a suction  
dredge free zone during lower river flows than what take place under  
high winter river conditions. 
 
It is most important to reduce the total amount of mercury in the  
streams and rivers and its transport downstream into the bays and  
deltas. This is defined as a part of Total Maximum Daily Load (“TMDL”)  
goals. 
 
We know for certain that mercury is transported downstream throughout  
the winter season during high water events. *Therefore, anytime there is  
the possibility for the removal of mercury by miners it should be  
undertaken and supported.* (Emphasis added.)/ 
 
 
Mr. Josiah H. Cornell III is retired from the USDA Forest Service in  
Oregon. Cornell addressed many of the issues related to spawning of  
salmon in his own study of suction gold dredging. Cornell stated: 
 
 /Salmonids spawned in the vicinity of the previous season's dredging,  
but, in one study, salmonids redds were not located in tailing piles.  
The gravels dispersed by the high stream flows, which included dredge  
tailings, certainly composed a portion of the suitable spawning gravels  
each year. Dredge tailings have been observed to provide good salmonid  
spawning ground due to the loose condition of the sand and gravel. In  
some places, mining debris may provide the best or only habitat. 
 
A five-inch dredge could improve the intergravel environment for both  
fish eggs and benthos. *Weighing all factors, dredging can improve the  
gravel environment for both fish eggs and aquatic insects.* (Emphasis  
added.)/ 
 
 
Mr. Greene, Ms. Wise and Mr. Cornell have extensive experience relevant  
to the upcoming EIR on suction gold dredging, including water quality,  
temperature, turbidity, fish, biota, and related topics. As we have  
recently learned from the release of emails indicating fraud involving  
the IPCC’s climate change reports, some scientists have a desire to skew  
results whether it be motivated by continued monetary grants, personal  
or political agendas. Mr. Greene, Ms. Wise and Mr. Cornell are now  
retired from their respective government agencies. They are no longer  
dependant on grant money, nor are they required to adapt to an agency  
agenda to maintain employment. For these reasons, their opinions should  
carry a much stronger weight in this process. 
 
I have included copies of the peer reviews of Joseph C. Greene and  
Claudia Wise so their peer reviews can be included in this scoping process. 
 
Based upon my personal and professional experience, which includes  
operation of a four-inch dredge over many years, I can state  
unequivocally that your data in “Table 1: Characteristics of Various  
Suction Dredges” is grossly exaggerated. The data suggests that suction  
dredges move large amounts of material. For example, a six-inch dredge  
may be capable of moving 6 to 17 cubic yards of material in one hour,  
but no miner is going to move that much material because much of the  



gold will be missed. 
 
Table 1 states a miner utilizing a 4-inch dredge will move 1 to 5 cubic  
yards per hour. In my experience, I moved approximately 2 cubic yards of  
material *per day* with a 4-inch dredge averaging 6 hours with the  
dredge in operation, or 0.333 cubic yards per hour. Based on my personal  
and professional experience, I believe 0.333 cubic yards per hour is a  
realistic amount for any miner using a 4-inch dredge. Each miner is  
looking to recover as much gold as possible, not to just move material.  
While a dredge can surely move more material, the miner’s goal is to  
clean out the cracks and crevices to recover the gold, which is a  
time-consuming process. Much of the miner’s time is spent cleaning out  
those cracks and crevices, hence the lower volume of material processed. 
 
I understand that the economic impact may not be considered until later  
in the process. However, I’m including a recent study I completed with  
the assistance of Pat Keene of Keene Engineering, a major suction dredge  
manufacturer, and Rachel Dunn of Gold Pan California, a retail mining  
store. Based on the results of that study, we found that suction  
dredging has a minimum economic impact in California of $65.46 million,  
not including several major categories like payroll and property taxes,  
commercial retail rents, trade magazines, and more. The study was  
conducted when the gold price was $871.86 per troy ounce. With the  
current gold price at $1,215 per troy ounce, and many unemployed  
citizens looking toward gold mining as a way to make ends meet, the  
current economic impact should easily exceed $100 million in my  
professional opinion. 
 
This concludes my comments. 
 
Sincerely, 
 
 
Scott M. Harn 
Editor/Publisher 
ICMJ’s Prospecting and Mining Journal 
www.icmj.com 
831 479-1500 
 
Attachments: 
 
A. Joseph C. Greene; Peer review submitted to State Water Quality  
Control Board, 2007.  
<http://www.icmj.com/UserFiles/file/recent-news/Joseph-Greene-suction-gold-dredge-study.pdf> 
B. Claudia Wise; Peer review submitted to Governor Schwarzenegger’s  
office regarding SB 670, 2009.  
<http://www.icmj.com/UserFiles/file/recent-news/Claudia%20Wise%20on%20SB%20670.pdf> 
C. Harn, Scott; Dunn, Rachel; Keene, Pat; “The Economic Impact of  
Suction Dredging in California,” ICMJ’s Prospecting and Mining Journal,  
Vol. 79 No. 2, pgs 37-38, Sept. 2009.  
<http://www.icmj.com/UserFiles/file/recent-news/The%20Economic%20Impact%20of%20Suction%20Dredging%20in%20California
.pdf>  
 
 

















































State Water Resources Control Board 
Division of Water Quality  
P.O. Box 100  
Sacramento, California 95812-0100 
Fax: 916-341-5620  
email: commentletters@waterboards.ca.gov 

June 6, 2007 
Subject:  SUCTION DREDGE MINING 
 
Dear Board Members, 
 
Thank you for allowing me this opportunity to comment on the water quality aspects of 
small-scale suction dredge mining. 
 
As I have searched the scientific literature for studies on the effects of small-scale suction 
dredge mining on the environment I have learned that the preponderance of the published 
research studies have been directed towards assessment of its effect on the biology of the 
streams and rivers.  In nearly every instance the results have concluded that the effects 
were less than significant. 
 
In water quality terms some studies have discussed turbidity, water temperature, and 
suspension of heavy metals into the overlying water.  I will focus my water quality 
comments on these three areas.  But first I would like to put this issue in to perspective. 
 
GEOGRAPHICAL SCALE OF SMALL-SCALE SUCTION DREDGING  
 
It has been observed that environmentalists opposing suction dredging use data gleaned 
from reports that studied effects of environmental perturbations that are occurring on a 
system-wide basis. For example, they would characterize the affects of turbidity from a 
suction dredge as if it would impact downstream organisms in a manner that system-wide 
high water flow events might. This approach is entirely inconsistent with the way in 
which suction dredges operate or generally impact their downstream environment. 
 
The California Department of Fish and Game (1997) described typical dredging activities 
as follows’ “An individual suction dredge operation affects a relatively small portion of 
a stream or river. A recreational suction dredger (representing 90-percent of all 
dredgers) may spend a total of four to eight hours per day in the water dredging an area of 
1 to 10 square meters. The average number of hours is 5.6 hours per day. The remaining 
time is spent working on equipment and processing dredged material. The area or length 
of river or streambed worked by a single suction dredger, as compared to total river 
length, is relatively small compared to the total available area.”   
 
In the Oregon Siskiyou National Forest Dredge Study, Chapter 4, Environmental 
Consequences, some perspective is given to small-scale mining. “The average claim size 
is 20 acres. The total acreage of all analyzed claims related to the total acres of watershed 
is about 0.2 percent. The average stream width reflected in the analysis is about 20 feet or 

mailto:commentletters@waterboards.ca.gov�


less and the average mining claim is 1320 feet in length. The percentage of land area 
within riparian zones on the Siskiyou National Forest occupied by mining claims is 
estimated to be only 0.1 percent.” The report goes on to say, “Over the past 10 years, 
approximately 200 suction dredge operators per season operate on the Siskiyou National 
Forest” (SNF, 2001). 
 
A report from the U.S. Forest Service, Siskiyou National Forest (Cooley, 1995) answered 
the frequently asked question, “How much material is moved by annual mining suction 
dredge activities and how much does this figure compare with the natural movement of 
such materials by surface erosion and mass movement?” The answer was that suction 
dredges moved a total of 2,413 cubic yards for the season. Cooley (1995) used the most 
conservative values and estimated that the Siskiyou National Forest would move 331,000 
cubic yards of material each year from natural causes. Compared to the 2413 (in-stream) 
cubic yards re-located by suction mining operations the movement rate by suction 
dredge mining would equal about 0.7% of natural rates. 
 
It has been suggested that a single operating suction dredge may not pose a problem but 
the operation of multiple dredges would produce a cumulative effect that could cause 
harm to aquatic organisms. However, “No additive effects were detected on the Yuba 
River from 40 active dredges on a 6.8 mile (11 km) stretch. The area most impacted was 
from the dredge to about 98 feet (30 meters) downstream, for most turbidity and 
settleable solids (Harvey, B.C., K. McCleneghan, J.D. Linn, and C.L. Langley, 1982). In 
another study, “Six small dredges (<6 inch dredge nozzle) on a 1.2 mile (2 km) stretch 
had no additive effect (Harvey, B.C., 1986). Water quality was typically temporally and 
spatially restricted to the time and immediate vicinity of the dredge (North, P.A., 1993). 
 
A report on the water quality cumulative effects of placer mining on the Chugach 
National Forest, Alaska found that, “The results from water quality sampling do not 
indicate any strong cumulative effects from multiple placer mining operations within the 
sampled drainages.” “Several suction dredges probably operated simultaneously on the 
same drainage, but did not affect water quality as evidenced by above and below water 
sample results. In the recreational mining area of Resurrection Creek, five and six 
dredges would be operating and not produce any water quality changes (Huber and 
Blanchet, 1992). 
 
The California Department of Fish and Game stated in its Draft Environmental Impact 
Report that “Department regulations do not currently limit dredger densities but the 
activity itself is somewhat self-regulating. Suction dredge operators must space 
themselves apart from each other to avoid working in the turbidity plume of the next 
operator working upstream. Suction Dredging requires relatively clear water to 
successfully harvest gold “ (CDFG, 1997). 
 



ELEVATED TURBIDITY AND SUSPENDED  
 
Suction dredging causes less than significant effects to water quality. The impacts 
include increased turbidity levels caused by re-suspended streambed sediment and 
pollution caused by spilling of gas and oil used to operate suction dredges (CDFG, 1997). 
 
“Suction dredges, powered by internal combustion engines of various sizes, operate while 
floating on the surface of streams and rivers. As such, oil and gas may leak or spill onto 
the water’s surface. There have not been any observed or reported cases of harm to 
plant or wildlife as a result of oil or gas spills associated with suction dredging” 
(CDFG, 1997). 
 
The impact of turbidities on water quality caused by suction dredging can vary 
considerably depending on many factors. Factors which appear to influence the degree 
and impact of turbidity include the amount and type of fines (fine sediment) in the 
substrate, the size and number of suction dredges relative to stream flow and reach of 
stream, and background turbidities (CDFG, 1997). 
 
Because of low ambient levels of turbidity on Butte Creek and the North Fork American 
River, California, Harvey (1986) easily observed increases of 4 to 5 NTU from suction 
dredging.  Turbidity plumes created by suction dredging in Big East Fork Creek were 
visible in Canyon Creek 403 feet (123 meters) downstream from the dredges (Somer and 
Hassler, 1992). 
 
In contrast, Thomas (1985), using a dredge with a 2.5-inch diameter nozzle on Gold 
Creek, Montana, found that suspended sediment levels returned to ambient levels 100 
feet below the dredge. Gold Creek is a relatively undisturbed third order stream with 
flows of 14 cubic feet per second. A turbidity tail from a 5-inch (12.7 cm) dredge on 
Clear Creek, California was observable for only 200 feet downstream. Water velocity at 
the site was about 1 foot per second (Lewis, 1962). 
 
Turbidity below a 2.5 inch suction dredge in two Idaho streams was nearly undetectable 
even though fine sediment, less than 0.5 mm in diameter, made up 13 to 18 percent, by 
weight, of  substrate in the two streams (Griffith and Andrews, 1981). 
 
"During a dredging test carried out by the California Department of Fish and Game on 
the north fork of American River, it was concluded that turbidity was greatest 
immediately downstream, returning to ambient levels within 100 feet. Referring to 52 
dredges studied, Harvey (1982) stated "...generally rapid recovery to control levels in 
both turbidity and settable solids occurred below dredging activity."  
 
Hassler (1986) noted "...during dredging, suspended sediment and turbidity were high 
immediately below the dredge, but diminished rapidly within distance downstream." He 
measured 20.5 NTU 4 meters below a 5-inch dredge that dropped off to 3.4 NTU 49 
meters below the dredge. Turbidity from a 4-inch dredge dropped from 5.6 NTU 4 meters 
below to 2.9 NTU 49 meters below with 0.9 NTU above. He further noted "...water 



quality was impacted only during the actual operation of the dredge...since a full day of 
mining by most Canyon Creek operators included only 2 to 4 hours of dredge running 
time, water quality was impacted for a short time." Also "...the water quality of Canyon 
Creek was very good and only affected by suction dredging near the dredge when it was 
operated."  
 
The US Geological Survey and the Alaska Department of Natural Resources conducted a 
survey into dredging on Alaska’s Fortymile River, which is a river designated as a wild 
and scenic corridor. The study stated, "One dredge had a 10-inch diameter intake hose 
and was working relatively fine sediment on a smooth but fast section of the river. The 
other dredge had an 8-inch intake and was working coarser sediments in a shallower 
reach of the river. State regulations require that suction dredges may not increase the 
turbidity of the river by more than 5 nephelometric turbidity units (NTU), 500 feet 
(=150m) downstream. In both cases, the dredges were well within compliance with this 
regulation."  
 
 
 
 
 
 
 
 

http://www.akmining.com/mine/usgs1.htm 
 

Samples were collected on a grid extending downstream from the dredges as they were 
operating and compared to measurements made upstream of the dredges. One dredge had 
a 10-inch diameter intake hose and was working relatively fine sediments on a smooth 
but fast section of the river. The results of the turbidity survey for the 10-inch dredge are 
shown on figure 2. Turbidity values behind the 8-inch dredge were lower, because the 
smaller intake was moving less sediment material, and because the coarser sediments 
being worked by the 8-inch dredge settled more rapidly 
 
The turbidity values found in the dredge studies fall within the range of turbidity values 
found for currently mined areas of the Fortymile River and many of its un-mined 
tributaries. Figure 3 shows the ranges of turbidity values observed along the horizontal 
axis, and the number of samples that fall within each of those ranges. For example, 25 
samples had turbidity between 1.0 and 1.5 NTU, 22 of which were in a dredged area. The 
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highest turbidity value was from an un-mined tributary to Uhler Creek; the lowest from a 
number of different tributaries to the North Fork. As seen on the figure, there is no 
appreciable difference in the distribution of turbidity values between mined and un-mined 
areas. 
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In American studies, average turbidity levels have been shown to be between 5 and 15 
NTU 5 meters below dredges. But even the maximum turbidity level measured in a clay 
pocket (51 NTU) fell below 10 NTU within 45 meters. Turbidity increases, from even 
large dredges on moderate sized streams, have shown to be fairly low, usually 25 NTU or 
less, and to return to background within 30 meters. The impact is localized and short 
lived; indicating minimum impact on moderate and larger waterways.  
 
Within any waterway, sediment is primarily carried in suspension during periods of 
rainfall and high flow. This is an important point, as it indicates that a dredging operation 
has less, or at least no greater effect on sediment mobilization and mobility than a rain 
storm." 
 
All of these research studies have concluded that only a local significant effect occurs, 
with it decreasing rapidly downstream.  The studies have been wide spread, having been 
undertaken in Alaska, Idaho, California, Montana and Oregon. 
 
The science supports de minimus status for < 6-inch suction dredges.  Turbidity is de 
minimus according to the U.S. Army Corps of Engineers. 
 
“Effects from elevated levels of turbidity and suspended sediment normally associated 
with suction dredging as regulated in the past in California appear to be less than 
significant with regard to impacts to fish and other river resources because of the level 
of turbidity created and the short distance downstream of a suction dredge where 
turbidity levels return to normal” (CDFG, 1997). 
 
Furthermore, individuals that have not, in fact, operated suction dredges may not realize 
that it is a self-limiting operation. The dredge operator must be able to see his work area 
to operate safely and manage the intake of the dredge nozzle. If high levels of turbidity 
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were to flood the dredger’s work area and render him “blind” he would have to move 
the operation to another location. 
 
INCREASING WATER TEMPERATURE 
 
Responsible suction dredge miners do not dredge stream banks (it is illegal).  Dredging 
occurs only in the wetted perimeter of the stream. Therefore, it is unlikely suction 
dredging will cause a loss of cover adjacent to the stream. 
 
Solar radiation is the single most important energy source for the heating of streams 
during daytime conditions. The loss or removal of riparian vegetation can increase solar 
radiation input to a stream increasing stream temperature. Suction dredge operations are 
confined to the existing stream channel and do not affect riparian vegetation or stream 
shade (SNF, 2001). 
 
Suction dredging could alter pool dimensions through excavation, deposition of tailings, 
or by triggering adjustments in channel morphology. Excavating pools could 
substantially increase their depth and increase cool groundwater inflow. This could 
reduce pool temperature. If pools were excavated to a depth greater than three feet, 
salmonid pool habitat could be improved. In addition, if excavated pools reduce pool 
temperatures, they could provide important coldwater habitats for salmonids living in 
streams with elevated temperatures (SNF, 2001). 
 
Dredge mining had little, if any, impact on water temperature (Hassler, T.J., W.L. Somer 
and G.R. Stern, 1986). In addition, the Oregon Siskiyou Dredge Study states, “There is 
no evidence that suction dredging affects stream temperature” (SNF, 2001). 
 
Increases in sediment loading to a stream can result in the stream aggrading causing the 
width of the stream to increase. This width increase can increase the surface area of the 
water resulting in higher solar radiation absorption and increased stream temperatures. 
Suction dredge operations are again confined to the existing stream channel and do 
not affect stream width (SNF, 2001). 
 
Stream temperature can also increase from increasing the stream’s width to depth ratio. 
The suction dredge operation creates piles in the stream channel as the miner digs down 
into the streambed. The stream flow may split and flow around the pile decreasing or 
increasing the wetted surface for a few feet. However, within the stream reach that the 
miner is working in, the change is so minor that the overall wetted surface area can be 
assumed to be the same so the total solar radiation absorption remains unchanged. 
Suction Dredging results in no measurable increase in stream temperature (SNF, 
2001). 
 
“Small streams with low flows may be significantly affected by suction dredging, 
particularly when dredged by larger dredges (Larger than 6 inches) (Stern, 1988). 
However, the California Department of Fish and Game concluded, “current regulations 
restrict the maximum nozzle size to 6 inches on most rivers and streams which, in 



conjunction with riparian habitat protective measures, results in a less than significant 
impact to channel morphology” (CDFG, 1997). 
 
WATER CHEMISTRY 
 
Concern has been raised that small-scale dredge operations may increase the metal load 
of the surface waters.  Whereas dredge operations do re-suspend the bottom sediment, the 
magnitude of this disturbance on stream metal loading was unknown.  It was unknown 
what affect the dredge operations may have on the transport and redistribution of 
metals—some of which (for example, arsenic, copper, and zinc) have environmental 
importance.   
 
The U.S. Geological Survey and the Alaska Department of Natural Resources cooperated 
in a project, on Fortymile River, to provide scientific data to address these questions.  
This river is designated a Wild and Scenic Corridor by the Alaska National Interest Lands 
Conservation Act. Current users of the river include placer mine operators, as well as 
boaters and rafters.  Along the North Fork Fortymile River, and just below its confluence 
with the South Fork, mining is limited to a few small suction dredges which, combined, 
produce as much as a few hundred ounces of gold per year. In this area, some potential 
environmental concerns have been raised associated with the mining activities, including 
increased turbidity of the river water; adverse impact on the overall chemical quality of 
the river water; and potential additions of specific toxic elements, such as arsenic, to the 
river during mining operations.  
 
Field measurements were made for pH, turbidity, electrical conductivity (a measure of 
the total dissolved concentrations of mineral salts), and stream discharge for the 
Fortymile River and many of its tributaries. Samples were collected at the same time for 
chemical analyses, including trace-metal analyses 
 
Water-quality samples were collected at three points 200 feet behind each of the two 
operating suction dredges. One sample was collected on either side of the plume, and one 
in the center of the plume. The samples were passed through a filter with a nominal pore 
size of 0.45 micrometers and acidified to a pH less than about 2. Results are shown in the 
following table. Samples 1A, 1C, 2A, and 2C are from either side of the plume behind 
dredges 1 and 2, respectively. Samples 1B and 2B are from the center of each plume. All 
concentrations given are in micrograms per liter, except pH, which is expressed in 
standard units. 
 
The data show similar water-quality values for samples collected within and on either 
side of the dredge plumes. Further, the values shown in the table are roughly equal to or 
lower than the regional average concentrations for each dissolved metal, based on the 
analyses of 25 samples collected throughout the area. Therefore, suction dredging 
appears to have no measurable effect on the chemistry of the Fortymile River within 
this study area. We have observed greater variations in the natural stream chemistry in 
the region than in the dredge areas (Wanty, R.B., B. Wang, and J. Vohden. 1997). 
 



 
  Side 

1 
Dredge 

1 
Side 

2 
 Side 

1 
Dredge 

2 
Side 

2 
  1A 1B 1C  2A 2B 2C 
pH   7.7  7.6  7.8   7.0  7.5  7.5  
Arsenic   0.3  0.3  0.3   0.3  0.3 0.3    
Iron   110.  110.  110.   100  97  100    
Chromium   2 2 3  3   3     3 
Cadmium  all less than 

0.02 
micrograms 
per liter                          

       

Cobalt   0.07  0.07  0.06   0.06  0.05  0.05   
Zinc   0.8 0.6  0.8   1.0  1.0  1.0     
Lead  all less than 

0.05 
micrograms 
per liter                           

       

 
 
 

A final report from an EPA contract for analysis of the effects on mining in the Fortymile 
River, Alaska stated, “This report describes the results of our research during 1997 and 
1998 into the effects of commercial suction dredging on the water quality, habitat, and 
biota of the Fortymile River….  The focus of our work on the Fortymile in 1997 was on 
an 8-inch suction dredge (Site 1), located on the mainstem…  At Site 1, dredge operation 
had no discernable effect on alkalinity, hardness, or specific conductance of water in the 
Fortymile. Of the factors we measured, the primary effects of suction dredging on water 
chemistry of the Fortymile River were increased turbidity, total filterable solids, and 
copper and zinc concentrations downstream of the dredge. These variables returned to 
upstream levels within 80-160 m downstream of the dredge. The results from this 
sampling revealed a relatively intense, but localized, decline in water clarity during the 
time the dredge was operating” (Prussian, A.M., T.V. Royer and G.W. Minshall, 1999).  
 
“The data collected for this study help establish regional background geochemical values 
for the waters in the Fortymile River system. As seen in the chemical and turbidity data 
any variations in water quality due to the suction dredging activity fall within the 
natural variations in water quality” (Prussian, A.M., T.V. Royer and G.W. Minshall, 
1999). 
 
REMOVAL OF MERCURY FROM THE ENVIRONMENT 
 
Looking for gold in California streams and rivers is a recreational activity for thousands 
of state residents.  As these miners remove sediments, sands, and gravel from streams and 
former mine sites to separate out the gold, they are also removing mercury.  This mercury 



is the remnant of millions of pounds of pure mercury that was added to sluice boxes used 
by historic mining operations between 1850 and 1890.  Modern day small-scale gold 
suction dredgers do not use mercury to recover gold during the operation of the dredge.  
Therefore, any gold that would be found in their possession would be that which was 
extracted from the stream or river they are working.   
 
Taking mercury out of streams benefits the environment.  Efforts to collect mercury from 
recreational gold miners in the past, however, have been stymied due to perceived 
regulatory barriers. Disposal of mercury is normally subject to all regulations applicable 
to hazardous waste. 
 
In 2000, EPA and California's Division of Toxic Substance Control worked in concert 
with other State and local agencies to find the regulatory flexibility needed to collect 
mercury in a simple and effective manner.  In August and September, 2000 the first 
mercury "milk runs" collected 230 pounds of mercury.  A Nevada County household 
waste collection event held in September 2000 collected about 10 pounds of mercury. 
The total amount of mercury collected was equivalent to the mercury load in 47 years 
worth of wastewater discharge from the city of Sacramento's sewage treatment plant or 
the mercury in a million mercury thermometers. This successful pilot program 
demonstrates how recreational gold miners and government agencies can work together 
to protect the environment (US EPA, 2001). 
 
Mercury occurs in several different geochemical forms, including elemental mercury, 
ionic (or oxidized) mercury, and a suite of organic forms, the most important of which is 
methylmercury.  Methylmercury is the form most readily incorporated into biological 
tissues and is most toxic to humans.  The process of mercury removal by suction 
dredging does not contaminate the environment because small-scale suction dredging 
removes elemental mercury.  Removal of elemental mercury before it can be converted, 
by bacteria, to methylmercury is a very important component of environmental and 
human health protection provided as a secondary benefit of suction dredging.. 
 
THE REAL ISSUE 
 
The issue of localized conflict with suction dredgers and other outdoor recreational 
activities can be put into a more reasonable perspective using the data provided at the 
beginning of this report.  For example, the total acreage of all analyzed claims related to 
the total acres of watershed is about 0.2 percent. The percentage of land area within 
riparian zones on the Siskiyou National Forest occupied by mining claims is estimated to 
be only 0.1 percent.” The report goes on to say, “Over the past 10 years, approximately 
200 suction dredge operators per season operate on the Siskiyou National Forest (SNF, 
2001).  
 
The issue against suction dredge operations in the streams of the United States appears to 
be less an issue of environmental protection and more of an issue of certain organized 
individuals and groups being unwilling to share the outdoors with others without like 
interests. 



 
Management of the Fortymile River region (a beautiful, wild and scenic river in the 
remote part of east-central Alaska) and its resources is complex due to the many diverse 
land-use options. Small-scale, family-owned gold mining has been active on the 
Fortymile since the "gold rush" days of the late 1880's. However, in 1980, the Fortymile 
River and many of its tributaries received Wild and Scenic River status. Because of this 
status, mining along the river must compete with recreational usage such as rafting, 
canoeing, and fishing.  
 
A press release from the U. S. Geological Survey stated, in part, the following, “The 
water quality of the Fortymile River-a beautiful, …has not been adversely impacted by 
gold placer mining operations according to an integrated study underway by the U.S. 
Geological Survey and the Alaska Department of Natural Resources.      
 
Violation of mining discharge regulations would close down the small-scale mining 
operations. No data existed before this study to establish if the mining was degrading the 
water quality. However, even with the absence of data, environmental groups were 
active to close down mining on the river citing unsubstantiated possible discharge 
violations.      
 
This study has found no violations to date to substantiate closure of the small-scale 
mining operations. The result is a continuance of a way of life on the last American 
frontier.”  (U.S. Geological Survey October 27, 1998).  I have no doubt that this is the 
real issue currently facing small-scale gold suction dredgers in California. 
 
Suction dredges do not add pollution to the aquatic environment. They merely re -
suspend and re-locate the bottom materials (overburden) within the river or stream. 
 
I hope this scientific research information I have provided will be helpful in your efforts 
regarding suction dredge mining and water quality.  I thank you for this opportunity to 
submit this data. 

 
Respectfully Yours, 
 
Joseph C. Greene 
Research Biologist, U.S. EPA Retired 
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State Water Resources Control Board 
Division of Water Quality  
P.O. Box 100  
Sacramento, California 95812-0100 
Fax: 916-341-5620  
email: commentletters@waterboards.ca.gov 

June 6, 2007 
Subject:  SUCTION DREDGE MINING 
 
Dear Board Members, 
 
Thank you for allowing me this opportunity to comment on the water quality aspects of 
small-scale suction dredge mining. 
 
As I have searched the scientific literature for studies on the effects of small-scale suction 
dredge mining on the environment I have learned that the preponderance of the published 
research studies have been directed towards assessment of its effect on the biology of the 
streams and rivers.  In nearly every instance the results have concluded that the effects 
were less than significant. 
 
In water quality terms some studies have discussed turbidity, water temperature, and 
suspension of heavy metals into the overlying water.  I will focus my water quality 
comments on these three areas.  But first I would like to put this issue in to perspective. 
 
GEOGRAPHICAL SCALE OF SMALL-SCALE SUCTION DREDGING  
 
It has been observed that environmentalists opposing suction dredging use data gleaned 
from reports that studied effects of environmental perturbations that are occurring on a 
system-wide basis. For example, they would characterize the affects of turbidity from a 
suction dredge as if it would impact downstream organisms in a manner that system-wide 
high water flow events might. This approach is entirely inconsistent with the way in 
which suction dredges operate or generally impact their downstream environment. 
 
The California Department of Fish and Game (1997) described typical dredging activities 
as follows’ “An individual suction dredge operation affects a relatively small portion of 
a stream or river. A recreational suction dredger (representing 90-percent of all 
dredgers) may spend a total of four to eight hours per day in the water dredging an area of 
1 to 10 square meters. The average number of hours is 5.6 hours per day. The remaining 
time is spent working on equipment and processing dredged material. The area or length 
of river or streambed worked by a single suction dredger, as compared to total river 
length, is relatively small compared to the total available area.”   
 
In the Oregon Siskiyou National Forest Dredge Study, Chapter 4, Environmental 
Consequences, some perspective is given to small-scale mining. “The average claim size 
is 20 acres. The total acreage of all analyzed claims related to the total acres of watershed 
is about 0.2 percent. The average stream width reflected in the analysis is about 20 feet or 



less and the average mining claim is 1320 feet in length. The percentage of land area 
within riparian zones on the Siskiyou National Forest occupied by mining claims is 
estimated to be only 0.1 percent.” The report goes on to say, “Over the past 10 years, 
approximately 200 suction dredge operators per season operate on the Siskiyou National 
Forest” (SNF, 2001). 
 
A report from the U.S. Forest Service, Siskiyou National Forest (Cooley, 1995) answered 
the frequently asked question, “How much material is moved by annual mining suction 
dredge activities and how much does this figure compare with the natural movement of 
such materials by surface erosion and mass movement?” The answer was that suction 
dredges moved a total of 2,413 cubic yards for the season. Cooley (1995) used the most 
conservative values and estimated that the Siskiyou National Forest would move 331,000 
cubic yards of material each year from natural causes. Compared to the 2413 (in-stream) 
cubic yards re-located by suction mining operations the movement rate by suction 
dredge mining would equal about 0.7% of natural rates. 
 
It has been suggested that a single operating suction dredge may not pose a problem but 
the operation of multiple dredges would produce a cumulative effect that could cause 
harm to aquatic organisms. However, “No additive effects were detected on the Yuba 
River from 40 active dredges on a 6.8 mile (11 km) stretch. The area most impacted was 
from the dredge to about 98 feet (30 meters) downstream, for most turbidity and 
settleable solids (Harvey, B.C., K. McCleneghan, J.D. Linn, and C.L. Langley, 1982). In 
another study, “Six small dredges (<6 inch dredge nozzle) on a 1.2 mile (2 km) stretch 
had no additive effect (Harvey, B.C., 1986). Water quality was typically temporally and 
spatially restricted to the time and immediate vicinity of the dredge (North, P.A., 1993). 
 
A report on the water quality cumulative effects of placer mining on the Chugach 
National Forest, Alaska found that, “The results from water quality sampling do not 
indicate any strong cumulative effects from multiple placer mining operations within the 
sampled drainages.” “Several suction dredges probably operated simultaneously on the 
same drainage, but did not affect water quality as evidenced by above and below water 
sample results. In the recreational mining area of Resurrection Creek, five and six 
dredges would be operating and not produce any water quality changes (Huber and 
Blanchet, 1992). 
 
The California Department of Fish and Game stated in its Draft Environmental Impact 
Report that “Department regulations do not currently limit dredger densities but the 
activity itself is somewhat self-regulating. Suction dredge operators must space 
themselves apart from each other to avoid working in the turbidity plume of the next 
operator working upstream. Suction Dredging requires relatively clear water to 
successfully harvest gold “ (CDFG, 1997). 
 



ELEVATED TURBIDITY AND SUSPENDED  
 
Suction dredging causes less than significant effects to water quality. The impacts 
include increased turbidity levels caused by re-suspended streambed sediment and 
pollution caused by spilling of gas and oil used to operate suction dredges (CDFG, 1997). 
 
“Suction dredges, powered by internal combustion engines of various sizes, operate while 
floating on the surface of streams and rivers. As such, oil and gas may leak or spill onto 
the water’s surface. There have not been any observed or reported cases of harm to 
plant or wildlife as a result of oil or gas spills associated with suction dredging” 
(CDFG, 1997). 
 
The impact of turbidities on water quality caused by suction dredging can vary 
considerably depending on many factors. Factors which appear to influence the degree 
and impact of turbidity include the amount and type of fines (fine sediment) in the 
substrate, the size and number of suction dredges relative to stream flow and reach of 
stream, and background turbidities (CDFG, 1997). 
 
Because of low ambient levels of turbidity on Butte Creek and the North Fork American 
River, California, Harvey (1986) easily observed increases of 4 to 5 NTU from suction 
dredging.  Turbidity plumes created by suction dredging in Big East Fork Creek were 
visible in Canyon Creek 403 feet (123 meters) downstream from the dredges (Somer and 
Hassler, 1992). 
 
In contrast, Thomas (1985), using a dredge with a 2.5-inch diameter nozzle on Gold 
Creek, Montana, found that suspended sediment levels returned to ambient levels 100 
feet below the dredge. Gold Creek is a relatively undisturbed third order stream with 
flows of 14 cubic feet per second. A turbidity tail from a 5-inch (12.7 cm) dredge on 
Clear Creek, California was observable for only 200 feet downstream. Water velocity at 
the site was about 1 foot per second (Lewis, 1962). 
 
Turbidity below a 2.5 inch suction dredge in two Idaho streams was nearly undetectable 
even though fine sediment, less than 0.5 mm in diameter, made up 13 to 18 percent, by 
weight, of  substrate in the two streams (Griffith and Andrews, 1981). 
 
"During a dredging test carried out by the California Department of Fish and Game on 
the north fork of American River, it was concluded that turbidity was greatest 
immediately downstream, returning to ambient levels within 100 feet. Referring to 52 
dredges studied, Harvey (1982) stated "...generally rapid recovery to control levels in 
both turbidity and settable solids occurred below dredging activity."  
 
Hassler (1986) noted "...during dredging, suspended sediment and turbidity were high 
immediately below the dredge, but diminished rapidly within distance downstream." He 
measured 20.5 NTU 4 meters below a 5-inch dredge that dropped off to 3.4 NTU 49 
meters below the dredge. Turbidity from a 4-inch dredge dropped from 5.6 NTU 4 meters 
below to 2.9 NTU 49 meters below with 0.9 NTU above. He further noted "...water 



quality was impacted only during the actual operation of the dredge...since a full day of 
mining by most Canyon Creek operators included only 2 to 4 hours of dredge running 
time, water quality was impacted for a short time." Also "...the water quality of Canyon 
Creek was very good and only affected by suction dredging near the dredge when it was 
operated."  
 
The US Geological Survey and the Alaska Department of Natural Resources conducted a 
survey into dredging on Alaska’s Fortymile River, which is a river designated as a wild 
and scenic corridor. The study stated, "One dredge had a 10-inch diameter intake hose 
and was working relatively fine sediment on a smooth but fast section of the river. The 
other dredge had an 8-inch intake and was working coarser sediments in a shallower 
reach of the river. State regulations require that suction dredges may not increase the 
turbidity of the river by more than 5 nephelometric turbidity units (NTU), 500 feet 
(=150m) downstream. In both cases, the dredges were well within compliance with this 
regulation."  
 
 
 
 
 
 
 
 

http://www.akmining.com/mine/usgs1.htm 
 

Samples were collected on a grid extending downstream from the dredges as they were 
operating and compared to measurements made upstream of the dredges. One dredge had 
a 10-inch diameter intake hose and was working relatively fine sediments on a smooth 
but fast section of the river. The results of the turbidity survey for the 10-inch dredge are 
shown on figure 2. Turbidity values behind the 8-inch dredge were lower, because the 
smaller intake was moving less sediment material, and because the coarser sediments 
being worked by the 8-inch dredge settled more rapidly 
 
The turbidity values found in the dredge studies fall within the range of turbidity values 
found for currently mined areas of the Fortymile River and many of its un-mined 
tributaries. Figure 3 shows the ranges of turbidity values observed along the horizontal 
axis, and the number of samples that fall within each of those ranges. For example, 25 
samples had turbidity between 1.0 and 1.5 NTU, 22 of which were in a dredged area. The 



highest turbidity value was from an un-mined tributary to Uhler Creek; the lowest from a 
number of different tributaries to the North Fork. As seen on the figure, there is no 
appreciable difference in the distribution of turbidity values between mined and un-mined 
areas. 
 
 
 
 
 

http://www.akmining.com/mine/usgs1.htm 
 

In American studies, average turbidity levels have been shown to be between 5 and 15 
NTU 5 meters below dredges. But even the maximum turbidity level measured in a clay 
pocket (51 NTU) fell below 10 NTU within 45 meters. Turbidity increases, from even 
large dredges on moderate sized streams, have shown to be fairly low, usually 25 NTU or 
less, and to return to background within 30 meters. The impact is localized and short 
lived; indicating minimum impact on moderate and larger waterways.  
 
Within any waterway, sediment is primarily carried in suspension during periods of 
rainfall and high flow. This is an important point, as it indicates that a dredging operation 
has less, or at least no greater effect on sediment mobilization and mobility than a rain 
storm." 
 
All of these research studies have concluded that only a local significant effect occurs, 
with it decreasing rapidly downstream.  The studies have been wide spread, having been 
undertaken in Alaska, Idaho, California, Montana and Oregon. 
 
The science supports de minimus status for < 6-inch suction dredges.  Turbidity is de 
minimus according to the U.S. Army Corps of Engineers. 
 
“Effects from elevated levels of turbidity and suspended sediment normally associated 
with suction dredging as regulated in the past in California appear to be less than 
significant with regard to impacts to fish and other river resources because of the level 
of turbidity created and the short distance downstream of a suction dredge where 
turbidity levels return to normal” (CDFG, 1997). 
 
Furthermore, individuals that have not, in fact, operated suction dredges may not realize 
that it is a self-limiting operation. The dredge operator must be able to see his work area 
to operate safely and manage the intake of the dredge nozzle. If high levels of turbidity 



were to flood the dredger’s work area and render him “blind” he would have to move 
the operation to another location. 
 
INCREASING WATER TEMPERATURE 
 
Responsible suction dredge miners do not dredge stream banks (it is illegal).  Dredging 
occurs only in the wetted perimeter of the stream. Therefore, it is unlikely suction 
dredging will cause a loss of cover adjacent to the stream. 
 
Solar radiation is the single most important energy source for the heating of streams 
during daytime conditions. The loss or removal of riparian vegetation can increase solar 
radiation input to a stream increasing stream temperature. Suction dredge operations are 
confined to the existing stream channel and do not affect riparian vegetation or stream 
shade (SNF, 2001). 
 
Suction dredging could alter pool dimensions through excavation, deposition of tailings, 
or by triggering adjustments in channel morphology. Excavating pools could 
substantially increase their depth and increase cool groundwater inflow. This could 
reduce pool temperature. If pools were excavated to a depth greater than three feet, 
salmonid pool habitat could be improved. In addition, if excavated pools reduce pool 
temperatures, they could provide important coldwater habitats for salmonids living in 
streams with elevated temperatures (SNF, 2001). 
 
Dredge mining had little, if any, impact on water temperature (Hassler, T.J., W.L. Somer 
and G.R. Stern, 1986). In addition, the Oregon Siskiyou Dredge Study states, “There is 
no evidence that suction dredging affects stream temperature” (SNF, 2001). 
 
Increases in sediment loading to a stream can result in the stream aggrading causing the 
width of the stream to increase. This width increase can increase the surface area of the 
water resulting in higher solar radiation absorption and increased stream temperatures. 
Suction dredge operations are again confined to the existing stream channel and do 
not affect stream width (SNF, 2001). 
 
Stream temperature can also increase from increasing the stream’s width to depth ratio. 
The suction dredge operation creates piles in the stream channel as the miner digs down 
into the streambed. The stream flow may split and flow around the pile decreasing or 
increasing the wetted surface for a few feet. However, within the stream reach that the 
miner is working in, the change is so minor that the overall wetted surface area can be 
assumed to be the same so the total solar radiation absorption remains unchanged. 
Suction Dredging results in no measurable increase in stream temperature (SNF, 
2001). 
 
“Small streams with low flows may be significantly affected by suction dredging, 
particularly when dredged by larger dredges (Larger than 6 inches) (Stern, 1988). 
However, the California Department of Fish and Game concluded, “current regulations 
restrict the maximum nozzle size to 6 inches on most rivers and streams which, in 



conjunction with riparian habitat protective measures, results in a less than significant 
impact to channel morphology” (CDFG, 1997). 
 
WATER CHEMISTRY 
 
Concern has been raised that small-scale dredge operations may increase the metal load 
of the surface waters.  Whereas dredge operations do re-suspend the bottom sediment, the 
magnitude of this disturbance on stream metal loading was unknown.  It was unknown 
what affect the dredge operations may have on the transport and redistribution of 
metals—some of which (for example, arsenic, copper, and zinc) have environmental 
importance.   
 
The U.S. Geological Survey and the Alaska Department of Natural Resources cooperated 
in a project, on Fortymile River, to provide scientific data to address these questions.  
This river is designated a Wild and Scenic Corridor by the Alaska National Interest Lands 
Conservation Act. Current users of the river include placer mine operators, as well as 
boaters and rafters.  Along the North Fork Fortymile River, and just below its confluence 
with the South Fork, mining is limited to a few small suction dredges which, combined, 
produce as much as a few hundred ounces of gold per year. In this area, some potential 
environmental concerns have been raised associated with the mining activities, including 
increased turbidity of the river water; adverse impact on the overall chemical quality of 
the river water; and potential additions of specific toxic elements, such as arsenic, to the 
river during mining operations.  
 
Field measurements were made for pH, turbidity, electrical conductivity (a measure of 
the total dissolved concentrations of mineral salts), and stream discharge for the 
Fortymile River and many of its tributaries. Samples were collected at the same time for 
chemical analyses, including trace-metal analyses 
 
Water-quality samples were collected at three points 200 feet behind each of the two 
operating suction dredges. One sample was collected on either side of the plume, and one 
in the center of the plume. The samples were passed through a filter with a nominal pore 
size of 0.45 micrometers and acidified to a pH less than about 2. Results are shown in the 
following table. Samples 1A, 1C, 2A, and 2C are from either side of the plume behind 
dredges 1 and 2, respectively. Samples 1B and 2B are from the center of each plume. All 
concentrations given are in micrograms per liter, except pH, which is expressed in 
standard units. 
 
The data show similar water-quality values for samples collected within and on either 
side of the dredge plumes. Further, the values shown in the table are roughly equal to or 
lower than the regional average concentrations for each dissolved metal, based on the 
analyses of 25 samples collected throughout the area. Therefore, suction dredging 
appears to have no measurable effect on the chemistry of the Fortymile River within 
this study area. We have observed greater variations in the natural stream chemistry in 
the region than in the dredge areas (Wanty, R.B., B. Wang, and J. Vohden. 1997). 
 



