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File No. 2250-lOPAM 

Lehigh Penn~nente Quarry· 
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Item #9 

Public Hearing to· Consider (a) Reclamation .. Plali' Annual 
Status Report; (b) Cmnpliance with Storm.water Discharge 
Requirements for the East Materials Storage Area 
(EMSA); and-(c) Feasibility of Facility (or-Alternative) to 
Treat Selenium at Lehigh Pern1anente. Quarry during 
Reclamation 

Staff Recommendation: 

1. Accept the Reclamation Plan Amn;ial Report for- Reporting 
Period July 1, 2013 to June 30, 2014; and · 

2. Determine Lehigh is currently complying with storm.water 
dischargerequirements for the EMSA; and 

3. Dete1111ine that it is feasibk to constrnct, install and oper[:lte a 
facility to treat selenium fm water discharged from the West Materials 
Storage Area (WMSA) and Quarry Pit during Reclamation; and, 

4. Continue the hearing to January 22, 2015 to determine the 
feasibility of a facility (or alternative) to treat selenium from water 
discharged from the EMSA to allow Lehigh-Permanente Quany 
additional time to evaluate the fea~ibility of alternative options . 
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Applicant and Owner: 

Address: 

Project Locationz 

Lehigh Southwest Cement Company ("Lehigh") 

2400 I Stevens Creek Boulevard, Cupertino 

\Vesterly terminus of Stevens Creek Boulevard, 
Cupetiino, Pennanent Quaity (l\1ine ID #91-43~0004) 

General Plan Designation: Hillsides 

Current Zonincr: HS-di .. b 

Propeify Size: 3,500 acres, of which 1,238 acres compnse the 
Reclamation Plan boundary 

Present Land Use: 

Supervisorial District: 

Prepared by: 

Reviewed by: 

Approved by: 

Surface Mining 
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Pat Angell, Contract Planner ~ 

Rob Eastwood, Pi"incipal Planner \,ft~ 
Marina Rush, Planner ITI - Iv(~~ 
Nash Gonzalez, Director, Depadment of. Planning and 
Development 

PROJECT DESCRIPTION 

The matter before the. Planning Commission includes the follo\.vmg th.J.:ee items: 

1. Annual Report 

The Planning Commission w~Ii consider the A:imual Report, for Tepmting period · 
July 1, 2013 to June JQ, 20l4, :i;eg~c1ing Lebigh-£erm~e,nt~ .QtlWY. ~nd 
compliance with the existing Reclamation Plan and Mitigation Monitoring and 
Reporting Program. 

On June 26, 2012, the County of Sahta Clara Board of Supervisors approved a new 
Reclamation Pian for Lehigh-Pennanente Quarry. Approval of the· Reclamation 
P.lan included certification of an Enviromnental Impact Report (BIR) prepared for 
the Plan ·and adoption of a Mitigationi Monitoring, and Reporting Program 
(MMRP), implementing the rniti.gatiot1 measures idei1tifled hi the EIR Condition 
of Appi·oval #8 of the Reclainatiort Plan requires the preparation of an Annual 
Report regarding th:e statµs of the Reclamation Plan as follows: 

An Annual Report shall be prepared by the County each year that summarizes 
compliance with the RPA and conditions of approval, Mitigation Monitoring and 
Reporting Program, and annual S}.lfA.RA inspections and review of financial 
assurance cost estirfzates. 

a. Annual Report shall be presented to the Plan·ning Commission at apublic 
meeting by Decemberof each year, starting in 2013. 



b. Mine Operator shall provide a reasonable amount of funding to lhe 
Department of Planning and Development for all aspects of report preparation, 
including but not limiled to reimbursement for staff time, consultant fees, alftn•ney 's 
fees, and direct costs associated with report production and distribution. 

c. Mine Operator shall provide by October I of each year, the infotmation 
requested by the Planning Manager that is 1ieededfor the preparation of the Annual 
Report. 

d. The County will include information provided by the Regional Water 
Quality Control Board related to the Water Board's determination regarding the 
Mine Operator's c_ompliance with water quality standards, including waste load 
allocation and othei· permittfng requirements, mid the effectiveness of best 
management practices (BMPs) on the site. 

2. Compliance with Stormwater Discharge Requirements 

Reclamation Plan Condition of Approval #80 requires the County to schedule a 
public hearing before the Planning Commission if for two consecutive years, the 
water sampling test results show that stom1water discharging from the EMSA ihto 
Permanente Creek exceeds water quality standards for selenium. The water quality 
standard for selenium is 5 µg/l (micrograms per liter) pursuant to the Basin Plan 
Water Quality Objective as determined by the San Frailcisco Bay Regional W~ter 
Quality Control Board (R WQCB). 

3. Feasibility of Selenium Treatment Facility (or Alternative) for the 
EMSA and/or WMSA and Quarry Pit 

Reclamation Plan Condition of Approval #82 requires the Planning Commission to 
hold a public hearing no later than 30 months after the Recfamation Plan approval 
(by December 2014) to detennine the feasibility of installing and operati.ng a 
treatment facility (or alternative) to treat selenium for water discharged fro.m the 
EMSA, WMSA, and Pit The facility (or alternative) would be designed to achieve 
the Basin Plan Water Quality Objective for selenium (total recoverable selenium of 
5 ~Lg/I) for discharge from the EMSA and/oT to achieve the "base level" standard 
for the WMSA and Quatry Pitl 4uring recla1~1a:tion .of Perm;aneAte Q1Jarry. 

REPORT STRUCTURE 

This staff report first provides background and history regarding Lehigh to provide 
context for the three actions before the Planning Conl.m.ission. Following this 
hackground and history, each of the three decision items before the Planning 

1 '"Base kvels" is defined as water testing results for an average for two years immediately prior to Lile strut 
of Phase TI reclamation for discharge into Permanente Creek from the WMSA and Quarry Pit. Condition 
of Approval #Sl(b). 
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Commission are explaiiled in sequential order, with staff analysis and 
recommendation presented for each decision. The outline will be as follows: 

1. Background 
a) Lehigh Permanente Quaity }Jisto1y 
b) 2012 Reclamation Plan 
c) Analysis of Selenium within the 2012 Reclamation Plan and Em. 
d) Lehigh Cement Plant 

2. Reclamation Plan Arum~ Report 

3.. Stmrn~ater Discharg~ -from the"EMSA Area 

4. Selertiu.m Treatment Feasibility 
-a Fea_sibiJ{ty of Treatment fq:t the WMSA and Quarry Pit 
b. Feasibility of Tre~tment for the EMSA 

5. Public Concerns Not Reiated to the Tfu~e Actions B.efote the Planni.n!;?; 
Co.tpinissfon 

1. BACKGROUND 

·~) L.ehigh Permanente Quarry I{istory 

The .Lehigh Permanent~ QIJarry is :;;t limestone ruid aggregate surface mining 
bperation, located in unincorpor;;tted Santa qa,ra County within the eastern foothills 
of the Santa Cruz mountain range; west of the City, of Cupertino. Quarrying 
activities at the site associated with the harvesting. of limestorie began in the early 
190.0s. In 1939·, Pe11naneiite Corpotationacquir~d ~pptoximateiy 1,500 ~c.tes Oftlie 
Quarry site and thei1 col1tinued tp acquire ·i;;iu'roundirig land~ QVer the next sevetal 
ye_ats un,til the total ownetship reached its current size: of 3 ,510 acres. The quarry is 
omTently operated by the Lehi'gh Southwest Cement Company (herein referted to 
collectively; Lehigh). 

On February .2, 2011, the County Board of Supervisms determined that mining 
operations at Lehigh are a legal nonconforming use (i.e., ·a vested right) within 
specific parcels including the current Reclamation Plan.area, and as such, continued 
smfa.ce mining within the vested parcels do\:!~ not require a, 'tlse perniit. ·However, 
.the State Surface ·Mini.Jig and Reclamation Act (SMARA) requires all surface mines 
to have an approved reclamation plan. A reclamation plan establishes the processes 
and timelines for feelainring (or. restming) a. quatry site aftel' .Stnf~ce mining is 
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completed so that quarries are ret1lfned to a stable state and do not present a hazard 
to the public. 

Pursuant to SMARA, a reclamation plan was approved by Santa Clara County for 
the Quany in 1985 and amended in June 2012 to include additional mined areas 
onsite. 

b) 2012 Reclamation Plan 

The 2012 Reclamation Plan requires reclamation of approximately 1,23 8 acres that 
have been disturbed by surface mining at the quarry. The reclamation is to occur 
over a 20-year period in accordance with the reclamation requirements of SMARA. 
The main areas encompassed within the Reclamation Plan include the Quany Pit, 
where- limestone and aggregate material is harvested, and two areas where 
overburden (smface materials that are not harvested) is stockpiled - the West 
Materials-Storage Area (W.MSA) and East Materials Storage Area (EMSA) . Other 
area~ requiring reclaniatioh include the Rock Plant, and Rock Crusher (used to 
process aggregate), Permanente Creek Restoration Area (PCRA) and geotechnical 
Exploration Area located south of Permanente Greek. These areas are shown on 
the attached map [Attachment 2], 

Reclamation of the site will occur in three phases: 

• Phase I will occur over approximately nine years (2012 - 2021) and involves 
reclamation activities in the EMSA and South Exploration areas, and continued 
m.init1g activities in the WMSA and Quany Pit. ~eclamation activities in the 
EMSA include placement of overburden within a permanent stockpile, 
contouring to final shape, covering with non-limestone bearing material and 
soil, and revegetation, th~ South Exploration area includes completing 
revegetation. Reclamation activities in the PCRA also begin. 

• Phas.e II will occur over approximately five years (2021 -2026) and includes 
reclamation activities within the WMSA, Quarry Pit, and PCRA. During Phase 
II, the overburden within the WMSA stockpile will be moved via a conveyor 
system to use as backfill of the Quany Pit. The EMSA will be reclaimed during 
Phase II or sooner. 

• Phase Ill will occur over approximately five years (2027 - 2032) and involves 
completion of conveying the overburden from the WMSA into the Quarry Pit, 
reclamation of the remaining areas, and removal of equipment, buildings, and 
se:veral roads. · 
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c) Analysis of Selenium in the 2012 Reclamation Plan ancl EIR 

Two actions before the Planning Commission concern the amount of selenium 
within the surface water that discharges from the Reclamation Plan areas into 
Permanente Creek, at1d if water treatment is feasible. This section provides 
backgrounq information regarding selenium at Lehigh and the requirements of the 
2012 Reclamation Plan and BIR requirements for reducing selenium within onsite 
surface water. 

Selenium is one of the 118 elements on the Periodic Table (identified as Se) and a 
member of the sulfur group of noll'-metallic elements. Selenium is nutritionally 
essential for human health, however in higher co11centrations, its exposure can have 
detrimental impacts to fish and wildlife, and at significantly higher concentrations, 
impacts to hurn'1nS. Recognizing the potential to affect fish and wildlife 
populations, the RWQCB has established a water quality Basin Standard of 5 µg/L 
(micrograms per liter) for selenium. 

Selenium is naturally foun~ w~thin the limestone minerals that are harvested at the 
Lehigh Permanente Quarry. When the limestone is · exposed to water and air 
(oxidized), the selemuin becomes mobile within the water. As such, quan-yirig 
limestone Jnqteaj;~~ t]ie pote1itial for highet seleiriU1n ¢of1~~ptrations 1n stoJ:mwatet 
runoff. 

Prior water quaiity test results show the concentration of selenium is elevated above 
the adopted 5 micrograms per liter (µg/L) RWQCB Basiri standards in samples 
taken from v'1fious locationS in the quarry and in Permanente Creek downstream of 
Lehigh. The San Francisco Bay RWQCB has listed Permanente Creek as impaired 
due to higher selenium concentrations. 

SMARA requires that. reclamation plans address water quality and comply with 
State Water Quality Standards. The 2012 Reclamation Plan iricludes design 
methods to reduce selenium: concentrations in stormwater J;llilbff :following the 
redamation. The final reclaination design method is the placement of a pem1anent 
non-limestone 111ateriaJ cap, comprised of rock, over the existing overburden 
materials at the EMSA and over areas within the WMSA where limestone may be 
exposed. The cap will include at least one-foot of noi1-li111estone material and an 
overlying vegetative cover, which will prevent the exposure of any limestone that 
may exist in these areas from contact with sto1mwater to prevent the mobilization 
of selenium. 

For final reclamation, the Quarry Pit will be backfilled with overburden material 
from the WMSA and placement of approximately 63,000 tons of organic matter 
into the upper 25 to 50 feet of backfill. This approach; which has been used iri other 
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pit mines that have similar water quality issues, will create an anaerobic (not 
exposed to air) environment within the Quarry Pit, thus reducing the . concentration 
of selenium in the surfi,tce and/or groundwater passing through this area and into 
Permanente Creek to below the Regional Water Quality Control Board Basin 
Standards. 

In accordance with the California Envi..rotunental Quality Act (CEQA), the County 
prepared an Environmental Impact Report (EIR) to identify potentially significant 
impacts that would result from implementation of the 2012 Reclamation Plan and 
identify feasible mitigation measures that would reduce the extent of the impacts to 
a less than significant level. 

