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The following responses to deficiencies are formatted as found in the technical analysis
document. They are broken down into logical section headings similar to the R645 regulations .
In each section, the regulation number along with the associated deficiency is follow by the
permittee's italicized response .

GENERAL CONTENTS

IDENTIFICATION OF INTERESTS

R645-301-112.900, After this permit modification is approved but prior to reissuing the permit,
the Permittee must update, correct or indicate that no change has occurred in the information
previously submitted under R645-301-112 .100 through R645-301-112.800 .

The permittee commits to updating all ownership and control prior to permit issuance .

ENVIRONMENTAL RESOURCE INFORMATION

VEGETATION RESOURCE INFORMATION

R645-301-121, The information provided in the PAP about the vegetation must correlate to the
Vegetation Map .

The text in the Biology Section R645-301-300 has been amended to correlate to the vegetation
map.

FISH AND WILDLIFE RESOURCE INFORMATION

R645-301-122, Submit the completed USGS Open-File 81-539 that includes the
requested baseline data on macroinvertebrate populations . Insert the report in the
Biology chapter of the MRP .

It is PacifiCorp's policy to submit referenced data to be included as part of the MRP if the
document is from a private source (example - site specific consultants report) or a reference
report/book which is difficult to locate, out of print, or of a technical nature typically not cited in
regulatory spectrum. The USGS Open-File Report 81-539 has been one of the most widely cited
references by the regulatory agencies and the coal industry related to the hydrology of the
Huntington Canyon basin. Macroinvertebrate data is a small component of Open-File Report
81-539. To reduce duplication of reference data and minimize the volume of the MRP,
PacifiCorp will continue the policy discussed above. To alleviate the Division's concern
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PacifiCorp has included a copy of the report for the Division's library

R645-301-121.200, Provide correct references in the Fish and Wildlife Information
section for the deer (MSF 1849B) and elk (MSF 1822B) maps .

Map references to the deer and elk habitats within the Mill Fork Lease Area have been
corrected.

R645-301-121.200, Provide raptor nest numbers on the raptor map (MFS 1852b) .

Map MFS1852B Raptor Nest Location has been revised to include the nest number assigned by
Division of Wildlife Resources .

R645-301-333, The MRP must address the adverse effects to the four Colorado River
endangered fish species : the Colorado pikeminnow, the humpback chub, the
bonytail chub, and the razorback sucker .

Consumption of water by underground mining operations in which the USFWS considers a
potential impact to the critical habitat of the Colorado River endangered fish species has been
included in the MRP. A discussion can be found in the Biology Section, R645-301-333,
Minimization of Disturbances and Adverse Impacts to Fish and Wildlife .

HYDROLOGIC RESOURCE INFORMATON

R645-301-525.480, -731 .530, (1) Clarify whether the first part of the paragraph of
section 731 .530 is merely a verbatim restatement of Coal Mining Rule R645-301-731 .50
or is a commitment from the Permittee to comply with that rule; (2) In
section 731 .530, the word "potential" needs to be removed from the next-to-last
sentence - "In addition, Table MFHT-2 list the quantity of the water rights within
the projected area, and observed flows collected during the baseline surveys and
potential mitigation alternatives ." : these are not "potential" alternatives, these
will be "the" alternatives, the core of the Permittee's water-replacement plan. The
Permittee will be expected to be prepared to implement, if necessary, one or more
of the listed Mitigation Alternatives (mitigation methods not listed might be
acceptable but would need to be agreed to by the Division and the owner of the
affected water right) ; and (3) The water replacement information in section
731 .530 and Table MFHT-2 needs to be linked to Coal Mining Rule R645-301-525 .480
in the engineering section, the rule that requires description of the
measures to be taken to replace adversely affected State-appropriated water .
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R645-301-700.530 has been revised to indicate PacifiCorp's commitment to comply with the
water replacement requirements in the Coal Mining Rules . The revision states :
PacifiCorp commits to comply with 8645-301-731 .530, whichAs states: in the regulations :
State- appropriated water supply . "The permittee will promptly replace any State-appropriated
water supply that is contaminated, diminished or interrupted by UNDERGROUND COAL
MINING AND RECLAMATION ACTIVITIES conducted after October 24, 1992, if the
affected water supply was in existence before the date the Division received the permit
application for the activities causing the loss, contamination or interruption . The baseline
hydrologic and geologic information required in R645-301-700 . will be used to determine the
impact of mining activities upon the water supply" . PacifiCorp has conducted baseline
hydrologic monitoring to determine pre-mining hydrologic resources (refer to Appendix C) .
Ground and surface water monitoring programs have been designed to specifically to monitor
potential impacts associated with mining in the Mill Fork Lease . Table MFHT-2 list the ground
and surface water rights within and adjacent to the Mill Fork Lease . In addition, Table MFHT-2
list the quantity of the water rights within the projected affected area, and the observed flows
collected during the baseline surveys and potential mitigation alternatives . Quality of the State
Appropriated Water Supplies are reported in Appendix C .

(2) The word potential has been removed from R645-301-700.530 (refer to the previous
paragraph) .

(3) The Engineering Section, R645-301-525 : Mitigation of Subsidence Damage Effects, of the
December submittal included cited cross reference to the State Appropriated Water Supplies .
Additional cross references have been added to this section to direct the reviewer to the
appropriate section including Hydrologic Table MFHT-2 .

FOREST SERVICE COMMENTS :

PacifiCorp received additional concerns faxed from the Division on January 24, 2003 related to
the Mill Fork Lease from the Forest Service in a letter dated June 7, 2002 . Only responses
previously not discussed in the Division's deficiencies will be addressed In each response, the
Forest Service comment is followed by the permittee's italicized response .

1) Biology Section, Baseline Data
The MRP needs to display data on the estimate numbers of deer and elk and the trend, up or
down, of each herd so that future comparisons can be made .

Deer and elk populations are not recorded specifically for the area of the Mill Fork Lease . The
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lands on this lease are administered by the USFS, whereas, wildlife is managed by the DWR .
PacifiCorp does not have any control or say on how this land is managed. Deer and elk
populations and trends are recorded by the DWR by region. The Mill Fork lease area falls
within the Manti South region . Population data for this region can be review on the DWR
website. The address for this site is http. /www. wildlife. utah . zov/hunting,/biggame . html . Open the
.pdffile under Big Game Annual Reports . This reference has been included in the Biology
Section of the MRP .

2) Land Use and Air Quality Section
The last sentence of the second paragraph on page 4-3 states that the Municipal Water Supply
will be affected by underground mining activities . Provide similar statements for the other
Forest Management Units discussed in this section .

The statement has been changed to include all forest management activities listed.

3) Land Use And Air Quality Section
The Forest Service comment previously (February 2002) pertaining to the paleontological survey
has not been addressed . Provide some detail in the narrative to describe the methodology used,
area covered, number of acres surveyed, any specimens found in the area previously, and any
other pertinent information . Provide a discussion for the paleo survey that is similar in scope to
that which was provided for the cultural survey .

Information under R645-301-411 .141 Cultural and Historical Resources has been amended to
include the above stated requests .

In a phone conversation with Dr. Richard Hauck on January 24, 2003, Dr. Hauck indicated that
there was no paleontological survey conducted during the 1995 Class II survey . However, he
said observations for paleo artifacts were made in the study areas . No artifacts were identified .

PacifiCorp has committed in the application that if surface disturbance is planned within the
Mill Fork lease, a full paleontological survey will be conducted in the area to be disturbed .

4) Engineering Section, Subsidence Control Plan
The Forest Service concerns regarding subsidence along the power line located in the southwest
portion of the lease have not been addressed	As the mine plans are drawn now, they show
that the power transmission line is within the subsidence zone of the two southernmost panels in
the Hiawatha Seam

The location of the power transmission line in Section 22, Township 16 South, Range 6 East was
originally based upon the USGS topographic map : Rilda Canyon Quadrangle. PacifiCorp has
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revised the location of the line and structures based on actual survey data . As a result the line is
located further west and includes less structures than shown on the USGS quad. To alleviate the
concerns of the regulatory agencies PacifiCorp has revised the Hiawatha Seam mine plan on all
maps related to the Mill Fork MRP to not undermine the power transmission line . As shown of
Map MFS1866D: Projected Subsidence Zones, the transmission is not within the projected
affected boundary based on actual subsidence data .

5) Engineering Section, Subsidence Control Plan
With regard to the discussion on page 5-22 pertaining to the Merit Oil Company gas production
well, the MRP must state that the lessee/operator will commit to coordinating mining activities
with Merit Oil Company to assure that protection measures are adequate .

PacifiCorp has revised the Subsidence Control Plan Subsidence Damage Probability Survey
(Pre-Subsidence Survey) section to include a commitment to notify and coordinate mining
activities associated with the active gas well in Section 23, Township 16 South Range 6 East .

6) Engineering Section, Subsidence Control Plan, page 5-23
As pointed out our February 2002 comments, prior to the Mill Fork MRP being approved,
PacifiCorp must state that they have coordinated with Emery Water Conservancy District
regarding their plans to undermine the flow monitor and solar pwered telemetry transmitter in
T 16S, R6E, Sec . 23	

As stated in the April response "Energy West contacted the Emery Water Conservancy District
and discussed the remote monitoring system located in Section 23, TI 6S, R6E . . Mr. Jay Mark
Humphrey indicated that the District experienced maintenance problems with the devise and
reliable data was difficult to achieve . Energy West informed the District that the groundwater
site RR-15 has been included in the Mill Fork Hydrologic Monitoring Program . Mr. Humphrey
recommended removing the remote equipment and terminating the Special Use Permit . Energy
West committed to assisting the District with this during the 2002 Helicopter Assisted Coal
Exploration Program in removing the equipment with helicopter support . All references to the
remote monitoring equipment has been removed from the text and corresponding maps .

On August 21, 2002, Energy West removed the entire remote monitoring system. Site
reclamation was not necessary due to the initial installation techniques .

7) Engineering Section, Reclamation Plan
As stated in our February comments, the Reclamation Plan must state that all underground
equipment will be removed unless specific approval to abandon such equipment has been granted
by the appropriate regulatory authorities .
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The Engineering Section R645-301-541 .2 has been revised to state "In addition reclamation
related to "Surface Coal Mining and Reclamation Activities", PacifiCorp commits to comply
with Utah State Lease For Coal ML-48258 lease stipulation 14 . EQUIPMENT: RESTORATION
14.1 Equipment which states "Lessee may abandon underground improvements, equipment of
any type, stockpiles and dumps in place if such abandonment is in compliance with applicable
law, and further provided that Lessee provides Lessor with financial or other assurances
sufficient in Lessor's reasonable discretion to protect Lessor from future environmental liability
with respect to such abandonment or any any associated hazardous waste spills or releases .
Lessee shall identify and locate on the mine map the location of all equipment abandoned on the
Lease Premises . PacifiCorp has developed a policy and commits to notifying the regulatory
agencies prior to equipment abandonment and mine sealing . Notification to the agencies
includes; the location and type of equipment, reason for abandonment, and an invitation to
conduct a site visit to review the situation .

8) Engineering Section, Reclamation Plan
State Coal Lease ML-48258 Special Stipulation #16 states that the lessee will replace all damage,
disturbed or displaced corner monuments, their accessories and appendages . This needs to be
carried into the MRP .

PacifiCorp has revised the Engineering Section R645-301-525 : Mitigation of Subsidence
Damage Effects to include the following : Section Corners and Monuments : PacifiCorp commits
to comply with Special Lease Stipulation #16 which states "The Lessee, at the conclusion of the
mining operation, or at other times as surface disturbance related to mining may occur, will
replace all damaged, disturbed or displaced corner monuments (section corners, 1/4 corners, etc .),
their accessories and appendages (witness trees, bearing trees, etc .), or restore them to their
original condition and location, or at other locations that meet the requirements of the rectangular
surveying system. This work shall be conducted at the expense of the Lessee, by a professional
land surveyor registered in the State of Utah, and to the standards and guidelines found in the
Manual of Surveying Instructions, United States Department of the Interior .

9) Engineering Section
Either the Subsidence Control Plan or the Reclamation Plan of the MRP must state that Forest
Road 50244 and any other developments in the Mill Fork Tract will inspected annually for
damage and that any damages will be repaired at the expense of the lessee .

PacifiCorp has revised the Engineering Section R645-301-525 Mitigation of Subsidence
Damage Effects to include to include the following commitment "Should any structure such as
roads, (FDR-244), power line and related facilities, be adversely impacted as a result of
subsidence directly related to the operation of the Deer Creek Mine, (including the Mill Fork
Lease ML-48258), PacifiCorp will repair or replace the structure . PacifiCorp will inspect FDR-



Utah Coal Program
Deficiency Response,Mill Fork Lease Application, Round 3
February 12, 2003
Page 7

244 annually for damage and will repair any damages at the expense of PacifiCorp . The annual
inspection will include review for tension cracks and buckling, followed by restoration of the
road surface as necessary. PacifiCorp will notify the Forest Service if any inspection identifies
any subsidence related feature which requires restoration .
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ABSTRACT

The h d l g f c al- e ce a ea in he e d ainage f
H n ing n and C n d C eek in cen al U ah a died in de
be e define he h d l gic em, iden if he h d l gic effec f
nde g nd c al mining, and de i e me h d de ec he effec .

Di cha ge ec d f m gaging a i n in hi m n ain a ea
indica ed ha he e a e la ge diffe ence in he ann al di cha ge f eam
e ni a ea f d ainage . The e diffe ence a e a ib ed diffe ence in
eci i a i n, diffe ence in e a a i n and blima i n f he n ack, and

b face m emen f a e f me ba in . S face a e am led
d ing 1977-79 e e f g d chemical ali ; di l ed- lid c ncen a i n
a el e ceeded 500 millig am e li e .

The S a P in Sand ne and he l e c al-bea ing a f he
Blackha k F ma i n, b h f C e ace age, a e a a ed in me a ea , and
he a ife ield a e nde g nd c al mine . M f he la ge

di cha ging ing in he d a ea i e f m he S a P in -Blackha k
a ife he e fa l ed. G nd a e al cc in e e al a e -bea ing

ne ab e he S a P in -Blackha k a ife . I i n kn n he he he
a e in he e e l ing ni i a f a c n in ne f a a i n
he he n a a ed ne cc be een ni and me a e i e ched .

Di l ed- lid c ncen a i n in a e f m ab 140 ing anged
f m 50 750 millig am e li e . The chemical cha ac e i ic f a e
f m he a e -bea ing ne f diffe en f ma i n all e e e
imila .

De a e ing f nde g nd c al mine a he la ge manmade di cha ge
f m he S a P in -Blackha k a ife in he d a ea d ing 1979 . The
de a e ing f mine ha dec ea ed he am n f a e in age in he
a ife , b a e -le el da a e e n a ailable define he e en f he
de le i n . O he ible im ac d e mine de a e ing incl de he
dimin i n f ing fl and inc ea e in g nd- a e echa ge, b h f
hich a e m e likel cc he e ck ha e been f ac ed d e
b idence ab e mine . Al , he fl f eam ha ecei e a e

di cha ged f m mine babl ha e inc ea ed acc dingl . The di cha ge f
mine a e in eam ca e me deg ada i n in face- a e ali , b
he ali f g nd a e i - babl n ad e el affec ed b mining .

S me en i nmen al change a cia ed i h nde g nd mining a e
diffic l de ec i h da a c llec ed e a l ng e i d . Wi h e ec

he g nd- a e em, he ea - - ea imila i f ing-di cha ge
ece i n c e ma ide a me h d de ec me f he e change .
Change in he ben hic-in e eb a e la i n ma hel de ec ll i n f

face a e .
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C m ehen i e die f he g nd- a e em a e needed in c n-
j nc i n i h h d l gic m ni ing in de f ll a e he h d l gic
im ac f he nde g nd c al mining .

INTRODUCTION

Sc e and bjec i e

The h d l g f c al- e ce a ea in he e d ainage f
H n ing n and C n d C eek in cen al U ah (fig . 1) e e died b he
U .S . Ge l gical S e in c e a i n i h he U ah De a men f Na al
Re ce and Ene g , Di i i n f Oil, Ga , and Mining . The d a
c nd c ed f m J l 1977 h gh Se embe 1980 . I incl ded de e mina i n f

ce , cc ence, and m emen f g nd a e , e al a i n f eamfl
cha ac e i ic , and de e mina i n f he chemical and bi l gical ali f
a e in he a ea . Da a c llec i n a c ncen a ed in ha a f he

H n ing n C eek d ainage d n eam f m Elec ic Lake ( l . 1) . S d f he
emainde f he a ea a mainl n a ec nnai ance le el .

S d bjec i e e e define he h d l gic em, iden if he
en ial effec f c al mining n he h d l gic em, and de i e

me h d de ec he effec . The bjec i e e e de igned ide he
ba ic h d l gic inf ma i n needed f effec i e managemen f c al lea e
and mining in he d a ea .

Fig e 1
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Me h d fin e iga i n

M f he ing in he a ea e e in en ied, and ab 140 e e
am led f chemical anal e . Pe i dic mea emen e e made a a fe

ing define di cha ge, and g nd- a e le el e e mea ed in f
b e a i n ell . Wa e am le f chemical anal e al e e c llec ed

in ide nde g nd c al mine , and ec d e e b ained f mine di cha ge .

Di cha ge mea emen e e made e i dicall n eam in he a ea
d ing e i d f ba e fl delinea e l ing and gaining eache . Sam le
f face a e f m 25 i e h gh he d a ea e e c llec ed f

chemical anal e define he a eal and ea nal a iabili in ali .
Ben hic-in e eb a e am le e e c llec ed a 16 eam i e . In addi i n,
dail -di cha ge ec d , chemical anal e , and ben hic-in e eb a e da a e e
a ailable f f gaging a i n in he a ea ha e e e a ed a a f
he U .S . Ge l gical S e h d l gic-m ni ing ne k in U ah c al a ea .

M f he h d l gic da a c llec ed f hi d a e li ed in
able 5-12 . L ca i n f ing , ell , gaging a i n , and he da a-

c llec i n i e in he d a ea a e h n n la e 1 .

P e i in e iga i n

Se e al he h d l gic die ha e been c m le ed in he gene al a ea
f hi d . Waddell, C n a , S m i n, and B le (1981) de c ibed he
a e e ce f he Wa a ch Pla ea and B k Cliff c al-field a ea ba ed

mainl n da a (Waddell and he , 1978) c llec ed d ing a 2- ea
ec nnai ance f he a ea . G nd- a e da a f he Wa a ch Pla ea e e

al c llec ed b S m i n (1979) . M nd ff and Th m n (1980) de c ibed he
chemical ali and fl ial edimen f face a e in he San Rafael Ri e
ba in, hich incl de b h he H n ing n and C n d C eek d ainage .

S eamfl ec d ince 1909 f gaging a i n 09318000 n H n ing n
C eek and chemical anal i f a e c llec ed a he a i n d ing a e
ea 1978 and 1979 a e a ailable in e b he U .S . Ge l gical S e
(1954, 1964, 1961-75, and 1976-80) . In addi i n, eamfl ec d and
chemical anal e f a e f a f a e ea 1978 and all f a e ea
1979 a e a ailable f h ee he gaging a i n in he d a ea ( a i n
09317919 in C andall Can n, 09317920 in Tie F k Can n, and 09 324200 n
C n d C eek, U .S . Ge l gical S e , 1980) . All he e gaging a i n
a e e a ed a a f he Ge l gical S e h d l gic-m ni ing ne k in
U ah c al field , and e l f he h d l gic m ni ing f m A g 1978
h gh Se embe 1979 a e mma i ed b Line and Plan (1981) .

Ackn ledgmen

A ecia i n i e ended all h aided in hi d . M . Je
Vanine i f U ah P e & Ligh C . and M . B b Eccli f Uni ed S a e F el
C . a anged f he d illing f e h le in he Wilbe g and King Mine .
Em l ee nde hei di ec i n ac ed a g ide i hin he mine and a i ed
in he c llec i n f a e am le . M . Ted C a f d a i ed in l ca ing
e e al ing n hi e n Ea M n ain .
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Da a- i e-n mbe ing em

The em f n mbe ing ell and ing in U ah i ba ed n he
cada al land- e em f he U .S . G e nmen . The . n mbe , in addi i n

de igna ing he ell ing, de c ibe i i i n in he land ne . B
he land- e em, he S a e (fig . 2) i di ided in f ad an b
he Sal Lake ba e line and me idian, and he e ad an a e de igna ed b
he e ca e le e A, B, C, and D, indica ing he n hea , n h e ,

h e , and hea ad an , e ec i el . N mbe de igna ing he
n hi and ange (in ha de ) f ll he ad an le e , and all h ee

a e encl ed in a en he e . The n mbe af e he a en he e indica e he
ec i n, and ma be f ll ed b h ee le e indica ing he a e ec i n,
he a e - a e ec i n, and he a e - a e - a e ec i n--

gene all 10 ac e ; he le e a, b, c, and d indica e, e ec i el , he
n hea , n h e , h e , and hea a e f each bdi i i n .
The n mbe af e he le e i he e ial n mbe f a ell ing i hin
he 10-ac e ac ; he le e "S" eceding he e ial n mbe den e a

ing . Th , (D-16-7)9cbd-S1 de igna e he fi ing i i ed in he
SE'NW2SW4 ee . 9, T . 16 S ., R . 7 E. Si e in ide nde g nd mine he e
a e am le e e c llec ed and i e he e ainfall da a e e b ained a e

n mbe ed in he ame mannne , b h ee le e a e gene all ed af e he
ec i n n mbe and n e ial n mbe i ed .

S eamfl gaging a i n in he d a ea a e iden ified b he U .S .
Ge l gical S e 8-digi d n eam n mbe ing em (U .S . Ge l gical S e ,
1980, . 14) . Mi cellane eamfl mea ing and am ling i e a e
n mbe ed f m 1 108 a h n n la e 1 .

PHYSICAL SETTING

T g a h and face d ainage

The a ea incl de ab 300 a e mile f m n ain c n f he
Wa a ch Pla ea in cen al U ah. The a ea i d ained b H n ing n and
C n d C eek , b h e ennial ib a eam he San Rafael Ri e .

Al i de in he d a ea ange f m ab 6,000 fee in he l e
eache f H n ing n C eek ab 10,700 fee a he n he n end f Ea

M n ain . Ab 90 e cen f he a ea, a h n in fig e 3, i highe han
8,000 fee . The a e age channel g adien al ng H n ing n C eek in he d
a ea i ab 100 fee e mile and al ng C n d C eek i a e age ab
300 fee e mile . B h eam al ng hei l e eache a e in dee , na
can n , and face elief be een he eam channel and f adjacen
can n all i icall 2,000 fee m e . M n ain a e gene all
fla in he he n a f he d a ea and amidal in he n he n
a .

1 Al h gh he ba ic land ni , he ec i n, i he e icall 1 a e
mile, man ec i n a e i eg la . S ch ec i n a e bdi ided in 10-ac e

ac , gene all beginning a he hea c ne , and he l
h age i aken in he ac al ng he n h and e ide f he
ec i n .
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Fig e 3 .- Al i de f he d ainage ba in f H n ing n
and C n d C eek eam f m gaging a i n
09318000 and 09324200 .

Clima e

6

The clima e f he d a ea i emia id bh mid, and eci i a i n
gene all inc ea e i h al i de . A h n n la e 1, a e age ann al

eci i a i n ange f m ab 10 inche in he l e a f he d
a ea m e han 30 inche in he highe a . The gene al inc ea e in

eci i a i n i h inc ea ed al i de al i ill a ed in fig e 4 .

Ba ed n he eci i a i n c n h n n la e 1, i i e ima ed
ha in ha a f he H n ing n C eek d ainage eam f m gaging
a i n 09318000, ann al eci i a i n a e age ab 26 inche 260,000

ac e-fee . In he C n d C eek d ainage eam f m gaging a i n
09324200, i i e ima ed ha ann al eci i a i n a e age ab 22 inche

26,000 ac e-fee .
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Fig e 4 .- C m la i e eci i a i n a e en gage e a ed in he
d a ea d ing a e ea 1979 . Al i de f gage, in fee ,

in a en he e . (P eci i a i n da a f Lake Range S a i n
and H n ing n P e Plan lied b U ah P e & Ligh C .)

Al h gh h nde m f high in en i a e c mm n d ing mme
m n h , m eci i a i n in he d a ea fall a n f m N embe
h gh Ma ch . A il 1 a e c n en n he H n ing n H e h e n c e

nea he f he H n ing n C eek d ainage a an al i de f 9,800 fee
a e aged 25 inche d ing 1930-79 ; A il 1 n de h a e aged 50 inche
(Whale and L n, 1979, . 206), b de h f 6 fee a e c mm n ea lie in
he ea . D ing 1979, he A il 1 a e c n en f he n ack n he n

c e a 117 e cen f he'1930-79 a e age .



E eme ai em e a e ange f m nea 38°C in he l e a f he
d a ea d ing mme ab -34°C in he highe a d ing in e .

E a a i n a e a i h al i de b a e age ab 40 inche e ea in
he d a ea (Waddell and he , 1981, . 6) .

Ge l g

Ge l gic ni e ed in he d a ea ange in age f m C e ace
Q a e na . The a ig a hic ela i n hi , gene al li h l gie , and hick-
ne f each ni a e mma i ed in able 1 . The c a ea f each ni
and minen ge l gic fea e a e h n n la e 2 .

The Blackha k F ma i n f C e ace age i he maj c al-bea ing ni
in he d a ea . The c al all cc in e e al eam in ab he
l e 150 fee f he f ma i n . The m ac i el mined c al, he Hia a ha
eam, i a he ba e f he Blackha k . The Blackha k icall i e ed n
ee l e a h n in fig e 5 .

E ce he e f lded, he egi nal di f ck in he d a ea
gene all i in a he l di ec i n a angle ha a el e ceed 44 deg ee .
The S aigh Can n S ncline, he a i f hich end he n hea ac
he he n a f Ea M n ain, i ne minen c al fea e ha

b eak he egi nal di f he a a .

K?

AN

	

-OMOM7"

Fig e 5 .--C e ace ck in he h e e n l e
f Ea M n ain adjacen C n d C eek.

K , S a P in Sand ne ; Kbh, Blackha k F ma-
i n ; Kc, Ca lega e Sand ne ; K , P ice Ri e

F ma i n . Vie facing n hea .
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Table 1.-S a ig a hic ela i n hi , hickne e , li h l gie , and a e -bea ing cha ac e i ic
f ge l gic ni in he e d ainage f H n ing n and C n d

C eek (ada ed f m S ke , 1964)

9

S em Se ie
F ma i n
and membe

Thickne
(fee ) Li h l g and a e -bea ing cha ac e i ic

Q a e na
H l cene and

Plei cene

0-100 All i m and c ll i m ; cla , il , and,
g a el, and b lde ; ield a e

ing ha ma cea e fl in la e
mme .

10-300 Ligh -g a , den e, che , lac ine lime-
E cene and ne i h me in e bedded hin g a

Te ia Flag aff and g een-g a hale ; ligh - ed ink cal-
Pale cene Lime ne ca e il ne a ba e in me lace ;

ield a e ing in land a ea .
(See able 9 .)

Pale cene N h H n 800± Va iega ed hale and m d ne i h in e -
bed f an- -g a and ne; all- f

F ma i n fl ial and lac ine igin ; ield a e
ing . (See able 9 .)

P ice Ri e 600-700 G a - -b n, fine- -c a e, and c n-

F ma i n gl me a ic fl ial and ne i h hin
bed f g a hale ; ield a e ing
l call .

Ca lega e 150-250 Tan- -b n fl ial and ne and c n-
Sand ne gl me a e; f m cliff in m e e ;

ield a e ing l call .

600-700 Tan- -g a di c n in and ne and

C e ace U e g a ca b nace hale i h c al bed ;
Blackha k all f ma ginal ma ine and al dal igin ;

C e ace
F ma i n l call c -and-fill de i f fl ial

and ne i hin le e meable edi-
men ; ield a e ing and c al
mine , mainl he e f ac ed j in ed .

350-450 Ligh -g a , hi e, ma i e, and hin-bedded

S a P in
and ne, g ading d n a d f m a
ma i e cliff-f ming ni a he

Sand ne
hin in e bedded and ne and hale a
he ba e ; all f ma ginal ma ine and
ma ine igin ; ield a e ing and
mine he e f ac ed and j in ed .

Ma k Membe 600-800 Da k-g a ma ine hale i h hin, di c n-

Manc Shale
in la e f g a lime ne and
and ne ; ield a e ing l call .



The e a e a la ge n mbe f gene all n h- ending fa l in he d
a ea, he m minen f hich i he J e Valle Fa l al ng he h e
ide f he a ea . Di lacemen al ng he J e Valle Fa l hich e end f
e e al en f mile h f he a ea, i 1,500 2,500 fee (S ieke ,
1931, P . 57) .

Di lacemen al ng he fa l in he d a ea i n a la ge a
al ng he J e Valle Fa l . F in ance, di lacemen al ng he Plea an
Valle Fa l i nl ab 140 fee he e i c e H n ing n C eek .
Di lacemen al ng he n h e - ending fa l ab 2 mile n h f he
a i f S aigh Can n S ncline i ab 35 fee (R . F , U ah P e & Ligh
C ., al c mm n ., Ma ch 1980) .

COAL MINING AND LEASE ACTIVITIES

A ea lea ed f c al mining in he d a ea a e h n n la e 1 .
Eigh nde g nd c al mine e e ac i e in he d a ea d ing 1979 . The
mine in de f m lea d c i n in 1979 and gene al l ca i n f
he mine al a e : Dee C eek (SEa ec .10 , T . 17 S'., R . 7 E .) ; De Bee

D e (De e e , Beehi e, and Li le D e) (SW~ ec .26, T .17 S ., R . 7 E .') ;
Wilbe g (NE2 ec . 27, T . 17 S ., R . 7 E .) ; King ( ide f ma a ea) (SW~ ec .
26, T . 16, S ., R . 7 E .) ; and T ail M n ain (SEa ec . 25, T . 17 S .,'R . 6 E .) .
The al f he King Mine i nea he c mm ni f Hia a ha, ab 1 mile
ea f he d a ea, b mining ha ad anced e a d in he d a ea
( nde Gen M n ain in he d ainage f Tie F k Can n) .

All mine , e ce he Dee C eek, Li le D e, Beehi e, and King, mine
c al f m he Hia a ha eam a he ba e f he Blackha k F ma i n . In he e
mine , c al i mined f m he eam in he Blackha k ab 80 140 fee
ab e he Hia a ha eam .

SURFACE-WATER HYDROLOGY

Re e i and di e i n

R n ff f m ab 54 a e mile -in he e a f he H n ing n
C eek d ainage i eg la ed b e e i . Elec ic Lake a c n c ed in
1972 e a e f e d n eam a he c al-fi ed H n ing n P e
Plan , and he e e i ha a age ca aci f ab 25,000 ac e-fee .
D ing 1979, ab 15 c bic fee e ec nd f a e a di e ed f m
H n ing n C eek ab 2 .5 mile eam f m gaging a i n 09 318000 f e
a he e lan .

