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Presentation Overview

 Objective: Provide a working-level understanding 
of the basic HDS process and information needed 
for successful design

 Part 1: History and Description
 Part 2: Process Basics
 Part 3: Major Component Design
 Part 4: HDS plant Photos
 Questions?
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HDS History
 HDS = High Density Sludge
 Developed in late 1960s by Bethlehem Steel 

Corporation, Pennsylvania
 Bethlehem was struggling with large volumes of 

lime treatment sludge
 Developed to improve metal removal treatment of 

acidic waters and reduce sludge volumes
 Initial focus was coal mine drainage
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What HDS Does

 Compared to conventional lime treatment
– Provides enhanced removal of dissolved metals
– Is a more stable process
– Produces denser and better handling sludge
– Reduces equipment scaling
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Scaling Caused by Conventional 
Lime Treatment

© 2021 Jacobs all rights reserved



Conventional Lime Treatment

Source: S.T. Herman
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Design Summary

		Process Sizing Comparison

		Item		No.		Base Design		Dry Pit Max		Dry Pit Average		Dry Pit Minimum

		Influent Flow Rate (gpm)				3,302		13,112		9,914		4,957

		Solids Formed from lime (lb/Kgal)				172.5		141		77.1		77.1

		Solids Formed from SA (lb/Kgal)				0.0		0.0		0.0		0.0

		Total Solids Formed (lb/Kgal)				172.5		141		77.1		77.1

		Lime Demand (lb/Kgal)				48.5		44.0		24.4		24.4

		Soda Ash Demand (lb/Kgal)				0.0		0.0		0.0		0.0

		Influent Fe[II] (mg/L)				202		41		12		12

		Influent Mn[II] (mg/L)				102		142		92		92

		Reactor A Diameter (ft)		1		9.6		10.9		10.9		10.9

		Reactor A Liquid Height (ft)				9.6		10.9		10.9		10.9

		Reactor A Total Height (ft)				12.6		13.9		13.9		13.9

		Reactor A HRT (min)				3.0		2.5		2.0		4.0

		Reactor A Working Volume (gal)				5,135		7,711		7,714		7,714

		Reactor A Mixer HP				10		15		15		15

		Reactor B Diameter (ft)		2		26.5		39.6		39.6		39.6

		Reactor B Liquid Height (ft)				19.9		29.7		29.7		29.7

		Reactor B Total Height (ft)				23.9		33.7		33.7		33.7

		Total B Reactor HRT (min)				30.0		30.0		35.8		71.5

		Reactor B Working Volume (gal)				82,349		272,873		272,849		272,887

		Reactor B Mixer HP				82		273		273		273

		Total Max Reactor B Blower Air Flow Rate at 20% OTE (SCFM)				646		1,556		708		354

		Reactor B Blower HP per Blower				19		65		30		15

		Reactor B Blower HP (w/ redundancy)		3		19		65		30		15

		Solids Recycle Ratio (X:1)				10.0		5.6		15.0		15.0

		Thickener Sludge % Solids (wt%)				35		35		30		30

		Thickener Unit Area (sf/t/d)				10.0		18.0		18.0		18.0

		Thickener Diameter (ft) for Single Thickener		1		240		449		449		318

		Thickener Diameter (ft) for Each of Two		2		170		318		318		225

		Thickener Sidewall Height (ft)				12.0		12.0		12.0		12.0

		Thickener HRT (min)				735		780		931		931

		Sludge Recycle Rate (gpm)				1,550		2,770		3,715		1,858

		Sludge Waste Rate-continuous (gpm)				155		511		262		131

		Sludge Waste Rate at 12 hr/d (gpm)				310		2,044		1,046		523

		No. and Type of Filters		8		GMF		GMF		GMF		GMF

		Surface Area/Filter (sf)				119		624		472		236

		Total Filter Surface Area (sf)				951		3,744		2,829		1,415

		Filter Unit Loading-all in service (gpm/sf)				4.0		4.0		4.0		4.0

		Filter Unit Loading-one in BW (gpm/sf)				4.6		4.8		4.8		4.8

		Total Filter Sys Return Flow-Avg (gpm)				476		1,970		1,489		744

		Clearwell volume (gal)				41,586		218,405		165,046		82,523

		Clearwell liquid depth (ft)				10.0		10.0		10.0		10.0

		Clearwell total depth (ft)				12.5		12.5		12.5		12.5

		Clearwell surface area (sf)				556		2,919		2,206		1,103

		Dirty Backwash Tank vol (gal)				41,586		218,405		165,046		82,523

		Dirty Backwash Tank liquid depth (ft)				10.0		10.0		10.0		10.0

		Dirty Backwash Tank total depth (ft)				12.5		12.5		12.5		12.5

		Dirty Backwash Tank surface area (sf)				556		2,919		2,206		1,103

		Lime Slurry Concentration (wt%)				15		20		20		20

		Lime Slurry Feed Rate (gpm)				162		339		142		71

		Lime Consumption (ton/d CaO) at assumed purity				121		348		146		73

		Thickener Feed Flow Rate (gpm)				5,507		18,241		15,280		7,640

		Filter Feed Flow Rate (gpm)				3,802		14,976		11,317		5,659

		Effluent Flow Rate (gpm)				3,326		13,006		9,829		4,914

		Max Polymer Dose (mg/L)				5.0		5.0		5.0		3.0

		Polymer Use (lb/min)				0.23		0.76		0.64		0.19

		Polymer use (lb/d)				331		1,096		918		275

		0

		Flow balance check: INFL+LS+SA-WS = EFFL				3,333		13,025		9,836		4,918

		Variance [%]:				-0.195		-0.144		-0.080		-0.080

				Denotes major equipment sizing basis





BOD Prelim Sizing

		HDS Process Mass Balance: Nueva Este Preliminary BOD Sizing										Summary

		Post Closure HDS WTP Sizing Evaluation				Jacobs						Item		No.		Base Design		Max		Average		Minimum

		Process Sizing Spreadsheet				Jim Stefanoff, February 5, 2021						Influent Flow Rate (gpm)				3,302		13,112		9,914		4,957

												Solids Formed from lime (lb/Kgal)				172.5		141.2		77.1		77.1

		Parameter		Value		Notes						Solids Formed from SA (lb/Kgal)				0.0		0.0		0.0		0.0

		Plant Influent Flow (gpm) =		3302		750 m3/hr						Total Solids Formed (lb/Kgal)				172.5		141.2		77		77

		Solids Formed of Influent										Lime Demand (lb/Kgal)				48.5		44.0		24.4		24.4

		Plant Influent from Lime Addition (lbs/gal) =		0.172		20674 mg/L						Soda Ash Demand (lb/Kgal)				0.0		0.0		0.0		0.0

		Plant Influent from Soda Ash Addition (lbs/gal) =		0.0000		SA not used						Influent Fe[II] (mg/L)				202		41		12		12

		Solids Formed for Sludge Recycle Sizing (lbs/gal) =		0.172								Influent Mn[II] (mg/L)				102		142		92		92

		Lime Demand (Ca(OH)2 ) of Influent										Reactor A Diameter (ft)		1		9.6		10.9		10.9		10.9

		Plant Influent (lbs/gal) =		0.049		5818 mg/L						Reactor A Liquid Height (ft)				9.6		10.9		10.9		10.9

		Soda Ash Demand (Na2CO3) of Influent										Reactor A Total Height (ft)				12.6		13.9		13.9		13.9

		Plant Influent (lbs/gal) =		0.00000		SA not needed						Reactor A HRT (min)				3.0		2.5		2.0		4.0

		Ferrous Iron of Influent										Reactor A Working Volume (gal)				5,135		7,711		7,714		7,714

		Plant Influent (mg/L) =		202		Assumes 20% of total dissolved Fe is ferrous. Total is 1009 mg/L.						Reactor A Mixer HP		1		10		15		15		15

		Manganese of Influent										Reactor B Diameter (ft)		2		26.5		39.6		39.6		39.6

		Plant Influent (mg/L) =		101.7								Reactor B Liquid Height (ft)				19.9		29.7		29.7		29.7

		Sludge Wasting Approach										Reactor B Total Height (ft)				23.9		33.7		33.7		33.7

		Design % Solids of Waste Sludge (wt%) =		35.0		Estimated, to be confirmed during pilot test						Total B Reactor HRT (min)				30.0		30.0		35.8		71.5

		Design Hours/Day for Wasting (hrs/day) =		12.0								Reactor B Working Volume (gal)		2		82,349		272,873		272,849		272,887

		Waste Sludge Dewatering										Reactor B Mixer HP		2		82		273		273		273

		Design % Solids of Dewatered Sludge (wt%) =		60.0		Assumed						Total Max Reactor B Blower Air Flow Rate at 20% OTE (SCFM)				646		1,556		708		354

		Lime System Design Parameters										Reactor B Blower HP per Blower		2		19		65		30		15

		Design Lime Demand (lbs Ca(OH)2/gal) =		0.0672								Reactor B Blower HP (w/ redundancy)		3		19		65		30		15

		Design Lime Slurry wt% =		15								Solids Recycle Ratio (X:1)				10.0		5.6		15.0		15.0

		Assumed CaO Purity (%)		76		I recall the China Linda lime to be around 75% availble Ca(OH)2						Thickener Sludge % Solids (wt%)				35		35		30		30

		Assumed Lime Utilization Efficiency (%)		95								Thickener Unit Area (sf/t/d)				10.0		18.0		18.0		18.0

		Design Ca(OH)2 Sp. Gr. =		2.35								Thickener Diameter (ft) for Single Thickener		1		240		449		449		318

		Soda Ash System Design Parameters										Thickener Diameter (ft) for Each of Two		2		170		318		318		225

		Design Soda Ash Demand (lbs Na2CO3/gal) =		0.0000								Thickener Sidewall Height (ft)				12.0		12.0		12.0		12.0

		Design Soda Ash Solution wt% =		10		Unsaturated solution						Thickener HRT (min)				735		780		931		931

		Design Na2CO3 Sp. Gr. =		2.53								Sludge Recycle Rate (gpm)				1,550		2,770		3,715		1,858

		Design Solution Sp. Gr. =		1.099		For 10% solution (FMC literature)						Sludge Waste Rate-continuous (gpm)				155		495		248		124

		Reactor Design Parameters										Sludge Waste Rate at 12 hr/d (gpm)				310		1,978		991		495

		Design A Reactor Res. Time (min) =		3		Chosen, per experience						No. and Type of Filters		8		GMF		GMF		GMF		GMF

		Design Total B Reactors Res. Time (min) =		30		Chosen, per experience						Surface Area/Filter (sf)				119		624		472		236

		Design Number of B Reactors (#) =		2		For redundancy and maintenance						Total Filter Surface Area (sf)				951		3,744		2,829		1,415

		Reactor B Freeboard (ft) =		4		Per experience						Filter Unit Loading-all in service (gpm/sf)				4.0		4.0		4.0		4.0

		Reactor B Liquid Height to Diameter Ratio =		0.75		Per experience						Filter Unit Loading-one in BW (gpm/sf)				4.6		4.8		4.8		4.8

		Design Oxygen Transfer Efficiency (%) =		15		Decreased from 20 due to B Reactor high solids						Total Filter Sys Return Flow-Avg (gpm)				476		1,970		1,489		744

		Thickener Design Parameters										Clearwell volume (gal)				41,586		218,405		165,046		82,523

		Design Solids Recycle Ratio (X:1) =		10		Estimated from KUCC 2007 data, to be confirmed during pilot test						Clearwell liquid depth (ft)				10.0		10.0		10.0		10.0

		Liquid sidewall height (ft)		12		Per experience						Clearwell total depth (ft)				12.5		12.5		12.5		12.5

		Design Thickener Loading (sf/ton/day) =		10.0		Estimated from KUCC 2007 data, to be confirmed during pilot test						Clearwell surface area (sf)				556		2919.5		2,206		1,103

		Design Clarifier Rise Rate (gpm/sf) =		0.50		Estimated, to be confirmed during pilot test						Dirty Backwash Tank vol (gal)				41,586		218,405		165,046		82,523

		Design Percent Reactor Recycle  (%) =		0.000		Not used						Dirty Backwash Tank liquid depth (ft)				10.0		10.0		10.0		10.0

		Design Thickener Solids Underflow (wt%) =		35.0		Assumed						Dirty Backwash Tank total depth (ft)				12.5		12.5		12.5		12.5

		Design Solids Sp. Gr. =		2.43		Calculated						Dirty Backwash Tank surface area (sf)				556		2,919		2,206		1,103

		Filter Design Parameters						1 in BW gpm/sf=		4.57		Lime Slurry Concentration (wt%)				15		20		20		20

		Type to be Used (Gravity or Pressure) =		Gravity		Assumed						Lime Slurry Feed Rate (gpm)				162		339		142		71

		Design Unit Filter Loading w/ all in Service (gpm/sf) =		4.00		From experience						Lime Consumption (ton/d CaO) at assumed purity				121		348		146		73

		Design Number of Vessels =		8				UFRV =		1,598		Thickener Feed Flow Rate (gpm)				5,507		18,241		15,280		7,640

		Design Backwash Rate (gpm/sf)		11.67		Simplification equiv to 15  gpm x 5 min + 10 gpm x 10 min						Filter Feed Flow Rate (gpm)				3,802		14,976		11,317		5,659

		Design Backwash Frequency (#/d)		4.12		Iterate to obtain target UFRV						Effluent Flow Rate (gpm)				3,326		13,006		9,829		4,914

		Design Backwash Duration (min/event)		15								Max Polymer Dose (mg/L)				5.0		5.0		5.0		3.0

		TSS in Filter Feed (mg/L)		15								Polymer Use (lb/min)				0.23		0.76		0.64		0.19

		TSS in Filtrate (mg/L)		0		Assumed, approximate						Polymer use (lb/d)				331		1,096		918		275

		Design Max Solids Loading (lb/sf)		0.2		Max recommended by P Mueller

		Design Unit Filter Run Volume, UFRV (gal/sf)		1598

		Filtrate-to-Waste time (min)		0.0		Assumed, but to be assessed						Flow balance check: INFL+LS+SA-WS = EFFL				3333		13024.8		9,836		4,918

		Calculated Composite Values to Plant										Variance [%]:				-0.20		-0.1		-0.1		-0.1

		Composite Influent Flow (gpm) =		3302

		Composite Solids Formed (lbs/gal) =		0.1725

		Composite Lime Demand (lbs Ca(OH)2/gal) =		0.0672		At assumed purity and utilization efficiency