The EIR concluded that seleniwn concentrations in stormwater runoff will be 
reduced to below adopted Basin Standards following final reclamation of Leh.igh
Permanente Quarry. It also disclosed that selenium. concentrations in stormwater 
rnnoff niay temporarily increase during reclamation activities because the 
reclamation activities (for example, contouring of overburden piles, conveying 
overburden from the WMSA to the pit) could expose limestone contained in the 
overburden and leCJ.d to th~ contribution of additional selenium in sto1mwat~r . 
runoff. In order tg addn<ss 1his potentially significant environmental impact, the 
EIR identified best management practices (BMPs) to be. used during reclamation to 
minimize contact between limestone and stonnwater (Condition of Approval #79). 
However, it was uncertain at the time of 2012 Reclamation Plan adoption if these. 
methods would be completely effecJive in preventing selenium from entering into 
sto1mwater and discharging into Penn.anente Creek during reclamation. In CEQA. 
tenns- the BIR could not conclude that the BMP's (as mitigation measurns) would . 
reduce the significant selenium impacts to a less than significant level. 

In order to evaluate other potential mitigation measures that could reduce selenium 
impacts during reclamation, the Com1ty contracted with CH2MHill to evaluate the 
feasibility and costs to install a. selenium treatment plant at Lehigh, CH2MHill 
detenn.ined that, from ah engineering perspective, .a treatment plan~ cot!ld be 
installed onsite to treat dis~harge from the Quarry Pit and WMSA areas; contingent 
upon the completion of subsequent' studies evaluating water management and other · 
factors needed to specifically design a treatment plan. The estimated costs, at that 
time, to construct a treatment plant for the WMSA/Quany Pit was between $31 .8 
and $127 million, with operating costs of $6.5 million per year. 

CH2MHill did not provide specific costs or design parameters for a system to treat 
stormwater flows from the EMSA during the first ten-year period of reclamation 
and stated that treatment of EMSA stom1water would be challenging due to 
inconsistent water flows from the area (stonnwater only occurs during winter stonn 
events). 
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Dne to the need to conduct additional studies to ultimately deten~1ine the feasibility 
of installing and operating a treatment plant, the County could not conclude in 2012 
that the installation of a treatment facility was a feasible mitigation measure. The 
Final BIR prepared for the 2012 Reclamation Plan detennined that selenium 
impacts during i:ecla111ation were ;:;ignifica:iit and tmavoidable and the Board 
adopted a statement of oveqiding co11siderations when certifying the EIR. 
However, acknowledging that further studies and testing could demonstrate thatthe 
installation of a treatment plant thay be feasible, the EIR identified a rhitigatiOn 
·m¢asure, incorporated a.s Conditio11 #82 Of the Conditions of Approval, that 
requires further evalu_ation of the fea,sibility of sekn;iUin treatment be cojiduded by 
Lehigh following adoption of the 2012 Reclamation Plan, including the pilot testing 
of treatment options at the quan-y. The results of this fmther evaluatfon would be 
presented to the Planning Commission no iater than 30. .months after Recli;tmi't.tion 
Plan adoption in JW:te 2012 for co~ide:ration ~ild a detenninatfrm by the Pi?furing
Comn:ll.Ssion, based. bIJ,.the aµditional $tudies and testing, if treatment is feasible. 

Under Condition cof Approval ·#82 the Plailn.h1g Commission must determine 
whether .it_is '-'f¢-asible" to butid and operate awatet ~eatment systeni that 1$ capaple 
ofc011trolling selenium to levels co11sistent with cur.rent discharge standards during: 
interim rnclamation activities. Condition of Approval #82 requires Lehigh to 

.pursue teclniologie~ to control selenium discharges from tvvo tJ1am fo~famatiou 
areas at the quatiy site; (a) the. EMSJ\ and (b) the Quin:(y pit fil1d WMSA. The 
Quarry pit and WMsA are ~-ea.Jed as one: aJea because fill ston;nwater from the 
WMSA draius into the Qua,ny Pit, from where tqgether all water is_ pumped via a 
netwOTk of ponds and pipes. into Pennanente Creek. The EMSA is. treated as a 
separate area .. 

Defining "Feasible~' 

As Condition #82 originates frqm ·mjtigation 11)easure:s within the Einai EIR 
prepared fm; t1J_e 2012 Reclamation Plan, the tein1. "foasible" must be evaluated 
based on its definition in CEQA. The tenn "feasible" under CEQA has a specific 
meaning-·- '~capable of being. accomplished in :a_ successful manner within . a 
reasonable period of time, taking itito l.lCcount economic, envin;nni1e:otaJ, sodaJ, ~d 
tecbn~logical factors."- (Pub. Res. Code·§ 21061., 1.) CEQA's Guide]jlles add, that 
a determination of feasibility may take into. account "Iegar~ factors, (CaL .Code of 
Regulations, tit. 14, § 15364.) 

d) Lehigh Cement Pia11t 

The Lehigh cement plant uses the illined lllnestope in the maiiufacturing of cement, 
and i.s located near the entrance to the site of the property, east of the Quarry Pit. 
The Lehigh Cement Plant operation is an authorized use operating under a Use 
Permit (County File No. 173.023) originally issued on May 8, 1939. The Leigh . . 
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cement plant roof mounted "short" stacks were recently replaced with a 
freestanding single stack ("kiln stack") of 295 feet in height and 15 feet in diameter 
and a single cooler vent stack ("cooler stack") of 116 feet in height and 7 feet in 
diameter. These new stacks will improve emissions dispersion .and further improve 
overall emissions from the cement plant in order to comply with air quality 
standards of the Bay Area Air Quality Management DistriGt (BAAQMD). 

The Department of Conservation's Office of Mine Reclamation (OMR) confirmed 
that the cement plant is not part of the Permanente Quany surface 'mining operation 
and as such, is outside, the Reclatilation Plan area (OMR conespondence, August 
23 , 2007). 

As the cuITent Recianl.ation Plan does not appiy to the cement plant, it is not subject 
to the three actions before the Planning Commission evaluated within this staff 
report and thus js not discussed further. 

2. 2012 RECLAMATION PLAN ANNUAL REPOR'f 

The Reclamation :Pl_an, adopted on June 26, 2012, is subject to 89 Conditions of · 
Approval (COA), wl:llch include the mitigation measures set forth in the Mitigation 
Monitoring and Reporting Program (MMRP) from. the certified Environmental 
Impact Report (EIR) prepared for the 2012 Reclamation Plan (the mitigation 
measmes begin at COA 42). 

COA #8 of the Reclamation Plan requires the preparation of an Annual Report 
regarding the status of the Reclamation Plan, specifically evaluating (a) compliance 
with the · Conditions of Approval and MMRP, and (b) the anmJal SMARA 
inspections and financial assurance that funds reclamation of the site. 

The first Annual Report was accepted by the Plaiming Commission in December 
2013. This second Annual Report coyers the repO'rtingperiod between Jtily 1, 2013 
and June 30, 2014. 

On October 1, 2014, Lehigh submitt.ed a compliancy report to the County 
documenting its compliance with the Conditions of Approval (COA) and MMRP. 
County staff prepared a separate Arumal Report, · which is included as Attachment 
1 to this staff report. 2 

2 Both the Lehigh prepared compliance report and Counly staffs annual report an~ available from th.: 
Planning Department Lehigh webpage, and were posted prior to the completion and distribution of this 
staft: Documents 11Jay be viewed at: 
http://www.sccgov.org/sites/planning/PlansPrograms/SMAIWP.ennanenteQuany/Pages/PennanenteMai 
11.aspx 



The findings of the Annual Report are summarized below, including: (a) 
Reclamation Plan activities; (b) compliance with conditions of approval and the 
MMRP; and (c) SMARA inspections ~r~d fi.nancial a~surance. Comprehensive 
information describing these areas is found ;within the Annual Report itself, 
including a table that describes compliance with each COA (Appendix A to the 
Annual Rep01i No. 2). 

a) Reclamation Plan Activities (July 1, 2013 - June 30, 2014) 

Between July 1, 20i3 and June 30, 2014, the operations in Reclamation Plan Area 
included continued mining and processing operations within the Quany Pit, EMSA, 
WMSA, Rock Crusher/Supp01t Area. No neyv reclamation activities occurred at the 
Rock Plant and South Exploration areas during this reporting period. A summary 
of reclamation activities that have occuned within each of the areas is included 
below. 

Activities within the Main (Quarty) Pit included the followiiig: 

• Mil)ing continue.cl within the quarry, 

• Partial recl~_ation activi:ties began with _the pJ~~ement of all overburden 
materials witbirt the pit along the weste111 wall. 

Activities within the WMSA included the following: 

• A new topsoil stockpile area was created. Large woody debris were placed 
on these new topsoil_ stockpiles that will be used in the future as part of 
reclamation of Permanente Creek. 

• Straw wattles mid hay bales wet~ added to dqrinage outfalls along the 
southern WMSA slope. 

Activities within thy EMSA focluded the followjng: 

o Stockpiling of non-limestone capping materials. 

• The northeastern po1iion of the EMS.A. was being ~·e-graded to create a 
benched slope. to better control stormwater rm10ff and improve the water 
quality of Pond 30 discharges. 

o Clean ot1t of fill from drainage ditch along the western edge of the EMSA 
as well as the creatimi of additional catch basins to catch sediment that was 
entering the drainage ditch. 
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o Installation of new rock armoring for the outfall of Pond 30 as well as the 
installation of sem;or ~t the outfall to alter the operator when discharge 
begins to facilitate storm.water sampling. 

AGtivities within the C;rusher/Suppmt Area included the following_: 

o Con~truction of a .new primary and secondary crusher. 

~ Dism..mtling of oid primary c1usher. 

b) Compliance wit~ Conditions of Approval and MMRP 

• General Requirements. An updated stonil water pollutioii prevention plan 
(SWPPP) wa~ submitted. Training for mining staff, vendors, contractors 
and consultants who-work onsite was completed this reportinKperiod. 

• Reclamation Requin:ments.· Lehigh completed mapping that identifies 
existing and future stockpiles of limestone, overburden, topsoil, and 
aggregate materials. The wooden, st~es installed in 2012 demarcating the 
north and eastern bo\lndaries of the· WMSA and EMSA were replaced with. 
metal t-posts. .h1 .addition limestone boulders in the Permanente Creek 
Restoration Area tliat were identified during AR t were analyzed :further by 
geotechnical co:µsultant for feasibility of removal. This analysis identified 
that removal wquld require equipment that lias ·a potential to destabilize· the 
creek channel and increase erosion and sedimentation in Permanente Creek. 
The limestone boulders were .also tested and it was confumed that the 
b.oulders at¢ i1ot "'-significant selenium soui:ce. Tile geote~hrllcal consultru;i.t · 
concludyq the. poten.ii'l.l creek damage from further removal effods far 
outweighed any adverse eff~ct of leaving boulders in place. Finally, test 
plots were installed five years ago to test methods for revegetation to. 
achieve the Reclamation Pl?i.1· suc.cess criteria. The data resuHs showed the 
revegetation couid. be achieved, with the guidelines specified lli. the repmt 
(Appendix N to Appendix D of the Annual Report). -. 

a EIR Mitigatfon Measures. The mine operator provided docwnentntion of 
compliance with multiple conditions and .mitigation measures as 1cientified 
in the BIR, including suhmittal of docum.ent~tion of a greenhouse gas 
emission re<lt.I.ction pian (Condition #72) and the prot_e~tion .o_f biologica.I 
resources (Conditions #48 - 6U associated with · Reclamation Plan 
activities, 

o Water Quality Testing. Water quality sampling and testing occurred for 
riti.u events in February a11d April 2014, to t~st for the concentration of 
selenium: and.othet constituents in w~ter discharged from fue EMSA into 
Pe1manente Creek. Both tests showed selenium concentrations in excess of 
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the applicable water quality standards, as discussed farther under Section 3 
(Stormwater Discharge from the EMSA Area) below. 

c) $MARA Inspections and Financial Assurance .review 

In compliance with the Sui·face Mining and Redahiation Aet, County staff and 
consultants to the County cQl1ducted inspections of Lehigh to ensure mining and 
reclamation activities were in conformance with the 2012 Reclamation Plan. 
InspectiOns during the repo1iing period inc1uded an Annual Inspection on 
September 23 and 24, 2013, BMP inspections for Octo her 2013 through April 2014, 
June and July 2014. Monthly site visits to observe qliarry operations for compliance 
with the RPA and conditions of approval were initiated in February 2014. The 
inspections found that the quarry was in compliance with SMARA. There were no 
violations of compliance with the 2012 Reclamation Plan. 

The County certified that the 2013 Financial Assurance Cost Estimate (FA.CE) is 
adequate for reclamation and complied with the Financial Cost Estimate Guidelines 
published by the State Mining and Geology Board. The 2013 FACE in the amount 
of $54,723,295.00, was an increase over the prior year's amount of$51,391,835.00. 
The revised Finandal Assurance and associated increased rider for the bond was 
submitted to the State Office of' Mine Reclamation a11d approved by the County. 

Staff recommends that the Planning Commission accept the Annual Report. 

3. STORMW ATER DISCHARGE FROM THE EMSA AREA 
- . - -

Condition of Approval (COA) #80 from the 2012 Reclamation Plan requires 
Lehigh to test stom1water discharges from the EMSA into Permanente Creei( to 
cietertnine if it meets water quality standards for seleniuni. As Lehigh is required 
tq use best n1anagement practices during reclamation of the EMSA area to 
minimize selenium in sfo1mwater runoff (COA #78), this sto1mwater testing als.o 
verifies the effectiveness of these measures. 

