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Title 10—DEPARTMENT OF
NATURAL RESOURCES
Division 20—Clean Water Commission
Chapter 8—Design Guides

10 CSR 20-8.12(Design of] Gravity Sewers

PURPOSE: The following criteria have been prepaaedh guide for the design afavity
sewers. This rule is to be used with rules 10 O3R8.210 through 10 CSR 20-8.220 for the
planning and design of the complete treatmentifgcilhis rule reflects the minimum
requirements of the Missouri Clean Water Commissiaegard to adequacy of design,
submission of plans, approval of plans, and approfaompleted wastewater treatment
facilities and collection systems. It is not reaslole or practical to include all aspects of design
in these standards. The design engineer shouldrobfaropriate reference materials which
include but are not limited to: copies of all ASTiMernational standards pertaining to sewers
and appurtenances, design manuals such as WatéroBment Federation’s Manuals of
Practice, and other sewer design manuals contaipiiigciples of accepted engineering
practice. Deviation from these minimum requiremevitkbe allowed where sufficient
documentation is presented to justify the deviafidrese criteria are taken largely from the
[2004 edition of the] Great Lakes-Upper MississiRiver Board of State and Provincial Public
Health and Environmental Managers’ Recommendeddatals for Wastewater Facilities and
are based on the best information presently avéglabhese criteria were originally filed as 10
CSR 20-8.030. It is anticipated that they will béjsct to review and revision periodically as
additional information and methods appear.

(1) Definitions. Definitions as set forth in thee@h Water Law and 10 CSR 20-2.010 shall apply
to those terms when used in this rule, unlessah&egt clearly requires otherwise. Where the
terms “shall” and “must” are used, they are to meanmandatory requirement insofar as approval
by the Missouri Department of Natural Resourcepddenent) is concerned, unless justification
is presented for deviation from the requirementse®terms, such as “should,” “recommend,”
“preferred,” and the like, indicate the preferentéhe department for consideration by the
design engineer.
(A) Deviations. Deviations from these rules mayapproved by the department when
engineering justification satisfactory to the déypent is provided. Justification must
substantially demonstrate in writing and througltations that a variation(s) from the
design rules will result in either at least equivalor improved effectiveness. Deviations are
subject to case-by-case review with individual ecojconsideration.

(2) Applicability. This rule shall apply to dflacilities with a design flow of one hundred
thousand (100,000) gallons (378.5)rper day or greater. This rule shall also applyalb
facilities with a design flow of twenty-two thouddive hundred (22,500) gallons (85.3)mer
day or greater until such time as 10 CSR 20-8.82mended.jravity sewers. This rule shall
supersede when there is a conflict with 10 CSR 20620.
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(3) Approval of Sewers. The department will apprplans for new systems, extensions to new
areas, or replacement sanitary sewers only whdagradasupon the separate bagis which]

where rain water from roofs, streets, and other aredsganundwater from foundation drains are
excluded.

(4) Design Capacity and Design Flow.
(A) Sewer capacities shall be designed for theredéd ultimate tributary population, except
[in] when considering parts of the systgsnthat can be readily increased in capacity.
Similarly, consideration must be given to the maximanticipated capacity of institutions,
industrial parks, etc. An economic analysis ofrakgives must be included in the
engineering report or facility plan where futuresewers are planned.
1. The following factors must be considered in datring the required capacities of
sanitary sewers:
A. Design peak hourly flow;
B. Additional maximum wastewater or waste flow framustrial plants;
C. Inflow and infiltration (I/1);
D. Topography of area;
E. Location of wastewater treatment facilities;
F. Depth of excavation; and
G. Pumping requirements.
2. The basis of design for all sewer projects dtwlincluded in the engineering report or
facility plan. More detailed computations may bguieed by the department for critical
projects.
(B) Sewer flows shall be based on the design peakyflow in accordance with 10 CSR
20-8.110(4)(C)4. and must be designed to preveeliminate sanitary sewer overflows
(SSO0s).

