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1 ile e f f i c x ~ .  of the North Caroliila nater re]-lse rrgulations was :e\;ic\i7ed in the contest i d 3  

luunicipl  rcuse  stem in Charlotte, North Carolina. 'I1:c imessment tasks i~~clut icd:  (a) 
colleciion mcl re\-ie\v of nlonitoring data from thc plant; (b) monthly rccoilnaissance sampling 
of cffluent at the plant and from :hc irrigation site; (c) a rcview of recent and pertinent literature 
on niiciobiological contaminants associated with 1dairnc.d w t e r ;  (d) de\~elopment of a water 
balance model t o  predict changes in fecal colii'orm loadings in run-off ilow with various set- 
back distance reqliirements; and (") 3 conlpil:ilio!l aild revien of other state reuse guidelines and 
rcg~ilations relatcci to usc of reclaimed water in nscus ofpt~bl ic  :lccess. The inmitoring, testing 
and literature rwicw yieldcd no c~:idencc that t lx  curreilt rcgidations are deficient. Water 
sarnpks were collected during start-up of the reuse system, mtl  there was e\;idencc that 
treatment reliability was difficult to cichie\c l h e  i~unoff 1110JcI and the rei~iew of state 
regulations did not produce any compelling evidence that a hul'fi-r distance is needed between ail 
irrigation site and a receiving s t rea~n to control for fecal coliforrn wash-off by storm water flow. 
Rot11 the literature review and our monitoring results suggest that \ iral contaminants may persist 
even where bacterial indicators are not found. Given the ambiguity of current limit-setting 
methods for the types and amount of indicator organisms allowable. it would be prudent for 
North Carolina to establish a continuous assessment process to insure that the regulations in 
place are always defensible and consistent with the most up-to-date information wailable. 
Guidelines for operator and customer training and for the integration of serviccs required from 
other municipal units are recolnmended to minimize start-up problelns. 

(kvatzr reuse: water reclamcition, legislation: nlicrobiologicd contanlinmts) 
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'l'here are no kdcral regulntions governing reclaimed nater use. 2nd standards h a w  dc\,elopcd 
state by state. A reirizw of state regulations reveals that undcr a mriety of influences, water rcusc 
sta~ciards or. guidelines aniong t11c states hit\~e cvolwd to be quite dil'ferent (i\sano 1998: J .  
Crook, P.E. CH?hI Hill pcrs. corn. 1998: Crook and Surnmpalli 1996. Watts, 19%!). The North 
Carolina water reuse regulations were promulgated in 1996 in response to growing municipal 
interest in water r s u x  (Section 15A NCAC 211.0200 of the N.C. code go\.erning "waste not 
discharged to surface waters"). The rcgulations Mere drafted by an expert committee seeking to 
obtain a sensible integration of regulations used in otl~er states with those recommended in 
federal documents such as Guidelines for Water Reuse ( U S .  EI'A, 1992). Howe\-er, the 
regulations were wit ten without benefit of any North Carolina pilot or demonstration prqjrct 
data, since none were available. 

The first full-scale municipal water reclamation facility in North Carolina began operating under 
the new state regulations in late summer 2000. The Mallard Creek Water Reclamation Facility 
(hIC\VRF) has the capacity to deliver up to 200,000 gallons per day (gpd) to the nearby 
Tradition Golf Course and the Mallard Creek Park. This research was undertaken to rcview the 
state reuse regulations as they applied to this new plant and specifically to assess whether the 
regulations are generally acceptable and adequate to protect human health. S a n e  of the specific 
concerns that were to be addressed in the review were the fecal coliforrn limits and the set-back 
distance requirements in areas where public access is permitted. 

111 order to make the assessment, thc following activities were undertaken: (a) ~nonitoring data 
from the plant was collected and reviewed; (b) monthly reconnaissance sampling of effluent at 
thc plant and from the irrigation site was conducted, and samples were assayed for organics, 
nutrients, and bacterial and ~ i r a l  indicator organisms; ( c )  a review oS recent and pertinent 
literature on n~icrobiological contaminants associated with reclaimed water was undertaken: (d) a 
water balance model was developed to predict changes in fecal coliform loadings in run-off flow 
with various set-hack distance requirements; and (e) state regulations fronl all other states 1% ith 
water rcuse rcgulations or guidelines permitting use of' reclaimed matcr in areas of public access 
\\.ere collected, compiled, and reviewed. 

The plant experienced numerous difficulties during the first year of operation that resulted in 
frcqurnt shut-downs of the system. Much of the difficulty was likely due to the confounding 
effects of on-going construction at the site. The shut-dows. combined with seasonal reductions 
in customer need fur  reuse water, resulted in few productive sampling months for the field study. 
Plant monitoring data indicated there was difficulty staying within permit limits for several 
parameters, although it is believed that some of the violations were likely due to sample 
contamination. Field sampling at the distribution site showed there was variation in the water 
quality from month-to-month, but generally the samples of irrigation spray contained acceptable 
levels of organic material and nutrients. The fecal coliform counts were negligible, and the 
coliphage used as viral indicators were also at very low concentrations in the irrigation spraJr. It 
is important to note. however. that this plant is operating undcr coliform limits that are even 
more stringent than those stipulated in the regulations. The pcrnmit is wi t ten to allow a narrowcr 
buffer region with lower colifhrm limits. The grass snmpled from beneath the irrigation headcrs 



did show significant viable coliphage accumulation (but negligible fecal counts) on some 
sampIi!ig occasions, uhi lc  grass from the bufkr region and the control site did not. The 
coliphage accumulation did not persist beyond the first two months of field sampling, so i t  may 
have been an anomaly associated with plant start-up. It  was beyond the scope of this study to 
eiyaluate the risk associated \!,it11 the accu~nulations observed. 

The survey of other states' regulations and guidelines revealed that many states apply and adapt 
their land application of treated wastewater regulations for water rcclamation projects. Only a 
subset of states, including North Carolina: have regulations written specifically to encourage and 
direct wastewater reclamation aimed at augmenting potable water supplies. North Carolina 
regulations are among the more colnprehensive of these. States like California and Florida (and a 
few states that have adopted CA regulations), with long histories of water reuse, have regulations 
that are significantly more detailed to encanpass a wider range of use options and some 
additional reporting. Also other western states, with some of the earliest pressures for 
supplementary water supplies. have broad and detailed regulations. It was evident during the data 
collection for this report that there is a resurgence of interest among the states to develop or 
improve dedicated water reclamation legislation. 

%'hen the North Carolina reuse regulations are compared to those of other states, it is clear that 
North Carolina treatment requirements are few. with reliance on the water quality limits to drive 
proper treatment. Among the water quality limits, North Carolina requires that the monrhly 
geometric n1eu1, fecal coliform level be less than 14 cfd100 mL, with the daily maximum not to 
exceed 25 cfu/100 mL. Although direct comparisons are difficult because of variations in the 
tests and statistical parameters required state-to-state, i t  is clear that these levels fall about mid- 
way in the range of coliform limits allowed by different states (Table 23). 

Despite the wide variation in allowable coliform limits among the states, there is no evidence of 
illness related to contact mith water from a properly operated wastewater rcclamation facility 
(U.S.  EPA, 1992). Nevertheless. in the absence of any codifled way to set microbiological water 
quality limits, there is something to be said for follo\+ing the course of states with the longest 
history of reclaimed wastewater use, since presumably their limits have been subject to the most 
iteration and refinement based on historical experience. Houever. incremental lowering of the 
allo~vable coliform limits should not be done capriciously, because it significantly increases the 
challenge to plant operators to reliably meet treatment limits, and an appreciation of this 
difficulty may serve as a disincentive to municipalities considering water reuse projects. 

The other water quality parameters related to microbiological water quality are turbidity and total 
suspended solids. While North Carolina requires continuous turbidity monitoring, and while a 
specific maxin~um turbidity limit was specified for the plant monitored in this study, there is no 
stated required average or maxitnu~n daily turbidity limit in the North Carolina regulations. 
Instead, like Florida, North Carolina uses total suspended solids as a marker for particulates. 
Among the states that do use turbidity, many require that certain turbidity limits be met before 
filtration, so that disinfection is optimized. By setting solids limits for the post-disinfection 
product, an opportunity for a multiple barrier approach to regulation is sacrificed. 



Tl1rt setback distances cited in the Nonh Carolina regulations are not unusual or e ~ c e s s i \ ~ e  
compared to othcr states with buffer requirements (l'ahle 24 ). North Carolina requires a setback 
distance of 100 ii frronl s!lellfish uatcrs and 25 fi from surface water. Iowa, >4aryland, 
hl~ssachusetts, hlissouri, Ohio, l'exas. and Wyoming all i~npose setbacks from surface waters, 
ranging from 30-300 ft. North Carolina setbacks f ro~n  wells and property lines are also consistent 
nit11 many other states. altl~ough there are differences with whether setbacks are designated from 
property lines or just fiom rcsidalces. Like the microbiological limits. it is difficult to anchor 
setb;lclc distances to esperime!ltal data. because aerosol transport and pathogen scouring from 
\legetation and soil are not \i cll c11~1racterizid. Climate factors such as wind conditions and 
rainfall also contribute to differences state-to-state. Sellera1 states rely on case-by-case buffer 
distances so that site and situational i~iriations can be taken i~:to account. 

The ammonia limit set by North Carolina is one that fe\v other states have for reclaimed water. 
Presumably it n7as set to minimize damage to \.egetation. It also minimizes the risk of ammonia 
conversion to nitrification, \\.hich would yield nitrate that could readily leach to groundwater. 

The site constraints in the North Carolina regulations cover most of the same issues as states with 
lengthier sections on these topics. The key areas of contractual agreements and public input, 
awareness, and education are covered. A review of stipulations made by other states (offered in 
the Appendix) offers some ideas for additional site-related safeguards that could be included in 
future legislation, especially since some reclaimed water irrigation sites are in residential lmusing 
units in North Carolina. 

The literature review of recent studies related to safe microbiological water quality requirements, 
combined with the monitoring results reported here do suggest that viral contaminants may 
persist even mhere bacterial indicators are not found. Yet the review also makes clear that there 
is insufficient data to reliably determine the risks associated with viral indicator organisms, and 
more study is needed before risk analyses could be used to set limits for colifor~ns or alternate 
indicator organisms. 

The computer model. wl~ich was dexloped to predict the likely stormwater fecal coliform 
loadings to the receiving strea~n under different grassed buffer conditions, showed that there is 
the potential for substantial fecal colihrm loadings under the current allowable coliform limits. 
However, there is limited information abo~lt how likely coliforms in the spray will remain at the 
surface; how long a coliform on the surface will remain viable; how readily a coliform attached 
to surface soil or grass will become dislodged by storm water flow; and how readily a dislodged 
coliform will be retained in a \legdated buffer. Clearly, additional. and in some cases site- 
specific. research will be necessary. However, with more information about these topics, the 
model could be used to evaluate buffer requirements under a variety of fecal coliform limits. It is 
possible that with the lower limits used in sonic states, a vegetated buffer would prove 
unnecessary. The model did not assess transport of fecal coliforms in airborne particles. but with 
 he low allowable limits of coliforms in the spray irrigation water, it can be assumed that the 
small percentage that would he carricd in aerosol spray blown from the site ~ i o u l d  bc negligible. 
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Water Rcusc I<egulatims 

The review of state \irater reuse regulations and guidelines sllows that the ways in which states 
11cn.e addressed the i~hc ren t  scifc.t\ issucs of water reuse are diverse. Yet presum~:bly, each state 
helie\-es that their particulx coml)ination of  water quality characteristics, treatment reliability 
standards, and operating. n~onitoring and reporting requirements required will yield reuse water 
that  ill consistently safeguard public llcalth. North Carolina has already establishecl itself as 
one of the first to recognize and promote the benefits of water reclamation. Based on the review 
conducted for this study, thc following recommendations are ofSered: 

Gi~rsn the ambiguity of currcnt limit-setting ~ne t i~ods  for the types and amount of  
indicator organisms a l l o ~ i a h k  and the set back distances needed to control aerosols and 
coliform loadings in srorrn runoff, i t  \\,auld be prudent for North Carolina to establish a 
continuous or c~.clical nsswsnicnt process for the state water reuse regulations. Such a 
process nould ensure that the regulations in place are defensible and consistent with the 
most up-to-date information available. The monitoring, testing and literature review 
reported on herein yielded no evidence that the current state water reuse regulations are 
deficient. However, the monitoring and 13 ater qualit! test results reflect those at a study 
site that was required to ~ncc t  limits more stringent than those stipulated in the state 
regulations. In light of the a c t i ~  c pursuit of alternate or additional indicator organisms, 
new detection methods and bettcr tletecti~m limits. a commitment to regular and timely 
reviews as new findings rapidlj. become a\ ailable w i l l  increase municipal, practitioner, 
and p ~ ~ b l i c  confidence and contin~le to stimulate new projects across the state. 

It should be clearl). recognized that there is insufficient scientific data to unambiguously 
defend setting a par4cul;lr mclxi~nuni a l l o ~ d d e  Iwel of indicator organisms or setting 
particular set-back distances in the regulations. l'liercforc. some judgment must be used, 
and the most reliable recomrncndations n o d d  likcly come from a technical rel~icw 
committee of engineers, scientists, and practitioners. Committee members should be 
selected from among those \ h o  arc thorough1 y iirniliar with national watcr reuse trends. 
\%ho h a w  no political or financial stake in the outcome. but n h o  have a fundanlental 
understanding of how limit changes will affect required treatment practices. 

0 Consideration should be given to the diffcrmccs lxtwecn municipal application of 
reclaimed water and residential application. indicator organism limits and reliability 
features may need to be different for these two uses, because the level of access and 
application control is different in each case. 

The reliability requirements used in other states are varied and should be reviewed and 
evaluated to glean any stipulations that might be applicablc in North Carolina. Many of 
the reliability itcnis included hy  other states reflect "lessons learned," and as such, they 
address problems that a technical colnmittue might not otheru ise anticipate. 

BufTer requirements under the current North Carolina fecal coliform limits do not seem 
u~ueasonable. altliough some discretion could be a l l owd  on a case-by-case basis i f  the 
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quality of the reclaimed wntcr was indeed better than that of nearby surface ivater, as in 
the example cited in the introduction of this report. 

0 Rcview committee recorn~-i~cntl~tions should be accolnpanied by written rationales, and 
they should he made a\,ailahlc to subsequent colnlnittees to use as changes are 
considered. 'Yhis would allow each :view committee to benefit from the accumulated 
expertise and deliberations of prior coinlnittees as well as fi-om the new knowledge 
contributed by current committee members. 

A national clearinghouse for water rrusc regulations should bc established so that North 
Carolina as well as other states can access information about regulation changes and 
justifications for the changes made by other states. The database provided in this report 
could he the nucleus for such a clearinghouse. I t  could be managed by the U.S. EPA, by 
WRRI, by NCLIENR, or by the N C  A\iT\i'A-\b7EA. C L ~ - c n t l y ,  there has been only one 
other cornprehcnsi\,e review of water reuse regulations published in addition to this one. 
A web site available to all state water reuse entities that was updated as changes were 
announced, would prow useful to North Carolina as well as all other states, and bring 
\risibility to North Caro l i~~a  if the site were housed here. 