		Composite Soda Ash Demand (lbs Na2CO3/gal) =		0.0000

		Composite Ferrous Iron (mg/L) =		201.7

		Composite Manganese (mg/L) =		101.7

		Calculated Loads to Plant

		Solids Formed Load (lbs/min) =		569.5

		Lime Demand (lbs/min) =		222.0

		Soda Ash Demand (lbs/min) =		0.0

		Ferrous Iron Load (lbs/min) =		5.55

		Manganese Load (lbs/min) =		2.80

		Calculated Design Loadings & Flows to Plant

		Design Plant Solids Loading (lbs/min) =		569.5

		Design Solids Formed for Recycle Design (lbs/min) =		569.5

		Design Hydraulic Loading (gpm) =		3,302

		Design Influent Water Mass Rate (lb/min)		27,540

		Design Ferrous Loading (lbs/min) =		5.55

		Design Manganese Loading (lbs/min) =		2.80

		Design Lime Demand (lbs/min) =		222.0

		Design Soda Ash Demand (lbs/min) =		0.0

		Lime System Calculations

		Lime Slurry % Solids =		15

		Ca(OH)2 Demand (lbs/min) =		222.0

		Ca(OH)2 Solids Flow Rate (gpm) =		11.33

		CaO Demand (lbs/min) =		168

		Slaking Water Flow Rate (gpm)=		6.48

		Dilution Water Flowrate (gpm)=		150.9

		Dilution Water Mass Flow Rate (lbs/min) =		1,258

		Total Lime System Water Needs (gpm) =		157.3

		Lime Slurry Flowrate (gpm) =		162.2

		Lime Slurry Specific Gravity (S.G.) =		1.094

		Soda Ash System Calculations

		Soda Ash Slurry Solution wt% =		10

		Na2CO3 Demand (lbs/min) =		0.0

		Na2CO3 Solids Flow Rate (gpm) =		0.00

		Solution Water Flow Rate (gpm)=		0.0

		Solution Water Mass Flow Rate (lbs/min) =		0

		Solution Mass Flow Rate (lbs/min) =		0.0

		Soda Ash Solution Flowrate (gpm) =		0.0

		Reactor A - Lime/Soda Ash/Sludge - Calculations

		Residence Time (min) =		3.0

		Working Volume (gal) =		5135

		Diameter (ft) =		9.6

		Height of Liquid Surface (ft) =		9.6

		Freeboard Height (ft) =		3

		Total Sidewall Height (ft) =		12.6

		Mixer Horsepower (Hp) =		10.3		Uses 2 Hp/1000-gal

		Total Input Solids Mass Rate (lbs/min) =		5,918		LD+Recycle+SA demand

		Total Input Solids Flow Rate (gpm)=		292.6		LD+Recycle+SA demand

		Total Input Water Mass Rate (lbs/min) =		11,836		LD+Recycle+SA demand

		Total Input Water Flow Rate (gpm) =		1,419		LD+Recycle+SA demand

		Total Input Mass Rate (lbs/min) =		17,754

		Total Input Volume Flow Rate (gpm) =		1,712

		Reactor % Solids (wt%) =		33.3

		Reactor Solids Concentration (mg/L) =		414,670

		Reactor Fluid Specific Gravity (S.G.) =		1.24

		Reactor B [Neutralization/Oxidation Reactor] Calculations

		Influent Flow Rate (gpm) =		3,302

		Influent Solids Mass Rate (lbs/min) =		347.5

		Calculated Sp. Gr. of dry Solids =		2.48

		Influent Solids Flow Rate (gpm) =		16.814

		Influent Water Flow Rate (gpm) =		3,285

		Influent Water Mass Rate (lbs/min) =		27,400

		Total Input Solids Mass Rate (lbs/min) =		6,266		Infl + Rctr A + Filter Sys return

		Total Input Solids Flow Rate (gpm)=		309		Infl + Rctr A + Filter Sys return

		Total Input Water Mass Rate (lbs/min) =		43,205		Infl + Rctr A + Filter Sys return

		Total Input Water Flow Rate (gpm) =		5,180		Infl + Rctr A + Filter Sys return

		Total Input Mass Rate (lbs/min) =		49,471

		Total Input Volume Flow Rate (gpm) =		5,490

		Number of Reactors (#) =		2

		Total Design Residence Time (min) =		30

		Working Volume Per Reactor (gal) =		82,349

		Reactor Diameter-each (ft) =		26.5

		Reactor Liquid Height (ft) =		19.9

		Freeboard Height (ft) =		4

		Total Sidewall Height (ft) =		23.9

		Mixer Horsepower Per Reactor (Hp) =		82		Uses 1.0 Hp/kgal

		Calculated Solids Formed (lbs/gal) =		0.172

		Reactor % Solids (wt%) =		12.7

		Reactor Solids Concentration (mg/L) =		136,901

		Specific Gravity of Reactor Contents =		1.080

		Thickener Calculations

		Feed Solids Mass Loading (tons/day) =		4,511

		Feed Solids Mass Loading (lbs/min) =		6,265		SF load +SRR*SF for recycle + Filter Sys return

		Feed Solids Flow Rate (gpm) =		309.4

		Feed Water Loading (lbs/min) =		43,345		Infl+Lime+SA+Sludge Recycle+Filter Sys (does not include sludge dewatering or polymer water)

		Feed Water Flow Rate (gpm) =		5,197

		Total  Feed Flow Rate (gpm) =		5,507

		Total Feed Mass Loading (lbs/min) =		49,611

		Feed % Solids (wt%) =		12.6

		Feed Solids Concentration (mg/L) =		136,474

		Feed S.G. =		1.080

		Dilution Water to Dilute Feed to 10 wt% Solids (gpm) =		1,564

		Total Required Solids Loading Surface Area (sf) =		45,111

		HRT based on Thickener surf area (min)		735		excludes cone bottom

		Single Thickener Solids Loading Diameter (ft) =		240

		Required Diameter for Each of Two Thickeners (ft) =		170

		Clarifier Overflow Rate  Surface Area (sf) =		7,604

		Single Clarifier Overflow Rate Diameter (ft) =		98

		Required Diameter for Each of Two Clarifiers  (ft) =		70

		Underflow Solids Concentration (wt%)=		35.0

		Total Underflow Rate (gpm) =		1,705

		Total Underflow Solids Mass Rate (lbs/min) =		6,265

		Total Underflow Solids Flow Rate (gpm) =		309

		Total Underflow Water Flow Rate (gpm) =		1,395

		Total Underflow Water  Mass Rate (lbs/min) =		11,636

		Underflow Specific Gravity (S.G.) =		1.26

		Total Waste Sludge Solids Mass Rate (lbs/min) =		570		continuous rate; batch will be higher

		Total Waste Sludge Solids Flow Rate (gpm) =		28.1		continuous rate; batch will be higher

		Total Waste Sludge Water Mass Rate (lbs/min) =		1,058		continuous rate; batch will be higher

		Total Waste Sludge Water Flow Rate (gpm) =		126.8		continuous rate; batch will be higher

		Total Waste Sludge Total Flow Rate  (gpm) =		154.9		continuous rate; batch will be higher		844.6		m3/d

		Total Waste Sludge Total Mass Rate (lbs/min) =		1,627		continuous rate; batch will be higher

		Effluent Flow Rate (gpm) =		3,802

		Effluent Water Mass Rate (lbs/min) =		31,710		Feed-TU

		Solids Recycle Lines Calculations

		Thickener Recycle

		Total Thickener Recycle Solids Mass Rate (lbs/min) =		5,696

		Total Thickener Recycle Solids Flow Rate (gpm) =		281.3

		Total Thickener Recycle Water Mass Rate (lbs/min) =		10,578

		Total Thickener Recycle Water Flow Rate (gpm) =		1,268

		Total Thickener Recycle Mass Rate (lbs/min) =		16,274

		Total Thickener Recycle Flow Rate (gpm) =		1,550

		Thickener Recycle % Solids (wt%) =		35.0

		Thickener Recycle Solids Concentration (mg/L) =		440,886

		Media Filters Calculations

		Filter Feed Flow (gpm)		3,802

		Total Filter Area Req'd - all in service (sf)		951

		Number of Filters =		8

		Surface Area/Filter (sf)		119

		Unit Filter Loading w/ all in Service (gpm/sf)		4.00

		Unit Filter Loading w/ one in BW mode (gpm/sf)		4.57

		Diameter per Vessel if Pressure (ft) =		12.3

		Length per Filter if Gravity (ft) =		25.0		Selected

		Width per Filter if Gravity (ft) =		4.8

		BW frequency (#/d)		4.12

		Filter run time (h)		5.83

		Calculated UFRV (gal/sf)		1,598		Check against design UFRV

		UBWV (gal/sf)		175		Unit BW volume

		BW Volume (gal/event)		20,793		1 filter, 1 BW

		Total Daily BW vol (gal/d) =		685,331

		BWR Water Flow Rate (gpm)		476		Average over a 24-hour day

		BWR Water Mass Rate (lb/min) =		3,969		Average over a 24-hour day

		BWR Solids Flow Rate (gpm)		0.02		Average over a 24-hour day

		BWR Solids Mass Rate (lb/min)		0.48		Average over a 24-hour day

		BWR Total Flow Rate (gpm)		476		Average over a 24-hour day

		BWR Total Mass Rate (lb/min)		3,970		Average over a 24-hour day

		BWR Percent of Influent Flow Rate (vol%) =		14.4

		Filter-to-Waste Time (min)		0

		Filter-to-Waste Volume per BW cycle (gal/BW)		0

		Total Daily Filter-to-Waste Volume (gal/d)		0

		Filter-to-Waste Water Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Water Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Solids Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Solids Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Total Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Total Mass Rate (lb/min)		0		Average over a 24-hour day

		Total Filter System Return Water Flow Rate (gpm)		476		BWR + FTW, avg over 24 h

		Total Filter System Return Water Mass Rate (lb/min)		3,969		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Flow Rate (gpm)		0.02		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Mass Rate (lb/min)		0.48		BWR + FTW, avg over 24 h

		Total Filter System Return Total Flow Rate (gpm)		475.9		BWR + FTW, avg over 24 h

		Total Filter System Return Total Mass Rate (lb/min)		3,970		BWR + FTW, avg over 24 h

		Filtrate Flow Rate (gpm) =		3,326		Average over a 24-hour day

		Filtrate Mass Rate (lb/min) =		27,740		Average over a 24-hour day

		Filter Appurtenances

		Clearwell sizing basis: x =		2		where x = no. of BW volumes

		Clearwell volume (gal)		41,586

		Clearwell volume (cf)		5,559

		Clearwell liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Clearwell total depth (ft)		12.5

		Clearwell surface area (sf)		556

		Dirty Backwash Tank basis: y =		2		where y = no. of BW + FTW volumes

		Dirty Backwash Tank volume (gal)		41,586

		Dirty Backwash Tank volume (cf)		5,559

		Dirty Backwash Tank liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Dirty Backwash Tank total depth (ft)		12.5

		Dirty Backwash Tank surface area (sf)		556

		Sludge Dilution Calculations

		Daily Thickener  Volume Wasted (gal/day) =		223,126		Not Applicable

		Thickener Waste % Solids (wt%) =		35.0		Not Applicable

		Hours per Day for Sludge Wasting (hrs/day) =		12.0		Not Applicable

		Thickener Waste Flow Rate (gpm) =		309.9		Not Applicable

		Thickener Waste Solids Mass Rate (lbs/min) =		1,139		Not Applicable

		Thickener Waste Water Mass Rate (lbs/min) =		2,115		Not Applicable

		Thickener Daily Waste Sludge Water Rate (gal/day) =		182,627		Not Applicable

		Diluted Sludge % Solids (wt%)  =		35.0		Not Applicable

		Dilution Water Mass Rate Needed (lbs/min) =		0		Not Applicable

		Dilution Water Flow Rate Needed (gpm) =		0		Not Applicable

		Dilution Water Needed (gal/day) =		0		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gpm) =		310		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gal/day) =		223,126		Not Applicable

		Sludge Pond Calculations

		Daily Volume Received (gal/day) =		223,126		Not Applicable

		Received % Solids (wt%) =		35.0		Not Applicable

		Daily Volume Received (CY/day) =		1,104		Not Applicable

		Residual Water in Dewatered Pond Sludge (lbs/day) =		546,758		Not Applicable

		Water Removed While in Pond (gal/day) =		117,069		Not Applicable

		Water Removed While in Pond (gal/min) =		81		Not Applicable

		Daily Pond Accumulation Rate (CY/day) =		525		Not Applicable		401.5		m3/d

		Daily Pond Accumulation Rate (lbs/day) =		1,366,895		Not Applicable

		Dewatered Sludge Unit Weight (lbs/cf) =		96		Not Applicable

		Aeration Requirements and Blowers Calculations

		Ferrous Iron Loading (lbs/min) =		5.6

		Manganese Loading (lbs/min) =		2.8

		Oxygen Demand (lbs/min) =		1.6

		Oxygen Demand (moles/min) =		23

		Air Volume Requirement (cfm) =		97

		Design Oxygen Transfer Efficiency (%) =		15

		Air Flow Requirement (scfm) =		646

		Air Flow Requirement Per Reactor (scfm) =		323

		Air Flow Rate per Blower (scfm) =		323

		Depth to Sparg Point (ft) =		18

		Gauge Pressure at Sparger Depth (psi) =		8

		Absolute Pressure At Sparger Depth (psi) =		22

		Minor "Headloss Pressures" Assumed at 2 psi =		2

		Total Gauge Pressure (psi) =		10

		Total Absolute Pressure (psi) =		24

		Theoretical Adiabatic Hp Per Blower (Hp) =		11

		Assumed Blower Efficiency = 60%=		60

		Shaft Horsepower Required per Blower (Hp) =		19



&LDraft&CPage &P&RPreliminary, Not for Design

CH2M HILL:
Assumes a non-saturated solution



RO-HDS Sludge~3500

		This sheet calculates estimated HDS sludge production when using RO followed by HDS on the concentrate using the indicated water chemistry

		21-Jan-21

		Jim Stefanoff

						Aqion Filename

				Yana ~3500 Check Balance		Yana ~3500 Check Balance.tmp_Ca_22b		~3500 RO-HDS_Balanced		~3500 RO-HDS_Balanced_Ca(OH)2b_pH_9-6

				Average of No Pit Lakes and Pit Lakes Averages, Unbalanced  (mg/L)		Balanced		Simulated Concentrate (HDS Feed)		LD/SF pH 9.6				Guesstimated HDS Effluent Dissolved Chemistry

								70%

								Recovery

		Ag		0.006		0.006		0.021						0.001

		Al		183.2		183.2		610.7		0.119				0.4

		As		0.379		0.379		1.263						0.02

		B		0.068		0.068		0.226						0.113

		Ba		0.047		0.047		0.158						0.119

		Be		0.013		0.013		0.042						0.004

		Bi		0.006		0.006		0.020						0.006

		Ca		349.0		435.9		1453.0		548				548

		Cd		0.277		0.277		0.923						0.002

		Cl		11.121		11		36.7		36.8				36.8

		Cl_Free		0.068		0.068		0.225						0.225

		CN_Free		0.029		0.029		0.098						0.098

		CN_T		0.371		0.371		1.237						1.237

		CN_WAD		0.011		0.011		0.037						0.037

		Co		0.739		0.739		2.462						0.369

		Cr		0.032		0.032		0.105						0.016

		Cu		22.809		23.00		76.7		1.4				0.020

		F		1.879		1.879		6.262						6.3

		Fe		302.6		302.6		1008.7		0.00				0.020

		pH		2.407		2.406		2.06		9.60				9.2

		Hg		0.035		0.035		0.116						0.001

		K		2.514		2.5		8.3		0.00				8.33

		Li		0.043		0.043		0.142						0.142

		Mg		42.97		43		143.3		143.3				72

		Mn		30.522		30.5		101.7		17				0.275

		Mo		0.012		0.012		0.038						0.038

		Na		25.258		25.3		84.3		84.3				84.3

		NH3		2.670		2.7		9.0		9.00				9.00

		Ni		0.293		0.293		0.976						0.003

		NO2		0.154		0.154		0.515						0.515

		NO3		4.666		4.7		15.7		15.7				15.667

		P		0.625		0.625		2.082						0.100

		Pb		0.059		0.059		0.195						0.003

		Sb		0.006		0.006		0.019						0.019

		Se		0.013		0.013		0.044						0.044

		Si		36.673		36.673		122.2		67.00				67.0

		Sn		0.003		0.003		0.009						0.003

		SO4		3423		3423		11,410		2005				2000				9,405

		Sr		1.347		1.347		4.490						3.59

		TDS		3810		4539		15,130		2938				2942

		Ti		0.028		0.028		0.092						0.092

		Tl		0.052		0.052		0.174						0.174

		TSS		32.7										15

		U		0.011		0.011		0.037						0.001

		V		0.045		0.045		0.150						0.150

		Zn		12.37		12.4		41.33		1.35				0.05

		Sum Cations (meq/L)		33.95		37.21		106.26		30.21

		Sum Cations (meq/L)		38.21		37.21		106.22		30.16

		Balance Error		-5.90%		0.00%		<0.03%		0.07%

						Lime Demand per Aqion  (mg/L Ca(OH)2) =				5818

						Solids Formed per Aqion (mg/L) =				20669.7

				Sludge Minerals and SG of Bulk Precipitate														Waste Sludge																Dewatered Sludge