Cle eland, Mille Fla , H n ing n, and R lf n Re e i e e c n-
c ed in he ea l 1900' e a e f i iga i n d n eam in

Ca le Valle . A ima e age in ac e-fee in he e f e e i i
a f ll : Cle eland, 5,600 ; Mille Fla , 4,900 ; H n ing n, 2,300 ; and
R lf n, 600 (C . B . B n, U ah P e & Ligh C ., al c mm n ., 1980) .
D ing he i iga i n ea n m f he fl f H n ing n C eek i di e ed
f i iga i n d n eam f m gaging a i n 09318000 .
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Ann aldi cha ge

The di cha ge a gaging a i n 09318000 n H n ing n C eek d ing he
60 ea f ec d ( a e ea 1910-17, 1922-29, 1930-73, and 1978-79)
a e aged 96 .3 c bic fee e ec nd 69,700 ac e-fee e ea . Di cha ge
e ni a ea in he 190 a e mile eam f m he gaging a i n

a e aged 367 ac e-fee e a e mile . Di cha ge d ing he 1979 a e' ea
(e cl ding di e i n he H n ing n P e Plan ) a e aged 77 .4 f I
56,000 ac e-fee .

D ing m ea , ab 65 e cen f he ann al di cha ge a he
H n ing n C eek a i n (09318000) cc d ing he n mel e i d (A il-
J l ) . Beca e m f he eamfl i de i ed f m n mel , ann al
di cha ge a he gaging a i n c ela e ell i h he A il 1 n ack
a e c n en a h n in fig e 6 .

S eam in C andall and Tie F k Can n (maj ib a ie
H n ing n C eek) al e e gaged d ing he 1979 a e ea . Di cha ge . a
gaging a i n 09317919 in C andall Can n and a gaging a i n 09317926* in
Tie F k Can n a e h n in fig e 7 . Ab 80 e cen f he eamfl • a
he e a i n cc ed be een A il and J l a he e l f n mel .

E en h gh he d ainage a ea eam f m he Tie F k and C andall
Can n a i n a e 11 .7 and 5 .7 a e mile , mean ann al di cha ge a he

a i n e e e imila d ing he 1979 a e ea . Di cha ge d ing
a e ea 1979 a e aged 2 .04 c bic fee e ec nd a he a i n in Tie F k
Can n and 2 .19 c bic fee e ec nd a he a i n in C andall Can n . The
ann al di cha ge e ni a ea a 126 ac e-fee e a e mile a he

a i n in Tie F k Can n and 280 ac e-fee e a e mile a he a i n in
C andall Can n . Rea n f he malle di cha ge e ni a ea in he Tie
F k d ainage a e nkn n . I c ld be d e in a he he n e e
and gen le l e in Wild Ca le and Gen H ll he e a highe e cen age
f he n ack ma be l e a a i n and blima i n . I al c ld be

d e in a b face m emen f g nd a e f he Tie F k
d ainage ia he Bea Can n Fa l and ( ) he fa l ( l . 2) an e ing
he d ainage .

Di cha ge d ing a e ea 1979 a gaging a i n 09324200 n C n-
d C eek a e aged 0 .87 c bic fee e ec nd ; di cha ge e ni a ea

a e aged 29 ac e-fee e a e mile in he 21 .9 a e mile eam f m
he a i n . C m a i n f he h d g a h in fig e 7 indica e ha
n mel n ff c n ib ed a malle e cen age f he ann al di cha ge a
he a i n n C n d C eek han a he a i n in . Tie F k and C andall

Can n . I i belie ed ha beca e f he he n e e and ela i el
gen le l e f m ch f he C n d C eek d ainage, m ch f he a e in
he n ack i l h gh e a a i n and blima i n . H e e , f ac ing

a cia ed i h he J e Valle Fa l ( l . 2) ma ide c nd i f
b face m emen f a e f he ba in . Unlike he H n ing n C eek
eamfl d ing a e ea 1979, nl ab 2 e cen i e ima ed ha e

lef he C n d C eek d ainage a eamfl .
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Fig e 6 .- Wa e c n en f A il 1 n ack a he H n ing n H e h e
n c e and he ann al di cha ge f H n ing n C eek a gaging
a i n 09318000, 1950-79 .
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Ba efl

In an eff de e mine l ing and gaining eache f eam ,
di cha ge mea emen ( able 5) e e made a man i e n H n ing n and
C n d C eek and ib a ie ( l . 1) d ing e i d f ba e fl .
Pe i d f ba e fl a e defined a being e i d hen he e i n di ec

e land n ff f m n mel ainfall .

Table 2 i an acc n ing f fl in H n ing n C eek, in he each
be een Elec ic Lake and he di e i n he H n ing n P e Plan , d ing
he fall f 1978 . All he ing ha fl di ec l in H n ing n C eek in
hi each a e eam f m N ck W d a d Can n . Af e an acc n ing i

made f he infl f m ib a eam and in en ied ing , he e a e
b h nacc n ed l e and gain in fl f H n ing n C eek . The
nacc n ed l e and gain babl can be a ib ed leakage and f m
he g nd- a e em. H e e , e a an i a i n and mea emen e
(le han 10 e cen ) al c ld acc n f he diffe ence in eam
di cha ge .

Mea emen al ng he Lef F k f H n ing n C eek indica e ha ,
e ce f ne a ea, he e i li le g nd- a e leakage f m he

eam d n eam f m Scad Valle C eek . The ne e ce i n i nea ing
(D-15-6)13dad-S1 ( able 9), hich i e f m f ac e in he Manc Shale f
C e ace age, and ha di cha ged an a e age f 0 .9 c bic fee e ec nd
d ing he mme f 1979 . In addi i n ing fl , a e al i being
di cha ged in he channel adjacen he ing h gh e e al f ac e .

All he ba e fl f eam in Tie F k, Li le Bea , Bea , Blind, and
H e Can n (all ib a ie H n ing n C eek) i d e ' g nd- a e
di cha ged f m le han f di c e e ing in each ba in . Dee C eek in
he H n ing n C eek d ainage and G ime Wa h in he C n d C eek d ainage

al de end n di c e e ing d ing e i d f ba e fl , b - fl al
a e ained b diff e g nd- a e ee age in man eache . Dee C eek and

eam in Mee ingh e and. Fl d Can n (all ib a ie H n ing n
C eek) a e e ennial al ng hei e eache , b he a e d a hei
m h d ing e i d f ba e fl . S eam in C andall, Mill F k, and Rilda
Can n (all ib a ie H n ing n C eek) a e e ennial in me eache ,
b he a e d in he a ea d ing e i d f ba e fl . Se e al ing
a e e ed (J . S ke , N h Eme Wa e U e A c ., al c mm n ., Oc be
1978) be l ca ed in Rilda Can n ab 1-2 mile eam f m he m h .
M f he fl i c llec ed f m he e ing in a b face infil a i n
galle hich lie a e he N h Eme Wa e U e A cia i n .

S eam in Ma in and Dai Can n , b h ib a ie C n d
C eek, a e e ennial . S eam in Mill, Mee ingh e, and T ail Can n a e
in e mi en ; he e e d d ing he mme f 1977 b fl ed a hei
m h a C n d C eek d ing he mme f 1978 and 1979, b h ea f
ab e-n mal eci i a i n . O he ib a ie C n d C eek eam
f m gaging a i n 09 324200 a e e heme al and fl nl in di ec e n e

face n ff f m n mel and ainfall .
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Table 2.--An acc n ing f gain and l e in fl f H n ing n C eek be een Elec ic Lake and
he di e i n he H n ing n P e Plan , fall f 1978

[S ing and i e n mbe h n n la e 1 ; di cha ge a e in c bic fee e ec nd]

1 5

Di cha ge Mea ed gain(+) Unacc n ed gain(+)
S eam ing ( ib a ie f l (-) in Di cha ge f l (-) in

H n ing n C eek and Si e H n ing n di cha ge f ib a ie di cha ge f
ing a e inden ed) n . Da e C eek H n ing n C eek and ing H n ing n C eek

( nded)

H n ing n C eek 2 10- 3-78 17
(D-14-6)24baa-S1 -- 10- 4-78 --
(D-14-6)24adc-S1

N h H ghe Can n 4
10-20-78
10- 4-78

(D-14-7)30bdc-S1 - 10- 4-78
S h H ghe Can n 10- 4-78

(D-15-7)8dab-S1 -- 10-20-78
H n ing n C eek 8 10- 3-78 19

N ck W d a d Can n 19 10- 4-78
P le Can n 20 10- 6-78

H n ing n C eek 21 10- 3-78 21 1

Lef F k H n ing n
C eek 40 10- 3-78 --
H e Can n 43 10- 6-78 --
Blind Can n 44 10- 6-78 --

H n ing n C eek 45 10- 3-78 37
C andall Can n
(gaging a i n
09317919) 51 10- 3-78 --

Tie F k Can n
(gaging a i n
09317920) 67 10- 3-78 --

Li le Bea Can n 70 10-13-78
H n ing n C eek 71 10- 3-78 36

Mill F k Can n 76 10- 6-78 --
Rilda Can n 78 10- 6-78 --
T ail Can n 79 11- 9-78 --
Bea C eek 81 10-25-78 --

H n ing n C eek 82 10- 3-78 39

.5
-1 -2.2

.5

0

+3 .1 +2.8
.03
.08



On Se embe 20, 1979, eam in Ma in , Mill, Dai , Mee ingh e,
and T ail Can n had a c mbined fl f 0 .07 c bic fee e ec nd a hei
m h al ng C n d C eek . H e e , he each f C n d C eek be een
Indian L dge and T ail Can n a d n ha da . Fl f C n d C eek
i e ennial d n eam f m ing (D-17-6)23aaa-S1 .

Wa e ali

Chemical ali

Chemical anal e f elec ed face- a e am le c llec ed d ing
hi d f m he d ainage f H n ing n and C n d C eek a e li ed
in able 6 . Semi an i a i e (a ima e) c ncen a i n f ace elemen
in elec ed face- a e am le a e li ed in able 12 . N anal ed chem-
ical c n i en e e e en in c ncen a i n ha e ceeded he d inking-
a e anda d f he U .S . En i nmen al P ec i n Agenc (1976) .

The malle b e ed di l ed- lid c ncen a i n in face a e in
he H n ing n C eek d ainage d ing 1977-79 a 130 mg/L (millig am e

li e ) a he fl f H n ing n Re e i n S ing C eek ( i e 22) ; he
la ge a 503 mg/L nea he m h f Rilda Can n ( i e 78) . A gaging
a i n 09318000 n H n ing n C eek he b e ed di l ed- lid

c ncen a i n anged f m 175 mg/L d ing he n mel e i d in J ne 1979
289 mg/L d ing a e i d f ba e fl in A g 1977 .

D ing e i d f ba e fl , he e a li le a eal change in he chem-
i f a e in H n ing n C eek and in he Lef F k f H n ing n C eek
beca e g nd- a e di cha ge a mall in c m a i n he a e elea ed
f m e e i . The ed minan di l ed chemical c n i en in a e in
H n ing n C eek eam f m gaging a i n 09318000 e e calci m and
bica b na e .

The ed minan di l ed chemical c n i en in a e in ib a ie
H n ing n C eek e e all calci m, magne i m, and bica b na e .

H e e , d ing e i d f ba e fl he c ncen a i n f lfa e in a e a
he m h f Dee C eek and Rilda Can n e e ignifican l highe han
lfa e c ncen a i n in a e in H n ing n C eek . S me f he di cha ge f

he e eam a hei m h d ing e i d f ba e fl i babl
c n ib ed b g nd- a e ee age f m he Manc Shale and he S a P in .
Sand ne f C e ace age . Wa e f m he S a P in c mm nl c n ain
ligh l highe c ncen a i n f b h di l ed lid and lfa e han a e

f m nge ck in he a ea. S ing (D-16-7)22bbb-S1, hich i e f m
he S a P in al ng he l e eache f Mill F k Can n ( l . 1), c n ained

706 mg/L f di l ed lid and 290 mg/L f lfa e hen am led in Se embe
1978 .

D ing 1977-79, a e am le e e c llec ed e e al ime a i e 103
eam f m he T ail M n ain Mine and a i e 104 (gaging a i n

09324200) d n eam f m he mine ( l . 1) . Chemi f he a e a ied
e li le be een he i e . A i e 103, b e ed di l ed- lid

c ncen a i n anged f m 276 mg/L in Oc be 1977 355 mg/L in Oc be
1979 . A i e 104 he di l ed- lid c ncen a i n anged f m 286 mg/L in
Oc be 1977 343 mg/L in Oc be 1979 . The ed minan di l ed chemical
c n i en in all am le f m b h i e e e calci m, magne i m, and
bica b na e .
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S ended edimen

A a f he Ge l gical S e a e -m ni ing g am in U ah c al
field , 14 a e am le e e c llec ed be een A g 1978 and Se embe 1979
a gaging a i n 09318000 n H n ing n C eek de e mine ended- edimen
c ncen a i n and l ad . Th ee am le each e e c llec ed a gaging

a i n 09317919, 09317920, and 09324200 in C andall and Tie F k Can n and
n C n d C eek. Fi e addi i nal am le e e c llec ed b jec
e nnel f m he e and he eam in he d a ea . Re e en a i e

ended- edimen c ncen a i n and l ad f eam in he d a ea a e
li ed bel :

Ob e ed ended- edimen l ad a he gaging a i n n H n ing n
C eek anged f m 1 .8 n e da n Feb a 18, 1979, 66 n e da n
J ne 13, 1979 . Ob e ed ended- edimen c ncen a i n anged f m 29
181 mg/L . Sedimen c ncen a i n gene all inc ea ed i h inc ea ed eam
di cha ge, b n en gh da a e e a ailable c m e dail edimen
di cha ge .

S ended- edimen c ncen a i n a ied idel in he d a ea . In
m in ance , h e e , he ac i i ie f man a ea ed be a cia ed i h
he highe c ncen a i n . The ela i el l c ncen a i n f ended
edimen in he a e f C andall and Tie F k Can n i a ib ed a
ell-e abli hed channel and a ca ci f ad h gh he d ainage .

C n e el , in Dee C eek can n la ge an i ie f c al fine in he channel
and e i n f n ege a ed il d e c n c i n a nd he Dee C eek
Mine a e babl e n ible f he ela i el high ended- edimen
c ncen a i n in J ne 1979 . R n ff d n he hea il a eled di ad bel
he T ail M n ain Mine i , in a , babl he ca e f he edimen l ad
in C n d C eek in N embe 1978 . The e i n f he la ge e e f
Manc Shale in he l e eache f he c eek al c n ib e high
edimen l ad, e eciall d ing n ff f m mme h nde m .

1 7

S ended edimen

S eam Si e N . Da e C ncen a i n (mg/L) L ad ( n e da )

H n ing n C eek 88 8-13-78 104 27
(gaging a i n 11-17-78 72 2.5
09318000) 6-13-79 114 66

8- 7-79 44 15

C andall Can n 51 8-12-78 49 .14
(gaging a i n 11-18-78 60 .08
09317919) 6-14-79 15 .41

8- 6-79 56 .15

Tie F k Can n 67 8-13-78 12 .03
(gaging. a i n 11-18-78 57 .12
09317920) 6-14-79 38 .68

8- 6-79 66 .17

Bea C eek 81 10-25-78 8,860 1 .9
6-14-79 2,140 4.0

Dee C eek 87 6-14-79 609 3.1

C n d 104 8-15-78 5 .003
(gaging a i n 11-19-78 130 .20
09324200) 8- 5-79 63 .09



Bea C eek an ed la ge an i ie f ended edimen d ing
1978 and 1979 . S ing eme ging f m he N h H n F ma i n in he
head a e f Bea C eek c n in l e de he hale and m d ne and e mi
l ghing f la ge am n f fine-g ained ma e ial f m he e ca men .

Ben hic in e eb a e

Ben hic in e eb a e e e c llec ed a 16 eam i e ( l . 1) in
Oc be 1977, J l and Oc be 1978, and J l and Oc be 1979 de e mine
he n mbe f gani m e en and he ecie c m i i n . The ben hic-

in e eb a e am le a e mma i ed in able 3, and he gani m iden ified
in each am le a e li ed in able 7 .

P e i die (Chi h lm and D n , 1978 ; F lle and he , 1978, .
22-27 ; C mmin , 1973 ; He ick and Cai n , 1973 ; and Pa ick, 1949) ha e h n
ha ben hic in e eb a e ma be ed a an indica f a e ali , and

change in he ben hic-in e eb a e la i n ma eflec change in a e
ali . Ben hic in e eb a e e e he ef e c llec ed define e i ing

c ndi i n ha , if a e - ali c ndi i n change i h inc ea ed c al
mining, ha change c ld be de ec ed b change in he ben hic-in e eb a e

la i n .

The ben hic in e eb a e e e gene all c llec ed ing a S be b m
am le (G ee n and he , 1977, . 172-3), hich am le 1 a e f f
eam b m. Th ee am le e e c llec ed a each i e in iffle a ea

(f m he igh ide, middle, and lef ide f he eam) . Whe e eam
e e na e mi a allel am ling, he am le e e aken f m lef

igh in an eam di ec i n . The h ee am le e e c m i ed f he
gani m iden ifica i n ( able 7) . F am le c llec ed in 1977 a i e

68, 69, 71, and 77 e e a ached a ificial b a e am le (He e and
Dend , 1962) . The face a ea f he e am le i 1 a e f . The
am le e e anch ed he eambed in iffle a ea in mid-J l and
em ed f anal e in mid-Oc be .

In he fi e f am le , Oc be 1977, iden ifica i n gene all a
he le el f h l gene ic de , i h a fe gani m iden ified he

famil le el . In b e en am le , iden ifica i n gene all a d ne he
gen le el, i h man gani m iden ified he ecie le el .

The Shann n-Weine di e i inde (K eb , 1972, . 506) f each am le
i h n in able 3 . Di e i inde i ed a an indica f he "heal h"
f he ben hic-in e eb a e la i n . In gene al e m , a di e i inde

(c m ed n he ecie le el) f le han 1 indica e an nheal h
la i n and a ll ed en i nmen . Di e i indice a aching 3

gene all indica e a heal h , ell-balanced la i n and an n ll ed
en i nmen . The di e i inde i m ef l in e al a ing a a ic
en i nmen ha ha e been ad e el affec ed b he addi i n f ganic
ma e ial b ma be ed e al a e an effec n h e en i nmen .
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A c m a i n f di e i indice ma be ed a an indica i n f
diffe ence in a e ali , and he a ia i n f he di e i inde e
ime i an indica i n f he abili f he en i nmen nding he

ben hic c mm ni . Sam ling echni e , b a e ma e ial, fl el ci ie ,
and iden ifica i n ca eg ie ( de , famil , gen , ecie ) m be
imila bef e c m a i n a e alid .

The di e i inde , DI, i calc la ed a :
S

DI = -E (P .) (l g2 P ii
)

=1
he e Pi i he i n f he al am le bel nging he i h ecie

and c m ed a Ni/NS . N i i he n mbe f indi id al in each ecie and NS
i he al n mbe f indi id al in all ecie , and i he n mbe f

ecie .

A ben hic-in e eb a e la i n made f nl ne ecie ld ha e
a di e i inde f e , he ea a la i n ha ing m e han ne ecie
ha a di e i inde g ea e han e . The m e e enl he indi id al a e
di ided am ng he ecie e en , he highe he di e i .

Da a indica e ha he e e e ignifican ea nal diffe ence in he
ben hic-in e eb a e la i n a a gi en i e in addi i n a eal
diffe ence . F e am le, a i e 34 n he Lef F k f H n ing n C eek
hich d ain an nde el ed a ea he di e i inde anged f m 2 .07 3 .48

( able 3) in 1978-79 . The minim m f 2 .07 a d e a la ge n mbe f
Dia m . The e gani m a ea ed in hei ma im m n mbe in he J l
am le c llec ed a i e in he highe al i de f he d a ea, b he
e e n e en in an f he Oc be am le . The la ge n mbe f nd 'in

J l , he ef e, eflec ed a ea nal c cle a he han an nna al c ndi i n
ha all ed ne ecie d mina e .

	

-

The l e b e ed di e i indice c m ed f 1978-79 (1 .03) e e
f m am le c llec ed a i e 76 in Mill F k Can n in Oc be 1979 and a
i e 87 n Dee C eek in J l 1978 . Fl a b h f he e i e i l d ing

la e mme , and m ch f he eambed ma e ial i fine g ained . A he Dee
C eek i e, a ignifican i n f he eambed ma e ial i fine c al
de i ed f m mining e a i n eam . The am le c llec ed a i e 87 n
Dee C eek in J l 1979 indica ed a ela i el mall, h gh di e e
(di e i inde f 3 .37), ben hic-in e eb a e la i n .

Al h gh he 1977 di e i indice cann be c m a ed h e f 1978
and 1979 beca e f diffe en iden ifica i n ca eg ie , i i f in e e
e amine he diffe ence in he di e i inde be een i e 51 and 70 . In

i e f imila en i nmen al c ndi i n , . he al e diffe b a fai l la ge
ma gin (1 .64 e 0 .91) . C n c i n f a c nc e e encl e in he mme
f 1977 a nd ing (D-16-7)9cab-S1, a maj ce f a e in he

d ainage, ma ha e em a il deg aded he ali f a e a he am ling
i e .
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Table 3.--S mma f ben hic-in e eb a e am le c llec ed in he e d ainage f H n ing n
and C n d C eek , 1977-79

Si e n . : Sh n n la e 1 .
Di e i : Shann n-Weine di e i inde ; ee . 24 f e lana i n .
N . f a a : Ph l gene ic le el i ecie e ce in 1977, de .
N . f gani m : C llec ed i h a S be am le (G ee n and he , 1977, . 172-173) e ce
a n ed in me 1977 am le .

2 0

L ca i n Si e N . Da e Di e i N . f
a a

N . f
gani m

Lef F k H n ing n 34 10-12-77 1 .89 7 1,130
C eek 7-28-78 3 .48 62 9,059

10-17-78 3 .48 32 786
7-18-79 2.07 39 13,876
10-15-79 3.19 33 4,612

Lef F k H n ing n 39 10-12-77 2.07 8 579
C eek 7-26-78 1 .30 38 8,512

10-17-78 3.03 37 1,055
7-19-79 2.73 37 6,391
10-15-79 3.25 37 3,484

H n ing n C eek 41 10-13-77 2.22 7 246
7-26-78 2.46 38 4,450
10-17-78 3.25 34 583
7-19-79 3.15 42 5,640
10-15-79 3.44 38 2,456

C andall Can n 51 10-12-77 1 .64 6 150
7-26-78 1 .81 39 1,065
10-18-78 2.83 23 310
7-19-79 2.65 38 1,542

10-15-79 2.98 32 721

Wild Ca le H ll 61 10-13-77 1 .45 6 709
7-27-78 3.39 27 227
10-17-78 3.68 32 723
7-19-79 4.16 43 905
10-15-79 3.45 39 1,552

Tie F k Can n 67 10-13-77 2.18 5 54
7-26-78 3.29 39 834
10-17-78 2.79 31 438
7-19-79 3 .59 42 516
10-15-79 2.61 42 2,387

H n ing n C eek 68 10-12-77
1

2.03 8 132
7-26-78 2.96 29 544
10-17-78 3.68 32 479
7-19-79 3.44 40 3,898

10-15-79 1 .82 37 3,712



Table 3.--S mma f ben hic-in e eb a e am le c llec ed in he e d ainage f H n ing n
and C n d C eek , 1977-79--C n in ed

1 Sam le c llec ed n a ificial b a e m l i- la e am le (He e and Dend , 1962) .

2 1

.L ca i n Si e N . Da e Di e i N . f
a a

N . f
gani m

H n ing n C eek 69 10-13-771 1 .80 5 86
7-27-78 2.95 43 1,723
10-18-78 3.19 33 578
7-19-79 2.89 35 5,500
10-16-79 3.10 40 3,936

Li le Bea Can n 70 10-13-77 .91 6 186
7-27-78 2.32 18 249
10-18-78 2.33 26 295
7-19-79 3.03 34 998
10-16-79 3.14 30 642

H n ing n C eek 71 10-13-771 1 .95 5 109
7-27-78 3.70 51 1,151
10-18-78 2.95 40 712
7-19-79 3.00 30 2,912'
10-16-79 3.11 37 2,345

Mill F k Can n 76 7-28-78 2.41 21 284
7-19-79 2.83 32 1,056
10-16-79 1 .02 21 878

H n ing n C eek 77 10-13-771 2.31 6 149
7-28-78 3.43 43 523
10-18-78 2.64 28 569
7-19-79 3.35 36 3,032
10-16-79 3.09 45 4,523

Rilda Can n 78 10-13-77 1 .77 5 48
7-26-78 3.21 31 374
10-18-78 2.48 29 2,094
7-18-79 3.88 36 396
10-16-79 2.85 37 1,306

Dee C eek 87 7-28-78 1 .03 8 156
7-18-79 3.37 22 259

C n d C eek 103 10-13-77 1 .02 5 179
7-27-78 1 .80 16 323
10-19-78 2.69 31 626
7-18-79 3.68 33 239
10-16-79 2.70 32 907

C n d C eek 104 10-13-77 1 .40 5 139
7-27-78 1 .96 17 985
10-19-78 1 .38 19 1,216
7-18-79 3.02 37 756
10-16-79 1 .19 24 832



GROUND-WATER SYSTEM

Occ ence f g nd a e

G nd a e cc in all he ge l gic ni li ed in able 1, b
n ne f he ni a e a a ed e e he e . R ck c mm nl a e d ained i hin
h la e al di ance f m he all f dee l inci ed can n . L cal

e ce i n cc he e e ched(?) g nd a e l i di cha ged b ing al ng
can n all . Thi c ndi i n cc in he c al-bea ing Blackha k F ma i n
and e l ing ge l gic ni b i m c mm n in he N h H n F ma i n f
C e ace and Te ia age .

In m ca e , h e e , da a a e n a ailable e if a e in he
e l ing ni i a f a c n in a a ed ne he he n a a ed
ne cc be een ni and me a e i e ched . Man h le ha e been

d illed in he d a ea e al a e he c al e ce, b h e h le
ided fe eliable g nd- a e da a f m hich define he g nd- a e
em. F in ance, hen an in e al f a e h le a e ed a being

"d ," i i n ce ain he he he ck a n a a ed' a a a ed b
n e meable en gh ield de ec able am n f a e hile d illing .

Man ing i e f m he N h H n F ma i n n he he n l e
f Ea M n ain ( l . 2), and man a e a an al i de f ab 9,300 fee .

E idence f ee age f m he N h H n nea Mill Can n n he n h e
l e f Ea M n ain (fig . 8), and a a ima el he ame al i de,

indica e ha a lea ne f he e ched(?) a e -bea ing ne ma be
e en i e .

O he ck in Ea M n ain al c n ain a e . D ille c mm nl
e a e in he Ca lega e Sand ne f C e ace age . He e again, i i
nce ain if hi a e -bea ing ne i e ched .

Da a f m c al-e l a h le , ing , and nde g nd mine indi-
ca e ha an e en i e a ife e i in he S a P in Sand ne f
C e ace age and, in me a ea , he a ife e end in he l e c al-
bea ing a f he Blackha k F ma i n . Wa e d ced in he Wilbe g, Dee
C eek, and King Mine i f m he a ife , he ein efe ed a he S a
P in -Blackha k a ife . G nd- a e le el and da a f m c al e l a i n

1 A defined b L hman and he (1972, . 7), " * * * e ched g nd
a e i nc nfined g nd a e e a a ed f m an nde l ing b d f g nd
a e b an n a a ed ne . I a e able i a e ched a e able . I

i held b a e ching bed h e e meabili i l ha a e
e c la ing d n a d h gh i i n able b ing a e in he nde l ing
n a a ed ne ab e a m he ic e e ."

"Pe ched g nd a e ma be ei he e manen , he e echa ge i
f e en en gh main ain a a a ed ne ab e he e ching bed,
em a , he e in e mi en echa ge i n g ea f e en en gh
e en he e ched a e f m di a ea ing f m ime ime a a e l f

d ainage e he edge f h gh he e ching bed ."
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Fig e 8 .--A ea f ee age f m he N h H n F ma i n nea
Mill Can n n he n h e l e f Ea M n ain .
Band f ee age ma be een a a ea f da k-c l ed
ege a i n ac cen e f h g a h . Vie facing

hea .

h le , d ill h le in mine , and a ing in he King Mine a e mma i ed a
f ll

Rema k

Wa e eme ging
f m fl f
mine a Bea
Can n Fa l .

Fl ing d ill
h le in fl
f King Mine .

D ill h le in
fl f King
Mine.

C al-e l a i n
h le, 4-inch e -
f a ed ca ing,
g a el acked,

f face
cemen . Wa e -
bea ing ck a
150 fee .

C al-e l a i n
h le, 4-inch e -
f a ed ca ing,
g a el acked,
50 fee face
cemen . Wa e -
bea ing ck a
100-110 fee .

D ill h le in
fl f Wilbe g
Mine.

2 3

L cai n
Ge l gic ni

ene a ed

De h
f h le
(fee )

T f
h le

S ing
ifice

T f
S a P in
Sand ne

Wa e
face

Da e f
mea emen

(D-15-7)24cab - - - 8,815 8,185 9-31-78

24cdd-1 Blackha k F ma i n 118 8,142 - 8,027 8,142 9-31-78

(D-15-8)19bcb-1 d . 135 8,248 - 8,070 8,120 10-11-79

(D-16-7)29bbb-1 All i m 300 8,045 7,850 7,854 8-28-79

(D-17-6)24dcd-1

Blackha k F ma i n
S a P in Sand ne

d . 280 7,418 7,319 7,371 .5 4- 4-79
7,371 .7 5-10-79
7,371 .2 6- 7-79
7,372.5 9-18-79

(D-17-7)27bbc-1 S a P in Sand ne 150 7,630 - 7,630 7,609 6-14-79



In addi i n, e l a h le (D-17-6)3ddd-1 a he m h f Dai
Can n ma ha e a ed he S a P in -Blackha k a ife , and a e fl ed f m
he h le nde "a e ian e e" (Da i and D elling, 1977, . 36) . Se e al
f he la ge ing in he d a ea, ch a (D-1l-6)2LIadc-S1 and 2, (D-
15-7)35cbc-S1, (D-16-7)9cad-S1 and 26adc-S1, i e f m he S a P in -
Blackha k a ife . The da a nece a de e mine he he n he S a
P in -Blackha k a ife i e ched a e n a ailable .

Recha ge

Sn in he highe al i de f he d a ea c mm nl acc m la e
de h f 6 fee m e, and n mel i he ima ce f echa ge
he g nd- a e em . T de e mine he ce f echa ge, e e al am le
f a e f m ain, n , ing , and mine e e anal ed f c ncen a i n
f de e i m (a able h d gen i e ha ha ice he ma f dina

h d gen) . The e l f he anal e , mma i ed in able 8, h ha
de e i m c ncen a i n e e imila in mine, ing, 'and n a e b
e e diffe en in ain a e . Th , i i c ncl ded ha m , if n all,

g nd a e in he - d a ea i de i ed f m n .

The am n f g nd- a e echa ge a ie in he d a ea, n nl
beca e f diffe ence in he a e c n en f n ack, b al beca e f
diffe ence in face elief and ck e meabili . L face elief, a
n he f Ea M n ain a h n in fig e 9, l he n ff f m
n mel and all la ge an i ie f a e infil a e he il and
e c la e dee e le el . On he f Ea M n ain, he n mel a idl
e c la e in f ac e and l i n ening in he Flag aff Lime ne .