 
  Side 

1 
Dredge 

1 
Side 

2 
 Side 

1 
Dredge 

2 
Side 

2 
  1A 1B 1C  2A 2B 2C 
pH   7.7 7.6 7.8 7.0 7.5  7.5 
Arsenic   0.3 0.3 0.3 0.3 0.3 0.3  
Iron   110. 110. 110. 100 97  100  
Chromium   2 2 3 3   3  3
Cadmium  all less than 

0.02 
micrograms 
per liter         

 

Cobalt   0.07 0.07 0.06  0.06 0.05  0.05  
Zinc   0.8 0.6 0.8 1.0 1.0  1.0  
Lead  all less than 

0.05 
micrograms 
per liter         

       

 
 
 

A final report from an EPA contract for analysis of the effects on mining in the Fortymile 
River, Alaska stated, “This report describes the results of our research during 1997 and 
1998 into the effects of commercial suction dredging on the water quality, habitat, and 
biota of the Fortymile River….  The focus of our work on the Fortymile in 1997 was on 
an 8-inch suction dredge (Site 1), located on the mainstem…  At Site 1, dredge operation 
had no discernable effect on alkalinity, hardness, or specific conductance of water in the 
Fortymile. Of the factors we measured, the primary effects of suction dredging on water 
chemistry of the Fortymile River were increased turbidity, total filterable solids, and 
copper and zinc concentrations downstream of the dredge. These variables returned to 
upstream levels within 80-160 m downstream of the dredge. The results from this 
sampling revealed a relatively intense, but localized, decline in water clarity during the 
time the dredge was operating” (Prussian, A.M., T.V. Royer and G.W. Minshall, 1999).  
 
“The data collected for this study help establish regional background geochemical values 
for the waters in the Fortymile River system. As seen in the chemical and turbidity data 
any variations in water quality due to the suction dredging activity fall within the 
natural variations in water quality” (Prussian, A.M., T.V. Royer and G.W. Minshall, 
1999). 
 
REMOVAL OF MERCURY FROM THE ENVIRONMENT 
 
Looking for gold in California streams and rivers is a recreational activity for thousands 
of state residents.  As these miners remove sediments, sands, and gravel from streams and 
former mine sites to separate out the gold, they are also removing mercury.  This mercury 



is the remnant of millions of pounds of pure mercury that was added to sluice boxes used 
by historic mining operations between 1850 and 1890.  Modern day small-scale gold 
suction dredgers do not use mercury to recover gold during the operation of the dredge.  
Therefore, any gold that would be found in their possession would be that which was 
extracted from the stream or river they are working.   
 
Taking mercury out of streams benefits the environment.  Efforts to collect mercury from 
recreational gold miners in the past, however, have been stymied due to perceived 
regulatory barriers. Disposal of mercury is normally subject to all regulations applicable 
to hazardous waste. 
 
In 2000, EPA and California's Division of Toxic Substance Control worked in concert 
with other State and local agencies to find the regulatory flexibility needed to collect 
mercury in a simple and effective manner.  In August and September, 2000 the first 
mercury "milk runs" collected 230 pounds of mercury.  A Nevada County household 
waste collection event held in September 2000 collected about 10 pounds of mercury. 
The total amount of mercury collected was equivalent to the mercury load in 47 years 
worth of wastewater discharge from the city of Sacramento's sewage treatment plant or 
the mercury in a million mercury thermometers. This successful pilot program 
demonstrates how recreational gold miners and government agencies can work together 
to protect the environment (US EPA, 2001). 
 
Mercury occurs in several different geochemical forms, including elemental mercury, 
ionic (or oxidized) mercury, and a suite of organic forms, the most important of which is 
methylmercury.  Methylmercury is the form most readily incorporated into biological 
tissues and is most toxic to humans.  The process of mercury removal by suction 
dredging does not contaminate the environment because small-scale suction dredging 
removes elemental mercury.  Removal of elemental mercury before it can be converted, 
by bacteria, to methylmercury is a very important component of environmental and 
human health protection provided as a secondary benefit of suction dredging.. 
 
THE REAL ISSUE 
 
The issue of localized conflict with suction dredgers and other outdoor recreational 
activities can be put into a more reasonable perspective using the data provided at the 
beginning of this report.  For example, the total acreage of all analyzed claims related to 
the total acres of watershed is about 0.2 percent. The percentage of land area within 
riparian zones on the Siskiyou National Forest occupied by mining claims is estimated to 
be only 0.1 percent.” The report goes on to say, “Over the past 10 years, approximately 
200 suction dredge operators per season operate on the Siskiyou National Forest (SNF, 
2001).  
 
The issue against suction dredge operations in the streams of the United States appears to 
be less an issue of environmental protection and more of an issue of certain organized 
individuals and groups being unwilling to share the outdoors with others without like 
interests. 



 
Management of the Fortymile River region (a beautiful, wild and scenic river in the 
remote part of east-central Alaska) and its resources is complex due to the many diverse 
land-use options. Small-scale, family-owned gold mining has been active on the 
Fortymile since the "gold rush" days of the late 1880's. However, in 1980, the Fortymile 
River and many of its tributaries received Wild and Scenic River status. Because of this 
status, mining along the river must compete with recreational usage such as rafting, 
canoeing, and fishing.  
 
A press release from the U. S. Geological Survey stated, in part, the following, “The 
water quality of the Fortymile River-a beautiful, …has not been adversely impacted by 
gold placer mining operations according to an integrated study underway by the U.S. 
Geological Survey and the Alaska Department of Natural Resources.      
 
Violation of mining discharge regulations would close down the small-scale mining 
operations. No data existed before this study to establish if the mining was degrading the 
water quality. However, even with the absence of data, environmental groups were 
active to close down mining on the river citing unsubstantiated possible discharge 
violations.      
 
This study has found no violations to date to substantiate closure of the small-scale 
mining operations. The result is a continuance of a way of life on the last American 
frontier.”  (U.S. Geological Survey October 27, 1998).  I have no doubt that this is the 
real issue currently facing small-scale gold suction dredgers in California. 
 
Suction dredges do not add pollution to the aquatic environment. They merely re -
suspend and re-locate the bottom materials (overburden) within the river or stream. 
 
I hope this scientific research information I have provided will be helpful in your efforts 
regarding suction dredge mining and water quality.  I thank you for this opportunity to 
submit this data. 

 
Respectfully Yours, 
 
Joseph C. Greene 
Research Biologist, U.S. EPA Retired 
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The Honorable Governor Arnold Schwarzenegger 
State Capitol Building 
Sacramento, CA 95814 
Fax: 916-558-3160 
 
Dear Governor Schwarzenegger, 
 
PLEASE VETO BILL SB670 (anti-suction dredging legislation) 
 
My name is Claudia Wise; I retired in 2006 after 32 years of civil service with the 
U.S.EPA as a physical scientist/chemist.  I have been a member of many scientific 
projects over the years starting my federal career in the Fish Toxicology arena and ending 
it with the Salmon Restoration division.  I have worked on projects ranging from urban 
fish populations and fish avoidance testing to eelgrass habitat and global climate change.  
I have been and remain to be a strong proponent of protecting the environment. 
 
On October 11, 2007 in regards to AB 1032 I wrote to you regarding another attempt by 
the legislature to get around a court order and unnecessarily put a large group of miners 
and businesses out of work with no scientific evidence to support their claims.   
 
Dozens of peer-reviewed journal articles some commissioned by the USEPA, USGS, 
CDFG, Corp of Engineers, and many more from universities support suction dredging as 
having de minimis effects or no significant effect on the environment they are used in.  
Nothing has changed in peer-reviewed literature since that time to change this fact. 
 
Suction dredge mining has little impact on the areas fish and biota.  In relation to natural 
occurrences suction dredge mining is insignificant.  To put the impact of suction dredge 
mining into perspective it was calculated that suction dredge mining disturbs only 0.7% 
of the sediment that is moved naturally in a year.  The Siskiyou National Forest (SNF), 
where this study occurred, is a very prominent mining area in California.  
 
According to the U. S. Forest Service, SNF, "There are 1,092,302 acres on the Siskiyou 
Natural Forest. Using a factor of 0.33 cubic yards per acre per year times 1,092,302 acres 
will produce a very conservative estimate that 331,000 cubic yards of material move each 
year from natural causes compared to the 2413 cubic yards that was moved by suction 
dredge mining operations in 1995. This would be a movement rate by suction dredge 
mining that equals about 0.7% of natural rates." (Cooley 1995). 
 
California Department of Fish and Game already regulates the miners out of the 
waterways during important life events for the Salmon.  That includes during spawning 
season when redds are present.   
 
It is well known that suction dredging causes little or no environmental harm to fish and 
biota what many overlook are the many benefits that dredging provides such as increased 
spawning gravels, dredge made refugia, and yes, mercury remediation to name a few.   
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Suction dredging breaks up cemented riverbeds providing fish with loose gravel for 
future spawning grounds in areas fish presently are not able to use for spawning.  
Between 1996 and 1998, Quihillalt (1999) found 4% of redds where located on or within 
1000 m of dredge tailings.  He theorized that dredge tailings may be attractive sites for 
redd construction because tailings are often located near riffle crests where fish 
frequently spawn, and they provide loose, appropriately sized substrate. However, 
embryos in tailings may suffer high mortality during years of high river flows (1998) and 
be of no concern during years of low river flows (1996 & 1997).   
 
During a later survey on the Klamath River during 2002 only one redd was observed on 
suction dredge tailings. Recreational suction dredge mining was present throughout the 
survey from the Highway I-5 Bridge to Happy Camp (Schuyler and Magneson. 2006). 
 
Even with scouring effects to redds reported in scientific literature this gravel provides 
areas to spawn that would not otherwise be available to them.  Any added benefit to 
increasing salmon productivity, using suction dredging, is a benefit to fish numbers.  
Even during years of high mortality due to high flow events if only a few of the embryos 
survive that may be more than would be expected without the benefit of added spawning 
gravels provide by the tailings. 
 
I have been involved in temperature surveys on the Klamath River in California in 
regards to suction dredge activity and existing conditions of refugia.  We have found 
natural refugia to be no better in many cases to that of dredge made refugia.   
 
Dredge holes can provide a holding place for fish as they pass up the waterway on their 
migration path to and from the ocean providing a place to get out of the faster currents to 
rest.  Some of these dredge holes may also be cooler due to ground water seepage if the 
holes are deep enough.  This leads to development of additional areas of needed refugia. 
 
Another Benefit the suction dredge community could provide the state with is mercury 
remediation.  In talking with miners, the majority typically do not run into large pools or 
hot spots of mercury.  However, their concerned for the environment is the same as other 
citizens.  Miners have shown the willingness to hand over collected mercury to a 
collection facility if such a facility exists. The California State Water Board’s Water 
Quality Division report (Humphreys, 2005) suggested the idea of paying the miner’s for 
their efforts would help facilitate this plan.  Collection facilities have been provided in 
the past with great response.  
 
The California Water Board has spent a lot of time and money on mercury remediation 
projects with limited success, though in 2001 EPA Region 9 located in San Francisco, 
California did collect mercury from miners very effectively.  Collections of mercury has 
been happening in Oregon and Washington through the states respective Division’s of 
Ecology and with even greater success at miner’s rallies.  
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Even though EPA Region 9 has ended this program and removed it's existence from the 
website EPA, Region 9 had a mercury "milk run" in 2000.  Agency personnel were able 
to collect 230 pounds of mercury from miners and local dentists.  The total amount of 
mercury collected was equivalent to the mercury load in 47 years worth of wastewater 
discharge from the city of Sacramento's sewage treatment plant or the mercury in a 
million mercury thermometers. (US EPA, 2001.)   
 
Over the past four years, the Resources Coalition and other small-scale miners 
associations in Washington have turned in 127 pounds of mercury and eight pounds of 
lead for safe disposal with the help from the Washington Department of Ecology.  
Ecology staff attended miners' rallies in Oroville and Monroe, explaining the state's 
program for proper disposal of lead and mercury. (ENS 2007). 
 
The mining community of today is, in my opinion, the only group that is in a position 
with the technology to help with the removal of lead and mercury at a very economical 
price to the public.  Any residual mercury remaining after dredging is that much less to 
worry about residing in our Nations waterways. 
 
In reviewing Humphrey's (2005) comments regarding possible problems associated with 
collecting mercury via suction dredging methods, it is right to look to the suction dredge 
community for help locating hotspots and removing mercury from the river systems.  In 
my opinion the data provided in the report by Humphrey's (2005) did not demonstrate 
any clear conclusions that would prohibit the State from allowing this activity.  On the 
contrary, in the discussion of results it was stated that a suction dredge in the American 
River was able to collect 98 percent of the measured mercury processed through the 
dredge.  The amount of mercury collected may have been higher if the investigators had 
been using a dredge with the modern jet flare design. Even 98 percent is a huge plus for 
the environment and it would be irresponsible to not allow mercury to be removed from 
the rivers and streams whenever it is found. 
 
In Humphreys report (2005), the author expressed concern for the loss of a small portion 
(2%) of the mercury from the back end of the sluice box.  In the conclusions it was stated 
that the amount lost constituted a concentration more than ten times higher than that 
needed to classify it as hazardous waste.  Yet 98 percent of the mercury was now secured 
and the process did not add any mercury to the system that was not already present.  The 
small fraction lost, because of its density, would relocate back onto the river floor buried 
in the sediment close to where it was removed while dredging.  
  
Mercury is continuously moved every winter in high storm events.  Since the cessation of 
hydraulic mining, accumulated sediment from hydraulic placer mining has been 
transported to the Sacramento–San Joaquin Delta and San Francisco Bay by sustained 
remobilization (James, 1991).  Providing a program to collect mercury from miners 
would aid the Water Board’s mission of reducing mercury contamination in the deltas 
and bays where mercury methylation is a large concern. 
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In the test described by Humphreys (2005) a small portion of floured mercury was 
collected in the sediments as it escaped the sluice box.  This mercury whether floured 
before it entered the sluice box, or not, would still be in elemental form.  Regardless of 
surface area it would be no more toxic then the other 98 percent that was suggested to be 
left in place.   
 
Aside from grossly polluted environments, mercury is normally a problem only where the 
rate of natural formation of methyl mercury from inorganic mercury is greater than the 
reverse reaction. Methyl mercury is the only form of mercury that accumulates 
appreciably in macroinvertebrates and fish. Environments that are known to favor the 
production of methyl mercury include certain types of wetlands, dilute low-pH lakes in 
the Northeast and North central United States, parts of the Florida Everglades, newly 
flooded reservoirs, and coastal wetlands, particularly along the Gulf of Mexico, Atlantic 
Ocean, and San Francisco Bay (USGS 2000).   
 
If not collected the mercury is guaranteed to end up farther down stream, and eventually 
in the delta or the bay, where methylation is a real environmental problem. In my opinion 
it would be a highly irresponsible management practice to leave a large portion of 
mercury in the rivers and streams because of unrealistic concerns for the lesser amount 
moving only a short distance away from an operating dredge.  Most likely if floured the 
movement of fine mercury would extend no farther than 50-feet off the end of the sluice 
box.  That would relate to the distance a turbidity plume might extend downstream from a 
small-scale suction dredge.   
 
However, if the mercury was left in place the next storm event would surely move it 
downstream closer to, and eventually into, the bay and delta. In fact, according to 
Humphrey's study in 2005 mercury was seen moving down stream and re-deposited on 
bedrock already dredge cleaned.  The important fact here is mercury was flowing down 
stream in a suction dredge free zone during lower river flows than what take place under 
high winter river conditions.  
 
It is most important to reduce the total amount of mercury in the streams and rivers and 
its transport downstream into the bays and deltas.  This is defined as a part of Total 
Maximum Daily Load (“TMDL”) goals. 
   
We know for certain that mercury is transported downstream throughout the winter 
season during high water events. Therefore, anytime there is the possibility for the 
removal of mercury by miners it should be undertaken and supported. 
 
You justifiably vetoed that last bill because it was unnecessary and suction dredge mining 
is already regulated by the Department of Fish and Game.  But here we are again….  
 
There was no reason, last year, to sign AB1032 into law and there is no reason to sign 
Bill 670 into law this year.  I respectfully ask that you not add further to the problems 
related to increased government regulation where none is warranted.  Please allow 
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California Fish and Game to do their job.  They are already regulating suction dredging 
adequately to protect fish. The court has ordered California Department of Fish and 
Game to prove suction dredging creates significant harm before changing the mining 
regulations.   

I respectfully ask that you VETO bill 670.   

Sincerely, 

 
 
Claudia Wise 
34519 Riverside Dr SW 
Albany, Oregon 97321 
541-990-7009 
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The Honorable Governor Arnold Schwarzenegger 
State Capitol Building 
Sacramento, CA 95814 
Fax: 916-558-3160 
 
Dear Governor Schwarzenegger, 
 
PLEASE VETO BILL SB670 (anti-suction dredging legislation) 
 
My name is Claudia Wise; I retired in 2006 after 32 years of civil service with the 
U.S.EPA as a physical scientist/chemist.  I have been a member of many scientific 
projects over the years starting my federal career in the Fish Toxicology arena and ending 
it with the Salmon Restoration division.  I have worked on projects ranging from urban 
fish populations and fish avoidance testing to eelgrass habitat and global climate change.  
I have been and remain to be a strong proponent of protecting the environment. 
 
On October 11, 2007 in regards to AB 1032 I wrote to you regarding another attempt by 
the legislature to get around a court order and unnecessarily put a large group of miners 
and businesses out of work with no scientific evidence to support their claims.   
 
Dozens of peer-reviewed journal articles some commissioned by the USEPA, USGS, 
CDFG, Corp of Engineers, and many more from universities support suction dredging as 
having de minimis effects or no significant effect on the environment they are used in.  
Nothing has changed in peer-reviewed literature since that time to change this fact. 
 
Suction dredge mining has little impact on the areas fish and biota.  In relation to natural 
occurrences suction dredge mining is insignificant.  To put the impact of suction dredge 
mining into perspective it was calculated that suction dredge mining disturbs only 0.7% 
of the sediment that is moved naturally in a year.  The Siskiyou National Forest (SNF), 
where this study occurred, is a very prominent mining area in California.  
 
According to the U. S. Forest Service, SNF, "There are 1,092,302 acres on the Siskiyou 
Natural Forest. Using a factor of 0.33 cubic yards per acre per year times 1,092,302 acres 
will produce a very conservative estimate that 331,000 cubic yards of material move each 
year from natural causes compared to the 2413 cubic yards that was moved by suction 
dredge mining operations in 1995. This would be a movement rate by suction dredge 
mining that equals about 0.7% of natural rates." (Cooley 1995). 
 
California Department of Fish and Game already regulates the miners out of the 
waterways during important life events for the Salmon.  That includes during spawning 
season when redds are present.   
 
It is well known that suction dredging causes little or no environmental harm to fish and 
biota what many overlook are the many benefits that dredging provides such as increased 
spawning gravels, dredge made refugia, and yes, mercury remediation to name a few.   
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Suction dredging breaks up cemented riverbeds providing fish with loose gravel for 
future spawning grounds in areas fish presently are not able to use for spawning.  
Between 1996 and 1998, Quihillalt (1999) found 4% of redds where located on or within 
1000 m of dredge tailings.  He theorized that dredge tailings may be attractive sites for 
redd construction because tailings are often located near riffle crests where fish 
frequently spawn, and they provide loose, appropriately sized substrate. However, 
embryos in tailings may suffer high mortality during years of high river flows (1998) and 
be of no concern during years of low river flows (1996 & 1997).   
 
During a later survey on the Klamath River during 2002 only one redd was observed on 
suction dredge tailings. Recreational suction dredge mining was present throughout the 
survey from the Highway I-5 Bridge to Happy Camp (Schuyler and Magneson. 2006). 
 
Even with scouring effects to redds reported in scientific literature this gravel provides 
areas to spawn that would not otherwise be available to them.  Any added benefit to 
increasing salmon productivity, using suction dredging, is a benefit to fish numbers.  
Even during years of high mortality due to high flow events if only a few of the embryos 
survive that may be more than would be expected without the benefit of added spawning 
gravels provide by the tailings. 
 
I have been involved in temperature surveys on the Klamath River in California in 
regards to suction dredge activity and existing conditions of refugia.  We have found 
natural refugia to be no better in many cases to that of dredge made refugia.   
 
Dredge holes can provide a holding place for fish as they pass up the waterway on their 
migration path to and from the ocean providing a place to get out of the faster currents to 
rest.  Some of these dredge holes may also be cooler due to ground water seepage if the 
holes are deep enough.  This leads to development of additional areas of needed refugia. 
 
Another Benefit the suction dredge community could provide the state with is mercury 
remediation.  In talking with miners, the majority typically do not run into large pools or 
hot spots of mercury.  However, their concerned for the environment is the same as other 
citizens.  Miners have shown the willingness to hand over collected mercury to a 
collection facility if such a facility exists. The California State Water Board’s Water 
Quality Division report (Humphreys, 2005) suggested the idea of paying the miner’s for 
their efforts would help facilitate this plan.  Collection facilities have been provided in 
the past with great response.  
 
The California Water Board has spent a lot of time and money on mercury remediation 
projects with limited success, though in 2001 EPA Region 9 located in San Francisco, 
California did collect mercury from miners very effectively.  Collections of mercury has 
been happening in Oregon and Washington through the states respective Division’s of 
Ecology and with even greater success at miner’s rallies.  
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Even though EPA Region 9 has ended this program and removed it's existence from the 
website EPA, Region 9 had a mercury "milk run" in 2000.  Agency personnel were able 
to collect 230 pounds of mercury from miners and local dentists.  The total amount of 
mercury collected was equivalent to the mercury load in 47 years worth of wastewater 
discharge from the city of Sacramento's sewage treatment plant or the mercury in a 
million mercury thermometers. (US EPA, 2001.)   
 
Over the past four years, the Resources Coalition and other small-scale miners 
associations in Washington have turned in 127 pounds of mercury and eight pounds of 
lead for safe disposal with the help from the Washington Department of Ecology.  
Ecology staff attended miners' rallies in Oroville and Monroe, explaining the state's 
program for proper disposal of lead and mercury. (ENS 2007). 
 
The mining community of today is, in my opinion, the only group that is in a position 
with the technology to help with the removal of lead and mercury at a very economical 
price to the public.  Any residual mercury remaining after dredging is that much less to 
worry about residing in our Nations waterways. 
 
In reviewing Humphrey's (2005) comments regarding possible problems associated with 
collecting mercury via suction dredging methods, it is right to look to the suction dredge 
community for help locating hotspots and removing mercury from the river systems.  In 
my opinion the data provided in the report by Humphrey's (2005) did not demonstrate 
any clear conclusions that would prohibit the State from allowing this activity.  On the 
contrary, in the discussion of results it was stated that a suction dredge in the American 
River was able to collect 98 percent of the measured mercury processed through the 
dredge.  The amount of mercury collected may have been higher if the investigators had 
been using a dredge with the modern jet flare design. Even 98 percent is a huge plus for 
the environment and it would be irresponsible to not allow mercury to be removed from 
the rivers and streams whenever it is found. 
 
In Humphreys report (2005), the author expressed concern for the loss of a small portion 
(2%) of the mercury from the back end of the sluice box.  In the conclusions it was stated 
that the amount lost constituted a concentration more than ten times higher than that 
needed to classify it as hazardous waste.  Yet 98 percent of the mercury was now secured 
and the process did not add any mercury to the system that was not already present.  The 
small fraction lost, because of its density, would relocate back onto the river floor buried 
in the sediment close to where it was removed while dredging.  
  
Mercury is continuously moved every winter in high storm events.  Since the cessation of 
hydraulic mining, accumulated sediment from hydraulic placer mining has been 
transported to the Sacramento–San Joaquin Delta and San Francisco Bay by sustained 
remobilization (James, 1991).  Providing a program to collect mercury from miners 
would aid the Water Board’s mission of reducing mercury contamination in the deltas 
and bays where mercury methylation is a large concern. 
 



 4

In the test described by Humphreys (2005) a small portion of floured mercury was 
collected in the sediments as it escaped the sluice box.  This mercury whether floured 
before it entered the sluice box, or not, would still be in elemental form.  Regardless of 
surface area it would be no more toxic then the other 98 percent that was suggested to be 
left in place.   
 
Aside from grossly polluted environments, mercury is normally a problem only where the 
rate of natural formation of methyl mercury from inorganic mercury is greater than the 
reverse reaction. Methyl mercury is the only form of mercury that accumulates 
appreciably in macroinvertebrates and fish. Environments that are known to favor the 
production of methyl mercury include certain types of wetlands, dilute low-pH lakes in 
the Northeast and North central United States, parts of the Florida Everglades, newly 
flooded reservoirs, and coastal wetlands, particularly along the Gulf of Mexico, Atlantic 
Ocean, and San Francisco Bay (USGS 2000).   
 
If not collected the mercury is guaranteed to end up farther down stream, and eventually 
in the delta or the bay, where methylation is a real environmental problem. In my opinion 
it would be a highly irresponsible management practice to leave a large portion of 
mercury in the rivers and streams because of unrealistic concerns for the lesser amount 
moving only a short distance away from an operating dredge.  Most likely if floured the 
movement of fine mercury would extend no farther than 50-feet off the end of the sluice 
box.  That would relate to the distance a turbidity plume might extend downstream from a 
small-scale suction dredge.   
 
However, if the mercury was left in place the next storm event would surely move it 
downstream closer to, and eventually into, the bay and delta. In fact, according to 
Humphrey's study in 2005 mercury was seen moving down stream and re-deposited on 
bedrock already dredge cleaned.  The important fact here is mercury was flowing down 
stream in a suction dredge free zone during lower river flows than what take place under 
high winter river conditions.  
 
It is most important to reduce the total amount of mercury in the streams and rivers and 
its transport downstream into the bays and deltas.  This is defined as a part of Total 
Maximum Daily Load (“TMDL”) goals. 
   
We know for certain that mercury is transported downstream throughout the winter 
season during high water events. Therefore, anytime there is the possibility for the 
removal of mercury by miners it should be undertaken and supported. 
 
You justifiably vetoed that last bill because it was unnecessary and suction dredge mining 
is already regulated by the Department of Fish and Game.  But here we are again….  
 
There was no reason, last year, to sign AB1032 into law and there is no reason to sign 
Bill 670 into law this year.  I respectfully ask that you not add further to the problems 
related to increased government regulation where none is warranted.  Please allow 
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California Fish and Game to do their job.  They are already regulating suction dredging 
adequately to protect fish. The court has ordered California Department of Fish and 
Game to prove suction dredging creates significant harm before changing the mining 
regulations.   

I respectfully ask that you VETO bill 670.   

Sincerely, 

 
 
Claudia Wise 
34519 Riverside Dr SW 
Albany, Oregon 97321 
541-990-7009 
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The Economic Impact of Suction Dredging in California
It Starts With the Statistical Analysis Completed by the State of California

An Environmental Impact Report on suction gold dredging was completed by the State of California in 1994. As part 
of this process, the State sent out two survey questionnaires. The first questionnaire was sent to over 4,000 individuals. 
Nearly 2,000 were returned completed. The surveys covered dredge locations, annual spending activity, amount invested 
in dredging equipment, nozzle size and related questions. The second survey was sent to county Boards of Supervisors, 
Chambers of Commerce and mining businesses to determine the importance of suction gold dredging on local economies. 
A sample of 1,257 of the individual surveys was used by the State to complete a statistical analysis.

The State of California determined, “Suction dredging is an activity that requires a substantial investment.” 
According to the State, each dredger spent approximately $6,250 each on expenses which included groceries, restau-

rants, motels, camp fees and other living expenses. In addition, they reported spending about $3,000 each on gas, oil, 
equipment maintenance and repairs to suction dredge equipment.

The surveys also found that each person permit holder spent an additional $6,000 to purchase a suction dredge and 
related equipment. 

It Includes the Number of Suction Dredge Permits
According to the California Department of Fish & Game, 3,523 permits (2,966 resident and 557 non-resident) were 

issued in 2008. The State of California collected $126,055 in resident permit fees, and $93,158 in non-resident fees in 
2008, for a total of $219,213.

Adjusted for Inflation
Using the CPI to adjust for inflation, suction dredge miners spent approximately $8,967 each on expenses including 

groceries, restaurants, camp fees and other living expenses in 2008; and $4,304 each on gas, oil, equipment maintenance 
and repairs to suction dredge equipment in 2008. These two expense categories combined amount to $13,271 for each 
permit holder. 

Using the CPI to adjust for inflation, each permit holder spends approximately $8,608 on a suction dredge and related 
equipment.

Property Tax Collected
The County Assessors official assessment of mining claims in 6 of the 58 counties is $170,108,821. Mining claim prop-

erty taxes collected in these counties in 2008 was $1,701,088. 
Property tax revenue generated from mining claims was not included in the State’s statistical analysis completed in 

1994, though it is a matter of fact and is included in our economic impact report.
Known Economic Impacts

• A total of 3,523 suction dredge permit holders spent approximately $8,967 on expenses including groceries, restau-
rants, camp fees and other living expenses in 2008, for a total of $31,590,741. 

• A total of 3,523 suction dredge permit holders spent approximately $4,304 on gas, oil, equipment maintenance and 
repairs in 2008, for a total of $15,162,992.

• A total of 3,523 suction dredge permit holders spend approximately $8,608 on a suction dredge and related equipment 
every four years for a total of $7,581,496 per year.

• Six out of 58 California counties collected $1,701,088 in property taxes.
• The State of California collected $219,213 in dredge permit fees.
The known expenditures by suction dredge permit holders in 2008 amounted to approximately $56,255,530.

Additional Economic Impacts
• Gold averaged $871.86 per troy ounce in 2008. Just three troy ounces recovered per dredger in 2008 added $9.21 

million to the economy. 
• Commercial retail rents for manufacturers of suction dredges, such as Keene Engineering, and suppliers and retailers 

of mining equipment should be added.
• Payroll and property taxes for the above business sectors should be added.
• Suction dredging is regularly conducted by more than just the license holder, but in this report only the permit holder’s 

contributions are included. 
• Three of the largest small-scale mining associations are located in California, with a combined membership of over 

30,000 paying members and should be added.
• The two largest trade magazines marketed toward small-scale mining are located in California, with a combined 

circulation of 65,000 and should be added.
• Professional service providers; including geologists, refiners, assayers and mining lawyers should be added.
• Recreational vehicles; including RV’s, 4x4’s, trailers, all-terrain vehicles and motorcycles should be added.

Conclusion
The 1994 Environmental Impact Report, along with additional information provided here, proves without a doubt that 

suction dredge miners contribute significant wealth to the economy of California. 
These conservative figures demonstrate the economic impact of suction dredging at $65,465,530 million in 2008. The 

Additional Economic Impacts cited above obviously increase the total well above the $60 million assertion.
(The report was authored by Rachel Dunn of Gold Pan California, Pat Keene of Keene Engineering, and Scott Harn 

of ICMJ’s Prospecting and Mining Journal, with the assistance of over 100 additional businesses and individuals who 
provided supporting documentation.)













































	
  

	
  

November	
  20,	
  2009	
  
	
  
Mark	
  Stopher	
  
California	
  Department	
  of	
  Fish	
  and	
  Game	
  
601	
  Locust	
  Street	
  
Redding,	
  CA	
  96001	
  
	
  
RE:	
  Suction	
  Dredge	
  SEIR	
  Meeting	
  in	
  Klamath	
  River	
  Region	
  &	
  Extension	
  of	
  NOP	
  Comment	
  Period	
  
	
  
	
   We	
  are	
  writing	
  to	
  respectfully	
  request	
  that	
  the	
  California	
  Department	
  of	
  Fish	
  and	
  Game	
  
hold	
  a	
  public	
  meeting	
  on	
  the	
  Notice	
  of	
  Preparation	
  for	
  the	
  suction	
  dredge	
  Subsequent	
  EIR	
  in	
  the	
  
Klamath	
  River	
  region.	
  While	
  we	
  understand	
  that	
  the	
  Department	
  is	
  obligated	
  to	
  hold	
  only	
  one	
  
such	
  meeting	
  and	
  that	
  three	
  meetings	
  have	
  been	
  held,	
  it	
  is	
  a	
  glaring	
  oversight	
  for	
  a	
  meeting	
  to	
  not	
  
be	
  held	
  on	
  the	
  Klamath.	
  
	
  
	
   As	
  you	
  know,	
  the	
  legal	
  decisions	
  that	
  precipitated	
  the	
  development	
  of	
  the	
  SEIR	
  arose	
  from	
  
suction	
  dredge	
  activities	
  in	
  the	
  Klamath	
  watershed.	
  Perhaps	
  more	
  than	
  anywhere	
  else	
  in	
  the	
  state,	
  
the	
  current	
  suction	
  dredging	
  issue	
  and	
  debate	
  has	
  originated	
  on	
  the	
  Klamath	
  River.	
  We	
  believe	
  
that	
  this	
  fact	
  alone	
  justifies	
  the	
  addition	
  of	
  a	
  public	
  meeting	
  in	
  this	
  area.	
  
	
  
	
   Further,	
  residents	
  of	
  the	
  Klamath	
  River	
  region	
  are	
  more	
  likely	
  than	
  most	
  other	
  Californians	
  
to	
  have	
  low	
  incomes	
  that	
  preclude	
  expensive	
  travel	
  to	
  a	
  faraway	
  meeting	
  in	
  Redding	
  at	
  a	
  time	
  of	
  
day	
  that	
  would	
  likely	
  require	
  an	
  overnight	
  stay.	
  For	
  example,	
  Siskiyou	
  County	
  has	
  17.7%	
  of	
  
residents	
  below	
  the	
  poverty	
  line,	
  compared	
  to	
  12.4%	
  for	
  the	
  state	
  as	
  a	
  whole.	
  Unemployment	
  
rates	
  in	
  Siskiyou	
  County	
  are	
  also	
  disproportionately	
  high.	
  As	
  such,	
  holding	
  a	
  meeting	
  only	
  so	
  close	
  
as	
  Redding	
  (a	
  3	
  hour	
  drive	
  from	
  Happy	
  Camp,	
  CA)	
  precludes	
  participation	
  by	
  a	
  segment	
  of	
  the	
  
population	
  most	
  affected	
  by	
  the	
  issues	
  under	
  consideration	
  in	
  the	
  SEIR	
  and	
  NOP.	
  The	
  
environmental	
  justice	
  provisions	
  of	
  CEQA	
  strongly	
  suggest	
  that	
  a	
  meeting	
  in	
  the	
  Klamath	
  area	
  
should	
  be	
  held.	
  We	
  suggest	
  a	
  meeting	
  in	
  Happy	
  Camp	
  or	
  Orleans.	
  
	
  
	
   Due	
  to	
  the	
  coincidence	
  of	
  the	
  NOP	
  scoping	
  period	
  with	
  two	
  federal	
  holidays	
  and	
  Election	
  
Day,	
  it	
  makes	
  common	
  sense	
  to	
  extend	
  the	
  comment	
  period	
  beyond	
  the	
  current	
  December	
  3	
  
deadline.	
  This	
  will	
  also	
  help	
  facilitate	
  the	
  addition	
  of	
  a	
  meeting	
  on	
  the	
  Klamath.	
  
	
  
	
   We	
  appreciate	
  your	
  thoughtful	
  consideration	
  and	
  response	
  to	
  these	
  requests.	
  
	
  
	
   Sincerely,	
  

	
   	
  
	
   Scott	
  Harding	
  
	
   Executive	
  Director	
  



From:  Charles Wickman <crwickman@yahoo.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 3:03 PM 
Subject:  Suction Dredge Program Comments 
Attachments: DFG Comments_12-03-09.doc 
 
Dear Mr. Stopher, 
 
We appreciate your acceptance of our comments. If you have any questions please contact either myself or Will Harling. As an organization that works 
closely with a broad cross section of Klamath River stakeholders, and invests a significant amount of time and resources monitoring Klamath River 
fisheries and implementing restoration projects on the river, we are more than happy to assist where we can. 
 
Sincerely, 
 
Charles Wickman 
 
Fisheries Program Coordinator 
Mid Klamath Watershed Council 
Orleans, CA 
(530) 627-3202  

Mid Klamath Watershed Council 
P.O. Box 409, Orleans, Ca 95556       

Tel: (530) 627-3202  
Fax: (866) 323-5561 

www.mkwc.org 
 

 

 

California Department of Fish and Game 

Attn: Mark Stopher 

Suction Dredge Program Comments 

601 Locust Street 

Redding, CA 96001 

 

Introduction 

Since 2001, the Mid Klamath Watershed Council (MKWC) has been working to restore the threatened 
Klamath River in Northern California, and the upslope habitats upon which the river depends.  

The Klamath River and its tributaries, including the Salmon and Trinity rivers, have some of the 
largest remaining wild salmon runs in the lower 48 States and hold the promise of significant 
ecological improvement through restoration programs.  
 
MKWC’s programs in the Middle Klamath subbasin include Watershed Education, Invasive Weed 
Management, Monitoring, Riparian Restoration, Fire and Fuels, Water Conservation, Roads, Fisheries, 
and Native Plants.  

http://www.mkwc.org/


We wish to thank the California Department of Fish and Game for the opportunity to submit written 
comments regarding suction dredge mining. Your request is seeking information regarding the scope 
and content of the SEIR and associated regulatory updates, including: 
 
● Potential impacts of suction dredging 
● Scope and range of alternatives 
● Types or approaches to the regulatory updates 
● Information regarding deleterious effects to fish, if any; and  
● Types of activities to be regulated under the Department’s suction dredge permit program 

 
Background 
In compliance with the court order issued in December 2006 as a result of a lawsuit brought against the 
California Department of Fish and Game by the Karuk Tribe of California (Karuk Tribe et al. v. 
California Department of Fish and Game, Superior Court of Alameda Case Number RG05211597), 
CDFG is currently preparing a subsequent environmental impact report (SEIR). As of the August 5th, 
2009 passage of Senate Bill 670 all suction dredge activity in the state of California has been halted 
until CDFG completes the further environmental review mandated under the 2006 court order. 
CDFG has already admitted additional restrictions will benefit and protect coho salmon, steelhead, 
green sturgeon and lamprey. “The Department believes suction dredge mining under the existing 
regulations in the Klamath, Scott and Salmon River watersheds is resulting in deleterious impacts on 
coho salmon (Oncorhaynchus kisutch), a species currently protected by the California Endangered 
Species Act (“CESA”) ( Fish and G. Code, § 2050 et seq.). (See Cal. Code Regs., tit. 14, § 670.5, subd. 
(b)(2)(E).) Because of this, the Department also believes its current suction dredge permitting program 
is not in compliance with California Fish and Game Code section 5653, subdivision (b), and section 
5653.9.” (Declaration of Banky E. Curtis CDFG Deputy Director of Regional Operations Case # 
05211597 10/17/06).  
 
Comment #1 

• The State’s 1994 final environmental impact report titled Adoption of Regulations for 
Suction Dredging is outdated. 

 
Reasoning 
A 1998 report by US Forest Service researchers, Dr. Bret Harvey and Dr. Tom Lisle, reviews the 
effects of suction dredging and gives an evaluation strategy.  The report recommends a careful analysis 
of watersheds where suction dredging is being permitted such as the Klamath River and its tributaries.  
The 1998 report states “We recommend that managers carefully analyze each watershed so regulations 
can be tailored to particular issues and effects” (Harvey and Lisle 1998). The report supports our 
recommendations for updated suction dredging regulations which incorporate new information.  
Considering the uncertainty surrounding dredging effects, declines in many aquatic animal 
populations, and increasing public scrutiny of management decisions, the cost of assuming that human 
activities such as dredging cause no harm deserves strong consideration by decision makers (Mapstone 
1995). Where threatened or endangered species exist, managers would be prudent to assume activities 
such as dredging are harmful unless proven otherwise (Dayton 1998). The impacts of suction dredging 
vary according to size of water body, fish species present, season of dredging, frequency and intensity 
of dredging. Cumulative impacts can result from small-scale mining in the same location for multiple 
years or from multiple mining operations occurring within an area (Washington Dept. of Fish and 
Wildlife Small Scale Mineral Prospecting White Paper Dec. 2006) 



 
Recommendations 
New information including scientific reports and studies should be incorporated into the 
Environmental Impact Report (EIR). An updated EIR should be concurrent with State and Federal 
Laws and Policies. 
 
Comment #2 

• The State does not protect State and Federal ESA listed species, and Species of Special 
Concern. 

 
Reasoning 
The risk of aquatic species becoming extinct has increased due to degraded habitat conditions. Distinct 
populations of Klamath River fish including, salmon, sturgeon and lamprey are at risk of extinction, 
while the 1994 EIR does not provide special protection for these at risk species.  
 
Protection needs of Coho salmon were elevated due to the 1997 Federal ESA and 2003 State ESA 
listing of the Northern California Southern Oregon Coho Salmon ESU (NAS Report 2003 report pg 
216). Coho Salmon were not listed as endangered or threatened under the states CESA or the federal 
ESA when the 1994 EIR was released. Other fish in the Klamath River have been petitioned to be 
listed since the 1994 EIR. They include green sturgeon, pacific lamprey and Klamath Mountain 
Province steelhead trout.   
 
Dr. Peter B. Moyle has stated. “All anadromous fishes in the Klamath basin should be considered to be 
in decline and ultimately threatened with extirpation as wild populations because of the long history of 
decline and the multiple threats to the river system. Suction dredging, through a combination of 
disturbances of resident fish, alteration of substrates, and indirect effects of heavy human uses of small 
areas, especially thermal refugia, will further contribute to the decline of the fishes.” (Declaration of 
Dr. Peter Moyle Case # 05211597 01/26/06) 
 
The State Biological Opinion (SBO) in Appendix I of the 1994 EIR describes listed fish species and 
actions taken to protect those species. Specific reasons for actions, such as dredging closures were 
given for each listed species. Winter-run Chinook salmon in the Sacramento and San Joaquin River are 
listed as a State Endangered and Federal Threatened species and thus the entire geographic range of the 
species in those rivers are closed to suction dredging. Reasons for the closure are given on page 129 
and 130 of the 1994 EIR. The same reasons for closure should apply equally to the Klamath River and 
all steams with ESA listed species.   
 
Expert briefs from British Columbia, Canada court cases provide expert testimony regarding effects of 
suction dredging (Expert Brief of F.N. Leone Canada Dept. of Fisheries and Oceans Prince George, 
British Columbia 01/14/07 and Expert Brief of L.B. Mac Donald Canada Dept. of Fisheries and 
Oceans Prince George, British Columbia 09/22/98).  The testimony states numerous direct and indirect 
effects on fish from suction dredging actions. The testimony concluded direct effects of sediment 
discharge from dredging operations can cause low fitness levels in fish making them more susceptible 
to disease. Furthermore, dredging sediments discharged can cause tissue damage to fish thereby 
increasing susceptibility to disease. In recent years fish disease levels in the Klamath River have 
reached epidemic type levels. According to U.S. Fish and Wildlife reports from 2004-2006, as much as 
90 percent of the juvenile Chinook out-migrant fish were infected by lethal disease pathogens during 
spring and summer months ( Nichols and Foott 2007, Nichols and Foott 2006, Foott et al 2007).  
 
We can assume that actions allowed by current suction dredge regulations increase stress to fish 
therefore increasing susceptibility to lethal disease outbreaks.  



 
Recommendations 
The 1997 Federal ESA Coho listing and 2003 State ESA Coho listings have elevated the protection 
status of Coho salmon. A new “Biological Opinion” should be incorporated into a new updated EIR 
which ensures protection of ESA listed Coho.  
 
Comment #3 

• Cumulative impacts from suction dredging concurrent with other watershed degradations. 
 