				Assumed Sludge Solids Minerals (mg/L)		Mineral SG				mg/L Precipitate from Aqion				Total		Weighted Mineral SG		Dry Solids per m3 water treated (kg)		Assumed Waste Sludge wt% Solids		Mass Sludge Water per m3 Treated (kg)		Waste Sludge (SG)		Volume Solids (m3)		Volume Water (m3)		HDS Waste Sludge Volume per m3 Water Treated by HDS (m3)		Dry Solids per m3 water treated (kg)		Assumed Dewatered Sludge wt% Solids		Mass Water per m3 sludge (kg)		Volume Solids (m3)		Volume Water (m3)		Dewatered Sludge (SG)		Dewatered Sludge  per m3 Water Treated (m3)

				Gypsum		2.30				16866				16866		1.88

				Al(OH)3		2.42				1765				1765		0.21

				CaF2		3.20				0				0		0.00

				Cu(OH)2		3.37				116				116		0.02

				FeOOH		3.60				1605				1605		0.28

				Mg(OH)2		2.36				0				0		0.00

				Mn(OH)2		3.30				137				137		0.02

				Zn(OH)2		3.05				60.7				60.7		0.01

				SiO2		2.67				120				120		0.02

				Alunite		2.70				0				0		0.00

						Total				20,670				20,670		2.43		20.670		35%		38.39		1.259		0.00851		0.03839		0.04690		20.67		60%		13.78		0.00851		0.01378		1.545		0.022292

												Percent of Total from Fe3+ and Al =		15%														Per m3 RO influent ===>		0.01407												Per m3 RO influent ===>		0.00669

												Percent of Total from Fe3+  =		6%

												Percent of Total from Al  =		9%														Total RO Feed Flow (m3/h) ===>		2,500

						Calculated Solds Formed  (mg/L) =				20,670																		Waste Sludge														Dewatered Sludge

						Calculated Lime Demand as 100% Ca(OH)2 (mg/L) =				5,818																		m3/h		35.2		1,242		cf/h								m3/h		16.7

																												m3/d		844.2		29,812		cf/d								m3/d		401.3

																												m3/y		308,338		10,888,852		cf/y								m3/y		146,560

																														Check										Water Removed from Sludge

																										Flow to HDS (m3/h =				750.0												m3/h		18.5

																												HDS Sludge Production (m3/h) =		35.2												m3/d		443

																																										m3/y		161,777



Stefanoff, Jim/SPK:
Uses 20% as Fe2+ and 80% as Fe3+

Stefanoff, Jim/SPK:
Uses 20% as Fe2+ and 80% as Fe3+

Stefanoff, Jim/SPK:
Uses 20% as Fe2+ and 80% as Fe3+

Stefanoff, Jim/SPK:
Charge-balanced with pH



Max Condition

		HDS Process Mass Balance: Dry Pit Scenario										Summary

		Post Closure HDS WTP Sizing Evaluation				Jacobs						Item		No.		Value

		Process Sizing Spreadsheet				Jim Stefanoff, January 21, 2019						Influent Flow Rate (gpm)				13,112

		Maximum Condition										Solids Formed from lime (lb/Kgal)				141.23

		Parameter		Value		Notes						Solids Formed from SA (lb/Kgal)				0.00

		Plant Influent Flow (gpm) =		13112		Maximum flow rate from GoldSim						Total Solids Formed (lb/Kgal)				141.2

		Solids Formed of Influent										Lime Demand (lb/Kgal)				44.0

		Plant Influent from Lime Addition (lbs/gal) =		0.141		16,295 mg/L calculated using Aqion						Soda Ash Demand (lb/Kgal)				0.00

		Plant Influent from Soda Ash Addition (lbs/gal) =		0.0000		SA not needed						Influent Fe[II] (mg/L)				41

		Solids Formed for Sludge Recycle Sizing (lbs/gal) =		0.141								Influent Mn[II] (mg/L)				142

		Lime Demand (Ca(OH)2 ) of Influent										Reactor A Diameter (ft)		1		10.9

		Plant Influent (lbs/gal) =		0.044		5,271 mg/L calculated using Aqion						Reactor A Liquid Height (ft)				10.9

		Soda Ash Demand (Na2CO3) of Influent										Reactor A Total Height (ft)				13.9

		Plant Influent (lbs/gal) =		0.00000		SA not needed						Reactor A HRT (min)				2.5

		Ferrous Iron of Influent										Reactor A Working Volume (gal)				7,711		7,714

		Plant Influent (mg/L) =		41		Uses Max projected Fe, Assume all Fe is Fe[II] (conservative)						Reactor A Mixer HP		1		15

		Manganese of Influent										Reactor B Diameter (ft)		2		39.6

		Plant Influent (mg/L) =		142		Uses Max projected Mn, Assume all Mn is Mn[II] (conservative)						Reactor B Liquid Height (ft)				29.7

		Sludge Wasting Approach										Reactor B Total Height (ft)				33.7

		Design % Solids of Diluted Waste Sludge (wt%) =		35.0		Based on HDS3A						Total B Reactor HRT (min)				30

		Design Hours/Day for Wasting (hrs/day) =		6.0								Reactor B Working Volume (gal)		2		272,873

		Waste Sludge Dewatering										Reactor B Mixer HP		2		273

		Design % Solids of Dewatered Sludge (wt%) =		55.0		Estimated						Total Max Reactor B Blower Air Flow Rate at 20% OTE (SCFM)				1,556

		Lime System Design Parameters										Reactor B Blower HP per Blower		2		65

		Design Lime Demand (lbs Ca(OH)2/gal) =		0.0487								Reactor B Blower HP (w/ redundancy)		3		65

		Design Lime Slurry wt% =		20		To reduce water demand						Solids Recycle Ratio (X:1)				5.6

		Assumed CaO Purity (%)		95								Thickener Sludge % Solids (wt%)				35

		Assumed Lime Utilization Efficiency (%)		95								Thickener Unit Area (sf/t/d)				18.0

		Design Ca(OH)2 Sp. Gr. =		2.35								Thickener Diameter (ft) for Single Thickener		1		449

		Soda Ash System Design Parameters										Thickener Diameter (ft) for Each of Two		2		318		318

		Design Soda Ash Demand (lbs Na2CO3/gal) =		0.0000		Soda Ash not used						Thickener Sidewall Height (ft)				12

		Design Soda Ash Solution wt% =		10		Unsaturated solution						Thickener HRT (min)				780		3715

		Design Na2CO3 Sp. Gr. =		2.53								Sludge Recycle Rate (gpm)				2770		558		<== influent TSS (mg/L)

		Design Solution Sp. Gr. =		1.099		For 10% solution (FMC literature)						Sludge Waste Rate-continuous (gpm)				495		511		<== with influent TSS

		Reactor Design Parameters										Sludge Waste Rate at 6 hr/d (gpm)				1978		2044		<== with influent TSS

		Design A Reactor Res. Time (min) =		2.480		Iterated to achieve same size as Average						No. and Type of Filters		6		GMF

		Design Total B Reactors Res. Time (min) =		30		Chosen, per experience						Surface Area/Filter (sf)				624

		Design Number of B Reactors (#) =		2		For redundancy and maintenance						Total Filter Surface Area (sf)				3744

		Reactor B Freeboard (ft) =		4		Per experience						Filter Unit Loading-all in service (gpm/sf)				4.00

		Reactor B Liquid Height to Diameter Ratio =		0.75		Per experience						Filter Unit Loading-one in BW (gpm/sf)				4.80

		Design Oxygen Transfer Efficiency (%) =		20		Per experience						Total Filter Sys Return Flow-Avg (gpm)				1,970

		Site Elevation (m) =		732								Clearwell volume (gal)				218,405

		Thickener Design Parameters										Clearwell liquid depth (ft)				10

		Design Solids Recycle Ratio (X:1) =		5.60		Iterated to achieve same thickener diameter as Average						Clearwell total depth (ft)				12.5

		Liquid sidewall height (ft)		12		Per experience						Clearwell surface area (sf)				2,919

		Design Thickener Loading (sf/ton/day) =		18.0		Based on pilot study						Dirty Backwash Tank vol (gal)				218,405

		Design Clarifier Rise Rate (gpm/sf) =		0.50		Assumed						Dirty Backwash Tank liquid depth (ft)				10

		Design Percent Reactor Recycle  (%) =		0.000		Not used						Dirty Backwash Tank total depth (ft)				12.5

		Design Thickener Solids Underflow (wt%) =		35.0		From pilot study						Dirty Backwash Tank surface area (sf)				2,919

		Design Solids Sp. Gr. =		2.70		From pilot study						Lime Slurry Concentration (wt%)				20

		Filter Design Parameters						1 in BW gpm/sf=		4.80		Lime Slurry Feed Rate (gpm)				339

		Type to be Used (Gravity or Pressure) =		Gravity		Have sufficient gravity head						Lime Consumption (ton/d CaO)*				348

		Design Unit Filter Loading w/ all in Service (gpm/sf) =		4.00		From experience						Thickener Feed Flow Rate (gpm)				18,241

		Design Number of Vessels =		6				UFRV =		1,596		Filter Feed Flow Rate (gpm)				14,976

		Design Backwash Rate (gpm/sf)		11.67		Simplification equiv to 15  gpm x 5 min + 10 gpm x 10 min						Effluent Flow Rate (gpm)				13,006

		Design Backwash Frequency (#/d)		4.33		Iterate to obtain target UFRV						*Assumes 95% purity and 95% utilization efficiency

		Design Backwash Duration (min/event)		15								Flow balance check: INFL+LS+SA-WS = EFFL				13025

		TSS in Filter Feed (mg/L)		15								Variance [%]:				-0.14

		TSS in Filtrate (mg/L)		0		Assumed, approximate

		Desing Max Solids Loading (lb/sf)		0.2		Max recommended by P Mueller						Design Max Polymer Dose (mg/L)				5.0

		Design Unit Filter Run Volume, UFRV (gal/sf)		1598								Design Max Polymer Use (lb/min)				0.76

		Filtrate-to-Waste time (min)		0.0		Not needed based on pilot results						Design Max Polymer use (lb/d)				1096

		Calculated Composite Values to Plant

		Composite Influent Flow (gpm) =		13112

		Composite Solids Formed (lbs/gal) =		0.1412

		Composite Lime Demand (lbs Ca(OH)2/gal) =		0.0487		At assumed purity and utilization efficiency

		Composite Soda Ash Demand (lbs Na2CO3/gal) =		0.0000

		Composite Ferrous Iron (mg/L) =		41.0

		Composite Manganese (mg/L) =		142.0

		Calculated Loads to Plant

		Solids Formed Load (lbs/min) =		1,851.8

		Lime Demand (lbs/min) =		639.0

		Soda Ash Demand (lbs/min) =		0.0

		Ferrous Iron Load (lbs/min) =		4.48

		Manganese Load (lbs/min) =		15.52

		Calculated Design Loadings & Flows to Plant

		Design Plant Solids Loading (lbs/min) =		1,851.8

		Design Solids Formed for Recycle Design (lbs/min) =		1,851.8

		Design Hydraulic Loading (gpm) =		13,112

		Design Influent Water Mass Rate (lb/min)		109,354

		Design Ferrous Loading (lbs/min) =		4.48

		Design Manganese Loading (lbs/min) =		15.52

		Design Lime Demand (lbs/min) =		639.0

		Design Soda Ash Demand (lbs/min) =		0.0

		Lime System Calculations

		Lime Slurry % Solids =		20

		Ca(OH)2 Demand (lbs/min) =		639.0

		Ca(OH)2 Solids Flow Rate (gpm) =		32.60

		CaO Demand (lbs/min) =		484

		Slaking Water Flow Rate (gpm)=		18.64

		Dilution Water Flowrate (gpm)=		306.5

		Dilution Water Mass Flow Rate (lbs/min) =		2,556

		Total Lime System Water Needs (gpm) =		325.1

		Lime Slurry Flowrate (gpm) =		339.1

		Lime Slurry Specific Gravity (S.G.) =		1.130

		Soda Ash System Calculations

		Soda Ash Slurry Solution wt% =		10

		Na2CO3 Demand (lbs/min) =		0.0

		Na2CO3 Solids Flow Rate (gpm) =		0.00

		Solution Water Flow Rate (gpm)=		0.0

		Solution Water Mass Flow Rate (lbs/min) =		0

		Solution Mass Flow Rate (lbs/min) =		0.0

		Soda Ash Solution Flowrate (gpm) =		0.0

		Reactor A - Lime/Soda Ash/Sludge - Calculations

		Residence Time (min) =		2.5

		Working Volume (gal) =		7711

		Diameter (ft) =		10.9

		Height of Liquid Surface (ft) =		10.9

		Freeboard Height (ft) =		3

		Total Sidewall Height (ft) =		13.9

		Mixer Horsepower (Hp) =		15.4		Uses 2 Hp/1000-gal

		Total Input Solids Mass Rate (lbs/min) =		11,011		LD+Recycle+SA demand

		Total Input Solids Flow Rate (gpm)=		493.2		LD+Recycle+SA demand

		Total Input Water Mass Rate (lbs/min) =		21,818		LD+Recycle+SA demand

		Total Input Water Flow Rate (gpm) =		2,616		LD+Recycle+SA demand

		Total Input Mass Rate (lbs/min) =		32,829

		Total Input Volume Flow Rate (gpm) =		3,109

		Reactor % Solids (wt%) =		33.5

		Reactor Solids Concentration (mg/L) =		424,768

		Reactor Fluid Specific Gravity (S.G.) =		1.27

		Reactor B [Neutralization/Oxidation Reactor] Calculations

		Influent Flow Rate (gpm) =		13,112

		Influent Solids Mass Rate (lbs/min) =		1,212.8

		Calculated Sp. Gr. of dry Solids =		2.9

		Influent Solids Flow Rate (gpm) =		50.415

		Influent Water Flow Rate (gpm) =		13,062

		Influent Water Mass Rate (lbs/min) =		108,934

		Total Input Solids Mass Rate (lbs/min) =		12,226		Infl + Rctr A + Filter Sys return

		Total Input Solids Flow Rate (gpm)=		544		Infl + Rctr A + Filter Sys return

		Total Input Water Mass Rate (lbs/min) =		147,183		Infl + Rctr A + Filter Sys return

		Total Input Water Flow Rate (gpm) =		17,648		Infl + Rctr A + Filter Sys return

		Total Input Mass Rate (lbs/min) =		159,409

		Total Input Volume Flow Rate (gpm) =		18,192

		Number of Reactors (#) =		2

		Total Design Residence Time (min) =		30

		Working Volume Per Reactor (gal) =		272,873

		Reactor Diameter-each (ft) =		39.6

		Reactor Liquid Height (ft) =		29.7

		Freeboard Height (ft) =		4

		Total Sidewall Height (ft) =		33.7

		Mixer Horsepower Per Reactor (Hp) =		273		Uses 1.0 Hp/kgal

		Calculated Solids Formed (lbs/gal) =		0.141

		Reactor % Solids (wt%) =		7.7

		Reactor Solids Concentration (mg/L) =		80,610

		Specific Gravity of Reactor Contents =		1.051

		Thickener Calculations

		Feed Solids Mass Loading (tons/day) =		8,801

		Feed Solids Mass Loading (lbs/min) =		12,224		SF load +SRR*SF for recycle + Filter Sys return

		Feed Solids Flow Rate (gpm) =		542.8

		Feed Water Loading (lbs/min) =		147,604		Infl+Lime+SA+Sludge Recycle+Filter Sys (does not include sludge dewatering or polymer water)