(5) Details of Design and Construction.
(A) Minimum Size. Gravity sewers conveying raw veasgater shall be no less than eight
inches (8") (20 cm) in diameter, except in circuamses where smaller diameter pipe can be
justified.
(B) Depth. All sewers shall be sufficiently deepasoto receive wastewater from basements
and shall be covered with at least thirty-six ircf@6") (91 cm) of soil, other insulation, or
material to prevent freezing and to protect thesmfsuperimposed loadsisulation shall
be provided for sewers that cannot be placed at aegth sufficient to prevent freezing.
(C) Buoyancy. Buoyancy of sewers shall be consitlned]. [f] Flotation of the pipe shall
be prevented with appropriate construction whegé lgroundwater conditions are
anticipated.
(D) Slope.
1. Recommended minimum slopesAll sewers shall be designed and constructed te giv
mean velocities, when flowing full, of not lessthavo feet (2") per second (0.6 m/s)
based on Manning’s formula using an “n” value of 013 The following are the
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recommendedminimum slopegwhich] that should be provided for sewers forty-two
inches (42") (107 cm) or lefgk. [h] However, slopes greater than these may be desirable
for construction, to control sewer gafe®r to maintain self-cleansing velocities at all
rates of flow within the design limits:

Minimum Slope in
Nominal Sewer | Feet Per 100 Feet
Size (m/100 m)
6 inch (15 cm) 0.60
8 inch (20 cm) 0.40
10 inch (25 cm) 0.28
12 inch (30 cm) 0.22
14 inch (36 cm) 0.17
15 inch (38 cm) 0.15
16 inch (41 cm) 0.14
18 inch (46 cm) 0.12
21 inch (53 cm) 0.10
24 inch (61 cm) 0.08
27 inch (69 cm) 0.067
30 inch (76 cm) 0.058
33 inch (84 cm) 0.052
36 inch (91 cm) 0.046
39 inch (99 cm) 0.041
42 inch (107 cm) 0.037

A. Sewer sizes not included in the above table Ishioel designed and constructed to
give mean velocities, when flowing full, of not $ethan three feet (3') per second (0.9
m/s), based on Manning’s formula using an “n” vabf®.013.
B. The minimum size of six-inch (6") (15 cm) pipedr schools, resorts,
subdivisions located in rural areas, and similar gablishments will be considered
based on engineering justification and approved bthe department on a case-by-
case basis.
2. Minimum flow depths. Slopgs/hich] that are slightly less than the recommended
minimum slopes may be permitted. Such decreaspéslmay be considered where the
depth of flow will be one-third (1/3) of the diareetor greater for design average flow.
Whenever decreased slopes are selected, the dagjgreer must furnisfwith his/her
engineering report or facility planfomputations of the anticipated flow velocities of
average daily and peak hourly flow ratesluded in the summary of design . The
operating authority of the sewer systpmill] shall give written assurance to the
department that any additional sewer maintenarmained by reduced slopes will be
provided.
3. [Minimize] Minimization of solids deposition. The pipe diameter and slop#é bka
selected to obtain the greatest practical velac#ieasto minimize settling problems.

3



LEGEND: DRAFT 03/23/15
Text to beldeleted]is in italics and bracketed.

Black bold text is added from 10 States Standards Chapt2030.

Blue bold text is added from 10 CSR 20-8.020(9).

Red boldtext is added from RSMO 644.026.1.(12).

Orange holdtext is added for clarification.