Iii accqrdanc~ with COA #SO, if test results for two cop.secutive yeats slww that 
stormwater qischarging from the EMSA into Pe1manente Creek exceeds total 
recoverable selenium of Basin Plan Water Quality Objectiveof5 µg/L (micrograms 
per liter) or other applicable discharge requirement as dete1mined by the RWQCB, 
then the County must schedule a public hearing before the Planning Conunission 
to determine whether the Mine Operator is complying with stormwater discharge 
requirements of 5 ~Lg/L. COA # 80 states: 
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Monitoring alld De(erminatioti of BM"P Effectiveness for the EMSA: 

a. Withirl; 30 days of RP A appro1iaf; sampling and testing shall occur 
within 2 4 hours after a qualifying rain event. If no qualifying rain 
event occurs within jo days of RP A approval, then testing shall: 
begin at the first qualifying rain event. Testing shall be con.ducted 
in accordance with th~ Interi1rz StormWatet .Monitoring Plan 
develope.4 ancl. apprQVfld ~rt accordance with Condition #79. · 

h. If test results for two consecutive year$ sh9w that; stormwater
discharging ji·om the_ EMSA info Permanente Creek exceeds total 
recoverable selenhifn of Ba.~in Pl4n Water Quality Objective, 
currently 5 µg/L (inicrograms per liter), or. other applicable 
discha.rge. re.qutre.ment. as determined by th~ RWQCB, then. the. 
County ·sha..ll scheditle, 4 public hearing bf!fore the. Planning 
Co~nmission to determine whether the .Mine Operator is complying 
with stormwater discharge requirements: For· purposes of 
triggering Planning Commission review, tPw sampling shall occur 
at locations where wqter discharge.s. to P~tmatu;mfe Creek. 

c. Jf tht Planning Commissjqrt dete"rmineS. that the Mine Operator Zs 
not complying with discharge requirements, then the operator shall 
install a treatment system (or alternative) as described in Condition 
#82. (Implements MitigationM(:_asures 4.4-5 and 4.I0-2c)1 · 

Stormwatertests ofwa~er dischru:ging from theEMSA i!lto Pe1111anenteCr¢ekwere 
conducted qy Lehigh during the 2012-2013 and 2013-2014 winter (rainy) ·s.easons. 
Stom1water was only collected and tested when water was discharging from Pond 
3 0 in. the EMSA (which collects all st01mwater runoff for the EMSA area) iuto 
Permanente Creek. Attachment 3 is a map, showirJ'g, the locations of the various 
Lehigh ponds, ahd disch~rge p()ints for water discharging into .P.ermanente Creek. 
In total, two tests were. taken during the 2012-20:13 season and two tests were taken 
-during the 2013-2014 season. The seknium concentrations measured in the.s.et~ 
results are shown in the t~ble, belpw: 

Pond 30 Sampling Results 
2012-2014 

Date Result (in ug/1) 
12/5/12 5.9 
12/26/12 Non-Peteet 
2/27/14 14,6 
4/2/.14 I 29,2 

*Non-detect = below detectable limits. 

As shown, th~ EMSA h<J.~ had two. consecutive y~ars in which the stonnwater 
discharge has exceeded the total recovei:abl~ selenium of Basin Plan Water Quality· 
Objective of 5 ~Lg/L and triggers the tequ~rement .Iot a public hearing by the· 

. 
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Planning Commission to determine whether Lehigh is complying with storm water 
discharge requirements. 

a) Staff Analysis of Discharge Compliance 

Staff has evaluated the water quality testing data for the EMSA stormwater 
discharges, The Pla,rini1'1g Conimission ~as two options available for interpreting 
the water quality data and detennining if Lehigh is in conipUance with the discharge 
standards, per Condition #80. 

Option #1 

The concentration of sele.pium within the test results for the first storm water test 
of the 2012-2013 season exceeds the water quality standard (5.9 ~Lg/L) and the 
selenium concentrations for the test results from the 2013-2014 season exceed the 
standards (14.6 and 29.2 µg/l) . The County has referred these test results to the 
RWQCB for review :;ind coinn;i.ent, but as of the date of the completion of this staff 
repmi, has not'received any reply. As the measured levels exceed the 5 µg/l water 
quality standard for two consecutive seasons and the County has not received any 
additional feedback or infori11ation fron1 the. R WQCB tegardii1g any modification 
to the ,5 µg/1 stanqatd or aciditional recom111e11datio11s, Option #1 is for the Planning 
Commission to dete1111ine that Lehigh is not complying with storm water discharge 
requirements because test results from two consecutive years show that stormwater 
discharging from the EMSA into Permanente Creek ,exceeds total recoverable 
selenium of 5 µg/l. 

Option#2 

The storm water tests conducted for the 2012-2013 season show one test that is 
"non-detect" (not me~urable, below the standard), and one t~st result that is 5.9 
µg/L, for selenium. cqncentration. The 5.9 µg/L test resul.t is only 0 .. 9 ~Lg/Lover the 
5.0 µg/L water quality standard. Staff has discussed with both Lehigh and the 
County's hydrogeologist I water quality consultant (Peter Hudson, PG, CEG, and 
Pirector Environmental Science Associates) regarding the significance of a 
stoimwater exceedance tha,t is less than l µg/L over the standard. Mr. Hudson' s 
provided the following comments regarding variability in water chemistry in th_e 
samples from Pond 30 [Attachment 5]: 

ESA has reviewed the Nov~mber .13, 2014 letter r·ovided by Lehigh Southwest 

Cement Company Permanente Quarry (Lehigh) that addressed the variability of 

selenium concentrations i11 l11:0 samples obtained from Pond 30 ;n December 

2012. As reported by Lehigh, the December 2012 samples were just at [(5.9 

microgrmns per Liter (µg/L)] or below the water quality objective (cmd 

laborat01y reporting lim;t) of 5.0 µg/L. The 5.9 µg/L selenium result was a valid 

laborat01y result and based 011 these laborat01y results, there can be little 

dispute that selenium was present in the December 5 water sample. However, the 



sele11iulll concentration detected was only a trace amount (less thm1 I µg/L), j ust 

sligh~ly over what the laborat01y can collfidently report as selenium. 

Cons;deri11g that Pond 30 is located at the base of a limestone quarry that can 

potentially produce elevated selenium concentrations in the stonmvater, it is 

ESA 's opinion that the slight 0.9 µg/L exceedance of selenium typifies a localized 

variation in background water quality for Pond 3 0 and does not fndic,ate the l(lck 

or failure_ of stormwater best management practices (BMPs). If stormwater 

BMPs were not ~n place or had/ailed at some point during December 2012, it is 

ESA 's opinion that the selenium concenh·ations in Poi1d 30 stormwater would 

likely have been much higher and would have been detected in the stormwatei· 
discharge sampling. ' 

Under this Option #2, the Planning Commission could conclude that the level of 
selenium concentration detected was only a trace amount and Lehigh did not exceed 
the discharge requirements for two consecutive years. Thus, Lehigh is in 
compliance with storm water discharge requirements. However, if the 2014-2015 
rainy season test results show that sto1m water discharges at the EMSA exceed the 
5 µg/l standard, then this matter will return to the Planning Commission in 2015 for 
the Planning Commission to dete1mine whether Lehigh is complying with the stonn 
water discharge requirements: 

Staff recommends, in considering both options listed above and per the 
guidance received by tl.le County's water quality consultant, that the Planning 
Commission. pursue Option #2 and determine that Lehigh ·has not exceeded 
the water quality standards for two consecutive years and is complying with 
the sto1·mwater discharge requirements. 

4. SELENIUM TREATMENT FACILITY FEASIBILITIY 

In adopting the 2012 Reclamation Plan, the County detemrined that further 
evaluation was required to determine the feasibility of installing and operating a 
treatment facility (or alternative) at the EMSA, WMSA, and Quarry Pit to treat 
seleniuin i1) water to meet ~doJ>ted water quality standard$. 

Th.is requirement was incorporated as COA #82, which requiTed Lehigh to begin 
designing and testing a selenium treatment facility at the quairy and present its 
findings regarding the feasibility of installing and operating a treatment facility (or 
alternative) to treat all water affected by reclaination activities and selenimi1 within 
a two year period (24 months). This infonuation must be presented within 30 
months to the Planning Commission. The Planning Commission must determine 
whether it is feasible (as that term is defined under CEQA) to install and operate a 
watet t :eatment syste1i.1 that is capable of controlling selenium to levels consistent 
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with current discharge standard <luting interim reclamation activities. COA #82 
states: 

Design, Pilot Testi{ig, and Implementation ofSelenium Treatme,1~t Fac}#ty Qr 
Altenwtivefo1; the EMSA and/01; WMSA an.a Quat1y Pit. 

I 

a. W~tbin 30 dqys of RPA approval, the Mine Oper9tor shall. begin_ . - ~- ·
designing a freatmentfacility (or alternative) and pilot system for 
discharge into Permanente Creek. The t1~eatrnent shall be designed 
.to achieve_ the Basin Plan Watf!J' Quality Objecttv.e fot s?lenium: 
(total recoverable seleniuni of 5 µg/L) for dischargefrorn the EMSA. 
(lS defined in Condlttori #80, UY(d/or tQ achi¢ve th~ r'hat,e level';
sfandwdfot the WMSA a11dQuarry Pit as defined in Condition #81 
(r?ference to Mitigation Measures 4.I0-2q), 

b. The. Mine Operator shall complete design, pilot- testing, and 
feasibility analysis for a tfeatinent facility within 24 months of RP 4 
appnwa} or by su~h offlel' lime q_stnayqe piescNbeirby the RWQC.B. 

c. The Plafzning Commissi.011 ;s,lu;i,llhold a public hearing no later than 
30 months after RPA approval to determine feasibility of the 
treatment facility (or alternative). 'The Planning Commission may 
defei· the public heiJring if the RWQCB dett:.rmfne_s tha.t adqitional 
f.inie is necessqryto conipf~te the design; pilot, tes(irig, 4ndfeasibiltty 
analysis. If tire Plannir1g Commission determines that a treatment 
facility is feasible,, the .Pkmning Commission shallalso establish a 
time line for implementing the freatnitmtfaci/ity. 

d. Constructio11, ii1stallation, a:nd op¢iatitm 'of,a, treci(mentfdt(/ity (or 
alternatN.t!).~sfl.qll be)'equire_dif disc;harge re.qzti;·en~e11ts are no(met 
.CJ$. dc~r;tib:ea· un~ler Condttions # 80 and # 81 _b_g$ed <:n1 a 
determination of the Planning Commission, and if it has been 
defem1ined feasible by the Planning Commission following a public 
ht;aritzg. (hi1plemef1t~ MWgation:MeasurfS 4. 4-5· 4rid 4~ I0-2e)' 

Per the analysis 'aj.thin the Recl1;1mation Plan EIR, the scope of focus for 
detem1ining the feasibility of Selenium treatment is limited to. water discharges that 
are affected by :Znterim redam'ation activ.itie_s. bthet types of aotivities, fon~xample, 
ongoing quanyl.ngoperatfons to h~est limes.tone @d a,ggregate, and wlieth-er it is 
foasible to install a11d operate a water treatment facility to address selenium 
associated with these .other types of activities, is not within the scope of the 
Plamung Commission's dete1mination. 

The final ElR_ determined that seleniµni. c01;1centrations iii stonnwater will meet 
water quality standards upon final reclan1ation of Lehigh. 

a) Sien"a Club Consent De~ree (Sierra Club v. Lehigh SQi1thwe_st 
Cement Compa1iy a1zd Htm,son Permanente Cenielit, Inc~) 
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In 2013 Lehigh entered into a Consent Decree with the Sierra Club resolving a 
lawsuit regarding violations of the Clean Water Act. The lawsuit alleged that 
Lehigh was discharging pollutants from the quarry pit into Pennanente Creek 
without an authorizing national pollutant discharge eli:inina.tiqn system ("NPDES") 
pennit and in violati~n ofLehigb._'s storm w~ter discharge permit. -- . ... - . - . . 

, -::..; -: -<;"': 
~~'!' .. ··-"- ... -· :'-

The Consent Decree, established interim: mid final treatment and discharge 
compliance deadlines. The tenns of the Consent Decree require Lehigh to install 
an interim treatment system by Octob.er· l , 2014 to treat water discharged from the 
WMSA and Quany Pit and a final treatment system by September 30, 2017 for all 
'Water discharg~s from the cement plant and quarry to Pennanente Creek to achieve 
continum1s c.ompliance With NPDES limits and al1 otlwr water q\l_ality standatds 
applicable · -

The interim treatment system to be installed by October 1, 2014 addresses wa,ter 
that is collected from the quarry p_it anc). WMS.A within Pond4A (before dis..chargfug 
into Pe.tri1?}1ente Cre.ek), and is. SJ)ecifically de:ijp_ed as. 

