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Mr. Neil Armingeon 
St. Johns Riverkeeper 
2800 University Blvd. N. 
Jacksonville, FL 32211 
 
February 2, 2011 
 
Re: Peer Review 
Technical Memorandum No . 3 / Brown and Caldwell 
Wastewater Management Alternatives Evaluation 
Georgia Pacific Pulp and Paper Mill / Palatka / Florida 
 
Dear Mr. Armingeon, 
 
Please find attached the Peer Review of the GP report per our agreement. As you 
know, we have contracted with Robert M.  Hayes, Ch.E., C.R.E.A, emer., of Hayes-
Bosworth, Inc., to utilize his knowledge an d expertise within the pulp and paper 
and industrial wastewater treatment indust ries to conduct this Peer Review and 
report his findings. 
 
We trust that you will find his review both  thorough and helpful in moving forward 
with your pursuit of findin g mutually beneficial and innovative technologies that 
will provide solutions for protecting and restoring the St. Johns River. 
 
Best regards, 
 

 
  
Phyl Kimball 
President 
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                                                                                    5 January 2011 

 
Mr. Phyl Kimball 
Greenovative Engineering and Design Inc. 
2030 State Road 60 
Bartow, Florida    
 
Re: Peer Review 
       Brown and Caldwell Technical Memorandum No.3 
       Wastewater Management Alternatives Evaluation 
       Georgia Pacific Pulp and Paper Mill / Palatka / Florida  
 
Dear Sirs: 
 
 Please accept this Peer Review of Brown and Caldwell’s evaluation of wastewater 
management alternatives for the Georgia Pacific pulp and paper mill in Palatka, Florida. 
 
 The stated objective of that evaluation was a feasibility determination of the capability of 
various selected technical alternatives in regard to compliance with specific Florida Department 
of Environmental Protection (FDEP) effluent discharge standards. Brown and Caldwell 
completely failed to achieve that objective.  
 

Brown and Caldwell’s competency, capability and expertise in waste-water technology 
was evident throughout the memorandum, as was their unfortunate, clearly evident deficiency in 
chemical engineering knowledge and experience – a deficiency that predestined the evaluation to 
its inevitable failure.   

 
 We are left with a serious question of why it was considered worthwhile to explore 

additional technologies for a Georgia Pacific effluent discharge treatment system already 
adjudged exemplary by the FDEP. But however so, during the course of this peer review three 
important cost-beneficial areas that were not considered by Brown and Caldwell were identified, 
that we respectfully suggest should be seriously considered by Georgia Pacific and the FDEP. We 
hope we will be given an opportunity to discuss those further with Georgia Pacific and the FDEP.  

 
I offer no apology for my criticism of Brown and Caldwell’s Technical Memorandum. 

The quality of the work inspires neither generosity nor delicacy.  
 
 
 
       Sincerely Yours 
 
 
 
       Robert M. Hayes Ch.E, C.R.E.A emer. 
           Hayes-Bosworth Inc. 
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        I. OVERVIEW 

Brown and Caldwell (BC) of Nashville, Tennessee was retained by Georgia Pacific to develop an 

engineering study, evaluating wastewater management alternatives for the Georgia Pacific pulp and paper 

mill in Palatka, Florida. The specific objective of this evaluation was to determine the feasibility and 

capability of selected technical alternatives in maintaining stringent FDEP standards for effluent water 

discharged into Rice Creek. The Brown and Caldwell evaluation, entitled Technical Memorandum No.3, was 

presented to Georgia Pacific Consumer Operations on 15 July 2010. 

St. Johns River-keepers, a privately funded advocacy group, of Jacksonville, Florida has retained  

Greenovative Design & Engineering, LLC, an environmental engineering company headquartered in Bartow, 

Florida to perform a peer review of BC Technical Memorandum No.3; and, recognizing the highly 

specialized chemical engineering knowledge and experience required to satisfactorily perform that peer 

review, Greenovative Design & Engineer, LLC has retained Robert M. Hayes of Hayes-Bosworth Inc. of 

Lakeland, Florida to undertake and deliver an objective technical and economic appraisal of  BC Technical 

Memorandum No.3., with any and all conclusions and/or suggestions supported and substantiated by clear 

reference to such as, but not necessarily limited to: the logic of each alternativeÕs selection, the validity of the 

memorandumÕs basic technical and economic parameters and elements, and the rationality of its individual 

and overall conclusions. 

 

     II. CONCLUSIONS 

II-1. GENERAL COMMENT   

 Brown and CaldwellÕs evaluation was evidently premised originally on a supposition by the 

environmental authorities that the Georgia Pacific pulp and paper millÕs discharge effluent into Rice Creek 

contained unacceptable amounts of certain undesirable constituents. That there may be undesirable 

constituents in the effluent discharge is technically possible; but that they may be present in harmful 

amounts, which really should be the more operative issue, is not substantiated by any data in Brown and 

CaldwellÕs Technical Memorandum No.3. Actually, the original supposition seems effectively refuted by a 

relevant paragraph in the Technical Memorandum: 

 

 ÒThe effluent from Pond 4 [i.e. the millÕs total discharge effluent into Rice Creek] is exemplary 

for a pulp and paper mill biological treatment system of any configuration (average BOD and TSS 

of less than 7 mg/L without tertiary filtration and nominal nutrients). Of eleven “bleached kraft other” 

mills surveyed by NCASI [National Council for Air and Stream Improvement] in 2006, the Palatka 

Mill discharged in its final effluent the second lowest quantity of BOD per unit production (1.33 lbs 

BOD/ton versus a minimum of 1.12 lbs BOD/ton and a mean of 3.06 lbs/ton).” 

               Brown and Caldwell Technical Memorandum No 3, page 10 

 

  Under technology all things are possible, given competent technicians and sufficient money. So 

while improving on this particular ÔexemplaryÕ may be theoretically possible in this case, and its formidably 

expensive cost (an inevitable consequence of such pursuit) might be acceptable; a thorough review of The 
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Technical Memorandum leads irrefutably to the conclusion that the appropriate technical competency 

required in chemistry and chemical engineering was seriously lacking.  

Brown and CaldwellÕs final product document is monumentalÉ. not in content, in size and weight Ð 

55 pages, replete with extraneous, irrelevant contradictory data and information, and superfluously worded 

convoluted conclusions about alternatives that could have been, and should have been, rejected and 

excluded prima facie….; followed by almost 80 pages of thoroughly professional cost estimating, giving rise 

to a serious question of why such thoroughly professional time and effort was expended estimating and 

costing alternatives determined non-feasible in the first 55 pages.  

For example:  Brown and CaldwellÕs statement of objective on the first page of the Executive 

Summary is clear1: selected alternative wastewater technologies2 were to be evaluated to determine if they 

could feasibly reduce harmful constituents in the effluent discharged to Rice Creek to levels established by 

FDEP standards. There was some equivocation about the stringency of those standards3, but apparently 

they were not considered to be absolutely impossible by Brown and Caldwell, at least during early 

meetings4. 

Brown and CaldwellÕs statement that none of the wastewater alternatives evaluated were feasible5 

on the second page is also clear, and seems comprehensively unequivocalÉ,un til it is immediately 

contradicted on the same page5:  

 

ÒThe only wastewater treatment management alternative that was capable of complying 

with the effluent standards (excluding WET) was effluent coagulation and sedimentation followed 

by treatment of a portion of the effluent followed by treatment of a portion of the effluent through 

microfiltration and reverse osmosis.”.  

    Brown and Caldwell Technical Memorandum No.3, page 3 

 

There seems to be a complete lack of concern, or even technical awareness, that treating only a 

portion of the effluent obviously achieves nothing feasibly worthwhile, insofar as the evaluationÕs stated 

objective is concerned. But perhaps, confronted with a lack of any success otherwise it may have been that 

some display of technical initiative was called for. So the formidably prohibitive cost of RO and microfiltration, 

acknowledged repeatedly6 by Brown and Caldwell, was resolved by reducing the high volumetric rate of 

discharge effluent, thereby compounding its irrelevancy. But whatever the reason, the contradiction 

unfortunately exemplifies the Brown and Caldwell Technical Memorandum all too well. 

Brown and CaldwellÕs competency and capability in waste-water treatment is evident throughout 

the memorandum, and there seems to have been an obvious awareness of the challenge. However, there is 

no indication whatsoever in the documentation of an awareness that the challenge required much more. 

Rather, there seems curiously to be a prevailing sense throughout that all of the possible bases have been 

covered in pursuit of an elusive alternative capable of compliance with stringent effluent standards, unique 

.ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ...  
1 Technical Memorandum, Executive Summary, page 2, ÒThe purpose of the evaluation…. and dioxin (i.e. 2,3,7,8 TCDD).” 
2 Technical Memorandum, Executive Summary, page 2, ÒBC met….. December 9, 2009.” 
3 Technical Memorandum, Executive Summary, page 2, ÒThe effluent standards…. in the pulp and paper industry.” 
4 Technical Memorandum, Executive Summary, page 2, ÒBC expressed concern…..ionic composition of water.” 
5 Technical Memorandum, Executive Summary, page 3, ÒThe only wastewater treatment……………reverse osmosis.” 
6 Technical Memorandum, Executive Summary, page 3, ÒTremendous resources would be spent ($280 million…..” 
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only to this plant and never before imposed anywhere else in the world of pulp and paper industry; and that 

the only possible option left is to revisit proven ÔunworkablesÕ to make them workable7.  

 It is respectfully suggested that, faced with a similar challenge, a broader experience in the world of 

pulp and paper and in the much wider world of chemical process industries would be entirely appropriate.  

 

II-2. ATTAINABLE OBJECTIVES 

 No lake or river is ‘pure’ in a chemical or biological sense. It would be no place for fish if it 
were. Our concern with any lake or river is not to keep it strictly ‘pure’, but to keep it ‘clean’. 
 By ‘clean’ we mean: well oxygenated, free from silt, unnatural colours, odours or tastes, and 
untainted by germs of disease of man or animal, or by substances toxic to man, beast, fishes, or 
the living food of fishes. 
 Because living things and the natural processes of decomposition occurring in a lake or river 
compete for the free oxygen in solution, it follows that, when we call for adequate free oxygen, we 
are demanding freedom from an excess of decomposable matter. 
 A reasonable addition of organic waste from farms, factories and cities, so far as it can be 
decomposed without weakening the desired oxygen balance, actually enriches a lake or river. An 
excessive amount lowers the free oxygen content and reduces a lake’s or river’s productivity for 
what we want. 

                                            Robert E. Coker Streams, Lakes and Ponds / 1954  
 
 Is there any technology actually capable of meeting the FDEP standards? Brown and Caldwell 

recognized the difficulty, but they apparently failed to fully consider the fundamental importance of four 

things: 

! Identification and Quantification. 

! Source. 

! Proportionality. 

! Pinch-Point Economics. 

   

II-2a. Identification and Quantification 

The problem is chemical Ð i.e. chemical constituents in the plantÕs effluent discharge that 

are now, or potentially could be, directly detrimental, or harmful, to the aquatic plant and animal life 

of Rice Creek and the St. JohnÕs River. The solution is chemical removal and/or reduction, which 

cannot be achieved unless the chemicals to be removed or reduced are precisely identified and 

quantified. 

The Technical MemorandumÕs Executive Summary unnecessarily Ôbroad-brushesÕ 

Òparticulates, iron, color, specific conductance, whole effluent toxicity (WET) and dioxin (i.e. 2, 3, 7, 

8 TCDD).Ó8 What particulates? It seems later that aluminum is a constituent of concern; and 

aluminum is one of the most conductive of all metals. So why specific conductance (the effect) and 

not aluminum (the most probable cause)? And what specifically is the chemical cause of effluent 

toxicity as it applies here? Dioxin? Implied, not specified, and more curiously probably a non-issue 

as it turns out later.9  

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ 
7 Technical Memorandum, 4. Alternatives Selected for Further development page 20 
8 Technical Memorandum Executive Summary. Page 2, ÓThe purpose of the evaluation…and dioxin (1.e 2,3,7,8 TCDD).” 
9 Technical Memorandum, pages 15,16 ÒSince the implementation.”,  ÒSince there is no..”, Òin which detectable….”  
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Quantitative numbers are presented copiously throughout the memorandum, but they 

contribute little to developing the adequate physical and chemical data required. Without precise 

full-spectrum qualitative-quantitative physical chemical analysis of the effluent discharge, or of any 

significant effluent treatment point from the primary clarifier inflow through Pond 4, any conclusion 

about any treatment technology whatsoever should be considered speculative and questionable at 

best. Brown and Caldwell seemed either technically unconcerned with, or unaware of, the 

fundamental importance of full-spectrum physical and chemical analysis precision. 

 

  II-2b. Source 

Trying to remove or reduce specific effluent discharge constituents as they are Ôshooting 

outÕ  in massive volumetric flows from Pond 4 into Rice Creek is like trying to hook catfish in a fast-

flowing Mississippi River during spring-time floods.  

Presupposing they are justifiably constituents of concern, and that they are present in 

quantities that can be justifiably considered immediately or cumulatively harmful or detrimental, 

determining exactly where they came from and what produced them, then resolving the problem at 

that point has always proven far more feasible. 

Aluminum was identified as a constituent of concern several times in the Technical 

Memorandum, and it was specifically noted as the Òprimary constituent in WET toxicity.”10 There is 

only one source of aluminum in Palatka Ð alum, Al2SO3. There are only three places alum is 

introduced Ð the plantÕs main water-treatment plant, the primary clarifier and the treatment ponds. 

Iron (Fe, Fe2SO3), another constituent of concern, is also introduced in those three places.  

The aluminum issue and its resolution are discussed more thoroughly in III-4 Alum vs. 

PACl.  It is considered sufficient here to observe that, although aluminum was mentioned frequently 

throughout the Technical Memorandum, there is nothing significantly addressing its resolution, nor 

is there sufficient chemical analytical data and information to support the premise that Pond 4 

effluent discharge is realistically the appropriate point of resolution. 

However so, even if aluminum in the effluent discharge may not be an immediate problem, 

aluminum as a potential problem in legacy solids that is best addressed directly at Pond 1 by the 

dredging approach described later  in II-3, IV-3, IV-4 and IV-6..  

 

 II-2c. Proportionality 

 If we accept what seem to be Georgia PacificÕs figures (and we do) Pond 4 effluent 

discharged into Rice Creek averages 6.7 mg/l(milligrams/liter) of TSS11 (total suspended solids), or 

in more familiar units Ð 0.000056 lbs/gal (pounds per gallon), or 0.000056 pounds of suspended 

solids in 8.34 pounds of waterÉ.., or 6.5 tons of suspended solids in 95,910 tons of water 

discharging into Rice Creek every day, using Brown and CaldwellÕs oft-stated unchanging 23 

MGD12 discharge rate (see III-1, pages 12,13). 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ.. 
10 Technical Memorandum 5.13 Dewatering Water Treatment Plant Sludge Separately, pg 47, ÒThe primary... aluminum” 
11 Technical Memorandum 2. Parameters of Interest, page 11, Table 2-1 Wastewater Treatment System Performance 

12 Technical Memorandum, Figure 1-1. Broad Water Balance for Palatka Mill 
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If the suspended solids (TSS) were the only constituent other than water (which obviously 

it is not), TSS would be only 0.0068% of the total weight of the effluent discharge, and the effluent 

water discharging into Rice Creek would, therefore be 99.9932%....... ÔcleanÕ. 

Another example: Primary ClarifierÕs inlet flow averages 440 mg/l TSS13 Ð 0.0037 lbs/gal Ð 

and the effluent discharge into Rice Creek averages the previously calculated 0.000056 lbs/gal 

TSS.  

So, GPÕs primary clarifier and pond treatment system is removing approximately (on 

average) 98.5% of all of the suspended solids coming from the plant. By any chemical engineering 

standard, 98.5% capture and removal for this type of system is tremendous efficiencyÉ., unless, of 

course, the remaining 1.5% is harmful or detrimentalÉ., which is nowhere indicated in the 

Technical Memorandum.   

There might have then been very good cause for searching for feasible alternatives, but 

without substantiation Ôgood causeÕ is nothing more than speculation. 

 

II-2d. Pinch-Point Economics 

If we assume that 98.5% capture and removal costs $50 million (only for example), 

99.25% capture and removal (half-way to 100% purity) will generally cost another $50 million. And 

another half-step to 99.625% will quite reliably cost another $50 million, or even more. 

If we are dealing with certain chemical elements and/or chemical compounds that may be 

immediately or cumulatively harmful, detrimental, or even lethal, even in microscopic amounts (eg. 

uranium and plutonium) exponentially spiraling costs are certainly justified.  In this Georgia Pacific 

case, we respectfully suggest, however, that a much more objective and thorough analysis of the 

nature of ÔsuspectÕ chemical elements and/or compounds, followed by a much more objective and 

thorough feasibility analysis of the associated ÔreasonableÕ cost is sorely required.  

Is the objective a ÔcleanÕ effluent discharge into Rice Creek, or a ÔpureÕ effluent discharge 

into Rice Creek? Georgia PacificÕs ÔexemplaryÕ performance14 in this regard leaves little doubt that 

Georgia Pacific is maintaining ÔcleanÕ; but the cost of improving on ÔexemplaryÕ,  ÔpurityÕÉ..? Res 

ipsa loquitor Ð the thing speaks for itself. 

Brown and Caldwell was correct concerning the stringency of applicable FDEP 

standards15. They are stringent, but exception must be taken to the statement that such stringency 

has not been imposed consistently and collectively elsewhere in the pulp and paper industry16. 

It has been previously suggested that a broader experience in the world of pulp and paper 

and in the much wider world of chemical process industries would be entirely appropriate. There 

are in fact a number of contrary examples around the world Ð the pulp mill in Port Hawkesbury, 

Halifax with Stora-KopparbergÕs ultra-bleaching is a good pulp and paper example; and almost any 

chemical process industry on a significant estuary in the United States or Northern Europe that 

involves refining, catalytic reforming, distillation or chlorination. 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ 
13  Technical Memorandum 2. Parameters of Interest, page 11, Table 2-1 Wastewater Treatment System Performance 
14 Technical Memorandum, page 10, ÒThe effluent from Pond 4 is exemplary……….. in 2006” 
15 Technical Memorandum Executive Summary, page 2, ÒThe effluent standards imposed….. 
16 Technical Memorandum Executive Summary, page 2,...elsewhere in the pulp and paper industry.” 
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II-3. LEGACY SOLIDS REMOVAL 

The Technical Memorandum describes Georgia PacificÕs treatment-pond management program 

extensively Ð sedimentation zones, aeration, baffling, operating depths and the like. About 30% of the 

Executive Summary discusses control of solids resuspension17 and almost half of the internal Summary18. 

Both maintain curiously that wind and rain causes ÔelevatedÕ suspended solidsÕ 3 days every 2 years19.    

