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FREFACE

This repcrt is intended-to characterize clearly thé waste of the
Lufkin mill and determine the most economical treatment to bring the effluent
within what the State of Texas might require for effluent standards. The
design is based on the treatment producing a 20 ppm B.0O.D. or less, and 20
prm Suspended Solids, or less, effluent.

This report must be considered in the light of its two prime limi-
tations wkich are (1) there is no provision for color removal except that
color removal could be accomplished in the primary clarifier with a very
heavy.cbemical dosage that would not be economical for full time opera-
tion and (2) the facilities as designed do not provide for fiber removals
over about 50 ppm in the primary clarifier.

. if the fiber; are not recovered ahead of the primary clarifier,
the excess fibers will cause prbblems throughout the plant which will re-~
sﬁlt in a very poor effluent.

The tests results show that the mill effluent contains fibers
in amounts varying from 170 to 550 ppm. This represents fiber losses from
the mill of 14.16 tons to 45.82 tons per day. The average during the test
period from February 6 thru February 16, 1965, was 25.72 tons per day. Thc.c
fivers seriously interfere with the primary clarification process, make ‘
the biclogical process virtually uncontrollable, and prevent the effluent
from the aeration units from settling in the final clarifier and conse-
quently degrading the effluent.

With these limitations we believe this report represents a thorough
analysis of the mill wastes, a proven process for treatment, and equipment

to accomplish the process most economically.
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SECTION I

SUMMARY

This engineering report represents a great deal of detailed study for
waste treatment facilities for Southland Paper Mill's Lufkin, Texas plant.
The process recommended'for the treatment of this waste is clarification
followed by biological oxidation. This method of treatment is reccmmended
as a result of extensive research by agencies cited in this report.

- The recommended process flow for treating the Southland mill waste is
(a) primary clarification to remove, as far &s possible, all suspended
materials, (b) aeration for biological oxidation ard (c) final clarification.
Settied siudge for final clarification will bs reiurned to the aeration stage
for complete mixing with the incoming raw was*e. Wasts activeted sludge
will be thickened and combined with sludge from primary clarification for
disposal.

Crimary clafification will be accomplished with & combined reactor-
clarifier unit. Aluminum sulfate and aztivated siiica will be added at this
stage to aid flocculation.

Aeration, for biological cxidation, will te doae by mechanical, turtine-~
type surface entrainment aerators iu large open aeraticn basins. Nuatrlents
in the form of liquid ammonia and phosphoric acid wiil be add=d in the
;aeration basins to promote biclogical oxidation.

Special final clarification equipment mist be used in the final clarifier.
That is, & vacuum type sweep for rapid sludge return.

Return activated sludge will be remcved by three nom-clog centrifugael

pumps .

Excess activated sludge, and sludge frem the primary clarifiers will be
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gravitied to a sludge thickener before being wasted in existing oxidation
ponds.

All flow through the plant other than return activated sludge will
be by gravity.

Total project cost will be about $1,987,000. A summary of this project

cost is as follows:

Site Preparation $208,000.00
.'Entrance Structures 2,325.00
-Influent Flow Divider 1,760.00
Primary Qlarification ' 168,400.00
Chemical Feed Wells . 2,900.00
. Aeration Basins 367,000.00
Final Clarification 18%,000.00
Sludge Thickener | 7 31,400.00
Sludge Return . 27,000.00
Chemical Storage 43,500.00
Chemical Feed Building 60,000.00
Yard Piping ‘ , 80, 300.00
Effluent Pipeline ' 185,000.00

$1,361,585.00

.10% Contingencies o : 136,415.00
Overhead & Indirect | ' 222,000.00
Profit 172,000.00
Total Construction : $1,892,000.00
Engineering @ 5% 95,000.00
TOTAL PROJECT ’ $1,987,000.00
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It is recommended that sludge disposal be accomplished by wasting to the
existing oxidation ponds only until the necessary tests can be made to deter-
mine the dewaterability and fuel value of the thickened sludge. It is then

recommended that disposal be handled by incineration. The incinerator will

cost approximately $300,000 installed.
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SECTION II

INTRODUCTION

The Lufkin, Texas mill operations of Southland Paper Mills, Inc.
consists of kraft and groundwood facilities. At the present time (1965),
the mill produces 20 million gallons per day (MGD) of total mill effluent

which includes rejects, miscellaneous stcrm and sanltary sewers and
_ wastes from all components of the mill.

The mill effluent is treated for fiber recovery by a Sveen-Peterson
flotation unit and then discharged to a series of lagoons for the settling
or retention of non-recoveravle fibers ard possible reduction of biochemi-
cal oxygen demand (ﬁOD) through stabilization. The effluent is eventualiy
discharged to the Angelina River. The discharged effluent is high in
BOD and has the dark color characteristic of kraft mill waste. Table II-1
shows the flow contributions of‘the various plant components, together with
the contributed BOD.

TABLE IX-1

BIOCHEMICAL OXYGENAPEMAND BALANCE
(Furnished by Soutbland Paper Mills, Inc.)

Volume BODs
Stream _MD lbs/day
Rejects o 0.3 -

" Machine Sewer . 2.0 1,250
Groundwood White Water 58.75 5,750
Pulp Mill k.5 6,400
Bleach Plantl ‘ 3.6 3,000
Evaporator Condensate 0.6 | 2,500
Miscellaneous Sewers 3.25 -o=

TOTAL 27<> 18,900
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The raw mill waste contains approximately 46,000 lbs/day of  suspended
solids, and it is estimated that approximately 36,000 Zbs/day are removed
in the lagoons, so tha% the effluent discharged to the river contains
about 10,000 1lbs/day.

It is proposed to corstruct waste treatment facilities that will:
produce an effluent containing not more than 20 ppm of BOD (3,300 lbs/day)
Vand 20 ppm of suspended solids (3,300 lbs/day). No color removal is to
be provided.

This report conteins tkhe results of research, process and design
investigaticns carried out in order tordétermine the recommended treatment
plant lsyout ard componsnt sizes. Sectior I is a sumrary cf the report
and findirgs ard Sexticn IX is the introducticn, in whick a recapitulation
‘ cf existing conditicns is made. Section IXI presents the process analysis
ard design, together with a discussion of the recommended process. Section
IV presents a detailed engirsering desién of the trestmert plant. Section
V is & deteiied cost estimste of the reccmmended'laycut. Section VI is a
bitlicgrsphy notirg all references cited in the report. Section VII is
the appendix wnickh ccntaing exn investigeiion of irecireration processes
and an investigation of possidle comversion of the existing activated

eludge treatment unit intc a chemical pretrestment plant.
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SECTION III

PROCESS DESIGN

RESEARCH

The Lufkin mill of Southland Paper Mills, Inc., is a fully
integrated operation and the waste includes sireams from ground-
wood, pulping, bleaching and paper makirg operations plus the

-miscellaneous equipment and processes. Research L2 has been -
accomplished and an analysis of four waste streams and the total.
‘effluent indicated that all waste streams were amenable to biological
treatment. Altbcugh the wazte treatment criteria are estsblished in
terms of BOD reﬁoval, the research ard design criteria for indus-
trial waste treatment at the Lufkin mill have been established in terms
of the total biological oxygea demand (1*.,01))3.

T,OD provides a more reliabls, abs>iute and more easily deter-
mined measure of the bicchemiecally availsble sciuble crganics }n fhe
waste streams. The T,0D tést measufes +he degradable organic coutent
by the change in chemical oxygen dems-3 {COD) before ard after aeration
in the presence of en acclimated cultire cf misrsbial orgaunisms (acti-
vated sludge). The measured T,0D is approximately 1.5 times the BOD
of a given sample.

Leboratory analysis of the miil wsste sh:wed the TyOD for the total
effluent to be 38,300 lbs/day, or 230 ppm. Nirety percent of the total
T,O0D is furnished by effluent from the grourdwood mili, tke puip mill,
the bleach plant and the evaporator condensete.

On January 29, 1962, a seven day composite sample of total mill

effluent was analyzed by Curtis Laboratories, smalytical end consulting
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chemists, to determine the chemical constituerts of the waste. The
results of this ansiysis are shown on Teble III-1.
TABLE I3ii-l

RESULTS OF ANALYSIS
(Furnished by Curtis Labcratories)

Milligrams per Liter

Totel Alkalinity as CaCO3 152
Chlorides as NaCL | 12
Sulpbates as Na SO _ 154
Chemical Oxygen Demand ‘ T
BOD ' 225
PH 7.1

‘ i
Analysis of these results ard the comments of A. W. Busch indi-

cates that there are two charscteristice of the waste that deserve
special embhasis°

1. Tke waste is essentially devoild ¢f the primsry nutrients,
nitrogen and phospborus axd will reguir:s supplementary feeding.

2. There is & critical z:mzenbration of the waste which is toxic
-to the micrc-crganisms used in bioslogizsi trestment; and the process
design must give cognizance t5 this fact.

Examination and study ¢f the fé;earch rezults leads to the follow-
ing conclueions concerning the process design:

1. Pretreatmert wiil be Reguired for Soliads

Removel. Based on data furnished by Ssuthland; approximately
10,000 lbs/day cf suspended sclids are being discharged in the final
effluent to the Angelina River. In tke raw effluent (after treatment

in the Sveen-Peterscn flotation ucit), there are approximately 46,000
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lbs/day of suspended scliie. Effective blological treatment is extremely
difficult when the waste intrcduces 5 tons of soiids per day to the pro-
cess, and is certainly so wken 23 tons per day are irtroduced. The exis-
ting ponds or lagccns are heavily loaded and clogged with fiber, and their
efficiency can be seriocusly queétioned. It is apparent, therefore,>that

some sort of pretreatment will be requifed in order to remove these‘suspended
solids before blological treatment begins. The suspended solids are

-nearly all tiry ceilulwse fibers which have ro nutrient value acd which

can damage sericusly any serdbiz process.

2. Biological Treatment is most Desiratle. The waste is readily de-

graded by biolsgical processes. A biclogical treatment process should be
used so0 that maintenarce provlems wiil be reduced end excessive chemical
costs avoided.

3. The Procegs mis* be Relstively Insensitive to Shocks. The toxicity

of certain contributors to the waste requires that the treatment process
be able to absorb relatively mild shock loads without upseiting the micro-
bial culture.

L, Nutrients must be Added. The priﬁary natriexnts, nitrogen and

phospherous; must be addeld > the waste in order t> develop a satisfactory
microbial culture. The reccmmended nitrogen scurce is anhydrous ammonia
(NH3) and the re:ommerded phosphorous scurce iz phosphoric acid (B3FOL).

RECOMMENDED FROCESS

There are seversl poesible methods of treatirg wastes biologically.
The most common are the use of trickiing filters, oxidation ponds (lagoons)
or variations of the activatsd sludge process. The trickling filter is
not recommerded bacause c¢f its extreme sensitivity to toxic material and

shocks, and tecause of tke highly empirical and relatlvely uncertain
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nature of its design and operation. Oxidation ponds are not recommended
because of the space requirements and because the process kKinetics of
oxidation ponds are not suited to the particular situation in question.

Activated sludge is the general name given to the process whereby
sewage is serated with an admixture of previously aerated sludge. The
sludge, which is light and flocculent, serves as a vehicle for aerobic
bacteria. The bacteria oxidize the orgamic ﬁatter both in solution and
‘guspension and the sludge, as it moves rapidly through the sewage,
absorbs suspended and colloidal mattefs- Aeration may be provided 5y
either forced air or mechanical aerators.