A water pollution abatement. system and aS.soCiajed 
:flow modulation faeilities designed, co11stru.cted and, 
operated to treat up to 24,000 gallons per hour of the 
quarry pit water currently associated 'with Pond 4A 
(quarry• pit and priinary crnsher w~hdown) for th€< 
primary purpose of substantially reducing Selenium 
in the quarry pit wa~er priqr to discharge. Operation 
of this interim b:eatment system is also intended to 
inform the final design and .successful operation. of 
the final treatment sysJem. (Pg. 4,} 

The final treatment system described by Consent Decree.is to be installed by Lehigh 
no latet than Sevtembe:r 30, 2017 a,nd is defme.d as: · 

A water pollution abatement system and _assodated 
flow modulation facilities designed, const,ructed ·and 
operatecl. to achieve continuous complia.Q.ce with aj..!_ 
NPDES permit limits, and all water quality standards 
applicable to Pem1anente Creek, for all discharges to 
Permanente Creek from the Facility; inc.luding 
quarry pit water" and process water cun:'ently 
associated with Pond 4A (quarty pit and p1imary 
crusher washdown), Ponds 9 & 11 (cement plant 
process waters in Pond 11 that flow through Pond 9), . . 
and Pond 20 ( ceh1ent plant truck wash), a.pd only 
excluding authorize"d storiu water discharges from 
Pond 9 (after Pond 11 no longer flows to Pond 9), 
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Pond 13, Pond 20 (after truck wash water no longer 
flows to Pond 20), and Pond 30. (Pg. 3-4.) 

The Consent Decree requires the interim treatment system to treat water from the 
Quarry Pit and WMSA. The final treatment system is intended to address all water 
discharges, excluding authorized storm water discharges from the EMSA and 
Cement Plat1t area, to meet water quality standards for selenium (5 µg/l). Therefore, 
the Consent Decree will require that surface water discharging from the EMSA, 
excluding authorized storm water discharges, that is in excess of the water quality 
standards be treated and the method for accomplishing this be operational by 
September 30!! 2017. ~;i ~_· 

b) Comparison between the Consent Decree and COA #82 

Unlike the County's COA #82 requiring a finding of feasibility prior to installation 
of the water treatment facility (or alternative) at the EMSA, WMSA, and/or Quany 
pit, the requirements of the Consent Decree for treating water is not dependent on 
a finding of feasibility, as that term is defined under CEQA. The Cotmty's 
conditions of approva:l;however, are distinct from the Consent Decree becaus~ the 
County's conditions stem from a· CEQA n1itigation measure-under CEQA a 
mitigation measure must be feasible. The existepQe of the. C.011sent Decree does not 
eliminate compliance with the Reclamation Plan and COA #82 relafug to the 
feasibility of a treatment facility to address selenium discharged into Pem1anente 
Creek frotn interini reclamation activities. 

Staff believes the Planning Conuniss1on must still determine whether installation 
and operation of a watertre(!.tment facility at the EMSA; WMSA, and/or Quany pit 
is feasible .. However, in detemrining feasibility, the Planning Commission may 
consider the Consent Decree along with any other relevant factors. 

c) Frontier Technology Treatment System 

In Fall 20B, Lehigh installed a pilot treatment systein using Frontlet Water 
Systems technology ("Frontid'). The Frontier system utilizes non-hazardous 
bacteria to establish anaerobic "reducing" conditions, which change the selenium 
from a dissolved state to a solid state that can be precipitated out in a solid form 
and collected for disposal. The pilot system operated at the 750-level pond within 
the Quany pit from October 16, 2013 to November 15, 2013. The pilot system 
reduced selenium levels in treated water to below 5 µg!L. 

The data generated by the pilot system indicated that the Frontier system can be 
scaled to a larger treatment system with consistent results and that it is 
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technologically possible to operate a water system capable of treating water from 
the Quany pit and the WMSA to below the 5 µg/L criterion. Lehigh began installing 
the Interim Treatment System (ITS) adjacent to Pond 4a jn early 2014 with 
construction complet(!d in October 2014. 

The ITS is now operational for the 2014-2015 wet season. Data generated over the 
next two years1 wet seasons (2014-20 15 and 2015-2016) will enable Lehigh to 
confirm (in April 2016 or later) .if it js technologically possible to expand the 
system's inflow capacity to handle all water discharged from the Quarry pit and 
WMSA. 

d) Feasibility of Treatment for WMSA and the Quarry Pit 

Lehigh provided its analysis of the feasibility of treatment as pali of its Atumal 
Report submittal (see Appendix B of the Annual Report, [also Appendix P to 

·Appendix D of Lehigh's Annual Report compliance submittal]). 

Lehigh has determined based on preliminary results from the Frontier system that 
it is feasible to install and operate a treatment system that is capable of treating 
water for seleniUinbelowthe 5 µg/L for the WMSA anci Quany Pit discharge points 
into Pe1manente Creek. Water quality data from two winter seasons (2014-2015 
and 2015-2016) will finalize this determination. -Lehigh's analysis also submits 
"that it is appropriate to amend the Conditions of Approval to acknowledge that the 
ITS will operate, and to thereafter reassesses (in April 2016 or later) the feasibility 
of this technology tQ treat all pit and WMSA water." (Feasibility of Water 
Treatment/or Discharges From The Permane71te Quarry Containing Selenium, p~ 
10.) 

County staff concurs with this feasibility determination by Lehigh At this ti.me not 
all of the process steps needed to design and construct a treatment system (with 
resulting water quality data) have yet been completed demonstrating that all water 
from the WMSA I Quarry pit can be treated to meet the 5 µg/l. Nevertheless, the 
Consent Decree requirns Lehigh to install a treatment facility by September 2017 
to treat all water discharged into Permanente Creek to meet the 5 µg/l standard. 
This requirement mandates installation of a treahnent system by 2017 and presumes 
that treatment is feasible. Under COA #82, selenium treatment is only required, if 
feasible, for the WMSA I Quarry Pit during interim rnclamation. The WMSA I 
Quany pit is not scheduled to begin interim reclamation (per the 2012 Reclamation 
Plan) until 2021. Given the timelines established under the Consent Decree, all 
water from the WMSA I Quarry pit will be treated by the treatment facitity several 
years ahead of this time period. As the ITS is ctUTently operational and Lehigh is 
legally required to install a final treatment facility by September 2017, staff believes 
that the installation of a treatment facility meeting the 5 µg/l standard "can be 
accomplished in a successful marmer withln a reasonable period of time," meeting 
the feasibility requirements under CEQA. 
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County staff has provided the R WQCB staff with the reports received by Lehigh 
and prepared by the County and requested feedback regarding the determination 
regarding selenilllll treatment feasibility as it relates to the Consent Decree. At the 
time of completion of this staff report, staff has not yet r eceived any feedbac;k from 
RWQCB staff. . 

Ci-' -~_.iii-,7°'~.:..:<: . .:.~::·~,:?<~ .. -~::_'.:~- ·. -· 
I.n lieu of feedback · fnnil RWQCB, staff recommends that the Planning 
Commission determine that the installation of a treatment facility for the 
WMSA J Quarry pit is feasible, in compliance with Condition #82. Per 
Condition #82, if the Planning Commission determines that it is feasible to 
install a Seleniµni treatment facility it must also establish a timeline for the 
installation pf the facility. Per the Consent Decree, Lehigh is required to install 
a final treatment facility by September 30, 2017. Thus, staff recommends that 
the instalJation·of the treatment plant follow this mandated timeline. 

With respect to Lehigh's request that the Conditions of Approval be amended to 
acknowledge the current operation of the ITS and allow for further feasibility 
analysis .based on more test results, staff believes that the test results from the ITS 
can continue to be evaluated as pa.it of the Plannirig Coinmission' s Annual Report, 
and if th~re. is DoeW information within these repo,rt;; that. changes the assum.ptions 
regarding tre11tm:ent feasibility or the· timel:ine for installation, that a potential 
change to the conpitions. of approval be revisited at that time.--

e) Feasibility of Treatment for EMSA 

COA #82 requires the Planning Commission to determine if the installation and 
opei·ation of a treatment faeility is feasible to treat selenium during interim 
reclamation for the Qu~i:y Pit, WMSA, and EMSA (prior to final reclamation of 
these areas). As the EMSA area is to be reclaimed ahead of the Quan-y Pit I WMSA 
areas and has a different drainage system (it does not drai11 into the Quarry Pit), the 
feasibility of selenium treatment is evaluated separately. 

Und.er the 2012 Reclamatio11Plan, the EMSAarea will be reclai.ni~d within the first 
nine years, with reclamation completed by 2021. Lehigh has recently accelerated 
reclamation of the EMSAarea and final grades will be achievedin2015. Placement 
of the non-l:imeStone cap and vegetation activities will follow in subsequent years. 
As the requirement for selenium treatment under COA #82 focuses on the interim 
reclamation period (before final reclamation), this time period is both immediate 
.. cm4 short. 

Lehigh's feasibility· analysis considers if a treatinent system or alternative would be 
feasible at the EMSA for the interim reclamation period. The following is a 
summary of the analysis (see Appendix E of the Annual Report [Appendix P of 
Lehigh's Ammal Report submittal]). The report concludes that (1) operation of a 
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tieatment system at the EMSA is not feasible and several other alternatives, such 
as trucking or piping the water to the Frontier system or Quarry pit, are al so not 
feasible. One alternative that could reduce selenium concentrations in EMSA is the 
enlargement of Pond 30 which collects all EMSA stonn water. However, Lehigh 
states that additional time is needed to complete geotechnical studies demonstrating 
the pond can be enlarged. Each of these treatment options or alternatives are 
d,escribeQ. below, · 

1) T .. eatment System Feasibility 

Unlike the WMSA!Pit, where there is a constant source of water in the Quany Pjt 
(collected from surface water and groundwater seeps and detained in the Pit), the 
water flows at the EMSA containing selenium are intermittent. Water flows only 
occur dming the wet season when storm.water discharges from 1he EMSA into the 
downstream detention basins and Permanente Creek. The treatment of selenium, 
specifically using the Frontier system, requires a constant water source that is stable 
in temperature and composition. Thus the intermittent and occasional water flows 
from the EMSA cannot support installation of a water treatment system similar to 
what is proposed for the WMSA/Pit. Tbjs technologicaJ challenge was initially 
identified by CH2MHill during their wotk for the Cou:r;ity on the 2012 Reclamation 
Plan and EIR in identifying selenium treatment technologies that could be used 
onsite. 

Due to this tecbnolbgical challenge, it is infeasible to construct and operate an 
independent selenium treatment facility at the EMSA area using the Frontier (or 
like) system. In addition to the technological infeasibility, the cost to construct and 
operate a separate system in the EMSA would be substantial and is significantly 
disproportionate to the sho1t duration in which it would operate- the system would 
only operate Uhtil final. EMSA reclarna~ion is complete~ which is estimated by 
Lehigh to be achieved between 2015 -and 2021, 

Other selenium treatment technologies have been previously studied for their 
potential application at the Quarry (wetlands, revers'e osmosis), but these 
technologies were deeme.d infeasible due to their cost and size constraints. In 
summary, based on the evidence presented by Lehigh sirice.2012, the construction 
of an independent selenium treatment system at the.EMSA is not feasible. 

2) Alternative (approach) Feasibilitv 

COA #82 requires Lehigh to consider a treatment system or alternative to address 
Selenium impacts. Three potential alternatives that would reduce selenium within 
the EMSA storm water discharges were evaluated by both Lehigh and County staff. 
These include (1) piping qr trucking water from the EMSA to the Frontier system, 
(2) piping or trucking water from the EMSA to Quarry pit, and (3) enlarging EMSA 
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pond 30 to detain more storn1water runoff and lllll11rruze discharges into 
Pern1anente Creek. Each of these alternatives is discussed below. 

Piping I Trucking Stormwater to the Frontier System 

Under this alternative, stormwater would collect from Pond 30 in the EMSA and 
be transported to the frontier system for treatment. The EMSA sto1mwater would 
be treated along with the Quarry Pit I WMSA water prior to being discharged into 
Pe1manente Creek. Transpo1i would occur through either pmnping the water 
through a series of pipes, or collecting the water in water trucks to be delivered to 
the Frontier system. 

Lehigh has identified several factors that make this approach infeasible. First, the · 
Frontier systein treatment process requires a steady flow of intake water 'rvith a 
stable temperature arid chemistry composition, which is currently provided from 
the Quarry pit water. The introduction of stormwater from the EMSA with a 
different temperature and chemical composition would not be compatible with this 
requirement. Second, according to Lehigh, its permits from the RWQCB do not 
allow for the redirection of stonn~ater within the quarry site. Third, the 
constrl1ction of a piping system is esti111ated to ·cost $4 million and it is questionable 
whether it is econoinicfilly feasible given the shmi amount of time left when interim 
reclamation activities are· occurring. 

Piping I TrtJcking to the Quariy Pit 

An alternative to trucking or piping the water directly to the Frontier Technology 
system would be transporting the EMSA stonnwater to the Quarry Pit. Depending 
on the route, the travel or pipeline distance from the EMSA to the Quairy Pit is 
sho1ter than the distance from the EMSA to the Frontier system site. fo addition, 
this approach would <;lppear to address the technological challenge of introducing 
the EMSA storrnwater directly into the Frontier system, Under this approach, the. 
st01mwater would be deposited into the Quany pit where it would intermix with 
existing pit water before being collected and pumped to the Frontier system for 
treat1nent. This intermixing could allow the EMSA water to equalize with the Pit 
water, in terms of temperature and composition, allowing it to be treated by the 
Frontier system, · 

While this approach could be technologically feasible, Lehigh has cited the same 
legal and cost constraints explained under the first alternative - that the RWQCB 
pennit prohibits the transport of water onsite and that the c.ost for pumping or 
trucking is prohibitive compared to the shmt duration of use. 