Oversize sewers will not be approved to justifyngsilatter slopes. If the proposed slope
is less than the minimum slope of the smallest[pipkich] that can accommodate the
design peak hourly flow, the actual depths andorés at minimum, average, and
design maximum day and peak hourly flow for eac$igiesection of the sewer shall be
calculated by the design engineer and be includdthe [plans] summary of design
4. Slope between manholes. Sewers shall be laidumiform slope between manholes.
5. High velocity protection. Where velocities gerathan(fifteen] ten feet[(15")] (10"
per second(4.6 m/s)] (3 m/s)are attained, special provision shall be madevtid
scour andprotect against displacemeargusedby erosiorfand] or impact.
6. Steep slope protection. Sewers on twenty pef@&3b) slops or greater shall be
anchored securely with concrgfanchors] or equalanchorsspaced as follows:
A. Not over thirty-six feet (36") (11 m) centert¢enter on gradesf twenty percent
(20%)[and] up to thirty-five percent (35%);
B. Not over twenty-four feet (24") (7.3 m) centereenter on grades thirty-five
percent (35%]Jand] up to fifty percent (50%); and
C. Not over sixteen feet (16") (4.9 m) center-tatee on gradesf fifty percent (50%)
[and over]or greater.
(E) Alignment.
1. Sewers twenty-four inches (24") (61 cm) or I&sall be laid with straight alignment
between manholes. Straight alignment shall be &bk either using a laser beam or
lamping.
2. Curvilinear alignment of sewers larger than tiydour inches (24") (61 cm) may be
considered on a case-by-case basis provided cosimgsints are specified and ASTM
or specific pipe manufacturers’ maximum allowabigegoint deflection limits are not
exceeded. Curvilinear sewers shall be limited nagpge curvegwhich] that start and end
at manholes. When curvilinear sewers are propdkedecommended minimum slopes
indicated in paragraph (5)(D)1. of this r@ieust] shall be increased accordingly to
provide a minimum velocity of two feet (2") per sad (0.6 m/s) when flowing full.
(F) Changes in Pipe Size.
1. When a smaller sewer joins a larger one, a mlantoequired according to
subparagraph (6)(A)1.B. of this rule. The invertlu# larger sewer should be lowered
sufficiently to maintain the same energy gradi@mt.approximate method for securing
these results is to place the 0.8 depth point tif bewers at the same elevation.
2. Sewer extensions should be designed for prajdliers. When the diameter of the
receiving sewer is less than the diameter of tbpgsed extension at a manhole, the
manhole shall be constructed with special consieraf an appropriate flow channel to
minimize turbulence. The department may requireh@dule for construction of future
downstream sewer relief.
(G) Materials. Any generally accepted materialdewers will be given consideration, but
the material selected should be adapted to logaditions, such as character of industrial
wastes, possibility of septicity, soil charactecist exceptionally heavy external loadings,
abrasion, corrosiotjand] or similar problems.
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1. All sewer pipe and joint materials shall confdorthe appropriate ASTM
specifications.
2. Suitable couplings complying with ASTM speciticas shall be used for joining
dissimilar materials. The leakage limitations oest joints shall be in accordance with
[paragraph (5)(1)4. or (5)(1)5.]subparagraph (5)(1)3.A. or (5)(1)3.B.of this rule.
3. All sewers shall be designed to prevent damemga $uperimposed live, dead, and
frost-induced loads. Proper allowance for loadshensewer shall be made because of
soil and potential groundwater conditions, as aslthe width and depth of the trench.
Where necessary, special bedding, haunching, libgiekfill, concrete cradle, or other
special construction shall be used to withstanitipated[potential] superimposed
loading or loss of trench wall stability. See ASTAM321 or ASTM C13when] as
appropriate.
4. For new pipe or joint materials for which ASTrasdards have not been established,
the design engineer shall provide complete mataridlinstallation specifications
developed on the basis of criteria adequately dectied and certified in writing by the
[pipe] manufacturer to be satisfactory for the specifi@itied plans for approval by the
department.
(H) Installation.
1. Standards. Installation specifications shaltawnappropriate requirements based on
the criteria, standards, and requirements estaalibly industry in its technical
publications. Requirements shall be set forth éngpecifications for the pipe and
methods of bedding and backfillifitnereof] so as not to damage the pipe or its joints,
impede cleaning operations, and future tapgimgr] create excessive side fill pressures
and ovalation of the pipe, nor seriously impaimfloapacity.
2. Trenching.
A. The width of the trench shall be ample to allihe pipe to be laid and jointed
properly and to allow the bedding and haunchinge@laced and compacted to
adequately support the pipe. The trench sides Baddept as nearly vertical as
possible. When wider trenches are specified, apjaigpbedding class and pipe
strength shall be used.
B. In unsupported and unstable soil, the size #ffdess of the pipe, stiffness of the
embedmentand insitu soi[,] and depth of cover shall be considered in detengin
the minimum trench width necessary to adequatedpaen the pipe.
C. Ledge rock, boulders, and large stones shakfmeved to provide a minimum
clearance of four inches (4") (10 cm) below andceanh side of all pipe(s).
D. Dewatering. All water entering the excavationgiher parts of the work shall be
removed until all the work has been completed. &lutary sewer that ultimately
arrives at existing pumping stations or wastewagatment facilities shall be used
for the disposal of trench water.
3. Bedding, haunching, and initial backfill.
A. Rigid pipe. Bedding Classes A, B, C, or cruskamhe, as described in ASTM
C12, shall be used and carefully compacted fatigil pipe provided the proper
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strength pipe is used with the specified beddinguigport the anticipated logoased
on the type of soil encountered and potential gdeater conditions.
B. Ductile iron pipe. Embedment materials for beddand initial backfill, as
described in ASTM A746 for Type 1 through Type %itg conditions, shall be used
for ductile iron pipe provided the proper strengipe is used with the specified
bedding to support the anticipated load based eyjte of soil encountered and
potential groundwater conditions.
C. Plastic pipe. Embedment materials for beddiagniching, and initial backfill,
Classes |, Il, or lll, as described in ASTM D232hall be usefand carefully
compacted for all flexible pipgjrovided the proper strength pipe is used with the
specified bedding to support the anticipated |daded on the type of soll
encountered and potential groundwater conditibhs.embedment materials shall
be carefully compacted for all flexible pipe.
D. Composite pipe. Except as described in ASTM IR&8e bedding, haunching,
and initial backfill requirements for composite @ighall be the same as for plastic
pipe.