It is recommended that mechanical aeration be used. An inherent
disadvantage to forced-air is the possibility of clogged diffusers, since
the diffusers are always submerged; Although manufascturers advertise
"non-clog" diffusers they do, nevertheless, clog. When this happens,
they must be removed from the sewage and cleaned, resulting in an inter-
ruption in tﬁe treatment process. Mechanical aerators, on the othgr
hand, are much more easily maintained and there is no possibllity of
clogging.

In most sewage treatment prbcesses the problem of sludge digestion
is solved by the use of anaerobic digesters. These are large, covered
tanks where the sludge is drawn and held in order to be digested by
anaerobic bacteria. This method of sludge digestion produces problems
of gas generation and disposal, corrosion, maintenance and other
nuisahces that render its usefulness subject to serious question. Sludge
digestion using aerobic bacteria has the advantages of eliminating many
corrosion problems, producing no obnoxious gases and produéing & more

stable sludge for disposal. It 1s recommended that all phases of the
LISRARY

. JEXAS WATER DEVELOPMENT BCARD
(5 ‘ AUSTIN, TEXAS
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Southland waste treatment plant be aerobic.

The completely-mixed activated sludge process satisfied all of the
conditions outlined above and is the recommended treatment»process. Com-
pletely-mixed activated sludge is the process whereby the untreated wastes
are instantaneously mixed throughout the entire aeration tank. In effect,
the organic load on the aeration tank is uniform from cne end to the other
and produces a uniform oxygen demand and a uniform biological growth.
"This is the 1deal case, of course, which is rarely equalled in the field.
The process kinetics are such that these conditions can be closely
approximated, however, in several ways. Analysis of the mathematics of
the system ° and of the fundamental biochemistry have shown that the aeration
tank actually behaves as a surge tank, enabling the system to absord shock |
loads and certain toxic loads without upsetting the process.

Moreover, in the completely-mixed system, control of the mixed liquor
suspended solids ratio (MLSS) in the aeration tank will determine time
required to stabilize and treat the waste. This mekes it possible to
combine waste treatment and sludge digestion in a single basin in a
completely aerobic process. McKinney bhas given an excellent description
of the microbiology that accomplishes this.

The recommended process flow pattern fcr treating the Southland mill
waste is (a) primary clarification to remove, as far as is possible, all
sﬁspended materials, (b) aeration for biological oxidation and (c) final
clarification. Settled sludge from final clarification will be returned
to the aeration stage for complete mixing with the incoming raw waste.
Waste activated sludge will be thickened and combined wiﬁh the sludge from
primary clarification for disposal. Sludge disposal will be either by

incineration or lagooning. Figure I shows the process flow diagram. The
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final, treated effluent will be conveyed for eventual discharge into the

Angelina River.

PROCESS DESIGN
Busch 117has made the recommepdations in Table III-2, bhased on data
obtained in the cited research.
TABLE III-2

RECOMMENDED DESIGN CRITERIA

Flow: 20 million gallons per day
T,OD (Removable con) 42,500 lbs/day
Effluent quality: 20 mg/l BOD

35 mg/1 Ty,0!

-20 mg/1 suspended solids
Mixed ligquor suspended

solids (M.L.S.5.) required: 24,500 1bs
Aerstlon Volume Recommended: 2.5 Mz
M.L.S.S. concentration: 1,200 mg/1
Clarification area: 33,333 £t2 (600 gpd/ftz)
Solids produced (excess): 7,340 1bs/day
Oxygen required: 26,500 1bs/day
Nitrogen requirement: 1, 500 lbs N.; 1,800 1bs NH./day
Phosphorus requirement: 300 lbs P; 950 1lbs H3P0h/d§y

Busch further recommends that the aeration volume be divided into at
least two units. This will give the plant a desired degree of operational
flexibility. A thickener will be provided to concentrate e#cess solids.

The TbOD remeirning in a 35 ppm effluent is:

35 ppm x 20 MGD x 8.345 1bs/MG = 5,841 1bs/day.
Therefore, the Tp,OD removal required to produce a 35 ppm effluent 1s
(42,500 - 5,841.5) lbs/day = 36,658.5 lbs/day. Consequently, the minimum
plant efficiency must be ng%gg;é f 0.8625 = 86.25 percent. A 35 pmm
TwOD is roughly equal to a 20 ppm BOD5, since BODg5 = 2/3 Ty,0D.

To éomplete the process design, a detention time of 3 hours will
be‘used in the design of the aeration basins and a surface loading of
600 gallons per square foot per day will be used in the design of final

/A\
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SECTION IV

FACILITIES DESIGN

PRIMARY CLARIFICATION

Primary clarification, to remove the load of suspended solids fromr
the raw waste, is required. Fiber recove:y prior to the facilities shown in
this report must be effected so that not more than 50 ppm of fibers enter into
the primary clarifier.

Tests show that the final effluent from the existing mill contains
170 to 550 ppm of fibers. This is an average of 25.72 tons of fiber per day
in the waste effluent. If allowed to enter the waste treatment plant, these
fibers would seriously interfere with.the primary clarification process,
making the biological process virtually uncontrollable.and méking biological
solids removal very inefficient.

These solids are, for the most part, tiny cellulose fibers, much
like soda straws, which contein air that is trapped and held by surface
tension. These particles are very 1igh£ and are not readily settleable,
so that chemical coagulation and sedimentation must be provided.

The most obvious and probably the’easiest method of doing this is
to use a ¢ombined reactor-clarifier unit. It is proposed to add aluminum
sulfate (alum), in the reactor-clarifier as & flocculating agent. Because
of the lightness of the suspended solids, it will be necessary to add a
flocculating aid. Activated silica will be used for this purpose.

Alum will be fed as aluminum sulfate solution by chemical feed
units. Chlorine activated silica will be added from‘a Fischer and Porter
chlorine activated silica feeder. ‘

The location of the chemical feed equipment, in the chemical feed

/A\

290wn. 914t




-buiiding, is shown by Figure II. 1In general, this solution will be fed
by Fischer and Porter indicating rotameters, with & low flow differential
pressure transmitter and recoraer. Alur liquor will be stored in a large
poxyglas tank adjacent to e railroad siding, gravity fed to the chemical
feed building, and transferred from the chemical feed building by a small
chemical feed pump to the reactor-clarifier.

Activated silice will be formed by a chemical reation betwesn
sodium silicate (& liquid) and chlorine. Sodium silicate will be stored
in a tank adjacent to the alum tank, and wil} flow by gravity from this tarnk
to the chemicai feed building. After beilng mixed with the chlorire, the
activated silica w;ll be pumped to the reactor-clarifier.

The proposed reactor clarifier is shown by Figure III.

The reactor-clarifier proposed for this project is the Type I3
Accelator unit maﬁufactured by the Infilco Co., of Tucson, Arizona. Using
an upflow rate of 0.75 gpm/ftz, a reactor-clarifier 98'-0" in diameter
with a 15'-3" side liquor depth will be necessary.

AERATION BASIN SIZING

Total aeration baesin volume as recommended by Busch is 2.5 MG.
This is an equivalent volume of 334,200 éubiC'feet. An aeration volume of
this amount would give a detention time of three hours. Buscﬁ further
recomnends that this aeration basin be broken up into two cells having a
volume of 167,100 cubic feet each. On Figure IV is shown thé dimensions
and layout of the aeration basins. Effluent from the primary clarifier is
fed by gravity to these meration basins. The layout of this gravity feed
system is also shown by Figure IV.

Primary to flowing into the aeration basins, the waste is fed

with nutrients. The two nutrients, liquid ammonia and- phosphoric acid,
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will be fed to the waste through a chemical feed well. The two feed wells
arc located between the primary clarifiers and the aeration basins.

) The liquid ammonia, and phosphoric acid will be stored in two
. poxyglas taﬁks next to the alum and silica tanks, gravitied to the chemical
feed building and pumped from the chemical building by two small solution
pumps .

Agueous ammonia will be purchased in tank car lots with a maximum
concentration of 29.4% ammonia by welght. The amount of ammonia fed will be
controlled by & Fischer and Porter recorder.and controller. This device
both controls and indicates.

Phosphoric acid feed will be controlled with a device similar to
that used for alum feed. The amount of phosphbric acid fed will be recorded
on a continuous strip chart indicator and totalizer.

Another design criteria to be met in aeration basin sizing, is to
assure that the aeration volume is. adequate to meet the requirements of
the Mixed Liquor Suspended Solids (MLSS) ratio. Busch states in his recom-
mended process design that 24,500 lbs/day of MLSS are required for oxida-
tion. Based on an MLSS concentration of 1,200 mg/l the aeratiog volume
required is:

24,500 1bs/day x 1 = 2.4k5 Mg

1200 ppm - 8,345 1bs/day
- This requirement is less than the 2.5 MG available.

The Engineers propose to design the two aeration cells from earthen
levees, and to pave the levee slopes with concrete.

SURFACE AERATOR DESIGN

To supply the oxygen requirement for biological degradation, the
Engineers will install mechanical, turbine-type surface entrainment aerators

in the aeration basins.
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From the information obtained from technical publications, it has
been- indicated that the horsepower necessary for the mixing process in the
aeratiocn basin is one horsepower per 1000 cubic fegt cr basin. As previously
shown, each cell will have a volume of 167,100 cub;c feet. Based on this
criteria, approximately 167 horsepower is necessary for each basin.

As recommended by Busch, the oxygen uptake required to satisfy the
total demand is 26,500 lbs/day. Assuming that two pounds of oxygen per horse-
power per hour can be supplied by the mixers; a total requirement of:

26,500 1bs/day = 550 hp
2 lbos/hp/hr x 24 hrs

is necessary for mixing. Because of the size range of thesé aerators, eight
seventy-five horsepower mixers will be required. Turbine-type aerators,
similar to the units manufactured by either the Infilco Co. or the Yeomans Co.
are quite adequate to supply oxygen requirements.

FINAL CLARIFIER DESIGN

In the design criteria, a surface loading of 600 gallons per square
foot per day was proposed for the final clerifier. Then, the necessary
clarifier surface area is:

20,000,000 gal/day = 33,400 sgq ft.
600 gals/ft</day

If final clarification surface area is divided into two units, the area per

unit is 16,700 sq ft. The diameter of each clarifier is TIA2 = 16,700 sq ft,
h

then TId2 - 66,800 sq ft
or 42 = 21,250 sq ft or d = 145 ft,
Using a 1u5 foot diameter clarifier unit with a 10 foot éide liguor
depth gives a clarifier volume of:

TIT x (145 £t)¢ x 10 ft = 165,500 cu ft.
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Based on a flow of 20 MGD, a detention time of 2.95 hours would be allowed
by the final clarifier.

Therefore, it is recommended by the Engineers that a final clarifier
having & tank diameter of 145 feet and a side liquor depth of 10 feet be uti-
lized for final clarification. It is also recommended that mechanical
clarifier equipment similar to the Rex Unitube Tow-Bro Sludge Remover as
manufactured by the Chain Belt Co. be used. The installation of this equip-
ment in é final clarifier tank is shown by Figure V. As with the primary
clarifier and aeration basin, it is proposed to construct‘the final clarifier
basin from earthen embankments with sides and bottom paved with concrete. -

SIZING OF SLUDGE TRANSFER PUMPS

Sludge transfer from each final clarifier to each aeration basin is
equal to Q/k = 3500 grm. Pumping arrangement and capacity must be provided
so that each clarifier will be provided with at least one étandby pump avail-
able. To méet this requirement, three pumps with a capacity of 3500 gpm each
will be required. To transfer this sludge, it is recommended that non-clog
centrifugal pumps be used.