Enlargement of Pond 30 

A third alternative to addressing selenium in EMSA storm.water is the enlargement 
of Pond 30, the collection pond for all stmmwater from the EMSA. Pond 30 is 
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located next to Permanente Creek artd detams EMSA stmmwater before it is 
dischatged into the creek. Pond 30 'could be substantially enlarged in order to 
collect a greatel' yolum~ of stonnwater :a·o.tn larger storm events .. By increqsing its. 
size ap.d detention capacity, less st01111water would be discharged into Permanente 
Creek. In addition, by captming and detaining more stormwater, the amount of 
selenium could be diluted fmiher. 

' . 
Enlarging ~onq 3 b may l;i~ a feasible qlternative; hbwevyr,. Lehigh has reported that 
it needs to complete soils I geotechni9al analysis to ensure that enlarging Pond JO 
will not tmdermine soil stability ill the area and to determine how large Lehigh cat1 
physically make ihe pond with the. space available atid ~eotechnical conditions. 
Lehigil has. aJ~o indicate;d that. pond enlargement will req1,fre review by ·the 
RWQCB and possibly other ag~ncies. · 

Staff Analysis of Alternatives 

·· Staff concurs with Lehigh's conclusion that it is infeasible to pip·e or truck EMSA 
stormwatet discharge.· to th_e Frontier syst~m or .pit, The County's third party 
hydrogeologist (Pete Hudson), has further confirmed that introduction of the. 
EMSA sJ01mwater directly into tlm Frontier system for treatment is infeasible due 
to ilicompa.tibility Qftemperature anci ·c;:o~position. 

With respect to the alternative of piping or trucking the EMSA sto1mwater to the 
Quany pit, the County has -not received any inf01mation from the RWQCB that 
refutes Lehigh's position that this intennixing of water is prohlbit~d. Lehigh's 
feasibility analysis was referred to RWQC:S: st&i.ffo;r. review and response But as of 
11.ie date o{the completioil of this staff report, no resJ?0.11S~ has yet been received .. 

Ne:vertheless, the cost to either install a pump, I piping system .or operate a watet 
tnicking operation to. transpo1t. th~ EMSA stom'l.wate:r. t6 _the Quany pit would he 
substahtlal, especially wheli corripar¢d. to the sholi: remaining interim reclamation 
time anticipated to occur at t)ie EMSA. 

Witll resp.ect to the alternative of enlarging Pond 30 to provid~ additionai capacity 
to capture EMSA ston;nwater, staff believes this is a: potentially feasible alternative 
because it cart likely be accompljsb,e<;l. in a success.ful mc;µiner within a reasonable 
period of time. While this alternative does not treat .the EMSA stomrwater for 
selenium and thus it is unlikely that it could absolutely prevent EMSA stormwater 
discharges (with higher $Clehium) into Pe1manente creek, it stili is a. feasible 
alternative t:4.at will ~ct to substantially reduce potential selenium impacts duJ;ing 
interim reclam;itioh. This alternative appears to be. "feasible'1

, talcing into account 
economic, environmental, social, and technological factors., However;_ the cited 
geotechnical studies are first required to confirm that the pond. can be engineered 
and constructed coTI"ectly to a,void in:sti:i.bility. · 
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Staff recommends that Lehigh be allowed to continue to evaluate whether 
enlarging Pond 30 is feasible and the Planning Commission continue- this 
portion of the hearing until January 22, 2015 to make the feasibility 
determination. -

Summary of Staff Recommendations 

Staff recommends the Planning Commission take the following actions: 

1. Annual Report: The Plruihing Commission accept the Annual Report. 

2. Compliance with Stormwater Discharge Requirements for tbe EMSA: 
The Planning Commission adopt Option #2 and determine that Lehigh has 
not exceeded the water quality standards for two consecutive years and is 
complying with the stormwater discharge requirements per Condition #80. 

3. Feasibility of Treatment Facility for WMSA/Quarry Pit: The Planning 
Commission determine that the installation of a treatment facility for the 
WMSA /Quarry pit is feasible, in compliance with Condition #82, aod that 
the installation of the fo1al treatment facility shall follow the mandated 
tin_ieline per the Consent Decree, September 30, 2017, 

4. Feasibility of Ti-eatment Facility for EMSA: The Planning Commission 
cop_tinue th~ hearing until January 22, 2015 for makiog a determination of 
feasibility for selenium treatment at the EMSA for Lehigh to complete the 
evaluation of whether enlarging Pond 30 is feasible. 

5. PUBLIC CONCERNS NOT RELATED TO THE THREE ACTIONS 
BEFORE THE P:t:,ANNING COMMISSION 

As eyidenced l;iy pul:ll.ic testimony duri1i'g the October 23,. 2014 Workshop, the 
Lehigh site gen.etates substantial interest from members of the public. Many issues 
of concern raised by the public that are outside of the scope of the Reclamation Plan 
and the three aetionS- before the Planning Commission. A smtilhary of these issues 
is provided for background 

a) New Quarry Pit 

The 2012 Reclamation Plan does not allow for a new quarry pit. While an 
application was previously submitted for a new quarry pit, the mine operator 
withdrew this request on June 3, 20 l l and no new application for a new quarry pit 
has been submitted. Any future proposed quany pit would require a new 
Reclamation Plan and would be subject to obtaining a Use Pe1mit. 
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b) Contamination Issues Associated with Quarry 

There have been concerns about historic operations and contamination of the site. 
The RWQ.CB has issued investigative orders and have required Lehigh to submit 
work plans to dete1mine if contlit,lllination exists at the WMSA and EMSA (soil and 
groundwater contamination). Thes~ activities are on-going between Lehigh and the 
RWQCB, but are not related to operation of the quany and its reclamation. 

- . :- ···~: .. - --\ ·-~ 
t' . :· -
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ATTACHMENTS 

Attachment 1 - Annual Report (provided l)ilder separate cover mid elc;:ctrnnically) 
Attachment 2 - Map of Peimanente Quarry and Recli:!mati<;:>n Area}:> . 
Attachment 3 - Map showing ponds a.nd drainage system atthe Quarry 
Attachment 4 - November 13, 2014., Lehigh correspondence ·regarding EMSA 
stomiwater discharge. 
Attachment 5 - Novembet 14, 2014, Mr. ]?eter El,ldson, Comments on Water 
Quality Variapility il1 Samples frolliPond 30-December 2012 . . 

26 JPag e 



Attachment 1- Annual Report {provided under separate 

cover and electronically} 
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Marina Rush, Planner Ill 
Department of Planning and Development 
Santa Clara County . 
70 W. H~dding Street, ih Floor, East Wing 
San Jose, CA 95110 

~-- .. 

Gregory Knapp 
Director Environmental Affairs, Region West 
12G67 Al.costa Blvd, San Ramon, CA 94583 

(925) 244-6570 

November 13, 2014 

. . • . ·-i ~ - ... ..,...'--.. . .... ~~ -~·:·.~. ' .., ~ .·.AZZ° ~ -.-- - · . ;_:~:-. -. ····-·. _ 

LlefJ;gtt-~aflente Qtlan:y- -
RE: Comments on Water Chemistry Variability in Samples From Pond 30- December 2012 

Dear Ms. Rus.h: 

Lehigh $q4thwest C::e111_ent Company Pemi(:ln~nte Quarry (Lehigh) has been reporting 
stormwater sampling results to Santa Clarq. County (County) of discharges from Po.nd 30 which 
receives storrnwater runoff from the East Material Storage Are.a (EMSA) since the 2012 wet 
season. During that season; two samples were collected and analyzed in December 2012 with 
results reported for selenium of 0.0059 milligrams per iiter (mg/L) and Non Detect {<0.005 mg/L) 
. These two samples were collected 21 days apart on December 5 and 26 respectively. The first 
sample was 0 .0009 mg/L above the Practical Quantitation lirriit'(PQL) established .9Y ttie 
reporting laboratory for selenium, or just 18% above.the PQL of 0.005 nig/L. 

The Santa C Iara County Planning Department has ,?sked for Lehigh's view of the practical 
ramifica.tions of a sampling resl.llt so cJose to the PQL and rE;!gulatbrY criterion, particularly 
considering the second, "non-detect" reslJlt shortly afterwards. The Planning Department raises 
a Valid 'question. While commercial environmental laboratory analytical results use statistical 
methods to limit the effects of analytical method variability in their reports, the reality of sampling 
variation in water chemistry due to temporal variability ,must be considered when one value so 
close to the PQL, in this. case the December 5 vallje, is c.onsidered. 

The issue of temporal variability of trace metal concentrations between s·amples taken at the 
same looatio n but at different times -is Well documented and two cited papers ilf ustrate this. 

The first, United States Geological Survey Fact Sheet 086-03 from December 2003 (Nimick, 
D.A." 2003, attached}, documents measu(ed meta.I concentration variabiilty as a function of time 
between samples taken at the same locations at different tin1es of the day and different days. 
This fact sheet describes trace metal diurnal (daytime to nighttime) variations-of 54% to 500%. in 
slightly alkali ne waters. One of the key suspected contributors in this variation is tile sorption 
(adhering to) of trace metals to particles in the water, Both of these conditions are also 
representative of Pond 30 discharges. 



The second cited paper, Water Quality Variability In Tributaries Of The Cheat River, A Mined 
Appalachian Watershed (Petty, J.T. and Barker, J., 2004, attached) also describes tempora l 
variation of samples collected from mining impacted streams over numerous days and months. 
Some of these variations were dramatic, for example, over 600% for Aluminum (ranging 0.05 
mg/L to 0.38 mg/L). The paper was published by the American Society of Mining and 
Reclamation. In their discussion, the similar factors contributing to variability were stated 
including sorption and hydrologic (flow) variations. 

These papers illustrate the challenges of analyzing a very small set of sampling data where 
there is inherent variability in concentrations,. and. an extremely small variation above a very low 
PQL for selenium. Lehigh has concerns regarding the implications of one sample event under 
these circumstances. It is preferable from the standpoint of water-quality management to 
review the trend and range of concentrations over time. The December 2012 results, on 
balance, indicate that Lehigh complied with the stormwater best management practices 
requirements in the 2012-13 rainy season, and that these BMPs were effective in reducing 
selenium concentrations in EMSA storm runoff to level$ below the selenium criterion. 

References Cited 

Petty, J.T. and Barker, J .. 2004. Water Quality Variability In Tributaries Of The Cheat River, A 
Mined Appalachian Watershed. American Society of Mining and Reclamation. Proceedings 
National Meeting of the American Society of Mining and Reclamation and the 25th West Virginia 
Surface Mine Drainage Task Force. 

Nimick, D.A. 2003. Diurnal Variation in Trace-Metal Concentrations in Streams, United States 
Geological Survey Fact Sheet. FS-086~03. 

Gregory Knapp 
Director Environmental Affairs 
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As.sessing concentrations of trace metals in s.treams is found to be significantly 
more. compl~x·tfian prevlouslythou[Jht . . ryew rese~'rch indicates that concentrations 

. ' .· :.·' . (Jf met~ls dissolvedirrs}reaf'ri Water varyby time, Of dr;w I 

Trace metals in streams can be 
toxic to fish and aquatic insects. 
Therefore, sampling streams for 
metals fa an important aspect of water
quality monitoring. In the past, scien
tists assmned that a stream water 
sample collected at any time of the day 
would provide an accurate assessment 
of metal concentrations oil that day 
assuming streamflow was relatively 
constant. Recent studies, however, 
have shown that ci1ssolved concentra
tions of some trace me tats exhibit sub
stantial and consistent vaiiation 
throughout the day (fig. 1). Them~
nitude and widespread occurrence of 
these diurnal (2'.4-hour) co1~centration 
patterns, or cycles, was unexpected. 
This discovery of the consistent occur
rence of diurnal 
metal cycles has 
signi;fican t impli
cations for how 
we study and 
monitor the envi
romnent. 

r~----·- -- -- ~- . 

South Fork Coeur d'Alene River, Idaho (site 2 on fig. 4) 

U~S. DcpartrnefTt cf the Interior 
U.S. Geological Sun••\' 

•: 
' · Flgure 1. Diurnal variation in dissolved metal concentrations in South Fork 

Coeur d;Alene Ri\ier', ld8;ho (site 2 on fig. 4). 

DIURNAL METAL CYCLES 

- ; 

Daily vaiia~ions in dissolved metal 
concentrations are shown in figure 1 
for the South Fork Coeur d'Alene 
River in Idaho. These variations are 
examples of diurnal metal cycles. 
Two impoJ1ant characteristics of diur
nal metal cycles are the time of day 
when the minimum and maximum 
concentrations occur and the magni
tude of the change in metal concentra
tion. In the South Fork, tlie timing of 
the diurnal cycles for cadmium, man
ganese, and zinc was similar. Concen
trations of these metals increased 
during the night, reaching the highest 
values shortly after sunrise. Concen
trations then decreased during the late 
morning and early·aftemoon, reaching 
the lowest values during mid to late 
afternoon. 

US GS Fact Sheet FS--085·03 
oe·ceniber 2003 



Diurnal metal cycles for Plickly 
Pear and High Ore Creeks in Montana 
are shown in figure 2. Note that the 
timing of diurnal cadmium, manga
nese, and zinc cycles in these streams 
was similar to the cycles for these 
metals in the South Fork Coeur 
d'Alene River (fig. 1). However, the 
timing of diurnal arsenic cycles was 
the opposite, with maximum concen
trations in the late afternoon andmin
_iinum concentrations in the early 
morning. 