4. Final backfill.
A. Final backfill shall be of a suitable materiahmoved from excavation except
where other material is specified. Debris, frozeatamal, large clods, stones, organic
matter, or other unstable materials shall not leel dier final backfill within two feet
(2" (0.6 m) of the top of the pipe.
B. Final backfill shall be placed in such a mans®as not to disturb the alignment of
the pipe.

5. Deflection test.
A. Deflection tests shall be performed on all fldgipipe. The test shall be conducted
after the final backfill has been in place at lehsty (30) days to permit stabilization
of the soil-pipe system.
B. No pipe shallextend]exceeda deflection of five percent (5%f the inside
diameter. If [the] deflection exceeds five percent (5%), the pipdl fleaexcavated.
Replacement or correction shall be accomplishextaordance with requirements in
the department-approved specifications.
C. The rigid ball or mandrel used for the defleatiest shall have a diameter not less
than ninety-five percent (95%) of the base insidengter or average inside diameter
of the pipe depending on which is specified inA8TM specification, including the
appendix, to which the pipe is manufactured. Thts ghall be performed without
mechanical pulling devices. A mandrel must have 1(8) or more odd number of
flutes or points.

6. Video inspection. Video inspection of all newdarehabilitated sewers after

installation is recommended.

(1) Joints and Infiltration.
1. Joints. The installation of joints and the mialsrused shall be included in the
specifications. Sewer joints shall be designeditomize infiltration and to prevent the
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entrance of roots throughout the life of the syst&urtland cement mortar joints are
not acceptable.
2. Service connections. Service connections teéneer main shall be watertight and
shall not protrude into the sewer. If a saddle-type eation is used, it shall be a device
designed to join with the types of pipe which ardé¢ connected. All materials used to
make service connections shall be compatible vétthether and with the pipe materials
to be joined and shall be corrosion proof.
chloride (PVC) pipe with a diameter of twenty-severinches (27") (69 cm) or less
This may include appropriate water or low pressiiréesting. The testingiethod(s)
[selected]specifiedshould take into consideration the range in growatdr elevations
during the teshg andthoseanticipated during the design life of the sewer.
[4.] A. Water (hydrostatic) test. The leakage exfiltrationnfiltration shall not
exceed one hundred (100) gallons per inch of pipeeter per mile per daj0(38]
0.093m*cm of pipe diameter/km/day) for any section bemenholes of the
system. An exfiltration or infiltration test shéé performed with a minimum positive
head of two feet (2" (0.6 m).
[5.] B. Air test. The air test shall, as a minimum, confdo the test procedure
described in ASTM C828 for clay pipe, ASTM C924 émncrete pipe twenty-four
inches (24") or less in diameter, ASTM C1103 fonaete pipe twenty-seven inches
(27") or greater in diameter, and ASTM F1417 faspic, composite, and ductile iron
pipe.[All] For other materialgshall have]test procedureshall beapproved by the
department.
[(J) Alternative Installation Methods (Trenchlesschnologies). Trenchless technologies
shall be evaluated by the department on a caseabg-basis.]
(J) Bore or Tunnel. The spacing of supports for caier pipe through casings must
maintain the grade, slope, and structural integrityof a pipe.