SLUDGE THICKENER DESIGN

The sludge thickener will be designed on the basis of a surface
loading of 200 pounds per square foot per ton of solids produced per day.
Based on this criteria, it is recormended that & 65 foot diameter thickener,
with a 10 foot side liquor depth, similar to a Type H thickener as manufactured
by Dorr-Oliver, Incorporated be installed. Figure VI shows the installation
of this equipment in an earthen paved basin. The basin sides will be on a l:1
slope.

SIUDGE DISPOSAL

Excess sludge is thickened and combined with -the sludge from primary

clarification for disposal. J//\\
/15X
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Sludge disposal may be carried out in either of two ways:l incinefa-
tion or lagooning. The use of sludge drying beds has been dismissed because
of the large area required (approximately 1.75 acres).

Lagooning can be done in the existing aeration ponds, but the
ponds will have to be cleaned of the existing heavy accumulation of fiber.
However, it is recommendéd that sludge disposal initially be carried out by
wasting into these existing aeration ponds. It will be necessary to run tests
on the sludge to determine the degree to which it can be dewatered before a
final recommendation on sludge incineration can be made. The problem of
sludge disposal by incineration is discussed in some detail in the appendix
of this report.

LFFLUENT DISPOSAL

The final treated effluent will be conveyed, by gravity pipe line,
around the existing aeration ponds to & discharge point on Mill Creek for
eventual disposal into the Angelina River. The location of this proposed
pipeline is shown by Figure VIII.

All gravity pipe line should 5e designed for 1.50 times the normal
flow in order to assure adequate-capacity during storm water surges. There-
fore, for an average flow of 20 MGD, the design flow is 30 MGD. Using an n

value of 0.01l3, would require a minimum pipe size of 36-inches to handle

the design flow. The effluent pipe will be laid on a grade that would main-

tain a minimum velocity of 2.0 feet per second.
The layout of each treatment component as it exists at the proposed

plant site is shown by Figure VII.
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SECTION V

COST ESTIMATE

The following is a detailed cost estimate for the waste treatment facilities

at the Lufkin mill.

A.

SITE PREPARATION
1. Excavation; 150,000 cu yd @ $0.50
2. ©Steel Crib-Type Retaining Wall;
a. 6'-12' high, 850' @ $50.00
b. 12'-16' high, 325' @ $85.00
c. 16'-18' high, 300' @ $110.00
3. Roads and Misc.
ENTRANCE STRUCTURE
1. Excavaticn; 50 cu yd @ $1.50
2. ‘Reinforced Concrete; 22 cu yd @ $90.00

3. Accessories and Misc.;

INFLUENT FLOW DIVIDER
1. Excavation; 54 cu yd @ $1.50

2. Reinforced Concrete; 21 cu yd @ $90.00

PRIMARY CLARIFICATION
1. Excavation; 11,800 cu yd @ $1.00

2. Reinforced and Misc. Concrete;
k56 cu ya @ $80.00

3. Reactor-Clarifier Mechanisms;
2 each @ $57,500

4, Electrical

CHEMICAL FEED WELIS (2)

$42,500.00
$27,500.00
$33,000.00
$30,000.00

$ 75.00
$ 2,000.00

$ 250.00

$ 80.00

$ 1,680.00

$11,800.00
$36,600.00

$115,000.00

$ 5,000.00

$ 75,000.00

$ 103,000.00

$ 2,325.00

$ 1,760.00

$168,400.00

$ 2,900.00
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F.

AERATION BASINS

1.

Excavaticn; 14,000 cu yd @ $1.00

Reinferced and Misc. Concrete;
1,400 cu yd @ $80.00

Mechanical Aerators, Starters
and Motors; 8 each @ $17,750

Misc. Piping, Walkways and Equipment

Electification

FINAL CLARIFICATION

Excavation; 13,000 cu yd @ $1.00

Reinforced and Miec. Concrete;
321 cu yd @ $80.00

Clarifier Mechanisms; 2 each
@ $71,500

Electrification

SUIDGE THICKENER

Excavaticn; 2,000 cu yd @ $1.00

2. Reinfcrced and Misc. Concrete;
130 cu yd @ $80.00

3. Thickener Mechanism

L, EBlectrical

SLYDGE RETURN

1. 3500 gpm Pumps and Motors;
3 each @ $4,000.00

2. Foundations and Misc.

, /A

$14,000.00
$112,000.00

$142,000.00
$24,000.00

$75,000.00

$13,000.00
$26,000.00

$143,000.00

$ 2,000.00

$ 2,000.00

£10,400.00
$17,000.00

$ 2,000.00

$12,000.00

$15,000.00

$367,000.00

$18L4,000.00

$ 31,400.00

$ 27,000.00
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CHEMICAL STORAZE

1. 16,000 Gal. Poxyglas Storage Tanks;
L @ $3,000

2. Fourdation
+ Unloading Apparatus

3
L. Piping and Fittings

\n

+ Railroed Spur

CHEMICAL FEED BYILDING
1. Building; 670 sq ft @ $12.00

2. Chemical Feeders, Pumps and
Instrumentation

3. Ckisrine Shed =zni Mis:z. Eguipment

L, Utiiities

YARD PIPING

1. L2" Comerete Pipe; 530 ii- _5 @
$21.00

2. 30" A-C Pipe; 580 1in ft @ $.8.00
3. 30" c.I. éipe; aob lin ft @ $20.00

k. 18" A-C Pipe; 300 lin ft @ $14.00
. 16" C.I. Pipe; 80 lin ft @ $15.00
12" A-C Pipe; 1,080 1in ft @ $8.50

5
6
7. ;2” C.I. Pipe; 300 lin ft @ $14.00
8. 6" C.I. Pipe; 1,500 lin ft @ $7.00
9

Misc. Valves, Fittings ard Meters

/A\

$12,000.00
$ 4,000.00
$15,000.00
$ 5,000.00

$ 7,500.00

$ 8,000.00

$36,000.00
$11,000.00

$ 5,000.00

$11,600.00
$10,%00.00
$ 4,000.00
$ 4,200.00
$ 1,200.00
$ 9,200.00
$ 4,200.00
$10,50C.00

$25,000.00

$ 43,500.00

$ 60,000.00

$ 80,300.00
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. M. EFFLUENT PIPELINE
1. 36" Gifford-Eill Concrete Pretensioned
Pipe; 7,600 lin ft @ $18.00 $145,000,00
2. Structures and Clearing $ 40,000.00
Sub~Total

Contingencies @ 10%
Sub-~-Total

Overhead & Indirect
Sub-Total

Contractor's Profit @ 10%
TOTAL CONSTRUCTION
Engineering @ 5%

TOTAL PROJECT COST

/A\

$185,000.00
$1,361,585.00

136,415.00
$1,u98,ooo.oo

222,000.00

1, 720,000.00

172,000.00

$1,892,000.,00

95,000.00

$1,987,000.00
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SECTION VII

APPENDIX

SLUDGE DISPOSAL

The solution to the problem of sludge disposal at the Lufkin mill
is dependent on two factors: the dewaterability and the BTU value of the
sludge. Neither of these qualities can be determined until the treatment
plant is in actual operation and the thickened primary and activated sludge
from the thickener can be sampled and tested. In this report, it has been
recommended that sludge disposal be accomplished by wasting to the existing
oxidation ponds until these sludge qualities can be determined. If it can
be shown that the siudge can be dewatered sufficiently and that it has a
BTU value fhat will support reasonable combustion, it is recommended that
the sludge be incinerated.

Waste activated sludge is notoriously difficult to dewater. The
reason is that the sludge is very low in suspended solids (in the normal
sense of the term) and consists slmost entirely of microbes. These tiny
enimals are themselves over 95% water and are very light. Some activated
sludges, hcwever, Prove more amenable to dewatering than others, depepding
on the character of the sludge (the types and characteristics of the
microbes present).

Primary sludge, on‘the other band, is much easier to dewater because
it is relatively high in suspended solids and very low in microbial content.
Again, however, the dewaterability will vary depending on the sludge in
quescion. A sludge that is high in floatables will have different dewater-
ing characteristics than a heavy sludge with few floatables. When the primary

sludge and waste activated sludge are combined for disposal, as at the Lufkin

.\
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mill, then the sludge charactéristics are a combination that can only be deter-
mired by testing the combined sludge as it comes from the thickener.

Economical incineration also depends on the BTU value of the sludge.
Incinerator operation is usually based on some utilization of the heat value
of the waste in thevburning process. The channelling of thﬁs heat back into
the burning cycle makes it possible, after a time, to turn off the external
fuel supply and to use this recycled heat to consume the incoming waste. The
heat produced by the burning of the incoming waste is in turn, recycled and
the process begins again. In a real sense, the incinerator "runs itself".

If the BTU value of the waste is very low, however, then the heat
produced during combustion is very low. The length of time during which fuel
must be supplied to the process varieé inversely as the BTU value of the
waste being burned.

Thé BTU value of activated sludge is dependent on the types of microbes
present but is usually low. Primary sludge, on the other hand, usually has
a relatively high BTU value. The BTU value of any ccombination of the two
sludges, therefore, cannot be determined until the combination is actually
produced.

It is recommended that testing of the fhickened sludge begin as soon
as the treatment plant ;s placed in operation so that the burning charac-
teristics can te determined.

ADDITIONAL REPORTS

The following is a reproduction of a report prepared by Artbur W. Busch,
Consulting Engineer, containing the process recommendati.as for waste

treatmert at the Lufkin mill.

/A\
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A.W. BUSCH
CONSULTING ENGINEER
P.0. BOX 1892 HOUSTON, TEXAS 77001

March 31, 1965

. Mr. R. M. Millwee, Jr.
Project Engineer
Brown & Root, Inc.

P. 0. Box 3

Houston, Texas T7001

_ Dear Mr. Millwee:

Attached is my report on Waste Treatment Process Design for Southland
Paper Mills, Inc., Lufkin and Sheldon, Texas Plants as authorized in your
letter of October 22, 19%6kL.

As a result of the extensive laboratory study made by Southwest
Research Institute in cooperation with Southland Mills personnel, an
effective, -economical process design is possible. )

If there are questions regarding the contents, I shall be pleased to
discuss these with you.

- Yours very truly,

A. W. Busch

AWB:tr
Attachment

/A\
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A REFORT ON

WASTE TREATMENT PROCESS
DESIGN FOR SOUTHLAND
PAPER MILLS, INC., LUFKIN
AND SHELDON, TEXAS PLANTS

Prepared for
Brown & Root, Inc.
P, 0. Box 3
Houston; Texas 77001

by
A. W. Busch
Consulting Engineer
P. 0. Box 1892, Houston, Texas

March, 1965
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SUMMARY

This report, authorized by Mr. R. M. Millwee, Jr., of Brown & Root,
Inc., on October 22, 1964, has as its purpose the presentation of process
design recommendations for waste treatment at two Southland Paper Mills,
Inc., plants. The scope is limited to the removal of organic matter and
biological solids.

The recommended process, biological oxidation (activated sludge),
is based on analytical and experimental data contained in two Southwest
Research Institute reports, dated December 18, 1964, and March 11, 1965.
The data presented in these reports have permitted the design of waste
treatment processes to meet the effluent requirements imposed by the

- -Texas Water Pcllution Control Board.

Recommendations are made for treatment process design, fiber removal
studies, and consideration of start-up and operation of the treatment
plants.