4 •
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Fig e 9 .--Vie f he f Ea M n ain h ing he l
face elief n he c f he Flag aff

Lime ne . Vie facing hea .



On Candland and Seele M n ain , ee l e m e a id n mel
n ff and ed ce echa ge he g nd- a e em . Unlike Ea M n ain,

he e m n ain a e n ca ed b he e meable Flag aff Lime ne b
in ead a e ca ed mainl b le e meable ck in he P ice Ri e and
Blackha k F ma i n . The ela i el mall am n f g nd- a e echa ge
a e eflec ed in he mall n mbe f ing n he e m n ain .

S face elief n he f T ail and Gen M n ain i l beca e
he e i n an e en i e c f Flag aff Lime ne . The ef e, echa ge

T ail and Gen M n ain babl i in e media e he echa ge ha
cc n Ea M n ain and n he ee l e f Seele M n ain . The
am n f echa ge n T ail and Gen M n ain babl i eflec ed in he
n mbe f ing in he e a ea , m f hich i e f m he N h H n
F ma i n .

Recha ge he S a P in -Blackha k a ife f m di ec infil a i n f
n mel n a ea f c babl i mall in c m a i n di ec
echa ge he Flag aff Lime ne . In he he n a f he d a ea,

c a ea f he Blackha k F ma i n and S a P in Sand ne all a e
le han ab 1 mile ide, and he a e all n ee l e . M f
he echa ge he a ife in he he n a f he a ea babl i f m

d n a d e c la i n f a e , mainl al ng fa l and f ac e f m
e l ing a e -bea ing ne . In he n he n a f he a ea, he

Blackha k and S a P in a e e ed e a m ch g ea e (and e e ) a ea
han in he he n a . Man m e ing i e f m he Blackha k and

S a P in in he n he n a f he a ea, gene all eflec ing he g ea e
am n f echa ge n hei c .

S me a e ma en e lea e he d a ea b b face fl . The
.Plea an Valle , J e Valle , and T ail Can n Fa l ( l . 2) ma ac a he
maj c nd i f hi in e ba in m emen f g nd a e .

M emen f g nd a e

G nd a e gene all m e f m a ea f echa ge in he highe a
f he d a ea a ea f na al and manmade di cha ge, chiefl al ng

eam and in c al mine . Ge l gic c e, ch a fa l ing and he di
f bedding, in me a ea infl ence he` fl a h f ll ed be een echa ge
and di cha ge a ea . M a e m emen h gh he g nd- a e em

babl cc h gh f ac e , h gh ening be een bed , and in he
ca e f he Flag aff Lime ne, h gh l i n ening .

M ch f he echa ge f m n mel in he highe a f he d a ea
i di cha ged b a la ge n mbe f ing cl e he iginal echa ge
a ea . The d n a d m emen f a e c mm nl i im eded b l e meable
bed f hale and m d ne in he N h H n, P ice Ri e , and Blackha k
F ma i n . The a e i di cha ged b ing and ee he e he le e -
meable ck c a land face .

Al ng fa l he e ck e meabili ha been inc ea ed b f ac ing,
a e a e h gh bed ha n mall ld im ede e ical fl and in
nde l ing ck ch a he S a P in -Blackha k a ife . Man f he la ge

ing in he a ea i e f m he S a P in -Blackha k a ife he e i i
fa l ed . The a ife al ield he la ge an i ie f a e nde -
g nd c al mine he e he mine king ene a e f ac ed ck .
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S me a e babl en e and lea e he d ainage f H n ing n and
C n d C eek b b face m emen mainl h gh f ac ed ck al ng
fa l . S b face m emen f g nd a e ma a l e lain he dif-
fe ence in ann al di cha ge e ni a ea a he f gaging a i n in he

d a ea d ing he 1979 a e ea . Di cha ge e ni a ea e e le a
gaging a i n 09 317920 and 09324200 in Tie F k Can n and n C n d
C eek han a gaging a i n 09 317919 and 09318000 in C andall Can n and n
H n ing n C eek . A n ed ea lie , diffe ence in g a h and e a a i n
and blima i n f he n ack c ld acc n f hi ; h e e , i ma al
be d e in a in e ba in an fe f a e al ng fa l b mine
d ainage .

S me a e babl lea e he C n d C eek ba in h gh a
f ac ed e meable ne al ng he J e Valle fa l . M emen f a e al ng
he fa l in he Eme a ea (ab 30 mile h f he C n d C eek

d ainage) i indica ed b e e g adien and he chemi f a e f m
he Fe n Sand ne f he Manc Shale f C e ace age (Line and

M i e , 1981, . 58, 71) . S me g nd a e babl lea e he Tie F k
Can n d ainage h gh e meable ne al ng he Bea Can n Fa l , he e i
i di e ed f m he Tie F k d ainage b he King Mine he Mille C eek
d ainage ea f he d a ea .

F ld in he ck a a en l al .c n l he m emen f g nd a e .
F e am le, g nd a e ma m e d ndi al ng he S aigh Can n S ncline
( l . 2) in C n d C eek be een i e 99 and 100 ( l . 1) . Di cha ge
mea emen ( able 5) made in Se embe 1978 and A g 1979 indica e ha
m e han half f he ba e fl in C n d C eek igina e a g nd- a e
ee age i hin hi each .

The a e a hich a e m e h gh he g nd- a e em de end
la gel n he e meabili f he ck h gh hich a e fl . I ma
ake nl a fe da f a e fl h gh l i n ca i ie in he
Flag aff Lime ne f m echa ge a ea di cha ge in ; i ma ake ea
f a e a el he ame di ance h gh he le e meable Blackha k
F ma i n . Si a e am le f m he S a P in -Blackha k a ife e e
c llec ed in 1979 f m ee age a ea in ide he King and Wilbe g Mine and
f m ing (D-16-7)9cab-S1 and 22bbb-S1 . All i am le c n ained de ec -
able c ncen a i n f i i m, 1 indica ing ha a lea me f he a e had
been echa ged he em i hin he a 10 30 ea .

1 T i i m, a adi i e f h d gen i h an a mic eigh f 3, ha a
half-life f 12 .33 ea . T i i m can be de ec ed in a e in c ncen a i n
a l a ab 6 ic c ie e li e (ab 0 .2 adi ac i e di in eg a i n
e ec nd e li e f a e ) . P i n clea ea n e ing in he ea l
1950' , na al i i m le el e e ab 26 ic c ie e li e . T i i m
le el eached a eak in he N he n Hemi he e in 1963 hen c ncen a i n
in he a m he e e ceeded he na al le el b a ima el h ee de f
magni de (Tha che , and he , 1977, . 8) .
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Ra id m emen f a e h gh he g nd- a e em i indica ed b
he a id e n e f ing di cha ge change in echa ge . Gene all ,
i c n c i n f Elec ic Lake in 1972, m f he di cha ge f

H n ing n C eek d ing he fall f each ea a de i ed f m g nd- a e
di cha ge . A h n in fig e 6, he magni de f ba e fl a gaging a i n
09328000 d ing N embe c ela e ell i h he a e c n en f he

e i A il 1 n ack ; i eflec a a id e n e in ba e fl
mel ing f he n and e l ing g nd- a e echa ge .

Di cha ge

G nd a e in he d a ea i di cha ged na all b ing and
ee and b e a an i a i n . S me a e al ma lea e he d ainage f

H n ing n and C n d C eek b b face fl , mainl al ng fa l . The
nl kn n manmade di e i n f m he g nd- a e em in 1979 a

de a e ing f nde g nd c al mine .

I i n ible i h e i ing da a acc a el e ima e he am n
f g nd a e e a a ed an i ed b lan , de e mine he am n
f b face fl f m he d a ea . Da a a e a ailable, h e e ,

de c ibe he diffe en e f ing and de c ibe h ing di cha ge
na all change i h ime. In me ca e , e i ing da a al all f
acc a e e ima e f mine di cha ge .

Thi di c i n ill c ncen a e n ing and mine di cha ge , b h
c i ical elemen f he g nd- a e em ha can be an ified and ha
a e m likel change i h inc ea ed c al mining .

S ing

M ing in he d a ea ha di cha ge m e han ab 50 gall n
e min e a e a cia ed i h fa l ing and f lding he e ck e meabili

ha been inc ea ed b f ac ing. F e am le, ing (D-17-7)5cad-S1, he
la ge ne n Ea M n ain, i e f m he N h H n F ma i n he e
fa l ed ( l . 2) . The ing i h n in fig e 10 .

La ge ing ha i e f m he S a P in -Blackha k a ife he e
fa l ed incl de (D-16-7)26adc-S1 nea he Bea Can n Fa l , (D-15-7)35cbc-S1
nea he T ail Can n Fa l , and (D-114-6)214adc-S1 and 2 nea he Valen ine
Fa l . La ge ing ha i e f m he S a P in -Blackha k a ife he e
f ac ing babl i a cia ed i h f lding incl de (D-16-7)9cad-S1 and (D-
17-6)3ddc-S1 and 23aaa-S1 . F ac e in he S a P in Sand ne nea ing
(D-16-7)9cab-S1 a e h n in fig e 11 .

The di cha ge f ing a ie ea nall a ill a ed in fig e 12
f ing (D-17-6)23aaa-S1 . The ing i e f m he S a P in -Blackha k
a ife ab 0 .6 mile n h e f he a i f he S aigh Can n S ncline
( 1 .2) . Like he ing in he d a ea, he di cha ge a g ea e
d ing he n mel e i d in he ing. F ll ing e i d f g nd- a e
echa ge, he di cha ge f he ing g ad all eceded . A he end f he
a e ea , he di cha ge a nl ab 60 e cen f he eak di cha ge ha
cc ed d ing he middle a f he e i J ne .
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Fig e 10 .--S ing (D-17-7)5cad-S1, he la ge ne n
Ea M n ain, i e f m he N h H n F ma i n
he e fa l ed . Di cha ge a ime f h g a h a

120 gal/min .

2 8

Fig e 11 .--F ac e in he S a P in Sand ne nea
ing (D-16-7)9cab-S1 .
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The ece i n f di cha ge f ll ing e i d f n mel echa ge i
h n in fig e 13 f h ee ing n Ea M n ain . S ing (D-17-6)ldaa-S1

i e f m he Flag aff Lime ne, and ing (D-17-7)5cad-S1 and 17dba-S1
i e f m he N h H n F ma i n . A each f he h ee ing , he
di cha ge d ing he mme and fall f 1978 and 1979 eceded a he ame
a e ( ece i n c e e e a allel) . Di cha ge mea emen ha l ed
ff he ece i n c e a e belie ed be d e mea emen e .

Di cha ge f m he h ee ing n Ea M n ain ecede m e a idl han
he di cha ge f ing (D-17-6) 23aaa-S 1 (fig . 12) ha i e f m he S a

P in -Blackha k a ife ; hei di cha ge dec ea ed ab ne de f magni-
de d ing he mme and ea l fall, he ea he di cha ge f (D-17-6)23aaa-

Si dec ea ed m ch le . Diffe ence in he a e a hich ing di cha ge
ecede babl a e d e diffe ence in he age e ie f a e -

bea ing ne . In gene al, he g ea e he g nd- a e age, he l e
he di cha ge ecede f ll ing a e i d f echa ge .

De a e ing f c al mine

Wa e a d ced in fficien an i ie in he Dee C eek, Wilbe g,
and King Mine ha ignifican am n had be di cha ged f m he mine
d ing'1979 . M f he a e d ced in he T ail M n ain and C - Mine
a c n med b he mining e a i n, and'di cha ge f m he mine e e mall
and in e mi en . The De -Bee-D e Mine d ced li le a e d ing 1979
ha a e had be b gh in he mine f d e i n .

Wa e in he S a P in -Blackha k a ife en e nde g nd mine
mainl al ng fa l and f ac e . Wa e al en e he mine h gh b l
h le in he f , f m d ill h le in he mine fl , and, in he ca e f
he Wilbe g and Dee C eek Mine , h gh aband ned e h le d illed f m
he f Ea M n ain . The king face a e alm al a he ce f
me a e ; he lde king all d ce g e i el le a e a

mining g e e f he nde g nd .

Am n f a e d ced in he mine ange f m a ickle a me b l
h le in he f e e al h nd ed gall n e min e a me fa l .
Wa e ma fl f m me di cha ge in f nl a fe da and f m he
f he life f he mine, de ending n he am n ed in he ck and he
deg ee f h d a lic c nnec i n ce f echa ge .

Wilbe g Mine .--In N embe 1979, a e d c i n in he Wilbe g Mine
a e ima ed a ab 450 gall n e min e . M f he a e a en e ing
he mine a he king face , h gh b l h le in he f a h n in

fig e 14, and h gh f ac e in he mined c al eam in lde king .
S me a e a al fl ing f m he mine fl a he Plea an Valle Fa l
and f m an aband ned e h le, (D-17-7)28aad-1, d illed f m he f Ea
M n ain . Wa e a di cha ged f m he mine in G ime Wa h .

A e h le, (D-17-7)27bbc-1, a d illed in he fl f he mine
a de h f 150 fee . Pe i dic mea emen d ing he mme f 1979 indica ed
a c n an a e le el f 21 fee bel he mine fl a an al i de f ab
7,610 fee . De a e ing f, he S a P in -Blackha k a ife b he mining

e a i n babl ha l e ed he en i me ic face hi al i de,
b he a eal e en f he l e ing i nkn n .
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Fig e 14 .--Wa e en e ing he Wilbe g Mine h gh
a b l h le in he and ne f .

Dee C eek Mine .--Wa e d c i n in he Dee C eek Mine a e ima ed
be ab 160 gall n e min e d ing he fi fe m n h f 1980 . M

a e a en e ing he mine al ng he Plea an Valle Fa l , al h gh me
al en e ed h gh b l h le in he f and an aband ned e h le, (D-17-
7)16cdd-1, in e ce ed b he mine . Di cha ge f m he mine all inc ea e

b an iall d ing he ing f each ea (D . Ca e, Ame ican C al C ., al
c mm n ., J ne 1979), indica ing a id g nd- a e echa ge f m n mel .
Wa e f m he mine a ed a he H n ing n P e Plan .

King Mine .--De a e ing f he King Mine a he la ge manmade
di cha ge f g nd a e in he d a ea d ing 1979 . M ch f he a e
en e he mine a he Bea Can n Fa l . Rec d f m a c n in -di cha ge
ec de ha a in alled n a ei in he mine indica e ha ab 140
gall n e min e c n in l en e ed he mine a (D-15-7)24cab al ng he
Bea Can n Fa l d ing Ma 9 Oc be 11, 1979 . The al i de f he mine
fl a hi in i ab 8,185 fee ab e ea le el .

Wa e i di cha ged f m he King Mine h gh an aband ned al a
(D-16-8)8dda . S me f he di cha ge en e Ceda C eek and me i di e ed
h gh a i eline f e in he c mm ni f Hia a ha . Re ed di cha ge

f m he al be een 1975 and 1978 i h n in fig e 15 . Di cha ge f m
he al anged f m ab 350 1,100 gall n e min e d ing hi
e i d, and he eak di cha ge e e gene all d ing he ing . The l e

di cha ge d ing he fi a f 1977 i a ib ed abn mall l
eci i a i n, hich i indica ed b he l A il 1, 1977 a e c n en f

n ack (fig . 6) .
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Fig e 15 .- Re ed di cha ge f m an aband ned al f he King Mine
a (D-16-8)8dda,- A g 1975 A g 1978 . (B b Eccli, Uni ed
S a e F el C ., i en c mm n ., 1978 .)

Wa e le el e e a ailable f m h ee in in he king f he
King Mine : A fl ing e h le (D-15-7)24cdd-1, a e eme ging f m he fl
a (D-15-7)24cab, and a d ill h le in he fl f he mine a (D-15-
8)19bcb-1 . Re ec i e al i de f he a e le el e e 8,142 fee , 8,185
fee (b h in Se embe 1978), and 8,120 fee (in Oc be 1979) . The e da a
indica e l cal g nd- a e m emen he ea . In he icini f he King
Mine he g nd a e babl m e a d he aband ned al a (D-16-
8)8dda hich a ini iall ened in 1908 . All a e enc n e ed in he mine
i di ec ed he l e in (al i de ab 7,800 fee ) f m he e i i
di cha ged f m he mine .

The a e le el in he e h le a (D-15-8)19bcb-1 a 135 fee bel
he mine fl . Thi i babl beca e he en i me ic face in he
icini f he e h le ha been l e ed b : (1) de a e ing f mine king

in dee e mined- 'c al eam , ch a he Hia a ha eam, and (2) de a e ing
f he mine king d ndi in he c al eam e en l being mined . The l e

(Hia a ha) eam (al i de ab 8,100-8,140 fee ), ab a a e f mile
hea f he e -h le, ha been T ned f e e al ea .



Chemical ali fg nd a e

Chemical anal e f a e am le f m ab 140 ing a e h n in
able 10 . Field de e mina i n f H, em e a e, ecific c nd c ance, and

alkalini f he ing a e a e li ed in able 9 . Di l ed- lid
c ncen a i n anged f m 50 750 mg/L . Al h gh n a e am le e e
anal ed f all chemical c n i en , n c n i en e e f nd in c n-
cen a i n ha e ceeded ec mmended d inking- a e anda d (U .S .
En i nmen al P ec i n Agenc , 1976) . The ed minan di l ed chemical
c n i en in m ing a e e e calci m and bica b na e . C ncen-

a i n f magne i m, c mm nl e e ab ne-half he c ncen a i n f
calci m . In he n he n a f he d a ea, c ncen a i n f di l ed
di m gene all e e le han 10 mg/L in a e f m ing . The di m

c ncen a i n in ing a e ended inc ea e he h, and a e
f m ne ing n T ail M n ain c n ained 94 mg/L f di m . C ncen a i n
f lfa e gene all e e le han 40 mg/L, b lfa e c ncen a i n e e

icall highe in a e f m ing ha i e f m S a P in -Blackha k
a ife bel c al eam . The a eal a iabili in he, chemical ali f

ing a e h gh he d a ea i h n n la e 2 .

calci m and bica b na e ; in he Wilbe g Mine, he al e e d e
ignifican inc ea e 'in he c ncen a i n f magne i m and lfa e .

The a e n f inc ea ing di l ed lid in a e en e ing he Wilbe g
and Dee C eek Mine babl eflec diffe ence in he ime ha he a e
ha been held in an ien age ; i al ma indica e n h h
m emen f g nd a e nea he mine ; h e e , en i me ic- face da a
a e n a ailable de e mine he na al ( mining ind ced) di ec i n f
g nd- a e m emen in hi a ea .
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The chemical cha ac e i ic f ing a e f m diffe en ge l gic
ni in he d a ea a e mma i ed in able 4 .

	

C ncen a i n f
di l ed chemical c n i en in g nd a e a e de enden n he .chemical
c m i i n f he ck h gh hich he a e a e , he fl a h
f ll ed, and ime in age be een he echa ge and di cha ge a ea .
Beca e li h l gie f m ge l gic ni change in h di ance and
beca e f he c m le i f he g nd- a e em he e me a e ma m e
a idl h gh f ac e and he a e m e m ch m e l l h gh he

e ace be een and g ain , he c ncen a i n f maj di l ed
chemical c n i en in a e f m each ge l gic ni i highl a iable .
Beca e f hi high a iabili , e l f a i ical e indica e ha
he chemi f he g nd- a e am le , a n ni e an ne ge l gic
ni , a lea e a la ge a ea .

Se e al a e am le ' e e c llec ed f m he S a P in -Blackha k
a ife in he Wilbe g and Dee C eek Mine d ing 1978 and 1979 . Chemical
anal e f he e am le , a ell a anal e f a e f m he King and
T ail M n ain Mine and f ell a e , a e li ed in able 11 .

The ali f g nd a e en e ing he Wilbe g and Dee C eek Mine
d ing 1978-79 i h n in fig e 16 . In he Wilbe g Mine, c al i mined f m
he Hia a ha eam a he ba e f he Blackha k F ma i n ; in he Dee C eek
Mine, c al i mined f m he Blind Can n eam hich a e age ab 70 fee
ab e he ba e f he Blackha k . In b h mine , a h n in fig e 16, he
di l ed- lid c ncen a i n f g nd a e en e ing he mine gene all
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inc ea ed f m he n h he h .

	

In he Dee C eek Mine, inc ea ed
di l ed- lid c ncen a i n mainl e e d e inc ea ed c ncen a i n f



Table 4.-S mma f chemical cha ac e i ic f ing a e f m diffe en a e -hea ing ne
in and adjacen he e d ainage f H n ing n and C n d C eek
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Millig am e li e

N . Sam le

H
( ni )

51

Tem e -
a e
(°C)

51

Di l ed
calci m

51

Di l ed Di l ed Di l ed
magne i m di m a i m

Di l ed
chl ide

51

Di l ed
lfa e

51

Di l ed
lid

43

Bica b na e

51

N h H n F ma i n

51

	

51 51
Mean 7.5 6 .3 61 29

	

19 .9 9.8 32 290 320
Minim m 6.3 .1 15 2.0

	

1 .2 .2 1 .2 2.1 63 49
Ma im m 8.5 17.0 100 63 94 1 .9 54 180 633 500
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HYDROLOGIC EFFECTS OF COAL MINING

The effec f nde g nd c al mining n he a e e ce f he
d a ea mainl a e de enden n he am n f mine de a e ing and he

magni de and a eal e en f mine- ela ed land b idence . Inc ea ed
edimen ield f m he mine face facili ie ( ad , a king l , and

c al- ck ile a ea ) i a en ial im ac n face- a e ali , b hi
can be minimi ed i h e c n c i n, d ainage, and main enance ech-
ni e .

P edic i n n he effec f mine de a e ing a e diffic l an if
i h c en nde anding f he g nd- a e em . A ife cha ac e -

i ic , h d a lic c nnec i n be een a e -bea ing ne , and di ec i n f
g nd- a e m emen a e n ade a el defined . M ch can be lea ned f m
hi ie f a e d c i n in e i ing mine b , in m ca e , e en hi
i l d c men ed . The ali f g nd a e ha ill be enc n e ed
d ing f e mining can be edic ed i h me deg ee f acc ac ba ed n
a ailable chemical anal e f ing a e in he a ea .

Li le de ec able land b idence had cc ed in he d a ea h gh
1979 . Thi babl i d e e e al fac incl ding he alm e cl i e

e f he f ing m-and- illa mining em, and he hickne
and c m e enc f e b den . D ing 1979, ne ec i n f c al in he Dee
C eek' Mine a being mined ing he l ng- all me h d . Thi me h d ca e he

f f he mine immedia el c lla e behind he mining machine . I all
ec e f c al ha ld be lef f f b m-and- illa

mining, b he me h d c ld ibl ind ce m e land b idence .

Effec n g nd a e

Thei (1957, . 3) in ha a e di cha ged f m a ell m be
balanced b an inc ea e in echa ge he g nd- a e em, b a dec ea e
in na al di cha ge f m he em, b a dec ea e f g nd a e in -
age, b a c mbina i n f all f he e . Wa e di cha ged f m nde g nd
mine d ce he ame change in he g nd- a e em a d ell . In
he f ll ing di c i n, Thei ' e lana i n i ed de c ibe he ible

change in he g nd- a e em ha ma e l f m em ing a e f m
he S a P in -Blackha k a ife b de a e ing nde g nd mine . The

anal i i c m lica ed me ha b he ibili f b idence and
a cia ed ck f ac ing, hich c ld ca e an inc ea e in he h d a lic
c nnec i n be een he a ife and e l ing a e -bea ing ne .

'G nd a e in age in he S a P in -Blackha k a ife ha
dec ea ed a nd all a e - d cing mine in he d a ea a indica ed b
he dimin i n f g nd- a e fl in he lde king f ac i e mine .

Hi ic a e -le el da a f m b e a i n ell , h e e , a e n a ailable
define he e en and deg ee f he de le i n .
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Whe e b idence ha n been e en i e and he e a e -bea ing ne
ha e lie he S a P in -Blackha k a ife a e e ched, i i nlikel ha

mine de a e ing ind ce g ea e echa ge he g nd- a e em . Nei he
i i likel nde he e c ndi i n ha he fl f ing ha i e f m
he e ched ne he a e f na al d n a d leakage in he S a P in -

Blackha k a ife a e affec ed b mine de a e ing . H e e , na al echa ge
and di cha ge ela i n hi can change if h d a lic c nnec i n be een he
e ched ne and he S a P in -Blackha k a ife i inc ea ed b f ac ing

d e b idence .

If he e a e a e -bea ing ne ab e he S a P in -Blackha k a ife
ha a e n e ched, hen mine de a e ing f he a ife and he a cia ed

l e ing f head in he a ife ill ind ce addi i nal d n a d leakage f m
e l ing ne . The inc ea ed d n a d leakage in he S a P in -Blackha k

a ife ill in n be balanced b change in echa ge, di cha ge, and ( )
a e in age in he a ife and in he e l ing a e -bea ing ne . All
f he change he g nd- a e em bec me la ge if h d a lic

c nnec i n i inc ea ed b b idence .

Effec n face a e

De a e ing f nde g nd mine h gh 1979 babl ha had nl a
min im ac n he an i and ali f face a e in he d a ea .
Whe e b idence ha n been e en i e, i i nlikel ha n mel n ff
ha been affec ed. H e e , change in he na al g nd- a e fl em
b gh ab b mine de a e ing ma ha e changed he ba e fl f me

eam . In me ca e he fl f eam ma ha e been inc ea ed, and in
he i ma ha e dec ea ed . F e am le, de a e ing f he King Mine
babl di e g nd a e in he d ainage f Ceda C eek ha n mall
ld en e H n ing n C eek, h ed cing he ba e fl f H n ing n C eek .

S eamfl in G ime Wa h d n eam f m he Wilbe g Mine nd b edl al i
inc ea ed b di cha ge f m he mine . Thi ma al e l in me ed c i n
f ba e fl in H n ing n C eek .

Na al g nd- a e di cha ge ab e he H n ing n C eek gaging a i n
ma be a med be he a e age 1911-72 N embe di cha ge ab 30 c bic
fee e ec nd. Limi ed mine di cha ge da a f m he h ee la ge a e -

d cing mine (King, Wilbe g, and Dee C eek Mine ) indica e ha c mbined
di cha ge f m h e mine ma a ach 3 c bic fee e ec nd ab 10
e cen f he na al g nd- a e di cha ge . H e e , a men i ned ea lie ,

m ch f he mine di cha ge i babl a de le i n f g nd- a e age,
and i al ma be an in e i n f g nd a e m ing f he ba in .
The ef e, a 10- e cen de le i n f na al g nd- a e di cha ge b
e i ing mine ma be ed a he e limi f he c en effec f mining
n he di cha ge f H n ing n C eek .

Chemical anal e f mine a e ( able 11) indica e ha he a e f
e chemical ali d ing m e i d f he ea han face a e in

he mine a ea . The im ac n face.- a e ali , h e e , i diffic l
a e beca e i i n kn n he e h m ch f he a e di cha ged f m
mine ld na all ha e been di cha ged b ing and ee .
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NEEDED STUDIES AND MONITORING

T f ll a e h d l gic im ac h gh a mined ba in,
c m ehen i e die a e needed define a ife cha ac e i ic , en i -
me ic face , di ec i n f g nd- a e m emen , h d a lic c nnec i n
be een a e -bea ing ne , and echa ge-di cha ge ela i n hi . M ni ing
f a e le el in e l c n c ed b e a i n ell ha each a a
ingle a e -bea ing ne i needed nea e i ing mine and in a ea ed

f mining . A de ailed d f he a and e en cc ence and ali
f a e in nde g nd mine al i needed .

C n in ed m ni ing f di cha ge and a e ali a he f
Ge l gical S e gaging a i n in he d a ea h ld be ef l in
de ec ing maj change ha ma cc in he f e, a ic la l in he
d ainage f Tie F k and C andall Can n (ba in n e en i el mined a f
1979) . Min change in face- a e ali babl can be de ec ed and

an ified nl i h m ni ing f mine di cha ge .

A a f he Ge l gical S e h d l gic m ni ing in he d
a ea, ba e-fl mea emen a e made a i e h gh he d ainage f
H n ing n and C n d C eek (Line and Plan , 1981, fig . 23, 26) . If
change in na al g nd- a e di cha ge ca ed b mine de a e ing e e
g ea en gh, he ba e-fl mea emen ld indica e he gene al a ea ha
had been im ac ed ; b he dimin i n f fl f indi id al ing c ld n
be an ified in m ca e .

Di cha ge- ece i n c e c ld be ed de ec nna al change
in he fl f me ing . The magni de and d a i n f ing di cha ge
i c n lled b he h ical cha ac e i ic f he a e -bea ing ne

ing he fl . The magni de f ing di cha ge i de enden di ec l
n e meabili and h d a lic head in he a ife ; he d a i n f ing
di cha ge ( he di cha ge ece i n) i ela ed di ec l age in he
a ife . Beca e he h ical cha ac e i ic f an a ife n mall d n
change, a ni e ing di cha ge h ld cc f each le el f head .
M e e , a a e d ain f m he a ife , he di cha ge- ece i n c e
h ld be imila ( h ld be a allel) f m ea ea f imila ange in

di cha ge if he h ical cha ac e i ic f he a ife emain nchanged .

Ca e h ld be aken in elec ing ing f m ni ing . The
di cha ge- ece i n c e f ing ha a e ed b m e han ne
a e -bea ing ne ma n be imila f m ea ea beca e f n nc n-

f mi f echa ge he diffe en ne f m ea ea . Al , algae and
lan c ld cl g he l mbing in de el ed ing , e l ing in an
nna al change in fl cha ac e i ic . Ideall , he m ni ing f ing

di cha ge h ld be in c nj nc i n i h a e -le el m ni ing in b e a i n
ell , in de de ec echa ge ha ma cc d ing he n mal ece i n
e i d ha ld al e he ece i n c e .

Pe i dic am ling f ben hic in e eb a e d n eam f m mine a ea
c ld be ed de ec h - e m l g f ll an ha ma en e eam .
Sam le c llec ed h fa in he d a ea indica e ha he e a a fai l
la ge a ia i n in di e i f gani m a a gi en i e, b h f m ne
ea n he ne and i hin he ame ea n in diffe en ea . Addi i nal
am le a e needed ade a el d c men na al a ia i n ha cc in he

ben hic-in e eb a e la i n . F e change hen can be acc a el e al -
a ed .
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Change in a e - ali a ame e e l ing f m mining ac i i ie ,
ch`a change in H, di l ed lid , and ace me al , ha e been h n

affec ben hic in e eb a e (F lle and he , 1978 ; He ick and Cai n ,
1973) . Unna al change in he ben hic-in e eb a e la i n ma be
manife b change in di e i inde , n mbe f ecie , n mbe f
indi id al gani m , he e ence ab ence f a a ic la ecie .
Inc ea e in he c ncen a i n f ganic ma e and edimen al affec
ben hic in e eb a e . Membe f he de E heme e a (ma flie ),
Plec e a ( neflie ), and T ic e a (caddi flie ) a e e eciall -
ce ible damage f m inc ea ed edimen .