(6) Manholes.
(A) Location.
1. Manholes shall be installed—
A. At the end of each line;
B. At all changes in grade, size, or alignment;
C. At all sewer pipe intersections;
D. At distances not greater than four hundred (4@®9") (120 m) for sewetbat are
fifteen inches (15") (38 cm) or less; and
E. At distances not greater than five hundred {f@@®') (150 m) for sewetbat are
sixteen inches to thirty inches (16"-30") (46 cm€rg.
2. Spacing of manholes greater than five hundred(&00') (150 m) may be approved by
the department in cases where adequate cleanimgneept can justify such spacing.
3. Greater spacing may be permitted in larger sewer

Comment [ETC1]: RSMO 644.026.01(12) -
Require the prior submission of plans and
specifications, or other data including the qugntit
and types of water contaminants, and inspect the
construction of treatment facilities and sewer
systems or any part thereof in connection with the
issuance of such permits or approval as are redjui
by sections 644.006 to 644.141, except that
manholes and polyvinyl chloride (PVC) pipe used
for gravity sewers and with a diameter no greater
than twenty-seven inches shall not be requireckto
tested for leakage;




LEGEND: DRAFT 03/23/15
Text to beldeleted]is in italics and bracketed.

Black bold text is added from 10 States Standards Chapt2030.

Blue bold text is added from 10 CSR 20-8.020(9).

Red boldtext is added from RSMO 644.026.1.(12).

Orange holdtext is added for clarification.

4. Cleanouts may be used only for special conditeomd shall not be substituted for
manholes nor installed at the end of laterals greaan one hundred fifty feet (150) (46
m) in length.
(B) Drop Type.
1. A drop pipe shall be provided for a sewer enged manhole at an elevation of twenty-
four inches (24") (61 cm) or more above the maniwlert. Where the difference in
elevation between the incoming sewer and the mariheert is less than twenty-four
inches (24") (61 cm), the invert shall be filletedorevent solids deposition.
2. Drop manholes should be constructed wittoutside drop connection. Inside drop
connectiongcan be used{whennecessary)Jthe manhole diameter is sufficient tshall
be securd [the drop pipe]to the interior wall of the manhole astall provide
[adequate]access for cleaning.
3. When using precast manholes, drop connectiorss naii enter the manhole at a joint.
4. Due to the unequal earth pressures that wosldtrigom the backfilling operation in
the vicinity of the manhole, the entire outsideglconnection shall be encased in
concrete.
(C) Diameter.
1. Manhole.The minimum diameter of manholes shall be forty-taches (42") (107
cm) on eight-inch (8") (20 cm) diameter gravity seWwnes and forty-eight inches (48")
(122 cm) on all sewer lines larger than eight irscf@') (20 cm) in diameter. Larger
diametes [manholes]are[necessary]required for manholes withlarge diameter sewers
or multiple pipes connecting at the manholén order to maintain structural integrity.
2. Manhole frame and coverA minimum access diameter of twenty-two inches }22"
(56 cm) shall be provided.
3. Cleanout.Cleanouts shall be a minimum of eight inches (8")20 cm) in diameter.
(D) Flow Channel.
1. The flow channel straight through a manhole &hbe made to conform as closely as
possible in shape and slope to that of the conmpstwerfs without]. The channel
walls should be formed or shaped to the full heighdf the crown of the outlet sewer
in such a manner as to nobbstrucfing] maintenance, inspection, or flow in the sewers.
Changes in direction of flow should generally notxceed ninety degrees (90°).
Where a junction of two (2) or more lines occurs, aeparate channel shall be
constructed for each incoming line with the channel gradually merging together
ahead of the outlet using uniform curves. In genetathe invert of any branch sewer
should be slightly higher than the invert of the man sewer to avoid slack-water
areas where solids may accumulate.
2. When curved flow channels are specified in mé&gancluding branch inletthe
minimum slopes indicated in paragraph (5)(D)1.hig tule should be increased to
maintain acceptable velocities.
(E) Bench. A bench shall be provided on each sidap manhole channel when the pipe
diameter(s) are less than the manhole diameterb&heh should be sloped no less than a
one-half inch per foot (0.5 in/ft) (12.7 mm/m). Newer, service connection, or drop
manhole pipe shall discharge onto the surface of the bench
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(F) Watertightness.
1. Manholes shall be watertight. Manholes shalbbtihe precast concrete or poured-in-
place concrete type. Precast manholes shall cortfothe design and test methods
specified in ASTM C478 and C497.
2. Manhole lift holes, grade adjustment rings, pstsection joints, and any additional
areas potentially subject to infiltration shalldmaled watertighwith non-shrinking
mortar or other material approved by the department
3. Inlet and outlet pipes shall be joined to thenhwde with a gasketed flexible watertight
connection ofany] another watertight connection arrangement that allowsedéhtial
settlement of the pipe and manhole wall to takeela
4. Watertight manhole covers are to be used whetbeemanhole tops may be flooded
by street runoff or high water. Bolt-down coverexsblies may be needed on manholes
subject to displacement by sewer surcharging. Ldckanhole covers may be desirable
in isolated easement locations or where vandalisy e a problem.
(G) Inspection and Testing. The specificatifstwll] should include a requirement for
manhole inspection and testing for watertightness or dav@&gr to placing into service.
1. Vacuum testing, if specified for concrete semanholes, shall conform to the test
procedures in ASTM C1244 or the manufacturer’'s meoendation.
2. Exfiltration testing, if specified for concresewer manholes, shall conform to the test
procedures in ASTM C9609.
(H) Corrosion Protection for Manholes. Where csive conditions due to septicity or other
causes are anticipated, corrosion protection omtieeior of the manholes shall be provided.
() Electrical. Electrical equipment installed @ad in manholes shall conform to 10 CSR
20-8.130(4)(C)5.