Research to assess what fraction of applied coliforrns (and pathogens) in reclaimed urater 
irrigation spray will remain on plant or soil surhces; how long a coliform on the surface 
will remain viable: how readily a coliform attached to surface soil or grass will become 
dislodged by storm water flon: and how readily a dislodsed coliform will be retained in 
a wgetated buffer is needcd to pro\kic. information that can be used to establish 
scientiiically defensible set-back distances. 

Reconnaissance studies at other water reclamation facilities should be conducted during 
start-up and periodically thereafier to furthcr assess problems encountered and long-term 
treatment reliability. 

Reuse System Operation 

hlinimization of start-up difficulties can and should be addressed as more facilities come 
on-line. The frequent shut-downs of the system studied, although exacerbated by on- 
going construction at the site, was indicative of the fact that during start-up of a reuse 
system, good treatment reliability may be difficult to achieve. The problems associated 
niith poor start-up cannot be underestimated. 'They initiate a cycle of customer distrust 
and operator frustration, and poor start-up negates the intent of careful crafting of 
regulatory requirements. 

Training or mentoring programs should he de~reloped to orient operators to the stringent 
goals that go along with reliably producing a clean water product for sale. Such training 
would reduce start-up difficulties at a new facility. There is no need for operators at each 
system to "reinvent the  heel." Mastcr operators with experience producing reclaimed 
water could be assigned to assist with new start-ups. or potential operators could 
apprentice at an on-going facility before start-up at their home site. 

There should be a transition period during which on-site irrigation at the treatment 
facility is practiced until reliable water quality can be achiexd.  This period could be 
scheduled for the summer months when irrigation water could be applied frequently and 
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c l c d y  moiiitorcd. This p - i o d  couiil also be u x d  to terrch appropriate teams of 
municipal personnel how to maintain or rcpair reclaimed u:~srewater lines. An  extension 
of this perind col-ild include a pcriud of monitoring at the applic3tiun site once deli1.a-y io 
tlic custoincr begins to insure t h a ~  there is no con~xni:l~:tion in the distributiol: line. 

Pro\~isions for flushing thc ciistributinn lincs should be illcluded so that contaminated 
lines can be clcmed. 

If a chlorine rcsiclml could be tolerated at the application sit<: n target residu,d dose 
stipulated in the discharge pcrmit might provide an additional safkyuard in arcas of 
public acccss. 

Before start-up cornmcncss, chains of command for customer qucstinns al~out  water 
quality and operator requests for distribution line repair should be established. It has 
been noted that a wastcwatcr reclamation project is an opportunity to integrate water and 
\castewatsr opzrations in a community (Okun, 1990). and 311 implementation plan that 
makcs thesc linl<ages clear at tllc onset o h  project is a worthy god .  
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h'ater reuse is the practicc of capturing treated \vaste\\-ater and wing  it as a valuable commodity. 
In November 1998, the first full-scale ~nunicipal reuse pro-ject in North Carolina went onlinr in 
Mecklenhurg County. The facility is a 6 million gallons per day (hZGD) wastewater treatment 
plant (The Mallard Creek Water Reclamation Facility, hllC\h'KI-) that has the capacity to shunt 
200.1100 gallons per day (pd) of  treated effluent through 30.000 ft of distribution line to a 
nearby golf course and park. In  addition to con\.entional secondary t reat~nmt.  the treatinent train 
includcs liltration and UV disinfection. Etll~lent that is rechinled as irrigation water is dosed 
ui th  sodium hypochlorite to prevent microbial regrowth in the distribution lines. 

.I 

lie Mallard Creek facility is the first installation to fall under a revised set of state regulations 
governing water reuse (Section 1511 NCAC 2l1.0200 of the N C  code goi~erning "waste not 
discharged to surface waters"). The re\+ions were prompted by a growing municipal interest in 
water reuse. The legislation. promulgated in 1996. is principally directed at reclaimed watcr for 
"land application to areas intended to be accessible to the public such as residential lawns. golf 
courses? cemeteries. parks, school grounds, industrial or com~nercial site grounds, landscape 
areas. higl~way medians, roadways and other similar areas." It was based on recommendations 
that were drafted by an expert con~mittee seeking to obtain a sensible integration of regulations 
used in other states with those recommended in federal documents such as Gz/idelimsfor. Ilbtcr. 
Reuse (U.S. EPA 1992). I lowever. the colnmittee recommendations were also subject to the 
necessary process of compron~ise, and the regulations were written and adopted without benelit 
of any North Carolina pilot or demonstration project data, since none were available. 

Because the new state regulations are based on information and regulations dcveloped in other 
states; and because little research has been conducted in North Carolina on the impacts of 
reclaimed water beyond agricultural irrigation use. the start-up of the MCWRF offered the first 
opportunity to evaluate the efficacy of the revised state regulations. Therefore, this research 
project was ~~ndertaken at the hICWRF and at the Tradition Golf Course, one of its two 
customers. to assess whether or not: ( 1 )  the current regulations set forth the water quality 
standards needed to safeguard public health; and (2) the existing regulations effectiwly guide 
facility planning design, operation and permitting. 

Public health concerns have centered on the fecal coliform limits. While s o ~ n e  practitioners 
belie1.e they are too stringent, others, including some lncmbers of the advisory committee 
charged with recom~nending limits. would prefer that the coliform limits be lower and more 
consistent with those in states such as California and Florida. A second concern sterns from 
contin~ied research on pathogen fate and removal. There is building consensus that fecal 
coliforms may not be the best indicator of the possilde presence of microbial pathogens. Studies 
in water and wastewater have repeatedly sho\vn that enteric \%-uses and parasites are much more 
resistant to biological treatment, physical-chemical removal processes and disinfection processes 
than are total and fecal coliforrn bacteria and other conventional indicator bacteria (Sobsey 1989; 
Bitton 1999; Toranzos and McFetcrs 2001). Third, the rationale for the inclusion of set back 
distance requirements from streams has been questioned. This issue is probably best captured in 
a quote from one practitioner: 



. .current regulations allo\f rhe I+ ithdra\vd of i+ ater for in igat~on purposes immediately 
downstream of'a ivc~ste\s.atcr outfall - w e n  uhen treated effluent from that outfall conbtitutes 
more than 90 percent of the stream f l o ~ .  This water may be applied directly to (say) a golf 
course M ith no fi~rther treatment or oversight 1% hatsoever. By contrast, if the waste discharger 
wants to provide that same effluent directly to the golf course for irrigation purposes - but 
\%,ithout first discllarging it to the stream - it must meet all the treatment and buffering 
requirement> of the rsuse regulations. 

Based on these concerns and the availability of a treatment facility built and operating according 
to the new state water reuse regulations, the purpose of this project was to: 

(a) Document the quality of reclaimed water that is being produced at the MCWRF in 
compliance with North Carolina regulations; 

(b) Evaluate in the context of this plant whether the state regulations are sufficient to 
protect public health; and 

(c) Evaluate in the contest of this plant whether the regulations are reasonable and increase 
public confidence in water reuse as a viable option in water inmagenlent planning. 



hT;ltional and International Water Iieusc 

7 7 1 he first U.S. water reuse projects iilerc. operated in California for agricultural irrigation o\.er 80 
);cars ago (Crook and Surampalli 1996). lJses for reclaimed wastewater have now expanded to 
Include urban landscape irrigation, provision of fire flow. groundwater recharge. low stream flow 
supplementation and effluent diwrsion to injection wells during periods of high stream flow. In 
states such as Florida and California, where watcr reuse has been practiced fur several decades, 
demonstration and full scale prqjects 1mve begun for indirect and direct potable reuse, where the 
reclaimed water either augments or constitutes a drinking water supply source (WEF-ALVWA 
1998). lieuse is also practiced widely in inany other countries, and alternative uses for reclaimed 
wlter, various treatment methods, and designs and practices that ensure product safety and 
reliability have been estensivcly reviewed (Asano 1 998). 

The U.S. has no federal regulations governing reclaimed water use. Therefore, standards have 
developed state by state under a variety of influences, and they have evolved to be quite 
different. For example. for thc same L I S ~  categories, some states mandate certain treatment 
processes, while others stipulate only the required effluent water quality characteristics. Some 
states require total coliform monitoring, but othcrs use fecal coliform indicators. Items that may 
or may not be included in a state plan include p r o ~ k i o n s  for process and equipment redundancy. 
setback distances, piping and pumping requirements. emergency equipment and protocols, and 
rules regarding transmission and storage distribution. In 1993. the U S .  En~ironrnental Protection 
Agency published water reuse guidelines to help state agencies establish appropriate water reuse 
standards ( U S .  EPA 1992). There is also a guide produced by the World Health Organization 
(Blurnenthal et al. 2000; WHO 1989). although their recommendations are directed to a more 
diverse global audience. Sweral summaries of U.S. state regulations are available, including one 
published by the North Carolina Water Resources Research Institute (Balogh and Walkcr 1991; 
US. EI'A 1992; Watts 199?), providing documentation that nonpotable reuse is widely 
practiced and accepted. 

I n  states that have enacted water reuse regulations. the process of assessment and legislative 
revisions continues even in states with long histories of water reuse. 'These evaluations are driven 
by a number of factors, including ( I )  the emergence of new modes of water reuse: (2) the 
a\ ailability of new infbrrnation about water quality risks; (3) an accumulation of monitoring 
data; (4) the awilahility of ne\z and more precise detection methods, and ( 5 )  changes in public 
perception. 

Water Reuse in North Carolina 

At the start of the work described in this report, North Carolina had only moderate experience 
with water reuse systems that u7ere typically small and not under the jurisdiction of a large 
municipality. However. there was a growing recognition within municipalities and state agencies 
that water reclamation could offer relief from a number of increasing water quality and s~ipply 
pressures in the state (Rubin and Carlile 1976: Safrit 1995). These pressures included water 
quality discharge limitations in coastal areas, reductions in water supply availability in the Triad 
Region. and strained capacity during high peak demands and drought in densely populated urhan 



areas. However. there was a reticence to conlim't to such projects without a state record of 
S U C C ~ S S ~ U ~  demonstration projects carried out in compliance with state regulations. Several n,ater 
reuse feasibility reports indicated that although municipal interest was strong, a pool of ~villing 
reclaimed nrater custon~ers and regulatory experience (Kalb and Esqueda 1997) was not. 

111 1996, in an effort to stimulate confidence in the state's willingness to s q p o r t  water 
reclamation, North Carolina lipdated the state regulations to include LISCS that required a higher 
I e \ d  of wastewater treatment than land application of treated wastewater, which has been 
practiced for over 20 years in North Carolina for agricultural irrigation (Ilubin and Carlile 1976). 
The key difference was that the new uses would allow public access to areas where reclaimed 
water was applied. Significant leadership in spearheading the new legislation was provided hy 
Don Safrit. who was then with the North Carolina Department of Environment and Natural 
Resources (DENR). The state also enjoyed the presence and contributions of two prominent 
experts on water reuse: Dr. Ilanicl Okun. Kenan Professor of En\ironmental Engineering 
Emeritus at WC-Chapel  I-Iill and Dr. James Crook. Both of these individuals are nationally 
recognized for their knokvledge about and experience with water reuse systems. They were 
contributing authors to the 1992 U.S. EPA Grridelinrsfoi. ITirtef. Reuse document and assisted 
with recom~nendations for the revised state regulations. 

In the se\wal years since the water reuse regulations were revised, the hlecklenburg County 
Mallard Creek Wastewater Ileclamation Facility (kK\VRI;) was the first to launch a fiill-scale 
municipal water reuse system. The planning. design. and operations of the reuse system for this 
plant all fell under the new regulatory stipulations. Plans for a reuse system at the City of 
Raleigh's Neuse River Wastewater Treatment Plant were also pursued, but distribution of the 
reclaimed water to the River Ridge Golf Course was delayed by the golf course during the 
permitting process. and delivery has neL1er begun. The Town of Cary became the second 
municipal reuse system to go on-line, and a number of other facilities are now in the planning 
and implementation stages. The North Carolina chapter of the American Water Works 
Association-Water Environment Federation (A\hWA-LVt-:lT) maintains an active Water Reuse 
Committee, and the Committee maintains a web page that d ~ c u m e ~ l t s  the reuse projects in the 
state (http:i/w-w.tec-web.comhreuse/). The nulnerous water reuse projects cited by the 
committee, along with the numerous well-attended seminars that have been sponsored by the 
Committee in recent years. testify to the strong interest in and support for water reuse projects 
across the state. 

Assessment of the North Carolina Water Reuse Regulations 

A request for assessment of the new regulations was made by the North Carolina WRRI in 1999 
in response to recommendations from their technical advisory committee. The recommendation 
\vas prompted by ~vhat  some practitioners perceiwd to be inconsistencies in the legislation, as 
well as by more general concerns about how well the regulations are protecting public l~ealth.  
Since \\later reuse regulations can minimize microbially-based health risks to the public by: 

setting quality criteria for the treated water 

stipulating required equipment and practices at the plant that will opt' 
reliability and divert unacceptable effluent. and 

imize treatment 

livered. mandating certain operating procedures at sites where the u7ater is de 



Tilerefore, the question is \\rhcther the particular conibination of water quality stand;irtis, 
treatment requirements, and operating, n~onitoring and reporting requirements stipulated in the 
North Carolina reuse regulations will adeq~utely safeguard pllblic hea!ih. Each of these control 
modes will be discussed in the Sollou-in2 sections. 

hlicrobiological Con!aminnnts in Reclaiined Water 

Water Quality Criteria for Microbiological Contaminants. This section contains a discussion of 
the microbiological issues related to rcclailned water when i t  is targeted for use in public areas 
(sports fields, golf courses. residential irrigation systcn~s). The section begins with a description 
of some of the ways that rc.claimed water could transmit disease if it contained pathogens. A 
review of some of the typical pathogens of concern is presented. and thcn some ways to inonitor 
:~i;d arri1.e at acceptable limits for thcm are consitlcred. Finally, several views about the optians 
for setting \vatu quality limits or treatment stipulations are discussed. 

hlodes of 17xposure. If  microbial pathogens were present in reclaimed water, the modcs of 
possible direct public exposure to thcm would include aerosol inhalation, ph\fsical contact. or 
ingestion. Indirect exposure would be possible through contact with surfiice water receiving 
reclaimed \rater runoff or tluougll coiltact with groundwater recharged by reclaimed water 
(Bouwer et al. 1998). Aerosol exposurc. is the most poorly characterized mode; however, all of 
the occasions for direct contact can he minimized by the inclusion of required or recommended 
tieli\rery requirements. Fur example. golf course and park irrigation is usually conducted \\hen 
the facilities are closed to the public. 