CONCLUSIONS

Ann al di cha ge and he ba e fl f H n ing n C eek c ela e ell
i h a e c n en f he ing n ack . The e a e la ge diffe ence in he

ann al di cha ge f eam e ni a ea f d ainage a he e a e la ge
diffe ence in ann al eci i a i n h gh he d a ea. H e e ,
nlike he H n ing n C eek ba in he e ab 30 e cen f he eci i a i n
lea e he ba in a eamfl , nl ab 2 e cen lef he C n d C eek
ba in a eamfl d ing he 1979 a e ea . Diffe ence in he a i f
ann al di cha ge eci i a i n a e a ib ed mainl diffe ence in
e a a i n and blima i n f he n ack . H e e , in me a ea , ch a
in Tie F k Can n and in he C n d C eek d ainage, ignifican an-
i ie f a e al babl lea e he ba in b b face m emen f a e

mainl al ng fa l .

S face a e in he d a ea a f g d chemical ali d ing
1977-79, and n anal ed chemical c n i en e e e en in c ncen a i n
ha e ceeded d inking- a e anda d (U .S . En i nmen al P ec i n Agenc ,
1976) . The maj di l ed chemical c n i en in m face a e e e
calci m and bica b na e, and di l ed- lid c ncen a i n a el e ceeded
500 mg/L .

G nd a e cc in a n mbe f a e -bea ing ne in he d
a ea . The S a P in Sand ne and l e a f he Blackha k F ma i n a e
a a ed in m a ea and c m i e he a ife ha ield a e
nde g nd c al mine in he a ea . Wa e -bea ing ne ha e lie he S a

P in -Blackha k a ife a e babl e ched in man a ea , b hi i n
kn n f ce ain .

Sn mel i he ce f m g nd- a e echa ge. M ch f he
echa ge he g nd- a e em i di cha ged b ing ha i e f m
a e -bea ing ne ab e he S a P in -Blackha k a ife cl e he
iginal echa ge a ea . M a e m e h gh he g nd- a e em

fai l a idl h gh f ac e in fa l ed a ea , and m f he ing
i h he la ge di cha ge i e f m he S a P in -Blackha k a ife al ng

fa l . The fa l al di cha ge la ge an i ie f a e in nde g nd
mine .

Di l ed- lid c ncen a i n in a e f m ab 140 ing in he
d a ea anged f m 50 750 mg/L . The ed minan di l ed chemical

c n i en in m ing a e e e calci m and bica b na e, and he
chemical cha ac e i ic f a e f c :' ' he diffe en a e -bea ing ne

all e e e imila .
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De a e ing f nde g nd c al mine a he la ge manmade di cha ge
f m he S a P in -Blackha k a ife in he d a ea d ing 1979 . The e
ha been me de le i n f age in he a ife a nd a e - d cing
mine , b a e -le el da a a e n a ailable define he e en f he
de le i n . O he ible im ac n he g nd- a e em d e mine
de a e ing incl de he dimin i n f ing fl ha l he ba e fl
f eam and e ha inc ea e in g nd- a e echa ge . B h f he e

im ac a e m e likel cc in a ea ab e he mine affec ed b
f ac ing d e b idence .

Mine a e gene all a e f e chemical ali han eam a e
in he mine a ea d ing m e i d f he ea . The deg ee f deg ada i n
f he ali f eamfl ing mining cann be an ified, h e e ,

beca e i i n kn n h m ch he e he mine a e ld ha e been
di cha ged na all b ing . I i nlikel ha mine de a e ing in he

d a ea ha had an ad e e effec n he chemical ali f he g nd
a e .

T f ll a e he h d l gic im ac f nde g nd mining, c m e-
hen i e die f he g nd- a e em a e needed'in c nj nc i n i h
m ni ing f he an i and ali f b h face and mine-di cha ge
a e . M ni ing he di cha ge f indi id al ing de el di cha ge-
ece i n c e , in c nj nc i n i h a e -le el m ni ing in e l

c n c ed b e a i n ell , i needed de ec ible nna al change
in he g nd- a e em and an if nna al change in ing
di cha ge . Ben hic in e eb a e , g d indica f he "heal h" f a

eam, h ld be m ni ed de ec ible ll an ha ma en e
eam .

REFERENCES CITED

Chi im, J . L ., and D n , S . C ., 1978, S e and ec e f a a ic
gani m a ela ed high a c n c i n al ng T le C eek, B ne

C n , We Vi ginia :. U .S . Ge l gical S e Wa e -S l Pa e 2055,
40 .

C aig, H ., 1961, I ic a ia i n in .me e ic a e : Science, . 133, .
1702-1703 .

C mmin , K . W., 1973, T hic ela i n hi f a a ic in ec : Ann al Re ie
f En m l g , . 18, . 183-206 .

Da i , F . D ., and D elling, H . H ., 1977, C al d illing a T ail M n ain,
N h H n M n ain, and J hn Peak a ea , Wa a ch Pla ea , U ah : U ah
Ge l gical and Mine al S e B lle in 112, 90 .

F lle , R . H ., Sha , J . M., Fe ei a, R . F ., and H ffman, R . J ., 1978, An
e al a i n ff blem a i ing f m acid mine d ainage in he icini
f Sha a Lake, Sha a C n , Calif nia: U.S . Ge l gical S e

Wa e -Re ce In e iga i n 78-32, 39 .

G ee n, P . E . chm . , and he , 1977, Me h d f c llec i n and anal i
f a a ic bi l gical and mic bi l gical am le : U.S . Ge l gical

S e Techni e f Wa e -Re ce In e iga i n , B k 5, Cha e A4,
332 .

4 1

i



He ick , E . C ., and Cai n , J hn, J ., 1973, Rehabili a i n f eam
ecei ing acid mine d ainage : Vi ginia Wa e Re ce Re ea ch Cen e

B lle in 66, 281 .

He e , F . E ., and Dend , J . S ., 1962, A m l i le la e am le f a a ic
mac in e eb a e : T an ac i n f he Ame ican Fi he ie S cie , .
91, . 420-421 .

K eb , C . J ., 1972, Ec l g , he e e imen al anal i f di ib i n and
ab ndance : Ne Y k, Ha e and R , 6924 .

Line , G . C ., and M i e , D . J ., 1981, H d l g f he Fe n and ne
a ife and effec f ed face-c al mining in Ca le Valle ,
U ah, i h a_ ec i n n S a ig a h b T . A . R e and a_ ec i n n
Leaching f e b den b R . H . F lle : U .S . Ge l gical S e O en-
File Re 81-535, 108 . ( be d lica ed a U .S . Ge l gical S e
Wa e -S l Pa e 2195) .

Line , G . C ., and Plan , G . G ., 1981, H d l gic m ni ing in he c al,
field f cen al U ah, A g 1978-Se embe 1979 : U .S . Ge l gical
S e Wa e -Re ce In e iga i n 81-138, 56 .

L hman, S . W., and he , 1972, Defini i n f elec ed g nd- a e e m --
e i i n and c nce al efinemen : U .S . Ge l gical S e Wa e -

S l Pa e 1988, 21 .

M nd ff, J . C ., and Th m n, K . R ., 1980, Rec nnai ance f he ali f
face a e in he San Rafael Ri e ba in, U ah: U .S . Ge l gical

S e O en-File Re 80-571, 52 . ( be d lica ed a U ah
De a men f Na al Re ce and Ene g Technical P blica i n 72) .

Pa ick, R h, 1949, A ed bi l gical mea e f eam c ndi i n ba ed
n a e f he C ne ga Ba in, Lanca e C n , Penn l ania :
Academ f Na al Science P ceeding , . 101, . 277-3141 .

S ieke , E . M., 1931, The Wa a ch Pla ea c al field, U ah : U .S . Ge l gical
S e B lle in 819, 210 .

S ke , W. L ., ed ., 1961, Ge l gic ma f U ah : Uni e i f U ah, Sal Lake
Ci , cale 1 :250,000 .

S m i n, C . T ., 1979, Selec ed c al- ela ed g nd- a e da a, Wa a ch
Pla ea -B k Cliff a ea, U ah : U .S . Ge l gical S e O en-File Re
79-915 (d lica ed a U ah Ba ic-Da a Re 32), 25 .

Tha che , L . L ., Jan e , V . J ., and Ed a d , K . W ., 1977, Me h d f
de e mina i n f ' adi ac i e b ance in a e and fl ial edimen :
U .S . Ge l gical S e Techni e f Wa e -Re ce In e iga i n ,
B k 5, Cha e A5, 95 .

Thei , C . V ., 1957, The ce f a e de i ed f m ell , e en ial fac
c n lling he e n e f an a ife de el men : U .S . Ge l gical
S e G nd Wa e N e 314, 16 . ( bli hed in 19140 b Ame ican
S cie f Ci il Enginee ing in Ci •, .•. 1 Enginee ing, . 277-280) .

142



U. S . En i nmen al P ec i n Agenc , 1976, Na i nal in e im ima d inking
a e eg la i n : Wa hing n, U.S . G e nmen P in ing Office, 159 .

U .S . Ge l gical S e , 1954, C m ila i n f ec d f face a e f he
Uni ed S a e h gh Se embe 1950, Pa 9, C l ad Ri e Ba in :
U .S . Ge l gical S e Wa e -S l Pa e 1313, 749 .

	1964, C m ila i n f ec d f face a e f he Uni ed S a e ,
Oc be 1950 Se embe 1960, Pa 9, C l ad Ri e Ba in : U .S .
Ge l gical S e Wa e -S l Pa e 1733, 586 .

	1961-1975, Wa e e ce da a f U ah, Pa 1, face- a e ec d ,
a e ea 1960-74 .

	1976-80, Wa e e ce da a f U ah, a e ea 1975-79 : Wa e -Da a
Re UT-75-1 h gh UT-79-1 .

U .S . Wea he B ea ,

	

1963 , N mal ann al and Ma -Se embe eci i a i n
(1931-60) f he S a e f U ah : Ma f U ah, cale 1 :500,000 .

U ah Ge l gical and Mine al S e , 1979, Ma f land c n l and c al
e e e f he Wa a ch Pla ea C al Field and he Eme C al Field,
1979 : cale .1 :125,000 .

Waddell, K . M., C n a , P . K ., •S m i n, C . T ., and B le , J . R ., 1979,
H d l gic ec nnai ance f Wa a ch Pla ea -B k Cliff c al-field
a ea, - U ah : U.S . Ge l gical S e Wa e -S l Pa e 2068, 45 .

Waddell, K . M ., Vicke , H . L ., U n, R . T ., and C n a , P . K ., 1978,
Selec ed h d l gic da a, 1931-77, Wa a ch Pla ea -B k Cliff c al-
field a ea, U ah: U.S . Ge l gical S e O en-File Re 78-121
(d lica ed a U ah Ba ic-Da a Relea e 31), 33 .

Whale , B . L ., and L n, L . K ., 1979, S mma f n e mea emen
f U ah, 1924-79 : U .S . De a men f Ag ic l e, S il C n e a i n
Se ice, 321 .

4 3

I



44



Table 5.--S eamf l mea emen made d ing 1977-79 in he e d ainage f
H n ing n and C n d C eek

HUNTINGTON CREEK DRAINAGE

45

S eam Si e n .
( L 1)

Da e Di cha ge
(f 3/ )

S eam Si e n .
( 1.1)

Da e Di cha ge
(f 3/ )

Valen ine G lch 1 6-12-79 0.46 H n ing n C eek 21 10- 3-78 21
10- 4-78 20

H n ing n C eek 2 9-22-77 11 11- 9-78 18
2-16-78 6.9 8-29-79 24
9-27-78 19 8-30-79 25

10- 3-78 17
11- 9-78 15 S ing C eek 22 8-15-77 .25
8-28-79 20

Unnamed ib a
Lef F k f H n ing n
C eek 23 8-15-77 1 .8

H n ing n C eek 3 6-12-79 .81
Lake Can n 24 6-29-79 18

N h H ghe Can n 4 10- 4-78 .03
12-14-78 .17 D . 25. 10- 5-78 3.5
6-12-79 1 .8
10-30-79 .12 1 R lf n C eek 26 6-29-79 17

H n ing n C eek 5 9-22-79 12 D . 27 10- 5-78 1 .7

S h H ghe Can n 6 10- 4-78 .02 S ake Can n 28 6-26-79 16
12-14-78 .05
6-14-79 1.2 D . 29 10- 5-78 1 .1

10-30-79 .12 1
Mille Fla C eek 30 6-29-79 19

Fl d Can n 7 11- 9-78 .10
12-15.78 .10 D . 31 10- 5-78 5.1
6-12-79 1 .6

10-30-79 .061 Lef F k f H n ing n
C eek 32 9-22-77 4.9

H n ing n C eek 8 2-16-78 9.2
10- 3-78 19 Pa adi e C eek 33 6-26-79 4.5
10- 4-78 18
8-28-79 22 Lef F k f H n ing n 34 10- 6-78 14

C eek 8-30-79 39
Unnamed ib a
N ck W d a d Can n 9 9-19-79 .02 D . 35 8-30-79 39

N ck W d a d Can n 10 9-19-79 .07 -

	

D . 36 8-30-79 35

Sa mill Can n 11 9-19-79 .03 D . 37 9-22-77 8.2
10- 6-78 15

N ck W d a d Can n 12 9-19-79 .28
D . 38 8-30-79 42

Sec nd Can n 13 9-19-79 .01
D . 39 9-22-77 7.9

N ck W d a d Can n 14 9-19-79 .26 10- 3-78 14
11- 9-78 11

Fi Can n 15 9-19-79 .08 3- 7-79 7.9

N ck W d a d Can n 16 9- 4-79 .34 D . 40 6-12-79 113
9-19-79 .32 8-29-79 45

D . 17 9- 4-79 .35 8-30-79 38

D . 18 . 9- 4-79 .18 H n ing n C eek 41 6-22-77 36

D . 19 10- 4-78 .04 D . 42 6-22-77 36
6-12-79 3.8
9- 4-79 .05 H e Can n 43 10- 6-78 .1

6-12-79 3.4
P le Can n 20 10. 6-78 .04

6-12-79 .18 Blind Can n 44 10- 6-78 .1
10-30-79 .02' 6-14-79 2.7

10-30-79 .13 1



Table 5.--S eamfl mea emen made d ing 1977-79 in he e d ainage f
H n ing n and C n d C eek --C n in ed
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HUNTINGTON CREEK DRAINAGE-C n in ed

S eam Si e n .
( 1 . 1)

Da e Di cha ge
(f 3 / )

S eam Si e n .
( l . 1)

Da e Di cha ge
(f 3/ )

H n ing n C eek 45 6-23-77 37 Tie F k Can n 65 9- 5-79 .76
9-27-78 40 10-31-79 .59 1

10 -3-78 3 7
10- 4-78 36 D . 66 9- 6-79 .61 1
8-29-79 66 10-31-79 .42
8-29-79 63

D . 67 8-29-78 .51
C andall Can n 46 10-22-78 .07 (gaging 10- 3-78 .50

a i n 6-14-79 6.6
D . 47 4-26-78 .18 09317920) 8-29-79 .65

10-22-78 .20 9- 5-79 .69
9- 4-79 .28 10-31-79 .531
8-11-78 .20

Li le Bea Can n 70 10-13-78 .24
D . 48 4-26-78 .68 10-30-79 .24

10-22-78 .09 .
11- 8-78 .11 H n ing n C eek 71 6-23-77 34
9- 4-79 .14 10 -3-78 36

10- 4-78 36
D . 49 11- 8-78 .31 8-30-79 65

9- 4-79 .54
Mill F k Can n 72 10-12-78 .03

D . 50 9- 4-79 . .65
D . 73 10-12-78 .02

D . 51 4-26-78 1.60
(gaging 10- 3-78 .49 D . 74 10-12-78 .01
a i n 10-22-78 .46 D . 75 10-12-78 D

09317919) 6-14-79 10
8-29-79 .75 D . 76 10- 6-78 D
9- 4-79 .77 7-19-79 .14 - ~-""

10-16-79 .04
H n ing n C eek 52 6-22-77 39

H n ing n C eek 77 10-31-79 82 1
Tie F k Can n 53 9- 5-79 .06 11- 1-79 341

D . 54 9. 5-79 .02 Rilda Can n 78 10- 6-78 .1
6-14-79 5 .3

D . 55 9- 5-79 .08 10-30-79 .19 1

Unnamed ib a T ail Can n 79 11- 9-78 .03
Tie F k Can n 56 9- 5-79 .10 6-14-79 .48

10-30-79 .05 1
Tie F k Can n 57 9- 5-79 .15

H n ing n C eek 80 6-23-77 37
D . 58 9- 5-79 .06

Bea C eek 81 8-10-78 .09
D . 59 8-29-78 .32 10 25-78 .08

9- 5-79 .29 11- 8-78 .06
12-13-78 .04

D . 60 9- 5-79 .51 6-27-79 .34
7-16-79 .21

Wild Ca le H ll 61 8-29-78 .07 10-30-79 .05 1
11- 8-78 .08
12-13-78 .14 H n ing n C eek 82 2-16-78 26
9- 5-79 .14 10- 3-78 38

10- 4-78 39
Tie F k Can n 62 9- 5-79 .64 8-30-79 68

10-31-79 .58 1 11- 1-79 35

D . 63 9- 5-79 .57 Mee ingh e Can n 83 6-14-79 3.0

D . 64 9- 5-79 .76 D . 84 10- 6-78 D
10-31-79 .43 1



Table 5.--S eamfl mea emen made d ing 1977-79 in he e d ainage f
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'Acc ac f he mea emen ma be affec ed b ice c ndi i n .

47

S eam Si e n .
( 1 . 1)

Da e

	

Di cha ge
(f 3/ )

S eam Si e n .
( . 1)

Da e Di cha ge
(f 3/ )

Dee C eek 85 8-26-79 0 .07 H n ing n C eek 88
(gaging

8-30-79 66

D . 86 8-26-79 .13 a i n
09318000)

D . 87 6-14-79 1 .9
Fi h C eek 89 8-10-79 .18

D . 90 6-14-79 2.5

COTTONWOOD CREEK DRAINAGE

Ma in Can n 91 6-13-79 .11 C n d C eek 100 6- 1-78 1 .2
9-20-79 .02 9- 6-78 .34

6-13-79 2.5
Wink Can n 92 6-13-79 .09 8-28-79 .46

Mill Can n 93 6-13-79 .62 R an Can n 101 6- 1-78 3 .4
9-20-79 .01 6-13-79 .73

8-28-79 .04
Dai Can n 94 6-13-79 .48

9-20-79 .02 C n d C eek 102 4-27-78 .43
6- 1-78 4.7

Mee ingh e Can n 95 6-13-79 .03 9- 6-78 .34
9-20-79 .01 8-28-79 .50

Unnamed ib a D . 104 . 9- 6-78 .35
C n d C eek 96 6-13-79 .03 (gaging 6-13-79 3.3

a i n 8-28-79 .51
T ail Can n 97 6-13-79 .08 09324200)

9-20-79 .01
D . 105 8-28-79 .58

C n d C eek 98 9- 6-78 D
6-13-79 2.0 G ime Wa h 106 8-26-79 .02
8-28-79 .07

D . 107 8-26-79 .03
D . 99 9- 6-78 .08

8-28-79 .19



C ncen a i n : in millig am e li e , nle he i e indica ed ; < , le han .
Si e N .: Sh n n la e 1 .
Di cha ge : Mea ed e ce E, e ima ed.
S ecific c nd c ance: In mic mh e cen ime e a 25 deg ee Cel i .
O he da a a ailable : SOS, emi an i a i e de e mina i n f ace elemen e ed in able 12 .

Table 6.-Chemical anal e f elec ed

4 8

S eam Si e N . Da e Tem e a e

	

Di cha ge

	

Alkalini
(deg ee C)

	

(f / )

	

(a CaC03)
Bica b na e

Di l ed
b n
()jg/L)

Di l ed
calci m Ca b na e

Di l ed
chl ide

Di l ed
fl ide

H n ing n C eek 21 8-15.77 15 .0 16 140 200 10 49 0 2 .5 0 .1
6- 6-78 5 .5 45 160 190 20 49 0 2 .9 .1

S ing C eek 22 8. 15-77 15 .0 0 .25 110 140 20 38 0 2 .9 .1
6- 6 .78 4 .5 25 .0 130 160 10 45 0 2 .9 .1

Lef F k f H n ing n C eek 23 8-15 .77 19 .5 1 .8 110 130 40 50 0 3 .5 .1
Lake Can n 24 8-15.77 15 .0 1 .6 160 200 20 57 0 2.1 .1
Lef F k f H n ing n C eek 34 10.12-77 4 .0 BE 170 210 5 54 1 2.3 .1

7-28-78 16 .1 - 130 160 20 45 1 1 .7 .1
10.17.78 3 .4 10E 190 - 20 49 2.1 .1
7-18-79 8.0 70 130 - 30 40 1 .7 .1
10.15.79 11 .0 45E 131 160 20 36 1 .5 .1

39 10.12.77 5.6 10E 200 240 10 55 1 2.8 .1
7-26-78 - - 140 170 10 44 0 1 .7 .1

10 .17-78 4.7 12E 180 - 20 50 2.8 .1
7-19-79 7 .5 80 140 - 40 41 1 .8 .1

10-15-79 10.0 45E 146 178 20 38 1.7 .1

H n ing n C eek 41 7-26-78 18.5 - 140 170 30 47 0 2.6 .1
10-17-78 5 .5 30E 180 - 30 51 3 .4 .1
7-19-79 7 .5 100 140 - 20 43 - 2 .2 .1

10.15.79 9.5 65 153 186 20 41 2 .1 .1

C andall Can n 51 10-12.77 3 .0 1 .0E 220 270 30 59 1 7 .6 .2
(gaging a i n 09317919) 7-26-78 18 .2 - 190 230 20 54 0 3 .8 .1

10-18-78 4 .9 .7E 230 - 30 53 4 .7 .1
7-19-79 9 .5 1 .9 200 - 40 48 4 .4 .1

10-15-79 6 .0 .54 - 288 20 54 - 4 .7 .1

Wild Ca le H ll 61 10-13-77 7 .5 70E 200 240 10 67 0 5.0 .1
7-27-78 10.1 - 210 250 20 60 0 5.5 .1

10.17 .78 6 .0 .1 E 250 - 50 64 5.2 .1
7-19-79 9.0 1 .5 210 - 30 48 4.1 .1
10-15-79 8.0 .25 249 303 20 62 4.8 .1

Tie F k (gaging 67 10-13-77 6.3 .43 190 230 30 63 1 4.4 .1
a i n 09317920) 6- 9-78 5.3 8.8 - - - 68 3.6 . -

7.26.78 16.3 - 200 240 20 53 4.4 .1
10-17-78 6.4 50E 250 - 30 64 - 4 .6 .1
7-19-79 12.5 1 .8 200 - 50 49 4 .3 .1

10-15-79 8.0 .51 - 302 20 58 4 .5 .1

H n ing n C eek 68 7-27-78 16.1 420 150 170 20 47 4 2.2 .1
10-18-78 6.0 30E 180 - 30 51 3 .2 .1
7-19-79 12.0 105 150 - 30 51 2 .4 .1

10.15.79 9 .5 70E 156 190 30 42 2 .3 .1

69 7-27-78 15 .8 - 150 180 20 46 0 2.1 .1
10-18-78 5 .7 30E 190 - 30 53 3 .0 .1
7-19-79 11 .5 110 140 - 20 40 2.1 .1

10-16-79 6 .5 70E 159 194 20 44 2.2 .1

Li le Bea Can n 70 7-27-78 15 .5 - 230 280 30 54 0 5.6 .1
10-18-78 7 .1 .5E 190 230 40 65 6.3 .2
7-19-79 13 .5 1 .0 240 - 40 47 6.5 .1
10.16.79 5.0 .75 276 337 30 58 6 .2 .1

H n ing n C eek 71 7-27-78 17.6 - 140 170 20 49 0 4 .7 .1
10-18-78 5.6 30E 180 - 20 52 3 .1 .1
7-19-79 13.5 110 140 50 40 2 .2 .1
10-16-79 7.0 70E 160 195 20 43 2 .3 .1

Mill F k 76 7-27-78 18.2 '"' 96 - 0 . 14 250 300 30 53 0 7 .9 .1
7-19-79 14.5 144 250 60 46 9 .4 .2

10-16-79 6 .0 .04 295 360 40 58 10 .1

H n ing n C eek 77 7-28-78 13.2 - 150 180 20 49 0 2.5 .1
10-18-78 5 .7 30E 160 30 50 4.6 .1
7-19-79 14 .0 110 140 50 40 2.3 .1

10-16-79 8 .0 75E 157 191 20 44 2.4 .1

Rilda Can n 78 7-15-76 12 .0 .50 279 340 40 62 11 .2
7-26-78 15 .2 - 230 280 40 59 0 6.6 .1

10-18-78 6 .4 .35E 360 - 80 73 - 8.6 .2
7-18-79 11 .5 2 .0 170 - 60 50 7 .6 .2
10-16-79 7 .0 < 1 .0 336 410 50 75 10 .2

H n ing n C eek 80 8-15-77 17 .0 25 160 200 30 43 0 3 .8 .1
6- 6-78 6 .0 360 150 180 10 50 0 2 .7 .1

Mee inah e Can n 84 8- 6-79 18.5 .21 180 50 39 12 5 .8 .2
Dee C eek 86 8-26-79 8.6 .26 270 110 110 7 .2 .2

87 7-28-78 15.2 - 210 260 60 55 0 22 .7
7-18-79 17.0 1 .0 230 0 120 65 16 .2

H n ing n C eek Igaging 88 6- 9-77 15.0 - 160 190 30 55 0 3 .9 .1
a i n 09318000) 8 .15.77 19.0 13 170 210 40 57 0 15 .2

6- 6-78 6.5 360 160 190 20 51 0 9.1 .1
11-14-78 2.5 16 210 250 50 60 0 6.8 .1
6-13-79 13 .0 216 140 20 52 2 3.3 .2

11-11-79 0 19 250 20 59 0 4 .4 .1

C n d C eek 103 10.13 .77 2 .8 1 .0E 180 210 30 66 7 7 .6 .1
7-27-78 10 .0 - 220 270 30 57 0 8 .2 .1

10.19-78 4 .7 .28 284 - 40 59 - 8 .6 .1
7 . 18-79 14 .0 .97 240 - 60 47 9 .9 .2

10-16 .79 5 .0 - 287 350 30 60 9 .4 .1

C n d C eek (gaging 104 10-13-77 2 .3 1 .0E 220 260 30 56 1 7 .8 .1
a i n 03324200) 7-27-78 12 .4 - 220 270 30 46 0 8 .2 .1

1019.78 4 .7 BE 260 - 50 52 9.8 .1
718.79 16 .0 .97 210 - 50 37 9 .9 .2
10-16-79 5.0 .51 277 330 30 51 4 9 .5 .1

G ime Wa h 107 826 79 13 .3 -10 260 - 40 78 12 .2
108 9 . 29-76 14 .5 < .01 256 312 110 97 0 22 2



Table 7.-Ben hic in e eb a e c llec ed in he e d ainage f H n ing n and C n d Ceel , 1977.79-C n in ed

5 1

O gani m Si e 34 - Lef F k f H n ing n C eek-c n in ed Si e 39 - Lef F k f H n ing n C eek-c nin ed

10.12.77 7-28-78 10.17-78 7-18-79 10.16.79 10-12-77 7-26-78 10-17-78 7-19-79 10-15-79

Di e a-c n in ed
Chi n midae-c n in ed
Mic ec . 26 8 13 7
Mic ec e . A
Mic c e . B - 4 8
Pa eclad lme nail
Za lim ie .
Za nlim ie . 8 -
E ki ffeialle . A 635 - 28
E ki ffe iella . 8 29 122 1,260 1,268 12 21 264 88

E kieffe iell . C 3 -
E ki fie ielle . F -
Uid. Tan e ini 1 2

. . Uid . P a - 1

M cidee
Limn h e .
Li . 1 4 2 -
D lich didae
D lich .
Cam icnem S .

Dl idae
Di a .
Tan de idee

- P le i . - -
T ich e a 105 13
H d ehidae
H d che . 4 4 20

A c che . A 29 23 36 12
Paa che . -
Rh c hilidae
Rh ac hile . 8 12 112 9 4 32
Rh ac hila . C -
Rh ac hila . 0
Rh c hila ac eda 8 3 4 12
Rh ac hile angeli e 1
H d ilidae
N# ichia S .
Och ichia . 10 4 28

B ach cen idae
B ach can e am ican 1 40
B ach c n . 1
Mica ma . 4

Llmne hilidae
Dic m ec i e 2
He a h /a .
Limn hil . A
N h ame .
Olig hleb de . 1 3 64 3 12
Ecclimm ie . -

Plec e 198 19
P e na cidae
P ne c lle badi 4 3 28 1 6 44 52

P na c calif nic - -
Nem idae
Am hinem . 1 1
Malenke . -
P dm a i 32 440
Pe lidae

. Ha # el acific# 3 1 12 1 4

Pe l didae
h g n id i nen i 29 12 61 12 8

l e/a . 14
l e l* . A
l e la . 8 - - 48 8

Chl e lidae
All la . 8 16 32
Ka h e le edi 8 1 - 12
S ell . albe e i
S al . 5 4

Taeni e gidae
. Taani neme .
Ca niidae

. Uid. . 3 28 - 32 240
Hemi e a I -
C le e a
Elmidae 40 231
Na . - - -
O i a i 101 51 8 176 9 47 80 204

H d hilidae
Ame . -
H l h . 1 - -
H d bi .

D i cidae
H d H g . 1 4 8
Oa n c . -
Agab .

D idae
. H lich e ali -

E heme e a 128 - 78
E heme ellidae
E heme ella i illii
E heme ella c l aden i - 4 - -
E heme ella d dd i - 2 - -
E heme e/la g andi 9 1 36 12 3 10 52 20
E heme ella ma ga i a - - - - -
E heme elle e a elle . A 127 22 64 252 5 17 104 4
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52

O gani m

	

Si e 34 - Lef F k f H n ing n C eek-c n in ed

	

Si e 39 - Lef F k f H n ing n C eek-c n in ed

10-12-77

E heme e a-c n in ed
Bae idae

7-28-78 10-17-78 7-18-79 10.15.79

	

10.12.77 7-26-78 10-17-78 7-19-79 10-15-79

Be i . 2,949 - - - 363 - -
Be i . A - 236 324 484

	

- - 536 420 1,432
Be i . B - - - - - -
He ageniidae
E e l ngiman

	

- 1 - 4 - -
Cin gm l. . A

	

- 6 - 16 - 1 - 84 -
Rhi h gene .

	

- 4 - 40 - 38 132
He agenia c iddlei - - - - -
He agenia elegan l 6 - 2 4
Le hlebiidae -
Pa ale hlebia .
T ic hidae
. Tic h de min - - - -

P d c a
C idae

. P i n c i l ngil me

	

- 3 - 8 4 1
D laimida
D laimidae
A/aim . 20 20

	

- 44 24
Uid. gene a 4 3 13 -

Di l aca
Da hnidae

. Da hnia .

	

- 2,416 - 1,248 6,776 399
C e d
Dia midae

. Dia m . 403 - 9,056 - 164 3,496
Can h cam idae

. . A he ella . - - - 4
C cl idae
. Uid . . - 384 - 108

Aca i
Mideidae
. Mide i . 4
H g ba idae
. A ac ide . 4 - - 4
S e ch nidae
S e ch n . 36 1 28 37 1 56 16
Limne iidae

. T ellia .
Lebe iidae

. L be i .
He e nd n
S hae iidae
. Pi idi m mili m 3
H d aca ina

	

3 6 -
Ba mma h a
. L mnaeidae -

Si e 41 - H n ing n C eek Si e 51 - C andall Can n

H d id
H d idae
. H d a .