		Feed Water Flow Rate (gpm) =		17,698

		Total  Feed Flow Rate (gpm) =		18,241

		Total Feed Mass Loading (lbs/min) =		159,827

		Feed % Solids (wt%) =		7.6

		Feed Solids Concentration (mg/L) =		80,378

		Feed S.G. =		1.050

		Dilution Water to Dilute Feed to 10 wt% Solids (gpm) =		-4,507

		Total Required Solids Loading Surface Area (sf) =		158,419

		HRT based on Thickener surf area (min)		780		excludes cone bottom

		Single Thickener Solids Loading Diameter (ft) =		449

		Required Diameter for Each of Two Thickeners (ft) =		318

		Clarifier Overflow Rate  Surface Area (sf) =		29,953

		Single Clarifier Overflow Rate Diameter (ft) =		195

		Required Diameter for Each of Two Clarifiers  (ft) =		138

		Underflow Solids Concentration (wt%)=		35.0

		Total Underflow Rate (gpm) =		3,265

		Total Underflow Solids Mass Rate (lbs/min) =		12,224

		Total Underflow Solids Flow Rate (gpm) =		543

		Total Underflow Water Flow Rate (gpm) =		2,722

		Total Underflow Water  Mass Rate (lbs/min) =		22,701

		Underflow Specific Gravity (S.G.) =		1.28

		Total Waste Sludge Solids Mass Rate (lbs/min) =		1,852		continuous rate; batch will be higher

		Total Waste Sludge Solids Flow Rate (gpm) =		82.2		continuous rate; batch will be higher

		Total Waste Sludge Water Mass Rate (lbs/min) =		3,439		continuous rate; batch will be higher

		Total Waste Sludge Water Flow Rate (gpm) =		412.4		continuous rate; batch will be higher

		Total Waste Sludge Total Flow Rate  (gpm) =		494.6		continuous rate; batch will be higher

		Total Waste Sludge Total Mass Rate (lbs/min) =		5,291		continuous rate; batch will be higher

		Effluent Flow Rate (gpm) =		14,976

		Effluent Water Mass Rate (lbs/min) =		124,903		Feed-TU

		Solids Recycle Lines Calculations

		Thickener Recycle

		Total Thickener Recycle Solids Mass Rate (lbs/min) =		10,372

		Total Thickener Recycle Solids Flow Rate (gpm) =		460.6

		Total Thickener Recycle Water Mass Rate (lbs/min) =		19,262

		Total Thickener Recycle Water Flow Rate (gpm) =		2,310

		Total Thickener Recycle Mass Rate (lbs/min) =		29,634

		Total Thickener Recycle Flow Rate (gpm) =		2,770

		Thickener Recycle % Solids (wt%) =		35.0

		Thickener Recycle Solids Concentration (mg/L) =		449,092

		Media Filters Calculations

		Filter Feed Flow (gpm)		14,976

		Total Filter Area Req'd - all in service (sf)		3,744

		Number of Filters =		6

		Surface Area/Filter (sf)		624

		Unit Filter Loading w/ all in Service (gpm/sf)		4.00

		Unit Filter Loading w/ one in BW mode (gpm/sf)		4.80

		Diameter per Vessel if Pressure (ft) =		28.2

		Length per Filter if Gravity (ft) =		35.0		Selected

		Width per Filter if Gravity (ft) =		17.8

		BW frequency (#/d)		4.33

		Filter run time (h)		5.54

		Calculated UFRV (gal/sf)		1,596		Check against design UFRV

		UBWV (gal/sf)		175		Unit BW volume

		BW Volume (gal/event)		109,202		1 filter, 1 BW

		Total Daily BW vol (gal/d) =		2,837,077

		BWR Water Flow Rate (gpm)		1,970		Average over a 24-hour day

		BWR Water Mass Rate (lb/min) =		16,431		Average over a 24-hour day

		BWR Solids Flow Rate (gpm)		0.08		Average over a 24-hour day

		BWR Solids Mass Rate (lb/min)		1.87		Average over a 24-hour day

		BWR Total Flow Rate (gpm)		1,970		Average over a 24-hour day

		BWR Total Mass Rate (lb/min)		16,433		Average over a 24-hour day

		BWR Percent of Influent Flow Rate (vol%) =		15.0

		Filter-to-Waste Time (min)		0

		Filter-to-Waste Volume per BW cycle (gal/BW)		0

		Total Daily Filter-to-Waste Volume (gal/d)		0

		Filter-to-Waste Water Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Water Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Solids Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Solids Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Total Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Total Mass Rate (lb/min)		0		Average over a 24-hour day

		Total Filter System Return Water Flow Rate (gpm)		1,970		BWR + FTW, avg over 24 h

		Total Filter System Return Water Mass Rate (lb/min)		16,431		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Flow Rate (gpm)		0.08		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Mass Rate (lb/min)		1.87		BWR + FTW, avg over 24 h

		Total Filter System Return Total Flow Rate (gpm)		1,970.3		BWR + FTW, avg over 24 h

		Total Filter System Return Total Mass Rate (lb/min)		16,433		BWR + FTW, avg over 24 h

		Filtrate Flow Rate (gpm) =		13,006		Average over a 24-hour day

		Filtrate Mass Rate (lb/min) =		108,470		Average over a 24-hour day

		Filter Appurtenances

		Clearwell sizing basis: x =		2		where x = no. of BW volumes

		Clearwell volume (gal)		218,405

		Clearwell volume (cf)		29,195

		Clearwell liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Clearwell total depth (ft)		12.5

		Clearwell surface area (sf)		2,919

		Dirty Backwash Tank basis: y =		2		where y = no. of BW + FTW volumes

		Dirty Backwash Tank volume (gal)		218,405

		Dirty Backwash Tank volume (cf)		29,195

		Dirty Backwash Tank liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Dirty Backwash Tank total depth (ft)		12.5

		Dirty Backwash Tank surface area (sf)		2,919

		Sludge Dilution Calculations

		Daily Thickener  Volume Wasted (gal/day) =		712,209		Not Applicable

		Thickener Waste % Solids (wt%) =		35.0		Not Applicable

		Hours per Day for Sludge Wasting (hrs/day) =		6.0		Not Applicable

		Thickener Waste Flow Rate (gpm) =		1,978.4		Not Applicable

		Thickener Waste Solids Mass Rate (lbs/min) =		7,407		Not Applicable

		Thickener Waste Water Mass Rate (lbs/min) =		13,756		Not Applicable

		Thickener Daily Waste Sludge Water Rate (gal/day) =		593,789		Not Applicable

		Diluted Sludge % Solids (wt%)  =		35.0		Not Applicable

		Dilution Water Mass Rate Needed (lbs/min) =		0		Not Applicable

		Dilution Water Flow Rate Needed (gpm) =		0		Not Applicable

		Dilution Water Needed (gal/day) =		0		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gpm) =		1,978		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gal/day) =		712,209		Not Applicable

		Sludge Pond Calculations

		Daily Volume Received (gal/day) =		712,209		Not Applicable

		Received % Solids (wt%) =		35.0		Not Applicable

		Daily Volume Received (CY/day) =		3,524		Not Applicable

		Residual Water in Dewatered Pond Sludge (lbs/day) =		2,181,739		Not Applicable

		Water Removed While in Pond (gal/day) =		332,190		Not Applicable

		Water Removed While in Pond (gal/min) =		231		Not Applicable

		Daily Pond Accumulation Rate (CY/day) =		1,882		Not Applicable

		Daily Pond Accumulation Rate (lbs/day) =		4,848,309		Not Applicable

		Dewatered Sludge Unit Weight (lbs/cf) =		95		Not Applicable

		Aeration Requirements and Blowers Calculations

		Ferrous Iron Loading (lbs/min) =		4.5

		Manganese Loading (lbs/min) =		15.5

		Oxygen Demand (lbs/min) =		5.2

		Oxygen Demand (moles/min) =		73

		Air Volume Requirement (cfm) =		311

		Design Oxygen Transfer Efficiency (%) =		20

		Air Flow Requirement (scfm) =		1,556

		Site Elevation (m) =		732

		Pressure at Site Elevation (Pa) =		92,902

		Airflow at Site Elevation (cfm) =		1,697

		Air Flow Requirement Per Reactor (scfm) =		849

		Air Flow Rate per Blower (scfm) =		849

		Depth to Sparg Point (ft) =		27

		Gauge Pressure at Sparger Depth (psi) =		12

		Absolute Pressure At Sparger Depth (psi) =		26

		Minor "Headloss Pressures" Assumed at 2 psi =		2

		Total Gauge Pressure (psi) =		14

		Total Absolute Pressure (psi) =		28

		Theoretical Adiabatic Hp Per Blower (Hp) =		39

		Assumed Blower Efficiency = 60%=		60

		Shaft Horsepower Required per Blower (Hp) =		65



CH2M HILL:
Assumes a non-saturated solution



Ave Condition

		HDS Process Mass Balance: Dry Pit Scenario										Summary

		Post Closure HDS WTP Sizing Evaluation				Jacobs						Item		No.		Value

		Process Sizing Spreadsheet				Jim Stefanoff, January 21, 2019						Influent Flow Rate (gpm)				9,914

		Average Condition										Solids Formed from lime (lb/Kgal)				77.1

		Parameter		Value		Notes						Solids Formed from SA (lb/Kgal)				0.00

		Plant Influent Flow (gpm) =		9914		Average flow rate from GoldSim						Total Solids Formed (lb/Kgal)				77.1

		Solids Formed of Influent										Lime Demand (lb/Kgal)				24.4

		Plant Influent from Lime Addition (lbs/gal) =		0.077		9,234 mg/L calculated using Aqion						Soda Ash Demand (lb/Kgal)				0.00

		Plant Influent from Soda Ash Addition (lbs/gal) =		0.0000		SA not needed						Influent Fe[II] (mg/L)				12

		Solids Formed for Sludge Recycle Sizing (lbs/gal) =		0.077								Influent Mn[II] (mg/L)				92

		Lime Demand (Ca(OH)2 ) of Influent										Reactor A Diameter (ft)		1		10.9

		Plant Influent (lbs/gal) =		0.024		2,919 mg/L calculated using Aqion						Reactor A Liquid Height (ft)				10.9

		Soda Ash Demand (Na2CO3) of Influent										Reactor A Total Height (ft)				13.9

		Plant Influent (lbs/gal) =		0.00000		SA not needed						Reactor A HRT (min)				2.0

		Ferrous Iron of Influent										Reactor A Working Volume (gal)				7,714

		Plant Influent (mg/L) =		12.3		Uses Average projected Fe, Assume all Fe is Fe[II] (conservative)						Reactor A Mixer HP		1		15

		Manganese of Influent										Reactor B Diameter (ft)		2		39.6

		Plant Influent (mg/L) =		91.5		Uses Average projected Mn, Assume all Mn is Mn[II] (conservative)						Reactor B Liquid Height (ft)				29.7

		Sludge Wasting Approach										Reactor B Total Height (ft)				33.7

		Design % Solids of Diluted Waste Sludge (wt%) =		30.0		Estimated based on pilot test data						Total B Reactor HRT (min)				36

		Design Hours/Day for Wasting (hrs/day) =		6.0								Reactor B Working Volume (gal)		2		272,849		272,873

		Waste Sludge Dewatering										Reactor B Mixer HP		2		273

		Design % Solids of Dewatered Sludge (wt%) =		55.0		Estimated from pilot test consolidation data						Total Max Reactor B Blower Air Flow Rate at 20% OTE (SCFM)				708

		Lime System Design Parameters										Reactor B Blower HP per Blower		2		30

		Design Lime Demand (lbs Ca(OH)2/gal) =		0.0270								Reactor B Blower HP (w/ redundancy)		3		30

		Design Lime Slurry wt% =		20		To reduce water demand						Solids Recycle Ratio (X:1)				15

		Assumed CaO Purity (%)		95								Thickener Sludge % Solids (wt%)				30

		Assumed Lime Utilization Efficiency (%)		95								Thickener Unit Area (sf/t/d)				18.0

		Design Ca(OH)2 Sp. Gr. =		2.35								Thickener Diameter (ft) for Single Thickener		1		449

		Soda Ash System Design Parameters										Thickener Diameter (ft) for Each of Two		2		318

		Design Soda Ash Demand (lbs Na2CO3/gal) =		0.0000								Thickener Sidewall Height (ft)				12

		Design Soda Ash Solution wt% =		10		Unsaturated solution						Thickener HRT (min)				931

		Design Na2CO3 Sp. Gr. =		2.53								Sludge Recycle Rate (gpm)				3715		517		<== influent TSS (mg/L)

		Design Solution Sp. Gr. =		1.099		For 10% solution (FMC literature)						Sludge Waste Rate-continuous (gpm)				248		262		<== with influent TSS

		Reactor Design Parameters										Sludge Waste Rate at 6 hr/d (gpm)				991		1046		<== with influent TSS

		Design A Reactor Res. Time (min) =		2.0		Chosen, per experience						No. and Type of Filters		6		GMF

		Design Total B Reactors Res. Time (min) =		35.76		Iterated to achieve same volume as Max						Surface Area/Filter (sf)				472

		Design Number of B Reactors (#) =		2		For redundancy and maintenance						Total Filter Surface Area (sf)				2829

		Reactor B Freeboard (ft) =		4		Per experience						Filter Unit Loading-all in service (gpm/sf)				4.00

		Reactor B Liquid Height to Diameter Ratio =		0.75		Per experience						Filter Unit Loading-one in BW (gpm/sf)				4.80

		Design Oxygen Transfer Efficiency (%) =		20		Per experience						Total Filter Sys Return Flow-Avg (gpm)				1,489

		Site Elevation (m) =		732								Clearwell volume (gal)				165,046

		Thickener Design Parameters										Clearwell liquid depth (ft)				10

		Design Solids Recycle Ratio (X:1) =		15.0		Chosen from eperience						Clearwell total depth (ft)				12.5

		Liquid sidewall height (ft)		12		Per experience						Clearwell surface area (sf)				2,206

		Design Thickener Loading (sf/ton/day) =		18.0		Based on pilot study						Dirty Backwash Tank vol (gal)				165,046

		Design Clarifier Rise Rate (gpm/sf) =		0.50		Assumed						Dirty Backwash Tank liquid depth (ft)				10

		Design Percent Reactor Recycle  (%) =		0.000		Not used						Dirty Backwash Tank total depth (ft)				12.5

		Design Thickener Solids Underflow (wt%) =		30.0		From pilot study						Dirty Backwash Tank surface area (sf)				2,206

		Design Solids Sp. Gr. =		2.70		From pilot study						Lime Slurry Concentration (wt%)				20

		Filter Design Parameters						1 in BW gpm/sf=		4.80		Lime Slurry Feed Rate (gpm)				142

		Type to be Used (Gravity or Pressure) =		Gravity		Have sufficient gravity head						Lime Consumption (ton/d CaO)*				146

		Design Unit Filter Loading w/ all in Service (gpm/sf) =		4.00		From experience						Thickener Feed Flow Rate (gpm)				15,280

		Design Number of Vessels =		6				UFRV =		1,596		Filter Feed Flow Rate (gpm)				11,317

		Design Backwash Rate (gpm/sf)		11.67		Simplification equiv to 15  gpm x 5 min + 10 gpm x 10 min						Effluent Flow Rate (gpm)				9,829

		Design Backwash Frequency (#/d)		4.33		Iterate to obtain target UFRV						*Assumes 95% purity and 95% utilization efficiency

		Design Backwash Duration (min/event)		15								Flow balance check: INFL+LS+SA-WS = EFFL				9836

		TSS in Filter Feed (mg/L)		15								Variance [%]:				-0.08

		TSS in Filtrate (mg/L)		0		Assumed, approximate

		Desing Max Solids Loading (lb/sf)		0.2		Max recommended by P Mueller						Design Max Polymer Dose (mg/L)				5.0

		Design Unit Filter Run Volume, UFRV (gal/sf)		1598								Design Max Polymer Use (lb/min)				0.64

		Filtrate-to-Waste time (min)		0.0		Not needed based on pilot results						Design Max Polymer use (lb/d)				918

		Calculated Composite Values to Plant

		Composite Influent Flow (gpm) =		9914

		Composite Solids Formed (lbs/gal) =		0.0771

		Composite Lime Demand (lbs Ca(OH)2/gal) =		0.0270		At assumed purity and utilization efficiency