(7) Inverted Siphonsnverted siphons are used to convey wastewater byayity under

depressions.
(A) Design.Inverted siphons shall have not less than two §2)dbs, with a minimum pipe
size of six inches (6") (15 cmipesign shall provide sufficient head and appropriat pipe
sizes to secure velocities of at least three fe8t)(per second (0.9 m/s) for design average
flows. The inlet and outlet details shall be so aenged that the design average flow is
diverted to one (1) barrel and so that either barremay be removed from service for
cleaning.
(B) Cleaning and Maintenance They shall be provided with necessary appurtenafoces
maintenance, convenient flushing, and cleaningpemqent. The inlet and discharge
structures shall have adequate clearances foriostgaquipment, inspection, and flushing.
[Design shall provide sufficient head and appropei@ipe sizes to secure velocities of at
least three feet (3") per second (0.9 m/s) forgreaverage flows. The inlet and outlet details
shall be arranged so that the design average flodiverted to one (1) barrel and so that
either barrel may be cut out-of-service for cleanjnThe vertical alignment should permit
cleaning and maintenance.
(C) Leakage Testing. Inverted siphons must be testeaccording to the requirements of
paragraph (5)(1)3. of this rule.
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(8) Sewers in Relation to Streams.
(A) Location of Sewers in Streams.
1. Cover depth. The top of all sewers enteringrossing streams shall be at a sufficient
depth below the natural bottom of the stream bgadtect the sewer linfin general,
t] The following cover requiremenfmust] shall be met:
A. One foot (1) (0.3 m) of cover is required wh#te sewer is located in rock;
B. Three feet (3') (0.9 m) of cover is requiredther material. In major streams,
more than three feet (3") (0.9 m) of cover maydzpiired;
C. In paved stream channels, the top of the semeishould be placed below the
bottom of the channel pavement; and
D. Less covefwill] may be approved only if the proposed sewer crossitigei
interfere with future modifications to the streahaonel. Justification for requesting
less cover shall be provided to the department.
2. Horizontal location. Sewers along streams df@lbcatedsufficiently] outsideof the
stream bednd at a sufficient distance to provide for futurepossible stream
widening andto prevent pollution by siltation during constriectand to minimize
possible exposure due to erosion.
3. Structures. The sewer outfalls, headwalls, mishgate boxes, or other structures
shall be located so they do not interfere withftke discharge of flood flows of the
stream.
4. Alignment. Sewers crossing streams should bigked to cross the stream as nearly
perpendicular to the stream flow as possible aatl bk free from change in grade.
5. Sewer systems shall be designed to minimizadingber of stream crossings.
(B) Construction.
1. Materials. Sewers entering or crossing stredrall Be constructed of ductile-iron pipe
with mechanical join{s otherwise, they shall be constructed so they ngihain
watertight and free from changes in alignment axdg]. Material used to backfill the
trench shall be stone, coarse aggregate, washeel goa other materials which will not
readily erode, cause siltation, damége pipe during placement, or corrode the pipe.
2. Siltation and erosion. Construction methods wiktminimize siltation and erosion
shall be employed. The design engineer shall irclndhe project specifications the
method(s) to be employed in the construction ofessvn or near streams. Such methods
shall provide adequate control of siltation ands&no by limiting unnecessary
excavation, disturbing or uprooting trees and vatiyart, dumping of soil or debris, or
pumping silt-laden water into the stream. Spediiices shall require that clean-up,
grading, seeding, planting, or restoration of alkvareas shall begin immediately.
Exposed areas shall not remain unprotected for thawe seven (7) days.
3. Alternative construction methods. When the aligment of a sewer crosses a
stream, consideration shall be given to trenchlesonstruction technologies as an
alternative to open trench constructionin accordance with section (11) of this rule.