/B
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PURPOSE AND SCOPE

This report was authorized by a letter, dated October 22, 1964, from
Mr. R. M. Millwee, Jr., Project Engineer, Brown & Root, Inc. The purpose
of the report is to present process design recommendations based on the
analytical and experimental data contained in the Southwest Research
Institute reports of December 18, 1964 and March 11, 1965.

The scope of this report encompasses treatment of wastes at two plants:
1) The existing integrated mill at Lufkin, Texas, 20 M.G.D. flow; and

2) The new groundwood mill to be built at Sheldon, Texas, 2.5 M.G.D.
flow.

The effluent criteria for both treatment processes are 20 mg/l B.O.D.
and 20 mg/l suspended solids. The color problem is specifically excluded
from the scope of this report. The process design calculations presented
are based on prior removal of fiber. While fiber removal processes are not
within the scope of the report, comments regarding recommended procedures
are included. :

5.

GENERAL WASTE CHARACTERISTICS
Lufkin Mill

The Lufkin plant of Southland Paper Mills, Inc. is a fully integrated
mill and the waste includes streams from groundwood, pulping, bleaching,
and paper making operations plus the miscellaneous ancillary equipment
and processes. The design flow used in this report is 20 M.G.D. Detailed
analyses of this waste are presented in a joint report of the writer and
Southwest Research Institute, dated December 18, 1964, and in the South-
wvest Research Institute report of March 11, 1965. The waste is amenable
to biological treatment without prior adjustment of pE. Two characteristics
of the waste deserve special emphasis:

1) The waste is essentially devoid of the primary nutrients, nitro-
gen and phosphorus and will require supplementary feeding.

2) There is a critical concentratidn of the waste which is toxic
to the micro-organisms used in biological treatment. The process
design must give cognizance to this factor.

Sheldon Mill

The mill to be built at Sheldon will initially produce only groundwood.
The waste characteristics are fully detailed in the two previously referenced
reports. The only critical factor in biological treatment of this waste
is the need for supplementation of nitrogen and phosphorus for bacterial
nutrition.

/A\
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PROCESS DESIGN

General

The experimertal data cbtained by the Scuthwest Research Institutes are
of excellent consistency and lend themselves to a rigorous process design
for the production of an effluent of specified quality. The major limita-
tion of the data (common to all laboratory studies) is that they were obtained
under conditions of only one, uniform; temperature. Because the micro-organ-
isms operative in biolcgical oxidation are temperature sensitive, this para-
meter can not be neglected. OFf greatest significance is the temperature of
the mixed liquor during winter operation for lower temperatures decrease the
rate at which the organisms accomplish their work.

A brief summary of biological oxidation is pertinent for effective
process design evaluation. Bioclogical oxidation is simply a conversion process
wherein dissolved crganic compounds are cocverted into bacterial cells which
can then be removed from the waste water. The process is discrete and can
be described by stoichiometric equations. In an aerobic environment not
limited by mixing or nutrients the unit rate of conversion, or removal, of
organics is proportional to the concentration of organics present. Thus,

a fixed mass of organisms is required to remove a predetermined number of
pounds of organics per unit time for a specific effluent quality. In con-
trast to this rigid requirement, the hydraulic environment is immaterial.
That is, the required mass of or ganisms may be dispersed in any volume
which can be adequately mixed and aerated. Thus the hydraulic hold-up time
is not a fundamental parameter of design.

Once the organism mass has been determined, the rate of net Increase
of the population can be evaluated. This rate is a function of process
environment and is of significance in controlled solids operation and in
predicting excess solids production.

Controlled solids operation can meet temperature effects readily by
simply increasing the population concentration to ccmpensate for a decrease
in unit rate of removal.

Recommended Process Design

The following recommendations are based on the waste criteria presented
below and on the experimental data contained in the Southwest Research
Institute report of March 11, 1965:

Lufkin Mill

Flow: 20 million gallons per day
T,0.D. {Removable COD): 42,500 1b./day
E?fluent quality: 20 mg/l BOD

35 mg/l T%OB

20 mg/l suspended solids
M.L.S.S. required: 2,500 1b.
Aeration volume recommended: 2.5 MG

/A\

se0wn. sl




M.L.S.S. concentration: 1,200 mg/l ‘
Clarification area: 33,333 ft.2 (600 gpd/ft2)

Solids prcducei (excess): 7,340 lb/day

Oxygen required: 26,400 lb/day

Nitroger requirements: 1500 1lb. N; 1800 lb. NH,/day
Phosphorus requirement: 300 1lb. P; 950 1b, H3 h/day

The aeration volume should be divided into at least two units. The
volume of the waste stream carrying the excess solids will, of course,
depend on the concentration of the solids. If a single unit system such as
the Aero-Accelator is used, a thickener should be provided to concentration
excess solids. This unit should be sized to handle T340 lbs. of solids per
day in a flow of 515 gpm. The underflow from the thickener, containing
the excess solids would be about 30 gpm (2% solids concentration).

If separate aeration and clarification units are used, the underflow
from the excess solids unit would amount to about 60 gpm (1% solids con-
centration) and no thickener would be required. The separate clarifier for
excess solids should be sized for 0.8 MGD at a surface loading of 600
gpd/ft2. o

A schematic drawing of the two flowsheets is presented in Figure 1.
Sheldon Mill

Flow: 2.5 million gallons per day
T,0D (Removable COD): 6000 lb/day
Effluent quality: 20 mg/1 BOD

35 mg/1 0B

20 mg/l suspended solids
M.L.S.S. required: 3,000 1lb.
Aeration volume recommended: 0.36 M.G.
M.L.S.S. concentration: 1,000 mg/1
Clarification area: k4,200 ft2 (600 gpd/ft2)
Solids produced (excess): 1,600 1b./day
Oxygen required: 3,100 1lb./day"
Nitrogen required: 200 1b. N; 240 1b. NH3/day
Pnosphorus required: 40 1b. P; 125 1b. H3POL/day

Again two units are preferable for the provision of the aeration volume.
If Aero-Accelators are used the excess sollds stream to the thickener would
be approximately 135 gpm and the under flow at 2 per cent solids would be
about 7 gpm.

If separate aeration and clarification units are used, the underflow
from the excess solids unit would be about 15 gpm. The separate clarifier
for excess solids should be sized for 135 gpm at the recommended surface
loading of 600 gpd/ft2.

OTHER RECOMMENDATIONS

Fiber Removal

The problem of fiber removal is so vital to effective control of the

A\
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By _&W3. ... .caTe3/27/65 susJsecT.. Southland Paper Mills,.Inc...
CHXD. 8Y ..DATE...... .

.............. JOB NO..

Aero-Accelator

Excess Solids Stream

/ J\\\\\T Aero-Accelator
Thickened t

Excess Solids

Effluent

I

INTEGRAL AERATION AND CLARIFICATION
WITH EXTERANAL THICKENING

Aeration Basin

Fihar Foae Vaste A
4

Effluent

Y

-«
—~2»

Aersticn Zasin Clarifier

. ) Settled Excess
:etu:nec:Sol}ds Solids }

RATICN AND CLARIFICATICN
HICKENING

FIGURE I - SCHTMATIC DRAVGINGS OF ALTSRNATE FLOVSHEZTS
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biological treatment process that further comment is felt justified. Ex-
perience at numerous mills has shown that plain sedimentation is not effective
for fiber removal. The only methods which have proved workeble involve
chemical treatmen%, either in flotation or gravity units. It is strongly
recommended tha iaboratory studies be made to determine the chemical costs
involved and to provide a basis for process and equipment design. It is
furthermore recommended that fiber removael be made an inherent part of the
wvaste treatment plant design.

Plant Start-up and Operation

Because of the stringent effluent quality criteria which must be met,
proper start-up and operation of the treatment process 1s especlally signi-
ficant. While a detailed discussion of these points is not within the scope
“'of this project, continued emphasis on these important factors is recommended.
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treatment at two Soutnliand Paper IMills, Inc., plants. The

The recomrendsd process, biological oxidation (activated
sludge), is based on analytical and experimental data con-

tained in twio Southnwest Research Institute reports, dated
December 18, 19¢L, and Mzrch 11, 1955. The data presented in
thesz reports have permitted the design of waste treatment pro-

cesses to mest tne effluent requirements imposed by thne Texa

Recommandations are made for tTreatment process design,

fiber removal studies, and consiceration of start-up anc opera-



rt was au:hor;ied vy a letter, dated Octover 22,
138L, from Mr. K. . miliwee, Jr., Project Engineer, Brown &
noot, Inc., Tne purposé of tne report is to present process
dasign recommendations based o0n tne analytical and experimen-
tal data contained in the Southwest Research Institute reports
of December 18, 1984 and Marcn 11, 1955,

Tne scope of tnis report encompasses treatment of wastes

2) The rnew groundwood mill fo be built at Sheldon, Texas,
2.5 14.G.D. flow.
The erirflvenv crivéeria Iov bbth TI2aTrieaT processes are
20 mg/1 B.O.D.5 and 20 mg/i suspendsd solids. Tnz color pro-

blem is specilically exciuded from the scope of this report.

)

Th2 procsess deczign calculations pra2sentsd are based on prior

removal of fivsr., wWnile fiber removai procasses are not within
tne scops of th2 report, comments regarding recomrended proce-

agures are includead,

TANTTTAT LA CMT ATTi oA T T oM T
imrimnen waSTo CAoaRACTZERISTICS

er maliing operations plus th2z milscel-



ianIous anclliizry equipmant &nd processas. The design flow
useld Ln this report is 20 ».G.D. Dztailed analyses of tnis
30 ar2 sresa2ntsd in & JCinT regort o6 tns writver and Sduth—
iest meszarch Institute, dated Decemver 18, 1984, and in the
Southiwast Researcn In*pituce report'of March 11, 1965. The

wzste 18 amenatle to bloliogiczl treztment without prior acjust-

ment or pH. Two cheracteristics ol tns waste deserve specilal

1) Tnhe waste is essencially devoid of the primary
rutriants, nictrogen ana pnosphorus, and will
require supplementary feeding.

on of tne waste

[

2) There iIs & critvical concentrat

¥

ct
o
ct
wn
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&

7ill initially produce

oniy gY uncwood. The waste characteristics are fully detailead

iy thg Two previousiy referenced regorts. The only critical

factor in blological treztment of this wasve 1is tne need for
sugplemantation of nitroger and phosSpnorus Ior bacterial

38

ntai c¢ave ovteained vy tne Soutnwest Researcn
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TO remova a predetermined numoer of pounds of organics per unit

Tima2 Ior & speciilc ellliusnty quzliity., In contrast To this rigid
penuliremant, tne nydraulic envircamenc i1s immaterial, Tnat is,
Th2 r2iulred mzss O Organisms may ©f dizpersed in any volume
JniCh Ccan T2 adszuatily mixed anc asratved., Thnus the hydraulic

Once tne orzznism macs Nas o2en determined, the rete of
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Lzvoraiory experiments were conducted at tne Resezrch Laboratory of
ovide tre datz nesded
for waste treztment plant design. This report contzins the necessary
informazation concerning trestment plant process kinetics for 20 MGD of
total mi.l waste 2t the Lufkin Mill and for 2.5 MGD of groundwood mill

wasie {rom ti.2 proposed Steidon Miil near Houston

v e :
Southland Paper Mills Inc | Lufkin. Tewxzs to pr

T
2]
A
"
13
W]
+

tmen' for removal of fibers was considered for both waste systems.
I ws sz conciuded th=t fiber removal was necessairy prior to bioiogical

tref~tmen: of thesge wasres

5¢ of comp.etely mixed aerobic systems is recommended for tiologiczl
rreztment of both wast
o

es. Completely mixed systems provide optimum
stezdy-s12te conditions for ihe biologicz! culture znd inherent protection
{rom sudde: shack foads and bigh {oncertration levels whic: might 1impede

culture me=r-noliam

be dsficient 1n nitro

Bo'k wosreszs were fourd
T fee yust be provided for

Q.
5 O

fvent standirds of 20 mg/l BOD end 20 mg/L suspended sonds
ire ressansile (0r tnese w=stes. Proper design and operation should
13 gquihity witkour difficuity.