T~rpical Waterborne Pathogens. Waterborne pathogens can be bacteria, protozoa. viruses; or 
hclminthes (Table 1 .) It is well documented that these organisms arc present in untreated 

Table 1. Suxnrna of ical watcrhorne microbial pathogens 
Organism Name Corresponding Organism 1-1 Name 

Corresponding 
Diseases Diseases 

VIRUS 
Adenovirus Kespirator) illness 
Astrovirus, Gastroenteritis 

Calcivirus, Gastroenteritis 
Coronavirus, Gastroenteritis 
Coxsackievirus A hqeningitis 
Coxsackievirus B Meningitis 

En terovirus Meningitis 
Norwalk virus Diarrhea, ~rorniting 
Poliovirus Paral>tsis 
Rotavirus liepatitis 

PRO'TOZOA 
Cryptosporidiurn Cryptosporidiosis 
Entamoeba Entarnoebiasis 

BACTERIA 

Enteropathogenic 
E. coli 
Legionella 
Leptospira 
Naegleri~t 
Salmonella 

Salmonella 
Shigella 
Vibrio cholera 
Yersinia 
enterocolitica 

Campylobacteriosis 
Gastroenteritis 

Legionellosis 
lq tospi ros is  
Encephalitis 
lyphoid,  
paratyphoid 
Sal~nonellosis 
Dbxntery 
Cholera 
Gastroenteritis 

/ Giardia lamblia Giardiasis 1 
Source: ASM C h  14. Hurst, c ~ ~ J . s . G . A . ,  1991; Bitton, 1999 



wastewater, in partially treated ~vastewater. and even in thc product aftcr all treatment has been 
completed (Guentzel 1978. Rose 1986: Rose et al. 1996; Crook 1997; Asano 1998; WEE: and 
ALI'WA 1998). Rose ct al. (1996) found patlmgenic \.iruses presmt in 8% of finished water 
samples tested and pathogenic protozoa in 25% of the samples. However, as several authors 
emphasize. these numbers must he compared to the infective dose of each pathogen 01- to the 
quantities of similar organisms found in co~nmonly iised water sources. Stewart (1 990) 
summarized some typic:il pnthogen concnctrations in various stages of wastewater treatment at a 
California treatment plant and contrasted them with a typical infectix dose (Table 2).  York 
(2000) proirides data showing that although some pathogenic protozoa were present in reclaimed 
water from a Florida plant, the levels were not significantly different from those in other "high- 
qua lit^^" irrigation waters. 

Table 2. WWTP Pathogen removal rates and infective doses. 

Source Viruses Saln~onella - 1 G i r d  1 
Raw water 1 500,000 1 42.500 101.500 1 

Primary effluent 

Secondary effluent 

Tertiary effluent 

Monitoring for Pathogens. When legislation is written in terms of water quality criteria, the 
limits are usually stated as an allowable number of coliforms. ColiForms are non-puthoger~ic 
bacteria that inhabit the human gut and arc present in large quantities in fecal material. They are 
monitored on the presumption that if they are found, thcir presence indicates that live pathogens 
may also be present. Much of the divergence between states' reuse legislation relates to coliform 
bacteria criteria. 

Infective Dose 

In North Carolina, some questions pe~sist  about iihether the state regulations are sufficiently 
stringent to safeguard human health. The currcnt coliform and disinfection limits for reclaimed 
water for areas with urlrestrictcd public access limits require that the mean monthly geometric 
mean for fecal coliforms be less than 14 colonies; 100 1n1+ and the daily maximum must be 
below 25 colonies/100 1nL. An informal survcy of opinions about the current regulations 
indicated that many of the regulatory personnel and practitioners interviewed believe the limits 
are too lenient and should be revised. For similar end uses in Florida. the regulations require no 
detectable total coliforms in more than 75% of samples. In California the co~nparable limits are 
less than 2.2 fecal coliform units1100 mL. 

1 2 9 . 2 0  

1 17,700 

42 

25- 100 

Although opinions vary on the on appropriate coliform limits for reclaimed water, an even 
greater question is whether coliform limits alone are sufficient indicators of the presence of 
pathogenic viruses or protozoa contamination (Yates 1994; Rose et al. 1996). There is reasonable 
correlation between colifor~n bacteria counts and the presence of bacterial pathogens responsible 
for typhoid fever, cholera, and some dysentery diseases; howe\~er, the correlation is not as strong 
for coliforms and the presence of pathogenic protozoa and \%-uses (ASM 1998). In the study 
cited above, where pathogenic protozoa were Sound in 25% of the finished wastewater samples 

Source: Ste~vart  I090 
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2 

59,405 

30,462 

784 



tested, indicator cc~liforms were found in oniy 9% (Rose 1996). It is well acccpted that some ~ i r a l  
pathogens can persist longer than fccd coliforrns in both wastcnnter and soil (Ckmtzer et al. 
2001). Ther-efore, the absence of coliforins may not indicate successful protozoa or \ - i n 1  
pathogen ki 11. As a result, some states h a w  hcgun to require entero\il-us monitoring (I?. S. 1 3 4 ,  
1992; Yanko 1093; Crook and Sura~npalli 1096 Asano 1998). 

h m n g  some other microbial indicators that 11we becn suggested are B~cteroi~le.yfi.ogi1i.r 
('LlcLaughlin and Rose 2000). and coliphage. Colipllage are viruses that infect Escl~er-ichia coli 
@ coli) bacteria. They appear to be present d ~ e r c v c r  total and fecal coliforms are fourld. but 
their ratios change hecause viruses survive longer (Standard Methods 1792). In wastewatcr. 
somatic coliphage sur j iwd fii-e to sewn times longer than f c a l  coliforms. and the coliforms 
also adsorbed more readily than coliphage to soil, so (hat the coliphage mo\~ed longer distances 
and survi\red longer when the two were compared in soil columns (Gantxr  et al. 2000). It has 
heen suggested that fecal coliphage could serve as adequate indicators of human entel-ic viruscs 
in watcr and wastewater (Ilavelaar et al. 1793; Sobsey ct 31. 1995). 

Establishing Water Quality Limits for h4icrobiological Contaminants. Several North Carolina 
stakeholders have e? pressed a desire for North Carolina water reuse standards to be based on 
research and datn collection rather than on standards copied from other states' legislation. This is 
consistent with ongoing discussions in other states about using risk analyses to set quality criteria 
for reclaimed wastewater. In risk assessment, a water quality limit is set at a numerical value that 
results from a mathematical analysis of (a) the likelihood of an individual's exposure to 
reclaimed wastewater and the frequency with which exposures might occur; (b) the hazard 
potential of the exposure (how likely is i t  that a pathogenic organism would be encountered in a 
given exposure: ho\v many organisms are required to infect a host; how likely is it that the 
L- 

infection ~vill  result in disease); and (c) how significant it  would be if these exposures and 
consequences occurred. 

In a workshop on non-potable water reuse sponsored by the National Water Research Institute, a 
ranking of research priorities put improved risk assess~nent methods first on the list (York and 
Walker-Coleman 2000). The advantage of a risk assessment approach is that it takes into 
consideration not only the absolute number of pathogenic organisms present, but the dose sire of 
reclaimed water that an indii~idual is likely to encounter as well as the number of organisms 
required to cause disease. 

A conventional application of risk-assessment would in\.olve assigning a numerical value to each 
of the factors listed above and then a numerical weighting to each factor to reflect its importance 
relative to the othcrs. Both the number and weighting given each factor require sufficient datn to 
set numerical values, and invariably, some assumptions must br: made. Removal rates for enteric 
\~iruscs. and pathogenic protozoa at one Florida reclamation facility were measured and used to 
estimate that the risk of infection from ingestion of a single 100 rnL of reclaimed water 
discllnrged for irrigation. The risk was estimated to he between 1 in 1 million and 1 in 100 
nillion (lo-' and lo-', respectively) (Rose et a1  1996). Since there are no standards of acceptable 
risk from reclaimed water. the authors compared their results to the El'A standard for drinking 
water (no more than a 1/10,000 chance of infection from 21 daily exposures for 365 days; U.S. 
EPA 1989), and the risk le\.t.ls for rcclairned water were judged acceptable. 



Each treatment train, and the individual components in a train. w r y  frmn one plant to another. so 
that a statistical analysis at one site may not generalize to another. Eisenbcrg et al. (2000)  ha\re 
proposed an alternate b a y  to estimate risk based on epidemiological evidence. Risk to a 
popluiio~t  is estimated based on thc incubation period for diseases, the immune status of the 
population, the rate at which those infected become sick, the duration of the disease, and the rate 
of recovery from the discase. 

The advantages of setting water quality criteria hy risk analysis is that concentration limits could 
be stated numerically instend of as 3 target percent reduction of influent organisms (YoI-k and 
Walker-Colen~an 2000). Under most current systems, it is assumed that if coliform limits are 
achia-rd,  a certain pel-cent reduction in \%-us and protozoa populations will also occur. This is 
effective as long as the initial concentration of viruses or protozoa is low, but it may not be 
adequate when influent Icvcls are high. Further, numcric standards set from a risk analysis ~ r o u l d  
likely be more protective and legally defensible than a level sct by a technical ad~~ i so ry  group. as 
long as there was sufficient information to calculate the risk. 

The disadvantage of using risk assessment methods to set water reclamation limits is that 
regulators will need to co~nrnit to a particular level of acceptable risk. There must also be 
sufficient consensus that the c~lrrent level of knowledge about the dose-response relationship is 
adequate in the face of s o ~ n e  uncertainties, and care must be taken not to over-generalize the 
behavior of one pathogen to another (York and Walker-Coleman 1000). For example, pathogenic 
\liruses can vary up to 300 fold in their relative infectivity, which makes i t  difficult to use one 
model to represent the general case. Finally. there is the significant problem of how to monitor 
for the various pathogens. In a number of cases. no single method has been found acceptable for 
detection. In 1999 Florida began to require monitoring of the protozoan pathogens Giardia and 
Cgptosporidiu~n in reclaimed water, although in 2000 the state had no "approved method" for 
this analysis (York 2000). 

Sobsey et al. (1993) used an existing EPA model for health risk assessments to categorize the 
kinds of data that would be needed to specifically evaluate health risks from microorganisms in 
drinking water. A schematic of the model is shown in Fig. 1 .  Within this framework they 

I Microblal Hazard ( 
ldentlfication I I Scientific data on 

State-of-the- organisms and host 
interactions 

dose-response data; 
epidemiological data 

Risk assessment and 
character~zat~on: 

Risk management: 
microbial indicators; 

Hazard Analysis-Critical 
Control Points (HACCP) 

Relative risk comparson: 4 rmcrobial versus chemical 1 

Figure 1 .  Risk-based conceptual framework or assessing risks to health from 
microbes in drinking water. From: Sobsey et al., 1993. 
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iden!ified where the gaps in ]\no\\ I d g e  csi:,t that 11 nuld ii:nit reliahlt: risk cnlculations. It \\ as 
lio~cd in their ~ o n i l ~ s i o t ~ ~  that ihc gaps n c i e  significant. .4rnony the constraints they identiiicd 
vcrc  the following: ( 1  ) Iiazard ide11tilis;tion is diffiwlt hccause not all pathogenic or toxigenic 
agcllts in public watcr supplies have heen identifkd. The authors cite statistics h t  indicate that 
the cause of  about half cfrccent \utcrborns outbreaks is ui~known. ( 2 )  'The occurrence dat:, 03 

known pnt!logens is flawed bccause data collection has not been coordinated to provide one 
integrated database that includes information 011 thc time and s p c r  distribution of microbs 
coi!centrations. Also. older data sources reflect analytical methods ~vitll eak detection pot1:ntial 
coicpared to some of the newer molecular teclmiqucs; (3) good dose-response rnodcls are not 
a\,ailnble for all waterborne pathogens. Even \\hen such re1;ltionships hnvc becn established for a 
lieaithy human host, they do not e ~ i s t  for the same pathogen in an in:munocompromiscd or 
c!derl). host \\l:o \\;ill likelj. be more siisceptihle. 

In summary, although there is strong support for risk assessment as a better means for setting 
acceptable M ater quality limits than historical trends, the reality is that there are large gaps in the 
data needed to make sound assessments. Although there is a clcar trend toward using risk 
analysis methods to set scientifically justifiable water quality limits, in inany cases they \ t i l l  
include a fairly high l e ~ e l  of unccrtninty until more is known about the kinds of pathogens 
present in reclaimed water, their potential fbr causing harm. and the best ways to detect their 
presence. On the other hand, there is a growing body of empirical data to show that use of 
reclaimed wastewater has not caused disease. even in those who have been exposed to water 
containing relatively high levels of coliforn~s in irrigation spray (Devaus et al. 1001). Further, 
some of these same data gaps in kinds of' pathogens present and best detection methods exist for 
public drinking water supplies. so that the additional risk from reclaimed water use is 
incrementally small. 
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1 reatrnent Reliability 

Treatment reliability describes how consistently a plant can achieve regulatory compliance with 
stated water reuse regulations. Clear1 y. treatment consistenc y must be optimized if the 
~egulations are to be effective. This section describes some ol'the measures used in water reusc 
legislation to regulate treatment reliabilitbr, and then there is a discussion of some methods used 
to quantify reliability for monitoring plant perlbr~uancc, comparing two plants, or coinparing 
alternate treatment trains within a plant. 

Measures to Ensure Treatment Reliability. For the most part, the North Carolina regulations - 

follow the guidelines for treatment reliabilit) that \\ere set forth by I3PA (I1.S. EPA 1992). The 
l?PA standards include requirements for standby power supplies, multiple unit treatment 
processes. emergency storage or disposal, operator qualiiications. and operator availability. All 
of these measures are designed to minimize the likelihood that reclaimed water that does not 
meet permit limits is released to a customer and to areas of public access. 

hlcthods to Quantify Reliability. There have been several methods used to quantify reliability 
and frame it in terms of a risk assessmetlt. Eisenberg et al. (2001) distinguish between evaluating 
the inherent reliability and the n~ecllanical reliability. The for~ner describes the amount of 
wriability that exists in thc cf'fluent. \ \ M e  nlechanical reliability Ibcuses on the time each unit is 
likely to be out of service for planned or unplanned maintenance. Typical analyses using one or 



bob of  these rnetllods have been described ( I  laas and Trussell 1908; Eisenberg ct 31. 1998: 
Olivieli et al. 1999; Eisenberg et al. 1001). 

A common t l~eme in assessing reliability is the premise that a treatment train offers multiple 
barriers to prevent microbial contaminants from reaching a receiving stream. For exainple, Haas 
and 'Frusscll ( 1  998) describe two \lariations for determining inherent rcliability. Both consider 
the treatn-icnt plalit as consisting of d series of multiple treatment units that all contribute to 
removal of a contanlinant. After the typical r e n ~ o \ ~ d  efficiency of each unit is determined, the 
o ~ ~ e r a l l  remo\ral of contaminant can be calculated as the sum of the log reductions fbr each unit 
in the sequence. Removal can also be calculated when one unit has failed. In a plant with high 
inherent reliability, the required removal l ~ \ ~ e l  will be possihle in the absence of the most 
efficient unit in the treatment traill. By applying a factor of safety to the le\-el of'treatment 
req~iired in a particular treatment step? the anal!.sis can be rnanipulated to account for ~~ariahi l i ty  
in influent water quality. The more independent each unit is from another, the more each is able 
to serve as a redundant barrier or second line of defense for another unit. Therefore? reliability 
criteria for state regulations can apply this premise and require that a treatment train must be able 
to meet the treatment limits, even after failure of'the most eff?cient trsat~nent unit is assumed. 