(9) Aerial Crossings.
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(A) Support shall be provided for all joints in pgutilized for aerial crossings. The supports
shall be designed to prevent frost heave, overgrrand settlement.

(B) Precautions against freezing, such as insulaial increased slope, shall be provided.
Expansion jointing shall be provided between abgraind and below-ground sewers.
Where buried sewers change to aerial sewers, $pecistruction techniques shall be used to
minimize frost heaving.

(C) For aerial stream crossings, the impact ofdle@ters and debris shall be considered.
The bottom of the pipe should be placed no lowanftthe elevation of the fifty (50)-year
flood.

(D) Aerial crossings shall be constructed of deeitibn pipe with mechanical joints;
otherwise, they shall be constructed so that thélyemain watertight and free from changes
in alignment or grade.

(10) Protection of Water Supplies.
(A) Cross Connections Prohibited. There shall bemgsical connections between a public
or private potable water supply system and a gwer appurtenancghereto] which would
permit the passage of any wastewater or pollutednimato the potable supply. No water
pipe shall pass through or come in contact with fzary of a sewer manhole.
(B) Relation to Water Works Structures.
1. While no general statement can be made to alveonditions, it is recognized that
sewers shall meet the requirements of 10 CSR 2B33aith respect to minimum
distances from public water supply wells or othetev supply sourcgand] or
structures.
2. All existing water works units, such as baswalls, or other treatment units, within
two hundred feet (200" (60 m) of the proposed sealall be shown on the engineering
plans.
3. Soil conditions in the vicinity of the proposedewer within two hundred feet
(200" (60 m) of water works units shall be deternmied and shown on the
engineering plans.
(C) Relation to Water Mains.
1. Horizontal and vertical separation.
A. Sewes [mains] shall be laid at least ten feet (10°).03 m) horizontally from any
existing or proposed water main. The distgsicehall be measured edge-to-edge. In
cases where it is not practical to maintain a tet-§10") (3.0] m) separation, the
department may allow deviation on a case-by-casisbiésupported by data from
the design engineer. Such a deviation may allotailagion of thegravity sewer
closer to a water main, provided that the watemn®in a separate trench or on an
undisturbed earth shelf located on one (1) sidbegravity sewer and at an
elevation so the bottom of the water main is astlegghteen inches (18") (46 cm)
above the top of the sewer.
B. If it is impossible to obtain proper horizongaid vertical separation as described
above for sewers, the sewer must be constructelipedbn or mechanical joint pipe or
continuously encased and be presiasted] rated to at leastone hundred fifty
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pounds per square inch (150 psi) (1,034 ki?a) pressure testedo [assure]ensure
watertightness.
C. Manholes should be located at least ten feéx (3}0] m) horizontally from any
existing or proposed water main.
2. Crossings.
A. Sewers crossing water mains shall be laid teigema minimum vertical distance
of eighteen inches (18") (46 cm) between the oatsitthe water main and the
outside of the sewer. This shall be the case wiergvater main is either above or
below the sewer. The crossing shall be arrange¢dagdhe sewer joints will be
equidistant and as far as possible from the wagen joints. Where a water main
crosses under a sewer, adequate structural sigh@iibe provided for the sewer to
maintain line and grade.
B. When it is impossible to obtain proper vertisaparation as stipulated above, one
(1) of the following methodpnust] shall be specified:
(I) The sewer shall be designed and constructedl¢quvater pipgand shall be
pressure tested to assure watertightness priomtkfilling] as described in
subparagraph (10)(C)1.B of this rule or
(1) Either the water main or sewer line may[bentinuously]encasedor
enclosed]in a watertight carrier pipe which extends ter {¢@") (3.0] m) on
both sides of the crossing, measured perpendituthe water main. The carrier
pipe shall be of materials approved by the depanrtrfte use in water main
construction.