The potential magnitude of diurnal 
metal cycles is shown by the datll. for 
Prickly Pear andHigJ1 Ore Creeks (fig. 
2). Diurnal cycles for zinc were the 
largest, with concentrations changing 
as much as 500 percent in Plickly Pear 
Creek. Cadmium and manganese 
cycles were intermediate, with 
changes as much as 120 and 290 per
cent, respectively, in High Ore Creek. 
Diurnal va1iations in arsenic concen
trations (as. much as 54 percent in 
Prickly Pear Creek) were proportion
ally much less than the variations foi; 
cadmium, manganese, and zinc. 

Diurnal metal cycles occur over a 
wide range of concentration leve1s. 
For instance, diurnal zinc cycles were 
found at concentrations greater than 
1,000 ~Lg/Lin the South Fork Coeur 
d'Alene River (fig. 1) and at concen
trations less than 80 µg/L in P1ickly 
Pear Creek (fig. 2). Units ()f micro
grams per liter (~Lg/L) are equivalent to 
parts per billion. 

Trace-metal concentrations in -
streams exhibit diurnal cycles rou
tinely and regularly. For example, 
du1ing diurnal sampling episodes in 
1995 and 1997 on High Ore Creek, 
dissolved zinc concentrations were 
relatively high (fig. 3). Cleanup 
efforts conducted upstream at an his
to1ical mine site after tbe 1997 sam
pling reduced the amouut of zinc 
entering_the stream, and zinc con_cen
trations were lower during samplings 
in 1999-2001. These data show that 
the diurnal zinc cycle persisted and 
that the timing remained the same, 
even though the general concentration 
level changed substantially during the 
6-year period. 

Data ori diurnal metal cycles for 13 
streams in Montana and northern 
Idaho (fig. 4) are presented by Nimick 
and others (2003). The data document 
and confim1 the widespread octui:
rence of diurnal metal cycles. The 

Day 1 

J -

l 

streams bad gravel beds and '".ere typ
ical of mountain headwater streams in 
the northern Rocky Mountains. The 
streams varied in size, with the small
est having streamflow of about 0.5 
cubic feet per second (ft3/s) and the 
largest having streamflow of 270 ft3 /s 
at the time of sampling. One aspect 
common to diurnal metal cycles is that 
they occur in streams tlrnt have neutral. 
to slightly alkaline pH, which is typi
cal of most streams in the Nation. 
These types of diurnal metal cycles 
have not been observed in acidic' 
streams more directly aff~cted by 
mine drainage. 

Diurnal metal cycles have previ
ously been reported in a few instances. 
Diurnal cycles in dissolved arsenic 
concentrations were measured in 
Whitewood Creek, Sout11 Dakota 
(Fuller and Davis, 1989), and in the 
Madison and Missouri Rivers, Mon
tana (Nimick and others, 1998). 

Day2 Day3 

Figure 3. Diurnal variation in dissolved zinc concentrations in High Ore Creek (site 13), 
Montana, 1995·,2001. 



Coeur d 'Alene Mining District Alhambra Mining District Basin and Boulder Mining Districts 
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Teru11ile Mining District 
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Nev1Worl ci.Mining oi~trlct . . ' :1" '• 

.. , , figi.Jre .4. Data describing 'diurn;'!I ~elal cy~les were colll'cted dQ~ng low flow at' 6 sit~ o~ 13 stre~s drajning historic~! ;,;ining 
· , , ·. . ~re~s in !vl,o~t<:m~ and ld~po. At.eac.h sile, .water ~aniples were ·colleciF;Jd.tioy,rty for 1-to 2-day PWidcts ... T~e pH;:W~s p.c,idic 

:· .,.::,. at sit~s~oand16,ariddiurnal metalcycle·s di.d. npt9~"ur. ·::·. · , ... · ;-. \'./ · /.".:.: ... 
l ... • ' 

Bourg and Bertin (1996) andBriclc and Moore (1996) were 
tbe fitst to document diurnal zinc cycles. 

IMPLICATIONS 

Water-quality data commonlY'are collected to character
ize metal concentrations in streams. These data are used to 
establish b;:tseline environmental conditions, indicate the 
locations of important metal so_urces, plan and evaluate 
cieanup of contaminated sites, detect long-tem1 trends in 
metal concentrations, and evaluate potentiahisks to fish and 
other aquatic organisms. However, if diurnal variability of 
metai concentrations is substantial and persistent, such eval
uations likely are, at least, much less certain than previously 
thought and, at worst, potentially misleading or wrong. In 
the future, the implications of diurnal metal cycles wm be 
an important consideration when designing plans for water
quality sampling and evaluating historical data on metal 
concentrations. 

-- - ---:·-'- .... ·-- .. 

Collecting water-<juality samples in Prickly Pear Creek, Montana 
(near sile 7 on fig. 4) , 
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What Causes Diurnal Metal Cycles? 

~ . 
A number of pliysical, chemical, and biological mechanisms potentially can explain diurnal cycles in dissolved 

metal concenlratio.'ns. These mechanisms include: 

Diurnal cycles 9f sorption of metals to the surfaces of streambed.material 
Diurnal cycles of formation and dissolution of minerals containing metals 
Diurnal cycles bf uptake of metals by.growing aquatic plants 

I • 

Diurnal variatioh of the input of metals from an upstream !'?Ource 
Qiu~n'al chalige;s of geochemical con~itiqns within the streambed 
Diurnal variati~r ~f streamfl.ow 

Sorptiqn best e~plai.ns diurnal metal ~ycles fc;>r two reasons. ,First, it explains the ~oncurrent timing of the high 
and low .di$s61ved metal concenfratlqiis fourid daily in strea·ms .. (fig. 1). Second, it is the only m~chanism that 

' expl~lmi. t.he 6pposi
1
te timing of the arsenic co·n~~ntrafion cycles relative to the concentration cv,cles of the other 

m~tals (fl~. 2): ~ . . .: ·, . . · .· ·.- . . . . . c •• • 

: Sorptron 1s a CQ!=lfrnc;al reaction m ~J;t1ch metals .<!re trc'lnsfer~ed betw~en stream wat~r and tlie surfaces of , 
I-. stream bed mat.erials,. ,such <;1s. rocks and aquatic· PIC\nts. During desorption, metals are"detaj:hed from sfreambed · 

I 
materia~s· and add~p to sfr~?.~ water •. t~ereb'y 'increasfng dis.solved metal ~ohc~nlrations in str~a,m water. During 

. adsorption, metals .~re transferred from stream water to streambed materials, therepy decreasing dissolved metal 
i cqncentrati.ons. · i: ; . . ' , . • 
' ;. • I II . I ' • ' ' ' • - • • • 

I 9orption !S affe.~t~c;t..QYJh~ J~!]p_er"!t!:ire an_d_E!i_q_l~tre~ryi w~ter. \'.'fater te:IJl~~@l':lf~ ·and_ef:! ·~Qrnmonly 
ir:icrease in stream~ dl!ring the day and decrease d4ring the night in respoose to the daily cycles of daylight cind 
darkness. These c~anges in. tehipE;lrature and p.H are key factors in determining the amount of each metal that is 

I ' I I I , t ' • 

atisor~E?d orqesorbeq. · ,; .. · ,· . . • .· · · : ,. • . 

,1 
\ 
! 
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I 
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· . S?fption' i:lf a :;:;i\etific mefo~I ibn is ~ffected py its charge.' Ars.eriic ions cire· negatJvely charged Whf'lreas, . : 
1 cadmi4rh, man·ganes.e, andz,inc.'icins are pqsitively_.ch·arged:. Therefo.r.e, arner.l.ic,de;:;orqs· wb~Ji_lh!2._oth_e.r m.et'ai$ 

adsorb. This oppo~ite behaviqr $xplains thl:l opposite timing of the diurnai-~rsenic cycles relative to cadmium, 

___ _j 

manganese, and zinc cycles (fig .. 2). · · 
. . f " ' ' '. 

This Fact Sheet was prepared by David A. Nimick and is based on the journal article: 

Nimick, D.A., Gammons, C.H., Cleasby, T.E., Mii.dison, J.P., Skaar, Don, and Brick, C.M., 2003, Diel cycles in dissolved metal 
concentrations in streams-Occurrence and possible causes: Water Resources Research, v. 39, no. 9, 1247, 
doi: l0.1029/2002WROO l 571. 

Suggestions for additioi1al information: 

Bourg, A.C.M., and Bertin, Clotilde, 1996, Diurnal variations in the water chemistry of a river contaminated by heavy 
metals--Natural biological ~ycling and anthropogenic influence: Water, Air, and Soil Pollution, v. 86, p. 101-116. 

Brick, C.M., and Moore , J.N., 1996, Diel variation of trace metals in the upper Clark Fork River, Montana: Environmental 
Science and Technology, v. 30, p. 1953-1960. 

Fuller, C.C., and Davis, J .A., 1989, Influence of coupling of sorption and photosynthetic processes on trace element cycles 
in natural waters: Nature, v. 340, p. 52-54. 

Nimick, D.A., Moore, J.N., Dalby, C,::.E., and Savka, M.W., 1998, The fate of geothermal arsenic in the Madison and M issoud 
Rivers, Montana and Wyoming: Water Resources Research, v. 34, p. 3051-3067. 

For more information, contact: 

District Chief 
U.S. Geological Survey 
3162 Bozeman Avenue 
Helena, MT 59601 
406-457-5900 
or 
1-888-ASK-USGS 

Please Yisit the USGS on the Internet: 

The USGS Montana District homepage is: 
http://mt.wate1:usgs.gQv/ 

The USGS Tox.ic Substances Hydrology Program homepage is: 
http://toxics.usgs.gov/ 

The National USGS homepage is: 
htip://1vw1v.usgs.go1f 



WAT.ER QUALITY VARIABILITY IN TRIBUI'ARIES OF THIE CHEAT 
RIVER, A MINED APPALACIDAN W ATERSHED1 

_ J. Todd Petty and Jennifer Barker2 

Abstract. An understanding of the dynamics of metals and other solutes from 
inine drainage is essential to successful planning and stream remediation in mined 
Appalachian watersheds. Consequently, we conducted a study designed to 
quantify the spatial and temporal dynamics of trace metals and other water 
chemistry variables across a range of mining impairment. Water chemistry was 
monitored ~very three weeks in 34 stream segments of tJie lower Cheat River 
basin in northeastern West Virginia. Water sampling was conducted regardless of 
flow levels over a period from May 2002 - October 2003 and produced data on 
spatial and temporal variation in water. temperature, dissolved oxygen, pH, 
conductivity, alkalinity, acidity, hardness, total dissolved solids, and dissolved 
concentrations of sulfates, iron, aluminum, manganese, cadmium, chromium, a,nd 
nickel. Our study produced the following results. 1) Water chemistry was 
temporally variable fo all stre&ms e<'~ined; however, variability was _generally 
highest in the moderately impaired streams. 2) Severely impaired watyrbodies 
expexiertced poorest water quality during periods of extended low flows, whereas 
moderately impaired streams experienced poorest wafer quality unqer a v~iety of 
n1oderate and high flow conditions. 3) Elevated trace metal concentrations 
(chronic and acµte) were common in moderately impaired streams and may 
provide an explanation for biological degradation in these streams. Our results 
suggest that water samples must be taken during late winter and late summer 
seasons in order to properly quantify chemical conditions in m~oderately inipaired 
sti;eams. Furthermore, full restotation of mining impacted watersheds may not be 
possible unless remediation approaches target reductions ih trace metal~ and 
control temporal variability in water quality. · 

Additiqnal Key Words: acid mine drainage, aquatic chemistry, coal mining, streams, trace metals 

1 Paper was presented at the 2004 National Meeting of the American Society of Mining and Reclamation and tlie 
25th West Virginia Surface Mine Drainage Task Force, April 18-24, 2004. Published by ASMR, 3134 
Montavesta Rd., Lexington, KY 40502. · 

2 J_ Todd Petty is Assistant Professor of Aquatic Sciences, West Virginia University, Morgantown, WV 26506. 
Jennifer Barker is Research Coordinator, West Virginia University, Morgantown, WV 26501. 
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Introduction 

The)."e is a critical i~eed for i-estoration action and more effective watershed management 

approaches in the Mid-Atlantic Highlands (MAH) region of the eastern U.S. (Jones et al. 1997). 

The -MAH consists of the mountainous _portions of "Pennsylvania, Maryland, Virginia, an.cl 

Kentucky, and the entire state of West Virginia. A recent assessment by the USEPA of stream 

ecological condition in the MAH found that more than 70% of streams are severely or 

moderately ·impaired by human related stressors (USEP A 2000a), Impairment to aquatic 

communities in this rngion extends from a ·range of human related activities, including 

agriculture, forestry, and. urban development, but mining related :impacts are unque~tionably __ the 
. . - -·- - . ·p · ~ ,.., _";;"..-;~_:_ ·. 

most severe. For ex.ample acid mine drainage (AMD) from11bantfotted mi~h-as; tJe-graded· :. '("' · - ··. · 

hundreds- of miles of streams in West Virginia alone. 

Several recent scientific advances and policy directives- have improved the likelihood.of 

effectively mana:gi.t1g rninin_g impacted watersheds in this region. .First, the West Virginia 

Divi~ion of Environmental Protection (WVDEP) has worked in coo1Jeration with tlw USEPA to 

conduct watershe4 assessments and develop Total Maximum D<1-ily Load (tMbL) programs for 

AMD impacted watersheds throughout the state (WVDEP 1999, USEPA 2000b). The s~ccessful 

implementation of these programs. would dtainatica,lly improve surface water chemistry and 

ecological integrity of aquatic ecosystems in the state. Second, the WV state legislature recently 

passed a stream Anti-Degradation policy, which theoretically will protect remaining high quality 

aquatic resour~es in. the region. Third, West Virginia, with support from the USEPA, industry 

representatives, and Ideal watershed organizations is exploring the feasibility of developing· 

watershed specific and statewide water quality trad_i.ng programs. If successful, the trading 

prog1'am could facilitate i1_11plementation of TMDL plans, produce signific;ant improveinents in 

water quality, and reduce the economic burden of meeting clean water goats in, the region. 