T icladida
Plana iidae

10.13-77' 7-26-78 10-17-78

	

7-19-79

	

10-15-79

	

10.12.77 7-26-78 10-18-78 7-19-79 10-15-79

. P l celi C ne 1 5 9 7
Ha l a ida
T bificidae
L im n d il h ffm ei e i
Rh ac d il . 3 1

	

36

	

60 6
Uid. . - 2

Naididae
9 1

	

36. Naff e d b a
Ench aeidae
Ench ae . .2

	

44

	

12 1 1 4 40
L mb icidae

1

	

4

	

4

	

- 11. Ei enega .
Di e a
Ce a g nidae
Bemi . 1 - 2
F ci m ia . A
F ci m ia . B
Da he/ea .

31 5Ti lidae
. . Ti la .
He a ma . 1 1
Limn hile . 4
An cha . 20 5B

	

12

	

216 2 1 1 74
E ic e a . B
Lim nia .
O m ia SP. -
Pedicia . 16

	

- - 4 8
He e c n a . 4 5

P ch didae 1
. Pe ic ma .
Sim liidae
S,m h m . B 3 84

	

- 708
Sim i m a c c m 770 - 6 1 3
Sim i m a g
Sim li m a e m
Sim li m canaden e 1 1
Sim i m e a m

. . P c im b m n ch dac l m
Me acne hia jeanae
Uid . .
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O gani m Si e 41 - H n ing n C eek-c n in ed Si e 51 - C andall Can n-c n in ed

10-13-77 7-26-78 10-17-78 7-19-79 10-15.79

	

10-12-77 7.2678 10-18-78 7-19-79 10.15 .79

Di e a-c nin ed
S a i m iidae

. E a h SP.
Em ididee - -
Heme ad ami .
Wi demenni . 1
Chlife a . 7 24 4 11 1 11

E h d idae
H d eNia . - -
R hagi nidae 8

. A he i a iega 3 1 4 8

Chi n midae 3 18

P cladi . - -
P ecn an .
Abl be m ia . -

1

Thi n a annim i 1 1 2 9 2 1

P chl kielf i - -
Di mea . A 2
Diame . 8 144 4 -
M n di m a . -
P e d diame . A 8 - 10

P dediam a . 8
P d di m . 34 9 1
0d n mea . 4 2
P diamea .
B illia .
B i1Ii . A
B illia . 8 -
C n n e . 8 1
C ic . 8 6 - 1
C ic SP. C -

_

C ic . D -
He e i cladi hi a 1 4 -
H e i cladi li e i - 36 16 1 1 8

O h cladi . A 38 14 76 12

O h cladi . B 71 12 36 12 1
O h ci di . C - - -
O h cladi . D - - 16 1 -
O h dadi d n 4 19 52 4

	

- 6

O h cledi b mb a 338 25 252 16 3 27 6

P c cledi . - - - -
Smi ia SP . -
T ich d di . A 34 76 9 24

T icbacladi SP . B -
T i cMdi SP.
Chi nam .
C chi n m . -
Ph ea ec a . 4 12
P l edil m . - 2 13Cled an a .
Mic ec a . 4

1 4
4 6

Mic c a . A - 21

Mic ac a . B
Pan lada elma nai
Z elim i SP.
Za elim ia . 8
E ki lfe iell . A 134 28
E kieffe ie l . B 11 220 48 1 164 3

E kiefl iella . C 2 3
E kiefle cell . F - - 1
Uid . T.n a ini
Uid . P a -
M cidae
Limn h a . - 2 -
Li . - -

D lich didae
D /ich .
Cam icnem .

Di idae
. Di a . -
Tan de idae
P /a .

T ich e a 19 9
H d ehidae
H d ch . 3 8 28 4 12 43

A c che . A 10 12 - -
P a ch . - -
Rh ac hilidae
Rh c hila . B 7 64 14

Rh c hil . C 8
Rh c h la . D - - -
Rh c hil c ede -

	

- -
Rh c hila angelica

H d ilidae
N ichi . -
Och ichi . 7 28 82 13

B ach cen idae
B ach cen ame ic n 14 16 8 - 1 15

B ach cea . 7 - 1
Mic en a . -
Limne hiiidae
Dic meec i e$
H e h la . - - - - -

_

Limne hil . A - - -
N h ema SP. - -

	

-
Olig hleb de . - 3 24 4 6

fccli m i . - - -
Plec e a 21 - 15 -
P e na cidae
P e n. cdl b di 2 3 20 36 3 1 2

P e n c calil nica 2 1 -



Table 7 .-Hen hic im eh a e c llec ed in he e d ainage f H n ing n and C n d C eek . 1977 .79-C n in ed

5 4

O gani m Si e 41 - H n ing n C eek-c n in ed Si e 51 - C andall Can n-c n in ed

10-13-77 7-26-78

	

10.17.78

	

7-19-79

	

10-15-79

	

10-12-77 7-26-78 10-18-78 7-19-79 10-15-79

P e e a-c n in ed
Nem idae
Am hinem a . -

	

-

	

-

	

- 17 5
Malenka . -

	

-

	

- - -
P dm a ia 132 - - -
Pe lidae
. He e e la acifica -

	

-

	

16

	

4

	

- - -
Pe i didae

l gen ide i nen i - 22

	

8

	

8

	

- 2 5
l e la . 1

	

-

	

-

	

- 1
l e la . A -

	

-

	

- - - -
l e la . B -

	

-

	

16

	

- - 6
Ch l e l idae
All e /a . -

	

24

	

-

	

-
Ka h e la e di a - 1

	

-

	

24 -
S el a albe e i - 1

	

-

	

-

	

- -
S el a . - 2

	

- 9 1
Taeni e gidae
. Taeni nema . -
Ca niidae
. Uid . . 30

	

140

	

- - 27 6
Hemi e a -

	

-

	

-

	

- -
C le e a
Elmidae 87 -

	

3 -
Na . - -

	

-

	

4

	

-
O i e e ia 13

	

35

	

144

	

216 17 15 6
H d hilidae
Ame . -
Hel h .
H d bi . 1 1
D i c'dae
H d H g e . 2

	

-
Oe nec e . - -
Agab . 1
D idae

. Helich e ali -

	

- - -
E heme e a 71 96
E heme ellidae
E heme ella a i illii - -
E heme ella c l aden i - - - 1
E heme ella d dd i -

	

-

	

- -
E heme ella g andi 5

	

7

	

168

	

44 6 3 3 2
E heme ella ma ga i a -

	

-

	

- -
E heme ella e a ella . A 7

	

9

	

92

	

8 - 5
Bae idae
Bae i . 510

	

-

	

-

	

- - - -
Bae i . A -

	

266

	

556

	

1,004 795 113 338 363

Bae i . B -

	

- - 53 - -
He ageniidae
E e l ngiman 1

	

-

	

12 2 112 3
Cin gm la . A - 1

	

48 10 8
Rhi h gena . 10

	

-

	

140

	

- -
He agenia c iddlei - - - 40
He agenia elegan la 4

	

4 1 6
Le hlebiidae
Pa ale hlebia . 1
T ic hidae

. T ic h de min - - -
P d c a
C idae
. Pi n c i l ngif ma 8 10 64 8

D laimida
D laimidae
A/aim . 32

	

8 14 3

Uid . gene a - 9

	

3

	

8

	

72 3 1 1 7

Di l aca
Da hnidae
Da hnia . 2,228

	

708
C e da
Dia midae
Dia m . - 14

	

2,592 - - 1
Can h cam idae

. . A he ella . 1
C cl idae
. Uid. . -

	

56
Aca i
Mideidae
Mide i . - 1

H g ba idae
A ac ,de . -

S e ch nidae
S e ch n . 3

	

3

	

48

	

4

	

- 34 15 1
Limne iidae

T ellia . -
Lebe iidae
C M i . -

He e nd n a
S hae i dae - - -
. Pi id m mili m
H d aca ina 2 - -
Ba mma nh a
. L mnaeidae - - - -



Table 7.-Ben hic in e eb a e c llec ed in he e d ainaee f H n in l n and C n d C eek . 1977-79-C n in ed

O gani m

	

Si e 61 - Wild Ca le H ll

	

Si e 67 - Tie F k Can n

10-13-77'

	

7.27-78

	

10-17-78

	

7-19-79

	

10-15-79

	

10-13-77'

	

7-26-78

	

10-17-78

	

7-19-79

	

10-15-79

H d ida
H d idae

. H d a .

	

-

	

-
T icladida
Plana iidae

. P l celi c na

	

70

	

91

	

206

	

212

	

-

	

2

	

3

	

8

Ha l a ida
T bi icidae
limn d il h llmei e i

	

-

	

-

	

-
Rh ac d il .

	

3

	

-

	

7

	

1

	

2
Uid. .

	

4

	

1

	

-

Naididae
Naff e d b e

	

1

	

-

	

-
Ench aeidae
Ench ae .

	

5

	

8

	

40

	

7

	

1

	

8

	

7
i- mb icidae
E enella .

	

-

	

-

	

2

	

1

Di e a
Ce a g nidae
Be ia .

	

-

	

1

	

1

	

4

	

2

	

2

	

1

	

4

	

2
F ci m ia . A

	

-

	

-

	

-
. F ci m ia . 8

	

-
Da he/ea .

	

-
Ti lidae

	

3

	

-

	

-

	

-

	

3

	

-
Ti /a . - 6 5 4 1 6 1
He a ma .	
Limn hila . 4 2 11 3 1
An cha . 1 7 - 3 64 3 27' -

E i e a . 8 - - - -
Lim nia .

	

I

	

-
O m ia . 1 - -
Pedicia . 2 5 3 2 1 23

He e c n a . - - - 2
P ch didae

	

29

	

-

	

-

	

-

. Pe ic ma . - 7 15 - 1 - 3
Sim iidae

	

4

	

-

	

2

	

-

	

-
Sim li m . B

	

-

	

5

	

3
Sim li m a c ic m

	

6

	

-
Sim li m a g

	

-
Sim li m a e m

	

26

	

-

	

4
Sim li m canaden e

	

-

	

1

	

i
Sim li m i a m

	

-

	

-

	

-
P im li m n ch dac l m

	

-
Me acne hi jeanae

	

-

	

-
Uid. -

	

-

	

-
S a i m iidae
E a h .

	

-

	

1
Em ididae
Hema d mia .

	

-

	

1
Wiedemannia .

	

-
Che/i/e a .

		

-

	

4

	

16

	

11

	

9

E h d idae
H d ellia .

	

-
Rhagi nidae

	

-
- A he i a iege a

	

-

	

-
Chi n midae

	

442

	

-

	

3
P c/adi .

	

-

	

-

	

-

	

-
P ec an

	

-

	

7

	

5

	

7
Ablabe m ia .

	

-

	

-

	

-
Thienemann m ia

	

3

	

2

	

3

	

12

	

6

	

18
Pa ch/ kielle i

	

-

	

-

	

-
Diame a . A

	

1

	

-

	

-

	

-

	

6
Diame a . B

	

1
M n diame a .

	

1

	

1

	

-
P e dediame a . A

	

1

	

11

	

-

	

22

	

2

P e d diame a . B

	

8
P e d diame a .

	

1

	

6

	

29

	

6

	

-
Od n me a .

	

-

	

-
P diame a .

. . B illia .

	

-
B illia . A
B illia . B

	

9

	

-

	

1
C n ne a .

	

-

	

6

	

2

	

4

	

7

	

3
C ic . B

	

2

	

8
. . C ic . C

	

-

	

-

	

-
C ic . 0

	

-
He e' clad h a e

	

-

	

-

	

-
He a i clad b e

	

-

	

3

	

109

	

36

	

68

	

5

	

1

	

25

O h cladi . A

	

5

	

-

	

2
O h cladi . B

	

-

	

-

	

-

	

-
O h cladi . C

	

-
O h cladi . 0

	

-

	

-

	

-
O h cladi d en

	

-

	

65

	

-

	

3

	

2

	

6
O h c/ad b mb a

	

2

	

-

	

87

	

18

	

-

	

299

	

4

	

58
P ec c/adi .

	

3

	

-
Smi ia .

	

-
T ich cladi . A - - 30 8
T ich cladi . B 27 20 - 1
T i cladi .

	

-

	

-
. . Chi n m .

	

-
C chi n m S .

	

-
Phaen ec a D

	

-

	

-

	

-
Pnl edil m .

	

- 1

C/ad an a .

	

-

	

-

	

2

	

5

	

2

5 5



Table 7.-Ren hic in e eb a e c llec ed in he e d ainage f H n ing n and C n d C eek , 1977.79-C n in ed

5 6

O gani m Si e 61 - Wild Ca le H ll -c n in ed Si e 67 - Tie F k Can n-c n in ed

10 .13.77

	

7-27-78 10-17-78 7-19-79 10-15-79 10-13-77 7-26-78 10-17-78 7-19-79 10-15-79

Di e a-c n in ed
Chi n midae-c n in ed
Mic ec a . 19 30 72 - 41 24 9 -
Mic ec a . A - - - - - - 35
Mic ec a . B -

	

- - - - -
Pa aclad elma naff - - -
Za elim ia . - 1 - - -
Za elim ia . B - - 5 -
£ kieffe iella . A 2 - - 4 1 -
£ kief e iella . B 12 34 12 30 14 3
E kieffe iella . C - - - 1
£ kieffe iel/a . F - - - 1 - -
Uid. Tan a ini - - 2 2
Uid. P a - - - - - -

M cidae
Limn h a . -

	

- 3 - -
L i e . - -

D lich didae
D lich . - - - - -
Cam icnem . - - - -
Di idae

. Oi a . -
Tan de idae

, P /a a .
T ich e e 80

	

- - - 16 -
H d chidae
H d che . - 1 6 10 5 146
A c che . A - 5 5
Pa a che . -

	

1 -
Rh ac hilidae
Rh ca hila . B - - 1
Rh ac hila . C - -
Rh ac hil . D - 37 31
Rh ac hila ac ede -

	

- 1 - -
Rh ac hile angeli - 1 - 6 3
H d ilidae
Ne ichia . -

	

- - - -
Och ichi . - - 4 2

B ach cen iidae
B ach cen me ican - - - 1
B ech cen . - -
M c a ema . - - -
Limne hilidae
Dic m ec i e - - - -
He e h /a . - 16 5 1 - 3
Limne hil . A -
Ne h eme . - 3 2 -
0lig hleb de . -

	

- 12 3 30 1
Eccli m ia . -

	

- - 1
Plec e a 98 - 8 -
P e na cidae
P e ne cella badi 4 5
P e na c calil nic, -
Nem idae
Am hinem a . 3 32 - - 43 - 10 -
Malenka . - 18 - 62 - - - 8
P dm ia 1 23
Pe lidae

. He e e l acific, -
Pe l didae

l gen ide a nen i - 2 3 4
. . l e la . -

	

1 - - - 8 - -
l e la . A - - 4 5 - 5 27
l e la . B - 1 -

Chl e lidae
All e la . 1 - 1
Ka h e la e di - 2
S e/ an albe e I - -
S ell , . 1 16

Taeni e gidae
, Taeni nema . - 1
Ca niidae
. Uid . . - 129 18 334 18 9 953

Hemi e a - - -
C le e a
Elmidae - - -
Na . 1
O i e e ia 1 - 3 1 1

H d hilidae
Ame .
Hel h . - -
H d i .
D i adae
H d H g . 3 2
Oe nec e . - -
Agab . - -
D idae
Hehch e a/i -

E neme e a 48 17 -
E heme elhdae

. . E heme ella a i illi - - - -
Enhe .e ella c l aden a -

	

32 46 - 2 - 1
E heme ella d dd - - - -
E hemeella g and, 1 1 2 - -
E heme ella magaia - -

. . E heme ella e a ella . A - 23 113 -



Table 7.-Flen hic in%e eb a e c llec ed in he i e d ainage f H n ing n and C n d C eek . 19 7 7-79-C n in ed

57

O gani m Si e 61 - Wild Ca le H ll -c n in ed Si e 67 - Tie F k Can n-c n in ed

10-13-77 7-27-78 10-17-78 7-19-79 10-15-79

	

10-13-77 7-26-78 10-17-78 7-19-79 10-15-79

E heme e a-c n in ed
Bae idae
Bae i . - - -
Bae i . A - 3 37 67 421 202 228 219 658

Bae i . 8 - -
He ageniidae
E e l ngiman - - - 3 21

Cin gm /a . A - - 12 - 1

Rhi h gena . - 2 - - 15 - 14

He agenia c iddlei - - 60 - 319

He agenia elegan la - 2

Le hlebiidae - - -
- Pa ale hlebia . - 14 18 5 3 21
T ic hidae
. T ic h de min

P d c a
C idae
- P i n c i / ngi/ ma 27 111 9 12

	

- 3 1 6 3

D faimida
D laimidae
Alaim . - 25 4 46

Uid . gene a 2 7 67 17 15 4 3

Di l aca
Da hnidae

- Da hni . - -
C e da
Dia midae
. Dia m . 10
Can h ca m idae
- A he ell . - 2 5 1

C cl idae
.Uid . . - 1

Aca i
Mideidae
. Mide / . - 1 1

H g ba idae
. . A ac ide . - - 3

S ech nidae
S e ch n . 2 1 15 4 17 16
Limne iidae
T ellia . - 3

Lebe iidae
Lebe ia . 2 3

He e nd n a
S hae i idae -
. Pi idi m mili m 2

H d aca ina 4
Ba mma h a
. L mnaeidae

Si e 68 - H n ing n C eek Si e 69 - H n ing n C eek

10.12 .77" 7-26-78 10-17-78 7-19-79 10-15-79

	

10.13 .77 ' 7-27-78 10-18-78 , 7-19-79 10-16-79

H d ida
H d idae
H d a . - -

T icladide
Plana iidae
. P l celi c na 4 4 4

Ha l a ida
T bi icidae
L imn d il h //mei e i - -

Rh ac d il .

	

- 10 18 154 56 25 28 28 240

Uid . . 20 - - -
Naididae
Pal e d b a

	

- 1 6 20 2 22 36 44

Ench aeidae
Ench ae . 2 16 8 3 32 20

L mb icidae
Ei enella . 1 4

Di e a
Ce a g nidae
Be ia .
f c m ia . A
f ci m ia . B
Oa helea .

Ti lidae - -
Ti la . - -
He a ma . 4 1
Limn hila . - - -
An cha . 3 27 16 184 3 8 28 284

f i e a . B - -
. . f im n a .

O m ia . - -
Pedicia . 8 -
He e c n a . - 2 - 8

	

- - 12

P ch didae

	

- -
. Pe ic ma .
S m liidae

	

- - -
Sm h m . B - - 32 - - 36

SJn h m a c c m

	

- 1 - - 351 - -

. . Sim h m a

	

- - - -
Sim h m a e m

	

- -

S m h m canaden e

	

- - - -
. . Sim h m +lla m

	

- - - - - -
. P m l m n ch dac l m

. . ble acne h a leanae

	

- - - -

Uid . .

	

- - -



Table 7 .-Ilen hic in e eb a e c llec ed in he e d ainage f H n ing n and C n d C eek. 1977-79-C n in ed

58

O gani m Si e 68 - H n ing n C eek-c n in ed Si e 69 -- H n ing n C eek-c n in ed

10-12-77 7-26-78 10.17 .78 7-19-79 10-15-79 10-13-77 7-27-78 10-18-78 7-19-79 10-16-79

Di e a-c n in ed
S a i m iidae
. E a h . - - -
Em ididae - -
Heme d mia . - - - - - -
Wiedemannia . 4 - - - - - 24
Chelife e . 1 3 - 8 3 - -

E h d idae
. H d ellia . - - -
Rhagi nidae 2 - 2 - - -

. A he i a iega a - 15 8 40 12 - 2 4 4 32

Chi n midae 73 - 13 - - -
P c/adi . - - - - 1 - -
P ec an . - - 1 -
Ablabe m ia . - - -
Thienemannim a 2 - - - 4 12 8
Pa chl kie/le i - - -
Diame a . A - - - -
Diame a . B 6 - - 23 -
M n diame a . - 39 - - 2 -
P e d diame a . A - 12 12 - - -
P e d diame a . B - - 4 - -
P e d diame a . 4 7 - - 2 1 -

0d n me a . 2 1
P diame a . - - - -
B illia . - - -
B illia . A - - -
B illia . 8 - 1 -
C n ne a . - - 1 -
C ic . B - - 4 - 24
C ic . C - - - 2 -
C ic . D - - -
He e i cladi hi a e 8 - 1
He e i cladi li e - 2 - 32 - - 9 - 8 -
O h c/adi . A 1 12 12 24 15 10 32
O h c/adi . B 10 1 16 4 68 20 32

O h c/adi . C - - - - - -
O h cladi . D - - - - 4
O h c/adi d en - 36 16 20 - 2 14 4 52

O h c/adi b mb a 125 57 96 56 125 58 28 60
P ec cledi . 1 - 1 - -
Smi ia . - 2 -
T ich c/adi . A 1 40 31 2 60
T ich cladi . 8 - - -
T i cladi . -
Chi n m . 2 - -
C chi n m . - - - - -
Phaen ec a . - - - -
P l edil m . 3 - - 4
Clad an ia . - 8 4 28 4

Mic ec a . 21 3 5 4 -

Mic ec a . A - - 12
Mic eca . B -
Pa ac/ad elma n i - - - -
Za elim ia . -
Za elim a . 8 - - - -
E kie/fe iella . A 5 - - 25 -
E kieffe iell . 8 7 104 124 - 13 32 112
E kiel e iella . C - 2 -
E kief/e iella . F
Uid. Tan a ini 1
Uid_ P a - 4

M cidae
. . Limn h a . - -

Li e . -
D lich didae
D lich . - - -
Cam icnem . -

Di idae
. Di i . -
Tan de idae
. P la a . - - 1

T ich e a 13 49
H d chidae
H d che . - 3 96 20 8 112 32
A c che . A - 8 9 3 24

Pa a che SO. - - - -
Rh ac hilidae
Rh ac hila . B 1 60 5 - 8

. . Rh ac hila . C - - -

. . Rh ac hila . D -
Rn ac hila ac ede
Rh ac hila angelica -

H d ilidae
Ne ch a . -
Och ichie . 6 - 4 - 3 60 -

B ach cen idae
B ach cen ame ican - 15 28 8 3 2 36

B ach cen . - - - -
Mic a ema . -

Llmne hilidae
Dic m ec a i e - - - - - -

. . He e • h la . - - - - - - -

. . Limne hd . A - - - -
Ne h ema . - - -
Ohc hl b de . - 1 4 - - 20

£ cI, n n ,a n - - -
Pl,- a 6 - - - - 6 -
P e na cicae

. P e na cella bed 1 12 24 - 1 10 20 44
P e na c cal'f nica - 12 - - - 8 24



Table 7 .-1len hic in e eb a e c llec ed in he e d ainage f l n ing n and C n d C eek , 1977 .79-C n in ed

59

O gani m Si e 68 -- H n ing n C eek-c n in ed Si e 69 - H n ing n C eek-c n in ed

10-12-77 7-26-78 10-17-78 7-19-79 10-15-79

	

10-13-77 7-27-78 10-18-78 7-19-79 10-16-79

Plec e a--c n in ed
Nem idae
Am hinem e . - - - - -

	

- - -
Malenke . - - - - -
P dm a ia - - 8 - 16

Pe l idae
. He e e la acifica - 20 -
Pe l didae
l gen ide i nen i - 4 12 12 - 4 8 4

l e la . - 2 -
l e la . A - - - -
l e la . B - - 4

	

- - - 16

Chl e lidae
All e la . - - 4 - 8
Ka h e la e di
S el a a/be e i - - - -
S e/ e . - - - -

Taeni e gidae
. aeni neme . - - 4

	

- 1 4

Ca niidae
. Uid . . - - 16 32

	

- - 8 52

Hemi e a -

	

- - -
C le e a
Elmidae 21 - -

	

9
Ne . - - - - -
O i e e ie 52 62 388 48

	

- 27 40 320 580

H d hilidae
Ame . - - - 1 -
He/ h . - -
H d bi . - - - - - -

D i cidae
H d H g . - -

	

- 3 12
De nec e . - - -
Agab . - - - -
D idae
. Helich e ali - - -

E heme e a 7 - -

	

7 - -
E heme el l idae
E heme ella a i illii - - -
E heme elle c l aden i -
E heme el/a d dd i - - - - -
E heme ella g andi 7 76 52 1 2 552
E heme ella ma ga i a - - - -
E heme ella e a e/le . A 2 4 8 1 6 16

Bee idae
Be i . - - - - - -
Be i . A 211 143 1,148 2,812

	

- 172 273 968 1,860

Be i . 8 - - - 2
He ageniidae
E e l ngiman 8
Cin gm le . A 1 - 28 - - -
Rhi h gene . - 4 - 32

	

- - 4 28

He agenia c iddlei - - - - - 20

He agenia elegan /a 2 6 32 4 2 13 40 40
Le hlebiidae - - - - -
Pa /e hlebia . - 8
T ic ihidae

, ic h de min - -
P d c a
C idae
- P i n c i l ngif ma -
D laimida
D laimidae
Alaim . 24 - 20 56
Uid . gene a 5 11 20 4 3 4 20 20

Di l aca
Da hnidae
Oa hn a . 3 276 687 772

C e da
Dia midae
. Dia m . 5 956 93 2,328

Can h cam idae
. A he elle . -
C cl idae
. Uid. . - 36 270

Aca i
Mideidae
. Mide i . - -
H g ba idae

. A ac ide . 4 - - 4

S e ch nidae
S e ch n . 6 1 80 4 8 104 36
Limne iidae

elna . - - -

	

-
Lebe iidae
Iebe ia . -

He e nd n a
S hae iidae 4
. Pi idi m mili m
H d aca ma - - -
Ba mma h a
. L mnaeidae 1 - -



Table 7.-Ben hic in e eb a e c llec ed in he e d ainage f H n ing n and C n d C eek , 1977.79-C n in ed

6 0

O gani m

	

Si e 70 - Li le Bee Can n Si e 71 - H n ing n C eek

10.18 .77'

	

7.28.78 10-18-78 7.19-79 10-16-79 10-13.77" 7 .27.78 10-18-78 7-19-79 10-16-79

H d ida
H d idae

. H d a .
T icladida
. Plana iidae
. . P l celi c na a 1 5 1
Ha l a ida
T bificidae
L imn d il h ffmei e i
Rh ac d il .

	

-

	

3 2 30 4 17 20 72 40

Uid . .

	

- - 6
Naididae
. Naff e d b - 3 2 136
E nch aeidae
Ench ae . 6 90 28 6 12 24

L mb icidae
. Ei enella .

	

- 5 7 13 4

Di e a
Ce a g nidae
Be ia .

	

2 1 1
f ci m ia . A - - - 4 -

F ci m ia . B

	

- -
Da he/ea .

	

-

	

- 1
Ti lidae

	

21

	

- - 1
Ti la .

	

- 2 1 -
He a ma . - - 1 1

Limn hila .

	

5 14 2 18 2

An cha .

	

-

	

3 1 - 5 13 244

E i e . B - 1

O m ia . - -
Pedicia .

	

- 7 5 23 - 1 12

He e c n a .

	

- - - - 1 4

P ch didae

	

19

	

- -
. Pe ic ma .

	

- 1 - 5
Sim liidae -
Sim // m . 8 4 - 1 12
Sim li m a c ic m - 2 60
Sim li m a g -
Sim li m a e m 7

Sim li m canaden e - 3

Sim li m i a m 1
P im li m n ch dac l m -
Me acne hia jeanae -

. . Uid . .
S a i m iidae
. E a h .
Em ididee
H me d mia .

	

-
Wiedemanni .

	

3 4 2 24

Che/ilea .

	

- 1 11 4 3 1 8 4

E h d idae
H d allia . -
Rhagi nidae 2

. A he i aiega e

	

1 9 3 8 16

Chi n midae

	

114 13
- P c/adi . 1

P ec an . 4 7
Ab/abe m ia .
Thienemannim ia

	

- 1 4 4 4

Pa chl kie/ e i

	

- -
Diame a . A -
Diame a . B

	

- - - 22

M n diame . 2

P e d diame . A

	

- 2 1 16 8
P e d di me . B

	

- - 8
P e d diame .

	

-

	

- - - - 5 3

Od n me a .
P diame . -
B illia .

	

- - 1
B illia . A 10
B illia . B

. . C n ne a .

	

-

	

1 - -
C ic . B

	

6 5 16

C ic S . C -

C ic . 0

	

- 3
He e i c/adi hi a e -
He e i c/adi li e i

	

7 19 4 10 1 4 4

O h cladi . A - 5 4 - 16

O h c/ad . B 11 9 -

O h c/ad . C
O h c/adi . D

	

-
O h c/adi d en

	

3 5 - 19 - 44

O h clad b mb a 1 341 16 94 95 4 16

P ec c/adi .

	

- - - - 4 3 4 4

Sm a SP .

	

-

	

- -
T ich clad . A 43 1 20

T ich cladi . B
T i c/ad . - - -
Chi n m .
C chi n m .
Phaen ec a .
P l ed l m .

. . Clad an a .

	

- - 3
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6 1

O gani m Si e 70 - Li le Bea Can n-c n in ed Si e 71 - H n ing n C eek-c n in ed

Di e a-c n in ed
Chi n midae -c n in ed
Mic ec a .
Mic ec a . A
Mic ec a . 8
Pa aclad e/ma ma
Za elim in .
Za elim ia . B
E kielle iella . A
E kielle iella . 8
E kielle iella . C
E kielle iella . F
Uid . Tan a ini
Uid . P a
M cidae
Limn h a .
Li e .
D lich didae
D lich .
Cam icnem .
Di idae
. Di a .
Tan de idae
. P /a .

10-18 .77 7 .28.78

4

2
3

10-18-78

-
1

7-19.79

1
-

-
93

1

10-16-79

3

1

10.13.77 7-27-78

5

10
4
3

2

10-18.78

4

6

7-19-79

-

24

4

10.16 .79

8

64

T ich e a 1 54
H d chidae
H d che . - 2 1 4 5 20 28
A c che . A - 1 4
Pa a che .

R h ac h i idee
Rh c hila . B 1 - 6 24
Rh c hil . C 12 5
Rh c hila . D
Rh c hila ac ede 1

Rh ac hil angelica 2
H d il idae
Ne ichia .
Och ichia . 16 2 28

B ach cen idae
B ick cen ame ican 1 4 48
B ach cen . 1
Mic a eme .

Limne hilidee
Dic m ec i e
He e h /a . 1 11
Limn hi/ . A - 1 -

Ne h em .
Olig h/eb de . 4

Eccli m i .
Plc e a 7 7
P e na cidae
P e na cell badi 9 4 24
P e ne c calif nica 1 16 16
Nem idae
Am hinem . 60 96 -
Ma/enk . 8 43
P dm a ia
Pe idae

. He e e la acific.
Pe l didae

I gen ide i nen i - 1 9 28 4

l e /a . 14
I e a A 4

. . l e /a . 8 18
Chl e lidae
All e l . 12
Ka h e le e di a
S el a a/be e i
S el a . - - 1

Taeni e gidae
. Taeni nema . 2 12
Ca ni idae
. Uid . . 26 4 172 - 13 - 24
Hemi e a
C le e a
Elmidae 21
Na .
O i e e ia 2 159 34 236 244

H d hilidae
Ame .
Hel h . 1
H d bi .