Reasoning 
Current and historic anthropogenic disturbances to the river system include; dam construction, mining, 
agriculture, timber extraction, urbanization and excessive fish harvest (2003 NAS, Kier Associates 
1991). These human caused disturbances are blamed for rivers degradation and fisheries losses. The 
2003 National Academy of Sciences (NAS) report titled Endangered and Threatened Fishes in the 
Klamath River Basin: Causes of decline and strategies for recovery describes the environmental 
conditions of the Klamath Basin and the challenges to fisheries. The report states, “The mainstem 
Klamath River has become a challenging environment for anadromous fishes because of decreased 
flows and increased summer water temperatures” (NAS Report 2003 pg 242). The NAS report strongly 
suggests Klamath Basin fish populations are under considerable stress because of historic and 
continuing human caused degradation to the river environment, including mining. Mining is referenced 
many times in this report as a major contributing factor to the decline of fish in the Klamath Basin. The 
report in Chapter 4 on the topic of current and historic conditions in reference to the Salmon River 
states “Historical and continuing placer mining has reduced riparian cover and disturbed spawning and 
holding sites within the basin” (2003 NAS Report  pg 143). The report further states “If habitat 
degradation continues, the Klamath River and its main tributaries will probably favor non-anadromous 
native and nonnative fishes increasingly at the expense of anadromous fishes” (2003 NAS Report  pg 
242-243). 
  
Fish kills affecting adult and juvenile salmon occurred in 2000 and 2002 in the Klamath River (CDFG 
2000, Gullian 2003). Based on anecdotal information there have been many “fish kills” in the main-
stem Klamath River during the 1990’s (NMFS Biological Opinion 2002). The CDFG documented a 
large juvenile fish kill in the Klamath River during late June and into late July of 2000 where “tens of 
thousands” of juvenile salmon were estimated to have died in the river (CDFG 2000, NMFS Biological 
Opinion 2002). A major adult fish kill occurred during September of 2002 where an estimated 60,000+ 
fish died (in the most recent DFG report) (DFG Fish Kill Report 2003, Guillen, 2003, Yurok Tribe 
2002 Fish Kill Report). Actions allowed by the 1994 EIR degrade water quality and increase stress to 
fish therefore potentially increasing susceptibility to lethal disease outbreaks. 
 
Recommendations 
We recommend that no suction dredging permits are issued within the Klamath River or any other 
stream until cumulative impacts of suction dredging are fully assessed and understood. Furthermore, 
impacts should be considered concurrently with other watershed impacts.  
 
Comment #4 

• The State provides no protection measures for habitats critical to fish for daily survival and 
seasonal reproduction.  

 
Reasoning 
Current regulations require a “seasonal closure” on many streams to protect spawning fish and 
incubating eggs. Under current 1994 EIR regulations in and around fish spawning habitats, these 
requirements do not provide adequate protection from degradation of the physical condition of the 



spawning habitat and integrity during the incubation period. Excavation of gravels, wood and other 
debris during the dredging process causes channel destabilization and ultimately degrades spawning 
habitat (Harvey and Lisle 1998). Unstable channels where spawning occurs are more prone to bed 
scour and subsequent spawning redds scour, and egg mortality during winter storm freshets and other 
high water events that salmon redds routinely endure (Harvey and Lisle 1999).   
 
Recent reports (see Harvey and Lisle 1998, Harvey and Lisle 1999 and Science Applications 
International Corporation, March 2004, USFS Technical Memo from the Washington Office 1995) 
suggest suction dredging causes negative impacts to spawning habitat and spawning success of salmon.   
Harvey and Lisle in their 1999 report state, “Our results show that fisheries managers should consider 
the potential negative effects of dredge tailings on spawning success of fall-spawning fishes such as 
Chinook salmon and Coho salmon O. kisutuch.”   
 
Thermal refugia sites in the Klamath River are characterized as cold-water areas created by coldwater 
tributary inflow, seeps, springs, upwelling and groundwater in an otherwise warm water channel (US 
BOR 2004). Fish congregate at thermal refugia areas to avoid otherwise lethal temperature conditions 
in the mainstem river during the summer months when water temperatures are typically high in the 
Klamath River. Cold-water areas associated with tributary mouths are documented and recognized in 
recent reports as being important habitats for salmon during the summer months in the Klamath River.  
Thermal refugia sites in the Klamath River are important areas where salmonids avoid lethal 
conditions during warm periods when fish are exposed to high water temperatures. Suction dredging 
near and in thermal refugia sites subjects fish to physiological stresses compounded by the existing 
poor water quality conditions.  
 
Recommendations 
On-the-ground biological assessment should be preformed by a DFG biologist or otherwise qualified 
fisheries biologist to identify spawning habitat types and recommend site-specific closures. In the 
Clearwater National Forest suction dredge operations are only allowed to be located in areas of large 
substrate not preferred for spawning steelhead trout and bull trout (Science Applications International 
Corporation. March 2004).   
 
It is further recommended that habitats critical for daily survival, such as thermal refugia areas, are 
protected under any proposed regulations regarding habitat protection.   
 
Comment #5 

• The State provides no special protection measures for non-fish aquatic species or non-
salmonid species. 

 
Reasoning 
Aquatic species such as fresh water mussels and other non- salmonid fish species are not protected and 
are being harmed under current suction dredging regulations. A recent study that occurred in 
Washington State suggests that considerable mortality could be occurring where suction dredge tailing 
are dumped on mussel colonies (Krueger  2007)  Freshwater mussels form immobile beds or colonies.  
They are susceptible to smothering by sediments released from suction dredge tailings.   
 
Furthermore, the 1994 EIR does not protect non-salmonid fish species including green sturgeon and 
pacific lamprey. Both species are benthic type fish and sensitive to benthic disturbance caused by 
suction dredging. In addition, Foothill Yellow-Legged Frogs are State Listed Species of Special 
Concern and were not evaluated during the 1994 EIR. 
 
Recommendations 



It is recommended that deleterious dredging effects on non-salmonid or other aquatic species be fully 
evaluated and understood, and that affected species be afforded appropriate protections.  
 
   

  

Sincerely, 

 
 
 
Will Harling, Executive Director 
Mid Klamath Watershed Council 
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From:  <lyra@srrc.org> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 4:53 PM 
Subject:  SRRC comments for Suction Dredge Permitting  and SEIR 
Attachments: SRRC Comments on Suction Dredge EIR.doc 
 
Mark - 
Please find the Salmon River Restoration Council's comments attached, 
 
Thank you, 
 
Lyra Cressey 
Salmon River Restoration Council 
(530) 462-4665 
 

Salmon River Restoration Council 
PO Box 1089♦25631 Sawyers  Bar  Rd ♦  Sawyers  Bar ,  CA  96027 

Email :   info@srrc .org ♦  webpage:   www.srrc .org 
Phone:  (530)  462-4665   ♦    fax:  (530)462-4664 

 
 
 
 
 
 
November 3, 2009  
 
Mark Stopher 
California Department of Fish and Game 
601 Locust Street 
Redding, CA 96001 
 
Subject: Initial Study for Suction Dredge Permitting Program and Subsequent Environmental Impact Report 
 
To: California Department of Fish and Game 
From: Salmon River Restoration Council 
 
 
Dear Mr. Stopher, 
 
Thank you for this opportunity to comment on the Initial Study for Suction Dredge Permitting and SEIR.  The 
Salmon River is a uniquely unimpaired watershed and provides excellent habitat for fish and other aquatic life.  
Poorly regulated suction dredge activities have a negative impact on this important resource. 
 
The Salmon River has numerous statutory protections for fisheries and water quality including: 

• Clean Water Act 303(d) listing for temperature impairment 
• National and California Wild and Scenic designations for the Mainstem Salmon River, Wooley Creek, 

and almost all of the North Fork and South Fork Salmon River.  Outstandingly remarkable and 
extraordinary values include fisheries and water quality. 

• Key Watershed designation in Aquatic Conservation Strategy in Northwest Forest Plan of 1994 
 
Activities permitted by the Suction Dredge Permitting Program and the Program itself must be in compliance 
with these laws and designations.  Any suction dredging permitted cannot contribute to further impairment of 
temperature (including effects of turbidity on temperature), cannot negatively impact Wild and Scenic values, 
and must not interfere with the goals of the Aquatic Conservation Strategy. 
 
Deleterious Effects 

 
 



CDFG is authorized to permit suction dredge mining only if it is shown not to have a "deleterious effect" on 
fish. This should require a thorough examination of every mining operation prior to issuance of a permit. 
Simply issuing a ministerial permit that allows dredging without first specifically determining whether the 
mining is deleterious to fish is not legal. 
 
The Department claims to use a "common sense plain" definition of deleterious.  The definition given is, 
“…deleterious effect generally means a wide‐ranging or long‐lasting consequence for a fish population that 
extends beyond the temporal or special context of a specific direct impact. Such deleterious effects could 
include the following: (1) Catch, capture, kill, or injure a species listed as candidate, threatened or endangered 
under the state or federal Endangered Species Act; (2) A substantial reduction in the range of any species, 
and/or extirpation of a population; (3) A fundamental change to the structure of a community or 
stream ecosystem, including substantial reductions in biodiversity or resiliency to disturbance, resulting in the 
reasonably foreseeable consequence of (1) or (2) above.”[1] 
 
Merriam‐Webster on the other hand, defines deleterious as "harmful often in a subtle or unexpected way". 
This should be used as the “common sense plain” definition and should be the baseline against which the 
effects of suction dredging will be judged. There is no basis for tying the definition of deleterious to the 
Endangered Species Act.  The effects of dredging can be deleterious without a species being listed under the 
ESA.  For instance, on the Salmon River, we have the last run of wild spring Chinook in the Klamath Basin, 
which is a remnant repository of important fish genetics, but which has no official ESA designation.  Under this 
definition of deleterious, effects of suction dredging on Salmon River spring Chinook would not even be 
considered in issuing permits. 
 
Thermal Refugia 
Thermal refugia are critical for the day to day survival of multiple species of fish including, coho, juvenile 
spring and fall Chinook, adult spring Chinook, summer and winter steelhead, and rainbow trout, during the 
same time period in which suction dredging takes place on the Salmon River (July‐September).  Suction 
dredging in or near thermal refugia (deep pools, mouths of streams, springs) may interfere with the ability of 
fish to utilize these critical areas for their survival and directly affect the health or mortality of these fish.  On 
the Salmon River, a number of popular mining club claims that receive a higher than average degree of use, 
are located in or near thermal refugia.  The Department needs to thoroughly analyze the potential impacts to 
these critical areas and consider appropriate regulation to allow unimpaired fish access and use of thermal 
refugia in the Salmon River. 
 
Camping and Land Use 
Unlike most areas, the Salmon River is not equipped to handle the ancillary impacts of some recreational 
activities.  Suction dredgers camp for weeks or months at a time on the Salmon River, where there are no 
septic or sewage facilities.  The SRRC has documented cases of improper disposal of human waste at dredgers 
camps, such as in plastic bags on river bars.  The Department needs to address these ancillary suction dredge 
impacts, including the increased likelihood of their occurrence in remote areas like the Salmon River. 
 
Transport of Invasive Species 
Consideration needs to be given to the potential transport of both aquatic and terrestrial invasive species 
(such as New Zealand mussels, mud snails, algae, noxious weeds, etc) into remote areas by suction dredges.  
Currently dredge equipment is allowed to be transported throughout the state with no requirements avoiding 
the spread of invasive species.  The Salmon River is currently relatively un‐impacted by invasives, and has a 
healthy native fauna and flora.  A concerted effort is being made on the part of the community and land 
managers to control harmful invasive species on the Salmon.  The Department needs to make sure that every 
measure is taken to prevent their spread. 

 
 



 
 

 
If you have any questions or additional needs from us, please do not hesitate to contact us. We look forward 
to continuing to work with CDFG to make the Salmon River a better place for water quality, the fish, the 
people and for all beneficial uses.   
 
Sincerely, 
 
Lyra Cressey 
Water Monitoring Program Coordinator 
 



From:  Peter Brucker <ptb92day@gmail.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 4:54 PM 
Subject:  SRRC Scoping Comment for the Suction Dredge Permitting Program EIR 
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Abstract 
 
From:  Petey Brucker,  President 
 
 
 
Salmon River Restoration Council, 
 
 
PO Box 1089, 
 
                                                       Sawyers Bar, CA 
96027 
 
 
To:  Mark Stopher 
California Department of Fish and Game (CDFG) 
601 Locust Street 
Redding, CA 96001 
RE: SRRC Scoping Comments to the CDFG for the Suction Dredge Permitting 
Program EIR 
 
Date: December 3, 2009 
 
Dear Mr. Stopher, 
 
The Salmon River Restoration Council (SRRC) appreciates this opportunity to 
provide comments to you regarding the suction dredge scoping program EIR 
currently under way.  The SRRC is a community based 501- c- 3 non-profit 
corporation.  The mission of the Salmon River Restoration Council is to 
assess, protect, restore and maintain the Salmon River ecosystems with the 
active participation of the local community, focusing on restoration of the 
anadromous fisheries resources and the development of a sustainable economy. 
We provide assistance and education to the general public and cooperating 
agencies by facilitating communication and cooperation between the local 
communities, managing agencies, Native American Tribes, and other 
stakeholders. 
 
A key focus of the SRRC is to protect and restore the anadromous fish 
species of the Salmon River, which include:  Coho salmon, spring and fall 
run Chinook salmon, summer and winter run Steelhead, Pacific Lamprey, Green 
Sturgeon and other native species.  In particular the Salmon River is noted 
as having one of the last runs of native spring-run Chinook in the Klamath 
River Basin. The SRRC has been extensively involved in protecting and 
restoring the spring-run Chinook in the Salmon River. We have subsequently 
found it necessary to lend similar attention to the entire run of spring-run 
Chinook in the Klamath River Basin, as recovery of this keystone emblematic 
species necessitates a meta population approach. Spring-run Chinook are 
currently at a high risk of extinction. 
 
The SRRC has been an active partner in the development and implementation of 
the Salmon River Subbasin Restoration Strategy (Strategy) completed by the 
SRRC and US Forest Service- Klamath National Forest in 2002 and adopted as 
the TMDL implementation Plan by the North Coast Regional Water Quality 
Control Board in 2005. Through the SRRC’s Salmon River Community Restoration 
Program, the SRRC has made various contributions to watershed and fisheries 
resource restoration in the Salmon River and larger Klamath River Basin (See 
Attachment # 1 - Salmon River Community Restoration Program Overview). The 
SRRC has been actively engaged with the local suction dredge gold mining 
community, providing educational materials on the protection and restoration 
of the above mentioned anadromous fish species. 
 



We are providing you, below, with some background information that we have 
compiled regarding the status and unique life history of the spring-run 
Chinook stocks of the Salmon River. To be used in the development of the 
Department’s new regulations for suction dredge gold mining on the Salmon 
River and for the larger Klamath River Basin.  In this background 
information, provided below, we have also provided some perspective and data 
for the larger Klamath River Basin run of these fish. 
 
*Background on the Status of the Klamath River Basin Spring Chinook salmon, 
highlighting the Salmon River Stock* 
 
Spring-run Chinook salmon (*Oncorhynchus tshawytscha*) were once the 
dominant run type in the Klamath/Trinity Basin, Spring run populations are 
at less than 10% of their historic level. At least 7 runs (in the Klamath 
Basin) are now extinct (NOAA Fisheries –Chinook Status Review 1998). 
Spring-run Chinook in the Klamath Basin currently utilize an estimated 3 % 
of their historical habitat (See Attachment # 2- Map of Historic and Current 
Range of Klamath River Basin spring-run Chinook). Several of these historic 
stocks proliferated above the dams on the Klamath, Trinity and Shasta 
rivers.  The near extirpation of Spring Chinook in the Klamath River basin 
indicates potential future problems for other anadromous stocks that rely on 
freshwater habitats during the juvenile and adult life histories (Salmon, 
Steelhead, and Trout in California-*Status *of* an Emblematic Fauna, *Moyle 
2008). 
 
As shown in Attachment #2 –Historic and Current Range Map, spring-run 
Chinook species were once found throughout the Klamath Basin. However, passage 
of spring-run Chinook into their historical range was blocked below Klamath 
Falls in 1895 by construction of Copco 1 Dam, and on the Shasta River with 
the construction of Dwinell Dam (Hamilton et al. 2005, Moyle 2008). The 
large run in the Shasta River disappeared coincidentally with the 
construction of Dwinnell Dam in 1926 (Moyle et al. 1995). Historically, they 
were especially abundant in the major tributary basins of the Klamath and 
Trinity Rivers, such as the Salmon, Scott, Shasta, South Fork and North Fork 
Trinity Rivers. Due to a legacy of human impacts (i.e. dams, mining, 
logging, and overfishing), today, only the Salmon River and its two forks 
maintain a viable population (Moyle 2008). 
 
Both Coho and spring Chinook salmon demonstrate a stream-type life history 
strategy, where juveniles remain at least a year in freshwater before 
entering the ocean (Healey 1991), and therefore require coldwater-river 
conditions like those found in the coldwater system of the Salmon River. 
Spring run Chinook are distinct from fall run Chinook in that adult spring 
Chinook enter fresh water in spring and early summer, before their gonads 
are fully developed and hold in cold water areas for 2-4 months before 
spawning. Successful juvenile life history strategies require suitable 
winter rearing habitats, commonly found in off-channel reaches, wetlands and 
estuary environments. 
 
By the 1980s, spring-run Chinook had been largely eliminated from much of 
their former habitats because the cold, clear water and deep pools that they 
require were either absent or inaccessible.  Within the Lower Klamath 
watershed, the Salmon River remains the most pristine tributary (Moyle 
2004). Spring Chinook require deep pools for summer holding adults, such as 
those in the Salmon River. 
 
 In the Klamath River drainage above the Trinity, only the (Spring Chinook) 
population in the Salmon River and Wooley Creek remains; it has annual runs 
of 150-1500 fish (Campbell and Moyle 1991, Barnhart 1994). Numbers of fish 
in the area continue to decline (Moyle 2002) with only 90 returning adults 
counted in the 2005 cooperative snorkel surveys on the Salmon River 
(ATTACHMENT # 3 - Salmon River Spring Chinook Census Data). Approximately 
177 km of habitat is accessible to spring Chinook in the Salmon River (West 
1991) with a large portion being underutilized or unsuitable. Spring run 
Chinook are listed by the US Forest Service as a Sensitive Species in the 
Klamath National Forest.  Reconnecting historic habitats in the Klamath and 
its tributaries is necessary for long term persistence of these fish (Moyle 
2008). 
 
In addition, we are sending you attached files, which are 3 zipped files 



that have 1individual file. These are submitted as part of our scoping 
comments. We have attached one unsipped and one zipped file folder to this 
email. We are sending you 2 subsequent zip files in 2 subsequent emails. We 
have done this, as these files may be too large to be sent in one email. 
These ATTACHMENTS 1,2,3,4 - A and B, 5, AND 6 are included for you to use in 
the development of the new regulation in the CDFG Suction Dredge Permitting 
Program.  The emphasis of the data and information that we are providing to 
you is primarily related to the anadromous fisheries species of the Salmon 
River, highlighting spring-run Chinook, as they are unique to the Salmon 
River and should receive specific measures to adeqautely protect them.   The 
files attached include:    1) ATTACHMENT # 1 – Salmon River Community 
Restoration Program Overview; 2)  ATTACHMENT # 2 – Klamath River Basin 
Spring-run Chinook Map of Historic and Current Range; 3) ATTACHMENT # 
3 -  Salmon 
River Adult Spring Chinook Survey Data 1980-2009; 4)ATTACHMENTS  # 4 – 
A)Salmon River spring Chinook fry report [2].pdf  and B)  Salmon River 
Spring Chinook Otolith Report Draft.doc;   5) ATTACHMENT # 5 – Salmon River 
Spring-run Chinook Adult Spawning Survey Map; and 6) ATTACHMENT # 6 – 
Periodicity with Hardy, which identifies various life history of fish 
species in the Klamath River Basin. 
 
Through the development and use of fisheries and watershed planning 
documents, the SRRC and its partners have and will continue to work closely 
with the Department to develop and implement actions to assist in our 
understanding of the Salmon River fisheries resources and to help guide the 
protection and recovery of these fish species, emphasizing the Spring-run 
Chinook. 
 
We request that new suction dredge gold mining regulations have adequate 
measures in them to protect spring-run Chinook and the critical habitat 
needed for the recovery of this sensitive species in the Salmon River and 
Klamath River Basin. In addition, the new regulation should also provide 
adequate protection measures for the other native species of fish found in 
the Salmon River, as well as for the aquatic ecosystem in general. 
 
We are available to assist the Department, as is needed and appropriate, in 
any additional research and data collection activities on the Salmon River 
related to the development of the Department’s new regulations for suction 
dredge gold mining in the Salmon River and the Klamath River Basin 
 
We look forward to assisting you in the development of the Department’s 
regulations for suction dredge gold mining. Please let us know if you have 
any question for us or would like additional information, related to the 
conditions and needs in the Salmon River or other areas related to the 
aquatic ecosystem of the Klamath River Basin, including the Trinity River 
tributary. 
 
Respectfully, 
 
Petey Brucker – President 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Overview of the Salmon River Restoration Council’s 
Salmon River Community Restoration Program (CRP) 1992-2009 

 
The Salmon River Restoration Council (SRRC) was formed in 1992 and was 
provided support by the Klamath Basin Fisheries Task Force between 1993 - 
2006. The SRRC has served as the lead entity in the Salmon River subbasin in 
the effort to enlist cooperation amongst the stakeholders to create a watershed 
restoration program, highlighting the anadromous fisheries resources. The 
SRRC’s efforts were spawned by a successful Poaching Prevention Program, 
which was embraced by the local community starting in 1992, and highlighted the 
protection of spring-run Chinook and summer steelhead. The SRRC, through its 
educational approach,  has been recognized as reducing the poaching of these 
species in the Salmon River by over 90%.  
 
The SRRC initiated the Community Restoration Program (CRP) in 1993. Through 
the  CRP, the SRRC has planned and sponsored an annual series of ecosystem 
awareness workshops to increase stakeholder awareness for the Salmon River 
conditions and needs. These workshops are often accompanied by volunteer 
workdays, which provide the opportunity for stakeholders to apply learned 
restoration techniques needed to promote salmonid species recovery.  Through 
the CRP, the SRRC has held over 1,000 scheduled workshops and/or workdays 
that have involved over 100,000 hours of in-kind contribution, largely from the 
local community members. Since 1993, the SRRC has administered over 
$5,000,000 in fisheries/wateshed restoration activities in the Salmon River, with 
almost  $ 2 million provided by the SRRC as in-kind contribution.   
 
In 1994 the SRRC adopted its first annual Work Plan for the Community 
Restoration Program, which created an overview of conditions and needs for 
anadromous fisheries in the Salmon River and identified projects for the 
community to address these needs. The annually updated and adopted CRP 
Plan has helped to guide efforts for the community to help address factors that 
limit Salmon River salmonids.  
 
In 2002 the SRRC and the US Forest Service completed the Salmon River 
Subbasin Restoration Strategy (Strategy), which assessed the anadromous 
fisheries resource conditions for the Salmon River and developed an “Action 
Matrix” to best address the limiting factors for the existing species.  The SRRC 
and its partners utilize this Strategy, which incorporates the CRP Plan, and tiers 
to the Klamath and Six Rivers Land and Resource Management Plans, adopted 
by the US Forest Service in 2005. The SRRC assisted in the North Coast 
Regional Quality Control Board’s (Board) TMDL process for water temperature in 
the Salmon River. This assessment was completed in 2005. The Board adopted 
the Strategy as the Salmon River TMDL Implementation Plan.      
 
The SRRC and its partners have utilized the Strategy to guide prioritized 
watershed restoration and fisheries protection in the Salmon River.  To address 



the multiple needs of salmonids, the SRRC has created nine Programs to help 
focus cooperator attention on specific areas. Each year the Program 
Coordinators develop annual work plans that are used to coordinate with our 
cooperators. The Program Areas include:  Fisheries Monitoring and 
Management; Watershed Monitoring; Watershed Education; Roads 
Management; Fire, Fuels, and Forestry; Invasive Species Control; Riparian 
Habitat Assessment and Restoration; River-Clean Up;  and Maintaining the 
Watershed Center.  
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From:  Peter Brucker <ptb92day@gmail.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 

06.zip; ATT.4.A.SalmonR 
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ark, 

ere is the SRRC's 2nd installment of zipped files. 

etey Brucker - SRRC President 

dfg.ca.gov> 

pped Files 
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etey Brucker - SRRC President 
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Attachments: ATT.5.Salmon River Spring run Chinook REDD data..03-
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Overview of the Salmon River Restoration Council’s 
Salmon River Community Restoration Program (CRP) 1992-2009 

 
The Salmon River Restoration Council (SRRC) was formed in 1992 and was 
provided support by the Klamath Basin Fisheries Task Force between 1993 - 
2006. The SRRC has served as the lead entity in the Salmon River subbasin in 
the effort to enlist cooperation amongst the stakeholders to create a watershed 
restoration program, highlighting the anadromous fisheries resources. The 
SRRC’s efforts were spawned by a successful Poaching Prevention Program, 
which was embraced by the local community starting in 1992, and highlighted the 
protection of spring-run Chinook and summer steelhead. The SRRC, through its 
educational approach,  has been recognized as reducing the poaching of these 
species in the Salmon River by over 90%.  
 
The SRRC initiated the Community Restoration Program (CRP) in 1993. Through 
the  CRP, the SRRC has planned and sponsored an annual series of ecosystem 
awareness workshops to increase stakeholder awareness for the Salmon River 
conditions and needs. These workshops are often accompanied by volunteer 
workdays, which provide the opportunity for stakeholders to apply learned 
restoration techniques needed to promote salmonid species recovery.  Through 
the CRP, the SRRC has held over 1,000 scheduled workshops and/or workdays 
that have involved over 100,000 hours of in-kind contribution, largely from the 
local community members. Since 1993, the SRRC has administered over 
$5,000,000 in fisheries/wateshed restoration activities in the Salmon River, with 
almost  $ 2 million provided by the SRRC as in-kind contribution.   
 
In 1994 the SRRC adopted its first annual Work Plan for the Community 
Restoration Program, which created an overview of conditions and needs for 
anadromous fisheries in the Salmon River and identified projects for the 
community to address these needs. The annually updated and adopted CRP 
Plan has helped to guide efforts for the community to help address factors that 
limit Salmon River salmonids.  
 
In 2002 the SRRC and the US Forest Service completed the Salmon River 
Subbasin Restoration Strategy (Strategy), which assessed the anadromous 
fisheries resource conditions for the Salmon River and developed an “Action 
Matrix” to best address the limiting factors for the existing species.  The SRRC 
and its partners utilize this Strategy, which incorporates the CRP Plan, and tiers 
to the Klamath and Six Rivers Land and Resource Management Plans, adopted 
by the US Forest Service in 2005. The SRRC assisted in the North Coast 
Regional Quality Control Board’s (Board) TMDL process for water temperature in 
the Salmon River. This assessment was completed in 2005. The Board adopted 
the Strategy as the Salmon River TMDL Implementation Plan.      
 
The SRRC and its partners have utilized the Strategy to guide prioritized 
watershed restoration and fisheries protection in the Salmon River.  To address 
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the multiple needs of salmonids, the SRRC has created nine Programs to help 
focus cooperator attention on specific areas. Each year the Program 
Coordinators develop annual work plans that are used to coordinate with our 
cooperators. The Program Areas include:  Fisheries Monitoring and 
Management; Watershed Monitoring; Watershed Education; Roads 
Management; Fire, Fuels, and Forestry; Invasive Species Control; Riparian 
Habitat Assessment and Restoration; River-Clean Up;  and Maintaining the 
Watershed Center.  



 



 

 

2009 Results: Adult Spring Chinook = 527; Spring Chinook Jacks/Grilse = 116;  
TOTAL – 643 returning adults for 2009  
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Abstract.   Early life history events in juvenile salmonid development, 
including eye-up, hatch, emergence, and habitat transitioning, can be linked 
to otolith microstructural patterns.  In recent years, the combination of early 
life history events and incubation thermal regime has been used to associate 
stocks with specific incubation sites.  Variation in temperature and growth 
can produce otolith increment patterns that are stock specific, provided the 
stock incubated under a distinct thermal regime.  The resulting otolith 
increment pattern may be specific to the thermal regime under which 
embryonic and alevin development occurred, as it is generally accepted that 
increment deposition occurs prior to hatch.  In this study, otoliths were 
collected from spring Chinook salmon (Oncorhynchus tshawytscha) fry 
captured from spawning sites on the North and South forks of the Salmon 
River in northwestern California in spring 2004.  Otolith microstructure was 
analyzed using light microscopy and imaging software and later compared 
between the two forks and to other samples collected previously in the 
Klamath Basin.  A natal microstructural signature was present on all otoliths 
collected in the Salmon River Basin (n=91) that was distinctive from other 
Klamath Basin collections.  Natal signatures of fish collected from the North 
and South forks of the Salmon River were similar, indicating that both 
sample sites may have comparable thermal regimes during the incubation and 
intragravel development period for spring Chinook salmon. 

Introduction 
Otolith microstructure analysis has been used to determine age and growth of individual 
fish for many years.  Recently, otolith microstructural patterns have been used to identify 
different juvenile life history types or life history events (e.g. Neilson et al. 1985; Larsen 
and Reisenbichler 1993, Volk et al. 1995) and to differentiate stocks in a system (e.g. 
Paragamian et al. 1992, Rieman and Myers 1994, Quinn et al. 1999).  Transitions in life 
history such as “eye-up”, hatch, emergence, and migration from one habitat to another 
(e.g. freshwater to saltwater) are recorded in microstructural patterns of otoliths.  These 
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changes appear as variations in increment deposition on otoliths that alter appearance of 
the microstructural pattern (Marshall and Parker 1982; Campana and Neilson 1985; Volk 
et al. 1990, 1996). 

Fish otoliths are comprised primarily of calcium carbonate in aragonite mineral form 
embedded in a collagen-like organic matrix (Degens et al. 1969).  Organic and inorganic 
components of otoliths interact during otolith growth to lay down a series of dark and light 
bands that reflect the bipartite nature of otolith increments.  Incremental patterns may be 
comprised of a few to many individual increments that reflect previously mentioned life 
history events or changes in environment such as temperature or salinity. 

Variation in temperature and growth can produce otolith increment patterns that are stock 
specific, provided the stock incubated under a distinctive thermal regime (Zhang et al. 
1995, Volk et al. 1996, Quinn et al. 1999).  The resulting increment pattern is specific to 
the thermal regime under which embryonic and alevin development occurred as it is 
generally accepted that increment deposition initiates prior to hatching (Quinn et al. 1999).  
The portion of the incremental pattern that exemplifies natal origin is located near the core 
of the otolith and represents intragravel residency.  In this study, the core region of otoliths 
is referenced as the “developmental check region”, encompassing the area between and 
including the hatch and emergence checkmarks. 

The primary objective of this study was to identify a developmental check region and 
associated microstructural pattern of newly emerged spring Chinook salmon 
(Oncorhynchus tshawytscha) from the North and South forks of the Salmon River through 
qualitative and quantitative means.  Identification of this region and its associated 
incremental pattern should reflect a natal signature of collection sites.  A secondary 
objective, dependent on the ability to identify a developmental check pattern (objective 1), 
was to compare the developmental check patterns from samples collected from the North 
and South forks of the Salmon River to each other; as well as to visually compare the 
patterns to other recognized patterns. 

Study Area 
Otoliths were collected from spawning sites on the North and South forks of the Salmon 
River, located in the Salmon River watershed of the Klamath River Basin in northwestern 
California (Figure 1).  Sample sites were chosen based on knowledge of spring Chinook 
spawning exclusivity above the two forks of Salmon River (Peter Brucker, Salmon River 
Restoration Council, personal communication).  Sample sites were similar in elevation and 
hydrology.  Spring run Chinook salmon spawn from about mid-September to late October 
above the forks of the Salmon River (Table 1), whereas fall run Chinook salmon spawn 
later in the year in the mainstem Salmon River below the forks.  Spring Chinook salmon 
fry incubate and emerge from redds in January to May (Table 1).  Otoliths were collected 
from fish captured directly below Idlewild Campground (elevation  ~783 m) on the North 
Fork Salmon River and about 1.6 km below Blind Horse Creek (elevation ~823 m) on 
South Fork Salmon River (Figure 1).  
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Figure 1.  Map of Salmon River showing collection sites. 
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Table 1.  Salmon River Chinook salmon early life stage periodicity (courtesy of Karuk 
Tribal Fisheries Program). 

Month 

Life Stage Run Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Spr         X X   
Redd 

construction 
Fall          X X  

Spr X X X X X        
Egg 

incubation 
and fry 

emergence 
 

Fall X X X X X        

Spr    X X X X      Fry rearing 
(up to 

50mm) Fall    X X X X      

 

Methods 
Spring Chinook salmon fry were captured from Idlewild Campground and Blind Horse 
Creek spawning areas using an 18.5 x 14.5 cm dipnet having a mesh size of about 1 mm. 
A targeted sample size of about 70 spring Chinook salmon fry from each fork of Salmon 
River was established prior to field collection.  Sample size was based on three criteria: (1) 
type of study (i.e. lethal or non-lethal), (2) life stage of the fish, (3) adequate numbers to 
establish variance and reliability, and (4) experience of researcher (UFR Committee 2004).  
Fish fork lengths were measured to nearest millimeter (mm) before fish were frozen prior 
to laboratory preparation.  Otoliths were removed, prepared, and analyzed in the Otolith 
Laboratory of the Arcata Fish and Wildlife Office in Arcata, California.  Otoliths were 
extracted, cleaned of membranous tissue, and allowed to dry before length (nearest 
0.1mm) and weight (nearest 0.00001g) were measured.  Extracted otoliths were then 
embedded in a resin block that was lapped on both sides until the primordial region of the 
otolith core was exposed.  This procedure allowed the pre-and post-hatch area incremental 
patterns to be viewed by light microscopy. 

Prepared samples were visually examined for incremental patterns and “checkmarks” in 
the region between the core and edge of the otolith.  A particular checkmark associated 
with hatching was noted.  ‘Hatch checkmarks’ of salmonids usually appear in the form of 
a very dark band or structural discontinuity from previous increments.  An ‘emergence 
checkmark’ occurs prior to a transitional area from broad or indistinct increments of the 
post-hatch alevin to the well-defined daily incremental banding of emergent fry (Volk et 
al. 1995).  For the purpose of this study, a developmental check was defined as a region of 
increments located between a hatch check and an emergence check, including the two 
checks.  The natal signature was defined as the increments located between the otolith core 
to the end of the developmental check region since increment deposition in this region 
occur during intragravel development. 
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Descriptions of visually examined incremental patterns of specific otolith regions were 
noted and recorded for each sample.  Analyzed otolith regions included the following 
areas: (1) core to beginning of developmental check, (2) developmental check, and (3) end 
of developmental check to otolith edge.  These areas are referred to as ‘regions’ for the 
purpose of this study.  All samples were visually analyzed twice with a lapse of three 
weeks between analyses to avoid reader bias as the same reader conducted both analyses. 

Quantitative analyses of otolith regions were completed using light microscopy, an image 
analysis software system, and a statistical software package.  Linear distances of radii 
(core to specific checkmarks and to otolith edge), incremental widths, and distances 
between specific checks (hatch and emergence) were measured, recorded, and entered into 
a database.   

Determination of significant difference between developmental check regions of the North 
and South forks of Salmon River was established using an independent t-test (Murphy and 
Willis 1996), as shown by the equation: 
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yWhere t = Test of significant difference between two sample means, = sample means, s2 
= sample variances, and n = sample sizes. 

Results 
Collection of spring Chinook salmon fry at Idlewild Campground (North Fork) was 
completed on two separate dates because sampling on the first date of March 25, 2004, 
resulted in a total of five samples.  A second visit to the campground on April 6 yielded 28 
additional samples.  Collection of fish near Blind Horse Creek on the South Fork of the 
Salmon River yielded 74 samples on March 5, 2004.  Mean fork lengths of North Fork and 
South Fork samples were 36.3 and 35.8 mm, respectively (Appendix A). 

Of the 107 samples collected (North Fork=33, South Fork=74), only 91 samples (North 
Fork=28, South Fork=63) were used in the visual and quantitative analysis.  Sixteen 
samples were not used due to one or more of the following circumstances: unacceptable 
radial angle, abnormal crystalline formation on otolith, uneven microstructural growth 
patterns along radial angle, loss of otolith (part or whole), and/or poor sample preparation.   

Visual analysis of North Fork and South Fork samples resulted in a consistently 
identifiable developmental check pattern located in the same region of the otoliths.  Both 
sample groups exhibited a developmental check pattern that began with a hatch check 
composed of two dark bands separated by one light band and ending with an emergence 
check composed of three dark bands separated by two light bands (Figure 2).  These 
distinctive increment pattern segments of the developmental check were apparent for all 
samples, even as deposition of increments varied in color intensity (Figure 3).  The only 
subtle difference observed was a color intensity change of a few increments (about 2-4) in 
the area directly preceding the hatch checkmark sequence on the North Fork samples 
(Figure 2).  This small number of increments did not appear larger or smaller in width  
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Figure 2.  Photographs of representative otoliths from spring Chinook salmon fry 
collected from the North and South forks of the Salmon River, Klamath River Basin, 
northwestern California in 2004.  Note the similar ‘developmental check’ regions. 

 

 
Figure 3.  Developmental check sequence on an otolith extracted from a spring Chinook 
salmon fry collected in the Salmon River drainage in the Klamath River Basin, 
northwestern California in 2004. 
 

from other increments prior to the change of intensity and did not yield a transitional 
appearance of increments beyond this point as would a hatch check. 

Based on this subtle visual differentiation of the North Fork Salmon River samples and the 
South Fork Salmon River samples, a blind examination of 30 mixed samples was 
conducted.  This test resulted in 26 samples or 86% correctly identified to associated 
collection site (Appendix B).   

The developmental check width and linear distance from the core region did not differ 
significantly (p=0.7 and 0.1 at 05.0=α , respectively) between the two sample groups  
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Table 2.  Summary of a two sample t-test ( 05.0=α . df=89) comparing mean linear 
widths of specific otolith regions between spring Chinook salmon collected on the North 
and South forks of the Salmon River in 2004. 

Core to Developmental Check 
Region 

Developmental Check  
Region 

 Post Developmental Check 
Region 

Site n 
Mean
(µm) 

SD 
(µm)

SE 
(µm)

t 
value

p 
value

Mean
(µm)

SD
(µm)

SE
(µm)

t 
value

p 
value

 Mean
(µm) 

SD 
(µm)

SE
(µm)

t 
value

p 
value

North
Fork 28  98.8 15.5 2.9   88.6 1.7 0.3    72.1 11.6 2.2   

     -1.6 0.1    -0.4 0.7     11.1 0.0
South
Fork 63 103.2 10.4 1.3   88.7 1.4 0.2    44.0 11.0 1.4   

 

(Table 2).  Mean widths of the developmental check region for the North Fork Salmon 
River samples (mean =88.6, s=1.7, n=28) and the South Fork Salmon River samples 
(mean =88.7, s=1.4, n=63) were similar (t=-0.4, df=89, p=0.7) (Table 2).  Mean distance 
of developmental check from core area for North Fork Salmon River samples (mean 
=98.8, s=15.5, n=28) and the South Fork Salmon River samples (mean =103.2, s=10.4, 
n=63) were also similar (t=-1.6, df=89, p=0.1) (Appendix C).  The developmental check 
region contained similar increment counts with a mean of 27 increments (s=1.9, n=28) for 
the North Fork Salmon River group and a mean of 28 increments (s=2.0, n=63) for the 
South Fork Salmon River group (t=-1.4, df=89, p=0.2) (Table 3) (Figure 4). 

Mean width of post-developmental check area for North Fork Salmon River samples 
(mean=72.06, s=11.59, n=28) and South Fork Salmon River samples (mean=43.99, 
s=10.98, n=63) were found to be significantly different (t=11.06, df=89, p<0.001) (Table 
2).  This difference is a direct result of the number of increments within this region for 
each sample group.  Spring Chinook salmon fry from the North Fork had an average of 18 
increments post emergence, which differed significantly from South Fork samples that had 
an average of 29 increments for the same region (t=11.13, df=89, p<0.001) (Table 3). 

 

Table 3. Summary of a two sample t-test ( 05.0=α . df=89) comparing mean increment 
counts of specific otolith regions between spring Chinook salmon collected on the North 
and South forks of the Salmon River in 2004. 

Core to Developmental Check 
Region 

Developmental Check  
Region 

 Post Developmental Check 
Region 

Site n Mean SD SE 
t 

value
p 

value Mean SD SE
t 

value
p 

value 
 

Mean SD SE
t 

value
p 

value
North 
Fork 28 15 3.5 0.7   27 1.9 0.4    29 4.4 0.8   

     -2.7 0.0    -1.4 0.2     11.1 0.0 
South 
Fork 63 17 2.5 0.3   28 2.0 0.3    18 4.2 0.5   
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Figure 4.  Mean incremental counts of otolith regions from spring Chinook salmon fry 
collected from North (SRNF) and South (SRSF) forks of the Salmon River in 2004.  
Vertical lines represent standard error at 95% confidence interval (DC = developmental 
check). 

Discussion 
Otoliths collected from Salmon River spring Chinook salmon fry exhibited a particular 
pattern of contrasting variation in incremental definition of the pre- and post-hatch regions 
regardless of sampling site.  This particular increment pattern was consistently apparent 
even when sample quality was flawed indicating similar incubational thermal regimes 
between the Salmon River sampling sites.  

Visual examination of otoliths from the North and South forks of the Salmon River 
indicated that spring Chinook salmon fry incubated under similar thermal regimes.  Both 
groups exhibited the same hatch check incremental sequence and the same emergence 
check incremental sequence with some variation of increment deposition between the two 
checks.  The only visual difference between the two groups was that the North Fork 
samples had a few increments that appeared visibly darker prior to the developmental 
check region than the South Fork samples.  Unfortunately, overwintering water 
temperature data were not available; only temperatures at the time of the collections were 
recorded by field crews.  Water temperature at North Fork sample site was 8°C on April 6, 
2004, and 9°C at the South Fork sample site on March 5, 2004.  Although a blind test on 
this subtle difference yielded an 86% correct pattern: site identification ratio, the test was  
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time consuming, even when conducted by a proficient reader and should be performed 
with care.  If time and/or reader experience is a concern, genetic analyses may provide a 
more efficient means to assess stock origin, assuming spring Chinook salmon in the North 
and South forks of the Salmon River differ genetically. 

Comparative visual analysis of the Salmon River developmental checkmark was distinct 
from microstructural patterns associated with Chinook salmon from the Iron Gate 
hatchery, Trinity River hatchery, and samples collected from the upper Trinity River 
mainstem (Figures 5-7).  This visual difference suggests that the developmental thermal 
regimes varied between collection sites. 