An explanation offers that ÒThese increases may be due to solids resuspension.”20É. which is, of 

course, the only rational explanation technically Ð high wind and rain can Ôstir upÕ settled solids and ÔelevateÕ 

them up into the water and complicate re-settling. But the phrase Ômay be due’ is still troubling. Certainly 

Brown and Caldwell cannot be implying that wind and rain, external forces of nature, are creating new solids 

out of nothing. Certainly not, except their Technical Memorandum does indicate exactly that later on21 - 

approximately 355 pounds of new suspended solids appear out of nothing in Pond 2; and the figures are 

accepted without any question or explanation whatsoever. (see IV-3 Primary Clarifier and Treatment Ponds 

Solids-Water Balance, Peer Review Diagram 3, page 24). 

Nonetheless, Brown and Caldwell identified Dredging legacy solids from ponds 1, 2, 3 and 4 as an 

alternative that should be studied further ÐÐ although its criticality was seriously compromised by prioritizing 

it fifteenth on a list of fifteen other alternatives.22 In our view, it should have been prioritized 1st.  

 

II-3a. Rationale 

The primary technical function of the four treatment ponds is to collectively interdict and 

settle out undesirable constituents not removed in the primary clarifier; and as discussed previously 

their performance is exemplary. However so, they have, for many years, also served as a 

repository of undesirable constituents, an aquatic dump for material of absolutely no value 

whatsoever. And as the years pass, the material keeps building up, imposing more and more 

demands for added spaceÉÉ and  increasingly effici ent mechanisms (i.e. aeration and baffling) to 

enable more and more solids settling.  

So these ponds, the last barrier between the plant and Rice Creek and the St. Johns 

River, are essentially the environmental insurance policy; and just like fire, flood and hurricane 

insurance, the cost is an inevitable, unavoidable cost of operation. Is it not? Certainly.  And just like 

other types of insurance, that cost can and should be reduced.  

One of the most troubling things in the Technical Memorandum was that with all of its 

wide-ranging evaluation and investigation, with all its concentration on preserving and ÔtweakingÕ 

the treatment pondÕs status quo, nowhere in almost 150 pages is there any definitive technical 

recognition that the legacy solids in the ponds are waste material with absolutely no value 

whatsoever; and that ÔpreservingÕ them in the aquatic dump (which is exactly what all of the 

mechanisms and all of the discussions on mechanism improvement is) is nothing more than 

treating them as if they were money in a bank drawing interest. 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ.. 
17 Technical Memorandum Executive Summary, page 3, ÒAll ponds experienced…. Contributed by upsteam ponds.” 
18 Technical Memorandum 6. Summary, page 51, ÒAll ponds experienced….. solids contributed by upsteam ponds.” 
19 Technical Memorandum Exec Summary, pg 3,ÓThis simultaneousÉÓ; Summary, pg 51, ÒThe impact of…..”  
20 Technical Memorandum 6. Summary page 51, ÒThese increases…… re-supension.” 
21 Technical Memorandum 2. Parameters of Interest, Table 2-1 Wastewater Treatment System Performance, page 11 
22  Technical Memorandum 4. Alternatives Selected for Further Development, page 20 
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Moreover, there seems to have been no definitive recognition of, or concern about, the 

amount of collected residual aluminum in the ponds, in spite of a very definitive statement in the 

Technical Memorandum that leaves no latitude whatsoever23: ÒThe primary constituent identified in 

WET toxicity has been soluble aluminum.” 

Nor was there any perceivable awareness whatsoever anywhere in the Technical 

Memorandum that using alum (Al2SO3) for solids settling in the treatment ponds adds aluminumÉ. 

which considering Brown and CaldwellÕs criticism of the WET standardÕs stringency24 does seem at  

the very least an unfortunate lapse of coherency, does it not. In fact the Technical Memorandum 

actually recommends and endorses the practice in a number of statements. 

And what of dioxin, which was also identified as a constituent of serious concern25? 

What happens if the ponds flood and ÔburpÕ into Rice Creek during a hurricane?  

The obvious solution, taking everything into consideration, is dredging and conversion of 

legacy solids to a viable cake for immediate and efficient removal, which can be done with optimum 

cost-benefit to Georgia PacificÕs as described in the following sub-sections. It seems 

incomprehensible that this, the most viable alternative, was prioritized 15th, almost as an 

afterthought. 

 

II-3b. Quantification 

How much legacy solids is there in the ponds? Brown and CaldwellÕs prioritizing pond 

dredging 15th seems to indicate a sense that quantification wasnÕt worthwhile. We do not agree. 

The following are calculated estimates for each treatment pond (see the calculations, IV-4. Legacy 

Solids Quantification and Estimating, pages 26 and 27). 

. 

 

 

 

 

 

 

 

 

 

It is not surprising that Pond 1 settles out and retains so much, but given the figures that is 

what is indicated; and considering the probable settling characteristics of a composite of possible 

insolubles (solids), it does not seem unreasonable. It is, however, somewhat surprising that Pond 2 

retains so little in proportion to Ponds 3 and 4, but once again, given the figures that is what is 

indicated. Therefore, at least until better data and information are available, Pond 1 is the optimum 

dredging location 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ.. 
23 Technical Memorandum 5.13, page 47, ÒThe primary constituent……been soluble aluminum.” 
24 Technical Memorandum Executive Summary, page 3, ÒÉ..the effluent standards are exceedingly stringent….”  
25 Technical Memorandum executive Summary, page 3, ÒThe purpose…whole effluent toxicity(WET), and dioxin…” 

        Georgia Pacific Pulp and Paper Mill / Treatment Ponds / Legacy Solids Estimate 

     Surface           Operating          Operating     
       Area                Depth      Volume       Quantity 

Pond 1 510.41 acres       5.8 feet 128,960,000 ft3 68,930 db tons 

Pond 2 183.94 acres       3.3 feet   26,440,000 ft3      760 db tons 

Pond 3 139.67 acres       3.3 feet   20,080,000 ft3   1,270 db tons 

Pond 4   99.45 acres       7.2 feet   31,190,070 ft3   1.600 db tons 

Totals 933.47 acres           NA           206,670,070 ft3        72,560 db tons 
 



Peer Review by R.M. Hayes / Hayes-Bosworth Inc Ð Revision 1 Ð February 2, 2011 
Brown and Caldwell Technical Memorandum No.3 
Wastewater Management Alternatives Evaluation 
Georgia Pacific Pulp and Paper Mill, Palatka, Florida 
 

   

11

 II-3c. Criteria 

Brown and Caldwell applied 23 MGD to every alternative, almost 16000 gpm Ð an 

appreciable hydraulic flow that engenders appreciable capital and operating costs, particularly with 

the alternatives selected for evaluation.  Moreover every 16,000 gpm alternative evaluated had to 

remove microscopic quantities (eg 300-400 mg/l) Ð a tremendous disparity that added to the 

complication.  

The key to a cost-beneficial, feasible dredging solution is hydraulic reduction on a more 

concentrated flow.  Specifically, with a continuous 24/7 dredge pumping rate of 1000 gpm, and 

under the conditions presented later (see IV-6. Viable Legacy Solids Removal / The Hayes FTX/R 

Process System, pages 27, 28 and 29) a CLDWV dredge can remove approximately 6,800 db tons 

of legacy solids per month from Pond 1. And with an assumed 75% dryness the onshore Hayes 

FTX/R (FTX/R) Process System shown conceptually later (see GP Treatment Pond 1 Solids 

Removal / Concept Diagram, page 29), will produce approximately 9,000 tons of dewatered viable 

cake for disposal. Under these conditions and with these rates, Pond 1Õs legacy solids can be 

reduced to acceptable limits in 10 months.  The FTX/R Process System and its CLDWV dredging 

system are proprietary dredging, dewatering and conversion processing technologies, proven in the 

same or equivalent applications.  

Please note the term Ôdewatered viable cakeÕ. 

One of the deficiencies noted in the alternatives evaluated was that disposal of any 

dewatered cake was treated as if disposal was relatively simple and uncomplicated. It is not. 

Trucking large tonnages of soppy wet glop (which was the dewatered condition of almost all of the 

alternatives) to a landfill in Florida is virtually impossible because there are virtually no landfills 

willing to accept the material, and there are no environmental agencies eager to permit. This 

obstacle has been proven repeatedly on lake-muck removal projects throughout Florida in the last 

several years. 

So when we refer to a Ôdewatered viable cakeÕ, we mean a relatively dry cake that can be  

economically trucked and permitted for landfill disposalÉ. or in this Georgia Pacific case may have 

enough organic content to make burning reduction followed by ash disposal viable. 

The latter would, of course, be the optimum method; but without more analysis, it is 

impossible to draw any conclusion at this point.   

 

II-4. RECOMMENDATION 

 Brown and Caldwell concluded that none of the alternatives evaluated proved technically and 

economically capable of feasible compliance with the FDEP standards, including the WET standard, for 

Pond 4 effluent discharge into Rice Creek.  

 Our conclusion is that it was never proven that the effluent discharge into Rice Creek is not 

consistently in compliance with the most stringent environmental standards, including the WET standard. In 

fact, everything in Brown and CaldwellÕs Technical Memorandum reinforces a clear and opposing conclusion 

that Georgia PacificÕs effluent treatment systems are environmentally exemplary; and that any further 

investigation of ways to improve on the exemplary cleanliness of Pond 4Õs effluent discharge into Rice Creek 

are irrevocably  questionable.  
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 Nonetheless, there are three ÔupstreamÕ areas that certainly do, in our view, economically and 

technically justify further investigation and discussion. It might also be noted that each of the three can also 

materially mitigate environmental issues of concern. 

 

1. Pond capacity can be, and should be, restored through dredging and application of the FTX/R 

Process for Muck Removal, the proven proprietary technology described later in IV-6. 

2. Substitution of coagulating polymers for alum and other inorganic coagulants in the millÕs 

wastewater treatment plant and the primary clarifier to optimize the cost of operation, as described 

later in II-5. 

3. No reference was made in the Technical Memorandum to the amount of sludge that certainly must 

have accumulated in the anaerobic sludge lagoon over the years. So it might be inferred that 

Brown and Caldwell did not consider that accumulation is a problem worthy of consideration at this 

time. We do not agree. It is respectfully suggested that consideration of the FTX/R approach may 

be worthwhile. 

 

Therefore, it is recommended that these three areas be discussed in a meeting at Georgia PacificÕs 

and the FDEPÕs earliest possible mutual convenience, and that our proposal in four parts be considered at 

that time: 

                   Part One 

A Feasibility Cost Benefit Study, based on a detailed operational and capital cost comparison of all 

of Georgia PacificÕs current operating costs vs. all capital and operating costs for the FTX/R Process (and 

possible biomass fuel grant opportunities), and a detailed cost-benefit comparison of all of Georgia PacificÕs 

current waste-water treatment and primary clarifier operating costs vs. a detailed cost estimate projecting 

the cost benefit of polymer vs. alum. 

                Part Two 

 A Process Engineering Design Manual based on the FTX/R Process for Removal and Conversion 

of treatment-pond and anerobic-lagoon solids; and on controlled-rate Flocculating-Polymer Injection systems 

for the Georgia Pacific Wastewater Treatment Plant and the Primary Clarifier. 

 

                                 Part Three   

Detailed Engineering and Permitting of the FTX/R Process system and the controlled rate Polymer 

Injection systems, including purchasing and expiditing of the necessary equipment and material. 

 

                                  Part Four 

Erection, Construction and Start-up of the FTX/R Process and the controlled rate Polymer Injection 

Systems. 
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III. COMMENTARY and OBSERVATIONS 

The following commentary and observations are subsidiary conclusions in support of this reviewÕs 

primary conclusions.  They are therefore provided in this separate section to provide a clearer foundation for 

Section I. 

 

III-1. PALATKA PLANT WATER BALANCE 

The Technical Memorandum (TM) provides an aerial photograph on page 7 entitled Figure 1-1. 

Broad Water Balance for Palatka Mill with colored arrows indicating principal water flows in millions of 

gallons per day (MGD). The difficulty with this balance diagram is that the balance is scientifically 

impossible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Peer Review Figure 1 
A Simplified Representation of TM page 7 / Figure 1-1. Broad Water Balance for Palatka Mill 
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Somehow 23 million gallons of water are pumped into the plant from Etonah Creek and Rice Creek, 

23 million gallons of water are pumped through the plant, 23 million gallons of water are pumped through the 

primary clarifier and treatment ponds, and 23 million gallons of effluent water are discharged into Rice 

Creek.É..never changing, ÔimmortalÕ.  

  How much ÔinÕ water is consumed in-plant through normal steam and water losses and paper 

drying? 20%? 30%? Notwithstanding the prima facie irrationality of the alternatives evaluated, Brown and 

Caldwell evaluated every effluent discharge (into Rice Creek) alternative and every cost estimate based on 

23 MGD throughput.  

 The Technical MemorandumÕs cost estimating was completed to the best professional standards. 

Certain individual cost items (eg. polymer and alum unit costs) were open to question, but otherwise it was 

exemplary. The most difficult thing to understand was why alternatives adjudged technically unfeasible 

justified cost estimating at all (properly allowing for plant water consumption) might improve the feasibility of 

any alternative, it wonÕt. 

 

III-2. HYDRAULIC RESIDENCE TIMES 

If Brown and CaldwellÕs calculated HRTs (Hydraulic Residence Times, on page 9 of the Technical 

Memorandum) are to be taken seriously (and we do not, see the calculations IV-5. Hydraulic Residence 

Times, pages 26 and 27), 42 MGD (Million Gallons per Day) enter Pond 1, shrink to 22 MGD in Pond 2, 

diminish a little to 21.5 MGD in Pond 3, and explode to 46.7 MGD in Pond 4. Comment about this 

contraction and explosive expansion in defiance of every physical law concerning waterÕs constancy of mass 

and volume is not here considered necessary. 

 

III-3. EFFLUENT DISCHARGE RE-DIRECTION 

 The Technical Memorandum presents the pipe-line re-direction from mile-marker 3.4 to mile marker 

2.4 as somewhat of a fait accompli.  There is no data or information in support of the re-direction; nor is 

there any data or information which would justify taking issue.  
Insofar as undesirable or harmful constituents in the final discharge effluent, the re-directed pipeline 

in and of itself cannot and will not achieve any elimination or reduction; but there is no indication anywhere 

in the Technical Memorandum that GP has indicated it would. Actually it seems in our view to be directed 

toward best use of water resources through optimizing recycle, which is fairly normal in the pulp and paper 

industry. 

So it must be assumed that GP has that and possibly some other definite reason and purpose; and 

from the quality and caliber of the mitigation actions already taken by GP, and the quality and caliber of data 

and information provided by GP for the Technical Memorandum, it seems reasonable to assume that GPÕs 

reasons and purposes, whatever they may be, must be well-founded. 

 

 

 

 

 

 



Peer Review by R.M. Hayes / Hayes-Bosworth Inc Ð Revision 1 Ð February 2, 2011 
Brown and Caldwell Technical Memorandum No.3 
Wastewater Management Alternatives Evaluation 
Georgia Pacific Pulp and Paper Mill, Palatka, Florida 
 

   

15

III-4. DIOXIN 

 Dioxin (2,3,7,8 tetrachlorodibenzoÐp-dioxin) was identified as one of the primary chemical 

constituents of concern in effluent discharge water. There is a Particulates and Dioxin Section in the Brown 

and Caldwell Technical Memorandum. Particulates Ð suspended pond solids Ð are discussed thoroughly; 

and dioxin in Pond 1 ÔlegacyÕ solids is acknowledged. There are, however two footnotes that should have 

been treated more seriously, stating that dioxin has not been detected since GP implemented chlorine-free 

bleaching 

But effluent is discharged from the treatment ponds, not from the bleaching process. So it follows 

logically that there must be some ÔlegacyÕ, Ôpre-implementationÕ dioxin in the pondÕs legacy solids. How 

much? Probably microscopically small amounts, and most of that must be in Pond 1. So how much of a risk 

is there that a smaller percentage of microscopic amounts may bleed out in the effluent now or later? 

In this regard Brown and Caldwell notes that detectable quantities of dioxin have been measured in 

Pond 1, without providing Ôhow detectableÕ. And an Australian process capable of reducing dioxin is also 

mentioned. It is not clear why the process is considered worthy of mention sans suggestion of further 

exploration. Is Brown and Caldwell thinking of some virtually impossible Ôbleed outÕ risk?  

So, all things considered, it appears reasonable to consider dioxin a non-issue, absent any other 

valid information at this point. Is Ôclosing the dioxin bookÕ justified? Probably not completely; the 

environmental agencies will inevitably continue to maintain dioxin as an issue.    

Dioxin is harmful, but only in accumulation. So until some harmful accumulation somewhere is 

proven, the book can be shelved. But, if Pond 1 legacy solids dredging is implemented, that will essentially 

remove any pre-implementation dioxinÉ. and the book should be closed. 

 

III-5.  ALUM vs. PACL 

 Brown and Caldwell tested ten coagulants (four inorganics and 8 polymers) for color removal in 

Pond 426; and in a separate test, tested six coagulants for color removal from primary clarifier influent.27 Both 

tests included some specific conductance testing. 

The table summarizing the second testÕs results is entitled Jar Test Results Evaluating Coagulation 

and Sedimentation within Existing Primary ClarifierÉ.. So was the test on samples from primary clarifier 

influent, or on samples from within the Primary Clarifier? And was the test a field test or a laboratory jar-test?  

Moreover, color and specific conductance are not direct measures of coagulation and 

sedimentation; they are indicators. They are caused by the material in water. The only way to directly and 

accurately measure coagulation/sedimentation (i.e. clarification-thickening) is through pre-post (before and 

after) qualitative-quantitative chemical and physical analyses of the liquid phase and the solid phase. Thus 

has it ever been.  

Qualitative-quantitative chemical and physical analysis to identify and quantify every constituent 

(Na, Fe, Al compounds, cellulose residuals and the like) at every point of concern should have been 

recognized as an absolutely fundamental foundation requirement for this evaluationÉ.. It was and is 

conspicuous for its omission and absence. 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ.. 
26 Technical memorandum 5. Evaluation Results, page 21 
27 Technical Memorandum 5.2. Coagulation and Sedimentation in Primary Clarifier, Table 5-6. Jar Test Results 
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Brown and Caldwell was on the right track with their polymer vs. inorganic coagulant testing, but 

there seems to have been a lack of important understanding of the significant differences between the two. 

Alum creates sludge.28,29 The Technical Memorandum devotes a great deal of written space to ÔlegacyÕ 

solids and TSS control in the treatment ponds. But there seems to be little grasp that alum actually 

compounds the problem by creating even more insoluble solids 

For example, the Technical Memorandum states that the mill (pond 4 discharge) effluent is 

restricted to a daily average of 5,000 lbs/day TSS during June through November (18 mg/l and 26 mg/l, 

respectively at an unchanging 23 MGD.30  The Technical memorandum also states that the Pond 4 

discharge effluent maintains an average 7 mg/l TSS31 (the exemplary performance). 