D i cidae
H d H g . 5
De nec e .
Agab .

D idae
. Heli b e ali 1

E hem e e a 21 11

E heme el l idae
E heme ell a i illii
E heme ell c l aden
E heme ella d dd i
E heme ela g and, . 1 72 3 36 20
E heme ell Ma ga i a
E heme ella e a ella . A 4 1 20
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62

O gani m Si e 70 - Li le Bea Can n-c n in ed Si e 71 - H n ing n C eek-c n in ed

E heme e a -c n in ed

10-18-77

	

7-28-78 10-18-78

	

7-19-79

	

10-16-79 10-13-77 7-27-78 10-18.78

	

7-19-79 10-16-79

Bae idae
Bae i .
Be i . A
Be i . B

He ageniidae
E e l ngiman
Cin gm la . A
Rhi h gen .
He e enia c iddlei
He agenia elegan la
Le hlebiidae

. Pa e/e h/ebi .
T ic hidae
T ic h de min

P d c a
C idae

. P i n c i l ng/f m
D lai m ida
D laimidae
Alaim .
Uid . gene a

Di l aca
Da hnidae
Oa hnia .

C e d
Dia midae

. O/a m .
Can h cam idae

. A he ella .
C cl idae
. Uid . .

Aca i
Mideidae
Mide i .

H g ba idae
. A acide .
S e ch nidae
S e ch n .
Limne iidae
T ellia .

Lebe iidae
. Lebe i .
He e nd n a
S hae iidae
Pi idi m mili m

H d aca ina

-

-
-

-

-

-

-

-

-
132
-

-
-

-
1

-

10

-
-

-

-

-

-

3

-

	

-

	

-
187

	

221

	

226
-

	

-

	

-

-

	

-

	

-
-

	

-
-

	

-

	

1
-

	

6
-

	

-

	

-
-

	

-

	

-
-

	

-

-

	

-

	

-

6

	

1

-

	

5

-

1

1

	

1

	

7

-

8

	

1

1
-

-
-
-

-
-
-

-

-

-

-

-

304
-

10

5

1

3

220

33

-

11

-
376

-

-
15
3

12

-

-

14

-

-
644

-

-
60

-
4

-

-

60

328

1,080

100

-

56

1,124

-
-
24
-
24

-

16

12

2

Ba mma h a
L mnaeidae

Si e 76 - Mill F k Can n Si e 77 - H n ing n C eek Si e 78 - Rilda Can n

7 .28.78 7 .19 .79

	

10-16-79 10.13 .77"° 7-28-78

	

10-18-78 7-19-79 10 .16.79 10-13-77 7-26-78

	

10-18-78 7-18.79 10 .16.79

H d ida
H d idae
H d a .

T icladida
Plana iidae
. P l celi c ne 6

	

149

	

61 420

Ha l a ida
T bificidae
Li nn d il h ffmei e i -

	

-..

	

- 12 -

	

-

Rh ac d il . 29

	

4

	

168 208 11

	

7 3

Uid . . -

	

1

	

84 4 27

Naididae
. Bai e d b a 4 1

	

4

	

32 884 2

	

1 13

Ench aeidae
. Each ae . 72

	

106

	

25 140 60 5

	

19 6

L mb icidae
. Ei enell . - 1 4 12

	

53

	

25 4

Di e a
Ce a g nidae
Be ia . - - - 1

	

-

	

2 1

f ci m . A - -

	

4 -

	

-

	

-
F ci m ia . B -

	

4 -

D hele .
Ti lidae 12 -

Ti la .
He a m . - -

	

4 8
4

	

4 5

Limn hila . -

	

4 -

An cha . 1

	

-

	

3 13

	

12 132 2

	

- -

E i e e . B
Lim nia .
O m ia .
Pedici . -

	

14
1

20 12

	

1 1

. . He e c n a . - 12 2 2

P ch didae
. Pe ic m . 1 - 2

Sim liidae -
Sim l m . B 81

	

- 12
S m li m a c ic m 4

	

1 16 - 9

	

- 15

Sim li m a g e -
Sim li m a e m - 2 -
Sim li m canaden e -

	

-
Sim li m a m 5
P im / m n ch dac l m 3

. . Velacne h,a leanae 11
Uid . n . 25
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6 3

Si e 76 -Mill F k Can n-
O gani m

	

c n in ed Si e 77 - H n ing n C eek-c n in ed Si e 78 - Rilda Can n-c n in ed

7-28-78 7-19-79

	

10.16 .79 10-13-77 7 .28.78 10-18-78 7 .19-79 10 .16.79

	

10-13-77 7-:,3-78 10.18-78 7 .18-79

	

10-16-79

D i e a -c n in ed
S a i m iidae
. E a h . - -

	

- -
Em ididae

	

- - - -

	

-
Heme d mia .

	

- - - - -
Wiedemannia .

	

- 2 44

	

- - - -
Chelife a .

	

4

	

2

	

4 2 1 4 8 3 1 4

	

1

E h d idae
. H d ella .

	

-

	

- - - - 2 -

	

-
Rhagi nidae

	

- 11 - - -

	

- -
. A he i a iega e

	

- - 2 2 4 23

Chi n midae 11 - -

	

12
P cladi . - 1 -
P ec an .

	

-

	

- - -

	

- - 2
Ablabe m ia .

	

-

	

- - - - -
77hienemannim ia

	

2

	

-

	

5 - 3 1 8 8 2 64 5

	

3

Pa ch/ kieffe i

	

1

	

1 - - -
Diame a . A

	

1

	

- - I - - - -
Diame e . B 25 - - -
M n diame . 1 - - - -

	

-
P e d diame a . A

	

1

	

1 - - - 8

	

- - 1

P e d diame a . 8

	

-

	

1 - - 5
P e d diame a .

	

- 2 - -

	

-
0d n me e .

	

- - - - - -

	

- - -
. , P diame a . - - - 1 -

B illia 9 .

	

- - - - -
B illia . A - - -
B illia . 8

	

- - - 1 -
C n ne a .

	

13

	

2 - 1 - - -

	

- 9 26 1

C ic . B

	

2 - 6 - 24 - 34 - -

	

-

C ic . C

	

-

	

- - - - -
. . C ic . D

	

- - - -
He e i cladi hi a e

	

133

	

2 - - -

	

-
He e i cladi li e i

	

1 - 7 - 10 1 2

	

5
O h cladi . A

	

- 2 10 8 4 - 1

	

2

O h cladi . B

	

3 22 1 4 1 4

	

-

O h c/adi . C

	

- - - - - -
O h cladi . 0 - 4
O h cladi d en - 2 5 - 24

	

- - 3

O h cladi b mb a

	

3

	

5 - 194 108 16 36

	

- 2 - 3

	

-

P ec cladi .

	

- 2 4 -

	

- 1

. . Smi a . - - -
T ich cladi . A

	

- 11 24 30 1

T ich cladi . B - - - - -
T i cladi .

	

30

	

-

	

1 - -
Chi n m . 1 - -

	

- - -
C ch n m .

	

- - - - - - - - -
Phaen ec a . - -
P l edil m . 1 - - 1

Clada an a .

	

- 4 -

	

1

Mic ec e .

	

2

	

2 8 - - 4 -
Mic ec a . A 4

	

- 5

Mic ec a . B - - -
Pa ec/ad elma nai - - -
Za e/im ia . -

	

-
Za e/m a . B

	

- - - - -

	

2
E kieffe iella . A

	

- 15 - 2
E kieffe iella . B

	

14

	

77 8 11 48 52 7 2

	

-
E kieffe iella . C

	

1

	

-

	

- , 4 - -
E kieffe iella . F -
Uid . Tan a ini 1 -
Uid .P

	

- - - - -
M cidae
Limn h a .

	

2

	

2

	

- - - -

	

-
Li e .

	

2 -
D lich didae
D lich .

	

1 - -
Cam cnem .

	

-

	

1 -
Di idae

. Oi a .

	

- - 1
Tan de idae

. P la a .

	

- - 4
T ich e a

	

- 22 - 3
H d chidae
H d che .

	

-

	

12 - - 12 36 68

	

- 3 5 1

	

3

A c che . A 1 1 -

Pa e che . - - -
Rh ac hilidae
Rh ac h la . B

	

- - 1 28 -
Rh ac hila . C
Rh ac hila . 0 4

	

5

Rh ac h la ac ede 1 15

Rh ac hila angeh a -
H d lidae
Ne nch a . - - -
Och chi .

	

1

	

- 2 16 4 -
B ach cen idae
B ach cen ame ican - 20 12 116

	

-
B ach cen . 1 -
Mic a ema .

Limne hilidae
Dic m ec a i e -
He e h /a .

	

-

	

-

	

6 - - - 15 1

Limne hil . A - - -
Ne h ema .

	

-

	

-

	

- - 1
Olig hieb de .

	

- - 4 - -

	

2

Eccli m ia . - - -
Pi ; e a

	

- 22 - - - 15 - -

	

-
. P e na cidae
F e na ceda bad a

	

- 1 12 - - -

	

-
P e na c eahl n,ca

	

-

	

- - 4 - -
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6 4

Si e 76 - Mill F k Can n-
O gani m

	

c n in ed Si e 77 - H n ing n C eek-c n in ed Si e 78 Rilda Can n.-c n in ed

7-28-78 7-19-79 10.16-79 10 .13.77 7-28-78 10-18 .78 7-19-79 10-16-79

	

10-13-77 7-26-78 10-18-78 7-18-79 10-16-79

Plec e a-c n in ed
Nem idae
Am hinem a .

	

- - - - - -

	

- 21 - 33
Malenka .

	

- - - - - - 46 30
P dm a ia

	

- 5 - - 4 - -
Pe lidae

. He e e le acilica - -
Pe l didae

I gen ide i nen i

	

- - - 9 28 4 45 2
l e la .

	

- - 3 - -

	

- 2 - - -
l e la . A 2 1 - - - - 13 147
l e la . B

	

- - - 4 - -
Chl e lidae
All e /a .

	

- - - - 4 - 1
Ka h e /a e di a - - - 1 12
S el a albe e i - - -
S ei a .

	

- - 8 1 -
Taeni e gidae
. Teeni nema . - - - 12 -
Ca niidae
. Uid . . 5 7 - - 4 52

	

- 282 1 219
Hemi e a - - - -

	

- -
C le e a
Elmidae

	

- 48 - -

	

- - -
Na . - - - - -

	

- -
O i e e ia 1 - 21 21 168 520 1 5 2

H d hilidae
Ame . - - -
Hal h . - - -
H d bi . - - - -

D i cidae
H d H g .

	

- - 1 4 - -
De nec e .

	

- -
Agab . 3 - -
D idae
. Helich e ali - - -

E heme e a

	

- - 33 -

	

3 -
E heme el l idae
E heme ella a i illii - 4
E heme elM c / eden i -

	

- - 5
E heme ella d dd i

	

- - -
E heme el/a g andi 1 - - 1 2 4 28

	

- - 1
E heme ella ma ga i a

	

- -

	

- 8
E heme ella e a elle . A 1 1 44

	

- -
Bae idae
Ba i .

	

6 - - 103 -

	

- - - -
8a i . A 514 764 298 704 1,876

	

- 173 1,182 95 326
Bae i . 8 - - - - 52 -
He ageniidae
E e / ngiman 6 - - - - - - 4
Cin gm la . A 5 6 - -

	

- 1
Rhi h gena . - - 14 - 36 17
He agenia c iddlei 18 24 - 25
He agenia a/egan la 3 - - 12 . 12 12 - -
Le hlebiidae

	

- - - - -
Pa ale hlebia . - - - 77 9 19
T ic hidee
. T ie h de min e

P d c a
C idae

. P i n c i / ngil me 1 - 7 23 12
D laimida
D laimidae
A/aim . 5 - - - 44

	

- - 3
Uid. gene a 4 - - 4 5- 28 12 3 4 7 2

Di l ace
Da hnidae

. Da hnia .

	

2 49 2 296 - 1 - 3
C e da
Dia midae

. . Dia m .

	

1 73 6 - 924 38
Can h cam idae
. A he ella . 1
C cl idae
.Uid . . 45 - 104 -

Aca i
Mideidae
Mide i . - -
H g ba idae
A ac ide . - - 4

	

- - -
S e ch nidae
S e ch n . - 1 56 60 1
Limne iidae
T elba . - - -

Lebeliidae
L ebe ne .

He e nd n a
S hae iidae
. Pi idi m mili m - -
H d aca ina -
Ba mma h a
L mnaeidae

	

- -
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65

O gani m

	

Si e 87 - Dee C eek Si e 103 - C n d C eek Si e 104 - C n d C eek

7-28-78

	

7-18-79

	

10-13-771' 7.27.78 10-19.78 7 .18-79 10-16-79

	

10-13-77 7-27-78

	

10.19.78 7-18-79 10 .16-79

H d ida
H d idae
H d a .

	

-

	

- - - - -
T icladida
Plana iidae
. P l celi c ne

	

-

	

- - 4 6 8

Ha l a ida
T bificidae
Limn d / h flmei e i

	

-

	

- -
Rh ac d il .

	

- 21 - 2 - -
Uid. .

	

-

	

- 7 -

	

- -
Naididae
Haa e d b a 1 6 3 5 3 4

E nch aeidae
Ench ae .

	

2

	

- 4 11 37 2

	

2 10 4

L mb icidae
. Ei enella .

	

-

	

- 1 - 1 7

Di e a
Ce a g nidae
Be /a .

	

-

	

- 1 4 1 1 1 7 -

F n m ia . A

	

1 - - - 3 -
F ci m ia . B

	

-

	

- - - -
Da hele .

	

- - -

	

- -

	

-
Ti lidae

	

1 - - -

	

- -
Ti la .

	

-

	

1 3 - 1
. . Ne a ma .

	

-

	

- - - - 1

Limn hila . 11 2 -
An cha .

	

- 3 -
E i e a . B

	

- - - -
Lim nia . - - - -
O m ia .

	

- - -
Pedicia . 4 6

	

- 2

He e c n a .

	

- -
P ch didae
. Pe ic ma . 3 - -

1

Sim liidae - 3 - -
Sim li m . B

	

- - - - 48 -

Sim li m a c ic m

	

1

	

- 15 - - 84 216 - 22
Sim li m a g - - - 1
Sim li m a e m -
Sim li m canaden e 4 178
Sim li m i a m

	

- 2
P im li m n ch dac l m
Me acne hia j anae
Uid . . -

S a i m iidae
. E a h . 2 -
Em ididae

	

- 1
Heme d mia .
Wiedemannl . 1 -
Chelile .

	

38 5 9 7 3 3 7 2

E h d idae
, H d ellia . 1 -
Rhagi nidae

. A he i a iega e
Chi n midae

	

-

	

6
P c/adi . -
P ec an .

	

- -
1

Ablabe m ia . - -
Thienemannim i

	

20

	

7 4 145 3 10

	

- 12 7 3

Pa ch/ kielfe i

	

- - - -
Diame a . A

	

-

	

- - 3
0i me . 8 - - -
M n diame a . -
P e d diame a . A 1 - -
P e d diame a . B - 3

	

-
. , P e d diame a .

	

- 1

	

-
0d n me a . - -
P diame a . -
B illia . - - - -
B illia . A

	

-

	

- - -
B illia . 8 - 1
C n n a .

	

1

	

4 3 - 11

	

1 -

C ic . B 1
C ic . C

	

- - -
C ic . D

	

- -
He e i c/adi hi a e

	

25 2
He e i cladi li e i

	

- 2 6 10
O h cladi . A - - 1
O h cladi . 8

	

-

	

7

	

- 4
O h c/adi . C -
O h c/adi . D - - - 1 - -
O h cladi d en

	

1 2 3 25 6 - 21

O h cladi b mb a

	

1 6 - 1 - 126 19
P ec cladi .

	

- 6 1 1
S ni ia . - - - -
T ich cladi . A

	

18 23 23

T ich clad . B

	

- - -
. . T i c/adi .

Chi n m .
C chi n m . 1 -
Phaen ec a . -
P l ed l m .

	

-

	

1 2 3

	

- 3

C/ad an a .

	

1 2 -
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E heme ella c l aden
E heme ella d dd i
E heme ella g andi

	

-

	

2

	

-
E heme ella ma a e a

	

-
f heme ella e a ella . A

	

1

	

-

	

2

	

2

66

O gani m

Si e 87 - Dee C eek-
c n in ed

	

Si e 103 - C n d C eek-c n in ed Si e 104-C n d C eek-c n in ed

Di e a -c n in ed
Chi n midae --c n in ed

7.28.78

	

7-18-79

	

10-13-77

	

7-27-78 10-19-78

	

7-18-79

	

10.16-79

	

10.13.77 7-27-78 10-19-78 7-18-79 10-16-79

Mic ec a . 4

	

-

	

- 13

	

- 1 1 1

Mic ec a . A -

	

- 3 - 1
Mic ec a . B -

	

-

	

- -

	

- -
Pa aclad elma naff 1

	

-

	

- -
Za elim a . - - - -
Za el m ia . B -

	

-

	

- -
E kieffe iel/a . A -

	

- -

	

- 29 -
E k,effe iella . B 42

	

- -

	

4

	

7

	

7 10 1 15
E kieffe iella . C -

	

- - - -
£ kieffe iella . F - - - -
Uid . Tan a ini -

	

- -
Uid . P a -

	

-

	

- 2
M cidae
Limn h a . 2

	

-

	

- - -
Li e . - - -

D lich didae
D lich . -

	

- -
Cam icnem . - - - -

Di idae
. Di a . -

	

-

	

-

	

- -

	

- - -
Tan de idae
. P la a . - -

	

- -
T ich e a -

	

7

	

- 6
H d chidae
H d che . 1

	

16

	

4 42

	

12

	

205 1 85 8 63

A c che . A -

	

- -

	

- - -
Pa a che . -

	

- - -
Rh ac hilidae
Rh ac hila . B - 1

	

- 3

Rh ac hila . C -
Rh ac hila . D -
Rh ac hila ac ede -

	

- 2 -
Rh ac hilaangeli a - - -

H d ilidae
Ne ichia . -

	

- 1 3

Ochi ichi . 1 3

	

- 2 4 1

B ach cen idae
B ach cen ame ican 5

	

1

	

18 15 4 11

B ach cen . -

	

-
Mic e ema .
Limne hilidae
Oic m ec i e
He e h /a . 4

	

1

	

2 3
Limne hil . A
Ne h ema . -
0/ig h/eb de . - - -
Eccli m ia . - -

	

-
Plec e a -

	

145 73
P e na cidae
P e na cella badi
P e na c calif nic
Nem idae
Am hinem a .
Ma/enk . 3

	

1

	

3
P dm a ia - - -
Pe lidae
He e e /a acific# -

Pe l didae
l gen ide i nen i 11

	

- - 9
l e la . -
l e la . A - 3

	

22 2 6

l e la . B - 3 2

Chl e lidae
All e la . 2 - -
Ka h e la e di a
S e/ a a/be e i
S el a . -

	

- - -
Taeni e gidae

. Taeni nema .
Ca niidae
.Uid. . - 14

	

3

	

36 8

Hemin e a -

	

-

	

1
C le e a
Elmidae -

. . Na .
O e e ia 2

	

1 1
. H d hnidae
Ame . - -
Hel h . - -

	

-
. . H d bi . 2 -

	

-

	

-
D i cidae
H d H g . 28

	

-

	

- - - -
De nec e . 1 -

	

-
Agab . 5

	

1 1 4
. D idae

Helich e ali
E heme e a 18 55

E heme el l i dae
E heme ella a i ilhi



'Sam le al c n ained 22 gani m in he cla Olig chae a .
'Sam le al c n ained 36 gani m in he cla Olig chae a .
'Sam le al c n ained 4 gani m in he cla Olig chae a .
Sam le al c n ained 3 gani m in he cla Olig chae a .

'Sam le al c n ained I gani m in he cla Olig chae a .
'Sam le al c n ained 5 gani m in he cla Olig chae a .
' Sam le al c n ained 5 gani m in he cla Olig chae a.
'Sam le al c n ained 1 gani m in he cla Olig chae a.
Sam le al c n ained 2 gani m in he cla Olig chae a.

" Sam le al c n ained 3 gani m in he cla Olig chae a.
'' Sam le al c n ained 2 gani m in he cla Olig chae a.
''Sam le c llec ed n a ificial b a e m l i- la e am le (He e and Dend , 1962) .
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Table

	

I en hic in e eb aIe c llec ed in he i lm d aina e f H n ingi n and C n d C eek , 1977-79-C n Iin ed

O gani m
Si e 87 - Dee C eek-

c n in ed Si e 103 - C n d C eek-c n in ed Si e 104 -C n d C eek-c n in ed

7-28-78 7-18-79

	

10.13 .77 7-27-78 10-19-78 7-18-79 10-16-79

	

10.13. 77 7-27-78 10-19-78 7.18 .79 10-16-79

E heme e a-c n in ed
Bae idae

. . Bae i .
Bae i . A

-
126 56

	

-
-

222
-

302 88 412

	

- 544 893 394 689

Bae i . 8 - - - -
He ageniidae
E e / ngiman - - 1

Cin gm la . A - 1
Rhi h gena .
He agenia c iddlei - 2 2 4 1

He agenia elegan la - 35 11 4 - 39
Le hlebiidae -
. Pa ale h/ebia . - 16
T ic hidae
. T ic h de min - - -

P d c a
C idae
. P i n c i l ngif ma -

	

- 16 17

	

- 2

D laimida
D laimidae
Alai m . 4 3
Uid. gene a - 1 -

	

- 2 1

Di l aca
Da hnidae
. Da hnia . - 23 -

C e da
Dia midae
. Dia m . 62
Can h cam idae
. A he e/la . -
C cl idae
. Uid . . 1 2

Ace i
Mideidae
Mide i . - -
H g ba idae

. A ac ide . - -
S e ch nidae

. . S e ch n . - - 1 1 - 16 1

Limne iidae
T ellia . -

	

- -
Lebe iidae
Lebe ia . -

	

- -
He e nd n a
S hae iidae -
. Pi idi m m / m 1 1

H d aca ina -
Ba mma h a

- L mnaeidae



Table 8 .--C ncen a i n f de e i m in ain, n , ing a e , and a e in mine
[Anal e b Cen e D'E de N cleai e de Sacla , F ance]

L ca i n : See e lana i n f da a- i e-n mbe ing em in e , la e 1, and fig e 16 .
S ce: 1, ain ; 2, n ; 3, ing a e ; 4, Wilbe g Mine a e ; 5, Dee C eek Mine a e .

Da e : A h n e ce f ce 1, acc m la ed ain J ne-Oc be 1978 ; ce 2, c e f acc m la ed
n Oc be 1978-Ma 1979.

Al i de : In fee ab e Na i nal Ge de ic Ve ical Da m f 1929 .
Val e : Val e = (D/H) am le - (D/H) SMOW 1,000 ;

(D/H) SMOW

he e
H = h d gen c n en ,
D = de e i m c n en , and

SMOW = S anda d'Mean Ocean Wa e (C aig, 1961) .

6 8

L cai n S ce Da e Ali de Val e L cai n S ce Da e Al i de Val e

(D-14-6)7cbb 2 8,520 -147.1 (D-16-7)35abc-S1 3 8- 9-79 6,620 -123 .2

13cdb 2 8,520 -147.1 (D-16-8)5bac-S1 3 5-16-79 8,400 -120.8

14daa 1 8,350 -84.5 (D-17-6 )11 cdc 2 8,100 -141 .7

21dca 2 9,020 -121 .2 23aaa-S1 3 8- 9-79 7,766 -127.6

28abc 1 8,860 -84 .3 25bdd 1 - 7,280 -54.4

(D-15-6)13dad-S1 3 8-23-79 8,320 -129.9 (D-17-7)5cad-S1 3 5-16-79 9,320 -153.7

(D-15-7)5dbb 2 8,020 -140.3 10cbd 5 8- 2-79 -125.8

29dca 2 7,520 -125.5 10ccb 5 8- 2-7.9 -122.5

34cdd-S1 3 8-22-79 8,000 -125.9 16aad 5 8- 2-79

34dac 2 8,000 -122.8 16cdd 5 8- 2-79 -123.2

35cbc-S1 3 8- 4-78 8,010 -126.7 18abb-S1 3 8- 8-79 8,980 -125.1

35dba 2 9,060 -145.8 18dcd-S1 3 8- 8-79 8,960 -125.7

(D-16-5)16ddb 2 9,820 -148.0 20cca 4 7- 5-79 -121 .6

(D-16-6)laca-S1 3 11- 8-78 8,320 -125.5 20ccb 4 7- 5-79 -122.7

3 7-19-79 8,320 -124.9 20dcc 4 7- 5-79 -122.2

23cad 2 10,200 -145.2 21aab 5 8- 2-79 -123.2

27aaa 2 9,250 -137.0 21 bad 5 8-30-78 -123.7

27adb 1 9,120 -77.8 21 cbc 4 7- 5-79 -122.2

(D-16-7)9cbd-S1 3 10-13-78 7,600 -124 .7 21 dbd 5 8- 2-79 -122.5

3 8- 3-79 7,600 -124.1 21dda 4 8-30-78 -123.8

13bac-S1 3 5-16-79 9,180 -119.8 22abd 5 8- 2-79 -122.3

17ccb-S 1 3 9- 5-78 8,060 -122.5 22cab 4 7- 5-79 -121 .8

21 bbb-S1 3 9- 5-78 7,600 -124.8 22ccb 4 8-30-78 -122 .1

22bbb-S1 3 9- 7-78 7,220 -127.9 22cdc 4 7- 5-79 -121 .7

23ccb 2 7,020 -136.6 27bac 4 7- 5-79 -123 .1

26adc-S 1 3 5-11-79 7,120 -124.0 4 7- 5-79 -122.3

26bca-S 1 3 8- 9-79 6,860 -125.5 28abc 4 8-30-78 -122.2

28cba 2 7,680 -123 .7 28bad 4 7- 5-79 -121 .9



Table 9.--Field de e mina i n f di cha ge, ecific c nd c ance, H, a e em e a e
and alkalini a elec ed ing

L ca i n : See e lana i n f da a- i e n mbe ing em in e .

Ge l gic ni : 200MNCS, Manc Shale ; 211SRPN, S a P in Sand ne ; 211BCKK, Blackha k
F ma i n ; 211CSLG, Ca lega e Sand ne ; 211PCRV, P ice Ri e F ma i n ; 125NRHR,
N h H n F ma i n ; 123FLGF, Flag aff Lime ne ; indica e f ma i n f ing

ifice .

Da e f am le : Yea -m n h-da .

Al i de : Al i de f land face a ing, in fee , in e la ed f m g a hic ma .
Na i nal Ge de ic Ve ical Da m f 1929 .