Linear measurements across the developmental check pattern and distance of the 
developmental check region from the core area did not differ between the North and South 
forks of the Salmon River.  However, there was a significant difference (p<0.001) in the 
width of the post-emergence region of otoliths between the two streams.  The mean width 
of the post-emergence region from otoliths collected on the North Fork was 72.06 µm 
compared to 43.99 µm for the South Fork samples.  As expected, a larger area 
encompasses a greater number of increments.  This is important as teleost fish otoliths 
deposit increments with a daily periodicity (Campana 1992).  More increments beyond the 
emergence check constitutes more post-emergent days at liberty.  The North Fork Salmon 
River group contained an average of 29 increments within this region, whereas the South 
Fork Salmon River group contained an average of 18 increments within this region 
(Figure4). Date of collection appears to support the theory of increment depositional rate  

 
Figure 5.  Photograph of otolith microstructural pattern representative of fall Chinook 
Salmon from Iron Gate Hatchery located in Siskiyou County, California.  Note the 
prominent band surrounding the core region which differentiates this particular pattern 
from other Klamath Basin patterns sampled thus far. 
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Figure 6.  Photograph of otolith microstructural pattern representative of fall Chinook 
salmon from the Trinity River Hatchery located in Trinity County, California.  Note the 
five prominent bands occurring prior to hatch check.  This banding pattern differentiates 
this particular pattern from other Klamath Basin patterns sampled thus far. 
 

 
Figure 7.  Photograph of an otolith microstructural pattern of a Chinook salmon sampled 
from upper Trinity River mainstem located in Trinity County, California.  Note the four 
prominent bands post hatch check. 
 

 10



as the North Fork was sampled near the end of March 2004 and again in early April 2004.  
South Fork was sampled in early March 2004. 

This study identified a distinct microstructural pattern in spring Chinook salmon spawned 
in 2003 in the North and South forks of the Salmon River that differed from patterns 
documented for other collections in the Klamath Basin.  However, results of this study are 
limited due to small sample sizes, sample size inequality, and its reliance on a single brood 
year, stream, and race.  Additional studies are needed to clarify the specific natal 
microstructural signature of spring Chinook salmon stocks in the Salmon River, including: 
(1) otolith study of spring Chinook salmon adults returning to the Salmon River, (2) 
continuing the otolith study of spring Chinook salmon fry in the Salmon River drainage 
with increased sample sizes and collection of overwintering water temperatures, (3) a 
comparative study between fall and spring Chinook salmon fry otoliths in the Salmon 
River drainage, and (4) a comparative study of spring Chinook salmon fry otolith 
microstructure from the Salmon River to microstructure of other river systems outside the 
Klamath Basin. 
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Appendices 

Appendix A  Summary of two sample t-test ( 05.0=α ; df=89) used to compare mean 
fork lengths of spring Chinook salmon collected on the North and South forks of the 
Salmon River in spring 2004.   

Site n Mean (mm) SD (mm) SE (mm) t value p value 
North Fork Salmon River 28 36.3 1.8 0.4 
South Fork Salmon River 63 35.8 2.0 0.3 

1.0 0.3 

 

 

Appendix B.  Summary of the developmental check blind test of spring Chinook salmon 
fry samples from the North (NF) and South(SF) forks of the Salmon River mixed.  . 
 

Sample # NF SF Correct? Comments 
1  X Yes  
2  X Yes  
3  X Yes  
4  X Yes  
5 X  Yes  
6  X Yes  
7 X  Yes  
8   X No Poor Preparation 
9 X  Yes  

10 X  Yes  
11   X No Poor Preparation 
12  X Yes  
13 X   No Broken slide 
14  X Yes  
15 X  Yes  
16  X Yes  
17 X  Yes  
18 X  Yes  
19 X  Yes  
20 X  Yes  
21 X  Yes  
22  X Yes  
23  X Yes  
24  X Yes  
25 X  Yes  
26 X  Yes  
27  X Yes  
28  X Yes  
29   X No Poor Preparation 
30   X Yes   
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AbstractThe Salmon River, located in northwestern California, is one of the 
last known refuges for naturally produced Klamath basin spring Chinook 
salmon (Oncorhynchus tshawytscha).  Previous salmonid distribution and 
abundance monitoring studies of the Salmon River determined two migration 
peaks; the primary occurring in spring and the secondary occurring in the fall.  
To determine if there was any spring Chinook salmon emigrating during the 
secondary peak, an otolith microstructural study was performed on left 
sagittal otoliths collected during the secondary peak between the years of 
2003-2005.   
Of the 58 otolith samples analyzed in this study, a total of 18 otoliths were 
identified as Salmon River spring Chinook salmon when compared to 
previous Salmon River juvenile spring Chinook salmon microstructural data 
(p > 0.05).  The origination of the remaining 40 otolith samples remained 
unidentified due to absence of baseline juvenile fall Salmon River Chinook 
salmon microstructural data and had a different microstructural pattern from 
the known spring Chinook salmon microstructural pattern (p < 0.05). 
A secondary study objective was to determine freshwater residency and 
associated growth rates of all Salmon River Chinook salmon otoliths 
analyzed in this study.  Overall mean freshwater residency was estimated to 
be 136 days with an estimated mean growth rate of 0.23 mm/day.   
Results of this study are preliminary until further studies involving known 
fall Salmon River Chinook salmon otolith microstructure, adult Salmon River 
spring and fall otolith microstructure, and genetic analyses can be 
investigated.  
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Introduction 
Otolith-based research provides information on the population biology and life history of 
fish that is otherwise extremely difficult, if not impossible, to collect such as daily age and 
growth rates, hatch and emergence dates, life stage transitions, and habitat transitions 
(Begg et al. 2005).  Cyclic depositions of organic and inorganic components of otoliths 
interact to lay down a series of sequential dark and light bands that reflect the bipartite 
nature of otolith increments.  Unlike scales, otoliths are comprised of crystalline calcium 
carbonate polymorphs that are embedded in a proteinaceous matrix that, once deposited, is 
metabolically inert resulting in no resorption or remineralization (Gauldie and Nelson 
1990).   

Variation in temperature and growth can produce otolith increment patterns that are stock 
specific, provided the stock incubated under a distinctive thermal regime (Zhang et al. 
1995, Volk et al. 1996, Quinn et al. 1999).  The resulting increment pattern is specific to 
the thermal regime under which embryonic and alevin development occurred as it is 
generally accepted that increment deposition initiates prior to hatching (Quinn et al. 1999).  
For this study, the area of the otolith denoting the developmental life stage of the fish are 
the increments located between and including the hatch and emergence checks and is 
referenced as the ‘developmental check region’ (DC region).   

Given that a fish length to otolith length relationship can be determined, the widths of the 
sequential increments located post-emergence provide daily growth rates of the fish at a 
specific age and on a specific date provided that increment deposition is daily (Campana 
and Jones 1992).  Since various authors have previously demonstrated the deposition of 
otolith increments of Chinook salmon to be daily (Wilson and Larkin 1982, Marshall and 
Parker 1982, Volk et al. 1984, Neilson and Geen 1985; and others), this study did not 
investigate the increment depositional rate and assumes that increment periodicity is daily.   

Abundance and distribution studies on emigrating juvenile Chinook salmon 
(Oncorhynchus tshawytscha) of the Salmon River, California, have shown two distinct 
migration peaks that occur in spring/early summer and in the fall (UFWS, in prep, 
Juvenile Salmonid Monitoring on the Mainstem Salmon River at Somes Bar, CA).  The 
Salmon River supports spring- and fall-run Chinook salmon, as well as other salmonid 
species such as coho salmon (O. kisutch) and steelhead (O. mykiss). 

The primary objective of this study was to identify and estimate the number of juvenile 
spring Chinook salmon emigrating from the Salmon River, CA based on screw trap 
collections throughout the migration season which began in spring and ended in the fall.  
Unfortunately, collected sample sizes were very small (< 100) and only represented the 
latter portion of the migration season which eliminated a comparative study between the 
number of emigrating juvenile spring Chinook salmon found in the primary and secondary 
migration peaks of the Salmon River.  Due to these circumstances, a redirection in the 
primary objective of a comparative study between the two migration peaks became an 
identification and enumeration of migrating juvenile Chinook salmon that display the 
previously identified Salmon River spring Chinook salmon microstructural pattern (Sartori 
2005) of the collected screw trap samples.  Other study objectives included an estimation 
of freshwater residency and associated growth rates; and identification of hatch and 
emergence checks. 
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Study Area 
A rotary screw trap was placed 1.5 river kilometers (rkm) upstream from the confluence of 
the Salmon River and the Klamath River to monitor distribution and abundance of 
emigrating juvenile salmonids.  Trap site was chosen based on its proximity to the mouth 
of the Salmon River, accessibility, and a deep thalwag to situate the trap in (W. Pinnix, 
U.S. Fish and Wildlife Service, personal communication).  Trap was checked daily 
throughout the season which extended from approximately April through October 
annually; wherein live-box mortalities from trapping efforts were salvaged during the 
latter part of the migration season to obtain otoliths for microstructural studies (Figure 1).   

All salvaged juvenile Chinook salmon mortalities (n = 66) were immediately frozen upon 
collection to avoid any surface degradation of otoliths by crews from the Karuk Tribe’s 
Natural Resources Department and those from the Salmon River Restoration Council. 

Methods 

Otolith preparation and analysis 

Sagittal otoliths were extracted from the juvenile Chinook salmon mortalities by the 
‘open-the-hatch’ method as described in Secor et al. (1991).  After extraction, otoliths 
were cleaned and dried using ambient air temperature before obtaining their weights 
(nearest 0.00001 grams) and lengths (nearest 0.1 millimeters).  Otoliths were then 
embedded separately in polyester resin before being mounted on a glass slide with 
thermoplastic cement.  After otoliths had been mounted on glass slides, the excess resin 
above the surface of the otolith was cut off using a low speed saw.  Otoliths were then 
lapped on both sides with a lapping wheel until the primordial region was exposed. 

Otolith increments and checks were marked beyond the core region of the otolith to the 
edge of the otolith on a preferred measurement angle of 73° (+ 3º) radiating from a 
transect line that begins at the otolith rostrum proceeding distally through a predetermined 
nucleus to the otolith postrostrum (see Figure 2 for otolith diagram).  Analyzed otolith 
regions included the following areas: 1) core to beginning of developmental check, 2) 
developmental check, and 3) end of developmental check to otolith edge.  These areas are 
referred to as ‘regions’ for the purpose of this study (Figure 3).  All linear measurements 
on otolith samples were recorded and input to a database.  All samples were analyzed 
twice with a lapse of three weeks between analyses to avoid reader bias as the same reader 
conducted both analyses. 

Identification and enumeration of spring Chinook salmon from screw trap samples 

Prepared otolith samples were visually examined for incremental patterns and checks 
associated with the natal portion of the otolith using a transmitted light microscope 
interfaced with a video camera and a computer equipped with image analysis software.  
For purposes of this investigation, the natal portion of the otolith included the area of the 
otolith prior to and including the developmental check region (DC) since increment 
deposition in this portion of the otolith occur during intragravel development.  The 
developmental check region is the area of the otolith located between the hatch and 
emergence checks (width).  This area denotes the developmental life stage of the fish and 
the associated incubational thermal regimes that are site specific.  



 
Figure 1.  Map of Salmon River rotary screw trap site located in northwestern California.
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Figure 2.  Diagram of a sagittal otolith from a generalized teleost fish (from Cailliet et al. 
1986). 

 

 
Figure 3.  Developmental check sequence of an otolith extracted from a juvenile Chinook 
salmon originating in the Salmon River sub-basin, CA in 2004. 

 

 

During visual examination of the collected Salmon River screw trap samples, individual 
otolith samples were grouped by similarities in appearance.  Descriptions of the 
microstructural patterns for each group of otolith samples were then recorded and 
compared to a previous documented description of the developmental check region of 
juvenile Salmon River spring Chinook salmon (Sartori 2005).   

Upon completion of the visual analysis, linear measurements of the developmental check 
regions of all viable Salmon River screw trap otolith samples were taken and recorded to a 
database.  A database query was then performed on linear distances of the developmental 
check regions of the screw trap otolith samples (distance from otolith core and the width of 
the developmental check region) to identify the samples that had similar developmental 
check measurements by using the range of the developmental check measurements found 
in the otolith samples previously identified as Salmon River spring Chinook salmon 
(Sartori 2005).  Results of this comparative database query was documented, recorded and 
compared to the results of the visual examination of the screw trap samples. 

All samples were visually analyzed twice with a lapse of three weeks between analyses to 
avoid reader bias as the same reader conducted both visual examinations. 
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Identification of hatch and emergence checkmarks 

Hatch checkmarks of salmonids usually appear in the form of a very dark band or 
structural discontinuity from previous increments.  An emergence checkmark occurs prior 
to a transitional area from broad or indistinct increments of the post-hatch alevin to the 
well-defined daily incremental banding of emergent fry (Volk et al. 1995). 

Prepared otolith samples were visually examined using a transmitted light microscope 
interfaced with a video camera and a computer equipped image analysis system to 
determine the appearance of the hatch and emergence checkmarks that occur in the natal 
portion of the otolith.  During visual examination of all viable otolith samples collected at 
the Salmon River trap site, the hatch check was identified as a distinct dark band followed 
by a distinct light band that was located beyond the core region of the otolith samples, but 
preceded an area of broad or indistinct increments that is representative of otolith 
increments found on post-hatch alevin (Volk et al. 1995).  Consequently, the emergence 
check was identified as a series of three dark bands separated by two lighter bands that 
represented a transitional area from the broad or indistinct increments of the post-hatch 
alevin to the well defined daily incremental banding of emergent fry.  Figure 3 shows the 
identified hatch and emergence checks located on all Salmon River trap otolith samples. 

On conclusion of the visual examination, linear measurements were taken from a 
consistently prominent nucleus located in the core region of all usable otolith samples 
outward to the visually identified hatch and emergence checkmarks along a specific radial 
angle.  All measurements were recorded and input to a database. 

Freshwater residency and growth rates 

To estimate freshwater residency and associated growth rates, it was necessary to first 
establish a relationship between the fish fork length and the otolith radius.  Once the 
relationship was established, otolith increments were manually marked from the end of the 
core region of the otolith to the edge of the otolith using a transmitted light microscope 
interfaced with a video camera and a computer equipped with image analysis software.  
Measurements included distances between ends of core region to hatch check, hatch check 
to emergence check, emergence check to edge of otolith, and between individual otolith 
increments. 

Assuming one otolith increment represents one day and counting the number of 
increments in the freshwater portion of the otolith, it is possible to estimate the number of 
days an individual fish had resided in the Salmon River prior to collection at the trap site.  
By estimating the fork length of individual fish samples when they emerged using the 
model generated by regressing fish length to otolith length, and subtracting this estimate 
from the measured fork length at time of collection, it is possible to estimate the amount 
individual fish grew in length while rearing in the Salmon River before being collected at 
the trap site.  By dividing the estimated amount of growth by the number of days residing 
in the Salmon River yields a growth rate (mm/day) for individual fish.   

Data analysis 

To establish the relationship between fish length and otolith radius, simple linear 
regression was applied to regress fish fork lengths (mm) against corresponding otolith 
radii (µm).  Assuming that otolith increment deposition is daily, the fish fork length:otolith 
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radius model generated from the linear regression, and linear measurements of specific 
otolith characteristics such as hatch check, emergence check, incremental widths, etc.; it is 
possible to obtain an estimation of size and growth rates of individual fish for specific life 
history events such as hatch and emergence, specific daily age, or habitat transitions.   

By counting the increments from the emergence check outward to the edge of the otolith 
and assuming that increments are deposited daily, an estimate of daily age and freshwater 
residency of the collected juvenile Chinook salmon samples is accomplished if the fish 
was collected in freshwater.  Furthermore, by inputting the linear distance of the 
emergence check from the otolith core to the fish length:otolith length model to obtain an 
estimate of fish length at emergence; the resulting fish length estimate is subtracted from 
the fish length at collection to estimate amount of growth from emergence to time of 
collection.  To estimate daily growth rates per fish, the estimated amount of growth post-
emergence to the edge of the otolith (time of collection) is divided by the number of 
increments encompassed in this area which yields a growth rate (mm/day) for freshwater 
residency as the fish used in this study were collected as juvenile migrants in freshwater.   

To test for difference in linear distance of the developmental check region in terms of 
distance from otolith core and width on all grouped screw trap otolith samples (grouped by 
microstructural pattern), an independent t-test (Murphy and Willis 1996) was conducted 
using the following equation: 
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where t = statistical difference between two sample means, y = sample means, s2 = sample 
variances, and n = sample sizes.  This test was also applied between any group of screw 
trap otolith samples that displayed similar developmental check distances and widths to a 
previous collection of otolith samples collected from known spring Chinook salmon 
spawning grounds of the Salmon River (Sartori 2005).   

 
To determine if there was a significant change in growth rates during residency in the 
freshwater rearing habitat of the Salmon River for individual fish collected in the screw 
trap, a paired t-test was performed on specific growth rates of otolith incremental regions 
of individual fish (Murphy and Willis 1996) as using the equation: 
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where t = statistical difference between two samples of paired data (growth rates), d  = the 
point estimate of the mean difference, dμ  is the hypothesized mean difference of 0, = 
standard deviation, and n = sample size.
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Results 

Identification and enumeration of spring Chinook salmon from screw trap samples 

Of the total 66 juvenile Chinook salmon live-box mortalities salvaged from the Salmon 
River rotary screw trap site between the years of 2003 to 2005, 58 otolith samples were 
viable for this investigation (Table 1).  Eight otolith samples were not used due to one or 
more of the following circumstances: unacceptable radial angle, abnormal crystalline 
formation of otolith, uneven microstructural growth patterns along radial angle, loss of 
part or whole otolith, or poor sample preparation. 

Visual examination of the 58 otolith samples collected from the screw trap resulted in 
identification of two distinct developmental check patterns.  Qualitative corroboration of 
the visible separation of two distinct developmental check patterns of the trap samples was 
accomplished by overlaying a sub-sample (n = 15 for each developmental check pattern) 
of one developmental check pattern over the other developmental check pattern using an 
image analysis system.  The overlay of one developmental check pattern over the other 
developmental check pattern resulted in a visible difference in the distance from the otolith 
core and in width.   

By using the overlay method and a sub-sample of a previously identified Salmon River 
spring Chinook salmon developmental check pattern (Sartori 2005), one screw trap 
developmental check pattern resulted as having the same developmental check pattern as 
the Salmon River spring Chinook salmon one.  The number of screw trap samples 
exhibiting the Salmon River spring Chinook salmon developmental check pattern was a 
total of 18 otolith samples.  To determine if the screw trap otolith samples were 
significantly different from each other and from the previously identified Salmon River 
spring Chinook salmon otolith samples, independent sample t-tests and ‘analysis of 
variance’ tests (ANOVA’s) were conducted on linear measurements of all usable otolith 
samples. 

 

 

Table 1.  Number of otoliths collected from juvenile Chinook salmon sampled from a 
rotary screw trap located 1.5 rkm upriver from the confluence of the Salmon River and 
the Klamath River, Ca.   

Sample 
Year 

No. of 
Otoliths 

Collected

No. of 
Otoliths 
Usable 

Range of Dates 

2003 10 8 8/29/2003 
2004 32 27 06/07/2004-09/15/2004 
2005 27 23 09/27/2005-10/03/2005 
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The linear measurement comparison of the developmental check region of the 18 otolith 
samples that exhibited the Salmon River spring Chinook salmon developmental check 
pattern resulted in no significant difference in distance from the otolith core region and in 
the width of the developmental check region between the screw trap otolith samples 
independent of year (ANOVA, F 2, 15 = 0.08, p = 0.92; and F 2, 15 = 0.78, p = 0.47 
respectively).  Annual mean linear otolith region distances and widths of developmental 
check regions representing the screw trap samples that were visibly similar to the Salmon 
River spring Chinook salmon developmental check regions are listed in Table 2.   

When comparing the mean developmental check region linear measurements of the trap 
samples (n = 18) that were visibly similar to a previously identified Salmon River spring 
Chinook salmon otolith developmental check pattern (n = 91) using an independent 
sample t-test, there was no significant difference in linear distance from the core region or 
in the developmental check regional width (t 107 = 0.39, p = 0.35; and t 107 = 0.58, p = 0.29, 
respectively).  Table 3 summarizes mean linear distances from core region and widths of 
the developmental check regions found in the otolith samples collected from the Salmon 
River trap site and from known spring Chinook salmon spawning grounds. 

The remaining otolith samples (n = 40) collected for this study shared a specific 
developmental check pattern that was visibly dissimilar to the developmental check region 
of the spring Chinook salmon otolith samples.  Although the hatch and emergence checks 
were similar in appearance to the identified spring Chinook salmon otolith samples, the 
linear distance of the developmental check region from the core region and the 
developmental check width appeared different (Figure 4).  Comparison of the two different 
developmental check regions represented in the trap otolith samples resulted in a 
significant difference in the linear distance from the core region and in width (t 56 = -7.42, 
p < 0.00; and t 56 = 32.95, p < 0.00, respectively).  Table 4 summarizes mean linear 
developmental check distances from otolith core and the developmental check widths of 
the two representative Salmon River trap otolith developmental check patterns. 

 

 

Table 2.  Summary of mean linear distances of the developmental check region (DC) 
from the otolith core (C) and the DC width on all otolith samples collected from the 
Salmon River rotary screw trap that displayed the Salmon River spring Chinook salmon 
(SRSP) developmental check pattern. 

Year Otolith Region Mean (µm) SE (µm) n 

     
2003 C to DC 60.77 2.73 

 DC 87.73 0.63 3 

     
2004 C to DC 59.65 1.49 

 DC 88.54 0.34 10 

     
2005 C to DC 59.50 2.11 

 DC 88.65 0.48 5 
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Table 3.  Summary of mean linear distances of the developmental check region (DC) 
from the otolith core (C) and the DC width of otolith samples collected from the Salmon 
River screw trap that displayed the same developmental check pattern as otolith samples 
collected from known Salmon River spring Chinook salmon spawning grounds.   

Site Otolith region Mean 
(µm) SD (µm) n 

     
Spawning grounds C to DC 60.15 3.27 

 DC 88.63 1.37 91 

     
Rotary screw trap C to DC 59.80 4.46 

 DC 88.43 1.07 18 

 

 

 
Figure 4.  Representative developmental check regions of otoliths from juvenile Chinook 
salmon salvaged from the Salmon River rotary screw trap in 2004.  (A) Shows the 
developmental check region displayed by Salmon River spring Chinook salmon and (B) 
shows the developmental check region of an unspecified Salmon River Chinook salmon 
stock. 

 

Although the developmental check region on 40 of the otolith study samples collected at 
the Salmon River trap site was significantly different from that of the other 18 otolith 
samples which displayed a similar developmental check region to that of a previously 
identified spring Chinook salmon developmental check (Sartori 2005), there was no 
significant difference among the 40 samples in linear distance from the otolith core or in 
width between sample years (ANOVA, F 2, 37 = 0.21, p = 0.81; and F 2, 37 = 0.13, p = 0.88, 
respectively).  Annual mean linear otolith regions distances and width of the screw trap 
samples that were not identified as having the developmental check pattern of the 
previously identified Salmon River spring Chinook salmon are listed in Table 5 as ‘SR-A’; 
whereas the Salmon River spring Chinook salmon otolith samples are listed as ‘SRSP’.
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Table 4.  Mean linear distances of the developmental check region (DC) from the otolith 
core (C) and the DC width on identified juvenile spring Chinook salmon otolith samples 
(SRSP) and unspecified juvenile Chinook salmon otolith samples (SR-A) collected from 
the Salmon River rotary screw trap.  Otolith samples represent collection years 2003-
2005. 

Site Otolith pattern Otolith region Mean (µm) SD (µm) n 

      
Salmon River screw trap SRSP C to DC 59.80 4.46 

  DC 88.44 1.07 
18 

      

 SR-A C to DC 75.67 8.54 

  DC 65.76 2.82 
40 

 

 

Table 5.  Mean linear distances of the developmental check region (DC) from the otolith 
core (C) and the DC width on all unspecified Salmon River juvenile Chinook salmon 
otolith samples. 

Year Otolith Region Mean (µm) SE (µm) n 

     
2003 C to DC 76.47 3.90 

 DC 65.23 1.29 5 

     
2004 C to DC 74.63 2.11 

 DC 65.95 0.70 17 

     
2005 C to DC 76.43 2.05 

 DC 65.73 0.68 18 

 

 

Since there are no documented baseline Salmon River juvenile Chinook salmon otolith 
samples that display the same developmental check pattern as the 40 screw trap samples, 
the specific origin of these samples remain unknown. 

Freshwater residency and growth rates 
Fish fork length was correlated with corresponding otolith radii (Figure 5, r = 0.88, n = 58) 
and was used in conjunction with the assumption that otolith increment deposition was 
daily to estimate freshwater residency and associated growth rates.  Overall mean 
freshwater residency was estimated to be 136 days + 31 days with an overall mean growth 
rate of 0.23mm/day + 0.09 mm/day.
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Figure 5.  Relationship between fish fork length (mm) and otolith radius (µm) of juvenile 
Chinook salmon collected from the Salmon River rotary screw trap site between the years 
2003-2005. 
 

 

Incremental widths normally associated with freshwater generally average < 3 µm in width 
(Neilson et al. 1985, Beamer et al. 2000) for juvenile Chinook salmon.  However, during 
visual analyses of the otolith samples used in this study, there was an observed increase in 
incremental width (Figure 6) on 57 of the 58 otolith samples which indicated a change in 
the freshwater growth rate.  Linear measurements of these areas of observed increased 
incremental widths supported the visual observations.  The mean incremental widths 
changed from a typical (< 3 µm) freshwater mean incremental width of 2.48 µm + 0.16 
µm to an atypical (> 3 µm) freshwater mean incremental width of 3.38µm + 0.18 µm per 
individual fish.  The associated growth rate for this group of increased incremental widths 
was 0.39 mm/day + 0.02 mm and the residency period represented by the increased 
incremental widths was approximately 25 days.  The mean overall fork length of fish at 
the beginning of the increased incremental width otolith area was approximately 58 mm + 
8 mm and was approximately 68 mm + 10 mm at the end of the increased incremental 
width otolith area.  The mean growth rate for this area of increased incremental width was 
approximately 0.39 mm/day + 0.02 mm which was dissimilar to the mean growth rate of 
approximately 0.22 mm/day + 0.09 mm for the other post-emergent otolith increments.  
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Figure 6.  Representative otolith sample collected from the Salmon River rotary screw trap 
displaying an area of increased incremental widths located beyond the emergence check 
(E) and prior to the edge of the otolith (i.e. time of collection). 

 

 

Results of a paired t-test indicated that there was a significant difference between the 
typical freshwater incremental widths and the atypical freshwater incremental widths (t 56 
= 13.44, n = 57, p<0.00). 

Only otolith samples with more than 10 consecutive sequential increments that displayed 
atypical freshwater incremental widths were used to determine the amount of change in 
width and ultimately the amount of change in growth rates per individual fish.  Assuming 
that incremental deposition is daily, incremental counts > 10 indicated that migrating 
juvenile Chinook salmon had settled in a particular area of the river longer than a week 
before resuming migration to the estuary and/or ocean.  Table 6 summarizes the overall 
mean residency times and associated growth rates for the different types of freshwater 
growth increments (typical and atypical). 

Identification of hatch and emergence checkmarks 

Although similar hatch and emergence checkmarks were identified on all trap samples, the 
location of the hatch check was found to be pattern-selective.  Mean linear distance 
between the hatch check and the end of the core region for otolith samples exhibiting the 
same developmental check pattern as the Salmon River spring Chinook salmon 
developmental check pattern was 60.15 µm + 3.27 µm; whereas the mean linear distance 
between the hatch check and the end of the core region for the other identified 
developmental check pattern of the screw trap samples was 75.67 µm + 8.54 µm.  Results 
of a two sample t-test indicated there was a significant difference between the two 
developmental check patterns identified in the screw trap samples in terms of the overall 
mean linear hatch check distance from the core region (t 56 = -7.42, p < 0.00) and the 
overall mean linear distance of the emergence check from the core region (t 56 = 3.07, p < 
0.00). 
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Table 6.  Overall mean freshwater residency and associated growth rates categorized by 
type of freshwater otolith increment for all juvenile Chinook salmon otolith samples 
collected during the secondary migration peak of the Salmon River, CA between the 
years 2003-2005. 

Site n 
Freshwater 
increment 
category 

Mean increment 
width (µm) + SD 

Mean increment 
count + SD 

Mean growth 
rate/day (mm) + 

SD 
Salmon 

River trap 
site 57 Typical 2.49 + 0.16 112 + 28 0.23 + 0.09 

      

  Atypical 3.38 + 0.19 25 + 10 0.39 + 0.02 

 

 

Discussion 
Variation in temperature and growth can produce otolith increment patterns that are stock 
specific, provided the stock incubated under a distinctive thermal regime (Zhang et al. 
1995, Volk et al. 1996, Quinn et al. 1999).  The resulting increment pattern is specific to 
the thermal regime under which embryonic and alevin development occurred (Quinn et al. 
1999).  In this study, the developmental check region encompassed the area between the 
hatch check and the emergence check which were included as part of the check region.  
Visual examinations of the prepared Chinook salmon otolith samples salvaged from the 
Salmon River rotary screw trap indicated two distinct developmental check patterns.  One 
particular developmental check pattern was more prevalent than the other during the visual 
examinations and was not similar in distance from core region and width in comparison to 
the known Salmon River spring Chinook salmon developmental check pattern when 
compared using an independent sample t-test.   

The predominant developmental check pattern (69% of total sample size) had no previous 
juvenile spawning-ground baseline data and so was arbitrarily given a misnomer of ‘SR-
A’ to indicate an unidentified Chinook salmon stock, whereas the remaining 31% otolith 
samples were identified as having a Salmon River spring Chinook salmon developmental 
check microstructural pattern (‘SRSP’).  As the Salmon River supports both fall- and 
spring-run Chinook salmon, the ‘SR-A’ otolith samples may possibly be representative of 
Salmon River fall Chinook salmon; although this is a best-guess scenario since there is no 
juvenile baseline data to support this theory.  Both Salmon River developmental check 
patterns were visually different from other collected Klamath River basin juvenile 
Chinook salmon otolith samples.  The other Klamath River basin sites included Iron Gate 
hatchery, Trinity River hatchery, and the upper Trinity River mainstem near the Trinity 
River hatchery (Figures 7-9).  The visual differences among the otolith collections suggest 
that the developmental thermal regimes varied between collection sites. 

The Salmon River spring Chinook salmon are known to spawn in the North- and South-
Forks of the river, but not in the mainstem portion of the river, whereas the fall-run 
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Figure 7.  Image of otolith microstructural pattern representative of fall Chinook salmon 
from Iron Gate Hatchery located in Siskiyou County, CA.  Note the prominent band 
surrounding the core region which differentiates this particular pattern from other 
Klamath Basin patterns sampled thus far. 
 

 

 
Figure 8.  Image of otolith microstructural pattern representative of fall Chinook salmon 
from the Trinity River Hatchery located in Trinity County, CA.  Note the five prominent 
bands occurring prior to the hatch check.   
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Figure 9.  Image of an otolith microstructural pattern of a Chinook salmon sampled from 
upper Trinity River mainstem located in Trinity County, CA.  Note the four prominent 
bands post hatch check.   
 

 

Chinook salmon is known to only spawn in the river’s mainstem and lower tributaries (P. 
Brucker and N. Pennington, Salmon River Restoration Council, personal communication).  
Once emergence occurs, rearing and emigration of both fall-and spring-run Chinook 
salmon occur during the same time periods (Table 7) which makes it possible to have both 
runs migrating through the trap site in the same time frame.  Without recorded intra-gravel 
thermal regimes of known fall- and spring-run Chinook salmon incubational sites, any 
identification of fall- and spring-run Chinook salmon originating in the Salmon River sub-
basin is preliminary until such data is available to correlate otolith natal microstructure to 
site specific thermal regimes. 

Comparative results between the developmental check patterns of previously identified 
spring Chinook salmon otolith samples and developmental check patterns of otolith 
samples salvaged from the trap site exhibiting similar developmental check patterns of the 
spring Chinook salmon were not significantly different in either distance from the otolith 
core region or in width.  This would suggest that all the screw trap otolith samples that 
displayed the similar developmental check region as the otolith samples collected from 
known Salmon River spring Chinook salmon spawning grounds were affected by similar 
incubational thermal regimes.
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Table 7.  Salmon River, CA life stage periodicity table for Chinook salmon.  Table is 
courtesy of the Natural Resources Department of the Karuk Tribe.   

Species/Life Stage Run Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

              
Redd construction Spring         X X   

 Fall          X X  
              

Egg incubation/fry 
emergence 

Spring X X X X X    X X X X 

 Fall X X X X X     X X X 
              

Fry rearing (up to 50 
mm) 

Spring    X X X X      

 Fall    X X X X      
              

Juvenile YOY 
rearing (>50 mm) 

Spring    X X X X X X X X X 

 Fall    X X X X X X X X X 
              

Juvenile yearling 
rearing (>50 mm) 

Spring X X X          

 Fall X X X          
              

Juvenile emigration 
(>50 mm) 

Spring X X X X X X X X X X X X 

 Fall X X X X X X X X X X X X 
 

One consistent similarity for all otolith samples salvaged from the trap site during the 
secondary migration peak, regardless of possible run-type, was an area of sequential post-
emergent increments that had dramatically increased in width from other post-emergent 
increments prior to otolith collection.  One otolith sample was not used in this portion of 
the analysis due to the small number of increments in this particular area of the otolith (n 
<10).  This area of increased incremental width suggests an increase in fish growth since it 
is generally accepted that otolith increment width is an indicator of fish growth if fish 
length is correlated to otolith diameter (Volk et al. 1984, Thorrold and Williams 1989).    
For this investigation, there was a positive correlation between fish fork length to otolith 
radius (r = 0.88). 

The increase of freshwater otolith incremental widths from a mean of 2.49 µm to a mean 
of 3.38 µm is typically seen in habitat areas just prior to an estuarine habitat (Beamer et al. 
2000) which is different from the location of the Salmon River trap site from which the 
otolith samples were obtained.  In the study conducted by Beamer et al., the habitat just 
prior to the Skagit River estuary exhibited mean incremental widths of 3.68 µm + 0.49 µm 
which was dissimilar to the mean freshwater increments found on the same Skagit River 
otoliths (2.31 µm + 0.10 µm).  One possible explanation for this increased freshwater 
incremental width anomaly is a transition from an unfavorable freshwater habitat to a 
habitat which encompassed environmental variables more favorable to fish growth.  
Habitat variables such as optimum water temperatures, low population densities, and an 
abundance of prey would facilitate increased fish growth that would be represented by 
increased otolith incremental widths (Neilson et al. 1985).   
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Otolith microstructure of collected emigrating Salmon River juvenile Chinook salmon 
indicated an overall mean residency of approximately 25 days in the proposed “optimal 
freshwater habitat” with a calculated mean increase in fish fork length of 10mm.  This 
increase in growth during the residency period in the proposed freshwater habitat suggests 
that environmental conditions were conducive to fish growth as indicated by the change in 
otolith incremental widths.  To understand why fish reside in the proposed habitat instead 
of continuing migration to the estuary and/or ocean, an examination of riverine conditions 
should be examined.   

Salmon River juvenile Chinook salmon migrating to the estuary and/or ocean must first 
transition from the Salmon River into the Klamath River during the months from April to 
October.  As the otolith samples collected for this study only reflect the latter months of 
the migration season (approximately August through October), only the riverine conditions 
during those months will be discussed.  Personal communication with T. Soto, Department 
of Natural Resources of the Karuk Tribe, and N. Pennington, Salmon River Restoration 
Council; indicated that poor water quality conditions existed in the Klamath River prior to 
the secondary migration peak between the years 2003-2005 such as increased water 
temperatures and an increase in algal concentrations.  If the water quality conditions were 
an impediment to juvenile Salmon River Chinook salmon transitioning to the Klamath 
River, a possibility of the fish remaining in the Salmon River until water quality conditions 
improved may have existed.  Accordingly, there was no visible checkmark that may have 
associated a transition from the Salmon River to the Klamath River found on any of the 
otolith samples used in this study.  Without a visible checkmark on the otoliths denoting a 
transition from the Salmon River to the Klamath River, any increase in incremental widths 
would be assumed to have occurred in the Salmon River.   

This report identified the number of juvenile spring Chinook salmon of the total sample 
group collected from the live-box of the Salmon River rotary screw trap during the 
secondary migration peak between the years 2003-2005 based on otolith microstructure.  
Other otolith characteristics identified were freshwater residency rates, growth rates, and 
specific life-history microstructural checks.  However, results of this study were limited 
due to annual and overall small sample sizes, absence of otolith samples representing the 
primary peak of emigrating juvenile Chinook salmon, and absence of baseline fall 
Chinook salmon natal spawning ground data.  Additional studies are needed to confirm 
specific natal microstructural signatures of spring and fall Chinook salmon stocks of the 
Salmon River, including: 1) otolith studies on fall-run Chinook salmon fry otoliths 
collected from known spawning grounds in the Salmon River sub-basin, 2) otolith studies 
of spring and fall Chinook salmon adults from spawning grounds in the Salmon River sub-
basin, 3) identification of the relationship between incubational thermal regimes of known 
spring and fall Chinook salmon natal grounds and associated otolith microstructural 
pattern, 4) genetic analyses of identified spring and fall Chinook salmon derived from 
otolith microstructure, and 5) a comparative study of spring Chinook salmon fry otolith 
microstructure from the Salmon River to microstructure of other river systems outside the 
Klamath Basin. 
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Date Reach

Redd 
#

Redds 
Observ

ed

# of fish 
on redd

% 
Canopy 

Over 
Redd

Instream Cover 
(none, wood, 
boulder, white 

water, undercut 
ledge, pool)

Proximity 
to 

instream 
cover in ft.