In the second variation described hy  I Iaas and Trussell ( 1998) to estimate inherent reliability, the 
performance of each unit is d1owt.d to vary along some continuum between optimum 
performance and failure. For each unit. this continuum would be described by a probability 
distribution. .4fter the like1 y performance of each unit is estimated, the overall performance of a 
treatment train is analyzed. This method allows estimation of the likelihood that a given process 
sequence would produce treated water above a designated lcvel of quality. However. there are 
many different kinds of probability distributions. and there is not yet consensus on what kind of 
probability distribution applies to each treatment iinit. The rncthod requires that performance 
data from each type of unit process be amassed and evaluated 10 determine which probability 
function best fit the observations. 

The latter method \iras attempted at a pilot scalc adnnced  water treatment facility in San Diego, 
CA (Olivieri et a1. 1999; Eisenberg? et 21. 200 1 ) .  Individual treatment units were seeded with 
virus. and the removal efficiencies were measured. These performance data were translated into 
probability distributions. For example. two of four re\ ersc osmosis units from different vendors 
had Weibull distributions. i ~ h i l e  t\jlo were better characterized by Gamma distributions. This 
process was repeated for various units evaluated. and then a Monte Carlo simulation model was 
used to describe the probability distributions of the effluent quality through various treatment 
trains. 

The Monte Car10 simulation consisted of randomly sampling the probability distribution for each 
unit and combining it with the performance estimates for each unit in the treatment train. 
Together, an estimate of overall performance was calculated. The sampling events were repeated 
5000 times, and the range of overall performance values was then fit to a probability distribution. 
The results were used to support decisions made about the particular sequence train to use in a 
full-scale facility. 

Mechanical reliability refers to how likely each mechanical unit will be available for service at 
any point in time. Eisenberg et al. (200 1 )  have reviewed a number of methods that can be used to 



estimate medmnical rrl inbil i t~,  2nd they prwicie d e t d e d  inhrm3tion about thc use of a Ci-iticill 
C'omponcnt Anaiysis (CCA) at a fxil i ty i l l  Sati I lkgo ,  CA (Eiscnbcrg et al. 1998). The  C'C.4 
nictl~od incorporates data on all plnrlncd a d  unplanned dnwn-time for each unit process al:J 

applies a chi-square analysjs to calculate a11 espectcd tinic bctv ccn failure (ETBI:) a i d  311 

opera!ing availdbility time. The aniiability is cspl-cssd CIS the fraction of tiinc that ail 
co~ilpcnents of a unit arc operating. 

T11e tl~\.elnpiuent of mctliods to qaantify treatment reliability n1:q ul!iinately lend to the c i t~ t ion  
of numerical reliability limits in water rwse  kgislation. Also. data ti-iim rcports of ststistical 
axil? ses of ~ m i t  reliabilities will identify the treatment proccsscs that generally appear to bc inorc 
or l a : ;  reliable. so that trcatmcnt requirements in thc absence of n~m~er ica l  limits can ibcus on 
:r hat appear to bc the weakest links in the treatment train. Mechanical reliability ca!l he increased 
through requirements tbr additional redundancy, so that fiiilurc o fone  unit dces not mean that 
ct'rtam treatments will be omitted. 

C)perational Standards. This section begins with a description of some of the measures typically - 

i~lcluded in reuse regulations to insure that d c l i w y  of the reclaimed water to the custorncr site 
and from the cilstolner site does not endanger public health. A discussion of the North Carolina 
rcquircment for setback buffers follows, with a description of the presumed rationale for the 
legislation and a discussion of some of the reasons it has not been well-receiwd. 

Qm-ational Measures to Control Water Qualitv at the Delivery Site. Typical prescribed 
operational measures include items such as the design of deliwry lines, allo\rable application 
rates, ground\vater monitoring programs and setback distances from property lincs, potable 
\rells. and  road^ ays (ITS. 13% 1 !I%?). North Carolina regulations include stipulations guiding 
m m y  of thesc practices. hut they also include an ndditionril requircmcnt for a 50-100 l't buffer 
rcgion between the edge of thc spray and an) surface water that receives runoff from the site. 

I'roblen~s with Buffer Limits in h'orth Carolina 

There has been persistent inquiry among North Carolina practitioners about whether or not there 
is a demonstrable need for requiring setback distances or buffer regions to separate irrigated lard 
fi-om a receiving strca~n. One plant that discharges to the Neuse River is permitted to release 
treated wastcwatcr with up to 200 cfid100 rnL directly to the river, while the portion chlorinated 
and diverted to a holding pond fbr golf course irrigation cannot come ~vithin 50 H of the river. 
The implication is that any potential microbial accumulations in the irrigated soil and grass are 
safe enough for a public access site. but if they Mere dislodged and diluted in storm watcr and 
stream flow, they would pose a health threat to aquatic organisms in the stream. At the Charlotte 
filcility, a compromise was reached whereby the reclaimed watcr is disinfected to 5 coliforrn 
units11 00 mL, and the buffer required as lowered to a 5 i t  width. 





In order to assess how well thc Sor-th C:irolina regulations protect public health, the following 
acti~.it ies werc undertaken: 

monitoring data from the plant was collected and reviewed; 

monthly reconnaissance sampling of effluent at the plant and from the irrigation site 
was conducted, and samples were assayed for organics, nutrients, and bacterial and 
viral indicator organisms; 

a review of recent and pertinent literature on microbiological contaminants associated 
with reclai~ncd water was undertaken (contained in the "Background" section of this 
report); 

a water balance model was developed to predict changes in fecal coliform loadings in 
run-off flow \hith various set-back distance requirements; and 

state regulations from all other states with water reuse regulations or guidelines 
permitting use of reclaimed water in areas of public access were collected, compiled, 
and reviewed. 

Study Sites 

Mallard Creek Wastewater Reclamation Facilitv (h/fCWRF). Charlotte-Mecklenburg Utilities 
(CMU) operates the MCWRF, which is an 8 MGD treatment facility which is currently being 
expanded to 12 MGD capacity (Fi y. 2). The secondary and tertiary treatment processes include 
activated sludge treatment for nitrification, shallow-bed traveling bridge filters, and ultraviolet 
disinfection. The plant discharges to Mallard Creek, and the plant National Pollutant Discharge 
Elimination System (NPDES) permit limits are shown in Table 3. 

The reuse pumping station is located downstrea~n of the effluent filters and ultraviolet 
disi~lfection (Fig. 3). The putnping station consists of n below-grade wetwell. ui th  pumping 
units rnounted on the top slab. Meters continuously monitor turbidit), and flow per effluent 
limitations and nmnitoring requirements that are included in the NPDES permit. Sodium 
hj,pochlorite is introduced into the pipeline conveying the reclaimed \+ ater as supplemental 
disinfection to reduce fecal coliform levels and to control biological growth in the pipeline. 
Fccd colifbrrns are monitnrcd by taking daily grab samples at a location in the reuse pipeline 
\+here sufficient cont:tct time is achieved fi-om the point of disinfection on the plant site. Since 
CMI! was granted a reduced buffer requirement of 5 li (instead of 25 ft) from the adjacent 
surface water. the system is required to meet a geometric monthly mean fecal coliform limit of 5 
cfd100 mL (instead of 14 cfdlOO nlL) and a maximum daily limit of 13 cfu/100 rnL (instead of 
25 cSu/100 mLj. The plant is also required to establish a residual in the approximately 5.5 mile 
distribution pipeline. A sumtnary of the NPDES Permit limits for the rcuse system are shown in 
Table 4. 

The meter that continuously monitors turbidity will generate an a1a-m at the operator workstation 
if the turbidity level is high. If the turbidity lewl continues to be high, then the Reuse System 
\\.ill switch o\.er to potable water. The potable water mode will proiide rcuse water \ria an &inch 
potable water linc a h e n  plant effluent turbidity is high. This mode has both system pressure 



based and wetwell l e d  based control. Thcre is no storage facility for reclaimed water at the 
treatment plant. Automatic sensors to detect reduced pressure in the distribution line trigger 
production of more reclai~ned water at the plant. 

Figure 2. Mallard Creek Water Reclamation Facility 

Table 3.  MCWIlF NPDES Plant Permit Limits 

Effluent 
Characteristics 

Monthly A~rerage 

6.3 
12.5 
4.0 

Flow (mgd) 
CBOD (nigIL) 

Summer 
Winter 

TSS (mgll,) 
Fecal Coliforms 
(geometric mean) 
NH3-N (mgIL) 

Summer 
Winter 

Weekly Average 

8.0 

4.2. 
8.3 
?9.0 

200 / I00 ml 

1 .O  
2.0 

400 1 100 in1 



Figure 3.  h4C WRF Reuse S j W m  Schematic 

Table 4. MCWRF' NPDES Reuse Permit Limits 

1 Characteristics 

Flow (mgd) 

Daily Maximum 

3 .O 

TSS (mg/L) 

Fecal Coliforms 

Turbidity (NTU) 

Weekly A~terage Effluent 
I 

(geometric mean) 

Monthly A\ferage 

5.0 10.0 

5 / 100 rnl 14 / 100 1n1 



Turbidity greater than 8 NTli h r  10 seconds shall gcnerate an alarm. Plant effluent turbidit). at 3 
hTl'U \\-ill also generate an alarm. If no operator action occur within 5 minutes, and effluent 
turbidity ranains greater then ', NI'L', plant effluent mode will be shut do\r.il and potable watcr 
mode u i l l  be initiated. 

There are tn7o systems that utilize reclaimed water at the plant: the Water Reuse Systcn~ and the 
Non-130table Mrater (NPW) supply for the plant. Pressurized NPW is supplied throughout the 
plant for fire protection (red fire hydrants) and various p u ~ n p  seals and hydraulic actuators. Two 
customers arc currently using the reclaimed \vastewatcr; Tradition Golf Course, and Mallard 
Crcek Community Park. Maximum demand during the summer months is approximately 

~i ion. 400,000 gallons per da?. for irrig t '  

'Tradition Golf Course. 'fhe Tradition Golf Course is located at 3800 Prosperity C h r c h  Road in 
Charlotte, NC and is situated on approximately 400 acres. klallard Creek Community Park is 
located at 3001 Johnston-Oehler Road and is situated on approximately 300 acres. It includes 
soccer and sofiball fields and playgrounds. Both the golf course and the park designed their 
irrigation systems according to NC Administratiw Code Section: 15A NCAC 213.0200 Waste 
Not Discharged to Surface Waters, including proper marking and identification of the irrigation 
piping and facilities. 

Monitoring Data 

hlonitoring data collected by pcrsonnel at MCWRF between June 2000 and June 2001 was 
obtained to evaluate treatment plant performance and reclaimed water quality. Test data n7as 
available for biochemical oxygen demand (BODr), fecal coliforms, NH3-N, and turbidity. 

Sample Collection 

In addition to the data pro\lidcd by the plant. field samples w r e  collected and analyzed for 
chemical o s lgen  demand (COD), nitrate. phosphate. chlorine residual, fecal colifor~ns. C. 
Perfringem, somatic coliphage, and F'coliphage. Tests for COD and chlorine are simple 
measures that were used to characterize the syste~n and serve as markers for changes in water 
quality between the treat~nent plants and the deli\ery sites, and between the delivery sites and the 
receiving streams. 

At the treatment plant, grab samples were collected from the same sampling site used by the 
plant operators. At the golf course. there is no storage pond or tank for reclaimed water, so 
samples from each of three irrigation headers (third. sixth, and fifteenth greens) were collected 
during each sampling event. Reuse water was allowed to flow for at least 10 minutes before 
sampling so that the sprinkler head was flushed and a representative sample was obtained. Grass 
samples were collected from under the spray area of the same three sprinkler heads. Grass blades 
were cut at the leaf base. Stream water samples were taken from upstream of the irrigation site 
and from downstream of the site on each sampling occasion. 

All samples for ~nicrobiological testing were collected aseptically and handled with the 
appropriate precautions to avoid contamination. Tests for C. perfiingrns, and somatic and F' 
coliphage were performed in the water rnicrobiolog>r laboratories at UNC-Chapel 1Iill. Samples 



requiring transport were stored on ice and 1i;rnd-deliwrcd or sent by overnight mail to Uh'C- 
~'11apel Hill. 

C~.ntrol  samplcs included gr3ss f'roin the rcqiiircd buffer area around the irrigation sitc ( 5  ft) and 
from a nearby grassed area similar in charxter to thc irrigation sitc, but which is located well 
lii.>.ond the largest buffcr n~idth (100 ft) stipulated in the regulations. The control sites were 
wctted pcriodically with potablc \x73ter, so that soil l i~oist~ire content did not become a 
coidounding variable. 

7 .  I he frequency of water sanlpling depended on the golf course irrigation schedule and the status 
of the reuse system. Irrigation at the golf coursc was intermittent, and the reuse system was 
frequent l~~ out of senrice. Therefore, monthly sampling was possible only six times between 
Scptc~nber 2000 and May 2001. A summary of the monitoring and lield sample data and the 
sampling locations is shown in Table 5. 

Table 5. Summary of Parametcrs Rlonitored and Sampling Locations 
r- 
Sanmle Location / 

course. Reclaimed water is pumped directly to 
no intermediate detention in a holding pond 

Irrigation flow 
COD, pH, NO3-N. PO4-1'. C12 residual, fecal coliforms, (n=3); 

C'. prjifi-ir~gcns. somatic coliphage, and F+ phage (n= 1 ) 

l'reatnnent Plant 
Monitoring 

BODj, NI13-N, turbidity, fecal coliforms (reported by MCWWTP) 
COD, NO;-N. PO4-P. fecal coliforms, chlorine residual (n=3): C'. perj?irzgens, 

somatic coliphage, and F' phage (n= 1). 