Di cha ge : Mea ed e ce E, e ima ed .
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LOCATION

GEO-
LOGIC
UNIT

DATE
OF

SAMPLE
ALTI-
TUDE

DIS-
CHARGE

(GAL/MIN)

SPE-
CIFIC
CON-
DUCT-
ANCE
(UMHO$)

PH

(UNITS)

TEMPER-
ATURE
(DEG C)

ALKA-
LINITY
FIELD
(MG/L)
AS

CAC03)

(D-13- 6)10CAC-S1 211PCRV 78-07-17 9410 .00 1 .8 110 7 .4 4 .8 40
15AAB-S1 211PCRV 78-07-17 9280 .00 .3 60 7 .4 4 .8 --
23BCB-S1 211BCKK 78-07-21 9140.00 12 380 7 .4 4 .4 185
36ACC-S1 211BCKK 78-07-18 9680 .00 .7 220 7 .2 4.7 125
36CAD-S1 211BCKK 78-07-18 9810 .00 8 .0 180 7 .7 4 .0 85
36DAB-S1 211BCKK 78-07-18 9600 .00 3 .9 180 7 .3 2 .5 90
36DDB-S1 211BCKK 78-07-18 9680.00 .4 200 7 .4 5.5 90

(D-14- 6)23BCD-S1 211PCRV 79-09-20 9040 .00 10 340 6 .0
24ADC-S1 211SRPN 79-07-16 8320 .00 485 -- 7 .5

211SRPN 79-08-22 8320 .00 418 545 6 .5
211SRPN 79-08-28 8320 .00 410 --
211SRPN 79-09-17 8320 .00 386 495 8 .0

24ADC-S2 211SRPN 79-06-12 8310 .00 87 490 7 .4 6 .5
211SRPN 79-07-16 8310 .00 88 -- 7 .5
211SRPN 79-08-28 8310 .00 45 --
211SRPN 79-09-17 8310 .00 67 510 7 .0

24BAA-S1 211BCKK 78-10-04 8450 .00 120 --
26000-S1 111-ALVM 79-09-20 9020 .00 6 .0 518 7 .0
35BDA-S1 211BCKK 79-09-20 8940 .00 8 .6 550 6 .0

(D-14- 7) 7CAD-S1 211BCKK 78-07-19 10000 .00 .4 220 7 .9 6 .6 120
7CDA-S1 211BCKK 78-07-19 9860 .00 3 .7 360 7 .2 5 .0 190
7DDB-S1 211BCKK 78-07-19 10240 .00 3 .8 440 7 .3 4.0 200
17000-S1 211BCKK 78-07-20 10120.00 1 .4 330 7 .7 5 .7 160
17000-S2 211BCKK 78-07-20 10100 .00 .2 400 7 .4 6 .0 200
22BBD-S1 211PCRV 79-09-20 9300 .00 .7 -- -- 7 .0 --
29AAA-S1 211BCKK 78-07-19 9840 .00 9 .0 300 7 .5 4 .0 140
29BCA-S1 211SRPN 78-08-16 8900.00 -- 570 6.0 210
30BDC-S1 200MNCS 78-10-04 8230 .00 40 -- -- --
33ABA-S1 211PCRV 78-07-20 9570 .00 5 .6 290 7 .2 4 .2 165

(D-15- 6) 1ADA-S1 211BCKK 78-08-08 9470 .00 .5 380 7 .7 7 .0 215
1BCC-S1 211BCKK 79-09-20 9360 .00 6 .0 480 -- 6 .5 --

13DAD-S1 20OMNCS 79-06-28 8320 .00 450 520 -- 10 .5 --
200IINCS 79-07-19 8320 .00 453 560 -- 10 .5 --
200 aNCS 79-08-23 8320 .00 383 540 -- 9 .5 --
20OMNCS 79-09-17 8320 .00 364 540 9 .5 --

(D-15- 7) 3DAB-S1 20OMNCS 78-10-20 7920 .00 36 595 -- 8 .5
14ACD-S1 125NRHR 78-07-03 9800 .00 3 .9 440 7 .9 4 .7
15ACB-S1 125NRHR 78-07-06 9520 .00 1 .0 440 7 .6 8.0
15DCC-S1 125NRHR 78-07-06 9480 .00 9 .9 445 7 .8 4 .0
15DDA-S1 211PCRV 78-07-06 9390 .00 8 .5 480 7 .7 5 .0



7 0

and alkalini
f di cha ge,

a elec ed
ecific

ing --C n in ed
c nd c ance, H, a e em e a eTable 9 .--Field de e mina i n

SPE- ALKA-
CIFIC LINITY

GEO-
LOGIC

DATE
OF ALTI- DIS-

CON-
DUCT- PH TEMPER-

FIELD
(MG/L)

LOCATION UNIT SAMPLE TUDE CHARGE
(GAL/MIN)

ANCE
(UMHOS) (UNITS)

ATURE
(DEG C)

AS
CAC03)

(D-15- 7)16CAD-S1 211SRPN 78-08-28 8320 .00 .5 790 7 .6 8.0 345
18BDD-S1 211BCKK 78-08-07 9440 .00 4 .0 420 7 .8 5 .8
22AAA-S1 211PCRV 78-07-06 9120 .00 3 .0 460 7 .6 5 .0 --
22DAC-S1 211PCRV 78-07-06 8960 .00 -- -- -- -- 220
23CAC-S1 125NRHR 78-07-05 9100 .00 1 .1 440 7 .7 6 .0 --

26DDA-S1 125NRHR 78-07-04 9230 .00 5 .2 500 7 .2 5 .4 --
26DDB-S2 125NRHR 78-07-04 9200 .00 15 460 7 .1 5 .2 --
27ABC-S1 125NRHR 78-07-05 9300 .00 11 310 7 .9 5 .5 --
34CDD-S1 211BCKK 79-06-28 8000 .00 7 .6 600 7 .3 9 .5 --

211BCKK 79-07-19 8000 .00 14 490 8 .0 13 .5 --
211BCKK 79-08-22 8000 .00 15 770 -- 11 .0 --
211BCKK 79-09-17 8000 .00 8 .6 460 11 .5 --

35ACC-S1 211BCKK 78-04-25 8440 .00 49
211BCKK 78-08-29 8440 .00 16
211BCKK 79-09-05 8440 .00 2 .7

35CBC-S1 211BCKK 78-04-25 8010 .00 75 -- -- -- --
211BCKK 78-05-25 8010 .00 94 -- -- -- --
211BCKK 78-06-02 8010 .00 79 -- -- --
211BCKK 78-06-08 8010 .00 81 560 -- 9 .1 --
211BCKK 78-06-29 8010 .00 79 -- -- -- --

211BCKK 78-07-06 8010 .00 80
211BCKK 78-08-04 8010 .00 73
211BCKK 78-08-10 8010 .00 71
211BCKK 78-08-28 8010 .00 77
211BCKK 78-10-12 8010 .00 79

211BCKK 78-10-25 8010 .00 77 -- -- -- --
211BCKK 78-11-07 8010 .00 77 -- --
211BCKK 78-12-13 8010 .00 79 -- --
211BCKK 79-02-08 8010 .00 79 -- 9 .0 --
211BCKK 79-04-03 8010 .00 71 -- -- --

211BCKK 79-05-09 8010 .00 81 --
211BCKK 79-05-30 8010 .00 81 650 -- 9 .0 --
211BCKK 79-06-14 8010 .00 79 -- -- --
211BCKK 79-08-22 8010 .00 79 580 9 .0
211BCKK 79-09-05 8010 .00 79 -- --

211BCKK 79-09-17 8010 .00 79 -- --
211BCKK 79-10-12 8010 .00 79 550 -- 10 .5

35CBD-S1 211BCKK 78-04-25 8060 .00 8 .0 -- -- --
211BCKK 78-08-29 8060 .00 8 .0

(D-16- 6) 1ACA-S1 211BCKK 78-04-26 8320 .00 8 .0 -- --
211BCKK 78-11-08 8320 .00 2 .2 -- -- -- --
211BCKK 79-08-23 8320 .00 26 540 -- 4 .0 --
211BCKK 79-09-17 8320 .00 22 560 -- 4 .5 --
211BCKK 79-10-16 8320 .00 8 .8 520 -- 6 .0 --

1CCA-S1 211BCKK 78-10-22 8680 .00 33 --
12CCD-S1 211CSLG 78-10-12 9250 .00 10 -- --
13AAB-S1 211BCKK 78-10-12 8700 .00 20 -- -- --
22CDA-S1 211CSLG 79-06-28 8?90 .00 15 600 7 .6 4 .9 290



Table 9 .--Field de e mina i n f di cha ge, ecific c nd c ance, H, a e em e a e
and alkalini a elec ed ing --C n in ed

7 1

LOCATION

GEO-
LOGIC
UNIT

DATE
OF

SAMPLE
ALTI-
TUDE

DIS-
CHARGE

(GAL/MIN)

SPE-
CIFIC
CON-
DUCT-
ANCE
(UMHOS)

PH

(UNITS)

TEMPER-
ATURE
(DEG C)

ALKA-
LINITY
FIELD
(MG/L)
AS
CAC03)

(D-16- 6)23DDA-S1 125NRHR 78-08-30 10260 .00 .5 245 8.2 4 .0 210
26DCA-S1 211PCRV 79-08-22 9350 .00 4 .0 520 7 .3 5 .2 290
27AAC-S1 211PCRV 79-09-20 9200 .00 .7 480 8 .5
27ADD-S1 211PCRV 78-02-01 9190 .00 .2 -- -- --

211PCRV 78-06-22 9190 .00 2 .0 -- -- -- --
34ABD-S1 211PCRV 78-09-06 9300 .00 2 .0 317 7 .2 4 .5 270

211PCRV 79-08-01 9300 .00 .0 580 7 .2 7 .0 305

34DDA-SI 211CSLG 79-08-01 8720 .00 3 .2 560 7 .4 7 .3 295
211CSLG 79-09-20 8720 .00 2 .1 550 -- 7 .5 --

35AAC-S1 211PCRV 79-08-22 9350 .00 2 .6 540 7 .7 6 .5 295
35ACA-S1 211PCRV 79-08-22 9280 .00 10 530 8 .0 6 .6 290
35ACB-S1 211PCRV 79-08-22 9120 .00 2 .4 560 7 .6 4 .0 275

(D-16- 7) 1CAD-S1 125NRHR 78-08-15 9440 .00 5 .6 460 7 .2 4 .6 280
9CAB-S1 211SRPN 78-04-27 7600 .00 430 -- -- --

211SRPN 78-08-29 7600.00 296 -- 8 .5 --
211SRPN 78-10-13 7600.00 260 -- -- --
211SRPN 78-11-08 7600.00 190 -- -- -- --

11DBB-S1 125NRHR 78-08-15 9060 .00 .9 540 6.9 8 .6 300
17CCB-S1 211BCKK 78-09-05 8060 .00 30 530 7.5 6 .5 --

211BCKK 79-06-27 8060 .00 44 660 7 .4 7 .0 --
211BCKK 79-07-19 8060 .00 76 530 6.7 6 .5 --
211BCKK 79-08-22 8060 .00 36 570 -- 10 .5 --
21IBCKK 79-09-18 8060 .00 27 580 -- 6 .0 --
211BCKK 79-10-17 8060 .00 24 520 -- 8 .5 --

18ABB-S1 211BCKK 78-10-12 8360 .00 1 .8 -- -- -- --
20ABA-S1 211BCKK 76-08-18 7880 .00 1 .5 470 7 .5 8.0 --
22BBB-S1 211SRPN 78-10-12 7220 .00 .9 -- -- -- --

211SRPN 78-11-08 7220 .00 3 .3 -- -- 10.5
211SRPN 78-12-14 7220 .00 3 .0 -- -- 10.0 --
211SRPN 79-06-27 7220 .00 5 .0 1140 7 .2 10 .5 --
211SRPN 79-07-19 7220 .00 4 .7 1120 7 .0 10.0
211SRPN 79-08-22 7220 .00 4 .8 1200 10 .0 --
211SRPN 79-09-18 7220 .00 4 .2 1260 -- 9 .5 --
211SRPN 79-10-17 7220 .00 4 .4 1070 -- 11 .0

26ADC-S1 211SRPN 78-04-27 7120.00 110
211SRPN 78-05-26 7120 .00 110
211SRPN 78-06-09 7120.00 120
211SRPN 78-06-23 7120 .00 130
211SRPN 78-07-06 7120.00 150
211SRPN 78-07-28 7120 .00 150
211SRPN 78-08-10 7120 .00 160

211SRPN 78-08-30 7120 .00 155
211SRPN 78-10-13 7120 .00 165
211SRPN 78-10-25 7120 .00 160
211SRPN 78-11-01 7120 .00 155
211SRPN 78-12-13 7120 .00 145
211SRPN 79-03-07 7120 .00 135

26BCA-S1 211SRPN 78-05-25 6860 .00 23
211SRPN 78-08-10 6860 .00 19 -- 11 .0
211SRPN 78-10-11 6860 .00 19 11 .0
211SRPN 78-11-07 6860 .00 19 10.5
211SRPN 78-12-13 6860 .00 19 -- 10 .0 --



Table 9 .--Field de e mina i n f di cha ge, ecific c nd c ance, H, a e em e a e,
and alkalini a elec ed ing --C n in ed

7 2

SPE- ALKA-
CIFIC LINITY

GEO- DATE CON- FIELD

LOCATION
LOGIC
UNIT

OF
SAMPLE

ALTI-
TUDE

DIS-
CHARGE

DUCT-
ANCE

PH TEMPER-
ATURE

(MG/L)
AS

(D-16- 7)26BCA-S1 211SRPN 79-06-14 6860 .00

(GAL/MIN)

10

(UMHOS) (UNITS) (DEG C)

11 .0

CAC03)

211SRPN 79-06-28 6860 .00 10 720 8.0 11 .0
211SRPN 79-07-20 6860 .00 9 .3 660 7 .0 11 .5
211SRPN 79-08-22 6860 .00 21 750 -- 10 .5 --
211SRPN 79-09-17 6860 .00 19 750 -- 10 .5 --
211SRPN 79-10-16 6860 .00 20 680 -- 11 .5 --

26CBB-S1 211SRPN 78-08-10 6950 .00 57 -- -- 11 .0 --
211SRPN 78-10-11 6950 .00 57 -- -- 10 .0 --
211SRPN 78-11-07 6950 .00 57 -- -- 10 .0 --
211SRPN 78-12-13 6950 .00 57 -- -- 10 .0 --
211SRPN 79-05-10 6950.00 44 -- -- --
211SRPN 79-06-28 6950 .00 30 820 7 .6 10 .5 --
211SRPN 79-07-16 6950 .00 27 710 7 .0 12 .5
211SRPN 79-09-18 6950 .00 65 760 9 .5 --
211SRPN 79-10-18 6950 .00 60 750 -- 11 .0 --

27ADC-S1 211SRPN 78-08-10 7000 .00 15 -- 11 .0
211SRPN 78-10-11 7000.00 5.8 -- -- 11 .0 --
211SRPN 78-11-07 7000.00 4 .9 -- -- 10.0 --
211SRPN 78-12-13 7000.00 5.4 -- -- 10 .0 --
211SRPN 79-05-10 7000.00 .0 -- -- --
211SRPN 79-06-28 7000.00 .0 -- -- -- --
211SRPN 79-08-22 7000.00 2 .0 870 -- 10 .0 --
211SRPN 79-09-18 7000.00 3.4 780 -- 10 .0 --
211SRPN 79-10-18 7000.00 3.1 730 -- 11 .5 --

27DAA-S1 211SRPN 78-08-10 6960.00 	5 .0 -- -- 11 .0 --
211SRPN 78-10-11 6960 .00 4.6 -- -- 10 .5 --
211SRPN 78-11-07 6960 .00 4.1 -- 10.0 --
211SRPN 78-12-13 6960 .00 4 .1 -- -- 10 .0 --
211SRPN 79-05-10 6960.00 1 .0 -- -- -- --
211SRPN 79-06-28 6960 .00 1 .7 760 7 .4 10.5 --
211SRPN 79-07-16 6960 .00 1 .0 820 6 .9 13.0 --
211SRPN 79-08-22 6960 .00 1 .5 870 -- 10 .0
211SRPN 79-09-18 6960 .00 2 .0 800 -- 10.0 --
211SRPN 79-10-18 6960 .00 1 .0 650 11 .0

28CBC-S1 211BCKK 78-08-10 7680 .00 23 -- -- -- --
211BCKK 78-10-11 7680 .00 23 -- -- 13.0 --
211BCKK 78-11-07 7680 .00 23 -- 12.0 --
211BCKK 78-12-13 7680 .00 22 -- -- 10.5
211BCKK 79-06-28 7680 .00 25 800 6 .9 14.0 380
211BCKK 79-07-16 7680 .00 22 770 6 .9 13 .0 --
211BCKK 79-08-22 7680 .00 21 770 -- 13 .0 --
211BCKK 79-09-17 7680 .00 24 860 -- 12 .0 --
211BCKK 79-10-16 7680 .00 22 760 -- 13 .0 --

32DDC-S1 125NRHR 78-10-11 7740 .00 3 .0 495 -- 4.0 --
125NRHR 78-11-08 7740 .00 2 .5 500 -- 4 .0 --
125NRHR 79-07-17 7740 .00 10 500 -- 13 .5 --
125NRHR 79-08-21 7740 .00 5 .4 460 -- 4 .0 --
125NRHR 79-09-19 7740 .00 5 .9 490 -- 4 .5 --
125NRHR 79-10-17 7740 .00 3 .8 480 -- 4 .0 --

32DDC-S2 125NRHR 78-11-08 7740 .00 .5 520 6 .5
125NRHR 79-07-17 774.0 .00 11 520 15 .0



Table 9 .--Field de e mina i n f di cha ge, ecific c nd c ance, H, a e em e a e,
and alkalini a elec ed ing --C n in ed
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LOCATION

GEO-
LOGIC
UNIT

DATE
OF

SAMPLE
ALTI-
TUDE

DIS-
CHARGE

(GAL/MIN)

SPE-
CIFIC
CON-
DUCT-
ANCE
(UMHOS)

PH

(UNITS)

TEMPER-
ATURE
(DEG C)

ALKA-
LINITY
FIELD
(MG/L)
AS
CAC03)

(D-16- 7)32DDC-S2 125NRHR 79-08-21 7740.00 2 .3 480 8 .0
125NRHR 79-09-19 7740 .00 1 .4 510 -- 8 .0 --

35ABC-Sl 111ALVM 78-10-13 6620 .00 22 --
111ALVM 78-11-08 6620 .00 20 -- -- --
111ALVM 78-12-11 6620 .00 23 -- -- --
111ALVM 79-05-11 6620 .00 26 -- -- -- --
111ALVM 79-06-28 6620 .00 20 960 8 .1 10 .5
111ALVM 79-07-20 6620 .00 21 900 7 .2 10 .5 --
111ALVM 79-08-07 6620 .00 35 760 7 .3 11 .0 --
111ALVM 79-08-22 6620 .00 38 1080 -- 10.0 --
111ALVM 79-08-31 6620 .00 35 -- -- -- --
111ALVM 79-09-17 6620 .00 40 1090 -- 9 .5 --
111ALVM 79-10-16 6620 .00 32 850 -- 11 .0 --

(D-16- 8)18CAD-SI 125NRHR 79-08-09 9200 .00 3 .9 600 7 .3 4 .5 310
21CDC-S1 211SRPN 79-08-09 7320 .00 3 .9 2630 7 .4 11 .5 425
28ADD-S1 20OMNCS 79-08-09 6960 .00 1 .0 2710 7 .2 21 .0 --

(D-17- 6) 1DAA-S1 124FLGF 78-07-27 10080 .00 5 .5 400 -- 5 .0 --
124FLGF 78-10-14 10080 .00 .3 405 -- 7 .0 --
124FLGF 79-06-15 10080 .00 49 400 -- 3 .5 --
124FLGF 79-07-17 10080 .00 6 .3 -- 5 .0 --
124FLGF 79-08-21 10080 .00 2 .1 320 -- 6 .5 --
124FLGF 79-09-19 10080 .00 .8 430 7 .0 --

3ABD-S1 211PCRV 79-06-19 8960 .00 .7 560 7 .4 7 .5 320
3ABD-S2 211PCRV 79-07-19 8960 .00 .4 500 7 .6 7 .8 320
3ADC-S1 211CSLG 79-07-04 8800 .00 7 .1 550 7 .6 7 .3 300
3ADD-S1 211CSLG 79-07-04 8740 .00 24 550 7 .5 7 .4 300

211CSLG 79-09-20 8740 .00 19 560 -- 8 .0 --
3BAB-S1 125NRHR 79-07-20 9640.00 .1 490 7 .4 7 .2 260

3BAD-S1 211PCRV 79-07-19 9450 .00 1 .3 490 7 .6 6 .4 265
3DDC-S1 211CSLG 79-07-04 8710 .00 13 560 7 .4 7 .2 300

12ADC-S1 125NRHR 79-08-08 9460 .00 5 .2 480 7 .5 5 .6 285
12DAA-S1 125NRHR 79-08-08 9400 .00 3 .8 460 7 .4 6 .2 295
14BCB-S1 125NRHR 79-06-27 9080 .00 .6 470 8 .0 22 .6 295
21DCD-S1 125NRHR 79-07-10 9030 .00 4 .0 560 7 .4 6 .2 280

23AAA-S1 211BCKK 78-06-08 7766 .00 43 -- -- --
211BCKK 78-06-28 7766 .00 41 -- -- -- --
211BCKK 78-07-10 7766 .00 35 -- --
211BCKK 78-07-27 7766 .00 33 --
211BCKK 78-07-28 7766 .00 33 -- --
211BCKK 78-08-09 7766 .00 36 -- --
211BCKK 78-09-06 7766 .00 37 -- -- --
211BCKK 78-10-09 7766 .00 38 590 -- 8 .5 --
211BCKK 78-10-13 7766 .00 41 -- - -- --
211BCKK 78-12-22 7766 .00 47 590 -- 7 .5 --
211BCKK 79-03-06 7766 .00 44 -- 8 .0 --
211BCKK 79-05-31 7766 .00 72 660 -- 8 .0 --
211BCKK 79-06-12 7766 .00 83 630 7 .0 8 .0 --
211BCKK 79-07-06 7766 .00 67 640 -- 8 .0
211BCKK 79-07-19 7766 .00 64 600 8 .0
211BCKK 79-08-28 7766 .00 55 -- -- --
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LOCATION

GEO-
LOGIC
UNIT

DATE
OF

SAMPLE
ALTI-
JUDE

DIS-
CHARGE

(GAL/MIN)

SPE-
CIFIC
CON-
DUCT-
ANCE
(UMHOS)

PH

(UNITS)

TEMPER-
ATURE
(DEG C)

ALKA-
LINITY
FIELD
(MG/L)
AS

CAC03)

(D-17- 6)23BCB-S1 125NRHR 79-07-13 8840 .00 14 620 7 .5 4.2 315
26CBB-S1 125NRHR 79-07-18 9180 .00 4.0 580 7 .4 6.2 325
27CBB-S1 125NRHR 79-08-16 8800 .00 3 .2 650 7 .8 7 .1 330
27CCD-S1 125NRHR 79-08-16 8780 .00 3 .2 625 7 .8 7 .5 320
28BBC-S2 125NRHR 79-08-29 8500 .00 6 .0 540 7 .7 .0 275
35CBB-S1 125NRHR 79-07-11 8760 .00 .8 750 7 .8 8 .2 355

(D-17- 7) 5CAD-S1 125NRHR 78-07-13 9320 .00 376 450 7 .7 4 .0
125NRHR 78-10-11 9320 .00 58 400 4 .0
-125NRHR 78-11-08 9320 .00 53 455 -- 4 .0 --
125NRHR 79-06-29 9320 .00 566 480 7 .9 4 .5 --
125NRHR 79-07-19 9320 .00 342 400 -- 4 .0 --
125NRHR 79-08-23 9320 .00 123 440 -- 6 .0 --
125NRHR 79-09-19 9320 .00 81 450 -- 4 .5 --
125NRHR 79-10-17 9320 .00 63 430 3 .5

7ACC-S1 125NRHR 79-08-08 9590 .00 2 .2 390 7 .8 5 .7 160
7BDA-S1 124FLGF 78-07-27 9740 .00 10 400 7 .1 6 .0 --

124FLGF 78-10-11 9740 .00 2 .6 420 -- 7 .5 --
124FLGF 78-11-08 9740 .00 2 .3 450 -- 8.0 --
124FLGF 79-06-13 9740 .00 27 380 -- 4 .5 --
124FLGF 79-07-16 9740 .00 13 390 -- 6 .0 --
124FLGF 79-08-21 9740 .00 5 .8 400 -- 8.0 --
124FLGF 79-09-19 9740 .00 2 .2 450 -- 8.5 --
124FLGF 79-10-17 9740 .00 2 .7 420 -- 7 .0 --

7BDD-S1 125NRHR 79-08-08 9410 .00 2 .8 400 7 .2 6.2 250
8DBC-S1 125NRHR 78-07-11 9320 .00 48 460 6 .6 5 .5 --

125NRHR 78-10-11 9320 .00 11 495 -- 6.0 --
125NRHR 78-11-08 9320 .00 9 .1 500 -- 6 .0 --
125NRHR 79-06-15 9320.00 76 495 5 .0 --
125NRHR 79-07-17 9320 .00 24 730 -- 5 .5 --
125NRHR 79-08-24 9320 .00 14 480 -- 5 .5 --
125NRHR 79-09-19 9320 .00 5 .5 525 -- 4 .5
125NRHR 79-10-17 9320 .00 . 4 .0 500 -- 7 .0 --

14BCB-S1 125NRHR 79-07-19 8800 .00 E3 .0 620 5 .0
16ACA-S1 125NRHR 78-07-27 9020 .00 2 .1 650 7 .1 5 .0

125NRHR 78-10-11 9020 .00 1 .4 655 -- 6 .0 --
125NRHR 79-06-13 9020 .00 2 .6 660 6 .0
125NRHR 79-07-17 9020 .00 2 .5 -- -- 6 .0
125NRHR 79-08-21 9020 .00 1 .2 640 6 .0 --
125NRHR 79-09-19 9020 .00 3 .8 720 -- 4 .5 --
125NRHR 79-10-17 9020 .00 1 .4 660 7 .0

16BAB-S1 125NRHR 78-10-11 8880 .00 5 .4 540 -- 4.0
125NRHR 79-06-15 8880 .00 15 540 -- 3.5 --
125NRHR 79-07-17 8880 .00 15 -- -- 6 .0 --
125NRHR 79-08-24 8880 .00 6 .2 500 -- 4 .5 --
125NRHR 79-10-17 8880 .00 3 .8 520 5.0

16CBA-S1 125NRHR 78-10-10 9320 .00 2 .4 570 -- 6 .0 --
125NRHR 79-06-13 9320 .00 34 480 -- 4 .5 --
125NRHR 79-07-16 9320 .00 15 600 -- 6 .0
125NRHR 79-08-21 9320 .00 6 .7 500 -- 5 .5
125NRHR 79-09-19 9320 .00 3 .8 505 9 .0
125URHR 79-10-17 9320 .00 2 .7 515 6 .5
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SPE- ALKA-
CIFIC LINITY

GEO-
LOGIC
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OF ALTI- DIS-

CON-
DUCT- PH TEMPER-

FIELD
(MG/L)

LOCATION UNIT SAMPLE TUDE CHARGE
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(UMHOS) (UNITS)

ATURE
(DEG C)

AS
CAC03)

(D-17- 7)16DCD-S1 125NRHR 78-07-14 9280 .00 8 .2 495 7 .4 6 .0 --
125NRHR 78-10-10 9280 .00 7 .3 500 7 .0
125NRHR 79-06-13 9280 .00 10 510 -- 5 .5 --
125NRHR 79-07-16 9280 .00 30 700 -- 6 .0 --
125NRHR 79-08-21 9280 .00 17 500 -- 6 .5 --
125NRHR 79-09-19 9280 .00 16 510 -- 6 .0 --
125NRHR 79-10-17 9280 .00 13 490 -- 6 .0 --

17DBA-S1 125NRHR 78-07-14 9320 .00 40 -- 4.0
	125NRHR 78-10-11 9320 .00 2 .6 465 -- 5 .0
125NRHR 79-06-13 9320 .00 167 440 -- 4.5 --
125NRHR 79-07-16 9320 .00 61 580 -- 4 .5
125NRHR 79-08-21 9320 .00 19 460 -- 4.5 --
125NRHR 79-09-19 9320 .00 6 .1 505 -- 9.5
125NRHR 79-10-17 9320 .00 3 .3 470 -- 3.0 --

18AAB-S1 125NRHR 79-08-08 9440 .00 6 .6 570 6 .9 305
18ABB-S2 125NRHR 78-09-19 9390 .00 -- 746 -- -- --
18DCD-S1 125NRHR 79-08-08 8960 .00 1 .6 695 7 .2 7 .5 355
18DDA-S1 125NRHR 79-08-08 9320 .00 5 .4 540 7 .7 11 .0 --
18DDD-S1 125NRHR 79-08-08 9320 .00 3 .5 595 7 .7 10 .5 --

20ACD-S1 125NRHR 78-07-12 9360 .00 8 .0 510 7 .4 5 .0
125NRHR 79-06-13 9360 .00 30 530 -- 5 .0 --
125NRHR 79-07-16 9360 .00 6 .4 910 -- 11 .0 --
125NRHR 79-08-21 9360 .00 .7 500 12 .5

(D-17- 7)21BAB-S1 125NRHR 78-07-12 9240 .00 7 .5 -- -- 15 .4 --
125NRHR 78-10-10 9240 .00 2 .4 505 -- 6 .0 --
125NRHR 79-06-13 9240 .00 8 .6 540 -- 5 .0 --
125NRHR 79-08-21 9240 .00 4 .3 470 -- 7 .0 --
125NRHR 79-09-19 9240 .00 2 .6 595 6 .0 --
125NRHR 79-10-17 9240 .00 2 .5 500 6 .5 --

21BDD-S1 125NRHR 78-07-12 8930 .00 5 .7 710 -- 4 .5 --
125NRHR 78-10-10 8930.00 1 .3 710 6 .0
125NRHR 79-06-13 8930 .00 16 790 -- 4 .0 --
125NRHR 79-08-21 8930 .00 5 .4 725 -- 12 .5 --
125NRHR 79-09-19 8930.00 4 .1 690 -- 4 .4 --
125NRHR 79-10-17 8930.00 3 .3 760 5 .0 --

21BDD-S2 125NRHR 78-07-12 8860 .00 -- 790 7 .2 7 .0 --
125NRHR 78-10-10 8860.00 1 .2 780 -- 8.5 --
125NRHR 79-08-21 8860.00 .7 800 10.0 --
125NRHR 79-09-19 8860.00 1 .0 760 9 .0 --
125NRHR 79-10-17 8860.00 .01 710 -- 8.0 --

21CDC-S1 125NRHR 78-07-12 9320.00 7 .3 4.0 --
125NRHR 78-10-10 9320.00 2 .6 550 4.0 --
125NRHR 79-06-13 9320 .00 36 560 -- 4 .0 --
125NRHR 79-07-16 9320.00 19 600 -- 7 .5 --
125NRHR 79-08-21 9320.00 9 .5 470 -- 4.0 --
125NRHR 79-09-19 9320 .00 8.1 495 -- 4.0 --
125NRHR 79-10-17 9320.00 9 .2 520 -- 6 .0 --
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(D-17- 7)22DAA-S1 211PCRV 79-07-19 8840.00 E1 .0 570 -- 14 .0
26BBA-S1 125NRHR 79-07-19 9000 .00 E1 .0 760 -- 8 .0
27ABA-S1 211SRPN 78-11-09 7600.00 1 .0 1300 8 .4 8 .0

28CBC-S1 125NRHR 78-07-14 9340 .00 .6 545 7 .3 5 .0 328
125NRHR 78-10-09 9340 .00 .6 545 -- 6 .0 --
125NRHR 79-06-13 9340 .00 .9 630 -- 5 .0 --
125NRHR 79-07-16 9340 .00 .9 610 6 .0 --
125NRHR 79-08-21 9340.00 1 .4 540 -- 6 .5 --
125NRHR 79-09-19 9340 .00 1 .5 520 -- 6 .0 --
125NRHR 79-10-17 9340 .00 1 .4 550 6.0 --

(D-17- 7)29BBB-S1 125NRHR 78-10-10 9860 .00 2 .0 610 -- 6 .5 --
125NRHR 79-06-13 9860 .00 7 .7 615 -- 5.0 --
125NRHR 79-07-16 9860 .00 5 .0 950 -- 13 .0 --
125NRHR 79-08-21 9860 .00 3 .8 610 -- 6 .0 --
125NRHR 79-09-19 9860 .00 3 .8 600 6 .0 --
125NRHR 79-10-17 9860 .00 3 .5 680 -- 8 .0 --



L ca i n : See e lana i n f da a- i e n mbe ing em in e .

	

I
Ge l gic ni : 200 MNCS, Manc Shale ; 211SRPN, S a P in Sand ne ; 211BCKK, Blackha k F ma i n ; 211CSLG, Ca lega e Sand ne ; 211PCRV, P ice Ri e F ma i n ;

125NRHR, N h H n F ma i n ; 124FLGF, Flag aff Lime ne .
Al i de: Al i de f land face a ing, in fee , in e la ed f m g a hic ma . Na i nal Ge de ic Ve ical Da m f 1929.
Di cha ge : Mea ed e ce E, e ima ed .
S ecific c nd c ance : In mic mh e cen ime e a 25 deg ee Cel i .
O he da a : SOS, emi an i a i e de e mina i n e ed in able 12 .
Rema k : The mb l ">" indica e he al e a g ea e han n mbe h n . The mb l "<" indica e he al e a le han n mbe h n.