9/21/2006 Petersburg- East Fork 1 1 0 50 None 2

9/21/2006 Blindhorse - Petersburg 1 1 75 None -
9/21/2006 Blindhorse - Petersburg 2 4 0 pool/pool 25
9/21/2006 Blindhorse - Petersburg 3 3 5 pool/ white water 20/25
9/21/2006 Blindhorse - Petersburg 4 4 0 5 pool 30

9/21/2006 Cecil - Limestone 1 1 0 0 none n/a

9/21/2006 Georges - Confluence 0 0 0 n/a n/a n/a

9/21/2006 Little South Fork - Grizzly 1 0 0 white water 10
9/21/2006 Little South Fork - Grizzly 2 0 0 pool/ ledge 40
9/21/2006 Little South Fork - Grizzly 3 0 60 pool/ ledge 50
9/21/2006 Little South Fork - Grizzly 4 0 30 pool/ ledge 55
9/21/2006 Little South Fork - Grizzly 5 0 75 pool/ white water 75
9/21/2006 Little South Fork - Grizzly 6 1 0 pool 30
9/21/2006 Little South Fork - Grizzly 7 1 0 boulder/ white water 25
9/21/2006 Little South Fork - Grizzly 8 1 0 pool/ledge 25
9/21/2006 Little South Fork - Grizzly 9 1 0 pool/ledge 35
9/21/2006 Little South Fork - Grizzly 10 10 0 10 boulder/ white water 30

9/21/2006 East fork - Cecil Creek 1 1 35 undercut ledge 1 / zero
9/21/2006 East fork - Cecil Creek 2 1 15 none 0
9/21/2006 East fork - Cecil Creek 3 3 0 30 white water/ pool 15/35

9/27/2006 Cecilville - French 1 1 10 pool 40
9/27/2006 Cecilville - French 2 1 10 pool 30
9/27/2006 Cecilville - French 3 3 0 5 wood 10

9/28/2006 E. Fork - Cecil Creek 1 0 50 wood, ledge 5
9/28/2006 E. Fork - Cecil Creek 2 0 5 none N/A
9/28/2006 E. Fork - Cecil Creek 3 3 0 30 none N/A

9/28/2006 Limestone - Smith Creek 1 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 2 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 3 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 4 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 5 0 20 none n/a
9/28/2006 Limestone - Smith Creek 6 1 35 rock  10
9/28/2006 Limestone - Smith Creek 7 0 35 rock 5
9/28/2006 Limestone - Smith Creek 8 0 3 white water 10
9/28/2006 Limestone - Smith Creek 9 1 45 pool 30
9/28/2006 Limestone - Smith Creek 10 1 45 pool 20
9/28/2006 Limestone - Smith Creek 11 0 35 white water/pool 15-20
9/28/2006 Limestone - Smith Creek 12 1 30 pool 30+
9/28/2006 Limestone - Smith Creek 13 1 20 pool 30+



t
t
t
t

9/28/2006 Limestone - Smith Creek 14 0 50 pool 40
9/28/2006 Limestone - Smith Creek 15 15 0 5 pool 50

9/28/2006 Little Grizzly - Blindhorse 1 0 5 undercut ledge 20
9/28/2006 Little Grizzly - Blindhorse 2 0 10 none --
9/28/2006 Little Grizzly - Blindhorse 3 0 20 whitewater 12
9/28/2006 Little Grizzly - Blindhorse 4 3 40 pool 24
9/28/2006 Little Grizzly - Blindhorse 5 1 15 undercut ledge 30
9/28/2006 Little Grizzly - Blindhorse 6 2 35 pool 18
9/28/2006 Little Grizzly - Blindhorse 7 0 65 none --
9/28/2006 Little Grizzly - Blindhorse 8 2 60 none --
9/28/2006 Little Grizzly - Blindhorse 9 1 50 none --
9/28/2006 Little Grizzly - Blindhorse 10 0 0 pool 20
9/28/2006 Little Grizzly - Blindhorse 11 11 0 10 whitewater 10

9/28/2006 Georges - East Fork 1 1 2 90 wood, undercut ledg 30

9/28/2006 Blindhorse - Petersburg 1 3 10 pool/ w. water 30
9/28/2006 Blindhorse - Petersburg 2 2 75 pool 30
9/28/2006 Blindhorse - Petersburg 3 5 0 pool 10
9/28/2006 Blindhorse - Petersburg 4 1 10 pool/ w. water 10
9/28/2006 Blindhorse - Petersburg 5 2 0 pool 30
9/28/2006 Blindhorse - Petersburg 6 1 0 pool 20
9/28/2006 Blindhorse - Petersburg 7 3 0 pool 35
9/28/2006 Blindhorse - Petersburg 8 1 5 pool 50
9/28/2006 Blindhorse - Petersburg 9 9 1 0 pool 30

9/28/2006 Petersburg - East Fork 1 2 10 none 15
9/28/2006 Petersburg - East Fork 2 1 10 none 3
9/28/2006 Petersburg - East Fork 3 0 60 disturbance wh. Wa 0.5
9/28/2006 Petersburg - East Fork 4 2 5 disturbance wh. Wa 0.5
9/28/2006 Petersburg - East Fork 5 1 25 disturbance wh. Wa 0.5
9/28/2006 Petersburg - East Fork 6 6 1 5 disturbance wh. Wa 3

10/3/2006 Little S. F. - blindhorse 1 0 0 pool 20
10/3/2006 Little S. F. - blindhorse 2 2 0 0 pool 40

10/4/2006 Idlewild - Whites gulch 1 1 40 pool 15
10/4/2006 Idlewild - Whites gulch 2 6 25 pool 15
10/4/2006 Idlewild - Whites gulch 3 0 25 pool 20
10/4/2006 Idlewild - Whites gulch 4 0 25 pool 25
10/4/2006 Idlewild - Whites gulch 5 1 30 pool 30
10/4/2006 Idlewild - Whites gulch 6 2 15 none n/a
10/4/2006 Idlewild - Whites gulch 7 1 40 none n/a
10/4/2006 Idlewild - Whites gulch 8 1 45 none n/a
10/4/2006 Idlewild - Whites gulch 9 9 2 20 pool 20

10/4/2006 Big Creek - Mule (I) 1 0 65 pool, terr. Veg 15
10/4/2006 Big Creek - Mule (I) 2 2 0 0 pool  15

10/4/2006 Mule Bridge - Idlewild 1 2 65 pool 30
10/4/2006 Mule Bridge - Idlewild 2 2 5 pool 40



10/4/2006 Mule Bridge - Idlewild 3 3 1 80 none n/a

10/5/2006 Petersburg - Eastfork 1 1 0 pool 5
10/5/2006 Petersburg - Eastfork 2 1 0 pool 15
10/5/2006 Petersburg - Eastfork 3 1 0 pool 15
10/5/2006 Petersburg - Eastfork 4 4 1 0 boulder/ wood 35

10/5/2006 East Fork 1 1 0 pool 20
10/5/2006 East Fork 2 6 0 pool 10
10/5/2006 East Fork 3 6 0 pool 10
10/5/2006 East Fork 4 4 1 60 pool 30

10/5/2006 Cecil - Limestone 1 0 90 none n/a
10/5/2006 Cecil - Limestone 2 1 90 wood 6
10/5/2006 Cecil - Limestone 3 4 10 boulder pool 3
10/5/2006 Cecil - Limestone 4 2 20 pool wood/ boulder 3
10/5/2006 Cecil - Limestone 5 0 75 undercut ledge 10
10/5/2006 Cecil - Limestone 6 1 90 undercut ledge 8
10/5/2006 Cecil - Limestone 7 0 0 boulder  10
10/5/2006 Cecil - Limestone 8 0 100 undercut ledge 8
10/5/2006 Cecil - Limestone 9 1 80 undercut ledge 4
10/5/2006 Cecil - Limestone 10 6 80 wood 1
10/5/2006 Cecil - Limestone 11 0 20 wood 2
10/5/2006 Cecil - Limestone 12 0 70 willow wood 0
10/5/2006 Cecil - Limestone 13 1 10 grass 4
10/5/2006 Cecil - Limestone 14 1 80 undercut ledge 3
10/5/2006 Cecil - Limestone 15 2 20 pool wood/ boulder 30
10/5/2006 Cecil - Limestone 16 6 100 undercut ledge 8
10/5/2006 Cecil - Limestone 17 17 2 90 grass 4

10/5/2006 East fork to Cecilville 1 0 0 None 0
10/5/2006 East fork to Cecilville 2 2 0 undercut ledge 5
10/5/2006 East fork to Cecilville 3 3 0 30 dead trees 20

10/5/2006 Blindhorse - Petersburg 1 0 0 pool 30
10/5/2006 Blindhorse - Petersburg 2 1 0 pool 30
10/5/2006 Blindhorse - Petersburg 3 0 40 pool 29
10/5/2006 Blindhorse - Petersburg 4 0 20 pool 49
10/5/2006 Blindhorse - Petersburg 5 5 0 0 pool 15

10/10/2006 Blindhorse - Petersburg 1 0 10 none n/a
10/10/2006 Blindhorse - Petersburg 2 0 0 pool 5
10/10/2006 Blindhorse - Petersburg 3 3 0 5 pool 25

10/12/2006 East Fork Salmon R. 0 0 0 n/a n/a n/a

10/12/2006 East Fork - Cecil Creek 1 0 10 none n/a
10/12/2006 East Fork - Cecil Creek 2 3 40 white water and pool 10
10/12/2006 East Fork - Cecil Creek 3 0 0 pool 15
10/12/2006 East Fork - Cecil Creek 4 0 45 ledge/ boulder 15
10/12/2006 East Fork - Cecil Creek 5 0 55 ledge/ boulder 4
10/12/2006 East Fork - Cecil Creek 6 0 59 wood, willows 2



10/12/2006 East Fork - Cecil Creek 7 7 2 45 pool 15

10/12/2006 Petersburg - 5 5 2 20 ledge/ pool 50

10/12/2006 Smith - Matthews 5 5 0 40 0 N/A

10/12/2006 French - Smith 11 11 1 0 20 1

10/12/2006 Cecil - Limestone 4 4 1 75 w. water 8

10/12/2006 Little S. Fork - Blindhorse 0 0 0 N/A N/A N/A

10/12/2006 Blindhorse - Petersburg 3 3 1 10 none n/a

10/13/2006 Idlewild - Whites 1 1 2 50 white water/ pool 10ft/ 25 ft

10/13/2006 North Fork mile 16-16 3 3 4 0 boulder 2

10/13/2006 Sawyers Bar - Kelly Gl 3 3 3 15 none n/a

10/13/2006 Whites to 16 mile 3 3 0 0 none n/a

10/17/2006 Little South Fork - Blindhorse 1 0 0 w. water 20

10/12/2006 Petersburg - 1 2 20 Boulder 40
10/12/2006 Petersburg - 2 2 90 bank slightly undercu 10
10/12/2006 Petersburg - 3 0 0 none n/a
10/12/2006 Petersburg - 4 0 1 boulder, wood 6

10/12/2006 Smith - Matthews 1 0 0 0 N/A
10/12/2006 Smith - Matthews 2 0 0 0 N/A
10/12/2006 Smith - Matthews 3 0 0 0 N/A
10/12/2006 Smith - Matthews 4 0 0 0 N/A

10/12/2006 French - Smith 1 1 0 0 0
10/12/2006 French - Smith 2 0 20 0 20
10/12/2006 French - Smith 3 0 0 0 0
10/12/2006 French - Smith 4 0 0 0 0
10/12/2006 French - Smith 5 0 0 0 5
10/12/2006 French - Smith 6 0 0 0 0
10/12/2006 French - Smith 7 0 0 17 0
10/12/2006 French - Smith 8 1 0 0 1
10/12/2006 French - Smith 9 4 0 0 10
10/12/2006 French - Smith 10 0 0 0 10

10/12/2006 Cecil - Limestone 1 3 70 pool 50
10/12/2006 Cecil - Limestone 2 0 5 w. water 15
10/12/2006 Cecil - Limestone 3 6 0 w. water 40

10/12/2006 Blindhorse - Petersburg 1 0 20 none n/a
10/12/2006 Blindhorse - Petersburg 2 0 0 none n/a

10/13/2006 North Fork mile 16-14 1 1 0 boulder 1
10/13/2006 North Fork mile 16-15 2 0 0 boulder 3

10/13/2006 Sawyers Bar - Kelly Gl 1 0 5 pool 55
10/13/2006 Sawyers Bar - Kelly Gl 2 0 0 boulder 40

10/13/2006 Whites to 16 mile 1 0 0 Boulder 3
10/13/2006 Whites to 16 mile 2 0 0 Boulder 3



10/17/2006 Little South Fork - Blindhorse 2 2 0 0 pool 30

10/18/2006 Big Creek - Mule Bridge 0 0 0 n/a n/a n/a

10/18/2006 Mule Bridge - Idlewild 3 3 0 35 boulder 6

10/18/2006 Idlewild - Whites 6 6 0 0 pools 40

10/19/2006 Petersburg - Eastfork 3 3 1 20 n/a n/a

10/19/2006 East Fork 2 2 0 0 pool 20

10/19/2006 East Fork - Cecilville 5 5 0 40 undercut willows 10

10/19/2006 Cecil - Limestone 0 0 0 n/a n/a n/a

? 10/15 or 9/Smith Creek - Matthews 5 5 0 35 pool 40

553

16# of reaches:

10/18/2006 Mule Bridge - Idlewild 1 0 5 wood 8
10/18/2006 Mule Bridge - Idlewild 2 1 35 boulder 6

10/18/2006 Idlewild - Whites 1 0 1 none n/a
10/18/2006 Idlewild - Whites 2 0 0 pool 65
10/18/2006 Idlewild - Whites 3 0 5 pool, ledge 50
10/18/2006 Idlewild - Whites 4 0 20 pool, ledge 45
10/18/2006 Idlewild - Whites 5 0 10 pool, ledge 40

10/19/2006 Petersburg - Eastfork 1 0 40 pool 10
10/19/2006 Petersburg - Eastfork 2 0 45 pool 15

10/19/2006 East Fork 1 0 20 boulders 20

10/19/2006 East Fork - Cecilville 1 0 50 w. water 8
10/19/2006 East Fork - Cecilville 2 1 45 pool 20
10/19/2006 East Fork - Cecilville 3 0 45 pool 20
10/19/2006 East Fork - Cecilville 4 0 45 pool 20

? 10/15 or 9/Smith Creek - Matthews 1 0 5 undercuts + pool 15-20 / 50ft
? 10/15 or 9/Smith Creek - Matthews 2 1 40 pool 20
? 10/15 or 9/Smith Creek - Matthews 3 0 35 pool 40
? 10/15 or 9/Smith Creek - Matthews 4 0 35 pool 40

Total redds surveyed__________________________ 190
# spring Chinook observed on redds______________ 168
Total spring Chinook observed__________________

Miles surveyed:
Days Surveyed: 12
Total Surveys conducted (1 reach on 1 day = 1 survey) 44
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Y/N    

 
Habitat 
Type 
(pool, 

riffle, run,)

Spawning
Area 

Available 
(L x W)

 Spawning
Area Used

(L x W) 

 
 

G.P.S. 
Reference

#
 Comments:

total # of 
Spring 
Chinook

No top of Riffl 20x10 15x5 N/A pool above redd w/ 7 k.s., 2 sthd 13

No riffle 12x10 10x4 RB 1
no riffle 30x30 20x12 RB 2
no riffle 25x15 9x4 RB3
No riffle 50x30 12x6 RB4 24

no run 12x5 4x3 n/a 33

n/a n/a n/a n/a n/a 5

no run 30x3 15x3 RA 1 marginal; some cobble
no pool 9x5 9x5 RA 2
no run 9x4 9x4 RA 3 same habitat as redd #4
no run 8x4 8x5 RA 4
no run 17x4 7x4 RA 5
no pool 12x3 10x3 RA 6
no run 22x6 12x6 RA 7
no pool 25x6 12x6 RA 8 same habitat as redd #9
no run 25x6 10x5 RA 9
no run 16x4 8x4 RA 10 9

Yes run 20x10 8x4
No run 6x4 6x4
No riffle 7x3 7x3 8

No riffle 60x25 12x4 only made it to slightly past mile marker 17
no riffle 60x25 11x5
no riffle 60x20 11x4 16

no run 25x40 5x10 nice redd
no pool tailout 10x20 4x7
no riffle 19x5 12x5 5

No run 20x4 18x4 first four all together, not very nice redd
No run 20x4 18x4 not protected not defined
No run 20x4 18x4 all sideways - 1 lrg. Redd
No run 20x4 18x4
No riffle 4x3 3x3 small redd
No riffle 14x4 7x3
No riffle 14x4 7x4
No run 20x4 3x4
No riffle 20x20 10x3
No run 15x15 6x3
No pool/riffle 4x4 4x4
No run 7x5 5x3 out of flagging
No run 3x2 3x2



No run 20x20 10x5 maybe 2 redds
No run 15x15 5x3 5

No run 3x3 4x3 * recruitment of gravel at mouth of Little Grizzly unfinishe
No run 4x2 2.5x2
No run 8x3 3x3 deep
No pool 16x5 16x4 at horseshoe bend
No pool 3x3 2x1 small
No pool 12x5 5x3
No run 30x5 10x3
No run 30x5 6x4
No run 9x3 5x2
No pool 5x2 3x2
No run 5x3 4x3 21

no run 20x4 5x4 9

no run 30x20 18x8 RB 1
no riffle 16x7 15x5 RB 2
no tailout 25x15 12x5 RB 3
no run 15x5 15x5 RB 4
no run 40x18 10x5 RB 5
no run 10x4 10x4 RB 6
no riffle 40x30 10x6 RB 7
no riffle 35x15 12x5 RB 8
no riffle 30x20 9x5 RB 9 57

No riffle 50x15 8x3 RB 1
No riffle 50x15 5x3 RB 2
No riffle 10x4 10x4 RB 3
No run 10x3 8x3 RB 4
No riffle 20x10 8x3 (not enough satellites
No riffle 10x3 7x3 RB 5 saw an additional 10 spch 17

No run 60x30 15x6 RA 1
no run 60x30 20x5 RA 1 15

no run 5x10 5x8
no run 20x5 20x5 3 redds, 6 fish; nice pool
no run 20x5 20x5
no run 20x5 20x5
no run 8x10 6x7 8 lives in pool upstream
no riffle 5x6 5x5
no riffle 5x5 5x5
no riffle 5x7 5x7
no riffle 10x5 8x5 22

No pool 40x12 15x6 RI 1 more or less 99 ft
no pool 15x6 15x3 RI 2 redd not complete

No pool tail-ou 15x5 13x5 RJ 01 no GPS point
No run 35x20 15x8 RJ 02



p

No riffle 20x7 18x5 RJ 03 5

No tailout 20x10 12x8 RC 01
No pool tailout 25x20 8x4 RC 02
No riffle 25x25 20x10 RC 03
No riffle 20x5 15x4 RC 04 25

No Riffle 5x6 8x8
No Pool 15x6 6x3 Same Location as redd #3
No Pool 15x6 3x2
No Riffle 8x9 8x6 17

No run 25x6 9x4
No run 8x4 3x3
No pool ? Too dee 4x3 deep
No pool 20x4 4x3
No pool 12x6 8x4 Cecil
No riffle 5x3 5x3 Crawford
No run 8x3 2x2 Crawford
No riffle 25x4 6x3 Andy's
No riffle 25x4 4x3 Andy's
No run 16x4 10x3
No run 10x4 5x3
No run 12x5 8x4
No run 20x5 10x4 Bridge
No run 16x4 10x4
No pool 20x6 10x6 St. Claire
No pool 40x6 8x3
No run 12x6 8x5 58

No Run 12x5 9x4 38 multi-fish fight on the next sight up-river
No Run 5x3 7x5 39
No Run 10x5 5x4 47 2

No Riffle 30x30 12x5 RB 01
No run 20x10 10x4 RB 02
No run 20x8 15x6 RB 03
No run 20x6 14x4 RB 04
No run 30x30 12x5 RB 05 49

No riffle 12x5 12x5 RB 01
No riffle 10x15 10x4 RB 02
No riffle 25x10 20x8 RB 03 10

n/a n/a n/a n/a n/a possibly one redd at the last priva 6

No riffle 75x8 5x4
No run 30x8 10x5
No riffle/ run 30x15 11x7 beautiful redd!
No run 30x10 7x4 2 slightly old redds just called one
No run 25x20 15x10
No run 30x10 5x3



no riffle 12x4 10x3 RA01

No riffle 40x6 10x5 8

No riffle 20x5 5x3 steelhead?
No run 25x10 10x3
No riffle 30x15 4.5x2.5 small!
No run 11x5 7x4.5
No riffle 30x10 15x8 huge! Possilby multiple redds 7

No riffle 40x20 12x7 49 1-4 in same large riffle
No riffle 40x20 14x5 49
No riffle 40x20 12x5 49
No riffle 40x20 12x5 49 3 & 4 next to each other
No run 25x10 25x10 50 0

No riffle 30x20 16x8 RE01
No riffle 30x30 20x15 RE02
No riffle 15x15 30x15 RE03
No riffle 30x12 25x5 RE04
No riffle 20x10 18x6 RE05
No riffle 20x30 10x6 RE05
No riffle 40x30 20x8
No pool 15x20 10x14
No riffle 30x15 15x6 RE09 L Bank
No riffle 15x5 10x3 RE09 R Bank
No riffle 50x30 20x7 17

No riffle 30x10 16x5 RX01
No riffle 30x15 15x8 RD02
No riffle 12x6 8x5 RD02
No riffle 15x20 15x8 CD02 45

N/A N/A N/A N/A N/A 4

No run 3x3 3x2 by trailhead parking lot
No pool 8x3 5x3 just below parking lot
No pool 6x4 3x2 between bridges 4

no riffle 10x10 8x5 14

Yes pool tailout 30x40 4x8
Yes pool tailout 25x60 3x6
Yes riffle 20x30 4x14 Below Bridge 5

no 30x10 4.5x5 smaller but rounded
no glide 100x10 7x4
no glide to riffl 50x20 10x5.5 not sure if completed 7

no run 200x25 8x5 gorge
no pool 20x20 3x4
no pool/ riffle 20x20 3x1.5 0



no pool tailout 25x7 18x4 RA02 1

n/a n/a n/a n/a 0

No Pool 20x20 5x4
No Run 20x10 10x5
No Run 25x10 10x10 2

no (mining)riffle 7x4 6x2.5 in a mound of smallish mine tailings, by large dredge ho
No glide 13x6 6x4 just below confluence with russians
No glide 40x15 10x4
No glide 40x15 7x3.5
No glide 40x15 6x3
No riffle 13x5 9x4 0

No run 15x7 7x5
No run 15x7 7x5
No riffle 8x5 5x3 1

No riffle 7x4 6x4
No riffle 30x15 two redds in same location, 1 pre 0

No riffle 6x5 6x3
No PTC 20x15 9x5
No PTC 20x15 7x3
No PTC 20x15 8x4
No riffle 15x7 8x4 5

n/a n/a n/a n/a 0

No 6x7 6x7
No 10x7 5x7
No 30x10 15x8
No 30x10 15x8
No 30x10 15x8 2





ed look to redd- fresh bear evidence = possible predation?
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Salmon to Trinity

Species Life Stage Run Source
Spring Al Olson Pa1 Pa1 Pa1

Fall Al Olson Pa1 Pa1 Pa1 Pa1
Winter
Spring Al Olson Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2

Fall
Winter
Spring Al Olson Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2

Fall Charlie Chamberlain U U U U U U Pa1 Pa1
Winter
Spring Al Olson Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pd2 Pd2 Pd2

Fall
Winter

Juvenile yearling 
rearing All Al Olson Pd2 Pd2 Pd2 Pd2 Pd2 Pd2

Al Olson Pd2 Pd2 Pd2 Pd2 Pd2 Pd2 Pd2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Ma2 Pa2 Pa2 Pa2 Pa2 Ma2 Ma2 Pd2 Pd2 Pd2 Pd2

Charlie Chamberlain U U U U Pa2 Pa2 
Pa4

Pa2 
Pb3 
Pa4

Pa2 
Pb3 
Pa4

Pa2 
Pb3 
Pa4

Ma2 
Pb3 
Pa4

Ma2 
Mb3 
Ma4

Ma2 
Mb3 
Ma4

Ma2 
Pb3 
Ma4

Pa2 
Pb3 
Pa4

Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Ma2 Ma2

Spring Al Olson Pa3 Pa3 Pa3 Pa3 Pa3 Pa3
Fall

Winter
Adult holding Spring Al Olson Pa? Pa? Pa? Pa4 Pa4 Pa4 Pa4

Fall
Winter

Redd Construction All Al Olson Pa4 Pa4
Egg Incubation to All Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8
Fry Rearing (up to All Al Olson Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5

Juvenile YOY All Al Olson Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4
Juvenile emigration 

(>50mm) All Charlie Chamberlain Pa2 
Pa4

Pa2 
Pa4

Pa2 
Pa4

Pa2 
Ma4

Pa2 
Ma4

Pa2 
Ma4

Pa2
Ma4 Pa4 Pa4

Adult migration All Al Olson Pa4 Pa4
Adult holding All Al Olson Pa4 Pa4

Redd Construction All
Egg Incubation to 

fry emergence All

Fry Rearing (up to 
50 mm) All

1+ rearing (>50 
mm) All

2+ rearing (>130 
mm) All

Juvenile emigration 
(>50mm) All

Adult migration All
Adult holding All

Runback emigration All

Juvenile emigration 
(>50mm) All

Jan

Adult migration

Jun Jul Dec
C

hi
no

ok

Redd Construction

Egg Incubation to 
fry emergence

Fry Rearing (up to 
50 mm)

Juvenile YOY 
rearing (>50 mm)

Feb Mar Apr May Aug Sep Oct Nov
C
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o

C
oa

st
al
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ut
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ro
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Salmon to Trinity

Species Life Stage Run Source Jan Jun Jul DecFeb Mar Apr May Aug Sep Oct Nov
Summer Al Olson Pd6 Pd6

Fall
Winter Al Olson Pd6 Pd6 Pd6 Pd6

Summer Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8
Fall

Winter
Summer

Fall Charlie Chamberlain Aa4 Pa4 Pa4 Pa4 Pa4 Ma4 Ma4 Ma4 Pa1 
Ma4 Pa4

Winter Al Olson Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6
Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8

Charlie Chamberlain Pa4 Pa4 Ma4 Ma4 Pa4 Pa4 Pa4 Pa4 Pa1 
Pa4 Pa4 Pa1

Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6
Charlie Chamberlain Ma4 Ma4 Ma4 Ma4 Pa4 Pa4 Pa4 Pd Pa1 Pa1

Juvenile emigration 
(>50mm, all ages) All Charlie Chamberlain Pa2 Ma2 

Pa4

Ma2 
Mb3 
Pa4

Ma2 
Mb3 
Ma4

Pa2 
Mb3 
Ma4

Pa2 
Pb3 
Ma4

Pa2 
Pb3 
Ma4

Pa2 
Pb3  
Pa4

Pa2 
Pb3 
Pa4

Pa2 
Pb3 
Pa4

Summer
Fall

Winter
Summer Al Olson Pd8 Pd8 Pd8 Pd8 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pd8 Pd8

Fall
Winter Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pd8 Pd8

Half-pounder 
migration and 

holding
All

Al Olson Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pd8 Pd8

Runback emigration All Al Olson Pb7 Pb7 Pb7 Pb7 Pb7 Pb7 Pb7

Spawning All
Egg Incubation All
Juvenile rearing All

Juvenile emigration All Charlie Chamberlain Pa4 Pa4 Ma4 Ma4 Pa4
Adult migration All
Adult holding All Pa3 Pa3

Spawning All Pa3 Pa3
Egg Incubation All
Juvenile rearing All

Juvenile emigration All Charlie Chamberlain Ma4 Ma4 Ma4 Ma4 Pa4 Pa4 Pa4 Pa4 Pa4
Adult migration All
Adult holding All

All

All
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Adult migration

Fry Rearing (up to 
50 mm)

Adult holding

2+ and older rearing 
(>130 mm)

1+ rearing (>50 
mm)

Redd Construction

Egg Incubation to 
fry emergence







































  From:  Nick Oman <anick2@earthlink.net> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/23/2009 9:21 PM 
Subject:  suction dredging 
 
About twenty years ago C.D.F.and G. did a little study on my mining claim. The river bed of my claim is 
like  
>most river beds, boulder bound with hard pact gravels. With the input of the biologist I put the gravel in 
one pile, the cobbles in another  
>pile. They asked me to use a spill-proof gas container and NOT to pan my mining concentrates back into 
the river. The next spring we went to the river and found the winter high water had made a loose gravel bar, 
perfect for fish spawn, the cobbles turned into perfect habitat 
>for the little fish. The dredge hole turned into a deep cold water pool, 12 degrees colder than surface 
water. By not panning my mining  
>concentrates back into the river I was able to remove over 12.5 oz of lead fish weights and old bullets plus 
a car battery. I have continued to dredge in a environmentally friendly way since,I  feel that dredging could 
become an effective tool to help fish habitat, if done the correct way and it is just as healthy for the river as 
roto-tilling your garden.  

jmonaghan
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APPENDIX K: Private Citizen Comments (N - R)



From:  pat keene <pat@keeneeng.com> 
To: <mstopher@dfg.ca.gov> 
Date:  12/3/2009 6:02 PM 
Subject:  FW: Pat 
Attachments: dredge yardage Sheet1.pdf 
 
 
Dear Mark Stopher, 
 
I would first like to say that I appreciate your unbiased views and hope 
can work together with you and the department to get dredging open again. 
 
As per our discussion at the Fresno scoping meeting about average yardages 
and capabilities of suction dredges.  We have spent much time to give you 
realistic figures based on river conditions.  These are good figures that we 
can all work with.  I am sure if you check with any dredgers you will find 
that these formulas are true and correct.  We made to different charts to 
represent both rocky type areas such as the Yuba River and large gravel bars 
as found on the Klammath River.  Please feel free to ca me if you have any 
questions. 
 
Sincerely, 
 
Patrick Keene 
 
Keene Engineering 
 



Dredge Study 
Typical California type conditions. Such as River Gravel on the Klamath River 
All test are based on a 1 to 1 flow ratio.  Hose length not to exceed 20 feet or less material will be moved. 
Dredge Size Engine Water flow GPM Total water Average Gallons of Cubic feet Cubic feet Cubic yard

hose horse power through the discharge % of solids solids per  of solids of solids of solids 
Diameter Suction hose through Sluice  in slurry minute per minute per hour per hour

2 inch 2.5 hp 40 80 1.5 0.6 0.08 4.93 0.18
2.5 inch 3.5 hp 50 100 1.5 0.75 0.10 6.17 0.23
3 inch 4 hp 100 200 1.5 1.5 0.21 12.33 0.46
4 inch 6 hp 150 300 1.5 2.25 0.31 18.50 0.69
5 inch 9 hp 300 600 1.5 4.5 0.62 36.99 1.37
6 inch 14 hp 350 700 1.5 5.25 0.72 43.16 1.60
8 inch 46  hp 750 1500 1.5 11.25 1.54 92.48 3.43
10 inch 95 hp 1600 3200 1.5 24 3.29 197.28 7.31

Typical California type conditions. Such as dredging on the North fork of Yuba River 
All test are based on a 1 to 1 flow ratio.  Hose length not to exceed 20 feet or less material will be moved. 
Dredge Size Engine Water flow GPM Total water Average Gallons of Cubic feet Cubic feet Cubic yard

hose horse power through the discharge % of solids solids per  of solids of solids of solids 
Diameter Suction hose through Sluice  in slurry minute per minute per hour per hour

2 inch 2.5 hp 40 80 1 0.4 0.05 3.29 0.12
2.5 inch 3.5 hp 50 100 1 0.5 0.07 4.11 0.15
3 inch 4 hp 100 200 1 1 0.14 8.22 0.30
4 inch 6 hp 150 300 1 1.5 0.21 12.33 0.46
5 inch 9 hp 300 600 1 3 0.41 24.66 0.91
6 inch 14 hp 350 700 1 3.5 0.48 28.77 1.07
8 inch 46  hp 750 1500 1 7.5 1.03 61.65 2.28
10 inch 95 hp 1600 3200 1 16 2.19 131.52 4.87















From:  "Phil DeRiemer" <phil@adventurekayaking.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/30/2009 6:43 PM 
Subject:  Suction dredging 
 
Mark Stopher 
California Department of Fish and Game 
601 Locust Street 
Redding, CA 96001 
 
          
     November 30th, 2009 
Dear Mr. Stopher, 
 
 I am writing to add my voice to the number of people that are opposed to 
suction mining.  I am not a biologist, nor a hydrologist so I have no hard 
facts to fall back on other than personal experience.  I have been a river 
runner for close to thirty years.  My local river, the South Fork of the 
American allowed suction dredging up until the recent ban.  I have paddled 
extensively on the California Salmon, Klamath and Trinity rivers where 
suction dredging has been highly evident in the past. The materials 
displacement, sediment plumes, overall effect of water quality and noise are 
obvious to anyone observing suction dredging.  Today's mining laws are long 
overdue for an overhaul and suction dredging is a worthy place to start. 
 
Sincerely, 
 
Phil DeRiemer 
P.O. Box 559 
Lotus, CA. 95651 
 
 
 



From:  "PROSPECTORS DEPOT" <pbdesert@prospectorsdepot.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/5/2009 6:47 AM 
Subject:  SUCTION DREDGE ISSUE 
 
Dear Mr. Stopher: 
 
I have owned and operated a small mining supply company in a remote location 
of the lower Mojave Desert for now 5 years. I sell metal detectors, dry 
washers, dredges and the accessories which accompany this equipment. 
Annually I sell approximately $60,000.00 worth of Keene Engineering dredges 
& equipment to the California public. This income provides a necessary 
stimulation to the local economy and helps employ people who were previously 
out of work. This moratorium is hurting my business and many others by 
dragging into the fall months. Many of my customers were making a living in 
this rough economy by harvesting small amounts of gold with the use of the 
Keene Dredges. At a time in California's history when the issue is income 
for the state it seems like rotten timing to simply smother a thriving 
industry with such a devastating blow! It is greatly diminishing the tax 
revenue from these sales! California is trying to put good companies and 
people out of business with no credible environmental proof before hand. 
Logic would clearly state that an investigation into the environmental 
issues should have taken place long before the moratorium was ever initiated 
 Would you not agree? 
 
Let's pull the plug on these petty politics and put California's Mining 
Industry back to work before good businesses close their doors under the 
guise of unsubstantiated speculation.  
 
Regards, 
 
Philip Bonafede, CEO  
North & South American Minelab Sales 
Prospectors Depot International Mining, Inc.  
Keene Engineering Authorized Dealer 
63125 Red Horse Run 
Joshua Tree CA 92252 
760.366.3333 
866.366.8511 
info@prospectorsdepot.com 
www.prospectorsdepot.com 
http://stores.shop.ebay.com/prospectors-depot__W0QQ_armrsZ1 
www.minelab.com 















From:  Reeve Kahabka <az19lund@yahoo.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/6/2009 5:59 AM 
Subject:  Suction dredging inCalifornia 
 
Dear sirs: 
  
I started dredging 4 years ago in northern California and in that time I have seen a large increase in the 
number of fish that come around the nozzle to grab the nutrients that float up. I dredge in the same area so I 
believe it is a true comparison to what was there before I started dredging, as there is clean sand for the fish 
to lay their eggs. I spend about $2300 
for the ten days that I'm there. It is truly a trip my wife and I look forward to each year not only for the 
dredging but the area is beautiful and the people are great. Please don't take this away permanently. 
Sincerely 
  
Reeve Kahabka 
  
 
 
       



From:  Reggie Gould <gould@gouldeng.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/17/2009 12:26 PM 
Subject:  reggie Gould 
 
> Mark Stopher 
> California Dept. of Fish & Game 
> 
> Reggie Gould 
> PO Box 406 
> Garden Valley, CA 95633 
> 
> Mark, 
> I have read the report produced by Joseph C. Greene “Suction Dredge  
> Mining”. It was sent to the State Water Resources Control board  
> Division of Water quality June 6, 2007 but I guess our civic leaders  
> that are supposed to represent us forgot to read. 
> The report is about as comprehensive as it could be addressing the  
> Dredging issue. 
> The two opening statements under the heading “Geographical Scale of  
> Small Suction Dredging” sum's up the whole report. 
> All through the report various studies by the Dept. of fish & Game are  
> quoted of the very small impact as low as 0.1% of dredging on the  
> impact on the quality of water, turbidity. 
> The environmentalists opposing dredging are doing so without any sort  
> of facts to back up their claims. 
> The studies have been done all they have to do is read them. 
> Most of them are confusing huge hydraulic mining in the past with  
> small scale suction dredging that has less then 0.1% impact on the fish. 
> It is unfortunate that a handful of liberal legislators could impose  
> their liberal viewpoints on a recreational hobby and shut it down. 
> In a democracy the will of the people is supposed to prevail but in  
> this case a few have enacted a law supported by a handful of liberal  
> self-serving environmentalists. 
> It is my hope that this grave injustice will be overturned. 
> 
> Thank You, 
> R. J. Gould 
 
 



From:  "Ric Costales" <rcostales@co.siskiyou.ca.us> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 3:04 PM 
Subject:  Suction Dredge Scoping Comments 
Attachments: Suction Dredging Scoping Comment Pkg.pdf 
 
Mark: 
 
  
 
Attached please find pdf version of my comments on the suction dredging 
SEIR.  Hard copy in the mail.  Thanks! 
 
  
 
Ric Costales 
 
Natural Resource Policy Specialist 
 
County of Siskiyou 
 
PO Box 750 
 
201 4th St. 
 
Yreka, CA   96097-0750 
 
Phone:  (530) 842-8012 
 
FAX:  (530) 842-8013 
 
  
 
CONFIDENTIALITY NOTICE:  This communication with its contents may 
contain confidential and/or legally  
privileged information.  It is solely for the use of the intended 
recipient(s).  Unauthorized interception, review, use 
or disclosure is prohibited and may violate applicable laws including 
the Electronic Communication Privacy act.   
If you are not the intended recipient, please contact the sender and 
destroy all copies of the communication. 
 
  
 
  
 

















Agencies federal: 
 
Bureau of Reclamation - Klamath Falls   
Christine Karas, Acting Area Manager 
6600 Washburn Way,  
Klamath Falls, Oregon 97603 
 
Klamath National Forest 
Patricia A. Grantham, Forest Supervisor  
1312 Fairlane Road 
Yreka, CA 96097-9549 
 
Six Rivers National Forest 
Tyrone Kelley, Forest Supervisor  
1330 Bayshore Way 
Eureka, CA 95501 
 
Modoc National Forest 
Stanley G. Sylva, Forest Supervisor  
800 West 12th Street 
Alturas, California 96101 
 
USDA Service Center 
Shasta-Trinity National Forest 
3644 Avtech Parkway 
Redding, CA 96002 
 
Rogue River-Siskiyou National Forest 
Scott Conroy, Forest Supervisor 
3040 Biddle Road 
Medford, OR 97504 
 
Bureau of Land Management – Redding   Bureau of Land Management 
355 Hemsted Drive      Medford Office 
Redding, CA 96002      3040 Biddle Road 
        Medford, OR 97504 
 
Bureau of Land Management Ashland  **** 
 
Bureau of Land Management 
2950 Riverside Drive 
Susanville, CA 96130 
 
US Fish and Wildlife Yreka 
1829 S Oregon St 
Yreka, CA 96097 
 
US Fish and Wildlife 
Klamath Basin National Wildlife Refuges 
4009 Hill Road 
Tulelake, CA 96134 
 
 
 



NOA Fisheries – *** 
NOAA Office of Program Planning and Integration 
1315 East West Highway 
Silver Spring, MD 20910 
 
US Army Corps of Engineers, Sacramento District 
Colonel Thomas C. Chapman, District Engineer 
1325 J Street 
Sacramento, CA 95814 
 
National Park Service - Pacific West Region 
Regional Director, Jon Jarvis 
One Jackson Center 
1111 Jackson Street, Suite 700 
Oakland, CA 94607 
 
National Grasslands in Butte Valley – 
US Forest Service, RGE 
1400 Independence Ave., SW, Mailstop Code: 1103 
Washington DC 20250-1103 
 
US EPA Region 9 
75 Hawthorne Street 
San Francisco, CA, 94105 
 
Bureau of Indian Affairs Redding 
US Indian Affairs Bureau  
1900 Churn Creek Rd 
Redding, CA 96002 
 
Federal Energy Regulatory Commission  
888 First Street, NE  
Washington, DC 20426 
 
USGS Fort Collins,CO  
Central Region US Geological Survey  Western Region US Geological Survey 
Box 25046 Denver Federal Center  345 Middlefield Road 
Denver, CO 80225     Menlo Park, CA 94025 
 
USDA NRCS, Yreka 
USDA, NRCS, Deputy Chief for Programs 
14th and Independence Ave., SW., Room 5109-S 
Washington, DC 20250 
 
Pacific Fishery Management Council 
7700 NE Ambassador Place, Suite 101 
Portland, OR 97220-1384 
 
NMFS Southwest Region 
501 West Ocean Blvd. 
Long Beach CA 90802-4213 
 
 
 



STATE Agencies 
 
California Board of Forestry 
State Board of Forestry and Fire Protection 
P.O. BOX 944246 
Sacramento, CA 94244-2460 
 
CalFire 
Cal Fire State Headquarters 
PO Box 944246 
Sacramento, CA 94244-2460 
 
CA Dept. of Fish and Game Sacramento, Redding, Yreka, Butte Valley Wildlife, Shasta 
Valley Wildlife  
DFG Headquarters       Main Office 
1416 9th Street       601 Locust Street 
Sacramento, CA 95814      Redding, CA 96001 
 
State Resources Agency Resources Agency 
1416 Ninth Street, Suite 1311 
Sacramento, CA 95814 
 
California State Lands Commission 
Sacramento Office 
1001 Howe Ave, Ste. 100, South 
Sacramento, CA 95825-8202 
 
Cal EPA 
1001 ‘I’ Street 
P.O. Box 2815 
Sacramento, CA 
95812-2815 
 
CARB California Air Resources Board 
1001 "I" Street 
P.O. Box 2815  
Sacramento, CA 95812  
 
Dept. of Water Resources Sacto., 
Department of Water Resources 
P.O. Box 942836 
Sacramento, CA 94236 
 
Redding (no listing in Redding) 
 
State Water Resources Control Board, Sacto. 
1001 ‘I’ Street 
P.O. Box 100  
Sacramento, CA 95812-0100  
 
North Coast Regional Water Quality Control Board 
5550 Skylane Boulevard, Suite A 
Santa Rosa, CA 95403 
 



State Mining and Geology Board 
Office of Mine Reclamation 
801 K Street, MS 09-06  
Sacramento, CA 95814 
 
California Biodiversity Council 
c/o CAL FIRE FRAP 
PO Box 944246 
Sacramento, CA 94244 
 
California Coastal Commission 
Headquarters Office      North Coast District Office 
45 Fremont Street, Suite 2000    Bob Merrill, District Manager 
San Francisco, CA 94105-2219    710 E Street, Suite 200 
        Eureka, CA 95501 
 
Caltrans 
P.O. Box 942873 
Sacramento, CA 94273-0001 
District 2 
P.O. Box 496073 
Redding, CA 96049-6073 
 
Dept. of Conservation 
DOC Headquarters 
801 ‘K’ Street, MS 24-01 
Sacramento, CA 95814 
 
California Fish and Game Commission 
1416 Ninth Street 
P.O. Box 944209 
Sacramento, CA 94244-2090 
 
California Department of Parks and Recreation 
Office of Historic Preservation 
P.O. Box 942896 
Sacramento, CA 94296-0001 
 
Dept. of Pesticide Regulation 
1001 I Street 
P.O. Box 4015 
Sacramento, CA 95812-4015 
 
California Energy Commission 
Media and Public Communications Office 
1516 Ninth Street, MS-29 
Sacramento, CA 95814-5512 
 
Central Valley Regional Water Quality Control Board 
Sacramento Main Office     Redding Branch Office 
11020 Sun Center Drive #200    415 Knollcrest Drive, Suite 100 
Rancho Cordova, CA 95670-6114   Redding, CA 96002 
 
 



US Attorney McGregor Scott 
United States Attorney's Office 
501 ‘I’ Street, Suite 10-100 
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From:  wendy drake <wendysventures@yahoo.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/9/2009 9:25 AM 
 
It is absolutely ridicules to say that suction dredging is harmfull to the fish.  There have been many studies 
showing that it cleans gravels to improve fish habitat.  The studies go on and on.  As usuual there are 
always a few who abuse the system.  There are enough laws already on the books to deal with abuse. That 
goes for both sides of the argument.  There is nothing wrong  with dredging in a responsible manner.  It is 
another personal right that is being taken away from the American people!  Please reinstate suction 
dredging 
 
 
 
Rich Velasquez 
Junction Ctiy, Ca 96048 
 
 
 









   From:  Richard Parker <deeanrich@att.net> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/17/2009 2:51 PM 
 
I feel like i got the shaft again. There is no sence in shunting down all dreging. On some of the coastal 
streams and rivers i understand. And the size of some of the nozzel,4 inch and under is recreational, and it 
is proven we do more good than bad. We do more to clean up rivers that any one else.  Plus to charge for a 
permit than say you cant finish the season. This is just wrong. There is just a few tree hugers with a lot of 
money trying to stop anyone from havinng fun. Plus its against the federal law. We need to open some of 
the rivers , and limit the size of the dredges even as small as a three inch. That way you limit the big bad 
boys and let us enjoy the rivers with every one else. 
       Richard parker 
       A law abiding person and a tax payer 



From:  Richard Rockwell <raghorn@wildblue.net> 
To: <DFGSuctionDredge@DFG.ca.gov> 
Date:  11/5/2009 10:48 PM 
Subject:  Support Permanent Ban on Suction Dredging 
 
Dear CA Department of Fish & Game Staff, 
 
I'm writing this e-mail to ask that a permanent ban on suction dredging be 
applied 
to all anadromous salmonid fisheries in the State of California.  Anadromous 
salmonid 
fisheries in California have been in steady decline now for decades.  As 
fisheries scientists 
and managers we have been able to point to a variety of reasons for these 
declines for many 
years.  However, due to legal and political responsiblities placed upon us 
by our society to 
address all stakeholders in our fisheries' natural resources, we 
consistently fail to enact the 
substantial measures necessary to make the changes required to stop and 
reverse the decline 
of anadromous salmonids in The Golden State.  One such activity potentially 
adding to 
declines in the successful spawning of wild salmon and steelhead in our 
anadromous fisheries 
is suction dredging still allowed by the DFG in rivers populated by remnant 
populations 
of chinook and coho salmon.  Yet unlike some other resource uses in our 
lotic fisheries, like 
water allocation and use, it is an activity that is entirely within the 
DFG's power to regulate. 
 
In my opinion, as long as chinook and coho runs are in decline in this state 
it is highly 
inappropriate to allow the continuation of any in-river dredging in 
anadromous fisheries 
where their populations struggle.  Living along the Trinity River in Trinity 
County, I have 
the opportunity to regularly witness DFG permitted dredging operations along 
many reaches 
of this river that harbor prime salmon and steelhead holding, staging and 
spawning waters. 
Since the timing of anadromous salmonids running up the Trinity and other 
rivers can vary 
from year to year due to ocean influences, drought and other weather 
influences, and 
fluctuations in dam releases, current seasons established by the DFG for 
dredging are 
nowhere near stringent or flexible enough to keep these activities from 
altering streambeds 
while threatened fish are in-river to stage and spawn.  Since these 
regulations cannot practically 
be altered on an annual or monthly basis to address annual or monthly 
fluctuations in the 
timing of salmon and steelhead runs, such regulations will *always* be 
inadequate to protect 



staging and spawning wild salmonid populations, and their resultant eggs, 
alevin, and fry, 
from negative impacts by suction dredging. 
 
     Therefore, I propose that all suction dredging in anadromous lotic 
fisheries in California 
be permanently banned until such time that our salmon and steelhead 
fisheries, through 
other substantial management changes to come, be well on the road to 
recovery to pre-determined 
goals approaching historic population levels.  The use of suction dredges in 
anadromous fisheries, 
at current dangerously low salmon population levels, is no more appropriate 
than the use of 
hydraulic monitors in anadromous drainages in the late 1800's before laws 
were passed to 
remove their negative impacts on watersheds and their lotic ecosystems. 
Sadly for those whose 
livelihoods along the Trinity and other rivers have been supplemented by it, 
suction dredging at 
thisstage of California's statehood is an outdated and inappropriate 
practice in light of the fragile 
state of the Golden State's anadromous salmonid fisheries. 
 
     Thank you for your consideration. 
 