ctes wis spacifically exciuded trom tms

By
ith

Colur reduvtiorn of total miil w
study Mowever 2 record wzs made of color before and gfter biologicai
trestment +rd showed th2t essentizlly no change w2s effected It 1s felt
-3t co.or wail be of major concern in the recelving witers of the Lufk:in

null efzivent., J-1s tnerefore recommended trat studies e 1miticted to

reduce tre color of that effiuent. Cc.or =srould not be = prob:em in g:ound-

wood mi.: o effruent 21 the Srretdon site




II. PURPOSE AND SCOPE

._{

This study was authorized by letter from Mr. R. M. Millwee, Jr.,
Project Engineer, Brown & Root, Inc.. This study completes

Phase Il of this project. Technical Report, Phase I of December 18,
1904 characterized the wastes involved as to the magnitude and
difficulty of the problem anticipated in producing an effluent low in
oxygen demand. '

The purpose of this study was to provide the rate data necessary

for the complete design of adequate treatment facilities for mill

waste at two locations. The first consideration was for the exist-

ing mill at Lufkin, Texas and second was for the new mill to be
constructed at the Sheldon site, near Houston, Texas. The Lufkin
treatment plant was to be designed for biological treatment of 20 MGD
ot the total mill waste effluent. Treatment plant design for the new
mill at the Sheldon site was to handle 2.5 MGD of groundwood mill
waste only, as it is understood that the initial construction will
complete the groundwood section onlv.

The scope of the study was limited to process and design kinetics
reguired for satisfaction of biological oxyvgen demand of the waste and
removal of suspended matter produced in the biological system. Total
suspended matter (non-filtrable residue) and BOD standards for the
treated effluents at both sites were each set at 20 mg/l. Any require-
ment for color removal was specifically excluded from the scope ot
this study. )

tv



K
III, ENPERIMENTAL PROCEDURE

Technical Report, Phase I provided a background of information a3 to

the feasibility of biological treaurent of the wastes involved in this study.
Description of the TbOD test technique and COD determination methods
is contained in that report. The requirement of this study was to pro-
vide the rate data necessary for the proper sizing of mixed aeration
basins, design of sludge wastage systems, selection of final clarifier
overtlow rates, and other design parameters.

Two waste streams were studied--total mill waste for Kufkin and ground-
wood waste for Sheldon. Separate studies were made on each of these
wasles to evaluate the effect of fiber content on treatment plant design
and operation. To do this, each waste was filtered through 2 Buchner
funnel and laboratory filter paper to simulate pretreatment for suspended
solids removal. Comparison was then made between the treatiment ki-
netics of filtered and unfiltered waste. Thus, in total, four separate
svstems were studied.

The equipment necessary for these studies was set up in the Southland
Paper Mills Research liaboratory in Lutkin, Texas. This equipment
congisted primarilyv of two continuous flow bioclogical reactor units with
the necessary fecd and effluent svstems. Batch rate eguipment was al-
ready on hand in the Research Laboratory. Equipment was also provided
for sample filtering and solids determinations and {or the COD deter-

The temperature at which laboratory studies were made was somewhat
lower (30 - 109 C) than actual waste temiperature. However, waste
temperatures arve well below the maximum allowable for biological
zctivitv.  Since tins high temperature would, if anvthing. imp.ove

ireatment eificiency, it was accepted as a zaicty factor on design data.

vid Tarazi and the other rescvarch

W

Tie ¢fiorts of Mr. Fred Bishoo and D

porsonnel were instrumental in the success of this swuas.

n

) Continuous Flow Reactor S'udu—sl

yod

Hench scale reactors were used 1or a twotold purposs in this study.

First, they provided & simulated treatment plant in the laboratory which

1

Studies, " Water and Sewage Works 100, 1959, p. 254.

A. W. Busch, "Laboratory Unics for Bench Scale Bio-Oxidartion
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Drely conirolied and mmonitored Selwn, tuey provide

hvdrautic clzssil cf the zctive cultare for use in batch

._.
-
ar
-
ol
3

C
A detailed procedure was set up {or operation of these
emartic flow didagram are included as the

The contimudus flow reéactors were operated 24 hours 2z day. seven days
cex.  This continuous operation is necessary since living organisms
arc involved and they require continuous feeding for proper results.
Grab 2amples of the particular waste being studied were prepared each
norning, and nurrients (nitrogen and prosphorus) were added in excess
The change in COD between 1nfluent and effluent composite sample was
used ag' the measure of biological treatment through tre system. The

TbOD 7 test was set up on the effluent composite from each day's run.

olids belance was obrained on the system each day by measuring
suspended matter in the reactor feed, reactor mixed liquor, and reactor
effluent. However, 1t was found that the Ckzain-O-Matic balance 1n the
laboratory was not sensitive enough to produce as close a solids balance
as can normzlly be obtained. Wtkile this might have seriously impaired
short term datza, the rate studies were continued for a sufficient time to

aver age out this factor. The volume of one continuous flow reactor was
5. 25 liters and the other 5. 9 iliters. These numbers are used in ail-
calculztions involving ML,:Q according to the reactor used.

it shouid be noted also that on January 31 the existing pulp mill biological
treatment system was discontinued in order to refiect this load in the
total miil effiuent. Previousiy, tre TbOD load being removed 1n the
pulp m:li treatment system amounted to approximately 10% of the total
mill effluent ThOD

€. Barcr Rate Studics

The batch rate study procedures were very simiier to the ThOD tests
used in Phrase I of thas study for characterization of trne waste. The
difference wis that classified organisms were used from the continuous
fleow rezctors at sufficient concentrstion to remove all soluble materials
witiin  few hours. This removzl was followed closely by taking samples
Stnc completely mined svstem every 15 to 30 manutes Total suspended
matter and soluble COD dzterminations were made on these samples.
Trus, 4 removel rate per unit of mivad liquor solids as weil as solids

growth was measured during the batch studies. Membrare filters

(G, <5 mrcron pore size: were used for suspended :olids determinations.
it was zssumed that any material passing through these filters was
soluble.  All COD determ:nations were made on filtered samples.

T L. L. Hiser and A.W. Buschk, "An §-Hour Biological Oxygen
Demand Test Using Mass: Culture Aeration and COD, "' Journza! Water
Pollutiorn Control Federation, 3o, April 1964, pp. 505-515.




Tables I and II record the laboratory data obtained from the

continuous tlow reactor units for the period December 22. 19064
through February 23, 1905, Tables [l and IV list the variables

computed (rom Tables I and Il and are used in constructing the curves

in Figures I through 1o

During the initial period from December 22 through January
16, the reactor was operated on riltered grab samples from the total
mill effluent sewer. Reactor effivent wo'ums varicd from 8 to 24
liters/day during this period  The first weck of this period was spent

W

in acchimaning the culture and smoothing operating and laboratory
re was difficult at

techniques.  Building up the mixed hiquor cultux
d due to the compli-

first and 2 zolids balunce could not be achieve
cation of roturning unknown quantities 0f solids carried over to the
c:‘flucm vach dayv Tne data prior to Januare o. although listed in
fw)luw. o the most part were ignored in subfequent computations
:-.:1(’: desoriniions For zll x;.cuc&l purposes the test period on
Dltered wral mil) waste (with ons Jeed pump i operation) was irom
nuary 16 1965, On Taruarv 19 a batch removal

and growih rate stidy wos mode using the culiure classified during
t

ne precoding neriod in the continuons flow reactor.

O Tonuary 20 two fevd pumps were installed on the cuniinuous
Jow rencior to essencaliv double The feed rate The reactor was ’
C Ot croitltered waste at tms higher feed rate through Tanuary 28,
SR L sidr wes mioede The initial waste

COnCeniralion in Whis batch study exceedeod toxic limits of the culture
and no COD removal or sotids growiil was measured in the svstem.

phrenomenon 18 mmcluded later

(,“ wa s cux‘npleled on

tne Liltered waste,

‘ced pumps were operated during
Lruary 1610 give & direct comparison
On February 17 a batch

‘,
I.
1
N

1
I




N .
Cuiture rromn

uriiliered waste system.

This rate siudy cumpleted laburatory worg on the total null effluent

2 Unit Remaoval and Loading Rates

Figurc 1 13 a plor of the unit removal rate (gm TbOD removal/
gm MLS55/day) as a function ot the reactor effluent TbOD concentration.
Two sets of data are plotted on this curve. the first set for the period
during which only one feed-pump was being used with the reactor, and
the second set 0! data for the period when two feed pumps were being
used.

. The removzl rate curve i¢ higher for the low flow period
than for the high flow period This is probably explained by the fact
that the low flow culture was quire dispersed This provides rela-
tivelvy more reaction sites than are apt to be found in an equal con-
centration of a more flocculated culture. During the high flow rates
the non-flocculant or dispersed portions of a culture are washed out
in the effluent It is precisely for this classification purpose that
continuous fiow units are indispensable to biological rate studies
The low flow culture was selected at a clarifier overflow rate of
about 200 gal/da\'/ftz clarification area while the high flow culture was
seiected at & clarinier overilow rate of 630-700 gal/da\'/ftz

ure 2 i3 a plot of the same variables as in Figure ! for
1 vwaste, The untiltered culture was selected at a lower

the untiltered

~ U U<

e
overilow rate rapprovimately 530 gal/dav /it than the filtered waste

culture.

Fioures 3 and 4 relate unit loading ‘gm ThOD applied/gmMLSS/
ay) as.a function of reactor effivent TbOD concentration. These curves
r

han "removed” ThOD  These figures are important in the sizing of
aeration basins for biological systerms. Figure 3 plots two curves for
i

the riltered waste system, one for the low flow period and one for the
nigh flow period. Figure 4 plots th- relationship for the unfiltered waste.

s 5 and 6 plot unit removal as a2 function of unit loading

Figure
for the continuous flow reactors. The slope of the curve is 2 measure
I tne etfficiency of the system. It will be noted that the filtered waste
term maintaing its efficiency at loadings up to 2.2 gm/gm/day. The

iltered waste systemn eificiency shows a tendency to become irregular
; a

at higher loadings zlthough onlv 3 loadings are plotted over 1.0 gm/gm/day.

e similar to Figures 1 and 2 except that "applied” TbOD is used rather

[ s o i
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t wasie treatment 15 essentially a process by which

Biolgoica
soluble organic contaminants are converted to bacterial cell materials.
In this form thev may be removed from the svstem hyvdraulicallyv., Thus.

an excess of solids is alwavs produced which must be removed from
system. Figures 7 and & plot growtn rate ( & MLSS/Avg MLSS/day)
as a function of unit loading it can be seen on Figure 7 that, at unit
loadings from 1} to > gmTbOD /gm>MILSS/day, growth rate was fairly
constant between 0.1 and 0.2 dav™!. The effect of the waste fiber con-
tent oI the unfiltered waste is seen quite readily by comparison to
Figure 8. In this svstem, growth rate varied from 0.8 to 1.5 day
over a unit loading range of 0.5 1o 1.5 gm/gm/day. This reflects, of
course. the accumulation of 1inert fiber in the culture rather than

-1

growth rate. per se.