So whether or not alum [Al2(SO4)3-14H2O)] creates more insoluble TSS through its formation of 

various insoluble, gelatinous aluminum hydroxides [AlOH, Al8(OH20), and/or Al(OH3)] would not rationally 

seem to be an issue of concern insofar as it may directly effect Pond 4 effluent discharge. 

But that it undoubtedly creates far more insoluble, gelatinous solids (TSS) in the millÕs waste-

treatment plant, in the millÕs primary clarifier, and when added to the treatment ponds than would coagulant 

polymers (eg. polyaluminum hydroxychloride, PACl) should have been recognized to be an issue of serious 

concern that should have been addressed far more adequately and completely in the Technical 

Memorandum. 

This issue is covered in far more detail later.  At this point, it is considered sufficient to observe that 

an appreciable, unnecessary amount of increased insoluble, gelatinous aluminum hydroxide solids is being 

created daily in Pond 1, Pond 2, Pond 3 and Pond 4. 

With so much cost and effort being expended constantly on baffling, aeration, pond levels and the 

like (an intensive GP mitigation program described thoroughly within the memorandum) to control legacy 

solids and primary clarifier solids accumulating daily in the ponds, it seems inconceivable that Brown and 

Caldwell overlooked their clearly presented data, indicating that the pond solids problem might be being 

compounded by the addition of alum and ferric sulfate to the treatment ponds32 Ð a problem that could be 

alleviated tremendously by a polymer (i.e. polymers Ôchunk upÕ existing insoluble solids without creating any 

additionals). 

In fact, Brown and Caldwell actually endorses the problematic practice of charging alum to all the 

ponds several times throughout Technical Memorandum33.  

There are many pros and cons of alum vs. polymer, and advocates for each. But it has been 

generally accepted that the weight of arguments come down in favor of polymers. Further polymer coagulant 

testing is called for and strenuously recommended by this reviewer. There are over three hundred 

coagulating polymers, and an infinite number of flocculation-coagulation applications. Most often, one of the 

three hundred will suffice for a particular application, but it is occasionally necessary to ÔbuildÕ, using two or 

more. Either way testing by polymer experts is absolutely necessaryÉ.. but most emphatically, not by the 

ÔshotgunÕ method described in the Technical Memorandum 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ 
28 Peer Review Attachment 3, The Advance of Water Treatment Technology  
29 Peer Review Attachment 4, PapermakerÕs Alum and Polyaluminum Hydroxychloride (PACl) 
30 Technical Memorandum 2. Parameters of Interest, page 9, ÒThe Mill effluent….. respectively at MGD)” 
31 Technical Memorandum 2. Parameters of Interest, page 10, ÒThe effluent from Pond 4…..nominal nutrients)” 
32 Technical Memorandum 2, Table 2-1 Wastewater Treatment System Performance, TSS mg/l, page 11 
33 Technical Memorandum 5.4. Flocculent Addition to Pond 3 Effluent, page 32 
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III-6. CAUSE and EFFECT 

 No technical problem can be resolved if cause is confused with effect, when the dependant variable 

is confused with the independent variable.  

An undesirable or harmful effect is eliminated or reduced by eliminating or reducing the cause! 

Brown and CaldwellÕs propensity for giving equal weight to cause and effect must be seen as a significant 

contributing factor of the failure. 

Conductance in water (an effect) is created by conductive metal ions in water (the cause). 

Aluminum (one of the most conductive of all metals) in water produces a higher conductance than an equal 

weight of zinc, but 1000 grams of zinc (a far less conductive metal) will produce a much higher conductance 

than 1 gram of aluminum. If the zincÕs conductance is to be reduced to below aluminum conductance levels 

(the desired effect), almost all of the zinc (the cause) must be removed. The degree of conductance 

reduction is a function of zinc removalÉ. obviously not the reverse. 

The same applies to color, which is an effect caused by some material (possibly Fe, iron if red or 

orange) material in the water. But, whether color or specific conductance, the only way to achieve ÔeffectÕ 

elimination or reduction is through accurate ÔcauseÕ identification and quantification, followed by ÔcauseÕ 

elimination or reduction.  

Brown and Caldwell quantified specific conductance at various treatment-process points throughout 

the evaluation as an issue of concern, without specifically qualifying (identifying) and quantifying the precise 

aluminum presence. Is it free elemental aluminum, or one of the many possible compounds of aluminum, 

and how much is there? Attempting a solution without those answers is technically inexcusable technical 

naivetŽÕ Ð a .naivetŽÕ exemplified most perfectly throughout by a concern about aluminumÉ.. without 

apparent recognition that alum is aluminum sulfate, Al2SO4. , that aluminum sulfate as a coagulant added to 

water reacts chemically to form a variety of aluminum compounds (including a variety of gelatinous 

aluminum hydroxides), and that any and/or all of these in combination increase specific conductanceÉÉ 

which is the exact opposite of the stated objective.  

This increase is shown in several tables throughout the Technical Memorandum, but nowhere are 

the important dots connected. 

Putting it simply: The only way to reduce color or conductance is to take the stuff out that causes it. 

 

III-7. MATERIAL BALANCES and UNITS 

 Jumbling units peculiar to individual scientific and engineering disciplines and nationalities together 

has become more popular in the last decade. But, an alphabet soup of gpm, mg/l, tons/day, muS. PCU and 

the like is as resistant to effective technical analysis as a balance sheet jumbling dollars, pounds, francs, 

euros, yen and yuan is to effective financial analysis. Every banker and accountant recognizes the necessity 

for appropriate conversion to the same units, and once upon a time every engineer and scientist did too. 

That an unfortunate number of scientists and engineers do not today recognize the necessity is evidenced 

clearly by the ever-increasing numbers of confusing, convoluted reports and analyses presented in 

hundreds of pages and tables that neither relieve nor disguise their inadequacy and failure.É. such as this 

Brown and Caldwell Technical Memorandum No. 3. 
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III-8. TECHNICAL MEMORANDUM No 3 / ALTERNATIVE SELECTION LOGIC 

 There was a previous statement in Section I that the alternatives selected for evaluation should 

have been immediately rejected prima facie; and another critical of the evident deficiency in chemical 

engineering expertise and expertise. And there was yet another referring to confusion and failure being the 

inevitable consequence of Ôselection by committee.Õ 

 The third statement has been proven too many times in too many places in too many ways to 

necessitate further explanation, and this Technical Memorandum does speak for it self in that regard Ð QED, 

quod erat demonstandum, thus it has been demonstrated. 

But the first two cannot rest unjustified when competence and complete objectivity are claimed. 

However so, in the interest of maintaining concise, relevant brevity, rather than resort here to lengthy 

discourse on the well-publicized technical and economic limitations of each alternative it is suggested that if 

later justification is still deemed necessary, prior adequate familiarization with a particular technology would 

be entirely appropriate.  

In that regard, the references suggested include, but are not necessarily limited to, such as: PerryÕs 

Chemical Engineering Handbook. Unit Operations of Chemical Engineering, Pulp and Paper Manufacturing / 

Volume 1, relevant TAPPI papers, relevant Stora-Kopparburg publications, and the likeÉ.. none of which 

were apparently considered necessary for the Technical Memorandum 

 

III-9. ALTERNATIVES SELECTED for FUTHER DEVELOPMENT 

 There is a list of 15 ÒAlternatives Selected For Further Development” on page 20 of the Technical 

Memorandum.  It is a curious list since almost every alternative had been previously evaluated, and most 

had been adjudged unsuitable. That the list seems in contradiction with the pervasive sense through the 

memorandum that Ôall of the bases had been coveredÕ might be one observation. Another might be simply 

that suggesting proven ÔunworkablesÕ should be studied further to explore ÔworkabilityÕ is a contradiction 

entirely consistent with the rest of the memorandum. 
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        IV. ANALYTIC REASONING, DIAGRAMS and CALCULATIONS 

Data and information apparently provided by Georgia Pacific was consistently well-founded and 

supported. Conversely, Brown and CaldwellÕs organization of that data and information into a foundation for 

their reasoning lacked coherency and was virtually impossible to follow. 

So extraction and extrapolation of pertinent and relative data and information, in combination with 

experienced judgment factoring (ungenerously referred to occasionally as WAG), was required for the 

analytic reasoning required to validate and substantiate this reviewÕs conclusions and recommendations.  

The simplified diagrams and calculations hereinafter provided demonstrate and summarize, in an 

extremely simplified way and in order of presentation, the route to those conclusions and recommendations. 

 

IV-1. WATER FLOW RATE / PLANT INFLUENT 

  The Technical MemorandumÕs plant water balance that defied scientific rationality was previously 

noted. Specifically, 23 MGD will not hereinafter be treated as an immortal, immutable constant from creek 

inflow through the plant and back to the creek. Water losses will now be considered! 

Even if there were no other operating water losses (accountable or unaccountable) within the plant, 

water losses through paper drying are substantial. If daily production tonnages of paper and tissue had been 

included, with a known average water content out of sheet-formation fourdriniers to a final average 6% water 

content to the winders, it would be possible to make some estimate of drying water losses. But nothing is 

provided. 

23 MGD appears frequently, identified early in the Technical Memorandum as a ÔbaselineÕ flow, and 

5 MGD is noted as effluent recycle. Pulp and paper mill inflows are always well-metered, totalized and 

recorded, so it will be assumed that both are reasonable as averages for calculating purposes. 

But water recycled is water re-used, not lost. Even so, does it give some clue to how much the 

Technical MemorandumÕs 23 MGD should be reduced (applying estimated plant water consumption and 

loss) to come up with a Ômost likelyÓ influent flow to the primary clarifier? Not really. But as a general rule of 

thumb, in-plant pulp and paper water consumption averages 22-25% of plant inflow. So, without any better 

information, splitting the difference to 23.5% would equate to an average primary clarifier inflow of 17.6 MGD 

as a reasonable starting point for technical analysis, as long as plus or minus 15-20% accuracy in figures 

calculated is noted wherever necessary. 
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IV-2. THE PRIMARY CLARIFIER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The diagramÕs data and information is virtually useless in an engineering evaluation of the various 

systems. Other than a PAX flow rate, there is nothing about the influent flow rate, or the effluent or underflow 

rates. And what does a 122,000 lb/day Load indicate? Does it mean 50 lb/hr of water plus solids, or just 50 

lb/hr of solids? And if the latter, how does 50 lb/hr of solids equate to 15,000 mg/l in an unknown rate of 

underflow? Moreover 340 mg/l TSS conflicts with what seems to be a more well-founded value Ð 440 mg/l 

TSS on page 11.  This diagram is a perfect example of the memorandumÕs incoherent jumbling of cause and 

effect and scrambling of units noted previously, and of the difficulty of extracting useful data from the stew 

and extrapolating something useful from it. 

The first problem is unit conversion, by the Ôpicket-fenceÕ method of unit conversion, a simple 

method once taught to engineering freshmen in the better engineering colleges (eg. RPI and MIT). The 

method is suggested for later reviewers of this Peer Review faced with the same ÔunscramblingÕ difficulty. 

The influent flow rate will be taken to be 17.6 MGD (17.6 million gallons per day) containing 440 

mg/l TSS (which seems to be a more accurate value). The standard identities applied for unit conversion are 

3.79 liters in 1 gallon, 1000 milligrams in 1 gram and 454 grams in 1 pound (lb). 

 

           17.6 (106) gallons     440 mg TSS       3.79 liters           gram               lb         =   64,650  lbs TSS 
                       day                        liter                gallon          1000 mg     454 grams                 day 
              =   32.32  tons TSS  

                        day  

                                                                      

The acronym TSS means total suspended solids Ð total insoluble solids which includes what? 

Obviously insoluble inorganic residuals from plant digesting and bleaching systems, but does it include 

insoluble organic cellulose fiber and lignin residuals? Apparently not. The diagram indicates values for 

soluble aluminum (Al) and iron (Fe), but what of soluble sodium compounds, and soluble sulfates, 

Technical Memorandum No.3, Figure 5-3, page 28 
 
 
 
 
 
                Dose ppmv 
                Flow 11,600 
PC Influent           PC Effluent 
Color 960 pcu          color 140 PCU 
TSS 340 mg/l         TSS 8 mg/l 
Sol Al 6.49 mg/l         sol Al 0.87 mg/l 
Sol Fe 0.47 mg/l         sol Fe < 0.1 mg/l 
Cond 1,740 muS         cond 1,724 muS
    
 

 
       PC Underflow 

     TSS 15,000 mg/l (approx) 
         Load 122,000 lb/day 

   PAX 
Addition 

    PRIMARY 
    CLARIFIER 
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chlorides, chlorites and the like, which certainly must be present in greater quantities than those given for 

aluminum and iron?  

If an evaluation of possible alternatives is to be thoroughly accurate, complete and technically 

acceptable, the greater amounts of insolubles and solubles cannot be completely ignored in favor of other 

relatively miniscule amounts of solubles and insolubles, even though the latter needs to be identified and 

quantifiedÉ. not in the strict worl d of technical proficiency.  But they were. That speaks for itself. 

The absolute need for full-spectrum chemical and physical analysis, and the consequences of its 

glaring absence have already been discussed. The following diagram illustrates a technically acceptable 

illustrative primary-clarifier material balance. The values have been extracted and extrapolated from what 

seems to be data and information in the Technical Memorandum. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Please note that the numerical values are to be considered as an illustrative example only, only as 

accurate as the Technical MemorandumÕs data and information, which has been seriously questioned 

previously. For example, if 440 mg/l TSS is correct, there will be 3.88 dbtons of TSS inflowing into the 

primary clarifier every day. If 340 mg/l TSS is correct, there will be 3.00 dbtons.  

 If the primary clarifier performs as the Technical MemorandumÕs data indicates (i.e. 97.4%   

incoming TSS in PC underflow), its efficiency would surpass any possible expectation. Nor does a 500 gpm 

underflow seem reasonable, but if 15,000 mg/l TSS were correct there would be only 50 gpmÉ. In relation 

to 17.6 MGD incoming?? Nonsense. 

Peer Review Diagram 2  
Primary Clarifier Material Balance / GP Pulp and Paper Mill / Palatka, Florida 
(illustrative example only) 
 
 
 
   17.6 MGD influent                                 16.85 MGD Effluent 
        12,200 gpm                     11,700 gpm 
      3.88 dbtpd TSS = 440 mg/l TSS               0.20 dbtpd TSS = 22 mg/l TSS 
      2.76 dbtpd Org                       0.14 dbtpdOrg 
      5.48 dbtpd DS                       3.95 dbtpd DS 
    73,400 tpd water                    70,260 tpd water 
 
 

   Underflow                                           
              500 gpm (approx)                  
              3.68 dbtpd TSS  
              2.62 dbtpd org           
              1.53 dbtpd DS 
                            3,140 tpd water 
            decant return 
             200 gpm (ncm) 
 
 
 
 
 
Notation  
TSS Ð insoluble inorganics 
Org Ð insoluble organics (eg.cellulose) 
DS  Ð soluble inorganics (eg. Al, Fe, Na  compounds, not free elementals) 
tpd Ð tons per day ; dbtpd Ð dry basis tons per day 
gpm Ð gallons per minute ; MGD Ðmillion gallons per day 
ncm Ð not considered material, at this point   

     PRIMARY 
      CLARIFIER 

  ANEROBIC SLUDGE 
           LAGOONS 
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 But the calculating methods for extrapolation leave no room for error. The numerical results are 

what they are Ð an inevitable consequence of Ômice in the pentagonÕ relative proportionality, absent 

accurate, reliable data Ð once again risking redundancy Ð such as what could be obtained through full-

spectrum chemical and physical quantitative-qualitative analysisÉ.. And to reinforce that a little more, if  

6.49 mg/l soluble aluminum is correct in the Technical MemorandumÕs Figure 5-3, there would only be 

0.0572 db tons of soluble aluminum per day in the primary clarifierÕs influent Ð 114 lbs, 2 Home Depot 

bagsÉ. quite a lot to carry out to the parking lotÉ.. Bu t in 17,600,000 gallons of water per day, 73,400 tons? 

Not only is there a lack of chemical engineering expertise, there is also a complete lack of basic non-

technical perspective.    

 

IV-3. PRIMARY CLARIFIER and TREATM ENT PONDS SOLIDS-WATER BALANCE 

 If Table 2-1. Wastewater Treatment Systems Performance on Technical Memorandum page 11 is 

to be believed, Ponds 2, 3 and 4 are creating solids out of nothing! 

 Peer Review Diagram 3 on page 21 demonstrates that inexplicable creation; and Peer Review 

Diagram 4 on page 22 provides the most likely cause, which should have been discussed more thoroughly 

in the Technical Memorandum for abundantly significant reasons that will be summarized and discussed 

more thoroughly on page 23. 

The following is an extraction of pertinent Ôsolids creationÕ TSS data from Table 2-1. Color, COD 

and BOD data are also  included, first because there seems to be a significant discrepancy between BOD  

and NH3-N data, and second because Brown and Caldwell also apparently overlooked the equally 

inexplicable color ÔjumpÕ from Pond 1 through Pond 4 (also discussed more thoroughly on page 23.  

COD is included only for later reference in later discussions, not because there is any generalized 

correlation between the 5-day BOD and the Ultimate BOD, nor is there any generalized correlation between 

BOD and COD. However so, absent any adequate physical and chemical Ôquan-qualÕ analyses data, the 

data has been somewhat useful in crosschecking conclusions derived from extracted data and information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  Table 2-1 Wastewater Treatment System Performance / Technical Memorandum No3, page 11 

Clarifier Clarifier Pond 1 Pond 2 Pond 3 Pond 4 Limits at Limits at 
   Inlet    Outlet Outfall Outfall Outfall Outfall 23MGD 45 MGD 

TSS,mg/l (avg)    440     NA1   7.0   9.4   9.1   6.7    26     13  
            (daily max)   1,630    NA   22   63    41   23 

BOD, mg/l (avg)    315    210   9.8   7.1   6.0   3.9    18  

COD, mg/l (avg) 1,390    790   360   330  310  310    NA   NA 

Color, PCU (avg)    610    720       1,010 1,050 1,040 1,000 

NH3-N, mg/l (avg)     2.1   0.62   0.81   0.58  0.39   0.34    2.6   1.3 

PO4-P, mg/l (avg)    0.40   0.24   0.40   0.35  0.35   0.36    0.7   0.3 
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PEER REVIEW DIAGRAM 3 
MATERIAL BALANCE ANALYSIS / Primary Clarifier and Treatment Ponds 
         / Water and TSS (Technical Memorandum No.3, Table 2-1, page 11 
 
     Influent from Plant          Underflow to Anerobic 
lagoons 
           17.6 MGD (pg 19 )                 0.15 MGD (pg 19)            
          12,200 gpm                  500 gpm (approx) 
      440 mg/lTSS = 3.673 (10-3) lb/gal                   30.72 tpd TSS 
          64,650 ppd TSS                 
            32.32 tpd TSS 
          73,390 tpd water                     17.45 MGD  ( pg. 19) 
                    11,700 gpm  
                                   22 mg/l TSS = 1.837(10-4) lb/gal 
                 3,205 ppd TSS 
                   
 

aeration/evaporation water loss 
ncm for these purposes 
 

 
                

7 mg/l TSS (pg 20) = 5.845(10-5) lb/gal 
     1,020 ppd TSS 
 
 
    A Scientific Anomaly!  
350 ppd TSS created in Pond ? 
      Al2SO4 or Fe2SO4? 
              Probably. 
 