     Most sincerely, 
 
    Richard W. Rockwell, Ph.D. 
    Retired Aquatic Ecologist and Ecotoxicologist 
    Junction City, CA 
 
 
     From:  Richard Rockwell <raghorn@wildblue.net> 
To: <DFGSuctionDredge@dfg.ca.gov> 
Date:  11/5/2009 10:58 PM 
Subject:  Support Permanent Ban on Suction Dredging (CORRECTED COPY) 
 
Dear CA Department of Fish & Game Staff, 
 
     I'm writing this e-mail to ask that a permanent ban on suction dredging 
be applied 
to all anadromous salmonid fisheries in the State of California.  Anadromous 
salmonid 
fisheries in California have been in steady decline for decades now.  As 
fisheries scientists 
and managers we have been able to point to a variety of reasons for these 
declines for many 
years.  However, due to legal and political responsiblities placed upon us 
by our society to 
address all stakeholders in our fisheries' natural resources, we 
consistently fail to enact the 
substantial measures necessary to make the changes required to stop and 
reverse the decline 
of anadromous salmonids in The Golden State.  One such activity potentially 



adding to 
declines in the successful spawning of wild salmon and steelhead in our 
anadromous fisheries 
is suction dredging still allowed by the DFG in rivers populated by remnant 
populations 
of chinook and coho salmon.  Yet unlike some other resource uses in our 
lotic fisheries, like 
water allocation and use, it is an activity that is entirely within the 
DFG's power to regulate. 
 
     In my opinion, as long as chinook and coho runs are in decline in this 
state it is highly 
inappropriate to allow the continuation of any in-river dredging in 
anadromous fisheries 
where their wild populations struggle.  Living along the Trinity River in 
Trinity County, I have 
the opportunity to regularly witness DFG permitted dredging operations along 
many reaches 
of this river that harbor prime salmon and steelhead holding, staging and 
spawning waters. 
Since the timing of anadromous salmonids running up the Trinity and other 
rivers can vary 
from year to year due to ocean influences, drought and other weather 
influences, and 
fluctuations in dam releases, current seasons established by the DFG for 
dredging are 
nowhere near stringent or flexible enough to keep these activities from 
altering streambeds 
while threatened fish are in-river to stage and spawn.  Since these 
regulations cannot practically 
be altered on an annual or monthly basis to address annual or monthly 
fluctuations in the 
timing of salmon and steelhead runs, such regulations will *always* be 
inadequate to protect 
staging and spawning wild salmonid populations, and their resultant eggs, 
alevin, and fry, 
from negative impacts by suction dredging. 
 
     Therefore, I propose that all suction dredging in anadromous lotic 
fisheries in California 
be permanently banned until such time that our salmon and steelhead 
fisheries, through 
other substantial management changes to come, be well on the road to 
recovery to pre-determined 
goals approaching historic population levels.  The use of suction dredges in 
anadromous fisheries, 
at current dangerously low wild salmon population levels, is no more 
appropriate than the use of 
hydraulic monitors in anadromous drainages in the late 1800's before laws 
were passed to 
remove their negative impacts on watersheds and their lotic ecosystems. 
Sadly for those whose 
livelihoods along the Trinity and other rivers have been supplemented by it, 
suction dredging at 
this stage of California's statehood is an outdated and inappropriate 
practice in light of the fragile 



state of the Golden State's anadromous salmonid fisheries. 
 
     Thank you for your consideration. 
 
     Most sincerely, 
 
    Richard W. Rockwell, Ph.D. 
    Retired Aquatic Ecologist and Ecotoxicologist 
    Junction City, CA 



From:  "Wetzel" <wetzel36@infostations.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/11/2009 8:46 PM 
Subject:  Suction Dredging 
 
My wife and I are suction dredge miners and we have dredged the Feather 
River in Northeastern California for the last 10 years. We certainly have 
enjoyed the beautiful canyon and we spend our summers looking for golden 
flakes and nuggets in this beautiful area of California. We are very upset 
that it is now against the law in California to suction dredge our valid 
Federal Mining Claims on the Feather River and that our federal right to 
mine for gold has been taken away. 
 
In the 10 years we have been dredging, we have removed countless pounds of 
lead, metals(see below), and plastic bottles/bags etc., that are harmful to 
fish and our environment. We have seen first hand the massive amounts of 
trash and garbage thrown into the waterways by others. Not only are we sure 
to clean up after ourselves before leaving our claims, but we always clean 
up after others too. 
 
  
 
Other relevant points to consider are: 
 
* Just as fishermen, rafters, hunters, horsemen, recreationalists, 
OHV's and outdoors people have a right to enjoy the outdoors so should 
suction dredgers and this proposal will possibly strip this right away. 
* Suction dredgers do not kill fish, their eggs or any other animals 
in the waterway. 
* Dredgers do not destroy the bank of the waterways and stay inside 
the rivers. 
* Our mining claims are right next to a highway and on the other side 
of the canyon is the railroad tracks so the trains, cars, trucks, semi 
trucks, RV's etc., already make noise. 
* There is a very small population of dredgers at about 3,500 per year 
so the environmental impact, noise generated and time in the water is 
extremely small and the overhead to DFG to monitor them is minimal. 
* No consideration is being given to the fact there are existing dams 
without fish ladders on most of the river systems so the Salmon are already 
stopped way down river.  
* Dredgers are already regulated by the DFG through the permit process 
and we are further regulated on nozzle size, seasons and rivers/areas that 
we can go into. 
* The 1872 Mining Law protects miner's rights to use the most 
proficient manner to process minerals from their Federal Mining Claims and 
when the claim is a water claim then dredging is the most efficient manner. 
 
  
 
Thank you, 
 
Richard and Laurie Wetzel 
 
1250 Castle Creek Ranch Road 
 
Newcastle, Ca 95658 



 
  
 





 From:  <Rdozier1@aol.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/11/2009 9:19 AM 
Subject:  My input on the EIR. 
 
 
I will not be able to attend the meeting in West Sac, so I wanted to let   
you know my opinion of this subject. 
  
I am all for the EIR, but, and that's a big "but".  The EIR has to do  with  
dredging in rivers that have spawning salmon in them.  Somehow, DFG  has  
decided to include every river in the state, regardless of the fact they  have  
salmon running in them or not. 
This is way out of scope.  The EIR should focus on only those rivers  that  
have salmon runs on them.   
And to further point out the waste of this Idea of including all rivers,   
the output of a dredge, will not change, from river to river.   You  could do  
the EIR in one location, and apply that data to all the other  rivers in  
the state.  There is no need to look at all the rivers!   This is a waste of ti 
me and money. 
  
I request that the ban be lifted on those rivers that do not have salmon   
runs on them, while this EIR is being conducted as they are not involved   
with this issue at all. 
  
And, one final thought.   Seeing as This whole EIR mess is a  result of the  
lawsuit filed by the Karuk Indian Tribe, based on the  supposed damage done  
to spawning salmon, It would seem prudent to ban any  activity, that  
damages the salmon run, until it is clear that the activity in  question is not  
doing harm, therefore I feel it is imperitive to stop  the wholesale slaughter  
of migrating salmon, by the mass netting done by the  Indians.  
 If anything harms the salmon runs, it is CLEAR that their activity is   
harming the salmon runs much more than the supposed damage done by a  dredge.   
And you don't need a EIR to figure that one out. 
  
This whole issue needs to be handled in an even handed manner, where   
EVERYONE, is prohibited from harming the salmon, not just picking out the weak,   
small groups like dredgers, and letting the others run wild. 
Since 
rely, 
Rick Dozier 
7771 West Ranch Lane 
Vacaville, CA 95688 
707 628 3541 
 











From:  Robert Lyss <roblyss@hotmail.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 3:01 PM 
Subject:  Public Comment on Suction Dredge Mining 
 
 
I am writing as a member of the public in my opposition to the practice of Suction Dredge Mining, and in support of a permanent 
moritorium on the practice. 
 
My family owns land on one of the affected waterways in the Sierras. Despite the area's long-time mining history, the ownership of 
this landscape has changed dramatically over the years. It is now largely residential, with landowners using our local river for 
recreation, fishing, etc.  
 
Suction dredging of this waterway affects water quality for miles downstream, creates a hazardous environment for traversing the 
river due to large levels of silt, and affects nearby homeowners with noise pollution from the dredger's engine or engines.  
 
The Dredge Miners in this particular area are rarely (if at all) owners of this river-front property area. Suction Dredge Mining is 
essentially a hobbyist activity today, and considering the major negative impacts this practice imposes on the actual landowners of the 
area, I would like to see it stopped permanently.  
 
             
_________________________________________________________________ 
Windows Live Hotmail gives you a free,exclusive  gift. 
http://www.microsoft.com/windows/windowslive/hotmail_bl1/hotmail_bl1.aspx?ocid=PID23879::T:WLMTAGL:ON:WL:en-ww:W
M_IMHM_7:092009 
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Abstract 
 
 
A plan is described for obtaining metals and ancillary water quality data on the impact of small-
scale gold dredges operating on the Similkameen River, a tributary to the Okanogan River in 
North Central Washington State. The metals of interest are arsenic, copper, lead, and zinc. 
Approximately 70 samples of dredge effluents, the dredge plume, and ambient river water will 
be collected.  Clean sampling techniques and low-level analytical methods will be used.  
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Background 
 
The Similkameen River is located in North Central Washington (Figure 1).  During the public 
comment period on the Similkameen River Arsenic TMDL (Peterschmidt and Edmond, 2004), 
concerns were raised by the community and the Colville Confederated Tribe regarding the 
potential impact of small-scale gold dredging on arsenic concentrations in the river.  An earlier 
laboratory simulation conducted by the Washington State Department of Ecology (Ecology) had 
concluded that metals concentrations would be rapidly diluted downstream of a dredge (Johnson, 
1999).  The applicability of these data to field conditions was called into question.   

 
Figure 1.  The Similkameen River 
 
 
Dredging activities have been traditionally allowed on the Similkameen under mineral 
prospecting leases from the Washington State Department of Natural Resources (DNR).  It is 
hard to quantify the amount of dredging activity that goes on.  The Ecology Central Regional 
Office (CRO) has observed 20 or more rigs along the river at one time, although only a few of 
them were in operation (Mark Peterschmidt, Personal Communication).  There are no restrictions 
on where dredging can be done. 
 
The Department of Fish and Wildlife (WDFW) is the lead agency regulating small-scale mining 
and prospecting.  Their Gold and Fish pamphlet constitutes the Hydraulic Project Approval 
permit that small-scale prospectors and miners must comply with when conducting activities 
covered in the pamphlet.  Exceptions to the pamphlet, authorization for other mining and 
prospecting activities, or use of other equipment types than authorized by the Gold and Fish 
pamphlet can be granted through issuance of a written Hydraulic Project Approval.  Among 
other regulations in the Gold and Fish pamphlet, WDFW requires a minimum 200-foot 
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separation between dredges.  The role of Ecology in this activity is to administer water quality 
standards to prevent interferences with, or harm to, beneficial uses of the river. 
 
A typical, commercially available dredge is pictured in Figure 2 
(http://www.keeneengineering.com/pamphlets/howdredge.html).  The pictured dredge likely has 
a 4” diameter intake nozzle.  These are the maximum allowed under authority of the Gold and 
Fish pamphlet and are typically used by small-scale prospectors and miners.  Larger dredges can 
and have been permitted on the Similkameen River, and are typically used by miners operating 
on a commercial basis.   
 
 

 
 
Figure 2.  A Typical Gold Dredge 
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Except for arsenic, the level of chemical contamination (both metals and organics) in 
Similkameen River sediments is relatively low (Johnson and Plotnikoff, 2000; Colville 
Confederated Tribe, Unpublished Data).  Arsenic concentrations generally range from  
10-50 mg/Kg* (Figure 3).  Samples in the vicinity of Nighthawk and Oroville have exceeded 
a recently proposed Washington State sediment quality guideline of 20 mg/Kg for protection of 
aquatic life (Avocet Consulting, 2003).  Most Washington rivers and streams have less than  
10 mg/Kg arsenic in the sediments. 
 
 

 
 
 
Arsenic is also elevated in the Similkameen water column, with concentrations of 1.0 – 5.0 
ug/L** typically being encountered (Johnson, 2002).  The technical study conducted for the 
arsenic TMDL concluded that the major source of arsenic was tailings from historical mining 
activity in British Columbia (Johnson, 2002).  Resuspension of contaminated sediments was 
identified as a potentially important source of arsenic to the water column.  The arsenic 
concentrations in the Similkameen River exceed the federal human health criteria of 0.018 and 
0.14 ug/L but are well within the state aquatic life criteria of 190 and 360 ug/L (see Table 1).  
The human health criteria are based on a one-in-one million excess cancer risk from consuming 
fish and water or fish only. 
 
* parts per million 
** parts per billion 
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In the absence of dredging, arsenic has previously been shown to increase slightly going 
downstream from Nighthawk to Oroville (Figure 4).  The Palmer Lake outlet at r.m. 19.5 is a 
major source of arsenic to the lower river. 
 
 

 
 
 
The previously mentioned dredging simulation study conducted by Ecology involved mixing 
predetermined amounts of river water and sediment to approximate a dredged material slurry 
(the Elutriate Test Described in Plumb (1981)).  After shaking for 30-minutes, the supernatant 
from the mixture was allowed to settle, and then filtered and analyzed.  The samples used in the 
test were obtained near Eagle Rock (r.m. 11.7) and just above Enloe Dam (r.m. 8.9), areas where 
dredging was either underway or planned.  Arsenic concentrations were 14-18 mg/Kg in the bulk 
sediments and 3.9 ug/L in the river water.   
 
Results of the simulation showed that arsenic, copper, lead, and zinc were the metals of primary 
interest.  Arsenic concentrations in the elutriate were 5-10 times higher than the river water used 
for the test.  Copper and lead exceeded aquatic life criteria by factors of 2-4.  Zinc approached 
half its aquatic life criteria values.  (There are no human health criteria for copper, lead, or zinc 
equivalent to the arsenic human health criteria.)  A point source dilution model applied to these 
data suggested that at least a five-fold dilution would occur immediately downstream of a dredge 
during low flow conditions.  It was concluded that water quality concerns were probably 
negligible for metals, at least with respect to individual dredges. 
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This coming August 18-21, the Resources Coalition will hold a rally on the Similkameen River 
(http://www.inlinks.net/def2003.html).  The rally is being organized to allow the public to meet, 
participate, and learn about small-scale mining and prospecting by participating in these 
activities with miners.  Representatives from regulatory agencies have been invited to attend.  
There is a current proposal to use up to three dredges with 8” diameter intake nozzles to operate 
closer than 200’ from each other during the rally.   
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Project Description 
 
In response to community and tribal concerns, Ecology concluded that a field study should be 
conducted to obtain water samples in the vicinity of small-scale dredges operating on the 
Similkameen River.  The objectives of the study will be to determine if dredging:  1) exacerbates 
current exceedances of the human health standard for arsenic or 2) results in violations of the 
aquatic life standards for arsenic, copper, lead, or zinc. 
 
Ecology will use these data to make an initial determination as to whether dredging activities are 
likely to cause a violation of water quality standards under the conditions observed.  Results of 
the field study will be provided to regulatory agencies and the public.  Given the variability 
inherent in a gold dredging operation and limited number of samples being collected for this 
study, the results should not be considered conclusive.   
 
Three types of samples will be collected for the study:   dredge effluents, dredge plumes, and 
ambient river water.  Effluents will be sampled from fifteen dredges operating in different parts 
of the river.  The turbidity plume downstream of three of the dredges will be sampled at selected 
distances to gauge the downstream extent of the impacted area.  Finally, samples will be 
collected upstream of where the dredges are working to determine background concentrations for 
the metals of interest.   
 
Clean sampling techniques and low-level analytical methods will be used to analyze arsenic, 
copper, lead, and zinc.  Turbidity, total suspended solids (TSS), hardness, and pH will also be 
measured.  Flow data will be obtained from the U.S. Geological Survey and Ecology gauging 
stations at Nighthawk and Oroville, respectively. 
 
Field work will be conducted during July-September, 2004.  The study will be conducted by the 
Ecology Environmental Assessment (EA) Program with field assistance provided by CRO.  The 
samples will be analyzed by the Ecology Manchester Environmental Laboratory. 
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Organization, Schedule, and Cost Estimate 
 
Organization 
 
EAP Project Lead        Art Johnson, EAP (360-407-6766) 
CRO Client/Field Assistance      Mark Peterschmidt (509-454-7843) 
EAP Toxics Studies Unit Supervisor     Dale Norton (360-407-6765)  
Manchester Environmental Laboratory Director      Stuart Magoon (360-871-8801) 
Manchester Laboratory Inorganics Unit Supervisor    Dean Momohara (360-871-8808) 
Ecology Quality Assurance Officer       Cliff Kirchmer (360-407-6455) 
Ecology Environmental Information Management System (EIM) data entry – Carolyn Lee 
 
Schedule  
 
July-September, 2004  Field work conducted and samples submitted to laboratory. 
November 2004   Laboratory analyses completed and data reported to project lead. 
February 2005   Draft report completed. 
March 2005   EIM data entry completed. 
March 2005    Final report completed. 
 
Cost Estimate 
 
The laboratory cost for this project is estimated at $11,000 (50% discounted price at Manchester 
Laboratory; true cost is 2X).   
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Quality Objectives 
 
The applicable water quality criteria for metals are shown in Table 1.  For hardness-dependent 
criteria (copper, lead, and zinc) the lowest value recorded for the Similkameen River at Oroville 
was used to calculate the criterion (http://www.ecy.wa.gov/programs/eap/flow/shu_main.html).  
Criteria concentrations increase with increasing hardness. 
 
Table 1. Applicable Water Quality Criteria for Metals (ug/L)

Fish + Water Fish
Acute Chronic Consumption Consumption

Arsenic 360 190 0.018 0.14
Copper 7.7 5.5  - -  - -
Lead 25 0.99  --  - -
Zinc 56 51  - -  - -

*dissolved metals at 43 mg/L hardness
**inorganic arsenic

Aquatic Life Criteria*
Human Health Criteria**

 
 
 
The Class A turbidity criterion (173-201A WAC)  also applies in this case and states that  
“Turbidity shall not exceed 5 NTU over background turbidity when the background turbidity  
is 50 NTU or less, or have more than a 10 percent increase in turbidity when the background  
is more than 50 NTU.”  
 
A performance based approach was followed for defining measurement quality objectives 
(MQOs) for this project (Table 2).  The MQOs are Manchester Laboratory’s acceptance and 
reporting limits for the analyses selected. 
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Table 2. Measurement Quality Objectives

Check Matrix 
Standards/ Duplicate Matrix Spike Required

LCS Samples Spikes Duplicates Reporting
Parameter (recovery) (RPD*) (recovery) (RPD) Limits

Arsenic 85-115% 20% 75-125% 20% 0.1 ug/L
Copper 85-115% 20% 75-125% 20% 0.1 ug/L
Lead 85-115% 20% 75-125% 20% 0.02 ug/L
Zinc 85-115% 20% 75-125% 20% 0.5 ug/L
Hardness 85-115% 20% 75-125% 20% 1 mg/L
TSS 80-120% 20% N/A N/A 1 mg/L
Turbidity 80-120% 20% N/A N/A 0.5 NTU

*RPD = relative percent difference  
 
 
Reporting limits this low are needed to quantify background metals concentrations in the 
Similkameen River.  The metals reporting limits for this project are lower than the aquatic life 
criteria by more than an order of magnitude and should, therefore, easily suffice for identifying 
exceedances of metals standards.  Because the Similkameen already substantially exceeds the 
human health criteria for arsenic, compliance is not a reporting limit issue.  The 0.5 NTU 
reporting limit for turbidity is an order of magnitude below 5 NTU, sufficiently low to assess 
violations of the criterion. 
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Design of Field Study  
 
The field study will occur during July through September, 2004.  Monthly average river flow 
during this period ranges from 3,029 cfs (July) to 600 cfs (September). 
 
Three field trips are planned.  The first samples will be collected soon after the mineral 
prospecting work window through the Gold and Fish pamphlet opens on July 1.  The second 
sample set will be collected during the Resources Coalition rally in August.  A third set of 
samples will be collected during September low flow.  CRO is coordinating the field work with 
rally organizers, participating miners, and WDFW. 
 
Dredge Effluents 
 
Dredging primarily occurs from a few miles above Nighthawk down to Oroville near the mouth 
of the river (see Figure 1).  To the extent possible, the locations sampled will be selected to give 
results that represent this entire reach.  Likely access points are r.m. 19, 14.5-16, 11.8, 9-10.5, 
and 4-5.5 (Mark Peterschmidt, CRO, Personal Communication).  CRO is seeking permission to 
obtain samples from dredges that plan to operate in these areas.  The discharges from up to15 
dredges will be sampled, ideally three from each access point. 
 
A single sample will be collected from each dredge at the point the discharge leaves the sluice 
box.  For dredge operations where the plume is being sampled (see below) three effluent samples 
will be collected. 
 
The effluent samples will be collected by filling a one-liter sample bottle in quarter-volume 
increments over a five-minute period, in an effort to obtain a representative time-dependent 
composite.  The sample will be allowed to settle for 45 minutes and then ½ liter decanted into 
sample containers.  This will remove sand and other large particles that would normally settle  
out of the water column.  A settling time of 45 minutes was selected based on the settleable 
solids analysis in EPA Method 160.5.   
 
The effluent samples will be analyzed for total recoverable arsenic, copper, lead, and zinc.  By 
statute, a total recoverable analysis is required for metals point sources to account for the total 
amount being discharged to a waterbody. 
 
Effluent flow rates will be estimated from the water velocity and dimensions of the sluice box, 
and pump specifications.  These results, along with measurements of stream depth and velocity, 
channel width, river flow, and ambient metals partitioning, will be used in a point source dilution 
model to estimate water quality impacts under various dredging scenarios.   
 
Dredge Plumes 
 
The plumes from three dredges operating in under varying river flows--one each in July, August, 
and September--will be sampled to gauge the downstream extent of the impacted area.  Three 
samples each will be collected at 10, 50, and 200 ft. below the dredge, staggered over 
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approximately a one-hour period.  The dredge effluent will be sampled at the same time.  A 
single sample will also be collected immediately upstream of the dredge suction hose for 
comparison with the plume.  A marked poly line with a float at the far end will be attached to the 
back of the dredge to locate the downstream sampling points. 
 
The upstream and plume samples will be analyzed for total recoverable arsenic; dissolved 
copper, lead, and zinc; TSS; turbidity; and hardness.  Arsenic is being analyzed as total 
recoverable for comparison to the human health standards, which are based on inorganic arsenic.  
Most of the arsenic in the Similkameen River water is in inorganic form (Johnson, 2002).  
Measuring inorganic arsenic directly would be more expensive.  Total recoverable arsenic can 
reasonably be compared to the dissolved aquatic life criteria, since they are little different from 
the total recoverable criteria on which they are based.  Copper, lead, and zinc are being analyzed 
as dissolved for comparison with the aquatic life standards.   
 
Ambient River 
 
Additional samples will be collected in the Similkameen River near Nighthawk to measure 
background concentrations for the metals and other parameters of interest.  These samples will 
be collected in the early morning to ensure that no dredges are operating upstream.   
 
Three samples will be collected for each field trip and analyzed for total recoverable and 
dissolved arsenic, copper, lead and zinc; and also for turbidity, hardness, and pH.  In addition to 
setting background conditions, the data will be used to determine how these metals apportion 
between particulate and dissolved fractions, information needed in the point source model 
mentioned above.   
 
Number of Samples 
 
The number and type of samples to be collected for this project are summarized in Table 3.   
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Table 3. Summary of Samples to be Collected

No. of Samples
Sample Type  Sites per Site Subtotal Analyses

Dredge Effluent 15 1-3 21 TR As, Cu, Pb, Zn
Dredge Plume 3 10 30 TR As;  Diss Cu, Pb, Zn; TSS; turb.; hard.
Ambient River 1 9 9 TR As;  Diss Cu, Pb, Zn; TSS; turb.; hard.
    "         " 1 9 9 TR Cu, Pb, Zn
Filter Blanks 3 1 3 Diss As, Cu, Pb, Zn

Total = 72

TR = total recoverable
Diss = dissolved  
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Sampling Methods 
 
Table 4 lists the sample size, container, preservation, and holding time for each study parameter.  
Sample containers will be obtained from Manchester Laboratory.   
 
Table 4. Sample Containers, Preservation, and Holding Times for Water Samples

Minimum
Quantity Holding

Parameter Required Container Preservative* Time

Metals 250 mL 500 mL Teflon bottle  HNO3 to pH<2, 4oC 6 months
Hardness 100 mL 125 mL poly bottle  H2SO4 to pH<2, 4oC 6 months

TSS 1,000 mL 1,000 mL poly bottle Cool to  4oC 7 days
Turbidity 100 mL 500 mL polyl bottle Cool to  4oC 48 hours

*dissolved metals to be field filtered (0.45 micron)  
 
 
Metals sampling procedures will follow the guidance in EPA Method 1669 Sampling Ambient 
Water for Trace Metals at EPA Water Quality Levels.  All samples will be taken as simple grabs 
or grab composites. 
 
Metals samples will be collected directly into pre-cleaned 500 mL (plume and ambient samples) 
or 1 L (effluent samples) Teflon bottles.  The effluent samples will be allowed to settle and be 
decanted as previously described.  Samples for dissolved metals will be filtered in the field 
through a pre-cleaned 0.45 um Nalgene filter unit (#450-0045, type S).  The filtrate will be 
transferred to a new pre-cleaned 500 mL Teflon bottle.  The whole water and filtered water 
samples will be preserved to pH <2 with sub-boiled 1:1 nitric acid, carried in small Teflon vials.  
Teflon sample bottles, Nalgene filters, and Teflon acid vials will be cleaned by Manchester, as 
described in Kammin et al. (1995), and sealed in plastic bags.  Non-talc nitrile gloves will be 
worn by personnel filtering the samples.  Filtering will be done in a glove box constructed of a 
PVC frame and polyethylene cover.  pH will be measured with an Orion meter. 
 
Field activities will be recorded in a bound notebook of waterproof paper.  A hand-held GPS will 
be used to record sampling locations.  All samples will be placed in polyethylene bags and held 
on ice for transport to Ecology Headquarters.  All samples will be kept in a secure cooler and 
transported to Manchester Laboratory within one-to-two days of collection.  Chain-of-custody 
procedures (Manchester Environmental Laboratory, 2003) will be followed.   
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Measurement Methods 

 
Table 5 shows the number of samples, expected range of results, and analytical methods for this 
project.  Metals will be analyzed by ICP/MS (EPA Method 200.8).  Hardness will be analyzed 
by ICP (EPA Method 200.7), with Standard Methods 2340B algorithm used for the hardness 
calculation. 
 
Table 5. Laboratory Procedures

Number of Expected Range Sample Prep Analytical 
Analyte Sample Matrix  Samples of Results Method Method

Arsenic whole water 60* 0.2- 500 ug/L HNO3/HCl digest EPA 200.8
Copper whole water 27* 0.5 - 500 ug/L HNO3/HCl digest EPA 200.8
Lead whole water 27* <0.02 - 500 ug/L HNO3/HCl digest EPA 200.8
Zinc whole water 27* <0.3 - 500 ug/L HNO3/HCl digest EPA 200.8
Copper filtered water 38** 0.5 - 50 ug/L analyze directly EPA 200.8
Lead filtered water 38** <0.02 - 10 ug/L analyze directly EPA 200.8
Zinc filtered water 38** <0.3 - 100 ug/L analyze directly EPA 200.8
Hardness whole water 36 75 - 125 mg/L N/A EPA 200.7
TSS whole water 36 1 - 200 mg/L N/A EPA 160.2
Turbidity whole water 36 1 - 100 NTU N/A EPA 180.1

*analyzed as total recoverable
**analyzed as dissolved
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Quality Control 
 
Field and laboratory QC samples to be analyzed for this project are shown in Table 6. 
 
Table 6.  QC Samples, Types, and Frequency (a batch is 20 unknowns)

Field QC
Check

Filter Standards/ Method Analytical Matrix 
Parameter Blanks LCS Blanks Duplicates Spikes

Metals 2 2/batch 1/batch 1/batch 2/batch
Hardness N/A 1/batch 1/batch 1/batch 2/batch
TSS N/A 1/batch 1/batch 1/batch N/A
Turbidity N/A 1/batch 1/batch 1/batch N/A

Laboratory QC

 
 
Field Quality Control 
 
One filter blank will be analyzed for each field trip to detect contamination arising from sample 
containers, the filtration procedure, preservative, or sample handling.  The filter blanks will be 
prepared using the deionized water-filled Teflon bottles that Manchester provides for metals 
samples.  For preparing the blanks, a bottle will be opened and filtered in the field, using the 
same procedure as for the river water samples.  The filtrate will be transferred to a new bottle, 
after rinsing with a small amount of same filtrate, and acidified.   
 
Field blanks will be prepared for metals only. 
 
Analytical Quality Control 
 
Laboratory QC samples will include check standards/laboratory control samples, method blanks, 
analytical duplicates, matrix spikes, and matrix spike duplicates, as indicated in Table 6.   
 
Three metals samples will be analyzed in duplicate to provide estimates of analytical variability.  
The samples will be selected in the field as representing anticipated high, medium, and low 
metals concentrations.  Samples for duplicate analysis will be identified on the sample tags and 
the chain-of-custody form.  Duplicates for the conventional analyses will be selected by 
Manchester, following their standard practice. 
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The laboratory control samples (LCS) for the metals analysis will include SLRS-4 (Riverine 
Water Reference Material for Trace Metals, National Research Council Canada) or equivalent.  
SLRS-4 is certified for the low metals concentrations typical of ambient rivers and streams.  
Manchester will also prepare a spiked blank for the metals analysis.  It will be spiked at 10-15 
ppb.  Manchester’s data report will include the metals concentrations measured in the LCS 
samples and their names, sources, and certified values, in addition to the percent recovery data 
normally reported.   
 
Manchester’s analysis of SLRS-4 indicates it may be biased high for arsenic (Dean Momohara, 
Manchester Laboratory, Personal Communication).  If the same discrepancy is observed for this 
project, Manchester’s need not qualify the arsenic data. 
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Data Verification and Validation 
 
The field notes will be verified by reviewing this information prior to leaving each sampling site. 
 
Manchester will verify the laboratory data by examining their results for errors or omissions and 
examination of the QC results for compliance with acceptance criteria.  Reviewers use EPA 
540/R-94-013, U.S. EPA Contract Laboratory Program National Functional Guidelines for 
Inorganic Data Review, February 1994.  Their findings will be documented in a case narrative. 
 
The data package will be validated by the project lead who will use professional judgment to 
determine whether the procedures in the methods, SOPs, and Quality Assurance (QA) Project 
Plan were followed. Once the data have been verified and validated, the project lead will 
examine the data to determine if the MQOs have been met. 
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Data Analysis  
 
The field and laboratory data will be entered into Excel spreadsheets.  Hardness results will be 
used to calculate the water quality criteria corresponding to each sample, using the Ecology 
spreadsheet tsdcal11.xls ( http://www.ecy.wa.gov/programs/eap/pwspread/pwspread.html), 
and exceedances identified. 
 
The dredge plumes will be characterized with respect to downstream extent and  
exceedances of standards.  A point source model (pwsspread.xls 
http://www.ecy.wa.gov/programs/eap/pwspread/pwspread.html) will be used to characterize 
dilution.  EPA’s SMPTOX3 program (http://epa.gov/ceampubl/swater/smptox3/index.htm) 
will be used to simulate the effects of different numbers and locations of dredges on metals 
concentrations in the river.   
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On, or before, March 2004, the project lead will prepare a draft report of findings.  The report 
will include: 
 

• maps of the study area showing sampling sites 

• descriptions of field and laboratory methods 

• a list of the dates, locations, and sizes of the dredges sampled 

• discussion of data quality and the significance of any problems encountered in the analyses 

• summary tables of the field and laboratory data 

• results from the data analysis 

• conclusions and recommendations with respect to the potential for small-scale gold dredging 
to exceed state water quality standards within the Similkameen River 
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PUBLISHED BY THE WASHINGTON ALLIANCE OF MINERS AND 
PROSPECTORS 
with additions by Steve Herschbach of Alaska Mining & Diving Supply  

I. INTRODUCTION 

Listed below is a number of quotes from studies that have been done 
over the years, please keep in mind that some were done on large 50 
+ cubic yard per hour placer mining operations, others were done on a 
variety of suction dredges, and some were done in a laboratory 
environment. All were done by well respected and educated people 
only a few of which have had any practical experience with placer 
mining/prospecting. The quotes listed in this document were taken 
word for word out of the documents written by the scholars named 
above each quote.  

A. By: Paul J. Badali - 1988  

"Several federal and state laws charge various governmental agencies 
to provide for the protection of these habitats. Our nation's technology 
based society has an ever increasing need for mineral resources, gold 
included. An ever growing number of people enjoy Recreational Gold 
Dredging as a hobby. Suction dredge operators working valid federal 
mining claims have a constitutional right under the 1872 mining laws 
to recover the valuable minerals present in the substrate. Private 
property owners and holders of state minerals leases also have rights 
to recover gold and other minerals present in streams and rivers. How 
can the country's need for natural resources, the individual's right or 
desire to mine, and need to protect the environment all be realized 
and satisfied?"  

II. ENTRAINMENT  

A. By: Phillip A. North - 1993  

"While adult fish did not show a sensitivity to entrainment it is unlikely 
that they would be sucked into a dredge in the first place. They have 
the ability to avoid entrainment in a suction dredge by moving to a 
safer location. All of the investigators who examined the impacts of 
suction dredges on adult fish concluded that this life stage was not 
acutely affected (Harvey 1986, Hassler et al. 1986, Summer and 
Hassler 1992). Harvey (1986) found this to be the case for rainbow 
trout on streams he studied in California."  

III. FEED AND FISH  

A. By Dr. Henry Baldwin Ward  



"most significant is a possible relation of fine silt to the food of young 
fish. It has been shown that the presence of finely divided suspensoids 
of natural origin may be of advantage to the microbiota which 
constitutes the foundation element in the food supply of water. Studies 
on aquatic biology conducted by the Wisconsin Survey demonstrated 
that colloidal organic particles collect on carbon and sand grains to 
build a culture medium for aquatic bacteria".  

B. By: Thomas J. Hassler, William L. Somer, Gary R. Stern - 1986  

"During diving surveys, we observed Salmon gairdneri congregating 
and selectively feeding on benthic invertebrates displaced by 
dredging."  

"Suction dredge mining at levels observed in Canyon Creek probably 
did not impact steelhead feeding. The mining did not significantly 
reduce the abundance of aquatic invertebrates (only species 
composition locally) and steelhead fed opportunistically. In fact , 
juvenile steelhead were observed feeding on invertebrates that had 
been entrained in and dislodged by dredge. Thomas (1985) observed 
cutthroat trout feeding on dislodged invertebrates in the dredge 
outfall. "However, weight of juvenile steelhead from Canyon Creek was 
greater than weight from other areas and production (kg/ha) was as 
good or better than in other areas (table 41)." "Ecological differences 
between Canyon Creek and BEF were also important in determining 
colonization of samplers. Overall, the impacts of suction dredge mining 
to benthic invertebrates at the study site were minimal."  

C. From: Robert Lewis, Pollution Bioanalyst III - 1962  

"Benthos survival is noted in Table 2. Insects with internal extrusions 
were listed as mortalities. The morality figure of 7.4 percent may be 
extreme because of confinement in the sack. Many caddis larvae were 
still attached to rocks after passing through the dredge. All insects 
except those with extrusions appeared lively and unharmed."  

"To determine stream distance necessary for insects to settle back to 
the bottom, a net was placed 15 feet and 25 feet downstream from 
the outflow. After five minutes at the former distance, Trichoptera, 
Coleoptera and Diptera were prevalent in the net. Only one Plecoptera 
was noted. At 25 feet downstream only few insects were caught in the 
net after five minutes. Underwater inspection with a faceplate 
indicated that all insects settled within 40 feet. The approximate flow 
throughout this distance varied from 1 ft./sec. down to 0.5 ft./sec."  

D. By: Phillip A. North - 1993  



"If recolonization is slow the cumulative impacts of suction dredge 
mining could be significant over a period of seasons. However, in all of 
the studies on suction dredges that investigated this question the 
disturbed stream reach was relatively short (on the order of a few tens 
of meters) and recolonization proved to be rapid. Griffith and Andrews 
(1981) found that the dredged site was "substantially recolonized" 
after 38 days. The abundance within orders of invertebrates were the 
same before and after dredging and "key" taxa were also the same. 
Harvey (1986) found that recolonization was complete in terms of 
numbers of insects within 45 days of dredging. Thomas (1985) 
sampled the site 30 days after dredging and found, again, that 
colonization was "substantially complete" for most groups. The number 
of invertebrates colonizing the artificial substrates used by Somer and 
Hassler (1992) did not increase after the first sampling at two weeks. 
None of these investigators sampled their study site earlier than the 
reported time of recolonization. Recolonization may have occurred 
sooner than the time reported." 

E. By: The U.S. Environmental Protection Agency - 2001 

"The results from Resurrection Creek indicated that there was no 
difference in the macroinvertebrate community between the mining 
area and the locations downstream of the mining area in terms of 
macroinvertebrate density and taxa richness. The sampling was done 
35 days after mining had been completed for the season and shows a 
rapid recovery of the mined areas." 

IV. FLUSHING FLOWS  

A. By: Gary R. Stern - 1988  

"The autumn, winter and spring peak flows of WY 1985 Canyon Creek 
were adequate to disperse dredge tailing piles and fill in dredge holes. 
Less than 9% of the holes and tailings from 1984 mining were visible 
at the start of the 1985 dredge season. Only two sites from 1984 had 
clear remnants of holes and tailings in 1985. Both of these were far 
from the stream's thalweg. At a few sites large cobbles and boulders 
piled along the shore remained visible one year later. Thomas (1985) 
reported that piles of cobbles remained along the shore one year later 
at Gold Creek, Montana, but holes and instream tailings had vanished. 
Harvey et al. (1982) found virtually no evidence of dredge mining the 
following year in the American River, California. Most streams with 
mobile beds and good annual flushing flows should be able to remove 
the instream pocket and pile creations of small suction dredges, 
although regulated streams with controlled flows may not."  



V. SEDIMENT  

A. By: Dr. Henry Baldwin Ward  

"All of these tests show .That the amount of colloidal material in the 
water of the Rouge River and its tributaries below the point at which 
the run-off of placer mine workings has been added to the stream is to 
small to produce on the bottom a "blanket" which might affect 
adversely young fish eggs in the nests if present, or the fish food in 
the water." "Even below the points at which tributaries entered from 
areas in which placer mining had gone on at earlier months in the 
year, no change from normal conditions were observed. The pools 
sheltered migrating fish; they were also seen in the stream below the 
dams, and a normal supply of fish food was found at various points 
visited."  

These studies were done on commercial placer mining!  

"The supplementary report of Mr. A. M. Swartley, who aided me in the 
part of the survey made in September, 1937, is of value in giving the 
views of a careful and experienced geologist. He confirmed fully 
statements I had reached in my preliminary report as to the physical 
conditions found in the Rogue River drainage, and especially the small 
amount of clay and other material on shores and stream bottoms, in 
backwaters and otherwise in our examination of the river and its 
tributaries. He discussed fully the methods of rock disintegration and 
the transportation and ultimate character of the materials produced. 
He emphasized the fact that mining debris "is chemically inert, makes 
no oxygen demand on the stream and therefore takes away from the 
flowing water nothing which the fish require. This is equally true of this 
material whether placed in transit by nature or by man since (the 
products) are alike in nature, come from the same sources and are 
only being accelerated by man in their journey to the sea." Further he 
stated:" All these materials entering the streams, whether by natural 
or human activity, whether coarse or fine, whether traveling on the 
bottom, in suspension or solution ,are almost altogether inert, suffer 
little change on their way to the sea, and having reached the end point 
of chemical change do not rob the water of oxygen which the fish 
demand, or add to the water toxic agents injurious to fish (fish food or 
other forms of life)."  

VI. EFFECTS OF SILT ON FISH  

A. By: Dr. Henry Baldwin Ward  



"I have seen among these Alaska rivers in which salmon run and 
spawn some so heavily loaded with mud that one could not trace the 
body of an adult salmon ascending the river even when the dorsal fin 
cut the surface of the water. Yet the fish examined on the spawning 
grounds just before and just after death showed that the gills had 
suffered no injuries on the way though the body had met with 
conspicuous external damage through violent contact with sharp rocks 
at rapids or falls or along the shore. The examination was made in 
connection with the study on the cause of death after spawning and all 
organs were closely inspected. The gills were reported as apparently in 
perfect condition. Although the object of the investigation was not to 
determine the effect on the gills of silt loaded waters, still, if any 
evident injury had been present, it would have been noted. The 
journey up the Copper and its tributary was long and strenuous; the 
chance for damage to the salmon from muddy water was certainly 
large if any damage could be wrought by such conditions, and yet 
none was observed. Many other similar cases could be cited from 
printed as well as published records."  

"Despite their far greater sensitiveness to changes in environment and 
susceptibility to injury, the young salmon lived heartily in a 
concentration of sediment which was at its minimum (760 ppm) twice 
as much as the maximum recorded at Agness (see Table II ). Indeed 
the average amount of turbidity in Griffin's experiments was ten times 
the average recorded at Agness. Those who think that normal erosion 
products will prove injurious to such fish should examine carefully the 
records in these tables."  

VII. EFFECT ON SPAWNING GROUNDS  

A. By: Dr. Henry Baldwin Ward  

"Normally the fish cover the eggs by a layer of sand or fine gravel; the 
fresh water carrying oxygen easily penetrates this cover and the young 
wriggle out after the eggs hatch. A thin, broken layer such as I have 
already described would not interfere with the permeation of fresh 
water with oxygen and the development of such eggs as might be 
present. But I am clear that this is not a true spawning area. As Mr. 
Joseph Wharton said in an admirable paper on the salmon of the 
Rogue River, "It is the ambition of all these species of anadromous fish 
to ascend the river to the highest point attainable before making their 
spawning beds, seeking the waters that are purest and coldest." This 
statement is absolutely correct; In difficult streams or when held 
behind man-made barriers, these fish struggle to the end to make 
their way upstream and will sacrifice life rather than accept spawning 



areas in the lower reaches of the river. The urge which drives them on 
is the basis for the safety of the race. For the straggler or the weakling 
who may find the achievement of headwaters impossible, an enforced 
spawning in the lower river is of no significance; the river level varies 
too widely and its current at full flood is too fierce. Eggs deposited at 
high water will be exposed and die when the water falls; or if the 
spawning occurs at a lower water level, the next flood waters will bury 
the eggs or sweep them away. The suddenness, the violence and the 
irregularity of the changes in water level of the Rogue are conspicuous 
in the records of every year."  

B. By: Thomas J. Hassler, William L. Somer, Gary R. Stern  

"Dredge tailings are often referred to as good salmonid spawning 
substrate. In the Trinity River, chinook salmon have been observed 
spawning in the tailing piles of suction dredges ( E. Miller pers. comm. 
). Steelhead in Idaho streams have been reported to spawn in gravels 
recently disturbed by human activities ( Orcutt et al. 1968 ). In the 
American River , Prokopovich and Nitzberg ( 1982 ) have shown 
salmon spawning gravels have mostly originated from old placer 
mining operations."  

"Anadramous salmonids held and spawned in Canyon Creek in close 
proximity to suction dredge activity. During the 1984-1985 spawning 
season, fall-run chinook salmon, coho salmon and steelhead spawned 
in areas actively dredged during the 1984 dredge season (fig.). In 
August 1985, spring-run chinook salmon and summer-run steelhead 
were holding near areas where suction dredges were being operated 
(fig. 23). During the 1985 spawning season, fall and spring-run 
chinook salmon spawned in areas actively dredged during the 1985 
dredge season (fig. 24)."  