Grass 

St ream flow 
(up and down- 

stream) 

Tests performed on grass under irrigation headers, on grass in buffer zone, and 
on grass in control region far from buffer zone 

COD, PI 1 ,  NOi-N. 1W4-1'. Clz residual. fecal coliforms, (133); 
('. pr~f i irzg~.ns ,  somatic coliphage, and F' phage (n=l )  

1 C. pe@ingens, somatic coliphage, and F+ phage (n= 1 ) 

Test Protocols 

When required, samples were dechlorinated before testing. Chemical oxygen demand was 
measured by acid digestion (I Iach Method 8000 1907 ). Nitrate was measured using the 
cadmi~lm reduction method (Hach l'vlethod 8 192 1997), and orthophosphate was determined with 
the ascorbic acid method (Hach Method 8018 1997). Total chlorine residual was measured in the 
lield immediately after sample collection using a DPD (N, N-diethyl-p-phenylenediamine) based 
method and a Hach Colorimetric Field Test kit. Fecal coliforndE. coli tests were performed 
according to Standard Methods ( 1  993). Membrane filtration was used to enumerate fecal 
coliforms and C. per$+~g~ns spores in water samples and in grass sample eluates, and standard 
multiple tube fermentation (hlPN) tests were used for grass sample homogenates (Standard 
hlethods, 1992; Methods of Soil Analysis. Part 2 1994). Grass samples wcre shaken in 



alternative aqueous medium for elution from grass sample surfaces; the suspensions were tested 
for fecal colifornis and the other fecal indicators as described above. Coliphages and spores of C. 
p ~ j r i n g e n s  were analyzed by widely used methods (Bisson and Cahelli, 1779; IAWQ Study 
Group, 1991). Coliphages were assayed by the single agar layer plaque assay method (Grabow 
and Coubrough 1986) on host E. coli CN 13 for somatic coliphages and host E. coli Famp for 
male-specific coliphages. Spores of ('. pi.~:fi-ir~gem were assayed by first heating samples to 70°C 
for 15  minutes and then either inoculating iron milk medium for MPN tests or filtering sainple 
through membrane lilters for incubation on mCp agar medium, followed by exposure of  colonies 
to a~nlnonium hydroxide fumes. 

Water Balance Model 

The North Carolina water reuse regulations contain a stipulation that requires an unirrigated 
buffer region hetween an area receiving reclaimed water spray and adjacent livers or streams. 
The purpose of the buffer requirement is to mitigate against the potential transport of har~nful 
pathogens. Presumably if there were pathogens in the irrigation spray that were transferred to the 
vegetation or soil, they could be dislodged by storm water flow and carried into nearby surface 
water. It is well known that storm flow, both urban and agricultural, can carry high loads of fecal 
coliforms (Novotny 2003), and the use of a vegetated buffer is a comnlonly used management 
practice designed to intercept contaminants carried in the storm water flow. 

Assuming that a site receiving reclaimed water irrigation is not sub-ject to other sources of fccal 
contamination (livestock, wildlife, or pets), it should be possible to calculate the maximum fecal 
coliform loading to a nearby stream based on the surface area irrigated and the maximum 
allowable coliform limits that apply to the site. A water balance model was constructed and 
applied to the Tradition Golf Course site to predict coliform loadings to nearby surface water 
with and without a buffer region under a \~ariety of conditions. The model was designed to 
predict ~vorst case concentrations of fecal colifbrrns in the recei\.ing stream. and it was written so 
that the following parameters could be varied: irrigation rate. fecal coliform concentration in the 
reclaimed water, topography, soil classification, ground co\a-.  percent coliform capture in the 
buffer length, and die-off coefficients for fecal coliforms. 

The niodel uses the Soil Conservation Service (SCS) Technical Release 55 (TR-55) procedures 
(USDA 1986) to calculate storm runoff volurne. TR-55, which was first released in 1975, is a 
widely-used model that offers simplified procedures to calculate storm runoff volume, peak rate 
of discharge, hydrographs, and storage \wlurnes required for floodwater reservoirs for small 
urbanized watersheds. A rain event hyetograph was necessary to generate a runoff hydrograph. 
VTPSUHM was utilized to generate this hyetograph and hydrograph. 

In addition to the SCS TR-55 procedures, the model incorporates elements of FecaLOAIl 
(Horsley & Witten, Inc., 1996), a model designed to estimate fecal coliform loadings from 
various land uses within a watershed. Fecal coliform fate after land application has not been 
well investigated. Although some studies show that colifor~ns readily adsorb to soil (Gantzer, et 
al. 2001), it has also been shown that fecal coliforms can bypass the adsorptive or retentive 
capacities of the soil matrix and travel readily in water passing through soil macropores (Smith et 



d, 1985; McI'4urr.y et a]., 19%). 1 he n~odel  was written as a "worst case scenario." wl~ere all of 
the Sxal colii'oi-ms in thc spray \\-ere assumed to be on the grass and soil surface. 

Fecal coliforrn surv i~a l  after land application (and when carried in Ftorm water) is a function of a 
\.ariety of [actors. including temperature. solar radiation, soil pH scil moisture, organic matter 
2nd i;utricnts, 2nd competing microbial populations (Gerba and Bitton, 1983; Droste 1997). 
I-:sualiy the adw-se  factors override the positive ones, and there is a net die-off ol7er time. 
rIj.pi~i\Lly the ef.fccts of the I-arious f'nctol,s are rcl-irrsented as a single coefficient in a first order 
cqaation, and altlloagh numerous wlucs haw been published for coliform survival in water. 
thrre are w r y  fcw estimates available for coliforms deposited on  a grassed area. The FecaLOAD 
model assumed values reported by Moore et al. (1982) of 0.511day in warm months and O.361day 
in cold months. For this model, 0.51lday was used to represent d i e - o f f 3  coliforms deposited on 
crass and soil dwing the \varm months when most of the irrigation occurs. No die-off was 
L. 

incorporated in the time of trwel during the storm event. 

Coliform retention on vegetation or its propensity to be dislodged in storm water flow is not 
well-studiecl. but it appears that the bacteria already in the storm flow are readily retained in 
grass. When tests with simulated rainfall were used to measure how well vegetated strips 
removed fecal coliforms in runoff from a cattle feedlot. two grasses that were tested (orchard 
grass and sorghumlsudan grass) were effective in reducing bacterial levels by nearly 70 percent 
(Young et al. 1980). A grass sod filter strip seven feet wide successlillly trapped nearly 95% of 
the bacteria from dairy cow manure under laboratory conditions (Larsen et al. 1994). Therefore, 
thel-e are multiple fates for the coliforms attachcd to the grass and soil -- some will be detached 
and carried \\it11 the storm water runoK and some will stay behind. Of those that detach, somc 
will be recaptured and retained in thc buffer as the storm flow traverses it en route to the stream. 
In the model. i t  was assumed that all the fecal coliforms from the irrigation flow that were on the 
soil and grass would travel \I. it11 the storm water o\~erflow, but the percent capture in the 
vegetated buffer strip was allowed to vary. 

Rain inputs w r y  by storm return period and duration. Ilcturn periods were chosen to provide a 
typical storm event (7  year), a large storm event (10 year) and an extreme storm event (50 year). 
Similarly, storm durations u.ere chosen to g i w  a range of rainfall intensities. Therefore, each of 
the three storm return periods were nlodeled as 1 hour, 2 hour, 6 hour, and 21 hour storms 

Model Input and Assumptions. A "\\.orst case" scenario for fecal coliform loadings from the golf 
course to the adjacent surface water was constructed using the following assumptions: 

In one set of trials, the fecal coliform limits stated in the state regulations were used 
(Monthly geometric mean not to esceed 14 cfu1100 mL; 25 cfuIl00 maximum on any 
day). Irrigation spray was assumed to d e h e r  1 cfu/100 mL for 6 days and then the 
maximum allowable daily concentration of 25 cful100 1nL each day for 24 days 
consecutively such that the allowable monthly geometric mean of 14 cfu/100 rnL was not 
exceeded. 

Trials \$ere also run using the existing fecal coliform limits at the MCU'RF (Monthly 
geometric inem not to exceed 5 cfu/100 mL; 13 cfd100 maximum on any day.) 
Irrigation spray was assumed to deliver 1 cful100 mIJ for 12 days and then the maximum 



ailowable daily concentration of 14 cf~iJ100 m1. each day for 18 days cofisecutively such 
that the a l l o ~ ~ i b l e  monthly geometric mean of 14 cfu1100 mL was not exceeded. 

Rainfall escess was assumed to be ~iniformly distributed over an overland-flow scgment 
per TR-5 5 .  

Pervious and impenvious parts of a segment were assumcd to be uniformly distributed 
o w r  the segment per TR-55. 

Rainfall on noneffective impervious areas was assumed to be instantaneously and 
uniformly distributed over the pmrious area of the watershed. 

The co~nplcx and uncven topography of the natural catchment was approximated by 
planes pcr TR-5 5 .  

It was assumcd that rainfall excess did not infiltrate as it moved overland (once rainfall 
excess was computed, it was prssumcd to reach the channel) 

Lateral inflows to the stream were assumed to be uniformly distributed and not routed 
through a gutter or other channel. 

= L,an~inar flow was assumed throughout. 

BJhen rainfall ceased? it was assumed that infiltration ceased as well. 

The decay coefficient for fecal coliforrn death due to U V  exposure and other 
environmental conditions was 0.5 1 log unitslday. 

Three first flush scenarios were modelcd to remove either 25%, 50%, 90% or 100% of 
the existing fecal coliforms due to wash off in the first half inch of rain. 

Fecal coliform counts across the buffcr strip were assumed to attenuate with a maximum 
rcmoval efficiency of 90%, 70%, 50°h and 0%. (In the trials modeling the limits at 
MC WRF, a 10% ronoval efliciency was assumed to account for the negotiated buffer 
~vidth being 5 li or 20% ol'the 25 ft required by the regulations.) 

The stream base flow was assumed to be zero (7Q10 = 0). As a result: no additional 
dilution will occur. 



D~il>v recoi-ds of ~ h c  five-day carhoi~accous bic~chenlical osygcn drnani! (CBODj), ammonia 
; l imgen (El I]-N). tu!-bidit). antl i'ecal ccrlifortus werc provitlcd by thc treatment plant supervisor 
(Fig. 4). Tlie C'B0115 of t!le rcciain~cd \voter u a s  consis:ently below 15 ing/L, except for a kw 
d:ij s at the end c)f the study period (Fig. 3s). Ammonia nitrogcn w;:s generally below the 4 mg/L 
permit limit, but thel-e \\.as one exceederlcc in Jalluary 2001 i111il o w -  a wcck of high aim-ncnia 
Ic\ els in April 1001 (Fig. 4 7 ) .  Records from the on-line turbidimctcr indicate that the turbidity 
\\.as helow 8 Ni'll (permit limit = 10 NTU) for the entire study period (Fig. 4 1 c). whilc the fical 
cilifhrrn l c \ d s  \\crc elwated on numerous occasions. especinily during thc spring of 1001 (Fig 
4 4 .  

Field Data fi-om MCWRI: and 'Tradition Golf Course 

In salnples collected from the treatment plant effluent antl in spray from the golf course irrigation 
hcaders, organic content mcasured as COI) was generally similar, ranging from 9-23 my/L 
(Tnblc 6). There was no evidence of additional organic loading to the golf course stream from 
?he irrigation f low The stream \ d u e s  tended to track more closely with those from the golf 
course pond than with those of the irrigation system. The maximum stream COD during the 
monitoring period was 46 mg;L in Ivlay 2001. 

Nutricnt \~alues in the irrigation spray were negligible in three of the f i w  nlonths when sampling 
i~ccurrcd, and they tracked with those ineasured at the plant only during October and November 
2001 (Tables 7 and 8). Nitrate and phosphate l e ~ e l s  at the plant were several fold higher in the 
fall months than in the spring. The receiving stream nutrient co~iccntrations generally followed 
those of the golf course pond. but not the irrigation system. 

The measured chlorine residuals at the plant and in thc irrigation flow showed large variations 
during the sampling period (Table 9). At the treatment plant, chlorine residuals varied from a 
high of 3.5 mg4, to a low of 0.04 mgiL. and at the irrigation site they ranged horn 2.0-0.04 
n-ig/L. Chlorine residual in the pond water l ikclj  reflccts the addition of potable n7ater by golf 
course personnel for ~ o l u r n c  control and not inflow from the reuse syste~n. In the spring months, 
the chlorine residual was ncgligihle in the pond, and the trace le\.els of chlorine in the irrigation 
water are nearl]. as low as those found in the pond and stream. 

Monthly sanqdtx from the treatment plant and the irrigation headers never showed the fecal 
coliform spikes evident in the plant n~onitoring data (Figure 4d, Table 10). In field samples of 
irrigation water, no fecal coliforms were detected. although counts in the golf course pond and in 
the stream were 5-1 0 c fd100  mL in October, April, and May. 





Tirh!e 6. COD in S a m ~ l c s  from RIC%VRF and Tradition GOIF &nurse' 

T;thle 7. Nitrate (NO3-N) in Samples from RICWRF and Tradition Golf ~ o r l r s e +  .- 
- T \ v \ V T F T T I c a t l e r  1 I Header2 I Header3 1 Pond 

Dl2 0. I rng1L 
*AII  sa~nples  \vcre tested in triplicate and results shown are mean i standard error 

Table 8. Phosphate (P0 .J)  in Samples from MCMJRF and Tradition Golf ~ o u r s e ~  

r x =  0.0 I m g / ~  
'.411 samples were tested in triplicate and results shown are mean * standard error 

Sep-00 

o -  

4pr-01 

Rlajr-01 

Table 9. Chlorine Residual in Sarnnles from ICICWRF and Tradition Golf courset 

Header 1 

DL* 

W WT P 

8.3-t 0.0 

12 10.65 

0.70+0.015 

0.6610.12 

'1211 sliniples \vex  tested in triplicate and rcsults are shown as mean i standard error 

Header 2 

0.1010.0 

Sep-00 

11&0.38 

DL 

0.09*0.007 

Hcader 3 

0.1Oi-0.0 

MJ\'V1['Y 

3.5N.O 

1 150.77 
0.025k0.01 

0.1 OkO.006 

Pond 

1.8$0.0 

Header 1 

0.3 8k0.007 

Stream 

DL 

1 110.32 
0 .030~0. .00  

0.075&0.003 

Header 2 

0.2510.003 

0.12k0.05 

0.40A0.02 

0.4210.03 

0.04530.0 1 

0.5&0.02') 

0.5 1k0.032 

Header 3 

0.4750.0 19 

Pond 

0.1210.0 

Stream 

D I, 



'The assays of alternate microbial indicators, (0'. p q f i - i ~ ~ g ~ ~ r x ,  inCP. and somatic coliphagc, SAL 
CIW 3) in samples frorn various unit processes in the plant showed that both groups of organisms 
were present in the raw wastewater and throughout the treatment process (Table 1 I ) ,  mith 
99.99% and 99.62% overell reductions in the viral and bacteria indicators. respectively. 

Table 11. hlirrobial Indicators in Watcr Samples frorn 
Various Stages in the Treatment Process 

/ Sampling Location 1 lnCP 1 SAL ~ ~ 1 3 -  1 

1 Post UV Disinfection / 6 1 1 0.02 1 

/ Percent r r n ~ o w l  / 99.615 1 99.993 1 
Log reduction 

- - 

hleasures of C. perf?ingen.c-. somatic coliphage and F' coiiphagc in uater  from the plant and field 
sample sites were general1 y negligible (Tables 11- 14). During two sampling events (October 
2000 and April 2001) levels of C per-friilpzs in the treated wastewater exceeded 15 c f d m l ,  but 
during the otber months, the levels were as much as 100,000-fold lower. The levels of C 
perpingens in the golf course pond and the receiling stream were also elevated during October 
and April, but the irrigation header water samples did not show these increases. 