		Composite Soda Ash Demand (lbs Na2CO3/gal) =		0.0000

		Composite Ferrous Iron (mg/L) =		12.3

		Composite Manganese (mg/L) =		91.5

		Calculated Loads to Plant

		Solids Formed Load (lbs/min) =		763.9

		Lime Demand (lbs/min) =		267.6

		Soda Ash Demand (lbs/min) =		0.0

		Ferrous Iron Load (lbs/min) =		1.02

		Manganese Load (lbs/min) =		7.56

		Calculated Design Loadings & Flows to Plant

		Design Plant Solids Loading (lbs/min) =		763.9

		Design Solids Formed for Recycle Design (lbs/min) =		763.9

		Design Hydraulic Loading (gpm) =		9,914

		Design Influent Water Mass Rate (lb/min)		82,683

		Design Ferrous Loading (lbs/min) =		1.02

		Design Manganese Loading (lbs/min) =		7.56

		Design Lime Demand (lbs/min) =		267.6

		Design Soda Ash Demand (lbs/min) =		0.0

		Lime System Calculations

		Lime Slurry % Solids =		20

		Ca(OH)2 Demand (lbs/min) =		267.6

		Ca(OH)2 Solids Flow Rate (gpm) =		13.65

		CaO Demand (lbs/min) =		202

		Slaking Water Flow Rate (gpm)=		7.80

		Dilution Water Flowrate (gpm)=		128.3

		Dilution Water Mass Flow Rate (lbs/min) =		1,070

		Total Lime System Water Needs (gpm) =		136.1

		Lime Slurry Flowrate (gpm) =		142.0

		Lime Slurry Specific Gravity (S.G.) =		1.130

		Soda Ash System Calculations

		Soda Ash Slurry Solution wt% =		10

		Na2CO3 Demand (lbs/min) =		0.0

		Na2CO3 Solids Flow Rate (gpm) =		0.00

		Solution Water Flow Rate (gpm)=		0.0

		Solution Water Mass Flow Rate (lbs/min) =		0

		Solution Mass Flow Rate (lbs/min) =		0.0

		Soda Ash Solution Flowrate (gpm) =		0.0

		Reactor A - Lime/Soda Ash/Sludge - Calculations

		Residence Time (min) =		2.0

		Working Volume (gal) =		7714

		Diameter (ft) =		10.9

		Height of Liquid Surface (ft) =		10.9

		Freeboard Height (ft) =		3

		Total Sidewall Height (ft) =		13.9

		Mixer Horsepower (Hp) =		15.4		Uses 2 Hp/1000-gal

		Total Input Solids Mass Rate (lbs/min) =		11,727		LD+Recycle+SA demand

		Total Input Solids Flow Rate (gpm)=		522.6		LD+Recycle+SA demand

		Total Input Water Mass Rate (lbs/min) =		27,810		LD+Recycle+SA demand

		Total Input Water Flow Rate (gpm) =		3,335		LD+Recycle+SA demand

		Total Input Mass Rate (lbs/min) =		39,537

		Total Input Volume Flow Rate (gpm) =		3,857

		Reactor % Solids (wt%) =		29.7

		Reactor Solids Concentration (mg/L) =		364,697

		Reactor Fluid Specific Gravity (S.G.) =		1.23

		Reactor B [Neutralization/Oxidation Reactor] Calculations

		Influent Flow Rate (gpm) =		9,914

		Influent Solids Mass Rate (lbs/min) =		496.3

		Calculated Sp. Gr. of dry Solids =		2.9

		Influent Solids Flow Rate (gpm) =		20.602

		Influent Water Flow Rate (gpm) =		9,893

		Influent Water Mass Rate (lbs/min) =		82,511

		Total Input Solids Mass Rate (lbs/min) =		12,225		Infl + Rctr A + Filter Sys return

		Total Input Solids Flow Rate (gpm)=		543		Infl + Rctr A + Filter Sys return

		Total Input Water Mass Rate (lbs/min) =		122,738		Infl + Rctr A + Filter Sys return

		Total Input Water Flow Rate (gpm) =		14,717		Infl + Rctr A + Filter Sys return

		Total Input Mass Rate (lbs/min) =		134,963

		Total Input Volume Flow Rate (gpm) =		15,260

		Number of Reactors (#) =		2

		Total Design Residence Time (min) =		36

		Working Volume Per Reactor (gal) =		272,849

		Reactor Diameter-each (ft) =		39.6

		Reactor Liquid Height (ft) =		29.7

		Freeboard Height (ft) =		4

		Total Sidewall Height (ft) =		33.7

		Mixer Horsepower Per Reactor (Hp) =		273		Uses 1.0 Hp/kgal

		Calculated Solids Formed (lbs/gal) =		0.077

		Reactor % Solids (wt%) =		9.1

		Reactor Solids Concentration (mg/L) =		96,092

		Specific Gravity of Reactor Contents =		1.060

		Thickener Calculations

		Feed Solids Mass Loading (tons/day) =		8,801

		Feed Solids Mass Loading (lbs/min) =		12,224		SF load +SRR*SF for recycle + Filter Sys return

		Feed Solids Flow Rate (gpm) =		542.8

		Feed Water Loading (lbs/min) =		122,910		Infl+Lime+SA+Sludge Recycle+Filter Sys (does not include sludge dewatering or polymer water)

		Feed Water Flow Rate (gpm) =		14,737

		Total  Feed Flow Rate (gpm) =		15,280

		Total Feed Mass Loading (lbs/min) =		135,133

		Feed % Solids (wt%) =		9.0

		Feed Solids Concentration (mg/L) =		95,954

		Feed S.G. =		1.060

		Dilution Water to Dilute Feed to 10 wt% Solids (gpm) =		-1,546

		Total Required Solids Loading Surface Area (sf) =		158,419

		HRT based on Thickener surf area (min)		931		excludes cone bottom

		Single Thickener Solids Loading Diameter (ft) =		449

		Required Diameter for Each of Two Thickeners (ft) =		318

		Clarifier Overflow Rate  Surface Area (sf) =		22,635

		Single Clarifier Overflow Rate Diameter (ft) =		170

		Required Diameter for Each of Two Clarifiers  (ft) =		120

		Underflow Solids Concentration (wt%)=		30.0

		Total Underflow Rate (gpm) =		3,963

		Total Underflow Solids Mass Rate (lbs/min) =		12,224

		Total Underflow Solids Flow Rate (gpm) =		543

		Total Underflow Water Flow Rate (gpm) =		3,420

		Total Underflow Water  Mass Rate (lbs/min) =		28,522

		Underflow Specific Gravity (S.G.) =		1.23

		Total Waste Sludge Solids Mass Rate (lbs/min) =		764		continuous rate; batch will be higher

		Total Waste Sludge Solids Flow Rate (gpm) =		33.9		continuous rate; batch will be higher

		Total Waste Sludge Water Mass Rate (lbs/min) =		1,782		continuous rate; batch will be higher

		Total Waste Sludge Water Flow Rate (gpm) =		213.7		continuous rate; batch will be higher

		Total Waste Sludge Total Flow Rate  (gpm) =		247.6		continuous rate; batch will be higher

		Total Waste Sludge Total Mass Rate (lbs/min) =		2,546		continuous rate; batch will be higher

		Effluent Flow Rate (gpm) =		11,317

		Effluent Water Mass Rate (lbs/min) =		94,388		Feed-TU

		Solids Recycle Lines Calculations

		Thickener Recycle

		Total Thickener Recycle Solids Mass Rate (lbs/min) =		11,460

		Total Thickener Recycle Solids Flow Rate (gpm) =		508.9

		Total Thickener Recycle Water Mass Rate (lbs/min) =		26,740

		Total Thickener Recycle Water Flow Rate (gpm) =		3,206

		Total Thickener Recycle Mass Rate (lbs/min) =		38,199

		Total Thickener Recycle Flow Rate (gpm) =		3,715

		Thickener Recycle % Solids (wt%) =		30.0

		Thickener Recycle Solids Concentration (mg/L) =		369,996

		Media Filters Calculations

		Filter Feed Flow (gpm)		11,317

		Total Filter Area Req'd - all in service (sf)		2,829

		Number of Filters =		6

		Surface Area/Filter (sf)		472

		Unit Filter Loading w/ all in Service (gpm/sf)		4.00

		Unit Filter Loading w/ one in BW mode (gpm/sf)		4.80

		Diameter per Vessel if Pressure (ft) =		24.5

		Length per Filter if Gravity (ft) =		35.0		Selected

		Width per Filter if Gravity (ft) =		13.5

		BW frequency (#/d)		4.33

		Filter run time (h)		5.54

		Calculated UFRV (gal/sf)		1,596		Check against design UFRV

		UBWV (gal/sf)		175		Unit BW volume

		BW Volume (gal/event)		82,523		1 filter, 1 BW

		Total Daily BW vol (gal/d) =		2,143,953

		BWR Water Flow Rate (gpm)		1,489		Average over a 24-hour day

		BWR Water Mass Rate (lb/min) =		12,417		Average over a 24-hour day

		BWR Solids Flow Rate (gpm)		0.06		Average over a 24-hour day

		BWR Solids Mass Rate (lb/min)		1.42		Average over a 24-hour day

		BWR Total Flow Rate (gpm)		1,489		Average over a 24-hour day

		BWR Total Mass Rate (lb/min)		12,418		Average over a 24-hour day

		BWR Percent of Influent Flow Rate (vol%) =		15.0

		Filter-to-Waste Time (min)		0

		Filter-to-Waste Volume per BW cycle (gal/BW)		0

		Total Daily Filter-to-Waste Volume (gal/d)		0

		Filter-to-Waste Water Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Water Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Solids Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Solids Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Total Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Total Mass Rate (lb/min)		0		Average over a 24-hour day

		Total Filter System Return Water Flow Rate (gpm)		1,489		BWR + FTW, avg over 24 h

		Total Filter System Return Water Mass Rate (lb/min)		12,417		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Flow Rate (gpm)		0.06		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Mass Rate (lb/min)		1.42		BWR + FTW, avg over 24 h

		Total Filter System Return Total Flow Rate (gpm)		1,488.9		BWR + FTW, avg over 24 h

		Total Filter System Return Total Mass Rate (lb/min)		12,418		BWR + FTW, avg over 24 h

		Filtrate Flow Rate (gpm) =		9,829		Average over a 24-hour day

		Filtrate Mass Rate (lb/min) =		81,970		Average over a 24-hour day

		Filter Appurtenances

		Clearwell sizing basis: x =		2		where x = no. of BW volumes

		Clearwell volume (gal)		165,046

		Clearwell volume (cf)		22,062

		Clearwell liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Clearwell total depth (ft)		12.5

		Clearwell surface area (sf)		2,206

		Dirty Backwash Tank basis: y =		2		where y = no. of BW + FTW volumes

		Dirty Backwash Tank volume (gal)		165,046

		Dirty Backwash Tank volume (cf)		22,062

		Dirty Backwash Tank liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Dirty Backwash Tank total depth (ft)		12.5

		Dirty Backwash Tank surface area (sf)		2,206

		Sludge Dilution Calculations

		Daily Thickener  Volume Wasted (gal/day) =		356,605		Not Applicable

		Thickener Waste % Solids (wt%) =		30.0		Not Applicable

		Hours per Day for Sludge Wasting (hrs/day) =		6.0		Not Applicable

		Thickener Waste Flow Rate (gpm) =		990.6		Not Applicable

		Thickener Waste Solids Mass Rate (lbs/min) =		3,056		Not Applicable

		Thickener Waste Water Mass Rate (lbs/min) =		7,130		Not Applicable

		Thickener Daily Waste Sludge Water Rate (gal/day) =		307,755		Not Applicable

		Diluted Sludge % Solids (wt%)  =		30.0		Not Applicable

		Dilution Water Mass Rate Needed (lbs/min) =		0		Not Applicable

		Dilution Water Flow Rate Needed (gpm) =		0		Not Applicable

		Dilution Water Needed (gal/day) =		0		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gpm) =		991		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gal/day) =		356,605		Not Applicable

		Sludge Pond Calculations

		Daily Volume Received (gal/day) =		356,605		Not Applicable

		Received % Solids (wt%) =		30.0		Not Applicable

		Daily Volume Received (CY/day) =		1,765		Not Applicable

		Residual Water in Dewatered Pond Sludge (lbs/day) =		900,003		Not Applicable

		Water Removed While in Pond (gal/day) =		199,841		Not Applicable

		Water Removed While in Pond (gal/min) =		139		Not Applicable

		Daily Pond Accumulation Rate (CY/day) =		776		Not Applicable

		Daily Pond Accumulation Rate (lbs/day) =		2,000,007		Not Applicable

		Dewatered Sludge Unit Weight (lbs/cf) =		95		Not Applicable

		Aeration Requirements and Blowers Calculations

		Ferrous Iron Loading (lbs/min) =		1.0

		Manganese Loading (lbs/min) =		7.6

		Oxygen Demand (lbs/min) =		2.4

		Oxygen Demand (moles/min) =		33

		Air Volume Requirement (cfm) =		142

		Design Oxygen Transfer Efficiency (%) =		20

		Air Flow Requirement (scfm) =		708

		Site Elevation (m) =		732

		Pressure at Site Elevation (Pa) =		92,902

		Airflow at Site Elevation (cfm) =		772

		Air Flow Requirement Per Reactor (scfm) =		386

		Air Flow Rate per Blower (scfm) =		386

		Depth to Sparg Point (ft) =		27

		Gauge Pressure at Sparger Depth (psi) =		12

		Absolute Pressure At Sparger Depth (psi) =		26

		Minor "Headloss Pressures" Assumed at 2 psi =		2

		Total Gauge Pressure (psi) =		14

		Total Absolute Pressure (psi) =		28

		Theoretical Adiabatic Hp Per Blower (Hp) =		18

		Assumed Blower Efficiency = 60%=		60

		Shaft Horsepower Required per Blower (Hp) =		30



CH2M HILL:
Assumes a non-saturated solution



Min Condition

		HDS Process Mass Balance: Dry Pit Scenario										Summary

		Post Closure HDS WTP Sizing Evaluation				Jacobs						Item		No.		Value

		Process Sizing Spreadsheet				Jim Stefanoff, January 21, 2019						Influent Flow Rate (gpm)				4,957

		Minimum Condition										Solids Formed from lime (lb/Kgal)				77.05

		Parameter		Value		Notes						Solids Formed from SA (lb/Kgal)				0.00

		Plant Influent Flow (gpm) =		4957		Minimum flow assumed to be 1/2 Average						Total Solids Formed (lb/Kgal)				77.1

		Solids Formed of Influent										Lime Demand (lb/Kgal)				24.4

		Plant Influent from Lime Addition (lbs/gal) =		0.077		Uses Average value						Soda Ash Demand (lb/Kgal)				0.00

		Plant Influent from Soda Ash Addition (lbs/gal) =		0.0000		SA not needed						Influent Fe[II] (mg/L)				12

		Solids Formed for Sludge Recycle Sizing (lbs/gal) =		0.077								Influent Mn[II] (mg/L)				92

		Lime Demand (Ca(OH)2 ) of Influent										Reactor A Diameter (ft)		1		10.9

		Plant Influent (lbs/gal) =		0.024		Uses Average value						Reactor A Liquid Height (ft)				10.9

		Soda Ash Demand (Na2CO3) of Influent										Reactor A Total Height (ft)				13.9

		Plant Influent (lbs/gal) =		0.00000		SA not needed						Reactor A HRT (min)				4.0

		Ferrous Iron of Influent										Reactor A Working Volume (gal)				7,714		7,714

		Plant Influent (mg/L) =		12.3		Uses Average value						Reactor A Mixer HP		1		15

		Manganese of Influent										Reactor B Diameter (ft)		2		39.6

		Plant Influent (mg/L) =		91.5		uses Average value						Reactor B Liquid Height (ft)				29.7

		Sludge Wasting Approach										Reactor B Total Height (ft)				33.7

		Design % Solids of Diluted Waste Sludge (wt%) =		30.0		Uses Average value						Total B Reactor HRT (min)				72