C. By: Gary R. Stern - 1988  

"Suction dredge mining did not appear to influence the locations of 
adult anadramous salmonid summer-holding areas. One spring-run 
chinook salmon was observed 50 m below an operating dredge and a 
summer-run steelhead was seen at the upper end of a 30 m-long pool 
while a dredge was operating at the lower end. Seven other adult 
salmonids were observed within 250 m of an active dredge operation 
and none appeared to be disturbed by mining activities. During a 1980 
diving survey by Freese (1980), an adult spring-run chinook salmon 
was observed holding at the bottom of an abandoned dredge hole in 
Canyon Creek and other adult salmonids were found in close proximity 
to active dredges. No relation between holding areas of 



spring/summer-run fish and suction dredge mining operations was 
apparent during this study or in 1980 (L. Freese pers. comm.)."  

VIII. CHANGES IN THE STREAM BED  

A. By : Dr. Henry Baldwin Ward  

"To be sure no one can think rightly of the stream itself as a constant 
environment. On the contrary it is undergoing continual change. The 
amount and location of winter's snowfall, the volume and time of 
seasonal rains, the duration and precise period of regional droughts, 
and other climatic variations produce variations in water level, in bank 
erosion, in growth of grasses, underbrush and trees in the drainage 
basin; thus sudden and often extreme changes in contours of the 
banks and surrounding country add sediments of different types to its 
waters and modify the conditions under which the fish it harbors are 
forced to live." Number one on the list of things that change the shape 
of the stream bed are DAMS!"  

B. By: Thomas J. Hassler, William L. Somer, Gary R. Stern - 1986  

"However during the suction dredge mining process, a new pool area is 
created by the cone shaped dredge hole. Dace, suckers and juvenile 
steelhead were observed feeding and resting in Canyon Creek dredge 
holes. Freese ( 1980 ) observed a small spring-run chinook salmon 
holding in a dredge-created pool on Canyon Creek".  

"The majority of suction dredge operators in canyon creek did not 
work long periods or disturb large areas of the streamed. Dredging 
impacts upon the channel geomorphology were confined to the area 
dredged and the area immediately down stream."  

"Winter and spring flushing flows filled in dredge holes and dispersed 
tailing piles." "Coho salmon and steelhead juveniles appeared to rear 
normally in the creek and were observed using dredge holes in the 
summer. Steelhead juveniles received the greatest exposure to 
dredging activity as they rear in Canyon Creek up to three years, but 
their feeding, growth and production did not seem to be impacted at 
the current level of dredge activity."  

C. By: Somer and Hassler - 1992  

"The effects of the two dredges on aquatic insects varied with taxa and 
were site specific. Dredging dislodged insects, and we observed young 
coho salmon and steelhead feeding on them. The stream underwent 
major but localized changes. Dredge hole were excavated to a depth of 
2 m, and substrate was altered to bedrock and large cobbles-probably 



a poor habitat for colonization. However, the effects of dredging (at 
the operating level during the study) on insects and habitat were 
minor compared with those of bed-load movement due to large stream 
flows during storms and from snowmelt."  

D. By: Gary R. Stern - 1988  

"Lewis (1962) was the first to investigate the effects of the portable 
suction gold dredge on the aquatic habitat of fish and benthic 
invertebrates. He operated a 12.7 cm aperture dredge in Clear Creek, 
Shasta County, California and found that dredging could improve the 
intergravel environment for both fish eggs and benthos if the stream 
was mined in a uniform manner."  

"If dredge mining regulations were expounded upon and miners were 
made aware of the instream habitat needs of salmonids, the most 
serious impacts of suction dredge mining could be reduced. Suction 
dredgers may even be able to enhance certain areas of the channel for 
rearing and spawning fish, if some of the limiting factors of a reach of 
stream are identified (ie. cover, woody debris, low velocity refuges, 
clean gravels). In Canyon Creek, current CDFG suction dredge 
regulations eliminate conflicts with salmonid spawning, incubation, and 
fry emergence by restricting mining to summer months. The 15.24 cm 
maximum aperture size for dredges is appropriate since stream 
substrate is large, but larger apertures may be too disruptive in the 
small channel."  

E. By: Robert Lewis, Pollution Bioanalyst III  

Results of Gold Suction Dredge Investigation;  

"Table 1 lists stand pipe results. The site average indicates an 
improvement from dredging of 1 p.p.m. in DO and a threefold 
improvement in permeability and velocity. As indicated above, dredged 
sand settled within 12 feet of the sluice outflow. This occurrence tends 
to somewhat nullify removal of sediment, but dredged areas are 
definitely relieved of compaction. As a gross measure, the standpipe 
was much easier to drive in the dredged area. As evidenced by 
photographs the gravel appears much cleaner after dredging. 
Weighing all factors, dredging can improve the gravel environment for 
both fish eggs and aquatic insects, especially if the operator mined 
uniformly in one direction as opposed to a pocket and pile method."  

F. By: Phillip A. North - 1993  



"The four studies that I reviewed from journals subject to peer review 
consistently found that when certain limitations are placed on suction 
dredge activity the impacts on the stream ecosystem are local and of 
short duration."  

G. By: Bret C. Harvey - 1986  

"Fish and invertebrates displayed considerable adaptability to 
dredging, probably because the streams naturally have substantial 
seasonal and annual fluctuations (Moyle et al. 1982). These 
fluctuations, in the form of flushing winter flows, can greatly reduce 
the long term impact of dredging. Even during the relatively mild 
winter of 1980/81, high flows still filled the hole created by dredging 
on NFAR with a sand and gravel mixture and eliminated all sand from 
the main streamed. After the high flows in winter and spring of 
1981/82, no substrate changes caused by dredging in the previous 
summer were evident on Butte Creek. Saunders and Smith (1965) 
observed a quick recovery in the trout population after scouring of a 
heavily silted stream, which, along with the quick temporal recovery of 
stream insects seen in this study, implies that suction dredging effects 
could be short-lived on streams where high seasonal flows occur."  

IX. TEMPERATURE  

A. By:Thomas J. Hassler, William L. Somer, Gary R. Stern - 1986  

"and dredge mining had little, if any, impact on water temperature."  

X. TURBIDITY  

A. By: Dr. L. E. Giiffin  

"When the test ended on Dec. 30, it was found that a much larger 
proportion of the fish in the sediment -containing trough had survived 
(56%) than in the clear water trough (10%). There was no noticeable 
difference in the color of the surviving fish in the two troughs, and the 
fish which had lived in the muddy water were as large as the survivors 
from the clear-water trough."  

"The results of the experiments indicate that young trout and salmon 
are not directly injured by living for considerable periods of time in 
water which carries so much soil sediment that it is made extremely 
muddy and opaque. They also indicate that cutthroat trout and salmon 
fingerlings can feed and grow apparently well in very muddy water."  

B. By: Dr. Henry Baldwin Ward  



"In contrast with all these the experiments of Dr. Griffin have shown 
that young fish live well up to 30 days in good water mixed with an 
amount of natural soil materials from two to three times as large as 
the extreme load of the materials contributed to the Rogue River by 
maximum conditions produced by placer mining."  

"All the evidence that has been obtained justifies the conclusion that 
no present-day contributions of materials produced by bank erosion 
differ in character or exceed in amount those added periodically by 
purely natural processes in past times. Splendid runs of salmon and 
steelhead were established and maintained under truly natural 
conditions which certainly were on occasion more extreme and violent 
before man ever came into the picture than they are today. 
Furthermore, there is good reason to believe that placer mining run-off 
was larger in amount and more continuous in the early years of that 
industry when for a time at least greater areas were followed than are 
employed today."  

This study was done to study the effects of large scale placer mining 
operations!  

XI. WATER QUALITY  

A. By: Thomas J. Hassler, William L. Somer, Gary R. Stern  

Water quality was impacted only during the actual operation of a 
suction dredge. Since a full day of mining by most Canyon Creek 
operators included only 2 to 4 hours of dredge running time, water 
quality was impacted for a short time.  

B. By: Gary R. Stern - 1988  

"Turbidity plumes below suction dredges are often markedly visible 
due to extremely low ambient turbidity levels in mountain streams. 
The extent of the plume depends on the grain size and volume of the 
material passing through the dredge. Horizons of silt-laden substrate 
were disturbed at all dredge sites in Canyon Creek and created highly 
visible turbidity plumes. "  

"Although distinct to even the most casual observer, dredge plumes in 
Canyon Creek were probably of little direct consequence to fish and 
invertebrates. Suspended sediment concentrations of 20,000 to 
100,000 mg/l which impact fish feeding and respiration (Cordone and 
Kelly 1961) greatly exceed the highest level of 274 mg/l measured in 
Canyon Creek. In general, dredge turbidity plumes were highly 
localized and occurred during midday which is not a peak feeding 



period for steelhead (Moyle 1976). Laboratory studies by Sigler et al. 
(1984) found that steelhead and coho salmon preferred to stay in 
channels with clear water, and turbidities as little as 25 NTU's caused a 
reduction in fish growth. In contrast to Sigler's results, young 
steelhead in Canyon Creek appeared to seek out dredge turbidity 
plumes to feed upon dislodged invertebrates even though clear flowing 
water was available nearby."  

C. By: Phillip A. North - 1993  

"Most water quality studies of the effects of suction gold dredges on 
streams have focused on turbidity and suspended sediments. These 
studies have, with some exceptions, largely found that water quality is 
impacted for a distance downstream of the dredge ranging from a few 
meters to 30 meters."  

"However, Huber and Blanchet (1992) found no evidence of 
cumulative impacts of mining on water quality in streams of the 
Chugach National Forest in Alaska. They monitored streams in the 
Forest over a period of three years and found no noticeable impact to 
water quality associated with suction dredges. All of the studies that I 
surveyed came to the same conclusion: suction gold dredging had 
localized and short term impacts. Caveats must be taken into account 
when coming to this conclusion:  

All of these studies, except one involved small dredges, 6 inches or 
less. The one study that involved a larger dredge reported only a small 
amount of data. Five water samples were taken 500 feet below a six 
inch dredge and one sample was taken 500 feet below an 11 inch 
dredge." 

D. By: The U.S. Environmental Protection Agency - 2001 

"In the 1997 permit, EPA defined a small suction dredge as those with 
nozzles less than or equal to four inches. EPA is proposing to redefine 
the small suction dredge range as less than or equal to six inches. 
Information provided in EPA’s suction dredge study and the United 
States Geological Survey (USGS) study support the conclusion that 
there are local but short term effects on both water quality and 
macroinvertebrate communities in the mining areas. On the Fortymile 
River, dredges larger than those proposed under this GP showed that 
turbidity was reduced to background levels within 250 feet. It is 
expected that small dredges would have even less impact on the 
downstream receiving water quality." 
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With special thanks to the Washington Alliance of Miners and 
Prospectors and Jerry Hobbs.  

Frank Ames - Spring 1995  

Note on DR. HENRY BALDWIN WARD  

Dr. Henry Baldwin Ward was born into a family of highly regarded 
scientists. His father, Richard Halsted Ward, was a noted Microscopist 
who made many advances and inventions in his field. His Aunt, Anna 
Lydia Ward, in 1886, traveled farther North than, up to that date, any 
other American woman. Her study of the Eskimos in Northern Labrador 
formed the basis of an illustrated lecture tour that she gave 
throughout the country. She was also the author of a number of books 
on poetry and prose. With this kind of background it is no wonder that 
Henry himself became a scientist of great renown. Today, the highest 
award given in the field of parasitology is the "Henry Baldwin Ward" 
medal. Henry may also be thought of as one of America's first 
conservationists. 

The following biography is a reprint from "The Dictionary of American 
Biography," Supplement Three, 1941-1945; pages 802-803; Charles 
Scribner's Sons, Inc. New York, 1973; Edward T. Jones, Editor. 

WARD, HENRY BALDWIN (Mar. 4, 1865-Nov. 30, 1945), zoologist and 
parasitologist, was born in Troy, N. Y., one of four children and the 
older of the two sons of Richard Halsted Ward, physician and 
microscopist, and Charlotte Allen (Baldwin) Ward. Both parents were 
natives of Bloomfield, N. J. Henry B. Ward attended the public schools 
of Troy and Williams College (his father's alma mater), from which he 
graduated, A. B., in 1885. After three years of teaching science in the 
Troy high school, he went to Europe in 1888 for graduate study in 
zoology, and for two years attended the universities of Göttengen, 
Freiburg, and Leipzig, spending the vacation periods at the marine 
laboratories of Naples, Ville-Franche-sur-Mer, and Helgoland. He was 
particularly influenced by Prof. Rudolgh Leuckart of Leipzig, an 
authority on the invertebrates and founder of the celebrated laboratory 
of parasitology. At Leipzig, Ward conceived the ambition to found a 
similar laboratory in the United States. Upon his return in 1890, he 
entered the graduate school of Harvard University, where he received 
the Ph. D. degree in 1892, with a dissertation on the marine 
nematomorph Nectomnema agile, Verrill, a species he had observed at 
Naples. 

Ward was appointed instructor in zoology at the University of Michigan 
in 1892 but moved after a year to the University of Nebraska, at first 

http://www.ksu.edu/parasitology/wardmedal.html


as associate professor, from 1896 as professor. While at Nebraska he 
published a series of papers on the parasites of man and discovered 
the presence in the United States of the human lung fluke, 
Paragonimus. He played a major role in developing a two-year 
premedical course and in 1902 became the first dean of the University 
of Nebraska College of Medicine, newly established at Lincoln in 
affiliation with the Omaha Medical College. In 1909, however, plans 
were made to move the Lincoln unit to the Omaha campus. When it 
became clear that, because of rivalries between the two medical 
faculties, Ward would not be retained as dean after the move, he 
resigned. 

That fall he went to the University of Illinois as head of the department 
of zoology, a position he was to occupy with distinction until his 
retirement in 1933. In addition to teaching zoology at the 
undergraduate level, he established one of the first research 
laboratories in the United States to offer graduate work in 
parasitology. The large number of students who received the Ph. D. 
under his supervision later made significant contributions to the 
growth of this science. To provide an outlet for publishing the results 
of such research, he inaugurated in 1914, with the assistance of his 
colleagues Stephen A. Forbes and William Trelease, the series of 
Illinois Biological Monographs. That same year he also founded the 
Journal of Parasitology, the first American publication devoted to the 
field; he continued to edit the journal until 1932, when he presented it 
to the American Society of Parasitologists to become its official organ. 

Ward's research reflected in part his love of the outdoors. He early 
began biological research on the Great Lakes, at first for the Michigan 
Fish Commission. For many years, beginning in 1906, he conducted 
summer field investigations of the Alaska and Pacific salmon. Besides 
his papers on parasites, which dealt with such subjects as parasites of 
the human eye, the relations of animal parasites to disease, and the 
spread of fish tapeworm, he was the co-author, with George Chandler 
Whipple, of Fresh-Water Biology (1918), long a standard work. An 
active member of the Izaak Walton League of America, of which he 
was president, 1928-30, and of the National Wild Life Federation, Ward 
was deeply concerned with national problems of wildlife conservation 
and the pollution of streams. 

Ward belonged to a large number of scientific societies and was a 
leader of many, including the American Microscopical Society 
(president, 1905), the American Society of Zoologists (president 1912-
1914), and the American Society of Parasitologists, of which he was 
the first president when it was founded in 1925. He contributed 



significantly to the development of the American Association for the 
Advancement of Science, as the secretary of Section F (zoology) in 
1900, general secretary (1902), vice-president (1905), and permanent 
secretary (1933-37); and the scientific honor society, Sigma Xi, as 
secretary (1904-1921) and president (1922-23). Ward was influential 
also in university affairs. At Illinois he worked closely with President 
Edmund J. James; articulate and well-spoken, he was particularly 
effective on faculty committees. He received honorary doctorates from 
the universities of Cincinnati (1920), Oregon (1932), and Nebraska 
(1945) and from Williams College (1921). 

Ward was a handsome, vigorous man, somewhat above average 
height. Aristocratic, autocratic, ambitious, and enthusiastic, he 
demanded excellence of himself and of others. On Sept. 11, 1894, he 
married Harriet Cecilia Blair of Chicago, who was teaching at the music 
school of the University of Nebraska. They had two daughters, Cecilia 
Blair and Charlotte Baldwin. Ward was a member of the Presbyterian 
Church. He died in Urbana, Ill., of a heart attack in his eighty-first 
year, and was buried there in Mount Hope Cemetery. Sometimes 
called the "Father of American Parasitology," he was to America what 
Leuckart had been to Germany. 
 



From:  "Ron Kliewer" <kliewer1@verizon.net> 
To: <dfgsuctiondredge@dfg.ca.gov>, "Ron Kliewer" <kliewer1@verizon.net> 
Date:  12/3/2009 9:12 PM 
Subject:  dredging studies/comments for dredge study scoping period 
 
Comments for consideration in the Suction Dredging SEIR: 
 
By Ron Kliewer, U.S. Taxpayer, 35 year prospector, dredger, contributing author for ICMJ Mining Journal. 
 
Dear Mr. Stopher, 
 
I appreciate the fact you held 3 public hearings on this matter instead of only the required one meeting and took the time to talk to me 
individually in Fresno.  It was beneficial in the fact I learned you did not know some basic things about mining (like what miner's moss is) and I 
didn't know other basic things like how environmentalists define terms (like invertebrates are fish, too). Open communication is helpful for all 
concerned. 
 
As you may recall, I showed you some lead and mercury coated gold I had recovered with my dredge from the Salmon River several years ago. 
We discussed the pros and cons of what benefits dredging may have on the removal of mercury from the active waterways. You stated that a 
study had been done showing that dredging does remove 98% of the mercury that is dredged up, but that the 2% that is lost back into the river is 
floured so as to render it more dangerous to the environment than if all of it was left on the bottom of the river. I did some research and found the 
report to which I believe you were referring to. The report also declared the quantity of the mercury that was not captured by the dredge as being 
above the level that would be considered hazardous waste. The sampling and subsequent report was done by Rick Humphreys (Division of Water 
Quality, CA Water Boards) and some others in July, 2003. After reviewing the Staff Report prepared by Mr. Humphreys, here are my 
conclusions and suggestions: 
 
First of all, the test was done on a mercury "hotspot" which is non- typical of the majority of the many miles of streams and rivers. Most reaches 
of the waterways don't have nearly as high of mercury levels as the location in the North Fork of the American River downstream from the 
historic Sutter's mill that was tested. 
 
Second, the 4 inch Keene dredge used in the test did not employ the use of miner's moss in the recovery system. It only had a layer of carpet 
under the metal riffles in the sluice box. This set up will not collect the ultra fine values of gold and mercury present in the streambed sediments.  
 
Here is what I am proposing: 
 
Do more dredge tests to study mercury recovery levels utilizing miner's moss in the recovery system, testing not only in a mercury hot spot, but in 
an average reach of a river. In the study, also experiment with various recovery systems to see if 100% or very near 100% mercury recovery is 
achievable i.e. flared sluice box, over-under sluice, etc.  Some claim 100% recovery has already been achieved with miner's moss in the sluice. 
 
I remember you stating that no river testing of dredging would be done for this SEIR due to the SB-670 law that the Governor signed into law. 
However, the regulations that may be promulgated from the findings of this process and ultimately the final SEIR, will most definitely be 
utilizing incomplete data if this additional field study is not performed. I think a variance should be obtained to allow one or two dredges to be 
put in the water for research purposes. I suppose it could be done in Oregon or Washington that have not outlawed dredging, but would be better 
right here in CA, on the same mercury hotspot and several other sample locations.  I am willing to volunteer my time and dredge equipment for 
this study. We should be able to come up with the sediment samples for laboratory testing in a day or two of dredging at each location. 
 
I don't think the SEIR will be complete without performing this very critical step in evaluating and coming to a logical, educated decision. This 
makes a lot more sense than just talking about past tests, studies, experiences, etc.,  then  speculating on what rules to apply to suction dredging. 
Think what could be accomplished in environmental cleanup if improved recovery systems were mandatory in all dredges (like spark arrestors on 
engines are now, etc). Imagine how much mercury, lead and other metals that could be cleaned out of the state's waterways at little or no cost to 
the state if dredgers are allowed to keep exercising their right to mine in California. 
 
This video shows  what has been happening in WA state in regards to miners recovering mercury from the rivers:   
http://www.goldrushu.com/Washington-Miners-Awarded-for-Removing-Mercury.html  
 
-Ron Kliewer, December 2, 2009 
 
  
 
  
 
  ----- Original Message -----  
  From: Ron Kliewer  
  To: dfgsuctiondredge@dfg.ca.gov  
  Sent: Saturday, November 28, 2009 10:41 PM 
  Subject: Mark Stopher/ dredging studies  
 
 
 
  Hello Mark, 
  Thank you for taking the time to meet with the public on this importtant issue. I, as you, drove well over 300 miles the other day to the meeting 



in Fresno. Please find attached the studies I told you about that related to dredging in other western states. I hope the information is helpful for 
you in your research. I will have some more to send you before the deadline on Dec.3. 
 
  Ron Kliewer 
  www.goldrushu.com  
 
 
From:  "Ron Kliewer" <kliewer1@verizon.net> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/2/2009 7:15 PM 
Subject:  Suction Dredging Comments for SEIR Scoping 
Attachments: Comments for consideration in the Suction Dredging SEIR.docx 
 
Attention Mark Stopher: 
Please see attachment for comments. Thanks. 
-Ron Kliewer 
 

Comments for consideration in the Suction Dredging SEIR: 

By Ron Kliewer, U.S. Taxpayer, 35 year prospector, dredger, contributing author for ICMJ Mining Journal. 

Dear Mr. Stopher, 

I appreciate the fact you held 3 public hearings on this matter instead of only the required one meeting 
and took the time to talk to me individually in Fresno.  It was beneficial in the fact I learned you did not 
know some basic things about mining (like what miner’s moss is) and I didn’t know other basic things 
like how environmentalists define terms (like invertebrates are fish, too). Open communication is 
helpful for all concerned. 

As you may recall, I showed you some lead and mercury coated gold I had recovered with my dredge 
from the Salmon River several years ago. We discussed the pros and cons of what benefits dredging may 
have on the removal of mercury from the active waterways. You stated that a study had been done 
showing that dredging does remove 98% of the mercury that is dredged up, but that the 2% that is lost 
back into the river is floured so as to render it more dangerous to the environment than if all of it was 
left on the bottom of the river. I did some research and found the report to which I believe you were 
referring to. The report also declared the quantity of the mercury that was not captured by the dredge 
as being above the level that would be considered hazardous waste. The sampling and subsequent 
report was done by Rick Humphreys (Division of Water Quality, CA Water Boards) and some others in 
July, 2003. After reviewing the Staff Report prepared by Mr. Humphreys, here are my conclusions and 
suggestions: 

First of all, the test was done on a mercury “hotspot” which is non‐ typical of the majority of the many 
miles of streams and rivers. Most reaches of the waterways don’t have nearly as high of mercury levels 
as the location in the North Fork of the American River downstream from the historic Sutter’s mill that 
was tested. 

Second, the 4 inch Keene dredge used in the test did not employ the use of miner’s moss in the recovery 
system. It only had a layer of carpet under the metal riffles in the sluice box. This set up will not collect 
the ultra fine values of gold and mercury present in the streambed sediments.  



Here is what I am proposing: 

Do more dredge tests to study mercury recovery levels utilizing miner’s moss in the recovery system, 
testing not only in a mercury hot spot, but in an average reach of a river. In the study, also experiment 
with various recovery systems to see if 100% or very near 100% mercury recovery is achievable i.e. 
flared sluice box, over‐under sluice, etc.  Some claim 100% recovery has already been achieved with 
miner’s moss in the sluice. 

I remember you stating that no river testing of dredging would be done for this SEIR due to the SB‐670 
law that the Governor signed into law. However, the regulations that may be promulgated from the 
findings of this process and ultimately the final SEIR, will most definitely be utilizing incomplete data if 
this additional field study is not performed. I think a variance should be obtained to allow one or two 
dredges to be put in the water for research purposes. I suppose it could be done in Oregon or 
Washington that have not outlawed dredging, but would be better right here in CA, on the same 
mercury hotspot and several other sample locations.  I am willing to volunteer my time and dredge 
equipment for this study. We should be able to come up with the sediment samples for laboratory 
testing in a day or two of dredging at each location. 

I don’t think the SEIR will be complete without performing this very critical step in evaluating and 
coming to a logical, educated decision. This makes a lot more sense than just talking about past tests, 
studies, experiences, etc.,  then  speculating on what rules to apply to suction dredging. Think what 
could be accomplished in environmental cleanup if improved recovery systems were mandatory in all 
dredges (like spark arrestors on engines are now, etc). Imagine how much mercury, lead and other 
metals that could be cleaned out of the state’s waterways at little or no cost to the state if dredgers are 
allowed to keep exercising their right to mine in California. 

This video shows  what has been happening in WA state in regards to miners recovering mercury from 
the rivers:   http://www.goldrushu.com/Washington‐Miners‐Awarded‐for‐Removing‐Mercury.html  

‐Ron Kliewer, December 2, 2009 
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From:  "Ron Kliewer" <kliewer1@verizon.net> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  11/28/2009 10:41 PM 
Subject:  Mark Stopher/ dredging studies 
Attachments: JOHNSON, 2004, Effects of Small-Scale Gold Dredging on Metals Concentration 
 sin the Similkameen Ri.pdf; WASHINGTON ALLIANCE OF MINERS AND 
PROSPECTORS,, 
  Excerpts From Suction DredgeStudies.pdf 
 
 
Hello Mark, 
Thank you for taking the time to meet with the public on this importtant issue. I, as you, drove well over 
300 miles the other day to the meeting in Fresno. Please find attached the studies I told you about that 
related to dredging in other western states. I hope the information is helpful for you in your research. I will 
have some more to send you before the deadline on Dec.3. 
 
Ron Kliewer 
www.goldrushu.com  
 
 



From:  "Roy J. Johnson" <royjjohn@pacbell.net> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 11:48 AM 
Subject:  Dredge Info. 
Attachments: Joseph-Greene-suction-gold-dredge-study.doc; 1986.htm 
 
Hi 
  This is some very good info on Dredging and I'm assuming you have already looked at this info in depth.  If you have not please 
spend some time with it if you will.   Thank You 
            Roy J. Johnson 



State Water Resources Control Board 
Division of Water Quality  
P.O. Box 100  
Sacramento, California 95812-0100 
Fax: 916-341-5620  
email: commentletters@waterboards.ca.gov 

June 6, 2007 
Subject:  SUCTION DREDGE MINING 
 
Dear Board Members, 
 
Thank you for allowing me this opportunity to comment on the water quality aspects of 
small-scale suction dredge mining. 
 
As I have searched the scientific literature for studies on the effects of small-scale suction 
dredge mining on the environment I have learned that the preponderance of the published 
research studies have been directed towards assessment of its effect on the biology of the 
streams and rivers.  In nearly every instance the results have concluded that the effects 
were less than significant. 
 
In water quality terms some studies have discussed turbidity, water temperature, and 
suspension of heavy metals into the overlying water.  I will focus my water quality 
comments on these three areas.  But first I would like to put this issue in to perspective. 
 
GEOGRAPHICAL SCALE OF SMALL-SCALE SUCTION DREDGING  
 
It has been observed that environmentalists opposing suction dredging use data gleaned 
from reports that studied effects of environmental perturbations that are occurring on a 
system-wide basis. For example, they would characterize the affects of turbidity from a 
suction dredge as if it would impact downstream organisms in a manner that system-wide 
high water flow events might. This approach is entirely inconsistent with the way in 
which suction dredges operate or generally impact their downstream environment. 
 
The California Department of Fish and Game (1997) described typical dredging activities 
as follows’ “An individual suction dredge operation affects a relatively small portion of 
a stream or river. A recreational suction dredger (representing 90-percent of all 
dredgers) may spend a total of four to eight hours per day in the water dredging an area of 
1 to 10 square meters. The average number of hours is 5.6 hours per day. The remaining 
time is spent working on equipment and processing dredged material. The area or length 
of river or streambed worked by a single suction dredger, as compared to total river 
length, is relatively small compared to the total available area.”   
 
In the Oregon Siskiyou National Forest Dredge Study, Chapter 4, Environmental 
Consequences, some perspective is given to small-scale mining. “The average claim size 
is 20 acres. The total acreage of all analyzed claims related to the total acres of watershed 
is about 0.2 percent. The average stream width reflected in the analysis is about 20 feet or 
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less and the average mining claim is 1320 feet in length. The percentage of land area 
within riparian zones on the Siskiyou National Forest occupied by mining claims is 
estimated to be only 0.1 percent.” The report goes on to say, “Over the past 10 years, 
approximately 200 suction dredge operators per season operate on the Siskiyou National 
Forest” (SNF, 2001). 
 
A report from the U.S. Forest Service, Siskiyou National Forest (Cooley, 1995) answered 
the frequently asked question, “How much material is moved by annual mining suction 
dredge activities and how much does this figure compare with the natural movement of 
such materials by surface erosion and mass movement?” The answer was that suction 
dredges moved a total of 2,413 cubic yards for the season. Cooley (1995) used the most 
conservative values and estimated that the Siskiyou National Forest would move 331,000 
cubic yards of material each year from natural causes. Compared to the 2413 (in-stream) 
cubic yards re-located by suction mining operations the movement rate by suction 
dredge mining would equal about 0.7% of natural rates. 
 
It has been suggested that a single operating suction dredge may not pose a problem but 
the operation of multiple dredges would produce a cumulative effect that could cause 
harm to aquatic organisms. However, “No additive effects were detected on the Yuba 
River from 40 active dredges on a 6.8 mile (11 km) stretch. The area most impacted was 
from the dredge to about 98 feet (30 meters) downstream, for most turbidity and 
settleable solids (Harvey, B.C., K. McCleneghan, J.D. Linn, and C.L. Langley, 1982). In 
another study, “Six small dredges (<6 inch dredge nozzle) on a 1.2 mile (2 km) stretch 
had no additive effect (Harvey, B.C., 1986). Water quality was typically temporally and 
spatially restricted to the time and immediate vicinity of the dredge (North, P.A., 1993). 
 
A report on the water quality cumulative effects of placer mining on the Chugach 
National Forest, Alaska found that, “The results from water quality sampling do not 
indicate any strong cumulative effects from multiple placer mining operations within the 
sampled drainages.” “Several suction dredges probably operated simultaneously on the 
same drainage, but did not affect water quality as evidenced by above and below water 
sample results. In the recreational mining area of Resurrection Creek, five and six 
dredges would be operating and not produce any water quality changes (Huber and 
Blanchet, 1992). 
 
The California Department of Fish and Game stated in its Draft Environmental Impact 
Report that “Department regulations do not currently limit dredger densities but the 
activity itself is somewhat self-regulating. Suction dredge operators must space 
themselves apart from each other to avoid working in the turbidity plume of the next 
operator working upstream. Suction Dredging requires relatively clear water to 
successfully harvest gold “ (CDFG, 1997). 
 



ELEVATED TURBIDITY AND SUSPENDED  
 
Suction dredging causes less than significant effects to water quality. The impacts 
include increased turbidity levels caused by re-suspended streambed sediment and 
pollution caused by spilling of gas and oil used to operate suction dredges (CDFG, 1997). 
 
“Suction dredges, powered by internal combustion engines of various sizes, operate while 
floating on the surface of streams and rivers. As such, oil and gas may leak or spill onto 
the water’s surface. There have not been any observed or reported cases of harm to 
plant or wildlife as a result of oil or gas spills associated with suction dredging” 
(CDFG, 1997). 
 
The impact of turbidities on water quality caused by suction dredging can vary 
considerably depending on many factors. Factors which appear to influence the degree 
and impact of turbidity include the amount and type of fines (fine sediment) in the 
substrate, the size and number of suction dredges relative to stream flow and reach of 
stream, and background turbidities (CDFG, 1997). 
 
Because of low ambient levels of turbidity on Butte Creek and the North Fork American 
River, California, Harvey (1986) easily observed increases of 4 to 5 NTU from suction 
dredging.  Turbidity plumes created by suction dredging in Big East Fork Creek were 
visible in Canyon Creek 403 feet (123 meters) downstream from the dredges (Somer and 
Hassler, 1992). 
 
In contrast, Thomas (1985), using a dredge with a 2.5-inch diameter nozzle on Gold 
Creek, Montana, found that suspended sediment levels returned to ambient levels 100 
feet below the dredge. Gold Creek is a relatively undisturbed third order stream with 
flows of 14 cubic feet per second. A turbidity tail from a 5-inch (12.7 cm) dredge on 
Clear Creek, California was observable for only 200 feet downstream. Water velocity at 
the site was about 1 foot per second (Lewis, 1962). 
 
Turbidity below a 2.5 inch suction dredge in two Idaho streams was nearly undetectable 
even though fine sediment, less than 0.5 mm in diameter, made up 13 to 18 percent, by 
weight, of  substrate in the two streams (Griffith and Andrews, 1981). 
 
"During a dredging test carried out by the California Department of Fish and Game on 
the north fork of American River, it was concluded that turbidity was greatest 
immediately downstream, returning to ambient levels within 100 feet. Referring to 52 
dredges studied, Harvey (1982) stated "...generally rapid recovery to control levels in 
both turbidity and settable solids occurred below dredging activity."  
 
Hassler (1986) noted "...during dredging, suspended sediment and turbidity were high 
immediately below the dredge, but diminished rapidly within distance downstream." He 
measured 20.5 NTU 4 meters below a 5-inch dredge that dropped off to 3.4 NTU 49 
meters below the dredge. Turbidity from a 4-inch dredge dropped from 5.6 NTU 4 meters 
below to 2.9 NTU 49 meters below with 0.9 NTU above. He further noted "...water 



quality was impacted only during the actual operation of the dredge...since a full day of 
mining by most Canyon Creek operators included only 2 to 4 hours of dredge running 
time, water quality was impacted for a short time." Also "...the water quality of Canyon 
Creek was very good and only affected by suction dredging near the dredge when it was 
operated."  
 
The US Geological Survey and the Alaska Department of Natural Resources conducted a 
survey into dredging on Alaska’s Fortymile River, which is a river designated as a wild 
and scenic corridor. The study stated, "One dredge had a 10-inch diameter intake hose 
and was working relatively fine sediment on a smooth but fast section of the river. The 
other dredge had an 8-inch intake and was working coarser sediments in a shallower 
reach of the river. State regulations require that suction dredges may not increase the 
turbidity of the river by more than 5 nephelometric turbidity units (NTU), 500 feet 
(=150m) downstream. In both cases, the dredges were well within compliance with this 
regulation."  
 
 
 
 
 
 
 
 

http://www.akmining.com/mine/usgs1.htm 
 

Samples were collected on a grid extending downstream from the dredges as they were 
operating and compared to measurements made upstream of the dredges. One dredge had 
a 10-inch diameter intake hose and was working relatively fine sediments on a smooth 
but fast section of the river. The results of the turbidity survey for the 10-inch dredge are 
shown on figure 2. Turbidity values behind the 8-inch dredge were lower, because the 
smaller intake was moving less sediment material, and because the coarser sediments 
being worked by the 8-inch dredge settled more rapidly 
 
The turbidity values found in the dredge studies fall within the range of turbidity values 
found for currently mined areas of the Fortymile River and many of its un-mined 
tributaries. Figure 3 shows the ranges of turbidity values observed along the horizontal 
axis, and the number of samples that fall within each of those ranges. For example, 25 
samples had turbidity between 1.0 and 1.5 NTU, 22 of which were in a dredged area. The 
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highest turbidity value was from an un-mined tributary to Uhler Creek; the lowest from a 
number of different tributaries to the North Fork. As seen on the figure, there is no 
appreciable difference in the distribution of turbidity values between mined and un-mined 
areas. 
 
 
 
 
 

http://www.akmining.com/mine/usgs1.htm 
 

In American studies, average turbidity levels have been shown to be between 5 and 15 
NTU 5 meters below dredges. But even the maximum turbidity level measured in a clay 
pocket (51 NTU) fell below 10 NTU within 45 meters. Turbidity increases, from even 
large dredges on moderate sized streams, have shown to be fairly low, usually 25 NTU or 
less, and to return to background within 30 meters. The impact is localized and short 
lived; indicating minimum impact on moderate and larger waterways.  
 
Within any waterway, sediment is primarily carried in suspension during periods of 
rainfall and high flow. This is an important point, as it indicates that a dredging operation 
has less, or at least no greater effect on sediment mobilization and mobility than a rain 
storm." 
 
All of these research studies have concluded that only a local significant effect occurs, 
with it decreasing rapidly downstream.  The studies have been wide spread, having been 
undertaken in Alaska, Idaho, California, Montana and Oregon. 
 
The science supports de minimus status for < 6-inch suction dredges.  Turbidity is de 
minimus according to the U.S. Army Corps of Engineers. 
 
“Effects from elevated levels of turbidity and suspended sediment normally associated 
with suction dredging as regulated in the past in California appear to be less than 
significant with regard to impacts to fish and other river resources because of the level 
of turbidity created and the short distance downstream of a suction dredge where 
turbidity levels return to normal” (CDFG, 1997). 
 
Furthermore, individuals that have not, in fact, operated suction dredges may not realize 
that it is a self-limiting operation. The dredge operator must be able to see his work area 
to operate safely and manage the intake of the dredge nozzle. If high levels of turbidity 
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were to flood the dredger’s work area and render him “blind” he would have to move 
the operation to another location. 
 
INCREASING WATER TEMPERATURE 
 
Responsible suction dredge miners do not dredge stream banks (it is illegal).  Dredging 
occurs only in the wetted perimeter of the stream. Therefore, it is unlikely suction 
dredging will cause a loss of cover adjacent to the stream. 
 
Solar radiation is the single most important energy source for the heating of streams 
during daytime conditions. The loss or removal of riparian vegetation can increase solar 
radiation input to a stream increasing stream temperature. Suction dredge operations are 
confined to the existing stream channel and do not affect riparian vegetation or stream 
shade (SNF, 2001). 
 
Suction dredging could alter pool dimensions through excavation, deposition of tailings, 
or by triggering adjustments in channel morphology. Excavating pools could 
substantially increase their depth and increase cool groundwater inflow. This could 
reduce pool temperature. If pools were excavated to a depth greater than three feet, 
salmonid pool habitat could be improved. In addition, if excavated pools reduce pool 
temperatures, they could provide important coldwater habitats for salmonids living in 
streams with elevated temperatures (SNF, 2001). 
 
Dredge mining had little, if any, impact on water temperature (Hassler, T.J., W.L. Somer 
and G.R. Stern, 1986). In addition, the Oregon Siskiyou Dredge Study states, “There is 
no evidence that suction dredging affects stream temperature” (SNF, 2001). 
 
Increases in sediment loading to a stream can result in the stream aggrading causing the 
width of the stream to increase. This width increase can increase the surface area of the 
water resulting in higher solar radiation absorption and increased stream temperatures. 
Suction dredge operations are again confined to the existing stream channel and do 
not affect stream width (SNF, 2001). 
 
Stream temperature can also increase from increasing the stream’s width to depth ratio. 
The suction dredge operation creates piles in the stream channel as the miner digs down 
into the streambed. The stream flow may split and flow around the pile decreasing or 
increasing the wetted surface for a few feet. However, within the stream reach that the 
miner is working in, the change is so minor that the overall wetted surface area can be 
assumed to be the same so the total solar radiation absorption remains unchanged. 
Suction Dredging results in no measurable increase in stream temperature (SNF, 
2001). 
 
“Small streams with low flows may be significantly affected by suction dredging, 
particularly when dredged by larger dredges (Larger than 6 inches) (Stern, 1988). 
However, the California Department of Fish and Game concluded, “current regulations 
restrict the maximum nozzle size to 6 inches on most rivers and streams which, in 



conjunction with riparian habitat protective measures, results in a less than significant 
impact to channel morphology” (CDFG, 1997). 
 
WATER CHEMISTRY 
 
Concern has been raised that small-scale dredge operations may increase the metal load 
of the surface waters.  Whereas dredge operations do re-suspend the bottom sediment, the 
magnitude of this disturbance on stream metal loading was unknown.  It was unknown 
what affect the dredge operations may have on the transport and redistribution of 
metals—some of which (for example, arsenic, copper, and zinc) have environmental 
importance.   
 
The U.S. Geological Survey and the Alaska Department of Natural Resources cooperated 
in a project, on Fortymile River, to provide scientific data to address these questions.  
This river is designated a Wild and Scenic Corridor by the Alaska National Interest Lands 
Conservation Act. Current users of the river include placer mine operators, as well as 
boaters and rafters.  Along the North Fork Fortymile River, and just below its confluence 
with the South Fork, mining is limited to a few small suction dredges which, combined, 
produce as much as a few hundred ounces of gold per year. In this area, some potential 
environmental concerns have been raised associated with the mining activities, including 
increased turbidity of the river water; adverse impact on the overall chemical quality of 
the river water; and potential additions of specific toxic elements, such as arsenic, to the 
river during mining operations.  
 
Field measurements were made for pH, turbidity, electrical conductivity (a measure of 
the total dissolved concentrations of mineral salts), and stream discharge for the 
Fortymile River and many of its tributaries. Samples were collected at the same time for 
chemical analyses, including trace-metal analyses 
 
Water-quality samples were collected at three points 200 feet behind each of the two 
operating suction dredges. One sample was collected on either side of the plume, and one 
in the center of the plume. The samples were passed through a filter with a nominal pore 
size of 0.45 micrometers and acidified to a pH less than about 2. Results are shown in the 
following table. Samples 1A, 1C, 2A, and 2C are from either side of the plume behind 
dredges 1 and 2, respectively. Samples 1B and 2B are from the center of each plume. All 
concentrations given are in micrograms per liter, except pH, which is expressed in 
standard units. 
 
The data show similar water-quality values for samples collected within and on either 
side of the dredge plumes. Further, the values shown in the table are roughly equal to or 
lower than the regional average concentrations for each dissolved metal, based on the 
analyses of 25 samples collected throughout the area. Therefore, suction dredging 
appears to have no measurable effect on the chemistry of the Fortymile River within 
this study area. We have observed greater variations in the natural stream chemistry in 
the region than in the dredge areas (Wanty, R.B., B. Wang, and J. Vohden. 1997). 
 



 
  Side 

1 
Dredge 

1 
Side 

2 
 Side 

1 
Dredge 

2 
Side 

2 
  1A 1B 1C  2A 2B 2C 
pH   7.7 7.6 7.8 7.0 7.5  7.5 
Arsenic   0.3 0.3 0.3 0.3 0.3 0.3  
Iron   110. 110. 110. 100 97  100  
Chromium   2 2 3 3   3  3
Cadmium  all less than 

0.02 
micrograms 
per liter         

 

Cobalt   0.07 0.07 0.06  0.06 0.05  0.05  
Zinc   0.8 0.6 0.8 1.0 1.0  1.0  
Lead  all less than 

0.05 
micrograms 
per liter         

       

 
 
 

A final report from an EPA contract for analysis of the effects on mining in the Fortymile 
River, Alaska stated, “This report describes the results of our research during 1997 and 
1998 into the effects of commercial suction dredging on the water quality, habitat, and 
biota of the Fortymile River….  The focus of our work on the Fortymile in 1997 was on 
an 8-inch suction dredge (Site 1), located on the mainstem…  At Site 1, dredge operation 
had no discernable effect on alkalinity, hardness, or specific conductance of water in the 
Fortymile. Of the factors we measured, the primary effects of suction dredging on water 
chemistry of the Fortymile River were increased turbidity, total filterable solids, and 
copper and zinc concentrations downstream of the dredge. These variables returned to 
upstream levels within 80-160 m downstream of the dredge. The results from this 
sampling revealed a relatively intense, but localized, decline in water clarity during the 
time the dredge was operating” (Prussian, A.M., T.V. Royer and G.W. Minshall, 1999).  
 