2.3 1 

Somatic coliphage were present during the fall in all water satnples, but there were none detected 
in water collected during the last three sampling events (Nowmbtrr. April and May). F' 
coliphage were detected only once at the treatment plant sampling location, but they were 
present in the headers during both the September and October sampling sessions. High lejrels of 
F+ coliphage were found only once in the pond in September 2000; in other months the levels 
were consistently below 0.01 pfuimL. 

4.20 



Table 13. Somatic coli l ~ a o c  in Sam les from MC\jiRk and Tradition GoEf ~ o u r s e '  
2 1 Header3 1 

-- 
~'orac~ I ~ t r c a r n  

Table 14. F' colinhape in Samnles from MCWRF and Tradition Golf  our-set 

Grass that was sampled from beneath the irrigation headers and tested for fecal coliforms, C. 
Pc.r-fui,lgens, somatic and F~ coliphape never showed evidence of ~ ~ i a b l c  fecal coliforrns (data not 
shown), but the other indicators were detected, especially in the fall months (Tables 15-1 7). In 
three months, (I Per-fiingens were found at somewhat elevated levels in grass sampled from 
helow the irrigation hcaders. Samples collected in October were not diluted sufficiently, and the 
results are not very precise; howe\~er, the trends are consistent with the other months, with C. 
PerjPir1gen.s concentrations on grass high beneath the irrigation headers and 1Lwer in the buffer 
and control regions. 

Sep-00 

Oct-00 

NOV-00 

Apr-01 

llIay-0 1 

High counts of both types of coliphage were found in grass samples beneath the irrigation 
headers in September and October, but no high accumulations were detected in subsequent 
months. Although the control site never yielded high coliphagc counts, there were elevated levels 
of coliphage in the buffer region in samples from October. 

WWTP 

D Ld 

5.5 

4 . 0 1  

<0.01 

<o.o 1 

Header 1 

D L 

4.5 

<0.01 

<0.0 1 

4 . 0  1 

Header 2 

1.8N.0  

D I, 

<O.O 1 

<O.O 1 

<o.o I 

Iieader 3 

1.8 

9.1 

<0.0 1 

<0.0 1 

<o.o 1 

Pond 

43725.5 

DL 

c0.0 1 

<O.O 1 

<0.0 1 

Stream 

301-0.0 

DL 

<O.O 1 

<0.01 

a . 0  1 



Table 16. Somatic coliphage in Crass Sampled from Tradition Golf Course 

Table 15. C. PerJringms in Grass San~plcd from Tradition Golf Course 

Sep-00 - 

Oct-00 

Nov-00 

Apr-Ol 

hl ay-0 1 

Table 17. F' Coliphagr in Grass Sa~nplcd from Tradition Golf Course 

I 1 Header 1 1 Header 2 1 Header 3 1 Buffer Control 

Sep-00 

Header 1 

<2 

> I  10 

920 

38 

<2 

Water Balance Model 

I 

Header I 

TNTC 

Sep-00 

Oct-00 

NOV-00 

Apr-0 1 

M a y 0 1  

A typical summer season irrigation flow at the golf course is about 400,000 gpd. This application 

Header 2 
<2 

>I10 

230 

140 

<2 

rate was used to model storm water runoff f ro~n  the golf course assuming a fecal coliform die-off 
coefficient of 0.5 llday, the decay rate coefficient used in FecaLOAD for warm temperature 
conditions. The daily fecal coliform loadings were assumed to be as high as allowable without 
exceeding the geometric monthly mean. For the lewls stipulated in the regulations, that would be 
a daily maximum not to exceed 25 cfuIl00 rnL and a geometric monthly mean not to exceed 14 
cfd100 mL. These requirements could be met if the turf were irrigated with reclaimed water 
containing 1 cfd100 mL for 6 days, followed by water containing 25 cfiu'100 1nL for 24 days. 

Header 2 

420 

TNTC 

TNTC 

4 5 

~ 0 . 0 5  

<0.05 

[For the MCWRF, these levels 
be  net if the loadings were 1 c 

To be conservative, the model 
Various detachment rates fkonl 

Header 3 

<2 

>110 

350 

190 

4 5 

were 14 c f d l 0 0  mL and 5 cfd100 mL, respectively, which could 
' d l00  rnL for 12 days, followed by 14 cfd100 mL for 18 days.] 

Header 3 

20 

420 

'T'NTC 
4 5 

4 . 0 5  

<0.05 

assumes that 110 detached bacteria are retained in the spray area. 
the spray area (2j0/0, 50%? 7556 and 100%) and various and 

I3 la ffc r 

<2 

<I10 
- 

67 

<2 

<2 

Control 

<2 

<I10 

-4 5 

-4 5 

<1 5 I 
Huffer 

10 

20 
- - 

<1 5 

4 . 0 5  

~ 0 . 0 5  

Control 

<2 

10 

TNTC 

4 5  

<0.05 

4 . 0 5  

<2 
--- 

<30 

<0.05 

<0.05 



retention rates in the buffer (5096, 7096, and 9016) were nlodelcd (Tables 18-20). U'hen the 
buffer setenrion sale was set to 096. the results represented t l x  runoff loading that mould bo 
expected if no buffer were required (?'able 21 1. 

Table 19. Loading of 1 cfuI100 1nL for 6 da then 25 cfuI100 nlL 
applied for 24 da. Buffer retains 70% of coliforrns in runoff flow. 

Table 18. Loading of 1 c.fu/100 mE for 6 da then 25 cfuI100 mE 
applied for 

Wain Event L 
2YRlHR 
2YR2HR 
2YR6HR 

2YR24HR 
lOYRlHR 
10YR2HR 
lOYR6HR 

lOYR24HR 
50YRl HR 
50YR2HR 
5QYR6HR 

I ~oYR~K-' 

Rain Event 

* ~ r a c t i o n a ~ c o n c e n t r a t ~ o ~ ~ s  are possible if test results of %one detected" are averagd '  
w i t h  test results 1% here one or more colonies Mere detected. 

24 da. Buffer rctains 90% of coliforlns in runoff flow. 
Percent of Coliforms Detached from Grass or Soil 

and Carried with Runoff 

Percent of Coliforms Detached from Grass or Soil 
and Carried with Runoff 

2YRlHR 
2YR2HR 

~tzith test results 1% here one or more colonies were detected. 

25% 

1 50YR6HR 
50YR24HR 

! 

5 0 9'0 1 9 8 O/o 

2 5 O/o 

*Fractional concentratiuns are possible i f  test results of "none detected" are a v c r a g d  

7.37 
78.36 

180% 
Predicted Mean Califorin Concentration in Stream 

(cfu/lOOmL)* 
0.09 
0.15 
0.25 

2.16 
0.05 
0.06 
0.26 
18.16 
0.03 
0.05 
2.46 

26.12 

5 0 O/o 

14.74 
156.71 

Predicted Mean Coliform Concentration in Stream 
(cfu/lOOmL)* 

0.18 
0.3 1 
0.50 

4.32 
0.09 
0.13 
0.52 
36.32 
0.06 
0.10 
4.91 
52.24 

9 0 O/o 

0.27 
0.46 

26.52 
282.08 

100°/o 

29.47 
313.43 

0.33 
0.55 
0.91 

7.78 
0.17 
0.23 
0.94 

65.38 
0.10 
0.18 
8.84 

94.03 

0.55 
0.92 

0.36 
0.61 
1.01 

8.65 
0.18 
0.25 
1 .05 

72.64 
0.11 
0.20 
9.82 

104.48 

0.98 
1.65 

1 .09 
1.83 1 



'Table 20. Loading of 1 cfui100 mI, fm- 6 da then 25 cfu1100 mL 
applied for 24 da. Buffer retains 50% of colEfor-111s in runoff flow. 

Rain Event 

Percent of Cdiforms Detached from Grass or Soil and 
Carried with Runoff 

25% 1 ~ - 9 0 0 %  

Table 21 . Loading of 1 cfui100 mL for 6 da then 25 cfui100 mL 
applied for 2 1  da. Buffer retains 0% of coliforms in runoff flow. 

2YRlHR 
2YR2HR 
2YK6HR 

2YR24HR 
10YRlHR 
lOYR2HR 

I 50YR24HR 1 130.59 1 261.19 470.14 I 522.38 

predicted Mean Coliform 

*Fractional concentrations are possible i f  test results of "none detected" are averaged 
with test results  sher re one or more colonies \yere detected. 

Rain Event 

*Fractional concentrations are possible if test results of "none detected" arc averaged 
with test results ~vhere  one or more colonies ivere detected. 

0.46 
- 0.76 

1.26 

10.81 
0.23 
0.3 2 

Percent of Coliforms Detached from Grass or Soil 
and Carried with Runoff 

I 

2YRlHR 

0.91 
1.53 
2.52 

21.62 
0.46 
0.63 

2 5 O/o 

1.64 
2.75 
4.53 
38.91 
0.83 
1.13 

1.82 
3.05 
5.03 

43.23 
0.92 
1.26 I 

5 0 O/o 

Predicted Mean Coliform Concentration in Stream 
(cfu/ lOOmL)* 

9 0 O/o 

0.91 

l0O0/o 

1.82 3.28 3.64 



Table 22. Loading of 1 cfuIl00 mL. for 12 tla then 14 cfu1100 mL 
applied for 18 da. Buffer rct:tins til% of coliforrns in runoff flow. 

Slate I<egulations 

Rain Event -- 

2YRlHR 
2YR2HK 
2YR6HR 

2YR24HR 
IOYRlHR 
10YR2HR 

A poll of state agencies across the U S .  was used to develop the database shown in the Appendix 
Only the regulations, guidelines or practices permitting use of reclaimed wastewater in areas of 

unrestricted public access were included for comparison with the North Carolina regulations. 
Some states do not h a w  dedicated regulations for water reuse. but they adapt their land 
application guidelines or regulations, and some states use the stipulations in the California or 
i'lorida regulations to adapt NPDES permit requirements on a casc-by-case basis. This is a tirnc 
of high activity with respect to rcusc regulations. and many states are developing regulations or 
modifying existing ones to address reliability issues and the availability o f  new membrane 
technologies. 

10YR6tiR 1.17 2.35 4.23 
lOYR24HR 81.35 162.70 292.86 

Percent of Coliforrv~s Detached from Grass or Soil 
and Carried with Runoff 

25% - - -- -- -- -- -- -- -- --- - - 

Predicted Mean Colifsrm Concentration in Stream 
(cfu/lOOrnL)* 

The summaries were di\ ided into the following categories: trcatment stipulations, features or 
practices to optimize reliability and safety, water quality limits, stipulations aimed at the 
distribution sitc, buffer or set-back requirements. and storage rcquiren~ents. The sunlmariss were 
drafted to provide readers with a sense of the scope and Iewl of detail of items included from 

0.41 
0.68 
1.13 

9.68 
0.21 
0.28 

state-to-state and to compare the emphases given to each of the categories. They do not 
necessarily reflect all of the threads of rcgulatory rcquirements within a state that will bear on a 
particular reuse project. 

Most of the states with dedicated regulations or guidelines permit irrigation of parks, municipal 
grounds, and golf courses, but only a few promoted wider applications, such as toilet flush water. 
fountains, laundries. snowmaking, or irnpuurtd~nents where body contact \\as allowed. 

0.82 
1.37 
2.26 

19.37 
0.41 
0.56 

1.47 
2.46 

1.63 
2.74 

4.06 

34.86 
0.75 
1.02 

4.5 1 

38.73 
0.83 
1-13 





\Vater Quality blonitoring and Testing 

hlonitoring data from thc treatment plant rcwal that the plant had difficulty remaining in 
compliance with CDODj, NH3-N. 311d fecal colikmn limits, ~ d i i l e  turbidity limits were met 
throughoilt the study period. It is important to note that these data were collected during thc start- 
L I ~  phase of the reuse system and more importantly, while construction was on-going to expard 
the plant. Thercfore. these data represent a "worst-case" scenario of plant performance. 

The COD values of sump!es collected for this study were consistent with those reported by the 
plant operators, and there was no indication that the level of oxygen-consuming substances was 
problematic for the irrigation system or escesskely high in storm runoff from the golf course. 
The golf coursc pond. which docs not rely on reclaimed water, appeared to be the major 
determinant of the do\jmstrcam characteristics of the rccciving stream. 

Kutrients were tracked in water sampled from the irrigation hcaders in order to assess whether 
therc were negative impacts on the receiving stream from any nutrients contained in the 
rcclaimed water. Since some fertilization occurred at the golf course, the low nutrient values in 
the stream confirnmcd that neither the golf course fertilization practices nor the irrigation flow 
were contributing to elevated nutrient Iewls in the steam flow. 

The chlorine residual \~alues were quite variable month-to-month. At no time did chlorination of- 
rcclaimed wastewater appear to impact the nearby surface water. During April and May 2001 the 
chlorine rcsidual of the irrigation water so resend~led that of the water in the pond and stream 
that it suggests the irrigation system may have been feeding potable \+ater from the plant rather 
than reuse water. This would be consistent with the low nitrate and phosphate levels f o ~ m d  in the 
irrigation water during these same months. The ambiguity of these results will be discussed 
l'urther in the section on operation considerations below. 

Coliphage counts in the aeration hcadcrs were low and consistent with those reported for the 
water leaving the plant. However, the grass beneath the headers did show evidence of an 
accumulation of viable viruses in September 2000, which was the first month of monitoring. 
Even in October, where precise quantification was not obtained, i t  is clear the levels were much 
higher than during the spring sampling events. This map have been due to a variety of factors, 
including loading levels in the irrigation water, the amount of flushing provided by stormwater in 
different months, or the use of potable water when reclaimed water was supposcdly being 
pumped to the golf course. 

Although it is beyond the scope of this study to assess the health risks that would be associated 
with some of the higher levels of coliphage detected, it is clear that when fecal indicators are 
absent, there can still be a loading of viable viruses in the irrigation water that accumulates on 
the wgetation. These events occurred when both turbidity and fecal coliform counts at the plant 
and fecal coliform counts measured during monthly sampling e ~ ~ e n t s  showed no elevation. 
Although it is likely that the latter months' coliphagc data are more typical of long-term plant 
performance, these data suggest that special precautions may be needed during the initial months 



orplant operation because it is possible to deliwr fairly high loadings of viruses to the vegetation 
if t!le chlorine residual is too !ow. 

L7ater Balance Model 

' 1 ' 1 ~  modeling showed that using the most conservative assumptions, fecal coliform loadings 
\vould remain below 200 cfui100 mL dusing moderate storm cvcnts. During smJere storms, the 
levels could rise to extreme values it' detachment from the spray area was high but retention in 
the buffer area was low, or if no buffer was present. I lowever, if coliforms tend to readily adsorb 
to buffer \legetation, they \\auld be equally likely to resist removal undcr all but the hewiest 
storm conditions. IS they were removed during intense storms. i t  is also likely that high runoff 
\.elccities would allow less detention time in the vegetated buffer zone for reattachment of 
coliforms to grass blades and soil. 