   
    9.4 mg/l TSS(pg 20) =  7.849(10-5) lb/g 

 1,370 ppd TSS 
 
 
 
 
 
 

 
   
                                  9.1 mg/l TSS (pg 20) = 7.599(10-5) lb/gal 
     1,325 ppd TSS 
 
 
 
 
 
 
 
 
    
                                                  Effluent Discharge to Rice Creek      

            6.7 mg/l TSS (pg 20) = 5.595(10-5) lb/gal 
                  980 ppd TSS 
 
Observation: Pond 1 outfall has 1,020 ppd TSS. Pond 2 has 1,370 ppd TSS. Therefore more TSS 
ppd are exiting Pond 2 than entering Ð 350 ppd TSS more. Either dissolved solids precipitation 
and/or crystallization might occur, but absent any ÔprecipitantÕ at these ambient yearly temperatures, 
the result would be miniscule insoluble creation, and certainly not 350 ppd. The only reasonably 
logical answer is TSS (insolubles) creation by Alum (Al2SO4) and/or Fe2SO4 coagulant addition to 
Pond 2 (and probably 3 and 4) which is noted in the Technical Memorandum, without recognizing the 

    PRIMARY 
   CLARIFIER 

             POND 1 
  2,185 ppd TSS retention 

POND 2 
 350 ppd added TSS???? 

                POND 3 
     45 ppd TSS retention 

              POND 4 
   345 ppd TSS retention 



Peer Review by R.M. Hayes / Hayes-Bosworth Inc Ð Revision 1 Ð February 2, 2011 
Brown and Caldwell Technical Memorandum No.3 
Wastewater Management Alternatives Evaluation 
Georgia Pacific Pulp and Paper Mill, Palatka, Florida 
 

   

24

With the emphasis on aluminum (Al) throughout the Technical Memorandum, Brown and CaldwellÕs 

apparent disregard of alum (Al2SO4) addition to the plantÕs main water treatment process, the primary 

clarifier and the treatment ponds is difficult to accept. But where there is clear evidence in their Table 2-1, 

that there is a curious TSS ÔjumpÕ in Pond 2 outfall, their failure to explore why is technically inexcusable.  

Is it created by alum addition to Pond 2? Possibly, that certainly could account for added sludge 

(TSS) creation. Or could it Ôbleed-offÕ from a super-saturation of TSS in Pond 2? Maybe, that would probably 

be evidenced by an even greater ÔjumpÕ in the daily maximum figure, but there is no such  evidence. 

The following is an example of the accepted way this and other questions should be answered.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PEER REVIEW DIAGRAM 4 
MATERIAL BALANCE ANALYSIS / Treatment Ponds / Variable Analysis        CASE 3              
                                            Primary Clarifier Overflow  
                                                                                                                                                      18.5MGD 
                                               12,190 gpm 
        22 mg/l TSS = 1.837(10-4) lb/gal 
           3,400 ppd TSS 
         
 
 
    
        CASE 1              CASE 2 
 
 
 
 Pond 1 Outfall        Pond 1 Outfall                Pond 1 Outfall 
    17.45 MGD            17.45 MGD     18.50 MGD 
 12,120 gpm            12,120 gpm                                      12,950 gpm 
        7 mg/l TSS = 5.845(10-5) lb/gal              7mg/l TSS = 5.845(10-5) lb/gal             7 mg/l TSS = 5.845 (10-5) lb/gal 
   1,020 ppd TSS         1,020 ppd TSS      1,080 ppd TSS               
        
      350 ppd alum             0 ppd alum       1,000 ppd alum 
 
             
 
 
 
     
   9.4 mg/l TSS = 7.849(10-5) lb/gal              6.9 mg/l TSS = 5.762(10-5) lb/gal            14.1 mg/l TSS = 1.178(10-4)lb/gal 
 1,370 ppd TSS      1,005 ppd TSS      2,180 ppd TSS 
   
      
 
 
 
 
 
     9.1 mg/l TSS = 7.599(10-5) lb/gal              6.8 mg/lTSS = 5.678(10-5) lb/gal           13.65 mg/l TSS = 1.140(10-4) lb/gal 
       1,325 ppd TSS        990 ppd TSS                                         2,110 ppd TSS 
     
 
 
 
 
 
 
       6.7 mg/l TSS =5.595(10-5) lb/gal            6.7mg/l TSS = 5.595(10-5) lb/gal       6.7 mg/l TSS = 5.595(10-5) lb/gal 
    980 ppd TSS       980 ppd TSS        980 ppd TSS 
 
 
    RICE CREEK       RICE CREEK        RICE CREEK 
     
 

           POND 2 
 0 ppd TSS retention    

          POND 3 
 45 ppd TSS retention 

          POND 4 
 345 ppd TSS retention 

           POND 2 
   15 ppd TSS retention 

         POND 2 
  0 ppd TSS retention 

            POND 3 
 15 ppd TSS retention 

            POND 3 
 70 ppd TSS retention 

            POND 4 
 10 ppd TSS retention 

            POND 4 
1,130 ppd TSS retention 

          POND 1 
  2,320 ppd retention 
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IV-4. LEGACY SOLIDS QUANTIFICATION 

 Brown and Caldwell prioritized dredging legacy solids from treatment ponds 1, 2, 3 and 4 15th on a 

list of 15 alternatives selected for further development (see Technical Memorandum No.3, page 20).  That 

issue has been discussed previously in Item II-8: Legacy solids must be dredged out and dewatered to the 

extent possible to produce a viable cake for feasible disposal. Since the Technical Memorandum curiously 

avoids legacy solids quantification, however, it is necessary to calculate the amount with as much accuracy 

as possible, extracting and extrapolating what seems to be the most reasonably valid data and information 

available in the memorandum. The following simplified step by step calculations are provided to avoid the 

same confusing and conflictive gaps in analytic reason as Brown and CaldwellÕs Technical Memorandum.    

 Individual Pond acreages have been taken from other sources, and there are five Ôbest judgment 

experienceÕ assumptions based on what seems to be valid Georgia Pacific data, information and 

descriptions of the four treatment ponds: 

! Pond 1 seems to be the maximum primary clarifier solids ÔstrippingÕ pond, with, therefore, an 

assumed Ôsolids strippingÕ removal efficiency of 95%. 

! Pond 1 descriptions (i.e. aeration, baffling, wind and rain effects and the like) do not seem to 

indicate overall solids content higher than 12%, which will, therefore, be the assumed overall 

Pond 1 solids content. 

! The specific gravities of an assumed composite of possible Pond 1 db (dry basis) solids and 

compounds averages 1.567 s.g. (or 13.07 lbs/gallon), therefore, to be the assumed, applicable 

db (dry basis) composite solids density in the calculations that follow.  

! Even though solids settling times, based on such as particle size and specific gravity, should 

be used to calculate accurate successive solids settling amounts in Ponds 2, 3 and 4,  absent 

in such information in the Technical Memorandum (which would probably be questionable 

anyway), Table 2-1Õs inter-pond data ( i.e. 9.4 mg/l TSS and 9.1 mg/l, which are assumed to be 

valid GP data) will be used to determine a most likely Ôhydraulic transport factorÕ (htf) to be 

used in the calculations that follow. 

! Pond 2Õs inexplicable solids creation has been noted, and whether caused by alum addition, or 

unexplained solids Ôbleed-outÕ, or something else, technical proficiency demands an 

explanation. But, however so, since the amounts are proportionately, comparatively immaterial 

to this subject at this point, the issue will not here be explored. 

 

       Pond Operating Volumes 

 Page 9 of the Technical Memorandum provides individual pond operating depths/actual pond 

depth: Pond 1 Ð 5.8Õ/6.7Õ, Pond 2 Ð 3.3Õ/6.4Õ, Pond 3 Ð 3.3Õ/6.1Õ, Pond 4 Ð 4.2Õ/7.2Õ. And from other sources 

the individual pond surface areas are respectively: 510.41 acres, 183.94 acres, 139.67 acres and 99.45 

acres. Therefore: 

 

               Pond 1 Operating Volume =   510.41 acres      43,560 ft2      5.8 ft   = 128,960, 000 ft3 
                                                                                            acre 
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 Pond 2 Operating Volume =   183.94 acres      43,560 ft2     3.3 ft    = 26, 440, 000 ft3 
                                                                                           acre 
 
 
 Pond 3 Operating Volume  = 139.67 acres      43,560 ft2     3.3 ft   = 20,080,000 ft3 
           acre 
 
 
 Pond 4 Operating Volume =     99.45 acres      43,560 ft2     7.2 ft   = 31,190,070 ft3 
           acre   
              
 
              Overall Average Density Pond 1 =  0.88   8.34 lbs   +    0.12     13.07 lbs   =  8.908 lbs 
                                                                                  ft3                                 ft3             ft3 
 
 
       Total Pond 1 Weight (solids + water) =   8.908 lbs      128,960,000 ft3         ton   = 574,400 tons 
                                                                           ft3                                          2000 lbs 
 
 
            Total Pond 1 solids   = 0.12 (574,400 tons) = 68,930 tons  
 
    

Total solids Ponds 1,2,3 and 4  = 68,930 = 72,560 tons  
                                                       0.95 

 
            Remaining Solids to be distributed in Ponds 2, 3 and 4 = 72,560 tons Ð 68,930 tons = 3,630 tons 
 
  
      hydraulic transport factors (calculated as a function of Table 2-1 figures and relative operating volumes) 
                      Pond 2 Ð 0.21           Pond 3 Ð 0.37          Pond 4 Ð 0.42 
 
          Total Pond 2 solids  = 0.21 (3,630 tons) = 762.3 tons say 760 tons  
 
          Total Pond 3 solids  = 0.35 (3,630 tons) = 1,270.2 tons say 1,270 tons  
 
          Total Pond 4 solids  = 0.44 (3,630 tons) = ,1,597.2 tons say 1,600 tons 
 
Summary Comment: It is difficult to accept that the Pond 2 solids retention is as low as those calculated for 

Ponds 3 and 4. But without reliable chemical and physical qualitative-quantitative analyses for all of the 

ponds and a suitable explanation of Pond 2Õs creation of solids, the hydraulic transport factors are what they 

are, and the calculated tonnages will remain. 

 

IV-5. HYDRAULIC RESIDENCE TIMES?? 

 The Technical Memorandum on page 9 provides contradictory operating depths and hydraulic 

retention times for each of the treatment ponds and for the total treatment pond system, apparently 

completely unaware that: there are contradictions and that they are so obvious. 

 ÒPonds 2, 3, and 4 operate at about half of their available safe operating depth determined by GP 

(3.3 feet of 6.4 feet, 3.3 feet of 6.1 feet, and 4.2 feet of 7.2 feet). Pond 1 operates at approximately 85 

percent of its available depth (5.8 feet of 6.7 feet). The typical calculated retention times or HRT values in 

Ponds 1,2,3 and 4 are 23, 9, 7, and 5 days respectively (44 days cumulatively). Wind effects and hydraulic 

short-circuiting are anticipated to occur in these ponds, reducing the effective HRT. This couple with the 

slow treatment kinetics…..” and so on and so forth continues the unmitigated techno-babble!!  
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 The total operating volume of all four ponds just calculated is 206,670,000 ft3. If the 44 day 

cumulative residence time just provided is correct, there are a little over 35 MGD flowing through the ponds, 

not the ÔimmortalÕ 23 MGD used throughout the Technical Memorandum. The calculation is quite simple: 

 

      206,670,000 ft3      7.48 gallons = 35,134, 000 gallons, or approximately 35.1 MGD 
             44 days               ft3              day 
   

 Calculations for each of the individual ponds, applying their individually provided HRTs to the 

individually calculated operating volumes is equally simple: 

 

                                      Pond 1: 128,670,000 ft3      7.48 gallons = 42 MGD (approx) 
                                                          23 days 
 

         Pond 2:   26,440,000 ft3       7.48 gallons = 22 MGD (approx) 
                          9 days 
 

         Pond 3:   20,080,000 ft3      7.48 gallons = 21.5 MGD (approx) 
                         7 days 

 
         Pond 4:   31,190.070 ft3       7.48 gallons = 46.7 MGD (approx) 

                                                           5 days 
 

 So, if the Brown and Caldwell figures are to be believed, the heretofore immortal volumetric flow 

that defied all scientific logic, further defies the heretofore accepted mass volume constancy of water by 

expanding and contracting water irregularlyÉ, if the Br own and Caldwell figures are to be believed, which 

we, without any reservation or qualification whatsoever, definitely do not. 

 However so, in the interest of maintaining complete objectivity, we are obligated to acknowledge 

that our preferred 17.45 MGD treatment system throughput (which seemed reasonable) would result just as 

easily in an 88 day HRT (which does not seem as reasonable). 

 Once again, far more accuracy is demanded in the basic foundation calculation parameters than 

that either provided in, or extrapolated from, the Technical Memorandum. 

 

IV-6.  VIABLE LEGACY SOLIDS REMOVAL / The HAYES FTX/R PROCESS SYSTEM 

 The economic and logistic rationale of legacy solids has already been discussed. The only issue 

here is techno-economic viability. These are the basic criteria: 

! Pond 1 has 95% of all legacy solids, almost 69,000 db tons. Therefore, dredging must be 

concentrated in Pond 1. 

! Solids must be dredged out of Pond 1 faster than primary clarifier solids enter Pond 1. 

! Economic viability is in large part a function of project duration Ð i.e. a shorter duration will 

almost always produce lower project cost. Therefore, the object must be achieving a feasible 

balance between dredging rate and project duration. 

! Dredged-out solids must be dewatered by a continuous (24/7) proven on-shore process 

system capable of producing a viable cake for disposal Ð i.e. a cake dewatered to the 

maximum economically feasible extent. 
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! The on-shore process system must be capable of continuously producing clean water to the 

extent required either for direct return to Pond 1, or as recycle water to the plant, or as 

environmentally acceptable discharge effluent to Rice Creek. 

! The on-shore process system must be capable of continuously precipitating-out dissolved 

dredgewater solids to the maximum extent feasibly possible. 

! A selective dredging technique (CLD), operating at dredging points that will maximize solids 

removal while not interfering or jeopardizing Pond 1Õ operational equipment such as, but not 

necessarily limited to, aerators.  

 

The basic engineering design parameters are: 

! an assumed 1000 gpm dredge pumping rate, which has generally proven historically to be the 

techno-economical optimum for muck removal/dewatering projects of this size and type (as 

opposed to Brown and CaldwellÕs failed attempts to discover viability with alternatives 

operating at volumetric rates in excess of 10,000 gpm; 

! an average 5% dredgewater solids consistency, which has generally proven historically to be 

the average operating consistency for projects of this size and type 

! continuous 24/7 dredge and dewatering operation: 

! as a contingency cushion Ð an assumed effective yearly average 22 day operating month 

instead of  an average  25 day operating month, which is more normal for continuous 24/7 

projects of this size an type:; 

! an assumed db solids specific gravity of 1.567 and density of 13.07 lbs/gal (see IV-5.) 

 

               Dredgewater Density (avg) = 0.95    8.34 lbs   + 0.05         13.07 lbs   7.923 + 0.854 = 8.577 lbs  
                      gal                              gal   gal      
 
 

  Solids Removal Rate =   0.05    8.577 lbs    1000 gal         ton        60 min    24 hrs   22 days = 6, 792 tons 
                                                        gal             min         2000 lbs       hr          day       month           month  
 

                Conclusion  

 With a continuous 24/7 dredge pumping rate of 1000 gpm, and with the assumed conditions above, 

a dredge can remove approximately 6,800 db tons of legacy solids per month from Pond 1. And with an 

assumed 75% dryness, the on-shore FTX/R Process shown conceptually on the following page will produce 

approximately 9,060 tons per month of viable cake for disposal/ 

 Under these conditions and with these rates, Pond 1Õs legacy solids can be reduced to acceptable 

total limits in less than a year. 
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     Dredge-Water 
       1000 gpm 
         5% LS 
           % DS (tbd) 
    13.07 dbtph LS 
                 261.40     tph water  
 
 
 
 
 
          slag 
 
 
 
 
 
 
 
           -200 mesh solids (sand)    Dewatered Sand 
              85% dryness 
 
 
 
          centrate 
       Hi-NRE 
     Reaction 
      Section 
 

combined centrate recycle 
          (variable flow rate and concentration) 
 
 
 
         centrate 
 
 
 
 
 
 
              30% solids                             Dewatered LS Cake 
                 to Disposal 
 
 
 
 
 
                                   Treatment Ponds 
                Clean Water to                         or Plant Recycle 
                                    or Rice Creek  
        
 
 
 
 
 
 
 
 

    DREDGE 
          

    GP Treatment Pond 1 Solids Removal / Hayes FTX/R Process System 
                 
                             PROJECT DESCRIPTION / GP Treatment Pond 1  

     Surface         Depth           Depth         Volume            Solids            Solids     
       Area           Actual        Operating    Operating          Existing         Removal 

510.41 acres     6.7 feet         5.8 feet    26.44 (106) ft3    73,000dbt     6,800 tpm  
   
   NOTATION 

LS Ð insoluble Legacy Solids (organic / biomass content tbd) 
DS Ð dissolved inorganic and organic solids 
dbt Ð dry basis tons 
dbtph Ð dry basis tons per hour 
tph Ð tons per hour 
tpm Ð tons per month 
     MULTI-         

     DECK 
 VIBRATING 
   SCREEN 

  PRIMARY 
 CYCLONES 

SECONDARY 
CYCLONES 

 
     Hi-Eff 
   Column 
CLARIFIER 
 

          Hi-G 
   DEWATERING 
  CENTRIFUGES 

Precipitant    
    (Nin) 

Polymer 
 Alpha 

Polymer 
   Beta 

  ADSORPTION 
 PURIFICATION 

 
  GEORGIA PACIFIC TREATMENT PONDS     HAYES FTX/R PROCESS           Proprietary Process  
       LEGACY SOLIDS REMOVAL        Concept Diagram Only            patent in progress 
      Pond 1                        R.M.Hayes   December 2010 
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Chapter 4
Pulp Bleaching Technology

THE BLEACHING PROCESS
Bleaching is the treatment of cellulosic fiber with

chemicals to increase brightness (see box 4-A).
Brightness may be achieved by either lignin removal
(delignification) or lignin decolonization. Lignin
remains a major constituent of pulp even after
digestion by chemical pulping. For example, kraft
pulp may contain up to 6 percent lignin based on its
dry weight.1 Unbleached groundwood spruce pulp
may contain 27 percent lignin.