“The data collected for this study help establish regional background geochemical values 
for the waters in the Fortymile River system. As seen in the chemical and turbidity data 
any variations in water quality due to the suction dredging activity fall within the 
natural variations in water quality” (Prussian, A.M., T.V. Royer and G.W. Minshall, 
1999). 
 
REMOVAL OF MERCURY FROM THE ENVIRONMENT 
 
Looking for gold in California streams and rivers is a recreational activity for thousands 
of state residents.  As these miners remove sediments, sands, and gravel from streams and 
former mine sites to separate out the gold, they are also removing mercury.  This mercury 



is the remnant of millions of pounds of pure mercury that was added to sluice boxes used 
by historic mining operations between 1850 and 1890.  Modern day small-scale gold 
suction dredgers do not use mercury to recover gold during the operation of the dredge.  
Therefore, any gold that would be found in their possession would be that which was 
extracted from the stream or river they are working.   
 
Taking mercury out of streams benefits the environment.  Efforts to collect mercury from 
recreational gold miners in the past, however, have been stymied due to perceived 
regulatory barriers. Disposal of mercury is normally subject to all regulations applicable 
to hazardous waste. 
 
In 2000, EPA and California's Division of Toxic Substance Control worked in concert 
with other State and local agencies to find the regulatory flexibility needed to collect 
mercury in a simple and effective manner.  In August and September, 2000 the first 
mercury "milk runs" collected 230 pounds of mercury.  A Nevada County household 
waste collection event held in September 2000 collected about 10 pounds of mercury. 
The total amount of mercury collected was equivalent to the mercury load in 47 years 
worth of wastewater discharge from the city of Sacramento's sewage treatment plant or 
the mercury in a million mercury thermometers. This successful pilot program 
demonstrates how recreational gold miners and government agencies can work together 
to protect the environment (US EPA, 2001). 
 
Mercury occurs in several different geochemical forms, including elemental mercury, 
ionic (or oxidized) mercury, and a suite of organic forms, the most important of which is 
methylmercury.  Methylmercury is the form most readily incorporated into biological 
tissues and is most toxic to humans.  The process of mercury removal by suction 
dredging does not contaminate the environment because small-scale suction dredging 
removes elemental mercury.  Removal of elemental mercury before it can be converted, 
by bacteria, to methylmercury is a very important component of environmental and 
human health protection provided as a secondary benefit of suction dredging.. 
 
THE REAL ISSUE 
 
The issue of localized conflict with suction dredgers and other outdoor recreational 
activities can be put into a more reasonable perspective using the data provided at the 
beginning of this report.  For example, the total acreage of all analyzed claims related to 
the total acres of watershed is about 0.2 percent. The percentage of land area within 
riparian zones on the Siskiyou National Forest occupied by mining claims is estimated to 
be only 0.1 percent.” The report goes on to say, “Over the past 10 years, approximately 
200 suction dredge operators per season operate on the Siskiyou National Forest (SNF, 
2001).  
 
The issue against suction dredge operations in the streams of the United States appears to 
be less an issue of environmental protection and more of an issue of certain organized 
individuals and groups being unwilling to share the outdoors with others without like 
interests. 



 
Management of the Fortymile River region (a beautiful, wild and scenic river in the 
remote part of east-central Alaska) and its resources is complex due to the many diverse 
land-use options. Small-scale, family-owned gold mining has been active on the 
Fortymile since the "gold rush" days of the late 1880's. However, in 1980, the Fortymile 
River and many of its tributaries received Wild and Scenic River status. Because of this 
status, mining along the river must compete with recreational usage such as rafting, 
canoeing, and fishing.  
 
A press release from the U. S. Geological Survey stated, in part, the following, “The 
water quality of the Fortymile River-a beautiful, …has not been adversely impacted by 
gold placer mining operations according to an integrated study underway by the U.S. 
Geological Survey and the Alaska Department of Natural Resources.      
 
Violation of mining discharge regulations would close down the small-scale mining 
operations. No data existed before this study to establish if the mining was degrading the 
water quality. However, even with the absence of data, environmental groups were 
active to close down mining on the river citing unsubstantiated possible discharge 
violations.      
 
This study has found no violations to date to substantiate closure of the small-scale 
mining operations. The result is a continuance of a way of life on the last American 
frontier.”  (U.S. Geological Survey October 27, 1998).  I have no doubt that this is the 
real issue currently facing small-scale gold suction dredgers in California. 
 
Suction dredges do not add pollution to the aquatic environment. They merely re -
suspend and re-locate the bottom materials (overburden) within the river or stream. 
 
I hope this scientific research information I have provided will be helpful in your efforts 
regarding suction dredge mining and water quality.  I thank you for this opportunity to 
submit this data. 

 
Respectfully Yours, 
 
Joseph C. Greene 
Research Biologist, U.S. EPA Retired 
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eo

re
ti
ca

l, 
an

d 
em

pi
ri
ca

l s
tu

dy
, 

re
po

rt
, 

or
 s

im
ila

r 
do

cu
m

en
t,

 if
 

an
y,

 u
po

n 
w

hi
ch

 t
he

 a
ge

nc
y 

re
lie

s 
in

 p
ro

po
si

ng
 t

he
 a

do
pt

io
n,

 a
m

en
dm

en
t,

 o
r 

re
pe

al
 o

f 
a 

re
gu

la
ti
on

. 

(3
) 

(A
) 

A
 d

es
cr

ip
ti
on

 o
f 

re
as

on
ab

le
 a

lt
er

na
ti
ve

s 
to

 t
he

 r
eg

ul
at

io
n 

an
d 

th
e 

ag
en

cy
's

 r
ea

so
ns

 f
or

 r
ej

ec
ti
ng

 
th

os
e 

al
te

rn
at

iv
es

. 
In

 t
he

 c
as

e 
of

 a
 r

eg
ul

at
io

n 
th

at
 w

ou
ld

 m
an

da
te

 t
he

 u
se

 o
f 

sp
ec

ifi
c 

te
ch

no
lo

gi
es

 
or

 e
qu

ip
m

en
t 

or
 p

re
sc

ri
be

 s
pe

ci
fic

 a
ct

io
ns

 o
r 

pr
oc

ed
ur

es
, 

th
e 

im
po

si
ti
on

 o
f 

pe
rf

or
m

an
ce

 s
ta

nd
ar

ds
 s

ha
ll 

be
 c

on
si

de
re

d 
as

 a
n 

al
te

rn
at

iv
e.

 

(B
) 

A
 d

es
cr

ip
ti
on

 o
f 

re
as

on
ab

le
 a

lt
er

na
ti
ve

s 
to

 t
he

 r
eg

ul
at

io
n 

th
at

 w
ou

ld
 le

ss
en

 a
ny

 a
dv

er
se

 im
pa

ct
 o

n 
sm

al
l b

us
in

es
s 

an
d 

th
e 

ag
en

cy
' s

 r
ea

so
ns

 f
or

 r
ej

ec
ti
ng

 t
ho

se
 a

lt
er

na
ti
ve

s.
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(C
) 

N
ot

w
it
hs

ta
nd

in
g 

su
bp

ar
ag

ra
ph

 (
A
) 

or
 (

B
),

 a
n 

ag
en

cy
 is

 n
ot

 r
eq

ui
re

d 
to

 a
rt

ifi
ci

al
ly

 c
on

st
ru

ct
 

al
te

rn
at

iv
es

, 
de

sc
ri
be

 u
nr

ea
so

na
bl

e 
al

te
rn

at
iv

es
, 

or
 j
us

ti
fy

 w
hy

 it
 h

as
 n

ot
 d

es
cr

ib
ed

 a
lt
er

na
ti
ve

s.

(4
) 

Fa
ct

s,
 e

vi
de

nc
e,

 d
oc

um
en

ts
, 

te
st

im
on

y,
 o

r 
ot

he
r 

ev
id

en
ce

 o
n 

w
hi

ch
 t

he
 a

ge
nc

y 
re

lie
s 

to
 s

up
po

rt
 a

n 
in

it
ia

l d
et

er
m

in
at

io
n 

th
at

 t
he

 a
ct

io
n 

w
ill

 n
ot

 h
av

e 
a 

si
gn

ifi
ca

nt
 a

dv
er

se
 e

co
no

m
ic

 im
pa

ct
 o

n 
bu

si
ne

ss
. 

(5
) 

A
 d

ep
ar

tm
en

t,
 b

oa
rd

, 
or

 c
om

m
is

si
on

 w
it
hi

n 
th

e 
En

vi
ro

nm
en

ta
l P

ro
te

ct
io

n 
A
ge

nc
y,

 t
he

 R
es

ou
rc

es
 

A
ge

nc
y,

 o
r 

th
e 

O
ff

ic
e 

of
 t

he
 S

ta
te

 F
ir
e 

M
ar

sh
al

 s
ha

ll 
de

sc
ri
be

 it
s 

ef
fo

rt
s,

 in
 c

on
ne

ct
io

n 
w

it
h 

a 
pr

op
os

ed
 r

ul
em

ak
in

g 
ac

ti
on

, 
to

 a
vo

id
 u

nn
ec

es
sa

ry
 d

up
lic

at
io

n 
or

 c
on

fli
ct

s 
w

it
h 

fe
de

ra
l r

eg
ul

at
io

ns
 

co
nt

ai
ne

d 
in

 t
he

 C
od

e 
of

 F
ed

er
al

 R
eg

ul
at

io
ns

 a
dd

re
ss

in
g 

th
e 

sa
m

e 
is

su
es

. 
Th

es
e 

ag
en

ci
es

 m
ay

 
ad

op
t 

re
gu

la
ti
on

s 
di

ff
er

en
t 

fr
om

 f
ed

er
al

 r
eg

ul
at

io
ns

 c
on

ta
in

ed
 in

 t
he

 C
od

e 
of

 F
ed

er
al

 R
eg

ul
at

io
ns

 
ad

dr
es

si
ng

 t
he

 s
am

e 
is

su
es

 u
po

n 
a 

fin
di

ng
 o

f 
on

e 
or

 m
or

e 
of

 t
he

 f
ol

lo
w

in
g 

ju
st

ifi
ca

ti
on

s:
 

(A
) 

Th
e 

di
ff

er
in

g 
st

at
e 

re
gu

la
ti
on

s 
ar

e 
au

th
or

iz
ed

 b
y 

la
w

. 

(B
) 

Th
e 

co
st

 o
f 

di
ff

er
in

g 
st

at
e 

re
gu

la
ti
on

s 
is

 j
us

ti
fie

d 
by

 t
he

 b
en

ef
it
 t

o 
hu

m
an

 h
ea

lt
h,

 p
ub

lic
 s

af
et

y,
 

pu
bl

ic
 w

el
fa

re
, 

or
 t

he
 e

nv
ir
on

m
en

t.

(c
) 

A
 s

ta
te

 a
ge

nc
y 

th
at

 a
do

pt
s 

or
 a

m
en

ds
 a

 r
eg

ul
at

io
n 

m
an

da
te

d 
by

 f
ed

er
al

 la
w

 o
r 

re
gu

la
ti
on

s,
 t

he
 

pr
ov

is
io

ns
 o

f 
w

hi
ch

 a
re

 id
en

ti
ca

l t
o 

a 
pr

ev
io

us
ly

 a
do

pt
ed

 o
r 

am
en

de
d 

fe
de

ra
l r

eg
ul

at
io

n,
 s

ha
ll 

be
 d

ee
m

ed
 

to
 h

av
e 

co
m

pl
ie

d 
w

it
h 

su
bd

iv
is

io
n 

(b
) 

if 
a 

st
at

em
en

t 
to

 t
he

 e
ff

ec
t 

th
at

 a
 f

ed
er

al
ly

 m
an

da
te

d 
re

gu
la

ti
on

 
or

 a
m

en
dm

en
t 

to
 a

 r
eg

ul
at

io
n 

is
 b

ei
ng

 p
ro

po
se

d,
 t

og
et

he
r 

w
it
h 

a 
ci

ta
ti
on

 t
o 

w
he

re
 a

n 
ex

pl
an

at
io

n 
of

 
th

e 
pr

ov
is

io
ns

 o
f 

th
e 

re
gu

la
ti
on

 c
an

 b
e 

fo
un

d,
 is

 in
cl

ud
ed

 in
 t

he
 n

ot
ic

e 
of

 p
ro

po
se

d 
ad

op
ti
on

 o
r 

am
en

dm
en

t 
pr

ep
ar

ed
 p

ur
su

an
t 

to
 S

ec
ti
on

 1
13

46
.5

. 
H

ow
ev

er
, 

th
e 

ag
en

cy
 s

ha
ll 

co
m

pl
y 

fu
lly

 w
it
h 

th
is

 
ch

ap
te

r 
w

it
h 

re
sp

ec
t 

to
 a

ny
 p

ro
vi

si
on

s 
in

 t
he

 r
eg

ul
at

io
n 

th
at

 t
he

 a
ge

nc
y 

pr
op

os
es

 t
o 

ad
op

t 
or

 a
m

en
d 

th
at

 
ar

e 
di

ff
er

en
t 

fr
om

 t
he

 c
or

re
sp

on
di

ng
 p

ro
vi

si
on

s 
of

 t
he

 f
ed

er
al

 r
eg

ul
at

io
n.

 

11
34

6.
3.

 (
a)

 S
ta

te
 a

ge
nc

ie
s 

pr
op

os
in

g 
to

 a
do

pt
, 

am
en

d,
 o

r 
re

pe
al

 a
ny

 a
dm

in
is

tr
at

iv
e 

re
gu

la
ti
on

 s
ha

ll 
as

se
ss

 t
he

 p
ot

en
ti
al

 f
or

 a
dv

er
se

 e
co

no
m

ic
 im

pa
ct

 o
n 

C
al

ifo
rn

ia
 b

us
in

es
s 

en
te

rp
ri
se

s 
an

d 
in

di
vi

du
al

s,
 

av
oi

di
ng

 t
he

 im
po

si
ti
on

 o
f 

un
ne

ce
ss

ar
y 

or
 u

nr
ea

so
na

bl
e 

re
gu

la
ti
on

s 
or

 r
ep

or
ti
ng

, 
re

co
rd

ke
ep

in
g,

 
or

 c
om

pl
ia

nc
e 

re
qu

ir
em

en
ts

. 
Fo

r 
pu

rp
os

es
 o

f 
th

is
 s

ub
di

vi
si

on
, 

as
se

ss
in

g 
th

e 
po

te
nt

ia
l f

or
 a

dv
er

se
 

ec
on

om
ic

 im
pa

ct
 s

ha
ll 

re
qu

ir
e 

ag
en

ci
es

, 
w

he
n 

pr
op

os
in

g 
to

 a
do

pt
, 

am
en

d,
 o

r 
re

pe
al

 a
 r

eg
ul

at
io

n,
 t

o 
ad

he
re

 t
o 

th
e 

fo
llo

w
in

g 
re

qu
ir
em

en
ts

, 
to

 t
he

 e
xt

en
t 

th
at

 t
he

se
 r

eq
ui

re
m

en
ts

 d
o 

no
t 

co
nf

lic
t 

w
it
h 

ot
he

r 
st

at
e 

or
 f

ed
er

al
 la

w
s:

 

(1
) 

Th
e 

pr
op

os
ed

 a
do

pt
io

n,
 a

m
en

dm
en

t,
 o

r 
re

pe
al

 o
f 

a 
re

gu
la

ti
on

 s
ha

ll 
be

 b
as

ed
 o

n 
ad

eq
ua

te
 

in
fo

rm
at

io
n 

co
nc

er
ni

ng
 t

he
 n

ee
d 

fo
r,

 a
nd

 c
on

se
qu

en
ce

s 
of

, 
pr

op
os

ed
 g

ov
er

nm
en

ta
l a

ct
io

n.
 

(2
) 

Th
e 

st
at

e 
ag

en
cy

, 
pr

io
r 

to
 s

ub
m

it
ti
ng

 a
 p

ro
po

sa
l t

o 
ad

op
t,

 a
m

en
d,

 o
r 

re
pe

al
 a

 r
eg

ul
at

io
n 

to
 t

he
 

of
fic

e,
 s

ha
ll 

co
ns

id
er

 t
he

 p
ro

po
sa

l's
 im

pa
ct

 o
n 

bu
si

ne
ss

, 
w

it
h 

co
ns

id
er

at
io

n 
of

 in
du

st
ri
es

 a
ff

ec
te

d 
in

cl
ud

in
g 

th
e 

ab
ili

ty
 o

f 
C
al

ifo
rn

ia
 b

us
in

es
se

s 
to

 c
om

pe
te

 w
it
h 

bu
si

ne
ss

es
 in

 o
th

er
 s

ta
te

s.
 F

or
 p

ur
po

se
s 

of
 e

va
lu

at
in

g 
th

e 
im

pa
ct

 o
n 

th
e 

ab
ili

ty
 o

f 
C
al

ifo
rn

ia
 b

us
in

es
se

s 
to

 c
om

pe
te

 w
it
h 

bu
si

ne
ss

es
 in

 o
th

er
 s

ta
te

s,
 a

n 
ag

en
cy

 
sh

al
l c

on
si

de
r,

 b
ut

 n
ot

 b
e 

lim
it
ed

 t
o,

 in
fo

rm
at

io
n 

su
pp

lie
d 

by
 in

te
re

st
ed

 p
ar

ti
es

. 
It

 is
 n

ot
 t

he
 in

te
nt

 o
f 

th
is

 s
ec

ti
on

 t
o 

im
po

se
 a

dd
it
io

na
l c

ri
te

ri
a 

on
 a

ge
nc

ie
s,

 a
bo

ve
 t

ha
t 

w
hi

ch
 e

xi
st

s 
in

 c
ur

re
nt

 la
w

, 
in

 
as

se
ss

in
g 

ad
ve

rs
e 

ec
on

om
ic

 im
pa

ct
 o

n 
C
al

ifo
rn

ia
 b

us
in

es
s 

en
te

rp
ri
se

s,
 b

ut
 o

nl
y 

to
 a

ss
ur

e 
th

at
 

th
e 

as
se

ss
m

en
t 

is
 m

ad
e 

ea
rl
y 

in
 t

he
 p

ro
ce

ss
 o

f 
in

it
ia

ti
on

 a
nd

 d
ev

el
op

m
en

t 
of

 a
 p

ro
po

se
d 

ad
op

ti
on

, 
am

en
dm

en
t,

 o
r 

re
pe

al
 o

f 
a 

re
gu

la
ti
on

. 

11
34

6.
5.

 (
a)

 T
he

 n
ot

ic
e 

of
 p

ro
po

se
d 

ad
op

ti
on

, 
am

en
dm

en
t,

 o
r 

re
pe

al
 o

f 
a 

re
gu

la
ti
on

 s
ha

ll 
in

cl
ud

e 
th

e 
fo

llo
w

in
g:

 

(1
) 

A
 s

ta
te

m
en

t 
of

 t
he

 t
im

e,
 p

la
ce

, 
an

d 
na

tu
re

 o
f 

pr
oc

ee
di

ng
s 

fo
r 

ad
op

ti
on

, 
am

en
dm

en
t,

 o
r 

re
pe

al
 o

f 
th

e 
re

gu
la

ti
on

. 

(2
) 

R
ef

er
en

ce
 t

o 
th

e 
au

th
or

it
y 

un
de

r 
w

hi
ch

 t
he

 r
eg

ul
at

io
n 

is
 p

ro
po

se
d 

an
d 

a 
re

fe
re

nc
e 

to
 t

he
 p

ar
ti
cu

la
r 

co
de

 s
ec

ti
on

s 
or

 o
th

er
 p

ro
vi

si
on

s 
of

 la
w

 t
ha

t 
ar

e 
be

in
g 

im
pl

em
en

te
d,

 in
te

rp
re

te
d,

 o
r 

m
ad

e 
sp

ec
ifi

c.
 

(3
) 

A
n 

in
fo

rm
at

iv
e 

di
ge

st
 d

ra
ft

ed
 in

 p
la

in
 E

ng
lis

h 
in

 a
 f

or
m

at
 s

im
ila

r 
to

 t
he

 L
eg

is
la

ti
ve

 C
ou

ns
el

's
 d

ig
es

t 
on

 le
gi

sl
at

iv
e 

bi
lls

. 
Th

e 
in

fo
rm

at
iv

e 
di

ge
st

 s
ha

ll 
in

cl
ud

e 
th

e 
fo

llo
w

in
g:
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(A
) 

A
 c

on
ci

se
 a

nd
 c

le
ar

 s
um

m
ar

y 
of

 e
xi

st
in

g 
la

w
s 

an
d 

re
gu

la
ti
on

s,
 if

 a
ny

, 
re

la
te

d 
di

re
ct

ly
 t

o 
th

e 
pr

op
os

ed
 a

ct
io

n 
an

d 
of

 t
he

 e
ff

ec
t 

of
 t

he
 p

ro
po

se
d 

ac
ti
on

. 

(B
) 

If
 t

he
 p

ro
po

se
d 

ac
ti
on

 d
iff

er
s 

su
bs

ta
nt

ia
lly

 f
ro

m
 a

n 
ex

is
ti
ng

 c
om

pa
ra

bl
e 

fe
de

ra
l r

eg
ul

at
io

n 
or

 s
ta

tu
te

, 
a 

br
ie

f 
de

sc
ri
pt

io
n 

of
 t

he
 s

ig
ni

fic
an

t 
di

ff
er

en
ce

s 
an

d 
th

e 
fu

ll 
ci

ta
ti
on

 o
f 

th
e 

fe
de

ra
l r

eg
ul

at
io

ns
 o

r 
st

at
ut

es
. 

(C
) 

A
 p

ol
ic

y 
st

at
em

en
t 

ov
er

vi
ew

 e
xp

la
in

in
g 

th
e 

br
oa

d 
ob

je
ct

iv
es

 o
f 

th
e 

re
gu

la
ti
on

 a
nd

, 
if 

ap
pr

op
ri
at

e,
 

th
e 

sp
ec

ifi
c 

ob
je

ct
iv

es
. 

(4
) 

A
ny

 o
th

er
 m

at
te

rs
 a

s 
ar

e 
pr

es
cr

ib
ed

 b
y 

st
at

ut
e 

ap
pl

ic
ab

le
 t

o 
th

e 
sp

ec
ifi

c 
st

at
e 

ag
en

cy
 o

r 
to

 a
ny

 s
pe

ci
fic

 r
eg

ul
at

io
n 

or
 c

la
ss

 o
f 

re
gu

la
ti
on

s.
 

(5
) 

A
 d

et
er

m
in

at
io

n 
as

 t
o 

w
he

th
er

 t
he

 r
eg

ul
at

io
n 

im
po

se
s 

a 
m

an
da

te
 o

n 
lo

ca
l a

ge
nc

ie
s 

or
 s

ch
oo

l 
di

st
ri
ct

s 
an

d,
 if

 s
o,

 w
he

th
er

 t
he

 m
an

da
te

 r
eq

ui
re

s 
st

at
e 

re
im

bu
rs

em
en

t 
pu

rs
ua

nt
 t

o 
Pa

rt
 7

 (
co

m
m

en
ci

ng
 

w
it
h 

S
ec

ti
on

 1
75

00
) 

of
 D

iv
is

io
n 

4.
 

(6
) 

A
n 

es
ti
m

at
e,

 p
re

pa
re

d 
in

 a
cc

or
da

nc
e 

w
it
h 

in
st

ru
ct

io
ns

 a
do

pt
ed

 b
y 

th
e 

D
ep

ar
tm

en
t 

of
 F

in
an

ce
, 

of
 t

he
 

co
st

 o
r 

sa
vi

ng
s 

to
 a

ny
 s

ta
te

 a
ge

nc
y,

 t
he

 c
os

t 
to

 a
ny

 lo
ca

l a
ge

nc
y 

or
 s

ch
oo

l d
is

tr
ic

t 
th

at
 is

 r
eq

ui
re

d 
to

 
be

 r
ei

m
bu

rs
ed

 u
nd

er
 P

ar
t 

7 
(c

om
m

en
ci

ng
 w

it
h 

S
ec

ti
on

 1
75

00
) 

of
 D

iv
is

io
n 

4,
 o

th
er

 n
on

di
sc

re
ti
on

ar
y 

co
st

 
or

 s
av

in
gs

 im
po

se
d 

on
 lo

ca
l a

ge
nc

ie
s,

 a
nd

 t
he

 c
os

t 
or

 s
av

in
gs

 in
 f

ed
er

al
 f

un
di

ng
 t

o 
th

e 
st

at
e.

 F
or

 p
ur

po
se

s 
of

 t
hi

s 
pa

ra
gr

ap
h,

 "
co

st
 o

r 
sa

vi
ng

s"
 m

ea
ns

 a
dd

it
io

na
l c

os
ts

 o
r 

sa
vi

ng
s,

 b
ot

h 
di

re
ct

 a
nd

 in
di

re
ct

, 
th

at
 a

 
pu

bl
ic

 a
ge

nc
y 

ne
ce

ss
ar

ily
 in

cu
rs

 in
 r

ea
so

na
bl

e 
co

m
pl

ia
nc

e 
w

it
h 

re
gu

la
ti
on

s.
 

(7
) 

If
 a

 s
ta

te
 a

ge
nc

y,
 in

 p
ro

po
si

ng
 t

o 
ad

op
t,

 a
m

en
d,

 o
r 

re
pe

al
 a

ny
 a

dm
in

is
tr

at
iv

e 
re

gu
la

ti
on

, 
m

ak
es

 a
n 

in
it
ia

l d
et

er
m

in
at

io
n 

th
at

 t
he

 a
ct

io
n 

m
ay

 h
av

e 
a 

si
gn

ifi
ca

nt
, 

st
at

ew
id

e 
ad

ve
rs

e 
ec

on
om

ic
 im

pa
ct

 
di

re
ct

ly
 a

ff
ec

ti
ng

 b
us

in
es

s,
 in

cl
ud

in
g 

th
e 

ab
ili

ty
 o

f 
C
al

ifo
rn

ia
 b

us
in

es
se

s 
to

 c
om

pe
te

 w
it
h 

bu
si

ne
ss

es
 in

 
ot

he
r 

st
at

es
, 

it
 s

ha
ll 

in
cl

ud
e 

th
e 

fo
llo

w
in

g 
in

fo
rm

at
io

n 
in

 t
he

 n
ot

ic
e 

of
 p

ro
po

se
d 

ac
ti
on

: 
(A

) 
Id

en
ti
fic

at
io

n 
of

 t
he

 t
yp

es
 o

f 
bu

si
ne

ss
es

 t
ha

t 
w

ou
ld

 b
e 

af
fe

ct
ed

. 

(B
) 

A
 d

es
cr

ip
ti
on

 o
f 

th
e 

pr
oj

ec
te

d 
re

po
rt

in
g,

 r
ec

or
dk

ee
pi

ng
, 

an
d 

ot
he

r 
co

m
pl

ia
nc

e 
re

qu
ir
em

en
ts

 t
ha

t 
w

ou
ld

 r
es

ul
t 

fr
om

 t
he

 p
ro

po
se

d 
ac

ti
on

.

(C
) 

Th
e 

fo
llo

w
in

g 
st

at
em

en
t:

 "
Th

e 
(n

am
e 

of
 a

ge
nc

y)
 h

as
 m

ad
e 

an
 in

it
ia

l d
et

er
m

in
at

io
n 

th
at

 t
he

 
(a

do
pt

io
n/

am
en

dm
en

t/
re

pe
al

) 
of

 t
hi

s 
re

gu
la

ti
on

 m
ay

 h
av

e 
a 

si
gn

ifi
ca

nt
, 

st
at

ew
id

e 
ad

ve
rs

e 
ec

on
om

ic
 

im
pa

ct
 d

ir
ec

tl
y 

af
fe

ct
in

g 
bu

si
ne

ss
, 

in
cl

ud
in

g 
th

e 
ab

ili
ty

 o
f 

C
al

ifo
rn

ia
 b

us
in

es
se

s 
to

 c
om

pe
te

 w
it
h 

bu
si

ne
ss

es
 

in
 o

th
er

 s
ta

te
s.

 T
he

 (
na

m
e 

of
 a

ge
nc

y)
 (

ha
s/

ha
s 

no
t)

 c
on

si
de

re
d 

pr
op

os
ed

 a
lt
er

na
ti
ve

s 
th

at
 w

ou
ld

 le
ss

en
 

an
y 

ad
ve

rs
e 

ec
on

om
ic

 im
pa

ct
 o

n 
bu

si
ne

ss
 a

nd
 in

vi
te

s 
yo

u 
to

 s
ub

m
it
 p

ro
po

sa
ls

. 
S
ub

m
is

si
on

s 
m

ay
 in

cl
ud

e 
th

e 
fo

llo
w

in
g 

co
ns

id
er

at
io

ns
: 

(i
) 

Th
e 

es
ta

bl
is

hm
en

t 
of

 d
iff

er
in

g 
co

m
pl

ia
nc

e 
or

 r
ep

or
ti
ng

 r
eq

ui
re

m
en

ts
 

or
 t

im
et

ab
le

s 
th

at
 t

ak
e 

in
to

 a
cc

ou
nt

 t
he

 r
es

ou
rc

es
 a

va
ila

bl
e 

to
 b

us
in

es
se

s.
 (

ii)
 C

on
so

lid
at

io
n 

or
 

si
m

pl
ifi

ca
ti
on

 o
f 

co
m

pl
ia

nc
e 

an
d 

re
po

rt
in

g 
re

qu
ir
em

en
ts

 f
or

 b
us

in
es

se
s.

 (
iii

) 
Th

e 
us

e 
of

 
pe

rf
or

m
an

ce
 s

ta
nd

ar
ds

 r
at

he
r 

th
an

 p
re

sc
ri
pt

iv
e 

st
an

da
rd

s.
 (

iv
) 

Ex
em

pt
io

n 
or

 p
ar

ti
al

 e
xe

m
pt

io
n 

fr
om

 
th

e 
re

gu
la

to
ry

 r
eq

ui
re

m
en

ts
 f

or
 b

us
in

es
se

s.
" 

(8
) 

If
 a

 s
ta

te
 a

ge
nc

y,
 in

 a
do

pt
in

g,
 a

m
en

di
ng

, 
or

 r
ep

ea
lin

g 
an

y 
ad

m
in

is
tr

at
iv

e 
re

gu
la

ti
on

, 
m

ak
es

 a
n 

in
it
ia

l d
et

er
m

in
at

io
n 

th
at

 t
he

 a
ct

io
n 

w
ill

 n
ot

 h
av

e 
a 

si
gn

ifi
ca

nt
, 

st
at

ew
id

e 
ad

ve
rs

e 
ec

on
om

ic
 im

pa
ct

 
di

re
ct

ly
 a

ff
ec

ti
ng

 b
us

in
es

s,
 in

cl
ud

in
g 

th
e 

ab
ili

ty
 o

f 
C
al

ifo
rn

ia
 b

us
in

es
se

s 
to

 c
om

pe
te

 w
it
h 

bu
si

ne
ss

es
 in

 
ot

he
r 

st
at

es
, 

it
 s

ha
ll 

m
ak

e 
a 

de
cl

ar
at

io
n 

to
 t

ha
t 

ef
fe

ct
 in

 t
he

 n
ot

ic
e 

of
 p

ro
po

se
d 

ac
ti
on

. 
In

 m
ak

in
g 

th
is

 d
ec

la
ra

ti
on

, 
th

e 
ag

en
cy

 s
ha

ll 
pr

ov
id

e 
in

 t
he

 r
ec

or
d 

fa
ct

s,
 e

vi
de

nc
e,

 d
oc

um
en

ts
, 

te
st

im
on

y,
 o

r 
ot

he
r 

ev
id

en
ce

 u
po

n 
w

hi
ch

 t
he

 a
ge

nc
y 

re
lie

s 
to

 s
up

po
rt

 it
s 

in
it
ia

l d
et

er
m

in
at

io
n.

 A
n 

ag
en

cy
's

 
in

it
ia

l d
et

er
m

in
at

io
n 

an
d 

de
cl

ar
at

io
n 

th
at

 a
 p

ro
po

se
d 

ad
op

ti
on

, 
am

en
dm

en
t,

 o
r 

re
pe

al
 o

f 
a 

re
gu

la
ti
on

 
m

ay
 h

av
e 

or
 w

ill
 n

ot
 h

av
e 

a 
si

gn
ifi

ca
nt

, 
ad

ve
rs

e 
im

pa
ct

 o
n 

bu
si

ne
ss

es
, 

in
cl

ud
in

g 
th

e 
ab

ili
ty

 o
f 

C
al

ifo
rn

ia
 b

us
in

es
se

s 
to

 c
om

pe
te

 w
it
h 

bu
si

ne
ss

es
 in

 o
th

er
 s

ta
te

s,
 s

ha
ll 

no
t 

be
 g

ro
un

ds
 f

or
 t

he
 o

ff
ic

e 
to

 
re

fu
se

 t
o 

pu
bl

is
h 

th
e 

no
ti
ce

 o
f 

pr
op

os
ed

 a
ct

io
n.

 

(9
) 

A
 d

es
cr

ip
ti
on

 o
f 

al
l c

os
t 

im
pa

ct
s,

 k
no

w
n 

to
 t

he
 a

ge
nc

y 
at

 t
he

 t
im

e 
th

e 
no

ti
ce

 o
f 

pr
op

os
ed

 a
ct

io
n 

is
 s

ub
m

it
te

d 
to

 t
he

 o
ff

ic
e,

 t
ha

t 
a 

re
pr

es
en

ta
ti
ve

 p
ri
va

te
 p

er
so

n 
or

 b
us

in
es

s 
w

ou
ld

 n
ec

es
sa

ri
ly

 in
cu

r 
in

 r
ea

so
na

bl
e 

co
m

pl
ia

nc
e 

w
it
h 

th
e 

pr
op

os
ed

 a
ct

io
n.

 I
f 

no
 c

os
t 

im
pa

ct
s 

ar
e 

kn
ow

n 
to

 t
he

 a
ge

nc
y,

 it
 s

ha
ll 

st
at

e 
th

e 
fo

llo
w

in
g:

 "
Th

e 
ag

en
cy

 is
 n

ot
 a

w
ar

e 
of

 a
ny

 c
os

t 
im

pa
ct

s 
th

at
 a

 r
ep

re
se

nt
at

iv
e 

pr
iv

at
e 

pe
rs

on
 

or
 b

us
in

es
s 

w
ou

ld
 n

ec
es

sa
ri
ly

 in
cu

r 
in

 r
ea

so
na

bl
e 

co
m

pl
ia

nc
e 

w
it
h 

th
e 

pr
op

os
ed

 a
ct

io
n.

" 

(1
0)

 A
 s

ta
te

m
en

t 
of

 t
he

 r
es

ul
ts

 o
f 

th
e 

as
se

ss
m

en
t 

re
qu

ir
ed

 b
y 

su
bd

iv
is

io
n 

(b
) 

of
 S

ec
ti
on

 1
13

46
.3

. 

fil
e:

///
S|

/C
C

PD
at

a/
C

lie
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%
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Pr
oj

ec
ts

/S
uc

tio
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D
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dg
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Su
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D
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C
om

m
en
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Jo

hn
so

n_
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ai
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%
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Jo

hn
so

n_
A

tta
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m
en

t%
20

2.
ht

m
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5 
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0 
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3 
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]



G
ol

d 
D

re
dg

er
 . 

C
om

 D
is

cu
ss

io
n 

Fo
ru

m
s -

 C
A

LI
FO

R
N

IA
 S

U
C

TI
O

N
 D

R
ED

G
E 

B
A

N
 S

B
 6

70
 

(1
1)

 T
he

 f
in

di
ng

 p
re

sc
ri
be

d 
by

 s
ub

di
vi

si
on

 (
c)

 o
f 

S
ec

ti
on

 1
13

46
.3

, 
if 

re
qu

ir
ed

. 

(1
2)

 A
 s

ta
te

m
en

t 
th

at
 t

he
 a

ct
io

n 
w

ou
ld

 h
av

e 
a 

si
gn

ifi
ca

nt
 e

ff
ec

t 
on

 h
ou

si
ng

 c
os

ts
, 

if 
a 

st
at

e 
ag

en
cy

, 
in

 a
do

pt
in

g,
 a

m
en

di
ng

, 
or

 r
ep

ea
lin

g 
an

y 
ad

m
in

is
tr

at
iv

e 
re

gu
la

ti
on

, 
m

ak
es

 a
n 

in
it
ia

l d
et

er
m

in
at

io
n 

th
at

 
th

e 
ac

ti
on

 w
ou

ld
 h

av
e 

th
at

 e
ff

ec
t.

 I
n 

ad
di

ti
on

, 
th

e 
ag

en
cy

 o
ff

ic
er

 d
es

ig
na

te
d 

in
 p

ar
ag

ra
ph

 (
14

),
 s

ha
ll 

m
ak

e 
av

ai
la

bl
e 

to
 t

he
 p

ub
lic

, 
up

on
 r

eq
ue

st
, 

th
e 

ag
en

cy
's

 e
va

lu
at

io
n,

 if
 a

ny
, 

of
 t

he
 e

ff
ec

t 
of

 t
he

 
pr

op
os

ed
 r

eg
ul

at
or

y 
ac

ti
on

 o
n 

ho
us

in
g 

co
st

s.
 

(1
3)

 A
 s

ta
te

m
en

t 
th

at
 t

he
 a

do
pt

in
g 

ag
en

cy
 m

us
t 

de
te

rm
in

e 
th

at
 n

o 
re

as
on

ab
le

 a
lt
er

na
ti
ve

 c
on

si
de

re
d 

by
 

th
e 

ag
en

cy
 o

r 
th

at
 h

as
 o

th
er

w
is

e 
be

en
 id

en
ti
fie

d 
an

d 
br

ou
gh

t 
to

 t
he

 a
tt

en
ti
on

 o
f 

th
e 

ag
en

cy
 w

ou
ld

 b
e 

m
or

e 
ef

fe
ct

iv
e 

in
 c

ar
ry

in
g 

ou
t 

th
e 

pu
rp

os
e 

fo
r 

w
hi

ch
 t

he
 a

ct
io

n 
is

 p
ro

po
se

d 
or

 w
ou

ld
 b

e 
as

 e
ff

ec
ti
ve

 a
nd

 
le

ss
 b

ur
de

ns
om

e 
to

 a
ff

ec
te

d 
pr

iv
at

e 
pe

rs
on

s 
th

an
 t

he
 p

ro
po

se
d 

ac
ti
on

. 

(1
4)

 T
he

 n
am

e 
an

d 
te

le
ph

on
e 

nu
m

be
r 

of
 t

he
 a

ge
nc

y 
re

pr
es

en
ta

ti
ve

 a
nd

 d
es

ig
na

te
d 

ba
ck

up
 c

on
ta

ct
 p

er
so

n 
to

 w
ho

m
 in

qu
ir
ie

s 
co

nc
er

ni
ng

 t
he

 p
ro

po
se

d 
ad

m
in

is
tr

at
iv

e 
ac

ti
on

 m
ay

 b
e 

di
re

ct
ed

. 

(1
5)

 T
he

 d
at

e 
by

 w
hi

ch
 c

om
m

en
ts

 s
ub

m
it
te

d 
in

 w
ri
ti
ng

 m
us

t 
be

 r
ec

ei
ve

d 
to

 p
re

se
nt

 s
ta

te
m

en
ts

, 
ar

gu
m

en
ts

, 
or

 c
on

te
nt

io
ns

 in
 w

ri
ti
ng

 r
el

at
in

g 
to

 t
he

 p
ro

po
se

d 
ac

ti
on

 in
 o

rd
er

 f
or

 t
he

m
 t

o 
be

 c
on

si
de

re
d 

by
 t

he
 s

ta
te

 a
ge

nc
y 

be
fo

re
 it

 a
do

pt
s,

 a
m

en
ds

, 
or

 r
ep

ea
ls

 a
 r

eg
ul

at
io

n.
 

(1
6)

 R
ef

er
en

ce
 t

o 
th

e 
fa

ct
 t

ha
t 

th
e 

ag
en

cy
 p

ro
po

si
ng

 t
he

 a
ct

io
n 

ha
s 

pr
ep

ar
ed

 a
 s

ta
te

m
en

t 
of

 t
he

 r
ea

so
ns

 
fo

r 
th

e 
pr

op
os

ed
 a

ct
io

n,
 h

as
 a

va
ila

bl
e 

al
l t

he
 in

fo
rm

at
io

n 
up

on
 w

hi
ch

 it
s 

pr
op

os
al

 is
 b

as
ed

, 
an

d 
ha

s 
av

ai
la

bl
e 

th
e 

ex
pr

es
s 

te
rm

s 
of

 t
he

 p
ro

po
se

d 
ac

ti
on

, 
pu

rs
ua

nt
 t

o 
su

bd
iv

is
io

n 
(b

).

(1
7)

 A
 s

ta
te

m
en

t 
th

at
 if

 a
 p

ub
lic

 h
ea

ri
ng

 is
 n

ot
 s

ch
ed

ul
ed

, 
an

y 
in

te
re

st
ed

 p
er

so
n 

or
 h

is
 o

r 
he

r 
du

ly
 

au
th

or
iz

ed
 r

ep
re

se
nt

at
iv

e 
m

ay
 r

eq
ue

st
, 

no
 la

te
r 

th
an

 1
5 

da
ys

 p
ri
or

 t
o 

th
e 

cl
os

e 
of

 t
he

 w
ri
tt

en
 

co
m

m
en

t 
pe

ri
od

, 
a 

pu
bl

ic
 h

ea
ri
ng

 p
ur

su
an

t 
to

 S
ec

ti
on

 1
13

46
.8

. 

(1
8)

 A
 s

ta
te

m
en

t 
in

di
ca

ti
ng

 t
ha

t 
th

e 
fu

ll 
te

xt
 o

f 
a 

re
gu

la
ti
on

 c
ha

ng
ed

 p
ur

su
an

t 
to

 S
ec

ti
on

 1
13

46
.8

 w
ill

 
be

 a
va

ila
bl

e 
fo

r 
at

 le
as

t 
15

 d
ay

s 
pr

io
r 

to
 t

he
 d

at
e 

on
 w

hi
ch

 t
he

 a
ge

nc
y 

ad
op

ts
, 

am
en

ds
, 

or
 r

ep
ea

ls
 

th
e 

re
su

lt
in

g 
re

gu
la

ti
on

.

(1
9)

 A
 s

ta
te

m
en

t 
ex

pl
ai

ni
ng

 h
ow

 t
o 

ob
ta

in
 a

 c
op

y 
of

 t
he

 f
in

al
 s

ta
te

m
en

t 
of

 r
ea

so
ns

 o
nc

e 
it
 h

as
 b

ee
n 

pr
ep

ar
ed

 p
ur

su
an

t 
to

 s
ub

di
vi

si
on

 (
a)

 o
f 

S
ec

ti
on

 1
13

46
.9

. 
(2

0)
 I

f 
th

e 
ag

en
cy

 m
ai

nt
ai

ns
 a

n 
In

te
rn

et
 W

eb
 

si
te

 o
r 

ot
he

r 
si

m
ila

r 
fo

ru
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