		Design Hours/Day for Wasting (hrs/day) =		6.0								Reactor B Working Volume (gal)		2		272,887		272,873

		Waste Sludge Dewatering										Reactor B Mixer HP		2		273

		Design % Solids of Dewatered Sludge (wt%) =		55.0		Uses Average value						Total Max Reactor B Blower Air Flow Rate at 20% OTE (SCFM)				354

		Lime System Design Parameters										Reactor B Blower HP per Blower		2		15

		Design Lime Demand (lbs Ca(OH)2/gal) =		0.0270								Reactor B Blower HP (w/ redundancy)		3		15

		Design Lime Slurry wt% =		20		To reduce water demand						Solids Recycle Ratio (X:1)				15

		Assumed CaO Purity (%)		95								Thickener Sludge % Solids (wt%)				30

		Assumed Lime Utilization Efficiency (%)		95								Thickener Unit Area (sf/t/d)				18.0

		Design Ca(OH)2 Sp. Gr. =		2.35								Thickener Diameter (ft) for Single Thickener		1		318

		Soda Ash System Design Parameters										Thickener Diameter (ft) for Each of Two		2		225

		Design Soda Ash Demand (lbs Na2CO3/gal) =		0.0000								Thickener Sidewall Height (ft)				12

		Design Soda Ash Solution wt% =		10		Unsaturated solution						Thickener HRT (min)				931

		Design Na2CO3 Sp. Gr. =		2.53								Sludge Recycle Rate (gpm)				1858		517		<== influent TSS (mg/L)

		Design Solution Sp. Gr. =		1.099		For 10% solution (FMC literature)						Sludge Waste Rate-continuous (gpm)				124		131		<== with influent TSS

		Reactor Design Parameters										Sludge Waste Rate at 6 hr/d (gpm)				495		523		<== with influent TSS

		Design A Reactor Res. Time (min) =		4.00		Iterated to obtain same size for Average						No. and Type of Filters		6		GMF

		Design Total B Reactors Res. Time (min) =		71.53		Iterated to obtain same reactor size for Max						Surface Area/Filter (sf)				236

		Design Number of B Reactors (#) =		2		For redundancy and maintenance						Total Filter Surface Area (sf)				1415

		Reactor B Freeboard (ft) =		4		Per experience						Filter Unit Loading-all in service (gpm/sf)				4.00

		Reactor B Liquid Height to Diameter Ratio =		0.75		Per experience						Filter Unit Loading-one in BW (gpm/sf)				4.80

		Design Oxygen Transfer Efficiency (%) =		20		Per experience						Total Filter Sys Return Flow-Avg (gpm)				744

		Site Elevation (m) =		732								Clearwell volume (gal)				82,523

		Thickener Design Parameters										Clearwell liquid depth (ft)				10

		Design Solids Recycle Ratio (X:1) =		15.0		Uses Average value						Clearwell total depth (ft)				12.5

		Liquid sidewall height (ft)		12		Per experience						Clearwell surface area (sf)				1,103

		Design Thickener Loading (sf/ton/day) =		18.0		Based on pilot study						Dirty Backwash Tank vol (gal)				82,523

		Design Clarifier Rise Rate (gpm/sf) =		0.50		Assumed						Dirty Backwash Tank liquid depth (ft)				10

		Design Percent Reactor Recycle  (%) =		0.000		Not used						Dirty Backwash Tank total depth (ft)				12.5

		Design Thickener Solids Underflow (wt%) =		30.0		From pilot study						Dirty Backwash Tank surface area (sf)				1,103

		Design Solids Sp. Gr. =		2.70		From pilot study		1 in BW gpm/sf=		4.80		Lime Slurry Concentration (wt%)				20

		Filter Design Parameters										Lime Slurry Feed Rate (gpm)				71

		Type to be Used (Gravity or Pressure) =		Gravity		Have sufficient gravity head						Lime Consumption (ton/d CaO)*				73

		Design Unit Filter Loading w/ all in Service (gpm/sf) =		4.00		From experience		UFRV =		1,596		Thickener Feed Flow Rate (gpm)				7,640

		Design Number of Vessels =		6								Filter Feed Flow Rate (gpm)				5,659

		Design Backwash Rate (gpm/sf)		11.67		Simplification equiv to 15  gpm x 5 min + 10 gpm x 10 min						Effluent Flow Rate (gpm)				4,914

		Design Backwash Frequency (#/d)		4.33		Iterate to obtain target UFRV						*Assumes 95% purity and 95% utilization efficiency

		Design Backwash Duration (min/event)		15								Flow balance check: INFL+LS+SA-WS = EFFL				4918

		TSS in Filter Feed (mg/L)		15								Variance [%]:				-0.08

		TSS in Filtrate (mg/L)		0		Assumed, approximate

		Desing Max Solids Loading (lb/sf)		0.2		Max recommended by P Mueller						Design Max Polymer Dose (mg/L)				3.0

		Design Unit Filter Run Volume, UFRV (gal/sf)		1598								Design Max Polymer Use (lb/min)				0.19

		Filtrate-to-Waste time (min)		0.0		Not needed based on pilot results						Design Max Polymer use (lb/d)				275

		Calculated Composite Values to Plant

		Composite Influent Flow (gpm) =		4957

		Composite Solids Formed (lbs/gal) =		0.0771

		Composite Lime Demand (lbs Ca(OH)2/gal) =		0.0270		At assumed purity and utilization efficiency

		Composite Soda Ash Demand (lbs Na2CO3/gal) =		0.0000

		Composite Ferrous Iron (mg/L) =		12.3

		Composite Manganese (mg/L) =		91.5

		Calculated Loads to Plant

		Solids Formed Load (lbs/min) =		381.9

		Lime Demand (lbs/min) =		133.8

		Soda Ash Demand (lbs/min) =		0.0

		Ferrous Iron Load (lbs/min) =		0.51

		Manganese Load (lbs/min) =		3.78

		Calculated Design Loadings & Flows to Plant

		Design Plant Solids Loading (lbs/min) =		381.9

		Design Solids Formed for Recycle Design (lbs/min) =		381.9

		Design Hydraulic Loading (gpm) =		4,957

		Design Influent Water Mass Rate (lb/min)		41,341

		Design Ferrous Loading (lbs/min) =		0.51

		Design Manganese Loading (lbs/min) =		3.78

		Design Lime Demand (lbs/min) =		133.8

		Design Soda Ash Demand (lbs/min) =		0.0

		Lime System Calculations

		Lime Slurry % Solids =		20

		Ca(OH)2 Demand (lbs/min) =		133.8

		Ca(OH)2 Solids Flow Rate (gpm) =		6.83

		CaO Demand (lbs/min) =		101

		Slaking Water Flow Rate (gpm)=		3.90

		Dilution Water Flowrate (gpm)=		64.2

		Dilution Water Mass Flow Rate (lbs/min) =		535

		Total Lime System Water Needs (gpm) =		68.1

		Lime Slurry Flowrate (gpm) =		71.0

		Lime Slurry Specific Gravity (S.G.) =		1.130

		Soda Ash System Calculations

		Soda Ash Slurry Solution wt% =		10

		Na2CO3 Demand (lbs/min) =		0.0

		Na2CO3 Solids Flow Rate (gpm) =		0.00

		Solution Water Flow Rate (gpm)=		0.0

		Solution Water Mass Flow Rate (lbs/min) =		0

		Solution Mass Flow Rate (lbs/min) =		0.0

		Soda Ash Solution Flowrate (gpm) =		0.0

		Reactor A - Lime/Soda Ash/Sludge - Calculations

		Residence Time (min) =		4.0

		Working Volume (gal) =		7714

		Diameter (ft) =		10.9

		Height of Liquid Surface (ft) =		10.9

		Freeboard Height (ft) =		3

		Total Sidewall Height (ft) =		13.9

		Mixer Horsepower (Hp) =		15.4		Uses 2 Hp/1000-gal

		Total Input Solids Mass Rate (lbs/min) =		5,864		LD+Recycle+SA demand

		Total Input Solids Flow Rate (gpm)=		261.3		LD+Recycle+SA demand

		Total Input Water Mass Rate (lbs/min) =		13,905		LD+Recycle+SA demand

		Total Input Water Flow Rate (gpm) =		1,667		LD+Recycle+SA demand

		Total Input Mass Rate (lbs/min) =		19,769

		Total Input Volume Flow Rate (gpm) =		1,929

		Reactor % Solids (wt%) =		29.7

		Reactor Solids Concentration (mg/L) =		364,697

		Reactor Fluid Specific Gravity (S.G.) =		1.23

		Reactor B [Neutralization/Oxidation Reactor] Calculations

		Influent Flow Rate (gpm) =		4,957

		Influent Solids Mass Rate (lbs/min) =		248.2

		Calculated Sp. Gr. of dry Solids =		2.9

		Influent Solids Flow Rate (gpm) =		10.301

		Influent Water Flow Rate (gpm) =		4,947

		Influent Water Mass Rate (lbs/min) =		41,255

		Total Input Solids Mass Rate (lbs/min) =		6,113		Infl + Rctr A + Filter Sys return

		Total Input Solids Flow Rate (gpm)=		272		Infl + Rctr A + Filter Sys return

		Total Input Water Mass Rate (lbs/min) =		61,369		Infl + Rctr A + Filter Sys return

		Total Input Water Flow Rate (gpm) =		7,358		Infl + Rctr A + Filter Sys return

		Total Input Mass Rate (lbs/min) =		67,481

		Total Input Volume Flow Rate (gpm) =		7,630

		Number of Reactors (#) =		2

		Total Design Residence Time (min) =		72

		Working Volume Per Reactor (gal) =		272,887

		Reactor Diameter-each (ft) =		39.6

		Reactor Liquid Height (ft) =		29.7

		Freeboard Height (ft) =		4

		Total Sidewall Height (ft) =		33.7

		Mixer Horsepower Per Reactor (Hp) =		273		Uses 1.0 Hp/kgal

		Calculated Solids Formed (lbs/gal) =		0.077

		Reactor % Solids (wt%) =		9.1

		Reactor Solids Concentration (mg/L) =		96,092

		Specific Gravity of Reactor Contents =		1.060

		Thickener Calculations

		Feed Solids Mass Loading (tons/day) =		4,401

		Feed Solids Mass Loading (lbs/min) =		6,112		SF load +SRR*SF for recycle + Filter Sys return

		Feed Solids Flow Rate (gpm) =		271.4

		Feed Water Loading (lbs/min) =		61,455		Infl+Lime+SA+Sludge Recycle+Filter Sys (does not include sludge dewatering or polymer water)

		Feed Water Flow Rate (gpm) =		7,369

		Total  Feed Flow Rate (gpm) =		7,640

		Total Feed Mass Loading (lbs/min) =		67,567

		Feed % Solids (wt%) =		9.0

		Feed Solids Concentration (mg/L) =		95,954

		Feed S.G. =		1.060

		Dilution Water to Dilute Feed to 10 wt% Solids (gpm) =		-773

		Total Required Solids Loading Surface Area (sf) =		79,209

		HRT based on Thickener surf area (min)		931		excludes cone bottom

		Single Thickener Solids Loading Diameter (ft) =		318

		Required Diameter for Each of Two Thickeners (ft) =		225

		Clarifier Overflow Rate  Surface Area (sf) =		11,317

		Single Clarifier Overflow Rate Diameter (ft) =		120

		Required Diameter for Each of Two Clarifiers  (ft) =		85

		Underflow Solids Concentration (wt%)=		30.0

		Total Underflow Rate (gpm) =		1,981

		Total Underflow Solids Mass Rate (lbs/min) =		6,112

		Total Underflow Solids Flow Rate (gpm) =		271

		Total Underflow Water Flow Rate (gpm) =		1,710

		Total Underflow Water  Mass Rate (lbs/min) =		14,261

		Underflow Specific Gravity (S.G.) =		1.23

		Total Waste Sludge Solids Mass Rate (lbs/min) =		382		continuous rate; batch will be higher

		Total Waste Sludge Solids Flow Rate (gpm) =		17.0		continuous rate; batch will be higher

		Total Waste Sludge Water Mass Rate (lbs/min) =		891		continuous rate; batch will be higher

		Total Waste Sludge Water Flow Rate (gpm) =		106.9		continuous rate; batch will be higher

		Total Waste Sludge Total Flow Rate  (gpm) =		123.8		continuous rate; batch will be higher

		Total Waste Sludge Total Mass Rate (lbs/min) =		1,273		continuous rate; batch will be higher

		Effluent Flow Rate (gpm) =		5,659

		Effluent Water Mass Rate (lbs/min) =		47,194		Feed-TU

		Solids Recycle Lines Calculations

		Thickener Recycle

		Total Thickener Recycle Solids Mass Rate (lbs/min) =		5,730

		Total Thickener Recycle Solids Flow Rate (gpm) =		254.5

		Total Thickener Recycle Water Mass Rate (lbs/min) =		13,370

		Total Thickener Recycle Water Flow Rate (gpm) =		1,603

		Total Thickener Recycle Mass Rate (lbs/min) =		19,100

		Total Thickener Recycle Flow Rate (gpm) =		1,858

		Thickener Recycle % Solids (wt%) =		30.0

		Thickener Recycle Solids Concentration (mg/L) =		369,996

		Media Filters Calculations

		Filter Feed Flow (gpm)		5,659

		Total Filter Area Req'd - all in service (sf)		1,415

		Number of Filters =		6

		Surface Area/Filter (sf)		236

		Unit Filter Loading w/ all in Service (gpm/sf)		4.00

		Unit Filter Loading w/ one in BW mode (gpm/sf)		4.80

		Diameter per Vessel if Pressure (ft) =		17.3

		Length per Filter if Gravity (ft) =		35.0		Selected

		Width per Filter if Gravity (ft) =		6.7

		BW frequency (#/d)		4.33

		Filter run time (h)		5.54

		Calculated UFRV (gal/sf)		1,596		Check against design UFRV

		UBWV (gal/sf)		175		Unit BW volume

		BW Volume (gal/event)		41,262		1 filter, 1 BW

		Total Daily BW vol (gal/d) =		1,071,976

		BWR Water Flow Rate (gpm)		744		Average over a 24-hour day

		BWR Water Mass Rate (lb/min) =		6,209		Average over a 24-hour day

		BWR Solids Flow Rate (gpm)		0.03		Average over a 24-hour day

		BWR Solids Mass Rate (lb/min)		0.71		Average over a 24-hour day

		BWR Total Flow Rate (gpm)		744		Average over a 24-hour day

		BWR Total Mass Rate (lb/min)		6,209		Average over a 24-hour day

		BWR Percent of Influent Flow Rate (vol%) =		15.0

		Filter-to-Waste Time (min)		0

		Filter-to-Waste Volume per BW cycle (gal/BW)		0

		Total Daily Filter-to-Waste Volume (gal/d)		0

		Filter-to-Waste Water Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Water Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Solids Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Solids Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Total Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Total Mass Rate (lb/min)		0		Average over a 24-hour day

		Total Filter System Return Water Flow Rate (gpm)		744		BWR + FTW, avg over 24 h

		Total Filter System Return Water Mass Rate (lb/min)		6,209		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Flow Rate (gpm)		0.03		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Mass Rate (lb/min)		0.71		BWR + FTW, avg over 24 h

		Total Filter System Return Total Flow Rate (gpm)		744.5		BWR + FTW, avg over 24 h

		Total Filter System Return Total Mass Rate (lb/min)		6,209		BWR + FTW, avg over 24 h

		Filtrate Flow Rate (gpm) =		4,914		Average over a 24-hour day

		Filtrate Mass Rate (lb/min) =		40,985		Average over a 24-hour day

		Filter Appurtenances

		Clearwell sizing basis: x =		2		where x = no. of BW volumes

		Clearwell volume (gal)		82,523

		Clearwell volume (cf)		11,031

		Clearwell liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Clearwell total depth (ft)		12.5

		Clearwell surface area (sf)		1,103

		Dirty Backwash Tank basis: y =		2		where y = no. of BW + FTW volumes

		Dirty Backwash Tank volume (gal)		82,523

		Dirty Backwash Tank volume (cf)		11,031

		Dirty Backwash Tank liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Dirty Backwash Tank total depth (ft)		12.5