Despite these advances, our understanding of the fund~ental physical, chemical; and 

biological processes in mined· Appalachian watersheds remains incomplete. Most importantly, 

we Jack a clear understanding of water quality valiability in Alv1D impacted watersheds and how 

this variability may ultimately influence stream ecological condition. An understanding of the 

dynamics of metals and other solutes from mine drainage is essential to the successful 

management and remediation efforts in mined Appalachian watersheds. Consequently, the 
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specific objectives of om study were to: ] ) quantify temporal variability in dissolved metals and 

other solutes within the lower Cheat River watershed, 2) identify .the timing of worst water 

qu.ality co11ditions in mode.nitely ai1d severely impacted stre:;llns, and 3) qucmtify spatio-temporal 

Vada]Jility ju trace metal concentrations and assess the likelihood that trace metals may be 

causing sig.nificant biologlc_al degradation in this watershed. 

Methods 

Study Area and Sampling Design 

The Cheat River is part of the upper Ohio River basin and is fomi.ed by the confluence of the 

Shavei·s Fork and Black Fork in Parsons, WV. From this confluence, the Cheat River flows 135 __ 

km no1th to Point Madon, PA, where it entets the MC>noi1gahela River. The Cheat River draiIJs a 

watershed of approximately 3,700 lwi2, and is located almost e~1tirely within north-central West 

Vitginia. The economy irt the northern portion of the watershed has been dominated by 9oal 

miI1ing over the last cefitqry, and as a result, many streams in the lower Cheat River watershed 

have been degraded by acid mine drainage discharged from abandoned mines (WjJliams et al. 

1999). 

Sampling sites in this study were chosen based on their expected level of impairment 

from acid mine drainage. Thirty-four sites were chosen on 14 tributaries of the lower Cheat 

River; five sites were chosen <:tS unimpaired reference sites (i.e., stream segments that drain 

watersheds without any mining actiyity), four.sites wete chosen as severely impaired sites (i.e., 

sites with extremely high acidity levels), and the remaining 25 sites were selected across a range 

from low to moderatdy high acidity levels. For brevity we refer to each group of sites as 

unimpaired, severely impaired; and moderately impaired, respectively. 

Field Sampling 

We sampled all study sites every three weeks, beginnitig Ma,.y 2002 and ending May 2003. 

Water samples were taken regardless of flow level. Each sampling event generally spanned 2-3 

consecutive days. We used area-velocity techniques to calculate stream flow (m3/s) at each site 

at the time watel," sampling occurred_ Daily variation in stream flow was also monitored at a 

single location (Big Sandy Creek) for the entire study period in order to document general flow 
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conditions in the lower Cheat River watershed. Temperature (C), pH, specific conduct ivity, 

dissolved oxygen (mg/L), and total dissolved solids (mg/L) were measured on site using a YSI 

650 unit with a 600XL soude. At each site, two. water samples were collected. A 500 mL water 

sample w~s fi ltered using a Nalgene polysulfone filter holder and receiver, using mixed cellulose 

ester ~embrane disc fi~ters with a 0.45 µm pore size. Filtered samples were b.mnediately treated 

with 5 rnL 1 : 1 nitric a:cid to bring the pH below 2. This acidific11tion prevented dissolved metals 

frmn dropping out of solution prior to analysis. These filtered water samples were used for 

analysis of alumimun, jrC)n, manganese, nickel, cadmium, chromium, and hardness (mg/L). An 

unfiltered 1-liter grab sqmple was also collected for analysis of alkalinity, acidity, and sulfates. 

Unfiltered samples were .kept on ice after collection, and stored in the laboratory at 4° until 

analysis could be completed. 

Laboratory Analysis 

All samples w~re analyzed at Black Rocks Test Lab in Morgantown, vy-v, using procedures 

from the 18th edition of Standard Methods for the Examination of Water and Wastewater 

(Clescei:i et al. f99Z). l\cidity and alkalinity as CaCo3 were determined using the titration 

method (methods 2310 a.i:i.d 2320B, respectively). Sulfate was determined using the turbidimetric 

method (method 426C). Iron, m11nganese, nickel, cadmium and e:hromium wen~ analyzed with 

an AAS (atomic absorptiof). spectrophotometer) using method 311 lB. Alumin4m was analyzed 

using an AAS, using method 3111D. Hardness as CaCo3 (SM18-2340B) was measured using an 

AAS, using calculations from method 311 IB. 

Our statistical analyses were directed towards describing the degree of water quality 

variability; the timillg of worst chemical conditions, the quantity and types and dynamics of 

dissolved trace metals and differences in wat¢r chemistry dyua.mics between severely impaired 

an<l moderateiy impaired. streams. We t,1sed coefficients_ of variability (CV) of each water quality 

parameter as a measure of temporal Vll.Iiability in water chemist:i;y in reference and impaired 

s.treanis. 
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Results 

Streams in the lower Cheat basin experienced significant day-to-day and seasonal variation in 

strea,m flow (Fig. D- Discharge patterns could be separated into three distinct phases. Phas.e 1 

was a relatively wet Spring in April and May 20021 Phase 2 consisted of a prol6nged dry period 

from June·_ October 2002. This dry period was then followed by an unusually wet Fall 2002 

and Winter 2003 (Phase 3) (Fig. 1). These alternating wet and dry periods provided a goqd 

opp01tunity to quantify changes in stream chemistry across a vadety ofhydrologic conditions. 
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Figure 1. Daily mean discharge during the co.urse of the study. Discharge was gaged 
continuously on Big Sandy Creek at Rockville, WV (USGS 03070500) . 

- - .,. .... _,. __ 

Each stream segment was sampled 17 times over the coµrse of the one year study 

resulting in a total of 578 samples. Although water chemistry was highly variable, we observed 
-

consistent differences in chemical conditions among unimpaired, moderately impaired, and 

severely impaired streain segments (Table 1). Spec1fically, unimpaired streams tended to 

possess the following characteristics relat~ve fo moderately and severely impaired segments: 

higher pB, lower C'ondU:ctivity, higher alkalinity, lower acidity and sulfate concentration, and 

lower concentrations of dissolved metals (Table 1). Interestingly, differences in dissolved iron. -

and aluminum concentrations between unimpaired and moderately impaired streams were minor 

(e.g. mean iron concentrations were 0.18 mg/L in. unimpaired streams vs. 0.22 mg/L in 

moderately im1)aired streams). However, trace metal concentrations (i'.e., Mn, Ni, Cd, and Cr) 

differed between the two stream types by an order of magnitude (Table 1). 
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Table 1. Summary statistics for water chemistry variables from unimpaired, moderately impaired, and severely impaired stream 
segments. Mean values were calculated across all sample dates. Avg. CV refers to the average variability of stream segments 
withi1;1 each categor.l'.· The higher the. value the more highly variable water chemistr.}:'. was from sam12Ie date to san1Ble date. 

Unimpaired · Moderately Severely 
Impaired Impaired 

Mean Range Avg. Mean Range Avg. Mean Range Avg. 
CV CV CV 

p.H 7.2 7.0 - 7.4 7 6.3 4.1 - 7.0 8 3.3 2.7- 3.9 10 

Temperature 
(oC) . 11.5 10.6 - 12.5 7 11.0 10.2 - 14.4 8 9.7 8.1 -10.4 11 

Sp. Conductivity 
103 71 - 154 32 198 35 - 527 53 1222 747-1757 38 (µSiem) 

Total Hardness 
29.7 19.1 - 43.9 31 47.8 10.7 -122.7 50 158.1 100.8-,261.1 45 (mg/L) 

All<alinity 
24.7 15.7 - 36.4 40 11 .1 0.0 - 25.6 75 0.0 0.0 - 0.0 (mg/L CaC03 eq.) 

Acidity 
6.7 3.5 -10.5 203 20.5 8.3 - 44.7 105 272.1 130.2 - 460.-0 6 4 (mg/L CaC03 eq.) 

Sulfate 
16.2 9.1 - 41.5 . 88 65.9 11.5 - 225.8 68 50·8.6 363.1 - 908.8 43 (mg/L) 

Iron 0.18 0.11 - 0.27 104 0.22 0.09 - 0.44 117 24.19 5.27 - 58.47 73 (rng/L) 

Aluminum 0.15 0.12-0.17: 66 0.55 0.12-2.80 82 17.34 8.51 - 31.77 73 (mg/L) 

Cadmium 0.0014 0.0012 - Q.0016 74 0.0020 0.0010 - 0.0052 108 0.0029 0.0024 - 0.0038 67 (mg/L) 

Ch romium 0.0009 .0.0006 -0.0012 too 0.0017 0.0.006 - 0.0064 117 0.0073 ·o.0036 - o.014s 75 (mg/L) 

Manganese 
0.027 

I 

1.564 - 8.232 58 (mg/L) 0.015 -p.035 97 0.335 0.045 - 1.645 77 3.752 

·ix Nickel ,~; 

0.009 0.008 -it~.010 87 0.022 0.009 - 0.083 73 0.240 0.147 - 0.390 60 (mg/L) : ~ 
...;..,;;_ 

. t 
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Water Quality Variabilitv 

The primary objective of our study was to. quantify the degree· of temporal variability in 

water quality · in streams of the. lower Cheat River watershed. Ow: analyses indicated that 

chemical conditions were highly variable in all streams studied, regardless ofrelative impairment 

l~vel. Figures 2 - 4 illustt;ate the typical range <?f.~hemical vatiability in the three stream types 

ex~nined: unimpaired, moderately impaired and severely impaired. Two important fi11dings 

emerge fron1 these graphs .. First, unimpaired and moderately impaired streams possessed good 

water quality for most of the year and variability was ·marked by pulses of poor chemical 

c9ndition (Fig. 2-4). This was especially true for acidity and dissblved alumim,1111 and iron 

during periods of increased stream flow (Fig. 2 and 3). In contrast,' water chemistry in severely 

impaired streams tended to remain poor for most of the year and variability was marked by 

pulses of improve~ chemical condition, probably as a result of dilution from precipitation events 

(Fig. 2-4). Second, :unimpaired and moderately impaired streams exhibited similar water 

chemistry dynamics fol' pH, acidity, alumirtt,1m and iron (Fig. 2 and .3). However, unimpaired 

~hd moder~tely iinpaired streams consistently displayed. measutable differences in the dynamics 

of manganese and trace metalS such as nickel (Fig. 4). Specifically, dissolved manganese and 

tr8.;ce metal c9ncentrations in unimpaire4 streams remained low throughout the ye·ar. However, 

chronic levels of manganese persisted throughout the year, and episodic doses of trace metals 

were common· in moderately impaired streams (Fig. 4). 

The degree of temporal variability in w·ater chemistry vatied as a functi0.n of stream type 

(i.e., unimpaired, moderately impaired, and severely impaired) and depended on tl1e chemical 

parameter of intetest. Generally, we found that temporal variability in condition was highest in 

the moderately impaired streams and low~st in i.uiimpaired and severely impaired streams (Fig. 5 

al).d, 6); This pattern was especially true. for trace metals sw::J1 as cadmium and ch.ronliu1i1 (Fig. 

6). The only exception to this rule was for acidity for which unimpaired streams e;l{hibited the 

_greatest amount of temporal variability (Fig. 5). The low temporal variability in water chemistry 

observed in unimpaired streams indicates that these.streams possess good water quality undel' 

most flow conditions. Likewise, low variability in severely iinpaired streams indicates that these 

streams typically possess very poor water quality. In contrast,. the moderately impair~d streams 

alternate between good and poor water quality, resulting in a high lever of temporal variability in 

thetpical conditions. 
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_Figure 2. Variability in pH and Acidity within an unimpaired (A), a moderately impaired (B), 
and a severely impaired (C) stre.am segment of the lower Cheat River watershed. 
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F igure 4. Variability in dissolved Manganese and Nickel concentrations within an unimpaired 
(A), a moderately impaired (B), and a severely impaired (C) stream segment of the lower Cheat 
River watershed. 
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Figure 5. Temporal variability in acidity and dis~olved aluminum and iron concentratio~1s within 
unimpaired, moderately impaired, and severely impaired stream segments of the lower Cheat 
River watershed. Each symbol represents a relative measure of day-to-day variability in water 
chemistry at a sp~cific study site. 
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Timing of Worst Water Qua! itv Conditions 

Our sei;ond Qbjective was to ideutify ~imes dpriilg the year in Which water q1,1ality wa_s at it;:; 

worst In moderately $.nd sevetely in1paired stre.ams of the Cheat River watershed. To d.o this, we 

ideritifiec:J the sampling cl.ate for wh!ch. a given parameter for a giv·en stream was at. !ts worst 

condition.(e.g., cl.ate pf minimum p.H ~·ecorded ·br date ofll}aximum acidity recorded). We then 

calcula~ed t:l,ie prop.ortion of strea1ns fot which tl1e parameter was at its wotst for each sampling 

date and oeii:J.skucted :frequency histograms for each water quality parameter separately and for 

all parameters combined. These analyses. determined that severely impaired .streams were 

consistently at their worst during prolonged periods of low flow i.rt summer months (Fig . .7 and 

8). This· pattern was true for all parameters examined... In c9i1tras.t, we folJ.Ild th~ coridit:ions m 
moderately impafred stre.a.ms typically were at their worst dutl.11~ high flqw peiiods i.n winter and 

e.ro:ly sp14n~. This-Wa;; especialJy true fqr llai;ametei;s such as acidity ·?114 ]fph cohce:QJrati9n 

(Jlig. 7). ttowev~r~ lhe1•e was consi4.er1:1bie va;i~t~tfon ih the. timing of worst. co~ditions iii. 

moqe_ra,tely 1.rnpaited streatns depehding bl1, ~he p~ram,eter examin~d", For example, rpa:x:.in:mm 

nickel concentrations were rec;orded during dry periods in some streams and during: wet periods 

in otP.ers (Fig. 8a). When all parameters were combined,. we found that the timing of worst 

conditions in moderately impaired streams was ·bimodal: some streams· exhibited tbeir worst 
' 

conditions during dry periods in .summer? where.as. Qther stn;ams exliibited poorest conditions 

during wet periods in winter and .early sprm_&_(Fig. 8b ). 