7 8

Tab 10.-Chc ni al anal% .'-

Ge l gic
Da e

f N nca b na e S ecific Wa e Di l ed Di l ed Di l ed
L ca i n

	

ni am le Al i de Ha dne
(a CaC03)

ha dne
(a CaC03)

Di cha ge
(gal/min)

c nd c ance H
( ni )

em e a e
(deg ee C)

calci m
(a Ca)

magne i m
(a Mg)

di m
(a Na)

(D-13 .6) 14ccd-S1 211BCKK 7-21-78 9,440 180 16 2 .6 340 7 .3 4 .0 59 7 .0 3 .3
15bda-S1 211BCKK 7-17-78 9,120 53 11 .71 120 7 .3 6 .5 17 2.5 2 .1
23cac-S1 2118CKK 7-21-78 9,340 190 21 2.1 370 6 .8 5 .8 63 8.2 3 .1
36bba-S1 211BCKK 7. 20 .78 9,600 190 0 4 .9 360 7 .4 3 .6 63 7.6 2 .0
36cda-S1 2118CKK 7.18-78 9,700 98 4 .50 218 7 .4 3 .8 34 3 .2 1 .3

(D-14-6) ldad-S1

	

211BCKK 7-19-78 9,840 170 28 5.0 300 7.7 5 .3 56 6 .7 1 .4
17adc-S1 125NRHR 10- 6-77 9,405 200 14 .90 440 7.1 3 .9 63 11 1 .6
23bcd-S1 211PCRV 10-13-77 9,040 110 14 3 .0E 280 6.9 4 .4 40 3 .1 1 .4
24adc-S1 211SRPN 6-12-79 8,320 300 28 - 550 7.4 7 .0 73 28 3.3
24adc-S2 211SRPN 6 .12 .79 8,310 280 18 - 490 7.4 6.5 70 25 3.5

25cba-S1 211BCKK 8- 6-78 10,000 180 6 1 .0 320 7.8 6.0 49 13 1 .4
26caa-S 1 211 PC R V 8-20-76 9,202 220 6 4.5 345 8 .2 3.8 72 9.4 2.2

211PCRV 10-13-77 9,202 170 0 5 .1 390 7 .5 3.3 49 11 2 .6
26ccc-S1 111ALVM 10-13-77 9,020 57 11 1 .2 130 6 .9 6.1 20 1 .8 1 .6
35bda-S1 211BCKK 10-13-77 8,940 260 10 5.3 520 7 .6 5.0 68 21 2 .5

36bcb-S1 211BCKK 8- 6-78 10,040 88 8 .65 175 7 .8 9.0 25 6.3 1 .2
36bdb-S1 211BCKK 8. 6-78 9,520 180 23 .42 345 8 .1 8 .5 52 13 1 .6

(0.14 .7)7dbc-S1 211BCKK 8-27-76 10,220 200 14 5 .0 315 7 .0 5 .5 64 9.9 1 .6
15bcd-S1 211PCRV 10- 6-77 9,395 84 16 1 .2 160 6 .6 7 .8 22 7.0 2 .1
15ccb-S1 125N R H R 8-25-76 9,390 53 15 1 .0 95 7 .1 4 .5 14 4 .4 1 .6

18dab-S1 211BCKK 7.19-78 10,080 230 47 1 .2 500 7 .4 5 .0 63 17 9.0
20add-S1 211BCKK 7-21-78 9,680 46 12 .64 90 6 .3 4 .9 15 2 .0 2.2
22bbd-S1' 211PCRV 10- 6-77 9,300 42 10 2 .5 100 6 .5 6 .7 12 2 .9 2.1
27bba-S1 211BCKK 10. 6-77 9,156 120 , 7 2.0 230 6.9 3 .9 36 7 .7 2.7
29bca-S1 211SRPN 8-16-78 8,900 230 22 .53 570 8.4 6.3 88 3 .0 3.0

30ddc-S1 200MNCS 8-20-76 8,720 280 5 28 465 7 .4 11 .8 67 28 8.7
31dbb-S1 211SRPN 10- 4-77 8,365 310 53 .30 500 7.5 2 .8 80 26 5.2
32bdd-S1 211SRPN 8-16-78 8,640 240 5 .23 480 7.7 7 .4 60 23 4 .7
33aac-S l 211 PC R V 10- 6-77 9,400 190 10 10 330 7.0 3 .9 62 8 .7 1 .8
33abb-S1 125NRHR 7 .20.78 9,720 180 35 5.1 330 7.3 3.0 57 8.0 2 .1

ID-15.6llacd-S1 2118CKK 8- 8-78 9,520 130 4 .82 270 7.7 6.0 39 8.9 2 .2
lbcc-S1 211BCKK 10-13-77 9,360 200 0 6.1 380 7.4 2.8 50 17 2 .2
lccb-S1 211BCKK 8- 8-78 9,670 210 15 1 .0 400 7 .9 7.8 54 17 2 .2
2cad-S1 211BCKK 8- 8-78 8,760 300 17 .63 550 8.1 6.5 71 29 3 .9
2dcd-S1 211BCKK 11 .10.77 8,940 200 17 5 .8 350 7 .1 .1 41 23 2 .8

11aab-S1 211BCKK 11-10-77 8,820 240 10 19 460 7 .5 4 .0 63 20 2.8
11bab-S1 111ALVM 11-10-77 8,300 240 35 6 .3 420 7 .2 .1 28 23 2.7
13dad-S1 200MNCS 10- 5-78 8,320 280 28 413 500 7 .5 11 .0 65 28 5.4
25ccd-S1 125NRHR 8-29-78 9,980 150 11 1 .3 375 7 .2 5 .5 46 8 .7 1 .5
26bcb-S1 211BCKK 8- 9-78 9 ;200 220 8 2 .0 420 7 .8 4 .9 56 19 2.7

26caa-S1 211PCRV 8.29-78 9,860 130 12 .51 420 7 .9 7 .0 40 7 .9 3.0
(0-15-7)6dbd-S1 211SRPN 10- 4-77 8,640 210 14 7 .4 350 7 .2 3 .3 48 22 2.9

7ddcS1 211BCKK 8- 7-78 9,200 230 12 .08 440 8 .0 10 .2 63 18 1 .9
8dbc-S1 211SRPN 10-11-77 8,320 280 29 5.4 540 6 .9 3 .9 54 36 3.9
7 l aca-S 1 211 CS LG 7- 4-78 9,640 160 10 .76 310 8.1 7 .5 41 14 2.1

14aad-S1 125NRHR 7. 4 .78 9,840 180 8 7 .3 380 8.0 4 .5 53 11 1 .8
15abd-S1 125NRHR 8-26-76 9,520 220 18 5.0 385 7 .4 13.0 50 22 1 .2
15dab-S 1 125N R H R 7- 5-78 9,380 290 71 1 .9 540 7 .7 4 .6 85 19 2 .7
15ddd-S1 211PCRV 7- 6 .78 9,270 240 38 3.7 480 7 .5 5.0 72 14 2 .8
16cbb-S1 211SRPN 8-17 .78 7,960 390 52 2.7 760 7.4 8.2 86 43 5 .5

16cbd-S1 21 1SRPN 10- 4-77 8,190 380 83 8.5 600 7 .2 4.4 69 50 6 .8
20cdd-S1 211SRPN 10- 5-77 8,360 320 46 3 .1 500 7 .1 5.0 69 37 3 .9
22dac-S1 211PCRV 7- 6-78 8,960 290 67 10 500 7 .3 4 .0 82 20 3 .7
23adc-S1 125NRHR 7 . 6-78 9,600 280 42 8.2 475 8 .1 5.0 75 23 3 .0
25cbb-S1 125NRHR 7 6-78 9,040 290 88 24 530 7 .8 6 .0 79 22 2 .7

26ddb-S1 125NRHR 7- 4 .78 9,220 260 55 2 .1 480 7 .1 5.7 68 23 2 .5
27aca-S1 125NRHR 7- 5-78 8,900 270 49 29 440 7 .7 5.5 73 21 2.6
30abc-S 1 211 S R PN 10- 5-77 8,080 300 18 11 500 7 .3 3 .9 56 38 5 .3
30dac-S1 21 1BCKK 8- 8-79 8 .800 230 2 10 420 7 .6 6 .2 60 20 1 .9
31abc-S1 211BCKK 8- 8-79 8 .160 340 16 1 .8 570 7 .3 9 .0 75 36 4 .8

34bab S1 125NRHR 8.19.76 9,460 320 21 .66 566 7 .7 8 .2 96 20 2.9
35bdc-S1 211CSLG 11- 7-77 8,800 240 24 1 .7 420 7 .1 5 .6 47 29 4 .9
35cbc-S1 211BCKK 10- 5 77 8,010 330 65 90 560 7 .1 8 .9 80 31 3.5

(D-16 .6) 1aca-S1 211BCKK 10-17-77 8,460 260 37 2 .8 500 7 .3 3 .9 62 25 4 .2
211BCKK 6-28-79 8,320 290 8 35 520 7 .3 5 .0 74 25 4 .0

211 BCKK 719 .79 8 .320 280 26 - 610 7.3 5 .3 66 27 3 .5
11dhc-S1 125NRHR 82978 10,240 230 55 2.4 260 7.7 4 .0 62 17 2 .1
12daa S 1 125N R H R 8-3078 9,500 260 33 1 .5 500 8 .3 8 .0 69 22 3 .5
13aab-S1 2118CKK 8 .18-76 8 .700 310 44 15 525 7.6 4 .0 75 30 6 .6

211BCKK 10- 4-77 8,700 300 57 5 .0E 500 7.1 4 .4 70 31 6 .5



- 0 ..+ ...+N +++-+W
Q0
00

C3

I +

)NNN N 0)) N a 0)) 1J +
A+N

(0aNA01
NW
AA00A n +)W0-4

+ N
-400 ED V (ONO))W

.N
W-4AN(0 (000)U0N )ODaDN0 O)0)ANO) 00 (0 A0

N + +
N111WON

~$
"3a

j N NN N N N W NN N n

00) I I I I 0
-4 Ili c ) 0)0007 11011 11)0 00 III-I 10101 01)1000 01101 ! 0100 101WO1 I C)

	

001 l 800(`01 11001 I

	

I

	

I

	

I

	

I 00

-n 3
lII I 0 0 (l ll II100 I I I I I 1a Il ll l 10100 10011 00011 00001 1 1 l I

	

I

	

I

	

I

	

I eOnWL » d3

NNNNW WNNNN NNNNW WNN++ + N N N+ N+ N N N N+ ~ + + N N N

N
a

NNIJNJ N
0-44000 00001°1

NWON+
00000

A 00
000

AON10V
000000 0000' 000000 000 0 000000 OON00 WO)0 00D

W0 -400
OA -"-4
001000

001'1101001000000 CD f0VA0)AOONO Rg0

ANN
APJ

1JNWN+
N V 0)A+ OVOf0 0 +NO++ ~POWA AEn1nAW WNN DO) VCOWVA WAWW(O 00 0)WA0W0 OI+O)UnN 00)A0D-4 00)VA)Ln Nfn+010

e 0" C
N+0_

00 N0 0 N In N P OD V U1-~ A-4-4 a W- -'10(0(4(4 U V + 0 A c

n 0
WAAN ANWAW AN0)AW NWWAV O) U)A+N WANW0 WAWWW WAWNN N+PAW NN-N01 +N+N- NNNNW NNN+N + nN0

_:
" 0 0

n0-4AW W 0U)V00 01 0101 + 0 10 000) + N N A 0. 0)K)OA 0(4 000 NN-"In( in W +NA 10010100 A0VWA 01 0AA+ -4 000N Nf0 000 0
Aa

0
I

++O - + .+N NN+ ." ... ..N--- ..+ + NO +	"0 _. .+_.+ ... ++ . . .+ ... + .++N N ++ .. + - - - - - - - - - -
I

- - - -
O N 0

TO

d 0
M A N I ) UI UI 01 V 0) 000)-40)1)

0)
NEn (n0)-4 V0)0)AA 0)0)a)WU) 0))0)0 a) U) a0))Ul 0)0)0)0)-4 0)AVU)U) O)VNAA 01TVOiA 0)1n)U) I AAO-40

~ M N
H=:

VVN aD ODOfa+N WNW-A 0 U)V 0 010(4-4(0 0)AW01N +(0(0-40) AO)N-4W (.4(001110) V-~IO-4 AU)DOWOV (000UW- -40000- 0) (0000 U1 0$
ON

; 0
W PNN
000)+ 0 WNWNWOMAN WNWNNAAOAW NNNWWA0)0)+(0 )NNN-"-TWO)+CD +NNN+0) OD W-+N N+NNNC.)

	

000 .4 WN(0~ A + NWW0)1D(n-" N+ NOfW n MO O)(0 N V 00 1DW0n01

	

0 (NO+-"O V 0-'0)00(0(nWOW0 U1+0-4 n W+000-4 WOD N+N -400000 WAOWN 0WW(0- N(JA + 01)-4(0 N00W0 WW00)10 00) -+0+ +AVN-+ U) 0+0)-4 c a CA.

a

0
NW(n0 WNNW W 00000 000D"+" -NWO)N Z,
00000 00,000 00000 00000 00000 60008 00 00088 00000 00000 OW800 00-400 00000 00000

a 3

A A A AA AA O
n
0m

10000 01118 0, 0188 00011 W0 +0 + 0 0 0 W0N 1010 -+00011 10010 000 V0 0A11 0
N A
0011 01000 N0 +1110 00 110 O00000

	

Y,"OW
3

NJ NN+1J(00)+(n NNWN
OD+O)A 0100 -4V00000 WUna'N NAWN a(000VW

+
UVW A+ O+V 0

	

O OIAN W 0 UY +O) '+-4 + A -4 C0 A

Q ;<

a

0 000 0000`0 00000 00000 `00000808"0 00000 00000 00000 01000
,

00000 00000 00000 00000 IN = .'c
3 a

IIIIQ 1)111 IIIII 1)111 11111 IIIII 11111 11111 11111 11111 IIIII 11111 IIIII IIIII



8 0

Table 10 .-Chemical anal .. e f a e

Ge l gic
Da e

f N nca b na e S ecific Wa e Di l ed Di l ed Di l ed
L ca i n

(D-16-6)22cda-S1

ni

211CSLG

am le

10-14-77

Al i de

8,890

Ha dne
(a CaC03)

270

ha dne
(a CaCO3)

17

Di cha ge
(gal/min)

3 .8

c nd c ance

600

H
( ni )

7.2

em e a e
(deg ee C)

5 .0

calci m
(a Ca)

64

magne i m
(a Mg)

27

di m
(a Nal

4 .8
22ddb-S1 211PCRV 6-28-79 9 .400 240 13 3 .7 540 7 .8 5 .5 66 19 4 .1
24dac-S1 211CSLG 8-28-79 8,780 280 25 3 .0 490 8.0 6 .4 66 29 7 .8
27aac-S1 211PCRV 11-11-77 9,200 300 21 .30 560 7.3 5 .0 82 23 4 .6
27add-S1 211PCRV 6-20-79 9,190 280 39 .57 420 7.8 6 .2 77 21 6 .0

27bcd-S1 211PCRV 8-23-79 9,510 220 18 .79 400 7.9 6 .0 56 19 5.6
27dcc-S1 211PCRV 8- 1-79 9,460 260 1 4.8 510 7 .5 4 .3 73 19 3.5
34acc-S 1 125N R H R 6-20-79 9,580 250 0 13 440 7 .6 4 .8 68 19 3 .8
34bdc-S1 125NRHR 6-20-79 9,690 240 18 17 470 7 .6 5.1 64 19 3 .6
34cad-S1 211PCRV 9- 6-78 9,360 310 78 .49 565 7 .6 8.5 87 22 3.7

34dda-S1 211CSLG 10-14-77 8,720 260 0 3 .8 560 7 .4 6.7 54 30 4 .8
35bda-S1 211PCRV 8-31 .78 8,960 300 49 1 .3 620 8 .2 6.0 75 27 5 .9

(0 .16 .7) lacb-S1 125NRHR 8-26-76 9,660 250 6 11 401 7 .5 5.5 61 23 2 .1
9cab-S1 211SRPN 8-18-76 7,600 320 40 120 530 7 .6 8 .3 67 38 7 .1
11bbb-S1 125NRHR 8-15-78 9,060 270 36 4 .1 500 7 .2 6 .1 65 25 5 .7

12bba-S1 125NRHR 8 .15-78 9,270 270 21 6 .6 520 7 .2 3 .9 69 24 4 .0
13bac-S1 125NRHR 10-15-78 9,180 220 36 10E 385 8 .1 6 .0 42 27 2 .7
17ccb-S1 211 BCKK 9- 5-78 8,060 290 0 >30 530 7 .5 6 .5 65 30 5.9
21bbb-S1 211SRPN 10- 4-77 7,600 400 69 7 .1 650 7 .2 5 .6 78 49 13

211SRPN 9- 5-78 7,600 350 59 22 640 7.4 7 .2 67 44 10

22bbb-S1 211SRPN 9- 7-78 7,220 590 290 4 .0 1,000 7.4 10 .6 89 89 18
26adc-S1 211SRPN 10- 3-77 7,120 320 64 75 550 6.8 9 .5 78 30 4.1
26bca-S1 211SRPN 8- 9-79 6,860 380 61 15 690 7.5 11 .0 83 42 6.6
26cbb-S1 211SRPN 8-22-79 6,950 440 94 54 830 7 .2 10.0 82 58 21
28cbc-S1 211BCKK 8- 9-79 7,680 440 85 20E 800 7 .2 12.5 92 52 16

29dbb-S1 211SRPN 10- 4-77 7,608 360 41 45 700 7 .0 5.6 70 45 11
32ddc-S1 125NRHR 7-13-78 7,740 250 2 8.6 490 7 .2 3.9 48 32 9.5
35abc-S1 111ALVM 8- 9-79 6,620 510 200 9.5 900 7 .7 10.0 92 69 24

(D-16 .8) 5bac-S1 125NRHR 8.15 .78 - 250 47 2.0 440 7 .1 5.2 74 15 1 .9
18ada-S1 125NRHR 8- 9 .79 9,100 280 28 9.5 520 7 .2 4.0 70 25 3 .4

19abb-S1 211CSLG 8- 9-79 8,400 320 28 .80 570 7 .5 4.5 76 31 4 .8
(D-17 .6)3acb-S1 211PCRV 6-21-79 8,960 280 12 60 530 7 .6 6.2 75 23 6 .2

3adc-S1 211CSLG 11-10-77 8,800 330 26 4 .7 600 7 .5 6.7 79 32 6 .6
3add-S1 211CSLG 10-14-77 8,719 270 23 26 540 7 .3 7.2 63 27 5 .2
3bda-S1 211PCRV 6-21-79 9,040 250 8 50 520 7 .4 6.3 68 19 5 .4

3cbd-S1 125N R H R 7-31-79 9,400 290 0 .62 470 7.4 6 .9 81 21 7 .5
15adc-S1 125NRHR 6-27-79 9,080 300 15 1 .6 490 7 .5 6 .3 62 34 9 .2
15cad-S1 125N R H R 7- 5-79 8,820 300 33 1 .0 560 7 .9 8 .3 55 40 24
15cbd-S1 125NRHR 7-13-79 8,930 360 11 >1 .1 680 7.4 13 .5 85 36 18
15dda-S1 125NRHR 7- 5-79 8,520 340 28 1 .4 650 7.8 8 .1 66 42 17

21abb-S1 125NRHR 6-26-79 9,330 240 0 3 .2 550 7.4 5 .7 50 27 61
21 dcd-S2 125N R H R 7-10-79 9,080 250 4 31 520 7.6 6 .2 47 33 20
22cdc-S1 125NRHR 6-27-79 9,230 220 0 15 475 7.6 6 .3 39 30 17
23aaa-S1 211BCKK 10-14-77 7,766 260 22 40 600 7.4 6 .1 43 37 11

2118CKK 7-27-78 7,766 320 - - 595 7.2 8 .1 69 35 12

23bcb-S2 125NRHR 7-13-79 8,780 340 33 24 630 7.2 4 .3 83 33 11
26cba-S1 125NRHR 6.27 .79 9,120 280 0 6.3 560 7 .6 8.2 51 38 19
26ccb-S1 125NRHR 7-18-79 8,960 330 0 17 700 7 .3 4 .8 60 43 49
27bbd-S1 125NRHR 8-16-79 9,060 230 0 3.9 500 7 .6 6.5 40 31 13
27ccc-S 1 125N R H R 8-16-79 8,720 290 0 3.9 700 7 .8 7 .8 42 44 54

27daa-S1 125NRHR 7-12-79 9,100 220 0 16 500 7 .4 6.2 47 26 13
28bbc-S 1 125N R H R 8-29-79 8,364 330 0 6 .0 800 7 .4 8 .0 61 44 94
32acb-S1 211PCRV 8.31 .79 7,620 400 53 - 790 8 .0 16 .5 77 51 39
33cbb-S1 125NRHR 8-30-79 8,380 360 0 .12 950 7 .8 12 .0 41 63 79
35ccb •S 1 125NRHR 7-12-79 8,720 250 0 5 .0 560 7 .6 6 .6 38 38 35

(D-17 .7)5cad-S1 125NRHR 7-27-78 9,320 290 440 7 .9 4 .2 60 33 6.2
7bda-S1 124FLGF 7-27-78 9,740 220 400 7 .1 5 .8 74 9 .2 2.9
16aca-S1 125NRHR 7-27-78 9,020 350 - 650 7 .1 5 .3 85 33 23
16bab •S 1 125NRHR 7-11-78 8,880 280 33 8 .8 520 7 .5 3 .9 72 25 12
16dcd-S1 125NRHR 7-27-78 9,280 260 - 490 6 .8 6 .2 59 28 15

18abb-S2 125N R H R 9-19-78 9,390 240 0 2 .0 450 7 .9 3 .5 38 36 34
19abc-S1 125NRHR 8- 8-79 8,570 390 0 17 840 7 .4 17 .0 60 59 47
20acd S1 125NRHR 7-11-78 9.360 270 0 8.0 510 7 .4 4 .8 67 24 12
21bdd-S1 125NRHR 7-12-78 8.930 420 110 5.7 790 7 .2 7 .3 100 41 23
21dcd-S1 125NRHR 10-22-76 9,000 400 29 .62 820 7 .4 5.6 89 43 22

27abc-S1 211SRPN 9 .2976 7,360 630 330 1 .2 1,000 7 .3 10.2 120 81 26
28bad-S1 125NRHR 10 .22 .76 9,280 290 0 2.7 575 8 .5 3 .4 63 32 14
29bbb-S1 125NRHR 7-12-78 9 .860 210 0 2.0 605 7 .7 5.5 41 27 61

(0-18-6) 2bbd-S1 125NRHR 7-12-79 8,130 380 41 .46 940 7 .4 8.1 55 59 84
3bac-S1 111ALVM 11- 9-77 7,080 490 120 - 1,180 7 .6 2.2 69 77 88

4bab-S1 211CSLG 11- 9-77 7,125 290 64 6.7 660 7 .4 2.2 50 41 23
4bbc-S1 211BCKK 8-31-79 7,000 460 79 1 .5 800 7 .2 12.7 98 52 16
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L ca i n : See e lana i n f da a- i e n mbe ing em in e .
C ncen a i n : In millig am e li e nle he i e ecified .
S ecific c nd c ance : In mic mh e cen ime e a 25 deg ee Cel i .
Rema k : DC, Dee C eek Mine; K, King Mine ; SQS, emi an i a e de e mina i n f ace elemen e ed in able 12 ; T, T ail M n ain Mine ; W, Wilbe g Mine.

Table 11 .--Chemical anal% e f a e

82

L ca i n Da e Tem e a e
(deg ee C)

Di cha ge
(gal/min)

C ncen a i n

Alkalini
(a CaC03)

Di l ed
b n
( g/L)

Di l ed
calci m

Di l ed
chl ide

Di l ed
fl ide Ha dne

(a CaC03)

Di l ed
i n

( g/L)

(D-15-7)24cab 8-31-78 8.5 - 344 7 110 3 .2 0 .1 420 50

24cdd 8.31-78 10 .0 292 0 87 3 .3 .1 340 210

(D-15 . 8)18ccb 8-31-78 8 .5 235 4 68 2 .3 .1 260 30

(D-16-7)29bbb-1 10-12-79 7 .0 - 140 - 23 7 .3 .2 150

(D-16-8)8dad 10-12-77 6 .0 240 360 100 130 4.3 .2 570 30
8dda 9-18-75 12 .5 300 353 100 150 3.4 .2 600 20

(D-17 .6)24dcd-1 10-10-79 8 .5 250 - 18 14 .1 150 -
25acc-1 9- 6-78 10.5 194 120 110 7.6 .2 530 20
25acc-2 9- 6-78 6 .5 - 228 380 230 10 .4 1,100 50
25dcc 8-10-79 10.8 - 310 720 17 4.8 1 .0 77 260

(D-17.7)10ccb 8- 2.79 9.0 - 300 30 78 6 .7 .2 370 0.
10cbd 8- 2-79 11 .2 - 300 20 83 7 .0 .2 380 10
10daa 4-20-76 - 290 - 77 7 .9 370 -
16aad 8- 1-79 11 .0 - 300 30 97 7 .6 .1 440 10
16cdd 8- 2-79 13.0 350 40 110 9 .6 .1 490 200

20cca 8- 2-79 14 .2 310 90 100 9.3 .2 490 70
20ccb 7- 5-79 14 .5 300 180 74 9 .0 .2 380 40
20dcc 7- 5-79 14 .2 360 80 120 9.2 .1 580 140
21 aab 8- 2-79 13 .5 330 40 130 9.7 .1 570 20
21 bad 8-30-78 13 .5 428 40 130 12 .1 560 0

21cbc 7- 5 .79 14 .2 300 40 88 7 .5 .1 410 50
21dbd 7-31-79 11 .0 290 140 110 9.7 .1 600 10
21dda 8-30-78 11 .5 360 20 100 8 .4 .1 430 70

21dda 9-29-76 29.0 341 70 85 9 .9 .2 440 10
3-30-77 5.0 60 250 130 71 - 11 .1 380 10

11- 1-77 6 .0 250 100 70 10 .1 390 30
22abd 7-31-79 12 .0 340 50 130 11 .2 490 30
22caa 6-14-79 12.5 420 90 130 10 .1 590 90
22cab 7- 5 .79 13 .0 320 50 120 11 .2 540 190
22cab 5-10-79 - 410 50 140 10 .2 600 10

22ccb 8-30-78 14 .0 343 40 110 10 .1 490 260

22cdc 7- 5-79 10.0 360 80 150 13 .2 710 300
27bac 7- 5-79 11 .5 430 100 210 21 .1 1,000 30

7. 5-79 11 .5 430 100 210 20 .1 1,100 10
28abc 8-30-78 13 .5 380 30 100 8.5 .1 440 20
28bad 7- 5-79 14.0 320 20 90 7 .3 .2 410 60



f m mine and ell . 1975-79

8 3

C ncen a i n

Di l ed
magne i m

Di l ed
a i m

Di l ed
ilica

Di l ed
di m

Di l ed
lid

Di l ed
lfa e

Di l ed
n i m

( g/L)
H

( ni )

S ecific
c nd c ance Rema k

35 2.0 7 .0 2 .2 409 69 350 7 .2 670 K,SQS, am le

29 1 .7 6 .7 2.3 313 43 330 7 .3 565

c llec ed a Bea
Can n Fa l
K, d ill h le in fl

23 1 .2 6 .2 1 .8 245 27 160 7 .6 430 K,SQS, f f ac e

23 2 .0 .7 14 190 35 7.6 360

59 4 .8 9.3 6.5 642 210 990 6.9 1,150 K, M h land al
55 5 .0 8.4 7.0 671 230 7 .3 940 K, M h land al

26 23 2.0 58 327 35 - 6 .6 600 -
61 5.6 3 .2 22 768 410 1,100 7 .8 940 T
120 9.2 9.3 78 1,700 1,000 2,200 7 .5 1,700 SQS,T, nded a e

8.4 3.6 8.9 120 355 3 .7 270 8 .2 560 T

42 3 .8 7 .4 17 407 71 910 7 .8 680 DC
41 1 .7 6 .2 19 419 80 440 7 .6 720 DC
44 2 .5 - 18 100 - - - DC, mine effl en
48 2 .5 6 .6 21 < 460 96 470 7 .5 760 DC,SQS
53 3 .7 7 .3 18 573 160 620 7 .0 930 DC, d ill h le

58 5.8 8.6 24 554 160 1,100 7.4 950

land face

W
47 10 8.9 26 <418 120 2,000 7.5 800 SQS,W
69 3 .8 8.3 26 624 170 730 7.2 1,050 W
60 4 .7 7.2 20 601 170 560 7.4 940 DC,SQS
56 2.9 8.5 15 574 160 510 7.7 890 DC,SQS

46 3.0 8 .1 22 446 90 600 7.4 800 W
78 4.5 19 26 623 200 1,600 7 .2 1,130 DC
43 2.2 7 .9 18 451 100 430 7 .7 740 SQS,W
56 3.2 8 .3 21 551 160 450 7 .8 800 W, mine effl en
49 3.3 8 .6 22 434 120 470 7 .2 600 W, mine effl en

52 3 .5 9 .0 22 481 160 520 7 .0 750 W, mine effl en
39 2 .9 8 .0 18 594 180 500 7 .2 950 DC
65 2 .7 6 .5 19 697 210 580 7 .2 1,050 W
58 2 .9 7 .2 20 <602 190 500 7.1 1,000 SQS,W
60 5 .1 6 .9 18 675 190 980 W

52 3 .0 8.7 18 555 190 500 7 .3 860 SQS,W, am le c l-

82 3 .9 7.2 19 <772 280 - 7 .3 1,240

lec ed a Plea an
Valle Fa l
SQS,W

120 4 .7 7.4 28 1,230 580 910 7 .0 1,725 W
140 4 .9 7.1 25 1,330 660 860 7 .5 1,900 W
46 2 .3 8.6 19 459 93 450 7 .4 750 SQS,W
46 2.5 7.8 20 <458 91 460 7 .2 800 SQS,W



L ca i n . See e lana i n f da a- i e n mbe ing em in e ; n mbe f face- a e am ling i e in a en he e .
Di cha ge . S ing , in gall n e min e ; eam , in c bic fee e ec nd .
C ncen a i n : <, Val e i le han ha h n. Re l a e e ed f m de ec i n limi e c ncen a i n limi in e f 1, 3, 4, 7, 10 . D e nding echni e , e l a e

-in e ima e f ne ignifican fig e; eci i n i a ima el l min ne e a 68 e cen c nfidence le el and l min e a 95 e cen c nfidence le el.
S ecific c nd c ance: In mic mh e cen ime e a 25 0C.
Rema k : K, King Mine ; T, T ail M n ain Mine ; DC, Dee C eek Mine ; W, Wilbe g Mine .

U

E

	

L ca i n

	

Da e

	

Table 12 .--Semi an i a i e de e mina i n f ace elemen

8L

(0-15-7)24cab 8-31-78 8.5 100

	

<30

SPRINGS AND MINES

-

	

10

	

<50

	

<5

	

<10

	

<30

	

10070

	

<1

	

<1,000
24ccd 8 .31 . 78 10.0 100

	

<30

	

70

	

<1

	

<1,000

	

3

	

<50

	

7

	

<10

	

<30

	

100

(D-15.8)18ccb 8-31-78 8.5 100

	

<30

	

70

	

<1

	

<1,000

	

5

	

<50

	

<5

	

<10

	

<30

	

100

(D-16 .6)laca-S1 7 .19.79 5.3 -

	

700

	

<30

	

70

	

<1

	

<1,000

	

<1

	

<50

	

<5

	

<10

	

<30

	

100 -
27add-S1 6.20.79 6.2 0.57

	

<30

	

100

	

<1

	

<1,000

	

10

	

<50

	

<5

	

<10

	

<30

	

100
35bda-S1 9- 6-79 - -

	

1,000

	

<30

	

100

	

<1

	

<1,000

	

5

	

<1

	

<50

	

<5

	

<10

	

<30

	

100

(D-16 .7)26bca-Sl 8- 9-79 11 .0 15

	

700

	

<30

	

50

	

<1

	

<1,000

	

-

	

<1

	

<50

	

<5

	

<10

	

<30

	

300
26cbb-S 1 8-22-79 - 1,000

	

<30

	

50

	

'<1

	

<1,000

	

<1

	

<50

	

<5 . <10

	

<30

	

300
28cbc-S1 8. 9 .79 12.5 500

	

<30

	

'50

	

<1

	

.1,000

	

7

	

<50

	

<5

	

<10

	

<30

	

.300

(D-17 .6)21 abb-S1 6-26 .79 5 .7 3.2

	

-

	

<30

	

100

	

<1

	

<1,000

	

<1

	

<50

	

<5

	

<10

	

<30

	

100
23aaa-S1 7-27-77 - -

	

100

	

<30

	

100

	

<1

	

<1,000

	

30

	

7

	

<50

	

<5

	

<10

	

<30

	

100
25acc 9- 6 .78 6 .5 500

	

70

	

10

	

<1

	

<1,000

	

7

	

<50

	

30

	

<10

	

50

	

500
9- 6-78 10 .5 300

	

100

	

50

	

<1

	

<1,000

	

7

	

<50

	

10

	

<10

	

70

	

300
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