Treatment Reliability 

Our ability to assess the plant reuse system suffered from the operators' need to shut-down the 
system on numerous occasions. Of course, the shut-downs become part of the performance 
assessment. Although there were clearly times when they were caused by system malfunctions or 
simply by a lack of customer demand. in this case. numerous shut-downs were required because 
of the conflicting demands of construction activities on the site. This confounding element made 
it difficult to accurately assess how w l l  the new system could reliably produce acceptable 
effluent, and it distracted the operators from concentrating solely on trouble-shooting and 
optimizing the reuse system at start-up. 

In discussions with the operators, i t  was clear that they felt they had to retrain themselves to 
think more like water treatment plant operators. With the low turbidity and fecal colifhrm levels 
required, and the continuous monitoring to detect any violation of the limits. the plant operators 
had to quickly adjust to the new mindset that they were producing a high quality product for a 
customer. The start-up troubleshooting, as well as other unanticipated plant upsets, created a new 
kind of performance pressure for them. Plant upsets that caused permit limits to be exceeded 
were of much greater perceiwd consequence when water reclamation was occurring than when 
the water flowed to the receiving stream. As the producers of a product, the operators also found 
themselves fielding calls from customers, a management task they were not accustomed to or 
trained to do. Therefore, when the system needed to be shut down, in additional to tending to the 
cause of a problem, they were also handling customer complaints. Some of the operational 
problems that arose are recounted here to exemplify the range of issues and situations that had to 
be resolvcd to achieve good performance. 

It was discovered that when the effluent filters were taken out of service for routine maintenance, 
the reuse limits could not reliably be met. The final clarifiers and the UV effluent troughs were 
subject to overgrowths of algae, which contributed to higher effluent solids, and additional 
training was initiated to monitor solids settling and removal more closely. Additional 
maintenance of the weirs and troughs has also been instigated to minimize this problem. 





distribution slstcm mainte~lance staff. I 'ur th~r ,  without proper training. the former were likel). to 
contaminate the reclaimed water, and the lnttcr were likely to contaminate potable water writh 
any tools or equipment that contacted reclaimed water. rI~l~erefore, steps to f i l l  this gap were 
required, so that maintenance and repairs co~ild proccell without prolonged system shut-downs. 

Lastly, with regard to distribution piping. plant operators noted that during some plant 
construction activities rcclnimed water pipes marked by a purple stripe rather than a completely 
pw-ple pipe \\.as probably not adequate. In some instances dirt and mud obscured the stripe or it 
\:,as on a side opposite to the cxposed pipe length. Co~~struction crews must be trained and 
cautioned to recognize the significance of the purple pipe designation so that the water is not 
unwittingly contaminated or ~nistrrken for potable water. 

Comparison of North Carolina Water Reuse Iiegulations with Those of Other States 

California, Washington. Texas, Arizona a~:d Florida are among the states with the most 
comprehensive reuse regulations, and because California and Florida had some of the earliest 
legislation addressing reuse, their current legislation reflects lessons learned from years of 
historical data. As additional states initiated reuse regulations, some differences began to emerge 
from state-to-state as elements of existing legislation were used, rc\ised, or supplemented. There 
are also some differences in the language used for certain stipulations, so that even when the 
intent and requirements are w r y  similar. they are described differently from state-to-state. There 
is one requirement on \vhich most states agree: purple is the color that identifies reuse piping. 

Water Quality: Water quality requirements are at the core of all reuse regulations, and they are 
aimed at protecting public health and ecosystcnls. I.irnits on the number of indicator organisms is 
used to minimize the risk from pathogens, although there is not consensus on what indicator 
organism should be monitored or what organism count is safe. Most statcs use total or fecal 
coliforins, although Colorado requires testing for E coli (Tdde 23). The North Carolina 
requirements (maximum 30-day gcomctric mean of 14 clilil00 mL and maximum daily of  25 
ciu/100 mL) is in the mid-range of national limits. Three states require that 7-day median fecal 
coliform counts be "none detected." and Arizona (total coliforms) and Florida (fecal coliforms) 
have similar requirements for 4 of 7 days' leadings or 7596 of readings over 30 days, 
respectively. Many states h a w  coliforrn li~nits set at 2.2 cfd100 mL, although some use total 
coliforms measurements (Arizona, California, Idaho. Nevada, Oregon, Washington) while others 
require fecal indicators (Montana. New Jersey, New Mexico). Only hlichigan and North 
Carolina set fecal colifor~n lcvels in the teens, and then levels jump to 20-23 fecal c fd100 mL 
(Texas, Deleware, Georgia, Ohio. Tennessee), and then to 200 cfu!100 mL (Kansas, Missouri, 
North Dakota, Pennsylvania, South Dakota). 

Most states set the maximum daily level in the range of 14-23 cfu1100 mL, although Texas, 
Georgia. and Colorado allow l e ~ e l s  three to four-fold higher. Colorado stipulates separate 
coliform regulations for public access areas (maximum 30-day geometric mean of 126 cfu/l00 
mL; daily maximum 235 c f d l 0 0  rnL) and single family residential dwellings (seven-day median 
of 2.2 cfu/100 mL; ~ n o n t h l j  maximum 235 cfd100 rnl.). Other microbial stipulations include 
California and IIawaii rcquiremcnts that the disinfection and filtration processes together must 



3cliie\ c a 5 log reduction i:; F-speciiic: hncter-iop!mge hIS2 or puliu virus relat.i\.c to i hc  raw 
sc\+age counts. Florida requires monitc~rii:g f'or Criardia and Cr)ptosporidium. Many st-tes 

Solids 1 CoOiforms 
I I State 

'I'urbiditj' (N7'11) 
unless rioted as 
73s. mg,'I, 

-- 

hlcnn' hlax 
( Value 

Croup 
3 lonitored 

F =fecal 
'I'=total 

hlax Value 1 
in a Single 1 

Sample, 
cfd100 mL 

Statistic Required a ~ i d  
Allon~ible Value, 

c t ~ 1 i l 0 0  niL 

it- --I--- -- - F 
TSS F 

geo geometric, PIA presence/absence 

75% 4 o f 7  of 30 d d 
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TSS=total suspended solids. 
Means may be dally or monthly, depending on the state. 

~ u r b b i i t i t  may be 5 NTU 5 5% of readmgs and never more than 10 NTlJ at an!. time. 
' Turbidity may be 5 N'I'U for 5 5 O h  of readings 
' Mean and maximum respect ivel~.  
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st;ylilatc a r.sq11irt.d minin~uni cl~lori!ie residual. with levels ranging fl-om 0.2-2 mgiL (Florida. 
Indiana. Iowa. New Jersey, New Mexico, South Dakota. Utah, Washington), while others requirc 
residual morii~o:-ing. 

Other pxameter req:iirelncnts, such as turbidity or total su:ipcnded solids limits are intended to 
support good disinfection and indicate good treatment efficiency. Many states require con t i~~uous  
t~irbidity monitoring, \kith maximum turbidity 1e \ds  not to exceed 5 NTU. In states that rely on 
TSS testing instead of turbidity. i xax in~un~  allowable 1e \ds  are typically 5-30 nlg;L. North 
Carolina allows a rnaxirnu~n monthly mean TSS of 5 ing/L and a daily maximum of 10 mg/L. 
BOD 1irn;ts arc stipulated by some states. including North Carolina (10 mgII.), w~ith allo\\rnble 
concentrations typically ranging from 5-30 mgiL. Some statcs have also included limits on 
organic arid inorganic contaminants to provide groundwater quality protection. North Carolins is 
unique in having specific ammonia limits (monthly mean concentration of 4 mgIL and a daily 
~naximum of 6 mgIIJ. Other states stipulate that the ~ n a s i ~ n u ~ n  total nitrogen m~i s t  be below 10 
mgiL? and many states require nutrient monitoring and reporting without citing maximum 
allo\vable concentrations. In states wherc water rcuse on arcas of public access are part of land 
application regulations, monitoring for a variety of nutrients, metals and organic compounds is 
required to protect crops and groundwater. 

Treatment Requirements. Many states include stipulations about the treatment methods that must 
be used to achieve the water quality limits. No1-111 Carolina requires tertiary treatment and 
defines it as filtered or cqui\~alent treatment. California requires tertiary treatment but explains 
that this designation includes coagulation unless stated limits can he met without it.  California 
includes the allowable filter loading rates when it stip~ilates that soil or membrane filtration is 
required. and i t  sets minimum turbidity limits for this treatment step. Florida also sets filter 
effluent limits. but they are in tcr~ns of total suspended solids (TSS) instead of turbidity. In 
Massachusetts, u here the regulations are relatively new, filtration is specifically defined as 
passage tluough ''nat~iral undisturbed soils or other filter media such as sand andlor anthracite." 

Nor-th Carolina is not among the states that discuss disinfection methods and procedures. 
California provides very detailed operation methods for chlorine disinfection, including the 
required modal contact time and chlorine concentrations (CT values) based on peak dry weather 
design flow. Florida and Hawaii also include CT \ dues ,  ~ h i l e  Iowa sets a minimum contact 
time of 15 minutes. For methods other than chlorine disinfection? California requires that certain 
log reductions of viruses be achiewd. Hawaii provides the most detail about UV disinfection 
requirements by stating that U V  disinfection must be done according to a set of guidelines 
published by the National Water Research Inst i t~~te  and the American Water Works Association 
Research Foundation. 

Some of the interesting features among the slaw regulations are the requirement by North 
Carolina that aerated flow equalization facilities be provided and the specification by Delaware 
that effluent should not be nitrified because of the potential risks to groundwater. Although Inany 
states have language that permits alternative treatments if they are shown to provide equivalent 
treatment, several states speciiically n~ention some frequently proposed alternates: such as 
membrane filtration and UV disinfection. 



Ih;fli-I-s and Stornp,e. A re\ iew vF the categories of features from uhich huffcrs are rcquired -- - 
sl:ou7s that potable ~vater and residences are among the most co1n1r.011 items protected (Tnhlri 24 1 .  

Other areas mentioned include surfiice ~ j a t c r  (uatcrs of the statc, \xetlarlds, streaim), 
iri~poundments (public lake. decorative pools), and areas \ d ~ e r e  pcople might he eating or 
dril-king (picnic areas. drirking fou~i~ains .  potable water hose bibs). Pennsylvania includes 
setbacks for packing lots arid ruck outcrops. A few states also include setback distances for 
reclaimed \\ ater i~~~poundlnents .  

Buffer requirements ~ a r y  from state to state in part because of the different ier sls of treatmefit 
requircd among the states. ~~~~~~~~~~~. \dlere water quality limits for coliforms arc less stringent, 
Greater buffer widths arc required. I l o \ \ w w  the corrcspondcnce docs not always hold; both 
Arizona and Delaware require IIO setback distances, although Arizona has some of the strictest 
fecal coliform requirements. while the Delau are limits are fair1 y high. Florida and Indiana 

Table 24 . A Cort~narison of State Doffer ~eauirernents* 

State 
AZ 

Surface Water & Wells 

50 ft from potable uell 

100 St from domestic Mzater supply 
M ell 

Impoundments 

Irrigation ponds must be I00 ft 
from a domestic well supply 

Impoundnlents must be 100 ft 
from a domestic water supply \\ell 
unless lined with a s)mthetic 
material with a permeability of 
1 OEE-6 c n ~ ~ s e c  or less. 

Other 

Irrigation at single-family 
residential dlvel lings must 
be more than 500  ft from 
a domestic supply well 
and 100 ft from any 
irrigation \veil. 

Buffer zones are determined on a case-by-case basis, but they are not normally required. May be 
required to accommodate aerosol, noise, or nuisance control. 

supply well. I \ I . C I ~ .  I 
75 fi between a trrtnsmlssion facility 
or a wetted area and a potable water 

100 ft betlfreen an u n l i ~ ~ e d  storage 
pond and a potable water supply 

200 ft horn potable hel l  

- - -- -- - 

Case by case 

Impoundments must be 1000 ft 
from residence o r  building, 300 fi 
from state waters, 200 St fi-om any 
well, and not in a flood plain. 

50 f't f r on~  a drmhing water supply 
M ell 

Wetted area cannot encroach on 
wetlands, streams, surface \iraters, 
public road rights of way or 
residential lot lines. Also, 
groundwater legislation may apply. 

300 ft from residences 

Impoundments must be 100 ft 
fiom a dornest~c \yell supply 

300 ft from surface water and 1000 I 

fi from a shallow well. 
300 ft from a structure, stream or 
other land feature that may provide a 
direct connection betnzen the 

Spray must be 500  ft from 
a public lake or  
impoundments, and 0.5 
mi if the lake or 
impoundment is used as a 



groundwater table 2nd the surfacc. 

- 

200 ft from surface water and 
\sSaterwa) s 

100 ft from surface urater and 100 ft 
from a private \irell 

-- -- - 

2000 St frorn a high quality \jrater 
supply ~ ~ 1 1 ,  800 f from other t).pe 
wells; 300 ft from a domestic well. 

300 ft frorn an!, stream or other 
physiographic feature that could 
provide direct connection to 
groundwater; 300 ft from a potable 
\veil 

100 ft from a water supply well. 
Buffers from surface ater are 
determined on a case-b~r-case basis. 

75 ft from a potable well 

50 ft from potable \cell 

100 ft fi-om surfice water with 
shellfish designation; otherlvise 25 ft 
frorn surface water. 
100 ft from potable ~zell ;  50 ft from 
non-potable well 

50 ft frorn surface water; 100 ft from 
a private well and 300 ft from a 
conmunity well 

- - 

lmpoundn~ents must be 50 fi from 
property line 

raw il'ater source for 
pcrable water. 
Spray must be 300 ft from 
existing dwellings or 
public use areas; 50 ft 
from a property line. 
Case-by-case exceptions 
are allowed. 

Irrigation must occur 
while the public is 
restricted from access. 

200 ft from property lines 
and roads; 500 ft fiom 
housing developments, 
parks, areas where people 
congregate, but with 
windbreak or non-spray 
irrigation, can be 50  St. 

100 ft from a building and 
from residential property 

100 ft from property 
boundary 

150 ft from dwellings or 
public use areas; 50 St 
from proper-ty lines. 

75 ft fiom transmission 
facility to potable well; 
100 ft from indoor 
aesthetic features such as 
decorative pools and 
fountains. 

No aerosol within 100 m 
of residences 

50 ft from property line. 

100 ft from a sinkhole, 50 
ft from a drainage way, 
and 100 ft from a road 
right-of-way. 
50 fi from property line. 



\Vind drift calculations should he 
included in design so that spray 
doesn't reach st!-earns and lakes and 
\veils. 

Case by case basis 

50 f't  from on-site streams and ponds 

50 ft from potable \+.ell 

50 ft from potable ~ i e l l  

30 ft  from surface waters, 
100 fi from potable nells 

Impoundments 500 ft from a 
potable well 

Inlpoundlnents 500 ft from a 
potable well unless unit is lined or 
sealed, then 100 ft from a potable 
&ell. 