If chemical pulping removes the lignin from wood
fibers, why then does some lignin remain after the
pulping process? The strength of paper is largely due
to the chemical bonds (hydrogen bonds) formed
between cellulose fibers. Although longer and more
severe pulping might remove more of the lignin, thus
reducing the amount of bleaching needed, the
cellulose molecules might be degraded and their
bonding power diminished. Should this happen, the
strength of the pulp would be reduced. The removal
of lignin by bleaching is regarded as a continuation
of the pulping process, albeit somewhat gentler and
less destructive, but bleaching too can degrade
cellulose if done improperly.

Lignin imparts a color to the raw pulp (hence its
name “brown stock”) and unless removed, will
continue to darken with age (note the yellowing,
darkening, and enbrittlement of newspaper exposed
to sunlight). Bleaching by removing the lignin gives
higher brightness to the paper than is possible by
leaving the lignin in the pulp and brightening by
decolonization, and also leads to a more durable and
stable paper.

In addition to the removal and decolonization of
lignin, bleaching serves to clean the pulp of dirt and
foreign matter that escaped the digestion process.
Bleaching also removes hemicellulose and extrac-
tives (hemicellulose is nearly completely removed
for the production of dissolved pulps). Bleaching
pulp adds significantly to its value as market pulp
because the demand for bleached paper is increasing.

Historical Development of Bleaching
Technology

Bleaching of fibers for decolonization has been
practiced since early times. Sunlight was one of the
earliest bleaching agents. Japanese paper makers
were known to bleach fibers by soaking them in
water from high mountain streams that contained
ozone (the first use of oxygen for bleaching). In
1774, Karl Wilhelm Scheele discovered chlorine
and its bleaching action on vegetable fibers. Several
years later in 1799, Charles Tennant invented
‘ ‘bleaching powder’ (calcium hypochlorite),
thereby converting chlorine to an easily transport-
able form. For the next 130 years it remained the
only available bleaching agent. The first time a U.S.
paper mill used chlorine for bleaching was in 1804.

Rapid developments in bleaching technology
occurred between 1900 and 1930. Multistage bleach-
ing using calcium hypochlorite followed by an
alkaline extraction stage, then a repeat of the
hypochlorite bleach stage was first adopted by the
industry. Later, technologies that allowed the use of
gaseous chlorine began to displace hypochlorite in
the first bleach stage. The use of chlorine reduced
bleaching costs. New equipment developments fur-
ther improved bleaching efficiency.

Improvements in the manufacture of chlorine
dioxide and dioxide bleaching technology were
developed in the 1940s. By the 1950s, these
developments led to the adoption of the five-stage
bleaching sequence that is still used extensively in
the industry: (1) chlorine+(2) alkaline extrac-

sequence allowed very bright pulp to be produced
with minor losses in fiber strength.

Oxygen bleaching was discovered in 1952 by
V.M. Nikitin and G.L. Akim in the Soviet Union. In
the late 1960s, oxygen bleaching was commercial-
ized, followed by the installation of the first dis-
placement bleach plant in the 1970s. This resulted in
more rapid bleaching by displacing chemicals
through a pulp mat rather than mixing the chemicals

1 Douglas W, Reeve, ÔÔThe Principles of Bleaching, 19/37 Bleach Plant Operations Seminar, TAPPI Notes (Atlama, GA: TAPP1 Press, 1987), p, 3.

-41–
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Box 4-A—What Is Pulp “Brightness’y? How Is It Measured?
“Brightness’ is the reflecting properties of a sheet of pulp. It is a physical and measurable phenomenon. Some

mistakenly equate “whiteness” with brightness, but whiteness is a physiological phenomenon, measured
subjectively by the impression and perception of the human eye. For instance, if blue dye is added to a lightly yellow
tinted paper, the sheet will look whiter but the sheet will measure less reflected light (less brightness).

Since reflectance is affected by the nature and the angle of incident light, the surface properties of the pulp
sheet, and other factors, the measurement of brightness has been standardized: Brightness is the reflectance of blue
light with a spectral peak at 457 millimicrons from an opaque sample of pulp sheets compared to a specified standard
surface.

There are two recognized methods for measuring pulp brightness in North America: 1) the TAPPI method
(Technical Association of the Pulp and Paper industry), Standard T-452; and 2) the CPPA method (Canadian Pulp
and Paper Association).
TAPPI Method

Reported in units of %GE Brightness. Illuminating light is aimed at 45 degrees to the sample and the reflected
light is measured perpendicular to the sample (90 degrees). Reflectance is compared to magnesium oxide powder
(98 to 99 percent absolute reflectance). Calibrated opal glass standards are used for routine measurements.
CPPA Method

Reported in units of ISO Brightness. The sample is illuminated with diffused light using a highly reflecting
integrating sphere. Reflected light measurement is taken at 90 degrees to the sample. Reflectance is compared to
absolute reflectance from an imaginary perfectly deflecting, perfectly diffusing surface. Calibrated opal glass
standards are used on a routine basis.

A third brightness standard is used throughout the rest of the world: The Zeiss Elrepho standard. It is measured
in units termed Elrepho Brightness. GE Brightness is measured with a reflectance meter manufactured by the
General Electric Corp., while Elrepho Brightness is measured by an instrument manufactured by Zeiss, the German
optical company. Since the two meters have different light geometries, there is no simple relationship between the
two measurements. In general, Elrepho Brightness is, on average, 0.5 to 1.0 percent higher than GE Brightness.

with the pulp in the conventional way. Since the late States as well.2 Overall, the tendency has been to
1970s development has taken place in the use of
oxygen enrichment in alkaline extraction stages, to
further delignify pulp after extended cooking (modi-
fications of the cooking process to improve deligni-
fication), and in short bleaching sequences where
oxygen is used to supplement chlorine.

Extent of Bleaching in the Industry
Nearly 55 percent of the chemical pulp currently

produced in the United States is bleached (table 4-l).
By far the greatest proportion of bleached chemical
pulp is produced by the kraft process (about 88
percent of the pulp bleached in 1987 was kraft pulp).
Very little mechanical pulp has been bleached in the
past, however, this is currently changing. Mechani-
cal pulp bleaching is growing at more than twice the
rate of chemical pulp bleaching worldwide and it is
likely that this trend will continue in the United

bleach more pulp as the demand for products using
bleached paper increases (nearly 39 percent of the
domestic paper and paperboard currently produced
is from bleached pulp).

Bleaching Methods

Bleaching Agents
Pulp cooking can safely dissolve up to about 90

percent of the lignin without degrading the cellulose
fiber. Additional delignification is done by bleach-
ing. Bleaching of high-yield chemical pulps is
achieved by decolonizing with either an oxidizing
agent (combines oxygen) or a reducing agent
(combines hydrogen). Chlorine gas, sodium hypo-
chlorite, chlorine dioxide, oxygen gas, and hydrogen
peroxide are oxidants. Sodium hydrosulfite is a
reductant. Alkali is used to remove the solubilized

zIbid., p. 2.
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Table 4-l-Domestic Bleached Pulp Capacity
(thousand metric tons)

may be offset by the cost of the chemical or the
equipment needed to handle it.

Grade 1971 1987Õ
Bleached sulfite ... , . . . . . . . . . . . . . . . . 1,774 1,256
Bleached kraft. . . . . . . . . . . . . . . . . . . . . . 13,364 21,259
Dissolving (bleached) ., . . . . . . . . . . . . . 1,604 1,455

Total chemical pulp produced . . . . . . . 32,779 43,800
Percent of chemical pulp bleached . . 51 .lO/O 54.70/0

a Estimate
SOURCE:  Oouglas  W. Rowe, “The Prmctples  of Sfeaching,”  1987 EUauch  Pknt

C@rations  Seminar, TAPP/  Notes  (Alfanta,  GA. TAPPI  Press, 1987), p. 2,

lignin from the cellulose. Each has its advantages,
disadvantages, and limitations (table 4-2).

Since the 1930s, chlorine gas has been the
predominant chemical used for the delignification of
pulp. Chlorine dioxide can brighten pulp without
damaging the cellulose. Oxygen is comparatively
inexpensive and is now coming into its own both for
delignification (immediately after digestion and
before the bleach cycle) and as a supplement in the
first extraction (alkali) stage of the bleach sequence.
Hydrogen peroxide is expensive, so it is used much
less than other bleaching agents. The effectiveness
of a bleaching agent, although a major factor in
determining its use in a pulp bleaching sequence,

A critical determinant in choosing a bleaching
chemical is the ‘‘selectivity” of the agent. Selectiv-
ity refers to the capacity of the chemical to attack
lignin while doing minimal damage to the cellulose
fibers. Unbleached pulp (brown stock) contains high
levels of lignin, therefore less selective chemicals
(e.g., oxygen and chlorine) can be used in the initial
stages of the bleach cycle. With further delignifica-
tion and lower residual lignin content of the pulp,
more chemical is available to react with the cellulose
and pulp strength may suffer.

Chlorine dioxide and hydrogen peroxide are
highly selective, thus they react rapidly with lignin
but affect cellulose very little. The highly selective
chemicals are generally used in later bleach stages
when the lignin content is low and the cellulose is
susceptible to degradation. However, both chemi-
cals are expensive and are therefore used sparingly.
Sodium hydrosulfite, a reducing agent, and hydro-
gen peroxide are used for bleaching lignin-rich
mechanical pulp.

Table 4-2-Bleaching Chemicals: Form, Function, Advantages, Disadvantages

Chemicals Function Advantages Disadvantages
Oxidants

Chlorine . . . . . . . . . . . Oxidize and chlorinate Iignin

Hypochlorite . . . . . . . Oxidize, brighten and solubilize
Iignin

Chlorine dioxide . . . . 1 ) Oxidize, brighten and solubilize
Iignin

2) In small amounts with chlorine
gas to protect against
degradation of pulp

Oxygen . . . . . . . . . . . Oxidize and solubilize Iignin

Hydrogen peroxide . . Oxidize and brighten Iignin in
chemical and high-yield pulps

Reductant
Hydrosulfite . . . . . . . . Reduce and decolonize Iignin in

high-yield  pulps
Alkali

Sodium hydroxide . . . Hydrolize   chlorolignin and solubilize
ligin

Effective, economical delignification

Easy to make and use

Achieves high brightness without
pulp degradation

Low chemical cost

Easy to use. Low capital cost

Easy to use. Low capital cost

Effective and economical

Can cause loss of pulp strength if
used improperly

Can cause loss of pulp strength if
used improperly

Must be made at the mill site

Used in large amounts. Requires
expensive equipment. Can cause
loss of pulp strength

Expensive

Decomposes readily. Limited
brightness gain

Darkens pulp

SOURCE: Oougias  W,  Reeve, ‘The Pnnc@as  of Blaachmg,”  1W7 Bleach  Wanf  Operatkwts Semmar,  TWPI  Notes (Atfanta,  GA: TAPPI  Press), p. 6.
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Bleaching Sequences

A combination of bleaching and extracting treat-
ments is generally used for bleaching chemical pulps
(box 4-B). The bleaching chemicals and the order in
which they are used make up the “bleaching
sequence. ” Bleaching sequences generally contain
two phases within each sequence: 1) a delignifica-
tion segment, whose function is to remove the
lignin; and 2) a brightening segment, whose princi-
ple function is to increase the brightness of the pulp.
Examples of delignifaction stages or segments
include oxidation by chlorine (C) followed by

Box 4-B-Shorthand for Describing
Bleaching Sequences

The pulp and paper industry has developed a
series of shorthand descriptors for the multistage
bleaching sequences. The following abbreviations
are used to designate the bleaching agents:

c Chlorination
E Extraction with sodium hydroxide
H Hypochlorite (sodium or calcium)
D Chlorine dioxide
P Hydrogen peroxide
o Oxygen
N Nitrogen dioxide
z Ozone

Bleaching sequences are designated by listing
each treatment serially. For example, “CEDED”
represents a commonly used five-stage bleaching
sequence consisting of a first-stage chlorine treat-
ment, followed by a second-stage alkali extraction
stage, followed by a third-stage chlorine dioxide
treatment, followed by a fourth-stage alkali extrac-
tion treatment, and a final fifth-stage chlorine
dioxide treatment. Washing is conducted between
each chemical application.

Two bleaching agents may be used in a single
stage. For instance, chlorine gas and chlorine
dioxide are sometimes combined in an early bleach-
ing stage. If chlorine gas is the predominant agent
in the mixture, the treatment would be designated as
ÒcD.Ó On the other hand, if the mixture contains
more chlorine dioxide than chlorine gas, the treat-
ment would be designated as Dc. Other commonly
encountered oxidative extraction treatments in-
clude EO (or E/P), EP, E/H etc.

extraction of the dissolved lignin with sodium
hydroxide (E). Brightening segments use sodium
hypochlorite (H) and/or chlorine dioxide (D). Oxy-
gen can be used for delignification and for reinforc-
ing extraction of the dissolved lignin in the alkali
stage.

Several of the more commonly used bleach
sequences in U.S. and Canadian mills are: 1)
CEDED, 2) CEDH, 3) CEHDED, 4) CEH, and 5)
CED (figure 4-l). Although these are the most
prominent bleaching sequences currently in use, an
increasing number of mills are now using oxygen in
combination with alkali for extraction (Eo), and
chlorine dioxide (CD, Dc) in the chlorination stages.
In addition, there area number of unique bleaching
sequences used by some mills (e.g., CEHDH,
CEHEDP, CEDPD, CEDEHD and CEHCHDED).

Factors Affecting the Bleaching Process
Process engineers and paper chemists have a wide

range of chemicals, processes, equipment, and
operating conditions to choose from in optimizing a
bleaching sequence. Cost of chemicals, capital cost
of equipment, energy requirements, and other oper-
ating costs figure heavily in bleach plant decisions.
While cost control is an important factor, the
physical and chemical composition of the wood raw
material (furnish) and the desired characteristics
(brightness and strength) of the finished paper are
often more important in selecting bleaching tech-
nologies. Bleaching sequences also depend on the
pulping process used for initial delignification, some

Figure 4-l-Bleaching Sequences Used in
U.S. and Canadian Pulp Mills

CEDED

19%
BOURCE: Darn  tmm David R. Forbos,  “IUpgmdlng  Exlsti~  BlsactI  Plants,” 1987

- -f Qwsfkwts  Semhw,  T@P/Notvs  (AduIta, GA:  TAPPI Press,
1967), p. 116.
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of which leave higher residual lignin levels remain-
ing in the brown stock than do others.

The efficiency of the bleach cycle (related to its
cost effectiveness), also depends on controlling the
operating environment within each bleaching stage.
Bleaching is achieved through chemical reactions.
Operating conditions are related to temperature,
time, chemical concentrations, and degree of acidity
or alkalinity (pH).3 These factors must be kept in
balance to achieve the desired degree of bleaching,
while at the same time minimizing damage to the
cellulose fiber. In addition, the “consistency”
(amount of fiber being bleached in relation to the
volume of liquid) of the fiber slurry being bleached
affects chemical penetration and therefore must also
be controlled. Computerization and improved sen-
sors now allow nearly real-time control over the
operating environment in all stages of the pulping
and bleaching processes.4

Lignin Content— Lignin is a large, complex,
organic molecule that still holds mysteries for wood
chemists. Complete quantitative analysis of lignin
from pulp samples would be expensive if performed
with precision. This is not necessary from the
standpoint of controlling the digestion and bleaching
process, however, as simpler methods have been
found. Index systems for ranking the lignin content
of wood pulp have been devised by the industry (box
4-c).

The lignin content of unbleached pulp, expressed
by its kappa number, determines the amount of
bleaching required in the bleach sequence to obtain
the brightness desired in the finished pulp. The key
is to find the optimum point between cooking and
bleaching (i.e., the best kappa number for un-

bleached pulp). For bleachable grades, kappa num-
bers of unbleached kraft softwood pulp may range
between 20 and 40 and hardwood between 15 and 25
as it leaves the digesters in some mills (kappa
number 35 represents approximately 5 percent
lignin).

Using modem computer-controlled cooking, ap-
propriate chip pretreatment, and chip equalizing
systems, it is now possible for well-run kraft mills to
produce unbleached softwood pulp consistently
with kappa numbers between 28 and 32.5 Un-
bleached hardwood pulps can be produced with
kappa numbers between 20 and 25.6 Pulp can be
delignified to extremely low kappa numbers (2 to 4)
by using chlorination followed by a alkali/oxygen
(Eo) extraction stage.7

Lignin and Brightness— The lignin content,
kappa number, and brightness of chemical pulps are
somewhat interrelated. Since pulp brightness is the
major objective of bleaching, measurements of
brightness expressed as either GE Brightness or as
ISO Brightness (see box 4-A) are often used to track
progress through the bleaching sequence.

Unbleached kraft pulp has a very low GE Bright-
ness (10 to 20 percent) because of the high absorp-
tion of reflected light by the residual lignin.8 Kraft
pulp can be bleached to a very high brightness of 90
percent GE by decreasing its lgnin content to near
zero without affecting the strength of the pulp. It is
possible to bleach kraft pulp to a brightness of 91 to
92 percent GE for special papers.9 Unbleached acid
sulfite pulp with GE brightness of about 60 to 66
percent can also be bleached to 90 percent by
removing nearly all of the lgnin. Groundwood pulp
may have brightness values of about 62 percent GE.

3Ru&a P. Sin@, ‘‘Principles of Pulp Bleaching,” The Bleaching of Pulp-Third Edition (Atlanta, GA: TAPPI Press, 1979), p. 17.
‘tThomm  J. Boyle and Carr Smith, *’Bleaeh Plant Instrumentation and Computer Control, ” The Bleaching of PuiP-Third Edition (Atlanta, GA:

TAPPI  Press, 1979), p. 487 et seq.

51ngemU Croon, Alf de RUVO,  ~-d GunnwTarnvik, ‘‘Bleaching of Kraft Pulps: Oxygen Tkehniques  Today and in the Future, ’ Svensk Papperstidnmg
No 4, reprinted by Sunds Defibrator  in English (Stoekholrn,  Sweden: Sunds DeXbrator, 1985), p. 2.

bKristina Idner, “Oxygen Bleaching of Kraft Pulp-High Consistency vs. Medium Consistency,” 1987 International Oxygen Delinl~ication
Co~erence,  TAPPINotes  (Atlanta, GA: TAPPI  Press, 1987), p. 197.

?N. Lic@~t and B, van Licrop, “Extraction, Part I: Oxidative Extraction, ‘‘ 1987 Bleach Plant Seminar, TAPPI  Notes (At.tanta, GA: TAPPI  Ress),
p, 46,

6Rwve,  op, Clt,, f-note ‘! p, 4’

9w,  HOw~d  R~rt ~d Gene  Be S(mjla,  “~l~ne  DjO~jde  B]e~hing,”  The Bfeaching of Pulpj  Third Edition (Attanta, GA: TAPPI  preSS, 1979),
p, 142.
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Box 4-C—Assessing Lignin Content and
Pulp Bleachability

The Technical Association of the Pulp and Paper
Industry (TAPPI) has devised two standardized
procedures for determining and reporting the lignin
content of pulp: 1) Permanganate (K) number
(TAPPI Test Method T214), and 2) Kappa number
(TAPPI Test Method T236). These indices are used
by the industry to control cooking within the
digester during pulping and for determining the
bleachability of the pulp.