Dataz on solids produced as gm per gm of filtrate COD des-
troved is shown on Tables Il and IV. Solids production varied con-
siderably during the low flow rate period shown on Table III. This was
due to the fact that the entire system was operating at a solids level
below sensitivity of the laboratory balance. Further the culture ex-
hibited the poor settling qualities characteristic of food limited cultures
and varving guantities o mixed liquor solids were carried over to the

efflucent.

The solids production as shown on Table IV is a better measure
ol what is expected during plant operation. Here again the effect of
effluent solids (fiber) was seen. Solids produced varied from 0.1 to
0.3 gm per gm COD destroyed with fiber free waste feed. When fed
unfiltered waste sol:ds production rose ten fold for a range of 1.0 to
2.1 gmigm COD destroyed. This highef figure again reflects the

accumulation of fiber in the culture which masks the solids produc-

tion duc to cell svnthesis.

The accumulation of fiber in the active culture presents a
vers real problem in the control of a waste treatment plant  Since the
operator cannot teli what fraction of the MLSS is inert fiber, he cannot
adequately control the solids level in the treatment plant and therefore
will have no contro! on unit loading of the active fraction. This lack

of control will be reflected in the treated waste quality.

4. Batch Rate Studies

Results of total mall ba'ch rate studies are shown on Figure 9A.
ToOD and MLSS progressions with time are shown for filtered and



vnitltered waste Trose curves are tvpical of batch rate

1
There 18 oncarnomaly which mav be feen in the b
(-« .

curves atch rate study
ol February 3 (without tiber). duradon was
noted in the ToOD progress; In the fil-
tercc wzate batch study run lovw os

:'lov.' ratej and wiih the groundwood effiuent

Figure 9B plot: the unit removal rate s a function of ThOD
concentration on all three total mill waste batch studies. Unit removal
rates for both filtered cultures were more than 1.5 times higher than
the unfiltered culture rate at 30 mg/1 TbOD concentration. However,
all three rates are considerably higher than observed in continuous flow
units. Further discussion of this variance between batch and continuous
flow rate data and the TbOD progression anomalyv mentioned above is
included later in section IV B4,

No attempt was made to determine ¢rowth rate on these batch
studies due to laboratory balance insensitivity

5. Toxicity and Nutrients

Two inztances of toxicity were noted during this studv. The first
was on January 23 when a batch study was set up on toral mill efflucnt.
A waste to culture proportion of 1:1 was used in setuing up this parti-
cular study. This apparently exceeded the toxic Hmit of the culture sucn
that no COD reduction was observed after 24 hours of operation.

The occurred with the countinuous flow reactor on

Janunry 12, vith an excueptionally lTow pH of 5.1 was {ed

tu the uanit jor T.“". dav s run 232 can be secn an Table I and 11D, the

‘riouslt impeded for the next three davs,

Yeadlor eliidiency

first immstance of toxicity wolld not be met in a completely

mixed biological svsienm as the influent waste 1s immediatelv diluted to

cifluent concenliranon levels  ®awever, this factor preciudes the use
ol the cunventional plug flow design for the ceration basin unless o large
recirculatnion flow volume were included 1n thie svetem,

Tre problem of tow pH 13 agan handled 10 the completely mixed

vateny bw o difution. L however. such a probtom continued for a con-

’n

sicerzble tinme the inolo. svstem could besseriously impaired.

phosphorus determinations showed the totzl mill
omobletely \w\Olr‘ ot e

c3s tran 2 mo/l and
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A elicat uf Niber countent on the piolovical culture is seen

It Frgure 10 wiion shows al sctthing curves. Settling rate data

o
—_
el
et
)
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careiully selected tor these curves in order to present a valid
comparizon. The wo cultures are pracuically identical in total sus-
pended solids content and prior environmental conditions. The major
difference 15 that one 13 zlimost entirely a bivlogical culture while
the other is & niinture of Oiber and biological culture. in unknown pro-
portions. Two tfactors are limportant in this comparison. First, the
anfiltercd waste culture =étthing rate is about 1/10th that of the filtered
waste culture and therelore will require a much larger final clarifier
for proper sceparacdon of solids  Second. the unfiltered waste will
require a larger volume of sludge wastage for disposal of a given
amount of sludge duv to poor compaction properties Compounding
tais problemi would be the added weight of fiber bro.ght in continually
te Alawrmum sertling rates dinches/minute) of system

with the raw was

Mived Licuor are lisied on Tables [and 11

Eauviv atent APYA coior was r.n daily on the influent and effluent
Of the continuous tlow reacior during

the period Janudry 7 to January 30,

1803 The values obtained are revorded 1n Tables | and The purposec

of thiz procoedure wes 1o determine the effect of complete biological

treatment on il effluert calor. No consiatant c‘:iange was ohbserved in’

Wasie Color af a ros ft ol this treatiment,

'Oor ancasurements were mads on moemuorane- filtered
za mnrate turbrndity. Some =mall fraction of the color was un-
do

consdéCuUende since onlv a relative comparizon was made.

nples 10 e
wtedly absorbed on the miembrane filter but this factor was of no

H
t

Color wzs yur by Coiparing absorsance at 325 m . wave

lengtn to @ standard curve Thnis curve was made using APHA color

samples were drluted with distilled

iV ELSPMENT BOARQ
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1. Generzl

Laboratory dats obtained from the continuous flow reactor are

recorded on Table V. Table VI i1s a tabulation of the variables com-
puted from the raw data in Table V. All rate calculations involving
~solids are baszed on average MLSS.

One reactor was operated on filtered waste at low flow
(one feed pump) from December 30, 1964 to January 16, 1965. Two
reactors were then operated concurrently at high flow (two feed
pumps on each reactor, {or the period February 18 to February 23,
1965. One reactor treated filtered groundwood mill waste and the
other unfiltered waste during this latter test period.

All reactors were fed continuously on grab samples col-
lected daily from the groundwood mill effluent clarifier {Sveen-
Pederson). Cultures developed rapidly on this waste. so that the
entire operating per:od provided valid data.

=

ne betch rate studv was run on January 19 using filtered
cla

ture hydraulically ified at 290 to 390 Ual/lt“/da\,‘ Two

e studivs were made concurrev;.tly on February 24, 1905.
One used the filtered waste culture and the other used the unfiltered
waste cultur The first culture was hydraulically classified at
zbout 700 gal ,/'zt:/rl:xj.' and the second at about 400 gal/ft?-_/daj.'. These

rate studies vompleted the laboratory work on the groundwood mill

waste,

(@9}

'nit Removal and Loading Rates

Figure 11 shows the relation of umit. removal rate to reactor
eirluent TbOD for all three groundwood waste systems studied. The
effect of fiber on un:t removal rate is even more pronounced here
than witz: the total mi:ll waste svstems. At comparable flows the
lizre svstem without fiber is capable of more than double the unit
rate Ccapacity of the culture system: containing fiber. At an
ToOD corncentration of 30 mg/! (equivalent to BOD of 20 mg/l)
es are about 0.8 and 1.8 gm TbOD/gm MLS3/Day for

unit loading to effluent TbOD, is very
as the stem efficiency is high. This is shown
\‘.'he:’e un;t removals are nearly ecuivalent to

10



Growtr Rate

(V)

Za plot of growth rate as & function of unit
studied. The filtered waste data for

one curve as it should. Of significance
the "apparent’” growth rate is several times
to the effect of the fibers accumulating in the

Solids production as gm/gm filtrate COD destroyved is listed
on Table VI  During the low flow period, solids produced varied from
0.1 to 0.2 gm/gm COD. However, 1t was felt the high flow period of
February 1§ through 23 reflected a truer range of expected solids

production on fiber {ree waste - 0.2 t0 0.3 gm/gm COD destroved

on figures for uniiltered groundwood
waste varied from 0 4to 1. 2 gm/gm COD destroyed. These figures
retflect the fiber content of thie waste whkich accumulates in the culture.
Therefore they are not a true measure of cell synthesis when applied

Tre solids producti
2

to waste with 2 Figh Hiber content.

1o

Batch Rare Studies

the two bty rzta arv 24, 1965 The January
19 study 13 not stown to avord confusion, but similar results were

obtained.

pett o tne COD curves o S
gression noted in Figure 9A of the total mill waste
. .

how the two step pro-
systems. Sequential

substrate wi..iz®hion 15 one pussible re2son for this phoenomenon
However, 11 wes te.t further exploration of tnis point was beyond the

1.

Unit remew2l rztes ior a.l rthree batch studies are plotted as
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a ‘unction o 1bOD ¢concentranion 1

unit remo- 28 rats (tLgr fiow:

in lne continuous fiow units. The two step progression of the batch
removal curve 1s the probable znswer to this. The second stepn of this
zte 2nd lower ToOD concentration than the
Yer rute thz* iz reflected in Figure 15B. More

val s

e Ime

r-all ra ohzbly obtained in the continuous flow reactor
condit:ons. This emprasizes the need for

e
ontinuous flov dita prop=rly desigr‘. wzste trezatmernt systems.

11
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3. Toxicity and Nutrienrs

No evidence of toxicity was noted with regard to the ground-

e}
wood mill waste.

This waste is deficient in nutrients. Total phosphorus (after
alum flocculatiorn) is about 2 mg/l and total nitrogen content is less
than 2 mg/l. Supplemental nutrient feed must be supplied for bio-
logical treatment of this waste.

6. Solids Separztion Rates

o Maximum settling rates (inches/minute) are listed on Table V
for mixed liquor from the fiitered (high flow) and unfiltered systems.
Culture with fiber content from the unfiltered system settles at 1/3

to 1/10 the rate of the filtered waste mixed liquor.

Figure 16 is a comparison of typical settling curves of the
cultures from tre filtered and unfiltered systems. Slower settling and
poor compaction of the uxafiltered waste culture would require considerably
larger final clarifiers and increase sludge volume wastage. Further,
fiber going to this system cannot be recovered for use. It is recommended
that fiber recovery be compiete prior to biological treatment.

X
Ceolor

Coidr 15 not & problem with groundwood waste and was not
considered in this study.

===



vV, CONCLUSIONS -

Both Tota! Mill Waste and Groundwood Waste are amenable to biologiczal
remowel ot soluble organic materiats. This study has shown this by the
operation oi lzaboratorv bench scale treatment units and has provided the
necess?ry informetion to enzb.e complete design of treatment facilities.
The effect of riber content in the wastes 1s sufficiently detrimental to
require removal of fiber prior to the biological systems.

The Totzl Mill Waste exhibits 2 concentration toxicity which requires
consideration i biological rreatment. The completely mixed aeration
basin is reccmmended 2s it provides &n immediate dilution along with

its other zdvantages.

Both Total Nill Waste and Groun;lwood Waste will require nutrient feed

{nitrogen and phosphorus) to satisfy the nutritional réequirements of the

microorg:nlsms

The coior of Tota: M:1l Waste is not appreciably affected by aerobic
Ir is felt thar the "apparent' color level in this
ind 1t is recommended that steps
Color will not be a

biological treztment.
waste will be found objecrionable,
be taken to develiop metrods of color reduction

probiem =t th2 Sheldon Mill with groundwood eftluent only.