		Dirty Backwash Tank surface area (sf)		1,103

		Sludge Dilution Calculations

		Daily Thickener  Volume Wasted (gal/day) =		178,302		Not Applicable

		Thickener Waste % Solids (wt%) =		30.0		Not Applicable

		Hours per Day for Sludge Wasting (hrs/day) =		6.0		Not Applicable

		Thickener Waste Flow Rate (gpm) =		495.3		Not Applicable

		Thickener Waste Solids Mass Rate (lbs/min) =		1,528		Not Applicable

		Thickener Waste Water Mass Rate (lbs/min) =		3,565		Not Applicable

		Thickener Daily Waste Sludge Water Rate (gal/day) =		153,877		Not Applicable

		Diluted Sludge % Solids (wt%)  =		30.0		Not Applicable

		Dilution Water Mass Rate Needed (lbs/min) =		0		Not Applicable

		Dilution Water Flow Rate Needed (gpm) =		0		Not Applicable

		Dilution Water Needed (gal/day) =		0		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gpm) =		495		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gal/day) =		178,302		Not Applicable

		Sludge Pond Calculations

		Daily Volume Received (gal/day) =		178,302		Not Applicable

		Received % Solids (wt%) =		30.0		Not Applicable

		Daily Volume Received (CY/day) =		882		Not Applicable

		Residual Water in Dewatered Pond Sludge (lbs/day) =		450,001		Not Applicable

		Water Removed While in Pond (gal/day) =		99,920		Not Applicable

		Water Removed While in Pond (gal/min) =		69		Not Applicable

		Daily Pond Accumulation Rate (CY/day) =		388		Not Applicable

		Daily Pond Accumulation Rate (lbs/day) =		1,000,003		Not Applicable

		Dewatered Sludge Unit Weight (lbs/cf) =		95		Not Applicable

		Aeration Requirements and Blowers Calculations

		Ferrous Iron Loading (lbs/min) =		0.5

		Manganese Loading (lbs/min) =		3.8

		Oxygen Demand (lbs/min) =		1.2

		Oxygen Demand (moles/min) =		17

		Air Volume Requirement (cfm) =		71

		Design Oxygen Transfer Efficiency (%) =		20

		Air Flow Requirement (scfm) =		354

		Site Elevation (m) =		732

		Pressure at Site Elevation (Pa) =		92,902

		Airflow at Site Elevation (cfm) =		386

		Air Flow Requirement Per Reactor (scfm) =		193

		Air Flow Rate per Blower (scfm) =		193

		Depth to Sparg Point (ft) =		27

		Gauge Pressure at Sparger Depth (psi) =		12

		Absolute Pressure At Sparger Depth (psi) =		26

		Minor "Headloss Pressures" Assumed at 2 psi =		2

		Total Gauge Pressure (psi) =		14

		Total Absolute Pressure (psi) =		28

		Theoretical Adiabatic Hp Per Blower (Hp) =		9

		Assumed Blower Efficiency = 60%=		60

		Shaft Horsepower Required per Blower (Hp) =		15



CH2M HILL:
Assumes a non-saturated solution



LD and SF

		LD and SF Notes

		Lime demand (LD) and solids formed (SF) were calculated using the program Aqion, which is publicly available software which uses PHREEQC to perform solubility and mineral-phase calculations.

		The calculation was done in two pH increments. The first to pH 6.0, and the second to  the pH which resulted in ~50% removal of dissolved magnesium, which was the removal obtained during the HDS pilot test.

		The  first increment to pH 6 was done to ensure removal of dissolved aluminum to single mg/L levels as was obtained in the HDS pilot.

		Prior to any calculations the water chemistry was checked for charge balance, found to be lacking anions, and balanced by adding sulfate.





BOD Prelim Sizing (2)

		HDS Process Mass Balance: Nueva Este Preliminary BOD Sizing										Summary

		Post Closure HDS WTP Sizing Evaluation				Jacobs						Item		No.		Base Design		Max		Average		Minimum

		Process Sizing Spreadsheet				Jim Stefanoff, February 5, 2021						Influent Flow Rate (gpm)				3,302		13,112		9,914		4,957

												Solids Formed from lime (lb/Kgal)				172.5		141.2		77.1		77.1

		Parameter		Value		Notes						Solids Formed from SA (lb/Kgal)				0.0		0.0		0.0		0.0

		Plant Influent Flow (gpm) =		3302		750 m3/hr						Total Solids Formed (lb/Kgal)				172.5		141.2		77		77

		Solids Formed of Influent										Lime Demand (lb/Kgal)				48.5		44.0		24.4		24.4

		Plant Influent from Lime Addition (lbs/gal) =		0.172		20674 mg/L						Soda Ash Demand (lb/Kgal)				0.0		0.0		0.0		0.0

		Plant Influent from Soda Ash Addition (lbs/gal) =		0.0000		SA not used						Influent Fe[II] (mg/L)				202		41		12		12

		Solids Formed for Sludge Recycle Sizing (lbs/gal) =		0.172								Influent Mn[II] (mg/L)				102		142		92		92

		Lime Demand (Ca(OH)2 ) of Influent										Reactor A Diameter (ft)		1		22.6		10.9		10.9		10.9

		Plant Influent (lbs/gal) =		0.049		5818 mg/L						Reactor A Liquid Height (ft)				22.6		10.9		10.9		10.9

		Soda Ash Demand (Na2CO3) of Influent										Reactor A Total Height (ft)				25.6		13.9		13.9		13.9

		Plant Influent (lbs/gal) =		0.00000		SA not needed						Reactor A HRT (min)				3.0		2.5		2.0		4.0

		Ferrous Iron of Influent										Reactor A Working Volume (gal)				67,574		7,711		7,714		7,714

		Plant Influent (mg/L) =		202		Assumes 20% of total dissolved Fe is ferrous. Total is 1009 mg/L.						Reactor A Mixer HP		1		135		15		15		15

		Manganese of Influent										Reactor B Diameter (ft)		2		44.6		39.6		39.6		39.6

		Plant Influent (mg/L) =		101.7								Reactor B Liquid Height (ft)				33.4		29.7		29.7		29.7

		Sludge Wasting Approach										Reactor B Total Height (ft)				37.4		33.7		33.7		33.7

		Design % Solids of Waste Sludge (wt%) =		3.0		Estimated, to be confirmed during pilot test						Total B Reactor HRT (min)				30.0		30.0		35.8		71.5

		Design Hours/Day for Wasting (hrs/day) =		12.0								Reactor B Working Volume (gal)		2		390,074		272,873		272,849		272,887

		Waste Sludge Dewatering										Reactor B Mixer HP		2		390		273		273		273

		Design % Solids of Dewatered Sludge (wt%) =		60.0		Assumed						Total Max Reactor B Blower Air Flow Rate at 20% OTE (SCFM)				646		1,556		708		354

		Lime System Design Parameters										Reactor B Blower HP per Blower		2		27		65		30		15

		Design Lime Demand (lbs Ca(OH)2/gal) =		0.0672								Reactor B Blower HP (w/ redundancy)		3		27		65		30		15

		Design Lime Slurry wt% =		15								Solids Recycle Ratio (X:1)				10.0		5.6		15.0		15.0

		Assumed CaO Purity (%)		76		I recall the China Linda lime to be around 75% availble Ca(OH)2						Thickener Sludge % Solids (wt%)				3		35		30		30

		Assumed Lime Utilization Efficiency (%)		95								Thickener Unit Area (sf/t/d)				10.0		18.0		18.0		18.0

		Design Ca(OH)2 Sp. Gr. =		2.35								Thickener Diameter (ft) for Single Thickener		1		240		449		449		318

		Soda Ash System Design Parameters										Thickener Diameter (ft) for Each of Two		2		170		318		318		225

		Design Soda Ash Demand (lbs Na2CO3/gal) =		0.0000								Thickener Sidewall Height (ft)				12.0		12.0		12.0		12.0

		Design Soda Ash Solution wt% =		10		Unsaturated solution						Thickener HRT (min)				156		780		931		931

		Design Na2CO3 Sp. Gr. =		2.53								Sludge Recycle Rate (gpm)				22,362		2,770		3,715		1,858

		Design Solution Sp. Gr. =		1.099		For 10% solution (FMC literature)						Sludge Waste Rate-continuous (gpm)				2236		495		248		124

		Reactor Design Parameters										Sludge Waste Rate at 12 hr/d (gpm)				4472		1,978		991		495

		Design A Reactor Res. Time (min) =		3		Chosen, per experience						No. and Type of Filters		8		GMF		GMF		GMF		GMF

		Design Total B Reactors Res. Time (min) =		30		Chosen, per experience						Surface Area/Filter (sf)				44		624		472		236

		Design Number of B Reactors (#) =		2		For redundancy and maintenance						Total Filter Surface Area (sf)				356		3,744		2,829		1,415

		Reactor B Freeboard (ft) =		4		Per experience						Filter Unit Loading-all in service (gpm/sf)				4.0		4.0		4.0		4.0

		Reactor B Liquid Height to Diameter Ratio =		0.75		Per experience						Filter Unit Loading-one in BW (gpm/sf)				4.6		4.8		4.8		4.8

		Design Oxygen Transfer Efficiency (%) =		15		Decreased from 20 due to B Reactor high solids						Total Filter Sys Return Flow-Avg (gpm)				178		1,970		1,489		744

		Thickener Design Parameters										Clearwell volume (gal)				15,565		218,405		165,046		82,523

		Design Solids Recycle Ratio (X:1) =		10		Estimated from KUCC 2007 data, to be confirmed during pilot test						Clearwell liquid depth (ft)				10.0		10.0		10.0		10.0

		Liquid sidewall height (ft)		12		Per experience						Clearwell total depth (ft)				12.5		12.5		12.5		12.5

		Design Thickener Loading (sf/ton/day) =		10.0		Estimated from KUCC 2007 data, to be confirmed during pilot test						Clearwell surface area (sf)				208		2919.5		2,206		1,103

		Design Clarifier Rise Rate (gpm/sf) =		0.50		Estimated, to be confirmed during pilot test						Dirty Backwash Tank vol (gal)				15,565		218,405		165,046		82,523

		Design Percent Reactor Recycle  (%) =		0.000		Not used						Dirty Backwash Tank liquid depth (ft)				10.0		10.0		10.0		10.0

		Design Thickener Solids Underflow (wt%) =		3.0		Assumed						Dirty Backwash Tank total depth (ft)				12.5		12.5		12.5		12.5

		Design Solids Sp. Gr. =		2.43		Calculated						Dirty Backwash Tank surface area (sf)				208		2,919		2,206		1,103

		Filter Design Parameters						1 in BW gpm/sf=		4.57		Lime Slurry Concentration (wt%)				15		20		20		20

		Type to be Used (Gravity or Pressure) =		Gravity		Assumed						Lime Slurry Feed Rate (gpm)				162		339		142		71

		Design Unit Filter Loading w/ all in Service (gpm/sf) =		4.00		From experience						Lime Consumption (ton/d CaO) at assumed purity				121		348		146		73

		Design Number of Vessels =		8				UFRV =		1,598		Thickener Feed Flow Rate (gpm)				26,022		18,241		15,280		7,640

		Design Backwash Rate (gpm/sf)		11.67		Simplification equiv to 15  gpm x 5 min + 10 gpm x 10 min						Filter Feed Flow Rate (gpm)				1,423		14,976		11,317		5,659

		Design Backwash Frequency (#/d)		4.12		Iterate to obtain target UFRV						Effluent Flow Rate (gpm)				1,245		13,006		9,829		4,914

		Design Backwash Duration (min/event)		15								Max Polymer Dose (mg/L)				5.0		5.0		5.0		3.0

		TSS in Filter Feed (mg/L)		15								Polymer Use (lb/min)				1.09		0.76		0.64		0.19

		TSS in Filtrate (mg/L)		0		Assumed, approximate						Polymer use (lb/d)				1,563		1,096		918		275

		Design Max Solids Loading (lb/sf)		0.2		Max recommended by P Mueller

		Design Unit Filter Run Volume, UFRV (gal/sf)		1598

		Filtrate-to-Waste time (min)		0.0		Assumed, but to be assessed						Flow balance check: INFL+LS+SA-WS = EFFL				1251		13024.8		9,836		4,918

		Calculated Composite Values to Plant										Variance [%]:				-0.52		-0.1		-0.1		-0.1

		Composite Influent Flow (gpm) =		3302

		Composite Solids Formed (lbs/gal) =		0.1725

		Composite Lime Demand (lbs Ca(OH)2/gal) =		0.0672		At assumed purity and utilization efficiency

		Composite Soda Ash Demand (lbs Na2CO3/gal) =		0.0000

		Composite Ferrous Iron (mg/L) =		201.7

		Composite Manganese (mg/L) =		101.7

		Calculated Loads to Plant

		Solids Formed Load (lbs/min) =		569.5

		Lime Demand (lbs/min) =		222.0

		Soda Ash Demand (lbs/min) =		0.0

		Ferrous Iron Load (lbs/min) =		5.55

		Manganese Load (lbs/min) =		2.80

		Calculated Design Loadings & Flows to Plant

		Design Plant Solids Loading (lbs/min) =		569.5

		Design Solids Formed for Recycle Design (lbs/min) =		569.5

		Design Hydraulic Loading (gpm) =		3,302

		Design Influent Water Mass Rate (lb/min)		27,540

		Design Ferrous Loading (lbs/min) =		5.55

		Design Manganese Loading (lbs/min) =		2.80

		Design Lime Demand (lbs/min) =		222.0

		Design Soda Ash Demand (lbs/min) =		0.0

		Lime System Calculations

		Lime Slurry % Solids =		15

		Ca(OH)2 Demand (lbs/min) =		222.0

		Ca(OH)2 Solids Flow Rate (gpm) =		11.33

		CaO Demand (lbs/min) =		168

		Slaking Water Flow Rate (gpm)=		6.48

		Dilution Water Flowrate (gpm)=		150.9

		Dilution Water Mass Flow Rate (lbs/min) =		1,258

		Total Lime System Water Needs (gpm) =		157.3

		Lime Slurry Flowrate (gpm) =		162.2

		Lime Slurry Specific Gravity (S.G.) =		1.094

		Soda Ash System Calculations

		Soda Ash Slurry Solution wt% =		10

		Na2CO3 Demand (lbs/min) =		0.0

		Na2CO3 Solids Flow Rate (gpm) =		0.00

		Solution Water Flow Rate (gpm)=		0.0

		Solution Water Mass Flow Rate (lbs/min) =		0

		Solution Mass Flow Rate (lbs/min) =		0.0

		Soda Ash Solution Flowrate (gpm) =		0.0

		Reactor A - Lime/Soda Ash/Sludge - Calculations

		Residence Time (min) =		3.0

		Working Volume (gal) =		67574

		Diameter (ft) =		22.6

		Height of Liquid Surface (ft) =		22.6

		Freeboard Height (ft) =		3

		Total Sidewall Height (ft) =		25.6

		Mixer Horsepower (Hp) =		135.1		Uses 2 Hp/1000-gal

		Total Input Solids Mass Rate (lbs/min) =		5,918		LD+Recycle+SA demand

		Total Input Solids Flow Rate (gpm)=		292.6		LD+Recycle+SA demand

		Total Input Water Mass Rate (lbs/min) =		185,415		LD+Recycle+SA demand

		Total Input Water Flow Rate (gpm) =		22,232		LD+Recycle+SA demand

		Total Input Mass Rate (lbs/min) =		191,333

		Total Input Volume Flow Rate (gpm) =		22,525

		Reactor % Solids (wt%) =		3.1

		Reactor Solids Concentration (mg/L) =		31,512

		Reactor Fluid Specific Gravity (S.G.) =		1.02

		Reactor B [Neutralization/Oxidation Reactor] Calculations

		Influent Flow Rate (gpm) =		3,302

		Influent Solids Mass Rate (lbs/min) =		347.5

		Calculated Sp. Gr. of dry Solids =		2.48

		Influent Solids Flow Rate (gpm) =		16.814

		Influent Water Flow Rate (gpm) =		3,285

		Influent Water Mass Rate (lbs/min) =		27,400

		Total Input Solids Mass Rate (lbs/min) =		6,265		Infl + Rctr A + Filter Sys return