Both methods are chlorine demand tests and are
based on the amount of permanganate needed to
oxidize the contained lignin, The Permanganate, or
K number, is used for determining the bleachability
of chemical pulps having lignin contents below 6
percent (based on weight of oven-dry pulp). The
kappa number is applicable to all grades of chemi-
cal and semi-chemical wood pulps, including high-
er lignin content pulps with yields as high as 70
percent.

Standard procedures have been established for
both bleaching indices. Both are based on the
amount of potassium permanganate that can react
with dry pulp samples. Most modem pulp mills
now use automated, continuous oxidation-
reduction measurements or optical devices such as
brightness meters for on-line measurements to
gauge the progress of delignification and the need
for additional bleaching. However, permanganate
tests are still used in mill laboratories for verifica-
tion of the instrument reading.

Bleaching Systems

Bleaching sequences apply various bleaching
agents in different orders and combinations. Be-
tween each bleaching stage the pulp is generally (but
not always) flushed with an alkali extraction solu-
tion to remove the dissolved lignin before it is sent
to the next bleaching stage (figure 4-2). The first step
of a bleaching sequence is designed to remove the
bulk of the residual lignin (delignification) and
involves little or no improvement in the brightness
of the pulp (figure 4-3). This step, along with the
following extraction stage, is called “prebleach-

ing. ” The purpose of prebleaching is to remove as
much lignin from the pulp as possible to minimize
the volume of more expensive bleaching chemicals
(e.g., chlorine dioxide, hypochlorite, and hydrogen
peroxide) needed in subsequent bleaching stages.

Chlorine gas and sodium hydroxide (CE) have
been the preferred chemicals for the prebleach stage
of the bleaching process. More recently, mixtures of
chlorine and chlorine dioxide have been used in
place of (or in addition to) pure chlorine treatment
(table 4-3).10 Other prebleaching processes are
slowly displacing CE as the first stages of the bleach
sequence at some mills. Prebleach oxygen delignifi-
cation and extended cooking may shorten the
bleaching sequence by reducing the amount of lignin
carried forward to the bleaching process. 11

Impetus for considering alternatives to the con-
ventional CE stage are based partially on reducing
the cost of bleach plant operations and partially on
concerns about environmental impacts from dis-
charged bleaching effluents. These concerns result
from detection of chlorinated organic material con-
taining chloroform and dioxins in bleached pulp mill
sludge. Most of the chlorinated organics contained
in bleach plant effluent originate from the first
chlorine, alkaline extraction, and hypochlorite
stages.

Brightening stages that follow prebleaching re-
move less lignin but bring out the brilliance of the
pulp through bleaching action. The brighter the pulp
desired, the more bleaching stages that must be used
(table 4-2). Mill operators have a number of mix-and-
match brightening processes to chose from for final
bleaching. Choices are largely determined by the
relative costs and efficiencies of the bleach options
and the required brightness of the pulp being
produced. The entire bleaching sequence is then a
combination of the prebleaching stages and the
brightening stages.

Prebleach Delignification
Chlorination-Chlorine selectively reacts with

lignin and under normal bleaching conditions does
little harm to cellulose fibers. Because of its relative

l%u&a p, Wngh and Edward S. Atkinson, “The Alkaline Extraction,” The Bleaching of Pulp, Third  Editbn (Atlanta, GA: TAPP1 Press, 1979), p.
89.

lljoh~  GulliChXn, ÔThe Past and Future of Pulp Bleaching,” 1987 Bleach Plant Operations Seminar, TMPI  Notes (Atlanta, GA: TAPPI Press,
1987), p, 19.
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Figure 4-2-Sequence for the Production of Fully Bleached Chemical

Raw water, Raw water Raw w a t e r Raw w ater

c ond e ns a t e  o r o r o r o r
white water w h i t e  w a t e r w h i t e  w a t e r
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o r

white water
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I i quor lost i n e f f I u e n t e f f I u e n t
t o  r e c o v e r y
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c h I or i n a t i on

SOURCE: Caribn W. Denos  snd (30ran  E. Annergren,  “Chlorination,” Tbe  8kachÓng  of  Pdp,  Thd  Edition  (Attants,  GA: TAPPI  Press, 1978), p. 51.

cheapness in comparison with other bleach chemi-
cals it became widely used for delignification after
the pulping process. Chlorination in the prebleach
cycle begins with washed brown stock pulp slurry at
low consistency (3 to 5 percent weight of pulp to
water) being pumped into a chlorination mixer.
Chlorine gas, which is often dispersed in water, is
added to the pulp slurry in the mixer and is
vigorously mixed (figure 4-4).

The reaction between chlorine and lignin begins
immediately in the mixer, and the reaction is
completed in a chlorination tower designed to give
the proper retention time. If chlorination is con-
ducted at low temperatures (5 to 45 “C) retention
time may range between 15 and 60 minutes. Higher
temperatures reduce the time necessary to complete
the chemical reaction. The chlorinated pulp is
washed before being sent to the alkali extraction
stage.

Chlorination is sometimes repeated after extrac-
tion if additional delignification is needed, but
because of possible cellulose damage a chlorine

dioxide stage is often used. Throughout the process
brightness, kappa number, and other indicators of
pulp quality are monitored.12

There is a trend toward modification of the first
chlorination stage by including other bleaching
agents (e.g., chlorine dioxide, with the chlorine
charge). Inclusion of these chemicals can reduce
cellulose degradation, improve pulp strength, and
reduce environmental releases. Chlorine dioxide is
sometimes used sequentially preceding the chlorine
treatment and has been shown to be more effective
than when the two chemicals are mixed. ’s Chlorine
dioxide can be used to completely replace chlorine
in the first delignification stage, but its gains in pulp
quality do not offset the additional expense, and pulp
brightness equivalent to t-hat produced by chlorine
can not be achieved. 14 Pretreatment with sodium
hypochlorite prior to chlorination has improved the
delignification of resinous woods.

Alkaline Extraction-Hot alkaline extraction is
the second stage in the pulp bleaching process and
completes the prebleaching delignification process.

Wouglss W. Reeve, ‘‘Pulp Chlorination,’ 1987 Bleach Plant Operations Seminar, TAPP1 Notes (Atlanta, GA: TAPP1 Press, 1987), p. 37.
IJcullon W, Dence and Goran E. Annergrcn, “Chlorination,” The Bleaching of Pufp, Third  Edirwn  (Atlanta, GA: TAPP1  press, 1979), p. 65.
ldDougl~  C. ~ke, ‘chlorine  Dioxide in the ~lorination stage, 1987 Bleach Piant  Operation Sem”rwr,  TAPPINotes (Atlanta,  GA: TAPPI  Press,

1987), p. 55.
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Figure 4-3-Pulp Brightness at Stages of the
Bleaching Sequence  CEHDED

B l e ach ing s t age

SOURCE: N. Lkrgott  and 6. Van Lierop, “Oxidative  Waaching  A Rev!ew Part 1:
Oel@nificalion,’<  P@&  Paper Carreb,  vof.  87, No. 8, IWS,  p. 58.

Moderate temperature or cold temperature alkaline
extraction is also used after later bleach stages in the
brightening process of multistage bleaching se-
quences. Cold alkaline extraction is particularly
important in the production of dissolving pulps for
the manufacture of rayon and acetate. Alkaline
extraction removes the soluble colored components
and lignin released in the preceding delignification
stage (chlorination or oxygen), therefore reducing
the amount of bleaching chemicals needed in
subsequent stages and improving the durability of
the pulp.

Sodium hydroxide has been shown to be the most
efficient alkali for decreasing the kappa number of
pulp. Efficient extraction is nearly as important as
prebleach delignification in the first bleaching stage.
For instance, after chlorination and washing, but
before alkaline extraction, about 30 to 50 percent of
the chlorinated lignin in removed. After alkaline
extraction, 80 to 90 percent of the lignin is re-
moved. 15 A second hot alkaline extraction is some-

Table 4-3-Examples of Prebleaching Sequences
for Pulp Delignification

CE . . . . . Chlorine - Alkali extraction
CDE . . . (Chlorine+ Chlorine dioxide) - Alkali extraction
CE O . . . Chlorine - (Alkali + Oxygen extraction)
OCDE . . Oxygen - (Chlorine + Chlorine dioxide) - Alkali

extraction
DCE . . . Chlorine dioxide - Chlorine - Alkali extraction
SOURCE: Dougies  W. Reeve, “The principles of Bieaohi~,-  f987  SkMch  Plant

Qemfiorts  Seminar, TAPP/Notes(AUanta,  GA: TAPPI Press, 1987),  p. 10.

times used later in the bleach sequence after
bleaching with chlorine dioxide or sodium hypo-
chorite (e.g., CEHED, CEHDED, or CEDED se-
quences) to improve pulp brightness stability and
conserve bleach chemicals. ’b

The pulp is subjected to the alkaline extraction
treatment for 60 to 90 minutes at most mills in the
first post-chlorination extraction stage, although
some operate on a shorter schedule. The second
alkaline extraction usually lasts from 30 to 60
minutes.

The first alkaline extraction stage contributes the
largest potential pollutant load released from the
pulp bleach plant. It may be possible to reduce the
pollutant loss from the extraction stage considerably
by substituting oxidative extraction, particularly
sodium hypochlorite, for the first alkaline extraction
stage (e.g., CHED, bleaching sequences) .17 Sodium
hypochlorite added to the sodium hydroxide extrac-
tion solution (EH) may reduce the color (a rough
indicator of pollution load) in waste water by about
one-half.18 Even larger reductions in waste water
color (about three-quarters) have resulted when
hydrogen peroxide is added at the alkaline extraction
stage.

Oxidative Extraction-Oxygen gas added to
sodium hydroxide in the extraction stage (Eo)
decreases the kappa number, conserves chemicals in
subsequent bleaching stages (in some cases it can
reduce the number of bleaching stages), and reduces
pulp strength loss and coloration in the waste
Water.19 Studies have shown that the addition of

15F3.  VUI Lierop et id., ‘‘Caustic Extraction, Part I: Reaetion %riables,’ 1987 Bleach Plaru Operatwns  Seminar, TWPl Notes (Atlanta, GA: TAPPI
PIXXS, 1987), p. 44.

lbSln@ ~d Atkinson, op. cit., footno(e 10, p. 91.
171bid.,  p. 99
lgLie~rgo~ and van Lierop,  op. cit., fOOttlote  7, p. 46.
lgIbid.,  p, 47,
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other oxidizers, such as hydrogen peroxide or
sodium hypochorite, to an EO extraction stage might
allow for a shortened, three-stage bleaching se-
quence capable of bleaching pulp to high brightness
(88 to 90 percent ISO). The EO extraction stage has
gained rapid acceptance since only modest addi-
tional investment in new equipment is needed.

Oxygen has been substituted for alkaline extrac-
tion immediately after the chlorination stage.20 If
coupled with a following chlorine dioxide bleach
stage, the COD sequence can produce fully bleached
pulp with major savings in chemicals. A three-stage
sequence using oxygen in the second stage follow-
ing a chlorine dioxide-chlorine delignification stage
(( DC)OD) has been used by the Chesapeake Corp. at
West Point, Virginia since 1972. The Chesapeake
mill was the first commercial application of oxygen
in the extraction stage.
Brightening Stages

Chlorine Dioxide—Chlorine dioxide is very se-
lective in attacking lignin without significantly
degrading cellulose, while producing high bright-
ness pulp. In the dioxide bleach stage, chlorine
dioxide is generated as a gas at the mill and dissolved
in cold water. The aqueous chlorine dioxide solution
is mixed with the prebleached pulp, heated to about
70 “C, and is normally held in a reaction vessel for
approximately  3  hours.21

Because of chlorine dioxide’s high cost, it is most
commonly used at or near the end of bleaching
sequences (e.g., CEHD, CEHED, CEDED, and
CEHDED). Sequences using chlorine dioxide in
only one bleach stage generally produce lower
brightness pulps.

22 For instance, the CEHD se-
quence on softwood kraft pulp would probably be
limited to 85 percent G.E. brightness. In order to
achieve the highest brightness (90+ percent G.E.),
two chlorine dioxide stages are generally required
(e.g., CEDED and CEHDED sequences). Chlorine
dioxide can also be used in conjunction with a

Table 4-4-Common Sequences Used To Bleach
Kraft Pulp to Various Degrees of Brightness

Range of GE%
brightness Sequence

CEH
70-80 CEHH

CHEH

CEHEH
80-85 CCHEHH

C E D
C E H D

C H E D
85-92 C E H D D

C CH E DH
C E D E D
C E D H E D
C D E O D E D
O CD E H D

SOURCE. Adapted from AJlan  M. springer, krdustnal  Erwironrnarrkd  Corrtrol:  Pub  and
Papar /ndJstry  (Naw York, NY: JohrI  Wiley IS Sons, 19S6), p. 161.

hydrogen peroxide bleach stage (CEHDP or CEDPD)
to produce 90+ percent G.E. brightness pulp.23

Peroxide-Hydrogen peroxide is a very effective
cellulose-preserving bleach agent and is well suited
for improving the brightness of highly lignified
pulps, such as mechanical groundwood or chemi-
mechanical pulps, without significantly reducing its
yield. Hydrogen peroxide is an extremely versatile
delignifying chemical and has been proposed for use
as a chip pretreatment before kraft pulping and as a
delignifier in the prebleach stage prior to, or as a
substitute for, the C, CD, or Dc prebleaching
stages. 24 It is also used in association with sodium
hydroxide in alkaline extraction (EP) Because of its
high cost, hydrogen peroxide is used most often in
the later stages of pulp bleaching.

Peroxide is used in the intermediate stages of the
bleaching sequence as a replacement for hypochlo-
rite or chlorine dioxide. It is frequently used as the
last stage in the bleach sequence where it can add a
few points of brightness to the pulp and improve its
brightness stability. Peroxide alone is a relatively

zOR~&a P. Sin@ and Bjom C. Diilner,  “Oxygen Bleaching, ” The Bleaching of Pulp, Third Editwn  (Atlanta, GA: TAPPI Press, 1979), p. 181.
21Rapson  @ Stt-lmila,  op. cit., footnote 8, p. 114.
zz~ug]m W. Reeve, “Chlorine Dioxide Bleaching,” 1987 Bleach Plant Operatiom Seminar, 7iVPlNotes  (Allama,  GA: TAPPI Press, 1987),  p.

67.
23RWWn ~ StIUmlla,  op. cit.! p. 1a”
ZAJ.R. ~es]ey and R.R, Kindron, ‘Hydrogen Peroxide Bleaching,’ 1987 Bleach Plant Operations Seminar, TAPPINotes  (Atlanta, GA: TAPPI Press,

1987), p, 75.
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Figure 4-4-Schematic Diagram of the Chlorination Process

SOURCE, Carlton W. Denos and Goran E. Annergren,  “Chbrinatmn,”  l% Bkwchmg  of  Pu/p,  Third Edition (Atlanta, GA: TAPPI  Press,
1979), p. 52,

ineffective means for bleaching krafl pulp.25 How-
ever, when used in sequences with chlorine-based
bleaching agents, peroxide is an efficient delignifier
and brightner. Peroxide is also used for intermediate
bleaching stages of the kraft bleaching sequence or
as a final treatment to increase and stabilize the
brightness of chemical pulps.26

The peroxide bleach liquor is usually in the range
of 1 to 3 percent hydrogen peroxide. An appropriate
volume of peroxide liquor, sodium hydroxide, and
other chemicals to stabilize the peroxide are mixed
with pulp and heated with steam to the reaction
temperature (35 to 70 ‘C). The peroxide-pulp
mixture is allowed to react under controlled tem-
perature for an optimum time (1 to 5 hours). When
the reaction is complete, the pulp is washed and sent
to the next bleaching stage or washed and neutral-
ized with sulfur dioxide if it is the final bleach stage.

Peroxide, coupled with oxygen and/or ozone,
shows some promise in research laboratory evalu-

ations for formulating chlorine-free bleach sequences
to reduce release of chlorinated organics in the waste
stream. A three-stage sequence OZP (oxygen, ozone,
peroxide) has yielded brightness values of 85
percent GE in eucalyptus kraft pulp.27 However,
the pulp suffered a substantial loss in tear strength,
The ZP bleaching sequence produced southern pine
oxygen pulps of 80 percent GE brightness with good
brightness stability. In contrast to peroxide and
oxygen bleaching, ozone bleaching has not been
developed to the point of commercialization.

Hypchlorite—The use of hypochlorites for bleach-
ing wood pulp began in the early 1880s. Although
the development of chlorine bleaching technology in
the 1900s led to a decrease in the use of sodium and
calcium hypochlorite, still about 40 percent of the
kraft pulp mills in the United States and Canada use
at least one hypochlorite stage in their bleach
sequence. Hypochlorites have been used effectively
on sulfite pulps where an alkaline extraction stage is
interposed with two hypochlorite stages (HEH),28

ZSD.H,  ~~ws ~d  R,p.  Singh, “Peroxide Bleaching, ” The Bleaching of Pulp, Third Edition (Atlanta, GA: TAPPI Press, 1987), p, 237.
~lbid., p. 212.
271bid,,  p, 243,
zs~ E, ~~n md H, dev, Partridge, “Bleaching With Hypoehlorites,” The Bleaching of Pub, Third Editions (Altanta, GA: TAPPI PIESS,  1979),

p. 101.
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Kraft pulps, being more difficult to bleach than
sulfite pulps, require that a chlorine and alkaline
extraction stage be added in the prebleach segment
of the bleach sequence. Until chlorine dioxide and
peroxides became available in the 1940s, kraft pulps
of 85 percent GE brightness were the brightest that
could be produced with hypochlorite bleaching and
still maintain acceptable pulp strength, but these
pulps had poor brightness stability.

Hypochlorite is nonspecific, that is, it attacks
cellulose as well as lignin, therefore it requires
careful control if a reduction in pulp strength is to be
avoided.29 Bleaching sequences such as CEHD,
CEHED, and CEHHD are used widely for producing
pulps of 86 to 88 percent GE brightness, CEHDED
is used for pulps of 88 to 90+ percent GE brightness,
and CEHDP and CEHEDP for pulps of 90 percent
GE brightness using peroxides. Hypochlorite is also
used in small amounts for oxidative extraction (see
above). Some mills use hypochlorite as a replace-
ment for the first alkaline extraction stage to reduce
the color in bleach plant effluent.30

Retention times and chemical concentrations vary
for hypochlorite bleaching depending on which
stage it is being used in the bleaching sequence.
Retention times range from a low of 30 minutes at
some mills to 3.5 hours for those using hypochlorite
in the brightening stage. Reaction temperatures for
hypochlorite stages are generally kept low (85 to 110
‘F) to minimize cellulose degradation.