TAFLEL TOTAL MILL EFFLUENT REACTOR CONTINUOUS FLOW DATA

1bOD TOn SOLIDS PATA COLOR-VEHN UNGTS
Clanifier pio- ENDLS con Reactor Heactor
Filuent  Overflow Raw Reactor Faw Reactor Haa Reactor Effluent Initral
. Volume x..:N Haiw Revotnr f.p.;:.ln m:r_n:_ Aate E::: .|$lru... Ftfluent Ss SS MLSS flaw Heavtor R
Date |~..m-a1u gpdife  _ Waste ML Effluent g/l mg/l :.m:l mg/t mygll my/l my/l gl mg /1 Wante Eftluent RFMARXS
: Filtered Waate .
Deo 22 B RS [ 8.1 1.7 st4 1 22 2 210 One feed pama ‘en® tap e 4
2 7.0 71 81 7.9 451 297 74 46 218 V2irrind L 1 Thes
2 171 1 7.5 7.3 6n2 324 4 124 6y
2n 1A, 0 L6y [ 7.0 M3 308 - 44 120 ,
o4 A3 74 4.0, 69 6. A 443 241 - 20
2 A b Rl [ 6.1 7.0 3ib 274 8 Ve
. 30 . 17.9 thy 5.4 6 b () 459 205 Y 24
41 173 161 6. 8 h 9 491 244 - EEY
Jan 1 17,1 141 5.4 70 b4 5.3 24 4 a4 It
2 16,0 150 5 b [ZNE | [} 5145 iy i 44 352
1 17 % 161 E [} 62 474 204 Pin 25 4 60 ALE]
4 1y U 150 4.3 [} 59 s14 231 4 T2 344 .
5 167 157 45 6 7 62 41 242 184 s 1 su 192 Reactar M. L. Wlended,
¢ 21K 205 [ 6. 7 [ LRI 2146 249 39 120 18 4 4 1ii Reactor 8 L. blended,
; 23 2ty 6 R 7.2 6.1 R 334 2 [N - q 30 52 L 2R 110y .
PMANE] 217 [ [ 6 7 116 214 142 14 (R 12 + 24 42 (RN 11w .
4 (] 150 6N 7.4 68 61y 32 298 7 4 12 U0 2000 1Al
[} 17,4 th) ¢ 0 () [ 441 296 173 1 4 24 676 [REM 1520
i 231 229 [ [ 34 216 174 1 19= 12 1 20 [ 1000 1O -
2 237 223 51 3 41 33 135 w 4 44 660 610 300 L. blended Lo ph 7-
lent thru Jan ary |
(R} 22,5 218 [ 62 5.2 41t 373 105 LX] 129 90 + 32 608 1372 1040
1 234 221 5K 6.1 6.3 505 42 186 L 4 &0 SR 1440 1464
15 20,1 215 o 6. H &5 4R 31 204 54 1 - RvE toyy 1360 .
16 16,9 163 [P ] 6.7 [ 444 284 4 4t 143 REREE] 110 .




TABLE . TOTAL MILL EVFLUENT peacTOR CONMIILUOUS FLOW Para
. ThOD SOLIS  DATA COLOR-APA UNIlS .
Clissfier pit - UNITS LoD TRIw Rea.tor  Heactor Maxiemnem
Elilaent QLerilow Raw Reavtor Raw Reactor Waste  Eifluent Inal settling
Vedume Rav Reartor Eifluent Waste Etfluent 58 Ss MISS Raw Reastur rate
Liter, Waste M. L. Effluent  awg ny/l my/l mg /1 g/l el Tl Taelt Waste . Eifluent . P2 MARKS
. '
[ EaY) [} LR 70 T - 402 249 180 67 4 34 152 1440 129 Tor ferd purnps on
6 2 730 0/ 7 74 6.8 4794 243 215 12 16 0 3od t5nsA P40 :
! BRI 703 8 0/4 4 73 7.7 2170 20 L3} 2 19 Lt ER D] 1010 1040 Hea oy ramn deletyor !
o T LER il b 7.2 7.0 423 276 175 28 . 56 4+d 1543 1570 Feyr tur ouerfloned .
2 H.ow forle K 7.0 T 33 241 121 ] 10 A b0 1680 177
! RS e 5. 2/6.0 6.9 (3] 77 333 207 43 24 12 Tuh 1374 1700
o qu wo2lbS 71 6.9 412 323 154 33 16 4 MO0 1744 1740
2 EER LT e 7o 500 353 <147 .- 8 72 1047 1680 - One toad “f sezvice
| 3 v LTINS (3 7.3 131 207 148 i o 3z FLTS .. 1760 ,
, N 5 2/6 1 6 9 68 470 313 185 23 20 24 o 1440 1700
' o 1 7 5 4f5 7 U 7.0 415 257 167 9 24 44 11s0 1372
" oou 17Ul 4 73 74 458 272 to207 21 [ ER] 1220 - Fump treal.cent §oant tocen
werie Jan £r lance .. tests
: .o ot 5 la 6.5 69 453 259 202 3 26 10 1132 ’ . ,
K 1wy ey 5 K/6oh 71 [ 508 249 240 23 4 63 1093 44 31 ML wisted !
! 10 s (20 6 5/7 ¢ 72 73 417 326 206 T . 6u 14 850 33 .
) i R tin S.4/6 05 7.0 6 9 432 288 {65 21 48 44 1147 6 3
. P
5 33 4 [ 6o4fe. 8 71 71 503 303 209 1 40 48 535 42 Reyv.tor started ¢ uri. tered wast~
: " IR 602 6 /1.0 1.2 73 500 331 213 44 415 76 1051 25 250 L3 1 ML waares per day for
. ; o2 5.8/6.2 6 9 6 4 421 2H7 171 34 410 104 1o 20 balance ! teats
“ 15 2 han 6206 7 74 T2 433 244 165 1o 210 68 e [}
“ Yo o 5. R/6.3 6.8 6.8 447 3 212 41 220 68 31y [
' v [ s 716 2 12 6 " St 144 217 42 340 I'ts 240 20 .
! bt 3 H.O/H 4 77 . 75 571 343 244 0 250 120 b40 . 07
2 [ 7.0/7 3 7.8 76 552 300 257 s 550 16 650 05
13 35 5 561 5 B/t 4 7.1 7.0 557 351 231 28 210 184 190 20 !
14 27 & 44 4 Hlo, 2 (] 6.7 417 278 140 1 200 2o, 710 15
IS iy 7 40 5.3/6.0 6.9 6.7 445 123 171 9 170 56 T30 1 H
16 34 5 545 S 4/h 2 [ 6.3 412 218 197 1] 270 LX) [XAV] 14




' TABLE 1II - TOTAL MILL EFFLUENT REACTOR KINETICS DATA

Solids '
Cirowth Solids Produced Uit Unit
Ettluent TLOD D CcOoD D MLSS Aveg., MLSS Rate Age g/g COD Loading Removal
Date mg/l um mg/l gm mg/l grn mg/l _gm Day -! Days removed ulg Day  g/g Day
‘_w:,_»:.l:H_ Waste
Do 22 213 1.9 8 .0 214 1.1 -0 -0 -0 1.7
23 154 1.2 44 .2 240 1.3 .2 5.0 .2 0.9 ,
21 274 4.7 - 142 - .7 191 1.0 - - - 4.7
“ 26 177 3.2 168 .9 204 1.1 .8 1.3 .3 2.9
2K 182 1.5 58 .3 317 1.7 .2 5.0 .2 0.9 ,
20 88 0.8 114 .6 403 2.1 3 3.3 0.8 0.4
i) 194 3.3 - 116 - .6 402 2.1 - - - 1.6
31 153 2.6 - 180 - .9 254 1.3 - - - 2.0
Jan 1 229 3.9 188 1.0 258 1.4 .7 1.4 .3 2.8
2 219 3.5 32 .2 368 1.9 1 10.0 .1 1.8
3 185 3.2 4 .0 386 2.0 -0 -0 -0 1.6
1 227 3.6 - 196 -1.0 290 1.5 - - - 2.4 .
, 5 15 .3 169 2.8 152 .8 268 1.4 5.7 .2 .3 2.2 2.0 ,
6 39 .9 200 1.4 180 .9 434 2.3 .4 2.5 .2 2.3 1.9
7 Neg - 159 3.7 - 32 - .2 508 2.7 - - - 1.4 1.4
4 14 3 168 3.9 108 .6 546 2.9 .2 5.0 .2 1.4 1.3
9 7 .1 291 4.7 76 .4 638 3.4 1 10.0 1 1.4 1.4
10 1 L0 178 3.1 - 44 - .2 654 3.4 - - - .9 0.9
i 1 .0 177 4.1 28 - .2 646 3.4 | 10.0 <0.1 1.2 1.2 W
12 30 .7 105 2.5 - 52 - .3 634 3.3 - - - 1.0 0.8
; 15 59 1.3 46 1.0 - 24 - 596 3.1 - - - .8 ©0.3
- 14 113 2.7 73 1.7 -276 -1.5 446 2.4 - - - 1.8 0.7
15 54 1.2 150 3.4 B0 4 348 1.8 .2 5.0 L1 2.6 1.9
10 - - 156 2.5 28 L2 402 2.1 1 10,0 1 1.2




B TABLE IV - TOTAL MILL EFFLUENT REACTOR KINETICS DATA
Solids
e . Growth Solids Produced Unit Unit
Etftlucnt TLOD A cop /N MLSS Avg. MLSS Rate Age w/g COD Loading Removal
Date my/l gm mg/i gm mg/l gm mg/l1 gm Day -} Davs removed g/g Day ¢/g Day
iltered Waste :
Jian 20 67 2.8 113 4.7 216 1.1 2060 1.4 .8 1.3 L2 S, 4 3.4
21 12 .6 203 9.4 72 .4 100 2.1 .2 5.0 .0 4.7 4.5
22 22 1.0 69 3.1 48 .3 460 2.4 ! 10.0 L 1.7 1.3
23 28 1.0 147 5.4 132 .7 550 2.9 .2 5.0 .1 2.2 1.9
24 9 3 112 4.6 86 .5 660 3.5 L 10.0 .1 1.4 1.3
25 43 .9 164 7.4 94 .5 750 1.0 .1 10,0 N1 . 2.3 1.9
26 35 1.4 119 4.8 247 1.3 920 4.9 .3 3.3 .3 1.3 1.0
27 - - 147 3.3 - - 920 4.8 - - - .7 W7
2 14 .5 134 4.7 144 .8 870 4.6 .2 5.0 .2 1.1 1.0
29 28 .4 157 6.7 240 1.3 1060 5.6 .2 5.0 .2 b4 1.2
.u: 9 LT 158 5.6 40 .2 1200 6.3 .0 .0 .0 1.0 .9
31 21 .3 186 6.7 212 1.1 1330 7.0 .2 5.0 .2 1.1 1.0
Feb _ .: .8 194 6.8 221 1.2 1540 8.1 .1 10.0 .2 .9 .8
_ w. 23 ! 217 . 8.7 247 1.3 1820 9.5 o1 10.0 .1 1.0 .9
i K 35 .9 171 6.9 537 2.8 1120 5.9 .5 2.0 4 1.4 1.2
i 4 21 .6 144 6.1 65 .3 1420 7.5 .0 , 0 .0 .9 .8
Unhltered Waste
_ 5 14 .5 195 6.5 1450 7.6 1280 m.u .1 .9 1.2 1.0 1.0
8 R 1.4 169 5.4 2130 11.2 2110 11.1 1.0 1.0 2.1 G .5
{ 7 34 1.2 137 5.0 1840 9.7 2280 12.0 .8 . 1.3 1.9 D .t .
‘ 8 16 .6 149 5.2 1420 7.4 1470 7.7 1.0 1.0 1.4 .8 .7
Pl 4l 1.5 171 6.3 1330 7.0 980 5.1 1.4 .7 1.1 1.5 1.2
10 42 1.5 175 6.3 1670 . 8.8 1070 5.0 1.6 .6 1.4 1.4 1.1
11 0 0 248 ‘8.5 1320 6.9 1300 6.8 1.0 1.0 .8 1.3 1.3
12 5 L2 252 9.1 3580 18.8 2410 12.8 1.5 .1 2.1 .7 .7
13 2y 1.0 206 7.3 650 3.4 i810 9.5 .4 2.3 .5 .9 -
11 . l <.l 139 3.8 1490 7.8 1460 7.7 1.0 1.0 2.1 .5 .o
1= 9 .3 162 5.6 1230 6.4 1350 7.1 .9 L 1.1 .8 .5
I 0 0 197 6.8 1300 : 6.8 1300 6.8 1.0 1.0 1.0 1.0 1.0