(11) Trenchless Technologies. Trenchless technolegishall be evaluated by the department
on a case-by-case basis.

(A) New Pipe Installation. The following trenchlesgechnologies may be used for

installation of new wastewater collection system ping:
1. Impact molding, which is technique that launches percussive soil displacement
hammer (mole) from an excavation to displace soilral form a bore. The new pipe is
drawn behind the mole or pulled into the bore usinghe hammer’s reverse action. A
pneumatically driven mole displaces the soil by thaction of a percussive piston;
2. Pipe ramming, which is a simple technique using pneumatic hammer to drive
steel casings through the ground from one (1) pibtanother; or
3. Microtunneling, which is a remotely controlled nechanical tunneling system
where the soil is removed from the cutting head witin the new pipeline, which is
advanced by pipe jacking. The cutting head must havthe appropriate cutting tools
and crushing devices for the range of gravels, saadsilts, and clays that may be
found at the collection system site.

(B) Replacement Pipe Installation. The following tenchless technologies may be used

for replacement of wastewater collection system pg
1. Pipe bursting, which is a method of on-line replcement of fracturable pipe. An
expanding device, either pneumatic or hydraulic, isntroduced into the defective
pipeline, shattering the pipe and drawing in the ne pipe behind it. Insertion of
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short lengths may be made from pits but this involes jointing of the pipeline within
the pit;
2. Pipe splitting, which is similar in technique topipe bursting but is used on non-
fragmental pipes such as steel, ductile iron or pgéthylene. The system uses
specialized splitting heads designed to cut througthe pipe wall and joints and
expand the existing pipe into the surround groundpr
3. Pipe eating, which is an on-line microtunneledaplacement technique. The
existing defective pipeline is crushed (or eateny the tunneling machine and
removed through the new pipeline. It is used predomantly on concrete sewer
installations. This system allows for size replaceemt and upsizing.
(C) Pipe Lining. The following trenchless technologs may be used for lining of existing
wastewater collection system pipe, which reducesetinside diameter of the pipe:
1. Cement mortar lining, which is the application & a cement mortar (typically
about four millimeters (4 mm) thick) to the insideof a pipe to protect against
corrosion;
2. Epoxy spray lining, which is a method of liningoipes with a thin lining of resin
(typically about one millimeter (1 mm) thick) that is sprayed onto the interior
surface of a cleaned collection system pipe to isté¢ the pipe from the wastewater
and possibly reinforce the structural capabilitiesof the pipe;
3. Cured-in-place pipe, which is a method of liningexisting pipe with a flexible tube
impregnated with a resin that produces a pipe aftethe resin cures. The resin may
be set by the use of heat or ultraviolet light; or
4. Sliplining, by which continuous or discreet pips are inserted within existing
pipes.
(D) A wastewater collection system using a trenclds technology must be designed,
installed, and constructed in accordance with ASTMstandards with reference to
materials used and construction procedures.
(E) Pipe installed by a trenchless technology is kject to the testing requirements in
paragraph (5)(1)3. of this rule.

AUTHORITY: section 644.026, RSMo 2000.* Origindériled Aug. 10, 1978, effective March 11, 1979.
Amended: Filed May 17, 1994, effective Dec. 304199nended: Filed June 28, 2011, effective Feb. 29,
2012.

*Qriginal authority 1972, amended 1973, 1987, 199395.
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