A “simplified bleaching” process for hypochlo-
rite has recently been developed.31 Simplified bleach-
ing uses a short (l O-minute) bleach cycle at higher
temperatures than normally used (180 ‘F). The
hypochlorite treated pulp is sent without washing to
a chlorine dioxide stage. This ostensibly produces
pulps of higher brightness at lower cost.

Studies have shown that one of the largest
contributors to the environmental release of chloro-

forms from a bleach plant is the effluent from the
hypochlorite stage.

32 It is hypothesized that chloro-
form is produced under specific conditions existing
in the hypochlorite stage rather than simply as the
result of chlorine-based chemicals. The specific
conditions and reactions contributing to the produc-
tion of chloroform are not well known, however, and
more research is needed to establish causation.
These early findings of the linkage between hypo-
chlorite reactions and chloroform production has led
some to propose that the release of chloroform
compounds from pulp mills could be reduced by
eliminating the large-scale use of hypochlorite in the
bleach sequence.

Ozone-Ozone is one of the most powerful
bleaching and oxidizing agents. It is a special form
of oxygen produced by the discharge of an electrical
current in oxygen gas. While oxygen atoms nor-
mally occur in pairs, the electrical discharge makes
three atoms associate with one another, thus giving
extraordinary oxidative properties to ozone. Its
decomposition to oxygen after bleaching produces
neither a residue, nor undesirable inorganic by-
products. Ozone, in a bleaching sequence with
hydrogen peroxide, can produce high-brightness
pulps. Ozone is not used commercially for pulp
bleaching. Some pilot plant studies have been
conducted, but additional development work would
be needed to permit its widespread commercial use.

Ozone, in conjunction with preliminary oxygen
delignification, holds promise for reducing the
amount of chlorine and hypochlorite used in the
prebleach and brightening stages of the bleaching
sequence. Ozone bleaching is particularly well
suited to bleaching sulfite pulps because of their low

 H i g h - b r i g h t n e s s ,residual lignin content.33 high-
quality, hardwood kraft pulps can be produced by
using ozone in the first stage of the bleaching

Z9E.13.  Althouse,  J.H.  Bostwick, and D.K.  Jain, “Using Hydrogen Peroxide and Oxygen to Replace Sodium Hypochlorite  in Chemical Pulp
Bleaching, ’ T#P/  J , vol. 70, No. 6, June, 1987, p. 113.

s~uwn ~d partridge, Op. clt.~  P. 102.
31R.G.  Hise imd H.L. Hintz, “HypoehIorite  Bleaching, ” 1987 Bleach Plant Operations Semiw, TAPPI Notes (Atlanta, GA: TAPPI  Press, 19871,

p> 65.
szIbid.
SSR, Patt et al,, “Laboratory and Pilot Plant Bleaching of Mrious Pulps With Ozone, ‘‘1984 OqgenDelignfication Sy~osiwn, TAPPINotes  (Atlanta,

GA: TAPP1 Press, 1984), p. 33.
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sequence (e.g., ZEP, ZEZP, and ZED).34 Because it
is a very powerful and nonselective chemical, its use
is usually limited to the early bleaching stages.

Kraft softwood pulps must be delignified, prefer-
ably with oxygen or through extended cooking to
reduce the need for chlorination in the prebleach
segment, before bleaching with ozone. Low kappa
number kraft softwood pulps bleached with the
OZEP sequence produced pulp comparable in bright-
ness and strength to those produced from the
CEHED five-stage sequence.

35Brighter kraft soft-

wood pulp can be produced with oxygen-ozone-
peroxide and/or chlorine dioxide bleaching se-
quences (e.g., OZEP, OZEPP, OZEPD, OZED, and
OZEPD). For the highest brightness, chlorine diox-
ide was needed in the final bleaching stage,

Ozone is not currently used commercially by the
industry. Experimental results and pilot plant opera-
tions indicate that ozone might have future promise
as an alternative bleaching agent. Further discussion
of oxygen-based, nonchlorine bleaching technology,
including ozone bleaching, is found in chapter 5.

~qsleven  s.K, Ow and Rudrii P. Sin@, “Advances in Ozone Bleaching, Part II: Blcaehing of Softwood Kraft Pulps With Oxygen & Ozxme
Combination,” Oxygen Delignfl’cution  .~~posium, TAPP1  Notes (Atlanta, GA: TAPPI  Press, 1984), p. 43,

J51bid., p. 49.
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3.  CHEMICAL AND PHYSICAL INFORMATION
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The Advance of Water Treatment Technology 
 

 
Aluminum has long been used as a primary coagulant to clarify water for 

drinking and industrial process uses.  Historically, the main delivery 

mechanism for Aluminum ions came in the form of Aluminum Sulfate 

(Alum).  The main reasons alum was so widely used was availability and 

lack of low-cost alternatives.  However, there are other costs and problems 

associated with the use of alum.  Alum is extremely acidic and can 

dramatically drop pH even when used at normal dosages.  This creates the 

need to feed additional chemicals (lime or caustic soda) to compensate for 

the decline in pH.  The use of Alum also produces relatively large amounts 

of aluminum hydroxide sludge. Therefore, when considering the whole 

picture, the cost of using Alum also includes:  

 

- Pre and Post pH Adjustment (lime, caustic, etc.) 

- Sludge Treatment (flocculation / dewatering) 

- Solids Disposal 

 

Increased sludge handling costs and regulations requiring higher levels of 

finished water quality are responsible for driving the development of more 

cost-effective and efficient coagulants. 

 

Polyaluminum Chloride (PACl) compounds were developed to provide 

better performance than alum could offer.  While they accomplished this 

goal, they also provided many other cost benefits when compared to alum.  

PACl has a minimal impact on pH and therefore minimizes the need to 

feed additional chemicals.  And it is able to do a better job while using 30-

80% less aluminum on average.  This translates roughly to a similar 

percent reduction in the amount of sludge that needs to be emptied from 

sedimentation basins and disposed of.   

 



The growth rate of PACl has been very impressive.  In many areas where 

PACl has been marketed for a reasonable time period it has replaced over 

75% of the total alum demand.  

 

Around the same time the PACl was developed, organic polymers which 

aided the coagulation process were also introduced to the water treatment 

industry. These polymers are generally not effective as a primary 

coagulant but when used in conjunction with alum, help to equalize its 

performance to that of PACl products. 
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PAPERMAKER’S ALUM 

 
 

 Alum has many uses in papermaking and has a very complex chemistry in water. 

Papermaker’s alum is a monomeric species, which has the following formula: 

 

Al2(SO4)3 
. 14H20 

 

Alum is beneficial in many ways, but can also be detrimental in causing competition for 

anionic sites on fibers and can cause deposit problems.  The diversified chemical activity of the 

aluminum ion in aqueous solutions results from a high charge (3+) and small ionic radius.  This 

combination of high charge and small ionic radius gives the aluminum ion a high charge 

density.  As well, the aluminum ion acts as a Lewis Acid electron pair acceptor and complexes 

with neutral or anionic molecules, which are referred to as ligands.  The strength or stability of 

the aluminum-ligand bond is controlled; 1) by the ability of the ligand to give up electrons, 2) 

by the receptivity of the aluminum ion for the electrons, 3) and by the ability of the ligand to 

occupy more than one coordination site with a stable structural development.  In the dilute 

environment of most paper machines, the aluminum cation forms complexes with ligands such 

as H2O, OH-, SO4
-2, H2PO4

-, C2O4
-, and RCOO- but not with Cl-, NO3

-, or ClO4
-. 

Alum is 30% SO4
-2, thus calcium, barium, and magnesium (from fillers, fiber, and hard 

water) are easily precipitated.  As well, aluminum is the sole species at a pH less than 3.0 when 

dissolved in an aqueous medium with a noncomplexing ion.  Above a pH of 3.0 the water 

ligand replaces the hydroxide group creating a hydrolysis reaction.  The hydrolysis reaction is 

 

 
-2- 



the summation of two reactions at equilibrium, such as; 

Al+3 + H2O             AlOH+2 

   H+ + OH-               H20       

Al+3 + OH-              AlOH+2 

The hydroxyl ion shifts the equilibrium in favor of the hydrolyzed species by removing the 

protons from the solution.  Thus, as the OH- concentration increases, the reaction is shifted to 

the right creating other hydroaluminum species such as AlOH+2.  As the pH continues to 

increase, polynuclear species such as Al8(OH20)+4 are formed by a process called olation.  

Olation essentially is the process of forming polynuclear aluminum species by linking 

mononuclear aluminum complex species to each other by bridging with hydroxyl groups.  The 

most probable aluminum species existing in a solution of a non-complexing anion would be 

Al+3, AlOH+2, Al8(OH20)+4, and/or Al(OH)3. 

To better understand the functions of the various species formed with aluminum in an 

aqueous medium, graphs have been included for review purposes.  The formation of the Al+3 

species is in the pH range of 4.0 to 4.6 as shown in Graph 1. 

 
           GRAPH  1 
 
      Fraction Aluminum 
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                   pH 
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The importance of the existence of the Al+3 ion is for charge neutralization through ion 

exchange with fiber carboxyl groups.  Once again, a lower pH pushes the equilibrium back to 

the left forming the strongly absorptive Al+3 ion. 

 Graph 2 show that below a pH of 4.5, the AlOH+2 species exists as well. 

 
    GRAPH  2 
Fraction Aluminum           
 
       1.0            Al+3 

 
0.8 

 
0.6 

 
0.4 

 
0.2                   

0.0  AlOH+2 

   4.0     4.2     4.4     4.6     4.8     5.0     5.2         5.5 

           pH 
 
This is a weak acid that is present in very small amounts.  However, this species olates 
 
with the polynuclear aluminum species Al8(OH20)+4 as illustrated in Graph 3. 
 
                                                                      GRAPH  3 
            Fraction Aluminum 
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0.6    Al8(OH20)+4  
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0.2                   

0.0           AlOH+2 

                                          4.0     4.2     4.4     4.6     4.8     5.0     5.2         5.5  

                                       pH 
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This polynuclear species Al8(OH20)+4 is strongly adsorbed due to the 4+ charge and its ability 

to participate in hydrogen bonding interactions with fiber surfaces.  As well, adsorption of the 

species onto the fiber provides a mechanism for attracting anionic trash to the fiber surface.  

However, if the adsorption is such that the fiber is coated, then there is competition for anionic 

sites with other papermaking aides.  The three species Al+3, AlOH+2, Al8(OH20)+4 are soluble 

up to a pH of 4.8.  Graph 4 shows that at a pH of 4.8, not only does the maximum concentration 

of Al8(OH20)+4 exist, but the formation of the aluminum hydroxide precipitate (Al(OH)3) 

becomes apparent. 
GRAPH  4 

                                   Fraction Aluminum 
 

1.0                       Al+3 

0.8        Al(OH)3 

0.6                  

0.4              Al8(OH20)+4 

0.2            

0.0        AlOH+2 

                                                    4.0     4.2     4.4     4.6     4.8     5.0     5.2         5.5 

                               pH 

At pH above 4.8, Al(OH)3 is dominant.  This precipitate has the ability for adsorption and is 

less soluble than the other complexes formed.  As with Al8(OH20)+4, adsorption may provide a 

mechanism for capturing anionic trash or cause detrimental competition for anionic sites on the 

fibers between other papermaking aides.  The precipitate may also fill holes between the fibers 

causing poor formation, drainage, and retention.  Other factors to consider when using alum are 

aluminum concentration and S04
-2 content. These factors can increase shifts in equilibrium to 

the right at lower pHs.  This shift increase would cause the formation of insoluble aluminum 

hydroxide at a much lower pH. 

 

-5- 



 
From the above discussion it could be concluded that: 
 
1) Charge neutralization occurs. 
 
2) Retention and drainage occurs. 
 
3) Alum is effective between a pH of 4.0 - 5.5, and is therefore pH limited. 
 

However, due to alum's monomeric species and chemical reactiveness, it is not very effective 

in controlling stickies, pitch, or pH.  As well, alum is pH limited and causes deposits. 
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POLYALUMINUM  HYDROXYCHLORIDE 

 

Polyaluminum hydroxychloride (PACl), generally speaking, is a prehydrolyzed, polymeric 

species with the empirical formula of: 

 

Al13(OH)20Cl19 

 

As with alum, PACl has many applications that assist in the papermaking process. 

PACl's major benefits include: 

 
1) Charge Neutralization 
 
2) Sizing Efficiency 
 
3) Stickies and Pitch Control 
 
4) Retention and Drainage 
 
5) Deposits Control 

The degree of basicity for Gulbrandsen’s various polyaluminum hydroxychloride products is 

calculated as follows: 

(m/3n) x 100 

where, 

Aln(OH)mCl3n-m 

and cationic charge is determined by, 

Aln(OH)mCl(3n-m) 

The prehydrolyzed aluminum structure can effectively hold its charge (Al13) longer than alum 

over a broader pH range (4.0 - 10.0). This prehydrolyzed structure also prevents PACl from 
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consuming alkalinity, thus resulting in an overall higher system pH.  As discussed with alum, a 

charge graph representing PACl has been derived and is illustrated in Graph 5. 

GRAPH  5 

EFFECT OF pH ON CHARGE AVAILAB1LITY 
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The polynuclear species, Al13(OH)20Cl19
+19,  maintains relatively constant fractional aluminum 

from pH 4.0 to 10. 0.  Figure 1 illustrates how PACl works by; 1) charge neutralization and 2) 

flocculation. 

Figure 1 

Charge Neutralization                                                        Flocculation 
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These two mechanisms provide high retention efficiency of colloidal resin particles and anionic 

trash.  Fibers, fillers, fines, and size have anionic charges, thus, to have good sizing efficiency 

and higher retention it is necessary to neutralize these anionic charges.  The Al+3
 

species efficiently provides charge neutralization with ion exchange.  The polynuclear 

species Al13(OH)20Cl19
+19 causes flocculation of anionic trash as well as adsorption onto the 

fiber surface.  Unlike alum, PACl has the ability to exhibit ion exchange and adsorption 

simultaneously, thus increasing the efficiency of charge neutralization, retention, drainage, and 

sizing efficiency. 

 PACl's polynuclear structural makeup also assists in removing stickies and pitch.  

PACl's hexahydrated aluminum structure exhibits a ring and cage like structure that sweeps 

through the system and deposits anionic material onto fiber surfaces as the aluminum species 

are adsorbed (Figure 2). 

FIGURE 2 

Hexahydrated Aluminum     Hexameric Ring 
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+3      Al6(OH)12(H2O)12

+6 

 

 

 

 

            Al          

      Polymeric Structure     

           Al13(OH)20Cl19
+19 

 

 

                  Al 
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PACl also prevents deposition due to its chemical structure consisting of chloride ions where 

alum consists of sulfate ions.  PACl forms calcium and barium chloride, which is 100 times 

more soluble than calcium and barium sulfate.  This significantly reduces deposits which 

form in wires, felts, and on machine surfaces.  From the discussion about PACI, it could be 

concluded that PACI can be beneficial in: 

 
1) Charge Neutralization 
 
2) Drainage and Retention 
 
3) Sizing Efficiency 
 
4)   Stickies and Pitch Control 
 
5) Dye set efficiency      
 
6) Does Not Promote Calcium and Barium Deposit Buildup 
 
7) Less Corrosive environment when operating at Neutral to Alkaline pH 
 
8) Increased Fiber Swelling (Sheet Strength) Due to Higher pH 
 
 In conclusion, both papermaker’s alum and polyaluminum hydroxychloride are 

efficient in charge neutralization, retention, drainage, and sizing efficiency.  Alum is most 

effective when used in pH range from 4.0 - 5.5.  Conversely, alum is not reliable in controlling 

pH and can contribute deposits to the papermaking system due to the presence of sulfate.  In 

contrast, PACI is effective in a broader pH range (4.0 - 10.0).  PACl does not contribute 

deposits due to the presence of chloride.  PACl is effective in removing pitch and stickies due 

to its polymeric structure and PACl's built in basicity provides a less corrosive environment for 

making paper.  Finally, a higher pH causes fiber swelling for improving final sheet strength. 
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Wastewater quality indicators
From Wikipedia, the free encyclopedia
Jump to: navigation, search 

Wastewater quality indicators such as the biochemical oxygen demand (BOD) and the chemical 
oxygen demand (COD) are essentially laboratory tests to determine whether or not a specific 
wastewater will have a significant adverse effect upon fish or upon aquatic plant life.

Contents
1 Wastewater biochemical oxygen demand and chemical oxygen demand ¥
2 Further reading ¥
3 See also ¥
4 External links ¥

[edit] Wastewater biochemical oxygen demand and chemical 
oxygen demand
Any oxidizable material present in a natural waterway or in an industrial wastewater will be oxidized 
both by biochemical (bacterial) or chemical processes. The result is that the oxygen content of the 
water will be decreased. Basically, the reaction for biochemical oxidation may be written as:

Oxidizable material + bacteria + nutrient + O2 ! CO2 + H2O + oxidized inorganics such 
as NO3 or SO4 

Oxygen consumption by reducing chemicals such as sulfides and nitrites is typified as follows:

S-- + 2 O2 ! SO4
-- 

NO2
- + ½ O2 ! NO3

- 

Since all natural waterways contain bacteria and nutrient, almost any waste compounds introduced 
into such waterways will initiate biochemical reactions (such as shown above). Those biochemical 
reactions create what is measured in the laboratory as the Biochemical Oxygen Demand (BOD).

Oxidizable chemicals (such as reducing chemicals) introduced into a natural water will similarly 
initiate chemical reactions (such as shown above). Those chemical reactions create what is measured 
in the laboratory as the Chemical Oxygen Demand (COD).

Both the BOD and COD tests are a measure of the relative oxygen-depletion effect of a waste 
contaminant. Both have been widely adopted as a measure of pollution effect. The BOD test measures 
the oxygen demand of biodegradable pollutants whereas the COD test measures the oxygen demand 
of biogradable pollutants plus the oxygen demand of non-biodegradable oxidizable pollutants.
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The so-called 5-day BOD measures the amount of oxygen consumed by biochemical oxidation of 
waste contaminants in a 5-day period. The total amount of oxygen consumed when the biochemical 
reaction is allowed to proceed to completion is called the Ultimate BOD. The Ultimate BOD is too 
time consuming, so the 5-day BOD has almost universally been adopted as a measure of relative 
pollution effect.

There are also many different COD tests. Perhaps, the most common is the 4-hour COD.

There is no generalized correlation between the 5-day BOD and the Ultimate BOD. Likewise, there is 
no generalized correlation between BOD and COD. It is possible to develop such correlations for a 
specific waste contaminant in a specific wastewater stream, but such correlations cannot be 
generalized for use with any other waste contaminants or wastewater streams.

The laboratory test procedures for the determining the above oxygen demands are detailed in the 
following sections of the "Standard Methods For the Examination Of Water and Wastewater" 
available at http://www.standardmethods.org/:

5-day BOD and Ultimate BOD: Sections 5210B and 5210C ¥
COD: Section 5220 ¥

[edit] Further reading
Tchobanoglous, M, Mannarino, F L, & Stensel, H D (2003). Wastewater Engineering 
(Treatment Disposal Reuse) / Metcalf & Eddy, Inc, 4th Edition, McGraw-Hill Book Company. 
ISBN 0-07-041878-0. 