TABLE V., GROUND WOOD EFFLUENT REACTOR CONTINUOUS FLOW DAT

pil - UNITS coDp THOD SOLIDS DATA
(larifrer - Ruaw Reactor Reactor Maximum
Fitluent Overfllow Raw Reactar Raw Reactur Waste Eifluent Initial settling
Rate | Raw Reactor Waste Effluent Waste Effluent S5. 55 MLSS rate
andif” Waste M. L Fllluent  avg mg/l my/l mg/l mg/l mg/l my/l my/l inch/min EMARKS
.
und Wood
P 3 [ 250 5 6 R 6 4 60 369 84 4 42 152 One feed puinp "on " [ur period
il 17 8 241 53 6.0 60 304 73 -- 6 592 12/30/01 - 1/16/05
! i85 242 53 6.0 5.9 3N 84 4 26 e
N 17 3 52 6.0 59 349 84 4 96 938 .
§ 14 0 5.2 6.1 5.7 357 80 10 4% 8133
1 8.0 51 5.9 59 353 87 4 24 940
o 151 51 6.1 6.4 338 100 20 20 993
. By §oy 6. 4 6 s 6.2 356 37 319 0 32 44 1033
b 243 44 70 6.4 6.1 342 79 277 14 V6 104 1240
4 0 179 7.1 b6 6.4 293 814 27 R 12 300 1187
" 18 o AER) 70 6.3 60 364 66 298 0 64 64 706
[RE 1w 5 6 9 6.1 6.1 348 74 274 0 N 104 9313
[ A Y 7.2 6.3 [ 286 77 214 5 2 ah AL}
' MU T 65 60 332 . 74 266 8 2F 438 . ROO
[ 2 . 7.1 b. 4 &2 369 . 69 304 4 32 12 927
] Shs 7.1 6.4 6.4 342 65 277 0 4 76 1053
15 21 7.2 65 6.3 362 64 300 2 24 44 1087
4.0 73 6 6.5 381 63 - -- 4 R0 1012
Paoqa [R i 5 7/7 ) 6.2 55 370 120 266 té 4 40 630 4.0 Two feed pamps *or © perind
i 4y i S 1/ 8 60 55 350 107 250 7 9 244 1290 10 208005 - 2125
o LAY [ R] 5 2/7 1 6 4. 6 2 328 1t 2H7 0 L6 16 1150 01 2.0 hiters 7ML wz,ted
N 460 30 5 0/ 7 5.4 5.2 350 111 255 t6 4 160 £330 5 b 1.0 liter o ML wzstez, MLSS 1ot 1o e
54 79 S 0/63 5.2 5.1 320 1ne 238 34 16 T3 950 21 1.0 Iiter of ML «w Late
. 4.0 5. 0/6,2 5.2 5.4 22 54 167 0 16 28 980 --
B [ LT S0/ 5.5 5.5 1hA 150 252 34 20 X 1110 0 4
[ [ETNY 5 2t o8 5 4 5 2 345 108 237 ] 48 RO 2340 0.1
' FANY 5.2/ 6.0 [} 322 82 240 (] 116 80 1140 Q.1 1,
: 5 i 5.4 T5 2 282 91 163 10 s 44 2080 01 | t-
v 5 1 5 3 S0 275 t1l 196 3 88 (B34 1340 0.3 2
' 5 2 52 55 21 63 179 0 176 100 1540 .-




. TABLE VI - GROUNDWOOD EFFLUENT REACTOR KINETICS DATA
' Solids
Growth Solids . Produced Unit Unit
Effluent TbhOD D COD D MLSS Avg. MLSS Rate Age glg COD Loading Removal
Date muy/l gm mg/l gm mg/L gm mg/i gm Day-1 Davs removed  p/g Day g/g Dav
Filtered Grouandwood
Dec 30 285 5.0 140 .8 522 3.1 .3 3.3 .2 1.6
31 231 4.1 220 1.3 702 4.1 .3 3.3 .3 1.0
Jan 1 287 5.3 126 .7 875 5.2 .1 10.0 .1 1.0
2 - 265 4.6 - 105 - .6 886 5.2 - - - -9
3 277 5.2 107 .6 887 5.2 .1 10.0 .1 1.0
4 266 4.8 53 .3 967 5.7 .1 10.0 ! .8
. 5 . 238 4.3 40 .2 1013 6.0 .0 .0 .0 7
6 0 - 319 7.6 207 1.2 1130 6.7 2 5.0 L2 1.13 1.13
7 i4 3 263 6.4 - 53 - .3 1220 7.2 - - - 0.93 0. 89
8 .18 .4 209 5.0 - 481 -2.8 950 6.5 - - - 0.83 0.77
9 0 - 298 5.5 221 1.3 820 4.8 .3 3.3 .2 1.15 1.15
10 0 - 274 5.1 - 140 - .8 810 - 4.8 - - - 1. 06 1. 06
11 5 .1 209 5.0 7 .0 800 4.7 .0 .0 .0 1. 09 1. 0o
12 8 .2 258 6.1 127 7 860 5.1 .1 10.0 d 1. 24 1. 20
13 4 .1 300 7.1 126 .7 990 5.8 .1 10.0 .1 P24 1. 22
14 0 - 277 6.8 34 .2 1070 6.3 .0 .0 .0 1 08 1. 0%
; 1% 2 .0 298 7.2 - 75 -~ .4 1050 6.2 - - - 1.16 116
! 16 0 - 318 5.9 161 .9 1090 6.4 o 10.0 L2 0. 92 0.92
; 'eb 18 io 7 250 11.3 660 3.5 960 5.0 W7 1.4 ) 2. 16 2. 26
17 7 .3 243 10.9 560 2.9 1220 - 6.4 .5 2.0 .3 1275 1. 70
| 20 0 .0 217 8.9 500 2.6 1240 6.5 .4 2.5 .3 1. 37 1.37
_ 21 16 .7 239 11.0 - 380 -2.0 1140 6.0 - - - 1. 95 1.83
. 22 34 [.s 204 9.3 260 1.4 965 5.1 .3 3.3 .2 2. 12 1.83
| 23 0 .0 167 6.9 270 1.4 1045 5.5 .3 3.3 .2 L. 26 1. 26
Untiltered Geoandiod &
,, Felb 18 34t Lo 218 9.2 1230 7.3 1725 10,2 W7 1.4 0.8, 1.0 0. 90
: 19 0 .0 237 9.8 590 3.5 1890 1.2 .3 3.3 0. 0. 87 v. 87
) 20 0 .0 240 5.3 -~ 1070 6.3 1760 10. 4 .6 1.6 1.2 0. 51 U. 51
. Y 10 .2 153 3.5 700 4.1 1960 11. 6 .3 3.3 1.2 0. 32 0. 30
| 22 52 [ 164 7.1 490 2,9 1690 10.0 .3 3.3 0.t 0. 45 0.7}
, 23 0 0 179 7.0 590 3,5 1780 10, 5 .3 3.3 0.5 0. 67 0. €7
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CAPPENDIX

BENCH SCALE BIOLOGICAL REACTOR - DAILY PROCEDURE

It is important tr.at the reactor unit be down for 2 minimum of time
during daily sampling. To expedite this, Sections II and III can be
done concurrently with Section I of the following procedure.

It is important that the unit bé fed continuously and daily. It is per-
missible to defer sampling on holidays, etc. but the unit must be fed
and samples composited for the holiday period.

Basic data will include:

Raw waste - COD, SS, pH and Volume
Reactor - MLSS, pH and Settling Test
Effluert - COD, S5, pH and Volume

Feed Pump rate setting and stop-start times

I. REACTOR PROCEDURE

A. Turn off feed pump.
B. Remove lid and effiuent tube. DO NOT TURN OFF AIR, }
C. Wash innards ir. reactor contents {(be sure all solids are returned
; to reactor - -including those on lid). Remove cleaned innards.
: D. Allow reacter to mix for 1| minute. Remove ] liter tkhrough side
connection for settling test.
Record interface height @3-minute intervals for 30-minute period.
i Record totzl height.
' While running settling test, sample mixed liquor for MLSS
(2 - 25 ml aliquots), See Section IV. A and B for sampling
procedure.
Replace reactor inn2rds and level up.
Replace ] liter used for settling tesr.
Refer to Section I for new feed prepzrztion,
Refer to Section iiI for effluent handling.
On completion of H ard I, turn on feed pump.’

e ¢+ b 4 ar SSS—

m

crmom

t
1
'
'
.
»
]
’

II. SAMPLE PREPARATION

A. Filter 20 liters of sample through Buchner Funnel with coarse
fiiter paper.

B. Add 20 m! of 100 g/1 (NH

waste. (I ml/liiter).

Pour in clean and empty feed jar -- record pH, start mixer.

Sample for-8S and - COD: - See Section IV, " A and B for sampling

procedure. Use two 25 mi replicate samples.

4)—,HPO4 solution to 20 liters of filtered

v o

—:



III.

Iv.

EFFLUENT AMNALYSES

00w

Remove effluent tubing frorn bottle, invert bottle and mix well.
Pour epproximetely one liter into bezker,.

Empty bottle and rinse well with tap water,

Replace effluent tubing.

NOTE: Before proceeding, return reactor to service.

E. Mix beaker sample well and sample for SS and COD (2 - 25 ml
replicate samples) and record pH.

SEE SECTION IV. A AND B FOR SAMPLING TECHNIQUE,

SAMPLING PROCEDURE

A. MLSS AND SS

w o o~

o

Dessicate membrare filters overnight in aluminum dishes.
Tare filter and dish together.

Assemble filter apparztus on Test Tube. Draw 25 ml sample
with open tip pipette ard place in filter holder.

Rinse pipette with tap water into {ilter.

Ririse down filter holder sidss with tap water as sample is
drawn through.

Remove holder clamp and top--carefully scrape solids from
top assembly and place on membrane filter and place in

eiuminum pe&r.

NOTE: Care must be takern to replace filter in same pan with
which it was tared.

7.

Dry paz and fil*er in over @ 103° C for 1 hour--move to
dessicator for stzabilizz*ion.

Weigh dried ard dessicated pan and filter. Carry significant
figure to 0. Q001 g.

Calculation: Example - final wt. - 1.7943
tare wt, - 1.7620
A g - 0.0323
X 4x10%
MLSS - 1292 mg/1
or SS 1292 mg/1

B. COD SAMPLING PROCEDURE

1.

r%r Tr=nsfer contents of test. tube_zo COD flask._and rmse tube

Following Section IV, A-6 above, rinse down fritted glass
filter with tzp water to 40 ml/mark on test tube.

“with 10 ml tap water 'and 3dd°tc COD flas

Joam T

o
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