		Total Input Solids Flow Rate (gpm)=		309		Infl + Rctr A + Filter Sys return

		Total Input Water Mass Rate (lbs/min) =		214,300		Infl + Rctr A + Filter Sys return

		Total Input Water Flow Rate (gpm) =		25,696		Infl + Rctr A + Filter Sys return

		Total Input Mass Rate (lbs/min) =		220,566

		Total Input Volume Flow Rate (gpm) =		26,005

		Number of Reactors (#) =		2

		Total Design Residence Time (min) =		30

		Working Volume Per Reactor (gal) =		390,074

		Reactor Diameter-each (ft) =		44.6

		Reactor Liquid Height (ft) =		33.4

		Freeboard Height (ft) =		4

		Total Sidewall Height (ft) =		37.4

		Mixer Horsepower Per Reactor (Hp) =		390		Uses 1.0 Hp/kgal

		Calculated Solids Formed (lbs/gal) =		0.172

		Reactor % Solids (wt%) =		2.8

		Reactor Solids Concentration (mg/L) =		28,899

		Specific Gravity of Reactor Contents =		1.017

		Thickener Calculations

		Feed Solids Mass Loading (tons/day) =		4,511

		Feed Solids Mass Loading (lbs/min) =		6,265		SF load +SRR*SF for recycle + Filter Sys return

		Feed Solids Flow Rate (gpm) =		309.4

		Feed Water Loading (lbs/min) =		214,441		Infl+Lime+SA+Sludge Recycle+Filter Sys (does not include sludge dewatering or polymer water)

		Feed Water Flow Rate (gpm) =		25,712

		Total  Feed Flow Rate (gpm) =		26,022

		Total Feed Mass Loading (lbs/min) =		220,706

		Feed % Solids (wt%) =		2.8

		Feed Solids Concentration (mg/L) =		28,879

		Feed S.G. =		1.016

		Dilution Water to Dilute Feed to 10 wt% Solids (gpm) =		-18,951

		Total Required Solids Loading Surface Area (sf) =		45,109

		HRT based on Thickener surf area (min)		156		excludes cone bottom

		Single Thickener Solids Loading Diameter (ft) =		240

		Required Diameter for Each of Two Thickeners (ft) =		170

		Clarifier Overflow Rate  Surface Area (sf) =		2,846

		Single Clarifier Overflow Rate Diameter (ft) =		60

		Required Diameter for Each of Two Clarifiers  (ft) =		43

		Underflow Solids Concentration (wt%)=		3.0

		Total Underflow Rate (gpm) =		24,599

		Total Underflow Solids Mass Rate (lbs/min) =		6,265

		Total Underflow Solids Flow Rate (gpm) =		309

		Total Underflow Water Flow Rate (gpm) =		24,289

		Total Underflow Water  Mass Rate (lbs/min) =		202,572

		Underflow Specific Gravity (S.G.) =		1.02

		Total Waste Sludge Solids Mass Rate (lbs/min) =		570		continuous rate; batch will be higher

		Total Waste Sludge Solids Flow Rate (gpm) =		28.1		continuous rate; batch will be higher

		Total Waste Sludge Water Mass Rate (lbs/min) =		18,415		continuous rate; batch will be higher

		Total Waste Sludge Water Flow Rate (gpm) =		2,208.0		continuous rate; batch will be higher										91.6

		Total Waste Sludge Total Flow Rate  (gpm) =		2,236.2		continuous rate; batch will be higher		12189.4		m3/d						8.4

		Total Waste Sludge Total Mass Rate (lbs/min) =		18,985		continuous rate; batch will be higher

		Effluent Flow Rate (gpm) =		1,423

		Effluent Water Mass Rate (lbs/min) =		11,869		Feed-TU

		Solids Recycle Lines Calculations

		Thickener Recycle

		Total Thickener Recycle Solids Mass Rate (lbs/min) =		5,696

		Total Thickener Recycle Solids Flow Rate (gpm) =		281.2

		Total Thickener Recycle Water Mass Rate (lbs/min) =		184,157

		Total Thickener Recycle Water Flow Rate (gpm) =		22,081

		Total Thickener Recycle Mass Rate (lbs/min) =		189,852

		Total Thickener Recycle Flow Rate (gpm) =		22,362

		Thickener Recycle % Solids (wt%) =		3.0

		Thickener Recycle Solids Concentration (mg/L) =		30,550

		Media Filters Calculations

		Filter Feed Flow (gpm)		1,423

		Total Filter Area Req'd - all in service (sf)		356

		Number of Filters =		8

		Surface Area/Filter (sf)		44

		Unit Filter Loading w/ all in Service (gpm/sf)		4.00

		Unit Filter Loading w/ one in BW mode (gpm/sf)		4.57

		Diameter per Vessel if Pressure (ft) =		7.5

		Length per Filter if Gravity (ft) =		25.0		Selected

		Width per Filter if Gravity (ft) =		1.8

		BW frequency (#/d)		4.12

		Filter run time (h)		5.83

		Calculated UFRV (gal/sf)		1,598		Check against design UFRV

		UBWV (gal/sf)		175		Unit BW volume

		BW Volume (gal/event)		7,783		1 filter, 1 BW

		Total Daily BW vol (gal/d) =		256,514

		BWR Water Flow Rate (gpm)		178		Average over a 24-hour day

		BWR Water Mass Rate (lb/min) =		1,486		Average over a 24-hour day

		BWR Solids Flow Rate (gpm)		0.01		Average over a 24-hour day

		BWR Solids Mass Rate (lb/min)		0.18		Average over a 24-hour day

		BWR Total Flow Rate (gpm)		178		Average over a 24-hour day

		BWR Total Mass Rate (lb/min)		1,486		Average over a 24-hour day

		BWR Percent of Influent Flow Rate (vol%) =		5.4

		Filter-to-Waste Time (min)		0

		Filter-to-Waste Volume per BW cycle (gal/BW)		0

		Total Daily Filter-to-Waste Volume (gal/d)		0

		Filter-to-Waste Water Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Water Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Solids Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Solids Mass Rate (lb/min)		0		Average over a 24-hour day

		Filter-to-Waste Total Flow Rate (gpm)		0		Average over a 24-hour day

		Filter-to-Waste Total Mass Rate (lb/min)		0		Average over a 24-hour day

		Total Filter System Return Water Flow Rate (gpm)		178		BWR + FTW, avg over 24 h

		Total Filter System Return Water Mass Rate (lb/min)		1,486		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Flow Rate (gpm)		0.01		BWR + FTW, avg over 24 h

		Total Filter System Return Solids Mass Rate (lb/min)		0.18		BWR + FTW, avg over 24 h

		Total Filter System Return Total Flow Rate (gpm)		178.1		BWR + FTW, avg over 24 h

		Total Filter System Return Total Mass Rate (lb/min)		1,486		BWR + FTW, avg over 24 h

		Filtrate Flow Rate (gpm) =		1,245		Average over a 24-hour day

		Filtrate Mass Rate (lb/min) =		10,383		Average over a 24-hour day

		Filter Appurtenances

		Clearwell sizing basis: x =		2		where x = no. of BW volumes

		Clearwell volume (gal)		15,565

		Clearwell volume (cf)		2,081

		Clearwell liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Clearwell total depth (ft)		12.5

		Clearwell surface area (sf)		208

		Dirty Backwash Tank basis: y =		2		where y = no. of BW + FTW volumes

		Dirty Backwash Tank volume (gal)		15,565

		Dirty Backwash Tank volume (cf)		2,081

		Dirty Backwash Tank liquid depth (ft)		10

		Freeboard Height (ft) =		2.5

		Dirty Backwash Tank total depth (ft)		12.5

		Dirty Backwash Tank surface area (sf)		208

		Sludge Dilution Calculations

		Daily Thickener  Volume Wasted (gal/day) =		3,220,087		Not Applicable

		Thickener Waste % Solids (wt%) =		3.0		Not Applicable

		Hours per Day for Sludge Wasting (hrs/day) =		12.0		Not Applicable

		Thickener Waste Flow Rate (gpm) =		4,472.3		Not Applicable

		Thickener Waste Solids Mass Rate (lbs/min) =		1,139		Not Applicable

		Thickener Waste Water Mass Rate (lbs/min) =		36,830		Not Applicable

		Thickener Daily Waste Sludge Water Rate (gal/day) =		3,179,588		Not Applicable

		Diluted Sludge % Solids (wt%)  =		3.0		Not Applicable

		Dilution Water Mass Rate Needed (lbs/min) =		0		Not Applicable

		Dilution Water Flow Rate Needed (gpm) =		0		Not Applicable

		Dilution Water Needed (gal/day) =		0		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gpm) =		4,472		Not Applicable

		Diluted Sludge Flow Rate to Sludge Pond (gal/day) =		3,220,087		Not Applicable

		Sludge Pond Calculations

		Daily Volume Received (gal/day) =		3,220,087		Not Applicable

		Received % Solids (wt%) =		3.0		Not Applicable

		Daily Volume Received (CY/day) =		15,934		Not Applicable

		Residual Water in Dewatered Pond Sludge (lbs/day) =		546,758		Not Applicable

		Water Removed While in Pond (gal/day) =		3,114,030		Not Applicable

		Water Removed While in Pond (gal/min) =		2,163		Not Applicable

		Daily Pond Accumulation Rate (CY/day) =		525		Not Applicable		401.5		m3/d

		Daily Pond Accumulation Rate (lbs/day) =		1,366,895		Not Applicable

		Dewatered Sludge Unit Weight (lbs/cf) =		96		Not Applicable

		Aeration Requirements and Blowers Calculations

		Ferrous Iron Loading (lbs/min) =		5.6

		Manganese Loading (lbs/min) =		2.8

		Oxygen Demand (lbs/min) =		1.6

		Oxygen Demand (moles/min) =		23

		Air Volume Requirement (cfm) =		97

		Design Oxygen Transfer Efficiency (%) =		15

		Air Flow Requirement (scfm) =		646

		Air Flow Requirement Per Reactor (scfm) =		323

		Air Flow Rate per Blower (scfm) =		323

		Depth to Sparg Point (ft) =		30

		Gauge Pressure at Sparger Depth (psi) =		13

		Absolute Pressure At Sparger Depth (psi) =		28

		Minor "Headloss Pressures" Assumed at 2 psi =		2

		Total Gauge Pressure (psi) =		15

		Total Absolute Pressure (psi) =		30

		Theoretical Adiabatic Hp Per Blower (Hp) =		16

		Assumed Blower Efficiency = 60%=		60

		Shaft Horsepower Required per Blower (Hp) =		27
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Conventional at 3% Solids

Relative Sludge Volume



HDS at 30% Solids



Negatives of Conventional Lime 
Treatment

 Creates very small particles (sludge) 

 Particles difficult to settle

 Sludge is mostly water, typically 97-99%

 Sludge takes considerable disposal space

 Equipment prone to scaling
– Scale caused by chemical precipitation due to super-

saturation. This is different than “caking” due to drying
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Source: S.T. Herman
© 2021 Jacobs all rights reserved

Conventional Lime 
Treatment

HDS Lime 
Treatment



Development of the First HDS Plant 
by Bethlehem Steel

Source: F.M. Temmel, 1971
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Part 2: Process Basics

 Topics Covered:
– How and why HDS works
– Basic design concepts
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The “Key” to HDS

 Sludge recycle with lime 
(hydroxide) coating
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The 5 Basic HDS Steps
 Step 1: Recycle sludge to small 

mixed tank (A Reactor)
 Step 2: Add lime to the tank
 Step 3: Mix lime/sludge with 

mine water in Reactor B and 
aerate if needed

 Step 4: Settle sludge 
 Step 5: Repeat Steps 1 – 4
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Inside Reactor A 
(Sludge/Lime Mix Tank)

Sludge Particle

Lime 
Coating 
(hydroxide)

Idealized Sludge 
Particle
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Representation of Conventional Ferric 
Hydroxide Particle with Attached Water

Source: S.T. Herman

Reactor A  
removes the 
water so 
particles can 
grow
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Inside Reactor B

Sludge Particle

New layer 
of sludge

Idealized Sludge 
Particle

Particles “grow” with every recycle
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Inside Reactor B 

Sludge ParticleIdealized Sludge 
Particle

Probe pH = 8

~
pH = 8.5

~

pH = 9

~
Effective 
HDS pH for 
metal 
precipitation
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Sludge 
Particle
Idealized 

HDS 
Particle

Sludge 
Particle
Idealized 

HDS 
Particle

Sludge 
Particle
Idealized 

HDS 
Particle

Sludge 
Particle
Idealized 

HDS 
Particle

Inside Reactor B 

Non-HDS 
Particles

We do NOT want non-HDS particles because they 
will attract new precipitates—we want the new 
precipitates to grow on the HDS particles
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Thickener 
of the HDS process

 Purpose
– Performs solids settling and sludge thickening

 What Happens
– Solids flocculate (combine) in the centerwell, 

then settle to the bottom, usually assisted with 
polymer flocculant

– Bottom solids gradually compress (thicken) due 
to gravity

– Rake gently stirs to release water and push 
solids to center for pumping
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Clarification and Thickening Occur in Same Tank

Source: 
Sawyer/McCarty, 
1978

Idealized Settling 
“Zones” in Lab 
Cylinder

Idealized Settling 
“Zones” in 
Thickeners
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Solids Recycle Ratio 
(SRR)

 SRR = solids made ÷ solids recycled
 How Much Sludge to Recycle?

– Need enough for lime adsorption
– Solids recycle ratio (SRR) commonly used

 “Typical” SRRs between 20:1 and 50:1

 Best determined from pilot test
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HDS Pilot Test Setup
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Thickener

Influent 

Reactor A

Reactor B

Lime 
Slurry 

Influent

Air

Recycle sludge

Lime



SRR Continued

 Careful!
– SRR is a convenient “surrogate” for required surface 

area for lime adsorption

– Mathematically speaking, could recycle a handful of 
lead bowling balls and meet the SRR “number”, but it 
won’t work

– For the same SRR, recycling a denser sludge at a low 
flow rate is much better than a lighter sludge at a high 
flow rate
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Part 3: Major Component Design

 Topics Covered:
– Reactor A
– Reactor B
– Thickener
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Reactor A
(Sludge/Lime Mix Tank)
 Keys for Success:

– Free discharge of lime and sludge into tank
– Short retention time (1 to 5 minutes)
– Baffles
– Lots of freeboard
– Lots of mixing
– Open top with easy visual access
– Hose with spray nozzle for frequent washdown
– Very short and steep discharge to Reactor B

© 2021 Jacobs all rights reserved



Reactor B 

 Keys for Success:
– pH selection
– 30 to 40 minutes retention time typical
– Baffled
– Aeration for ferrous iron and manganese
– Ample mixing
– Ample freeboard
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Thickener

 Keys for Success:
– Sizing (diameter) based on either clarification or 

thickening
– Anionic polymer flocculant often used
– Thickening diameter often is largest
– Sidewall height typically 10 – 12 feet
– Open trough feed to feedwell for washdown
– Underflow tunnel for sludge pumps
– Ample torque
– Rake lift © 2021 Jacobs all rights reserved



Part 4: HDS Plant Photos
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Iron Mountain Mine HDS Plant
California
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Resolution Copper 
HDS Plant

Arizona
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Argo Tunnel HDS Plant
Colorado

© 2021 Jacobs all rights reserved



Thank You
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 Questions?

Jim Stefanoff, P.E., P.Eng.
999 W. Sprague Ave., Suite 500

Spokane, WA 99201
Phone: 509-981-5015

Jim.Stefanoff@jacobs.com
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