¥

Beychok, Milton R. (1967). Aqueous Wastes from Petroleum and Petrochemical Plants, 1st 
Edition, John Wiley & Sons, LCCN 67019834. 

¥

[edit] See also
Biochemical oxygen demand ¥
Chemical oxygen demand ¥
Carbonaceous biochemical oxygen demand ¥
Conventional pollutant ¥
Dissolved oxygen ¥
Hypoxia (environmental) ¥
Industrial water treatment ¥
Wastewater ¥
Water pollution ¥
Water quality ¥
Water treatment ¥

[edit] External links
Discussion of BOD and COD (use BOD as the keyword in the pdf search function) ¥
Discussion of BOD and COD (use BOD as the keyword in the pdf search function) ¥
More about COD and BOD (scroll to section on "Advantage of using COD over BOD") ¥
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Discussion of oxygen demand (use Oxygen Demand as the keywords in the pdf search 
function) 

¥

Retrieved from "http://en.wikipedia.org/wiki/Wastewater_quality_indicators"
Categories: Chemical engineering | Environmental engineering | Environmental soil science | Water 
pollution | Water quality indicators | Water and the environment
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BASICS OF WASTEWATER TREATMENT 

Before you go on to read about the individual technologies discussed later in this document, it is helpful 
to understand some of the basics of wastewater treatment. You will see terms like BOD, total suspended 
solids, nitrification, and denitrification frequently when discussing wastewater treatment. It is important 
to understand what each of these terms mean and how each relates to the wastewater treatment process. 
Some very basic processes of wastewater treatment are also briefly discussed. If you understand the 
theory behind these basic treatment processes it is easy to see how and why the processes are applied in 
the various alternative technologies discussed later.  

BASIC CONSTITUENTS OF WASTEWATER 

Biochemical oxygen demand 

One of the most commonly measured constituents of wastewater is the biochemical oxygen demand, 
or BOD. Wastewater is composed of a variety of inorganic and organic substances. Organic substances 
refer to molecules that are based on carbon and include fecal matter as well as detergents, soaps, fats, 
greases and food particles (especially where garbage grinders are used). These large organic molecules 
are easily decomposed by bacteria in the septic system. However, oxygen is required for this process of 
breaking large molecules into smaller molecules and eventually into carbon dioxide and water. The 
amount of oxygen required for this process is known as the biochemical oxygen demand or BOD. The 
Five-day BOD, or BOD5, is measured by the quantity of oxygen consumed by microorganisms during a 
five-day period, and is the most common measure of the amount of biodegradable organic material in, or 
strength of, sewage. 

BOD has traditionally been used to measure of the strength of effluent released from conventional 
sewage treatment plants to surface waters or streams. This is because sewage high in BOD can deplete 
oxygen in receiving waters, causing fish kills and ecosystem changes. Based on criteria for surface water 
discharge, the secondary treatment standard for BOD has been set at 30 mg BOD/L (i.e. 30 mg of O2 are 
consumed per liter of water over 5 days to break down the waste). 

However, BOD content of sewage is also important for septic systems. Sewage treatment in the septic 
tank is an anaerobic (without oxygen) process; in fact, it is anaerobic because sewage entering the tank 
is so high in BOD that any oxygen present in the sewage is rapidly consumed. Some BOD is removed in 
the septic tank by anaerobic digestion and by solids which settle to the bottom of the septic tank, but 
much of the BOD present in sewage (especially detergents and oils) flows to the leaching field. Because 
BOD serves as a food source for microbes, BOD supports the growth of the microbial biomat which 
forms under the leaching field. This is both good and bad. On the one hand, a healthy biomat is desired 
because it is capable of removing many of the bacteria and viruses in the sewage so that they do not pass 
to the groundwater. The bacteria in a healthy biomat also digest most of the remaining BOD in the 
sewage. Too much BOD, however, can cause excessive growth of bacteria in the biomat. If the BOD is 
so high that all available oxygen is consumed (or if the leaching field is poorly aerated, as can be the 
case in an unvented leaching field located under pavement or deeply buried) the biomat can go 
anaerobic. This causes the desirable bacteria and protozoans in the biomat to die, resulting in diminished 
treatment of the sewage. Low oxygen in the biomat also encourages the growth of anaerobic bacteria 
(bacteria which do not require oxygen for growth). Many anaerobic bacteria produce a mucilaginous 
coating which can quickly clog the leaching field. Thus, excess BOD in sewage can cause a leaching 
field to function poorly and even to fail prematurely.  

Many of the enhanced treatment technologies discussed later in this document were designed 
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specifically to reduce BOD in treated sewage. BOD removal can be especially important where sewage 
effluent flows to a leaching field in tight soils. Tight soils are usually composed of silts and clays 
(particle size < 0.05 millimeter). These small soil particles are tightly packed and the pore space between 
them is small. Reducing BOD means that the sewage will support the growth of less bacteria and 
therefore the effluent will be better able to infiltrate tight soils. Many enhanced treatment technologies 
that remove BOD were designed specifically to enhance disposal of effluent in tight silt or clay soils. 

BOD is fairly easy to remove from sewage by providing a supply of oxygen during the treatment 
process; the oxygen supports bacterial growth which breaks down the organic BOD. Most enhanced 
treatment units described incorporate some type of unit which actively oxygenates the sewage to reduce 
BOD. This unit is often located between the septic tank and the leach field. Or, it can be located within 
the septic tank in a specific area where oxygen is supplied. Reduction of BOD is a relatively easy and 
efficient process, and results in sewage of low BOD flowing to the leaching field. It is important to note, 
however, that low BOD in sewage may result in a less effective biomat forming under the leaching field. 

It is also important to note that BOD serves as the food source for the denitrifying bacteria which are 
needed in systems where bacterially-mediated nitrogen removal takes place. In these situations BOD is 
desired, as the nitrification/denitrification process cannot operate efficiently without sufficient BOD to 
support the growth of the bacteria which accomplish the process.  

Total suspended solids 

Domestic wastewater usually contains large quantities of suspended solids that are organic and inorganic 
in nature. These solids are measured as Total Suspended Solids or TSS and are expressed as mg TSS/ 
liter of water. This suspended material is objectionable primarily because it can be carried with the 
wastewater to the leachfield. Because most suspended solids are small particles, they have the ability to 
clog the small pore spaces between soil grains in the leaching facility. There are several ways to reduce 
TSS in wastewater. The simplest is the use of a septic tank effluent filter, such as the Zabel filter 
(several other brands are available). This type of filter fits on the outlet tee of the septic tank. It is made 
of PVC with various size slots fitted inside one another. The filter prevents passage of floating matter 
out of the septic tank and, as effluent filters through the slots, fine particles are also caught. Many types 
of alternative systems are also able to reduce TSS, usually by the use of settling compartments and/or 
filters using sand or other media. 

Total nitrogen 
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Nitrogen is present in many forms in the septic system. Most nitrogen excreted by humans is in the form 
of organic nitrogen (dead cell material, proteins, amino acids) and urea. After entering the septic tank, 
this organic nitrogen is broken down fairly rapidly and completely to ammonia, NH3, by 
microorganisms in the septic tank. Ammonia is the primary form of nitrogen leaving the septic tank. In 
the presence of oxygen, bacteria will break ammonia down to nitrate, NO3. In a conventional septic 
system with a well aerated leaching facility, it is likely that most ammonia is broken down to nitrate 
beneath the leaching field.  

Nitrate can have serious health effects when it enters drinking water wells and is consumed. Nitrate and 
other forms of nitrogen can also have deleterious effects on the environment, especially in coastal areas 
where excess nitrogen stimulates the process known as eutrophication. For this reason, many alternative 
technologies have been designed to remove total nitrogen from wastewater. These technologies use 
bacteria to convert ammonia and nitrate to gaseous nitrogen, N2. In this form nitrogen is inert and is 
released to the air. 

Biological conversion of ammonia to nitrogen gas is a two step process. Ammonia must first be oxidized 
to nitrate; nitrate is then reduced to nitrogen gas. These reactions require different environments and are 
often carried out in separate areas in the wastewater treatment system. 

The first step in the process, conversion of ammonia to nitrite and then to nitrate, is called nitrification 
(NH3 NO2 NO3). The process is summarized in the following equations: 

NH4 + 3/2 O2 NO2
- + 2H+ + H2O
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NO2
- + 1/2 O NO3

- 

It is important to note that this process requires and consumes oxygen. This contributes to the BOD or 
biochemical oxygen demand of the sewage. The process is mediated by the bacteria Nitrosomonas and 
Nitrobacter which require an aerobic (presence of oxygen) environment for growth and metabolism of 
nitrogen. Thus, the nitrification process must proceed under aerobic conditions.  

The second step of the process, the conversion of nitrate to nitrogen gas, is referred to as denitrification. 
This process can be summarized as: 

NO3
- + 5/6 CH3OH 1/2 N2 + 5/6 CO2 + 7/6 H2O + OH-

 

This process is also mediated by bacteria. For the reduction of nitrate to nitrogen gas to occur, the 
dissolved oxygen level must be at or near zero; the denitrification process must proceed under anaerobic 
conditions. The bacteria also require a carbon food source for energy and conversion of nitrogen. The 
bacteria metabolize the carbonaceous material or BOD in the wastewater as this food source, 
metabolizing it to carbon dioxide. This in turn reduces the BOD of the sewage, which is desirable. 
However, if the sewage is already low in BOD, the carbon food source will be insufficient for bacterial 
growth and denitrification will not proceed efficiently. 

 

Clearly, any wastewater treatment unit that is going to remove nitrogen by the 
nitrification/denitrification process must be designed to provide both aerobic and anaerobic areas so that 
both nitrification and denitrification can proceed. As you look at the nitrogen removal technologies 
discussed later in this document, you will see how various designs have attempted to solve this problem 
in some unique and interesting ways. 
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Phosphorus 

Phosphorus is a constituent of human wastewater, averaging around 10 mg/liter in most cases. The 
principal forms are organically bound phosphorus, polyphosphates, and orthophosphates. Organically 
bound phosphorus originates from body and food waste and, upon biological decomposition of these 
solids, is converted to orthophosphates. Polyphosphates are used in synthetic detergents, and used to 
contribute as much as one-half of the total phosphates in wastewater. Massachusetts has banned the sale 
of phosphate-containing clothes washing detergent, so phosphorus levels in household wastewater have 
been reduced significantly from previous levels. Most household phosphate inputs now come from 
human waste and automatic dishwasher detergent. Polyphosphates can be hydrolyzed to 
orthophosphates. Thus, the principal form of phosphorus in wastewater is assumed to be 
orthophosphates, although the other forms may exist. Orthophosphates consist of the negative ions 
PO4

3-, HPO4
2-, and H2PO4

-. These may form chemical combinations with cations (positively charged 
ions).  

It is unknown how much phosphorus is removed in a conventional septic system. Some phosphorus may 
be taken up by the microorganisms in the septic system and converted to biomass (of course, when these 
microorganisms die the phosphorus is re-released, so there really is no net loss of phosphorus by this 
mechanism). Any phosphorus which is removed in the septic system probably is removed under the 
leaching facility by chemical precipitation.  

At slightly acidic pH (as is found in the soils of Cape Cod and most of New England), orthophosphates 
combine with tri-valent iron or aluminum cations to form the insoluble precipitates FePO4 and AlPO4. 

Fe3+ + (HnPO4)(3-n) FePO4 + nH+
 

Al3+ + (HnPO4)(3-n) AlPO4 + nH+
 

Domestic wastewater usually contains only trace amounts of iron and aluminum. However, the sandy 
soil of Cape Cod frequently contains significant amounts of iron bound to the surface of sand particles. 
It is likely that this iron binds with phosphorus and causes some removal of total phosphorus below the 
leaching facility.  

One caveat must need be added here. If the soil below the leaching facility becomes anaerobic, iron may 
become chemically reduced (changed to the Fe2+ form), which is soluble and able to travel in 
groundwater. In this case, the iron phosphate compounds may breakdown and phosphorus may also 
become soluble. Anaerobic conditions under the leaching facility can occur when the leaching facility is 
not well aerated, when there is a small vertical separation to groundwater, or when BOD in the sewage is 
so high that all oxygen present is depleted to oxidize BOD. In the conditions found on Cape Cod, the 
best method for maximizing phosphorus removal is probably to locate the leaching facility well above 
groundwater (>5 feet vertical separation) thereby providing a well-aerated area under the leaching field. 
To date, no alternative on-site technologies are capable of significant phosphorus removal. However, 
many are trying to achieve this goal and it is likely that within the next few years we may begin to see 
some technologies that are successful at phosphorus removal.  

BASICS OF SEWAGE TREATMENT 

The treatment of sewage is largely a biochemical operation, where chemical transformations of the 
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sewage are carried out by living microorganisms. Different environments favor the growth of different 
populations of microorganisms and this in turn affects the efficiency, end products, and completeness of 
treatment of the sewage. Sewage treatment systems, whether they are standard septic systems or more 
advanced treatment technologies, attempt to create specific biochemical environments to control the 
sewage treatment process.  

Three basic types of biochemical transformations occur as sewage is treated. The first is the removal of 
soluble organic matter. This is composed of dissolved carbon compounds such as detergents, greases, 
and body wastes, which make up much of the BOD content of the sewage. The second is the digestion 
and stabilization of insoluble organic matter. These are the sewage solids, such as body wastes and food 
particles, which make up the remainder of the BOD. The third is the transformation of soluble inorganic 
matter such as nitrogen and phosphorus. 

The two major biochemical environments in which sewage treatment is carried out are termed aerobic 
and anaerobic environments. An aerobic environment is one in which dissolved oxygen is available in 
sufficient quantity that the growth and respiration of microorganisms is not limited by lack of oxygen. 
An anaerobic environment is one in which dissolved oxygen is either not present or its concentration is 
low enough to limit aerobic metabolism. The biochemical environment has a profound effect upon the 
ecology of the microbial population which treats the sewage. Aerobic conditions tend to support entire 
food chains from bacteria up to rotifers and protozoans. These microbes beak down organic matter using 
many metabolic pathways based on aerobic respiration with carbon dioxide as the main end product. 
Anaerobic conditions favor the growth of primarily bacterial populations and produce a different variety 
of end products, discussed below. 

Anaerobic Digestion of Sewage 

Solids in sewage contain large amounts of readily available organic material that would produce a rapid 
growth of microorganisms if treated aerobically. Anaerobic decomposition is able to degrade this 
organic material while producing much less (approximately one-tenth) biomass than an aerobic 
treatment process. The principal function of anaerobic digestion is to stabilize insoluble organic matter 
and to convert as much of these solids as possible to end products such as liquids and gases (including 
methane) while producing as little residual biomass as possible. It is for this reason that sewage 
treatment in a conventional septic tank is designed to be an anaerobic process. Organic matter treated 
anaerobically is not broken down to carbon dioxide; final end products are low molecular weight acids 
and alcohols. These may be further converted anaerobically to methane or, if sent to an environment 
(such as the leaching field) where aerobic bacteria are present, further broken down to carbon dioxide. 
Anaerobic digestion of organic matter is also a much slower process than aerobic digestion of organics 
and where rapid digestion of organic matter is needed an aerobic treatment process must be used.  

As discussed above, an anaerobic environment is also necessary for denitrification, as the bacteria which 
carry out this process require anaerobic conditions to reduce nitrate to nitrogen gas. Many nitrogen-
removal technologies are designed to provide an anaerobic treatment chamber as part of the treatment 
process.  

Aerobic Treatment of Sewage 

As the name implies, this process utilizes aerobic bacteria to break down sewage. The principal 
advantage of aerobic sewage treatment is its ability to rapidly and completely digest sewage, reducing 
BOD to low levels. Most of the alternative treatment technologies discussed in this document utilize 
some form of aerobic treatment of sewage. This process is used primarily to reduce BOD and, in 
systems that remove nitrogen, to nitrify the waste so that it can later be denitrified. Because the BOD in 
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raw sewage is usually high, and available oxygen is rapidly consumed by the sewage, most aerobic 
treatment units are designed to supply supplemental oxygen to the sewage to keep the treatment process 
aerobic. Some units, such as the JET Aerobic system, use extended aeration to more completely digest 
the sewage solids. Most aerobic treatment units provide some type of artificial medium as a surface on 
which the sewage- digesting bacteria can grow. A variety of basic designs can be used for this purpose. 

Attached culture systems are designed so that wastewater flows over microbial films attached to 
surfaces in the treatment unit. The surface area for growth of the biofilm is increased by placing some 
type of artificial media, such as foam cubes or various convoluted plastic shapes with high surface area, 
in the treatment chamber. This artificial media may sit in the treatment chamber with the effluent 
circulating through it, usually with supplemental air supplied so that treatment remains aerobic. This is 
the principal used by the JET Aerobic and FAST systems. Or, the media may be located outside the 
treatment chamber and wastewater is passed over the biofilm in intermittent doses. These designs are 
known as trickle filters and are one of the most common types of on-site treatment unit using attached 
cultures. Some technologies which employ trickle filters, and which are discussed in more detail later, 
include the Bioclere, Orenco trickle filter, and the Waterloo biofilter. Intermittent and recirculating 
sand filters, while located in separate chambers, can also be considered a form of trickle filter where 
sand is used as the media for bacterial growth. Because attached culture systems are generally aerobic, a 
complex community of microorganisms, including aerobic bacteria, fungi, protozoa, and rotifers, 
develops. These systems are capable of efficient removal of BOD. Being aerobic they will support the 
growth of nitrifying bacteria and can be used to nitrify wastewater, the first step in nitrogen removal.  

Other aerobic systems utilize suspended culture of microorganisms to aerobically treat the sewage. 
This type of treatment assumes that a resident population of bacteria are present in the solids and sludge 
in the treatment unit; vigorous mixing of the sewage in the treatment compartment causes these bacteria 
to stay in suspension where they can aerobically digest the sewage. This principle is used by the 
Cromaglass and Amphidrome units as part of part of the batch reactor treatment process. It is also used 
in many large municipal sewage treatment plants. 

The activated sludge process is similar to suspended culture in that it also utilizes the resident 
population of bacteria in the solids and sludge in the treatment unit, again, usually by mixing of the 
sewage so that the bacteria are kept in suspension. In the activated sludge process, however, there are 
usually periods where mixing ceases, and the solids are allowed to settle. It is then assumed that the 
sludge will become anaerobic and the anaerobic bacteria in the sludge will denitrify the waste. This is 
the principle used by batch reactors. As the name implies, batch reactors treat sewage in batches. A 
batch of sewage is allowed to settle so that solids are removed; the batch of sewage is then aerated and 
mixed and then allowed to settle for a period of anaerobic treatment (this process may be repeated 
several times on the same batch). When treatment is complete, the finished batch of sewage is pumped 
out and the next batch enters the unit to begin treatment. The Cromaglass and Amphidrome systems 
are examples of batch reactors.  
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