Trace Metal Concenttations 

O\l:c: thitd Qbjectl.ve was to qua:ntjfy the. spatial and temporal dynanijcs of trace metai 

concentrations in streams of the lower Cheat Riyer watershed. We observed significant levels of 
,, ~ 

spatial and temporal variability in :dissolved. trace metal concentrati01is. Concenfratfons· of 

dissolved trace metals were. always low in unimpaired strearrts (Fig: 9.). However, b:ace metal 

c.oncentrations in moderately and severely ii11pair~d streams wete eXtrerilely yari~pl~. with soi:ne 

streams possessing very low concei1tnitions 1;1hd other sfi;eams experienciiig significant,puls~s of 

dissolved tra.ce metal load~ (Fig. 9). Two i.piportant resul~ emetged frqm put ~alyses o(trace 

metal Co)icentrations. First, m~~:iy of the highest concentrations of dii;solved cadmium and 

chromium were obset~ved in 1i1odetately impaired streams rather than severely impaired streams 

(Fig. 9). Second, most streams did not possess high concentrations of all trace metals. Instead, 
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some streams possessed high concentrations of cadmium, whereas others possessed high 

concentrations of chromium (Fig. 9). 

A.Acidity 

1 
0.9 
0.8 

c 0.7 
0 0.6 ~ 
0 0.5 Cl.. 
0 0.4 CL. 

0.3 
0.2 
0.1 

0 

~~~~~~~~~~~~~~~~~~~~~~~~45 

N ~ N ~ N N f:l 0 0 0 0 ro t::: -- Ol -- en --co C') 0 
N ..... ~ N ... 05 ~ -- -<a t::: --lO co m 

c:::::=i Moderately Impaired 
- Severely Impaired 
--Mean Discharge 

N N N C') C') C') 
0 0 0 0 0 0 
0:i -- -- t::: ~ cry ..- m 
N :c C\l -- C\l ---- ..... C') 
C> ..- .,... 

..-

C') M Cl) 
0 0 0 -- 0i C\l .,... 
(') N ...... -- ~ --(') .er> 

40 

35 (jJ 

30 "'E -25 (!) 

e-i 
20 jg 

- 15 

10 
5 

0 

(.) 
IJ) 

i5 

B. Iron Concentration 

1 
0.9 
0.8 
0.7 

c 
0 0.6 = ._ 
0 0.5 0. 
0 .... 0.4 a_ 

0.3 
0.2 
0.1 

0 

.,--~~-~~-~~~~~~~~-~~-~~-.-45 

C=:J Moderately Impaired 

- Sei/erely Impaired 
- - Mean Discharge 

40. 

35 
Ii) 

30 "'E 
25· <lJ 

e-i 
20 jg 

(.) 

15 5 
10 

5 
-l---l,.JU.....~Ll---l=:::,...µ.J~I_!---!---l-LL-l---+!..l_j..l..l.__µ..L.j._.j..Ll-l- Q 

N N N N N N N N N ~ C') M C') C') C') C') 
0 0 0 

~ 
0 0 0 0 0 0 0 0 0 0 0 

ro t::: ro cry en 0 C\J -- -- t::: ~ (;') -- C\J C\J ..... m ..... 
N ..- t::: N .,... 05 C') N ..... C\J -- 0i -- C') N ..--- {O t::: -- Ci 0 -- ..... (') -- ~ 

......, 
lO ()'.) ..... (") LO ...... 

Figure 7. Proportion of streams for which the maximum acidity (A) and iron conce11tration (B) 
was recorded on a given date. f)ata are presented separately for severely impaired and 
moderately impaired streams. Daily mean discharge recorded on Big Sandy Creek also is 
presented. 
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Figure 8. Proportion of streams for which the maximum nickel concentration (A) ancj_ mi11imum 
or maximum value of all parameters combined (B) was recorded on a given date. Data are 
presented separately for se,verely impaired and moderately impah'ed streams. Daily mean 
discharge recorded on Big ~andy Creek also is presented. 
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Figure 9. Maximum recorded dissolved concentrations of trace metals from unimpaired, 
moderately impaired, and severely impaired streams of the lower Cheat River watershed. Naines 
of stream segments with relatively high trace metal concentrations are shown. Note that many of 
the highest cadmium and chromium concentrations were observed in moderately impaired 
streams. 
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Discussion 

Water chemistry was extremely variable in streams of the. lower Cheat River watershed. 

Although this was true for all stream types examined, temporal variability in che111ical condition 

was highest in the. moderately impaired streams .. Several factors influence spatial and tel'nporal 

variability iii water chemistry i11. streams that receive AMD. Th.fa. variation results from both 

hydrologic ittputs arid it1stream processes (McKnight and Bencala 1990, Sullivan and Drever 

.iOOi). Hydrologic inpufs cai1 originate from precipitation, direct overland flow, subsurface flow 

through shallow soils, drainage from shallow and deep aquifers, as well as direct inputs from 

flooded deep mines. Instream processes include dilution~ acid neutralization, metal release and 

adso1ption from se.diments, as well as precipitation and coprecipitation (No.rdstrom and Ball 

1986~ McKnight and Bencala 1990? Jmjovec et al 2002). 

Water quality variability was lowest in the unimpaired st.n:,ams. 'I11e variability that was 

observed resq.lted from elevated acidity from precipitation e.vei1ts. Howevel', be.cause these 

sttea111s W¢te 1rt0derately (llkaline, pH remaii1ed high (i.e., >6.5); and dissolved metals remained 

at very low conce11trations. Consequeptly, brief dos{ls of elevated acidity are unlikel~ to have a 

significant effect on 1he overall c011dition of unimpaired streams. Water quality variability also 

was relatively low in severely impaired streams, bu_t for different reasons. Most of the water in 

severely impaired streams oiiginates from flooded deep mines. The effluent from these mines 

has extremely low pH (2-3) and high concentrations of dissolved.metals. Because these inputs 

are relatively constant, instream condhions are almost always poor. Occasionally, however, 

large precipitation events or snow meit will dilute AMD ~d severely impaired sQ'earns will 

experience briefpedods of relatively ~ood water q~ality. Moderately impair.ed streams in the 

lower Cheat River wat~rshed possessed much more variable water chemistry than either the 

severely impaired or unimpaired streams. There are several possible reasons for this vari~bility. 

First, these streams possess a much lower alkalinity than unimpaired streams. Therefore, they 

are more likely to be impacted by acid precipitation events. Second, pH in these streams was 

depressed and more likely to move between 4.5 and 6.5. At this level, many metals move 

between conservative and hon-conservative behavior resulting in dramatic variability ·in 

dissolyed metal concentrations. 
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The high variability in trace metal conc~ntrations that we observed in moderately impaired 

streams was particularly interesting. It is also interesting that .some of the highest con~e11trations 

of dissolved cadmium and chromium, were observed in moderately impaired rather than severely 

impaired streams. A possible explanation for these findings is that moderately impaired streams 

are receiving large . inputs of trace metals from disturbed acidic soils in the smTounding 

watershed. During wet periods· when vegetation is dormant; acidic soil water and water in 

shallow aquifers may mobilize trace metals and deliver them to the moderately impaired streams. 

A poorly utiderstood component of trace metal dynamics in the Cheat River watershed is the 

interaction between trace metals, sediments, and aluminum and iron precipitates.. Trace metals 

are often removed fr.bill the water column during mixin$ by either adsorption to sediment 

particles such as clay or coptedpitation with aluminum and iron precipitates (Routh and 

lhamuqdin 1996, Jmjovec et al. 2002). These tr.ace element cQmplexes remain immobifized iti 

the sediment and are only released when the pH decreases. Dissolved trace metaJ concentrations 

may be higher in moderately impaired streams than severely hnpaired stre~ms becau·se there is 

less iron and aluminum precipitate. coi1S';eque1~tly, coprecipitation of trace metals may occur at a 

lower rate resulting ill higher dissolved trace metal concentrations in the moderately impaired 

streams. Regardless of the mechanisms controlling trace metal dynamics, a more complete 

understanding of trace metal I sediment I precipitate interactions in the Cheat River water.shed is 

needed. 

Our results support; numerous studies that have .found that severely impaired streams in 

mined watersheds expetien,ce worst conditions during low flow perio,d.s (Filipek et al. 1987, 

Brake et al. 2001, Sulliven and Drever 2001). During these periods, severely impaired streams 

are dominated .by mine water because surrounding soils imd shallow aquifers are dry. To our 

knowledge, our study is one of the first to examine temporal variability in water chemistry across 

a wide range of moderately impaired streams. In contrast to the severely impaired ~treams, many 

of the moderately impaired streams experience their best conditions at low flows and their worst 

conditions during high flows. This pattern suggests that the ·dominant sources. of impairment to 

moderately impaired streams come from surface mines and/or disturb.ed shallow aquifei·s. 

During dry periods, soils and shallow aquifers are dry and deeper, alkaline aquifers are the · 

do!11ina:nt water source to these streams. During wet periods, however, the shallow wate( sources 

become saturated and supply water to streams. especially in winter and early spring. It rnay be at 
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this time that moderately impaired streams are receiving the highest loads of acidity and 

dissolved metals from the surrounding watershed. ft also may be a time when trace metals are 

being released from the sediments because of lowered pH. 

Management Implications 

01.lr' r«sults produced two .important Inanagerpent h11plicatl6ns for mined watersheds. First, 

our results iudicat.e tha~ water samples taken during dry periods will accurately characterize 

chemical coild.itions iµ. severely impaired streams, but not in pioderately impaired streams. This 

is hnportant, because most streams. segments in the Cheat Watershed are moderately impaired, 

rather th;m severely impaired (WVDEP 1999). Consequently, effective monitoring of these 

watersheds will require a sampling regime that is most likely to effectively characterize both 

moderately and severely ·impaired waterbodies. Our results indicate that. water quality 

monitoring programs mustquantify surface water chemistry during both dry and vvet periods. 

Moderately. impaired streams exhibit their poorest conditions dudrig moderately wet periods in 

winter and early sp:fihg when terrestrial yegetation is don:na:nt and soils·ai1d shallow aquifers a.xe 

saJurated. Second, we hefleve that effective i,'estofatl6i1 pf iiiiiied ·watersheds wHl need. to 

consider hoyv to manage water q11aHty variability anq trace metal concentrations. Our results 

suggest that water quaUty variability and tn,ice metals are probably the most important factors 

limiting the overall condition of moderately impaired streams: Without proper management of 

variability and trace metals we may never fully restore AMD impacteu ecosystems. 
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ATTACHMENT NO. 5 

Memorandum 

date November -14, 20 i 4 

to Marina Rush . 
Depa1tment of Planning and Development 
County of Santa Clara 

Rob Eastwood 
Department of Pl~nning and Development 
County of Santa Clara 

from Peter Hudson PG, CEG 
Environmental Science Associates 

Subject Co111merits on Water Chemistry Variabil ity in Samples From Pond 30 - December 2012 

~J : · 

ESA has reviewed the November 13, 2014 Jetter provided by Lehigh Southwest Cement Company Pennanente 

Quarry (Lehigh) that addressed the variability of selenium concentrations in two samples obtained from Pond 30 

in December 2012. As reported by Lel1igh, the December 2012 samples were just at [(5.9 micrograms per Liter 

(µg/L)] or below the water quality objective (and laboratory reporting limit) of 5.0 µg/L. The 5.9 µg/L selenium 

result was a valid laboratory result and based on these laboratory results, there can be little dispute that selenium 

was present in-the December 5 water sample. However, the selenium concentration detected was only a trace 

amount (less that 1 µg/L), just slightly over what the. laboratory can confidently report as selenium. 

Considering that Pond 30 is located at the base of a limestone quarry that can potentially produce elevated 

selenium concentrations in the stmmwater, it is ESA's opinion that the slight 0.9 ~tg/L exceedance of selenium 

typifies a localized variation in background water quality for Pond 30 and does not indicate the lack or failure of 

storm water best management practices (BMPs). If stonnwater BMPs were not in place or had failed at some 

point during December 2012, it is ESA's opinion that the selenium concentrntions in Pond 30 stormwater would 

likely have been much higher and would have bee.n detected in the stormwater discharge sampling. 
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