Wind drift calculations 
should bc included in 
design so that spray 
doesn't reach dwellings. 
- - 

Buffer recommended to 
protect from mist and 
aerosol, but none required 
if WW has been 
extensively treated and is 
suitable for human 
consumption. 

100 ft from site 
boundaries 

50 fi from roads 

30 f? between reuse site 
and property lines; Public 
right-of-way land may be 
used to meet this buffer 
requirement. Drip 
irrigation systems may be 
used in the buffer zones 
required for spray or 
flood irrigation. 

h a w  coliform limits sinlilar to those in Arizona, but Florida sets buffer limits of 75 ft for potable 
water supply wells. and Indiana limits reclaimed water to 200 ft from potable water supply wells, 
300 ft from waters of the state, and 300 fi from any residence. Among the states that allow up to 
20 or 23 cfu1100 mI. of fecal coliforn~s. Georgia sets limits on a casc-by-case basis, while Ohio 
and Te~messee h a w  numerous stipulated setback requirements. North Carolina, with a fecal 
coliform limit of 14 cful100 tnL requires 100 ft between the edge of spray and surface waters 
classified as shellfish areas and 25 ft between the spray and other surface waters. 

*States not shown ha~re no regula t~~)ns  perm~tting 

Storage requirements are stipulated for both (a) diverted flow that was not properly treated and 
(b) for reclaimed water to be stored until it  is needed ibr irrigation. Some of the issues in 
ensuring sufficient and safe storage arc whether or not ponds are lined, how their minimum 
capacity requirements are determined, appurtenances for control and operation of the 
impoundment, and set-back distances of impoundments from other entities. Capacity for reject 
\\later is an important reliability issue, and states typically require a capacity of one or two days' 

L 

irrigat~on ofreclailned water on areas of unrz5tricted public 
ilCCeSS. 



Ilow. Some states include detailed iilforrnation ahout redundancy. alarm systems, and controls, 
although most do not. 

For treated water impoundments, there is n wide range of methods used to guide design capacity 
because states' climate and geolog)~ factors d i f i r .  and because some reclaimed water use is 
closely tied to crop cycles. In the Florida regulations, specific mention is 1n3de of aquifer storage 
and recovery systems (ASR), \\here treated watcr is stored below ground in soil pore space. 
Texas and Indiana specifically mention the option of leak-proof fabricated tanks for storage. 
Treated water that sits for long periods in an impoundment is subject to degradation. The 
I\?assnchusetts regulations addrcss this problem with a detailed list of design reco~n~nendations to 
maintain water quality during storage. Some states. such as Michigan. provide significant detail 
about liner requirements for ponds storing treated water, \vhilc other states require liners on for 
ponds holding reject water. 

Reliability. Statements about reliability range from a few sentences to several pages. and the 
most common themes are piping color, secure hosebibs. cross-connections. and monitoring 
requirements. Beyond these, thcre is a wide variety of stipulations that states have chosen to 
include. Some states heavily emphasize redundancy: stand-by power, di\~ersion of flow, 
automatic and ~nanual alarm systems, and protocols for notification of regulatory agencies in the 
event of a system failure. Many spccify required operator training, operator presence. on-site 
inspections, and record-keeping. There are requirements for submission of an operating manual, 
descriptions of preventive maintenance programs, and performance reports. Some states require 
that spare units or parts be kept on-site. In states uherc irrigation of reclaimed water is included 
in land application regulations, there is typically emphasis on maintenance of groundwater 
quality. with installation and sampling of monitoring wells required. I'ogether, the compilation 
of reliability requirements among the wrious states leaves little leli out. so that n perusal of the 
entire set offers a menu of items that could be included whcn drafting or updating reuse 
legislation. 

North Carolina is among the states with more extensive reliability regulations. 111 addition to the 
common stipulations noted above, there is a requirement for an air gap separation where a 
potable water connection is used to supplement reclaimed water. Continuous turbidity or  particle 
count monitoring is required, and all treatment units must be in duplicate. A diversion pond must 
be present, along with stand-by power. Operator certification is specified, along with 
requirements for tank trucks hauling reclaimed water. 

Site Constraints. Some of the most universal requirements from state-to-state are that site plans 
showing all wells, surface water and the like be submitted. that flood plains be identified, that 
depth to groundwater be specified. that spray runoff be absent or contained on site, and that some 
form of signage be used to inform the public that reclaimed water is being used for irrigation. On 
golf courses, the public notice may be on the score sheets. 111 states where irrigation of reclaimed 
~vater is included in land applications regulations, there are often requirements for maximum 
allowable slope. wind speed constraints on irrigation, and ~naxirnum loading rates for water and 
so~netimes nutrients. Stipulations about the types of allowable sprinkler systems @articularly 
nozzle types) are present in some regulations. As in the reliability sections, there is a wide range 
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ALABAMA 

Alabama Department of Environmental Management 

Alabama has not formally adopted dedicated water reuse regulations. However, they do permit water reuse 
facilities by making stipulations in NPDES permits on a case-by-case basis. They follow the criteria developed 
by the state of Florida. An exception is that they do not allow reuse water to be used to wash vehicles; all reuse 
water in Alabama is for irrigation only. 

Reuse is differentiated from land application of wastewater by the amount of pllblic exposure allowed. Reuse 
water can be used for irrigat~on w~thout any public exposure limitations. There are separate guidelines for land 
application where public access is denied or limited (e.g. irrigation in a fenced area, golf courses at night, or 
when a course is closed to the public.) 

Dennis Harrison 

Trea tmen_t 

Re!iabilit y 

Water Quality 

Site Cons train ts 

Buffers 
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ALASKA 

Comments 

Alaska Department of Environmental Cor~servat~on 

Alaska does not have reuse regulations or cases of water reuse projects in public access areas 

Treatment 

Reliabi& 

Water Quality 

Site Constraints 

Buffers 

Storage 
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ARIZONA 

Comments -- 
Arizona. Department of Environmental Quality 
Arizona Administrative Code Title 18 
Chapter 9 Department of Environmental Quality Water Pollution Control, 
Article 7, Direct Reuse of Reclaimed Water and 
Chapter 11 Environmental Quality; 
Article 3 ,  Reclaimed Vdater Ouality Standards; 1985, 1987, 2001. 

Arizona defines "direct reuse" as the beneficial use of reclaimed water for purposes such as resident~al 
irrigation, school-ground irrigation, and irrigation in areas of open or restricted access. It may also be used for 
toilet and urinal flushing, fire protection, commercial closed loop air conditioning systems, vehic!e washing, and 
snowmaking. It may not be used for human consumption, swimming, wind surfing, water skiing, or other full 
immersion water activity with a potential of ingestion or for evaporative cooling or misting. The Department of 
Environmental Quality may use its discretion to individually permit uses of reclaimed water not stipulated in the 
regulations. The Arizona regulations also permit reclaimed water blending facilities. 

The state lists stipulations for both Class A+ and Class A reclaimed water. A person may use Class A+ 
reclaimed water for any type of direct reuse that allows Class A reclaimed water to be used; Class A+ water 
must meet certain nitrogen limits. 

Treatment 

Secondary treatment, filtration, nitrogen removal treatment, and disinfection. Filtration means a 
treatment process that removes particulate matter from the wastewater by passage through porous 
media, and disinfection means a treatment process that uses oxidants, UV, or other agents to kill 
orinactivate pathogenic organisms in wastewater. 
Chemical feed facilities must be provided, although they need not be used if the 24 h average 
turbidity criterion is achieved without chemical addition. 
Alternative treatment methods may be used provided the owner demonstrates through pilot plant 
testing, existing water quality data, or other means that the alternative method reliably produces a 
reclaimed water that meets the disinfection criteria and the total nitrogen criteria before discharge 
to a reclaimed water distribution system. 
After filtration and immediately before disinfection the mean 24h turbidity of f~ltered effluent must 
be r 2 NTU and must not exceed 5 NTU at any time. 

Reliability 

Color-coded pipe is required. 
Hose bibs for discharge must be secured. 
Continuous monitoring of turbidity is required. 
A permit will stipulate the reporting requirements, which will include (a) a requirement that water 
quality test results be provided that demonstrate that the reclaimed water meets the applicable 
standards and (b) a requirement that the total volume of reuse water generated be reported. 
All monitoring activity records and results, continuous monitoring data, and calibration and 
maintenance records must be retained for fives years from the date of sampling. 
All end users must be allowed access to the records of physical, chemical, and biological quality of 
the reclaimed water. 
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Water Quality 

The mean 24h turbidity of filtered effluent must be 5 2 NTlJ and must not exceed 5 NTU at any time. 
Class A+ and Class A: no detectable fecal coliforrn organisms in 4 of the last 7 days' reclaimed water 
samples; maximum fecal coliform concentration in any sample must be 5 23 cfu/100 mL. 
For class A+ water, the 5-sample geometric mean concentration of total nitrogen must be r 10 mg/L. 
For Class A water, the total nitrogen concentration applied must be reported along with the type of 
vegetation to which it was applied. 
Other monitoring requirements, test procedures, and recording practices may be specified. 

Site Constraints 

A reclaimed water agent is a person responsible for use of reclaimed water by more than one end 
user; the agent must have a legally enforceable contract that stipulates the 
responsibility of the enduserr to comply with requirements for specific reuses. 
Reusers can provide additional treatment, and would be permitted accordingly. 
Reusers may apply for approval to blend secondary effluent and higher quality water for reuse. 
Public notice of a preliminary decision to permit a facility is required. 
Irrigation should incorporate methods that minimize public contact and standing water as well 
as water contact with drinking fountains, water coolers, or eating areas; hose bibbs for 
reclaimed water must be secured to prevent use by the public. 
Signage is required according to use, as stipulated in a table provided in the regulations. Hose bibbs 
must be identified in front yards and subdivision entrances where residential irrigation with reclaimed 
water is installed. School grounds must also have signage for Class A+ or Class A water use, but 
other open access irrigation sites do not require signage with the use of these high quality waters. All 
impoundments with open access includir~g lakes, ponds, ornamental fountains, waterfalls, and other 
water features must be posted with signage regardless of the class of reclaimed water. 

r Information about the source of reclaimed water to be used and the annual water volume to be 
applied at a site must be provided, as well as information about the acreage and type of vegetation 
to be irrigated. 

Buffers 

No lining is required for an impoundment storing Class A+ reclaimed water, but a liner is required for 
Class A water. The liner should use a low hydraulic conductivity artificial or site-specific liner material 
that achieves a discharge rate of less than 550 gallacre-day. 
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Arkansas Department of Environmental Guality 
State Permits Branch, LVater Division 
Application for a No-Discharge Water Pollution Corrtrol Permit 
Permits land application (Hevised Octobsr 12, 1993). 

Arkansas issues permits for irrigation usir,g reclaimed water in areas of public access on a case-by-case basis. 

Treatment ---- 
Reliability 

Wafer Q uali-y 

Site Constrain& - 

Buffers 
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CALIFORNIA 

State of California Health and We!fare Agency 
California Department of Health Services 
Health and Safety Code, Chs 4:7:116551; 5:2:116800-116820 and 
Water Code, Div 7, Ch 2:13050 and 
Title 17, Division 1, Chapter 5, Group 4, Article 1 Sec. 7583 & Title 22, Division 4, Chapter 3. 
Updated June 2001 

Unrestricted access sites include golf courses, parks and playgrounds, school yards, and residential 
landscaping. The level of treatment described here is also acceptable for cumerous other applications, 
including flushing toilets, industrial process water, decorative fountains, commercial laundries, artificial snow 
making, and structural fire-fighting. Water at this level of treatment may also be used for non-restricted 
recreational impoundments as long as conventional treatment [coagulationlsedimentat~on/ filtration] was used. 
Food crops are also specified in this grouping, with sorne additional stipulations. 

If recycled water is available, a public agency may require that it be used for residential landscaping 

Treatment 

Tertiary treatment is required, including coagulation and filtration. 
- Coagulation refers to oxidized wastewater in which colloids and particulates have been 

destabilized and agglomerated by the addition of floc-forming chemicals. 
- Filtration refers to: 
(a) passage through natural undisturbed soils or a bed of filter media 

- At a rate 5 5 gpm/ft2 in gravity, upflow, or pressure filters; or 5 2 gpmlft2 in traveling bridge 
automatic backwash filters, and; 

- So that the average turbidity of the filtered water is 5 2 NTU over 24h; 5 NTU 5 596 of time in 
24 h; and 10 NTU at any time, OR 

(b) use of microfiltration, ultraf~ltration, nanofiltration, or reverse osmosis membranes so that the 
turbidity of the filtered water is < 0.2 NTU > 5% of the time in 24 h and < 0.5 NTU at any time. 

Coagulation can be omitted if (a) the filter effluent is below 2 NTU, and (b) continuous 
turbidity monitoring indicates that the influent to the filters does not exceed 5 NTU for m o r e  than 
15 minutes and never exceeds 10 NTU. 
Disinfection must be accomplished by: 
(a) chlorination following filtration that provides a minimum CT (total chlorine residual concentration 
x modal contact time) of 450 mg-min/L, with the modal contact time 2 90 min, based on peak dry 
weather design flow, OR; 
(b) a disinfection process following filtration that inactivates 99.999 percent of F-specific 
bacteriophage MS2 or polio virus in the influent wastewater. 
Regional boards may prescribe water reclamation requirements for a particular project after 
consultation and receipt of recommendations from the State Department of Health Services. 
Novel treatment methods are not excluded, but it must be demonstrated that they can assure an 
equal degree of treatment and reliability. 

Reliability 

The design must allow for flexible operation to permit the highest possible degree of treatment 
under varying circumstances. 
All distribution pipes from a water supplier to a municipality or industry must be colored purple or 
wrapped with purple tape. 
Recycled water piping systems in areas subject to access by the publrc may not have hose bibbs, but 
they may have quick couplers that differ from those of the potable water system. 
A dual-plumbed system mllst be inspected annually for cross-connections and tested for cross- 
connections every four years. No physical connection between a recycled water system and a 
potable water system is permitted. Fees may be levied for site inspection for cross- 
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connections, which must be performed by a certified tester. 
Backi!ow prevention devices must be inspected and maintained according to state regulations. 
- - 
I )/pes of backflow prevention devices are stipulated for d;fferent levels of hazard that exist on 
consumers' premises. 
If potable water is used in a back-up system as a supplemental water source, an air gap must be 
used to separate the systems. 
Continuous turbidity monitoring is required. 
The system must be able to automatically activate chemical addition for coagulation. 
Alarms should be triggered by loss of power, failure of biological treatment, disinfection, 
coagulation, or filtration. The failure occurrence and cause must be recorded, and the corrective 
action taken must be described. The alarms must be independent of the normal power supply. 
Alarms must reach a responsible party even if the facility is not attended full-time. 
A contingency plan for diverting unsatisfactory product must be approved. 
No bypass of partially treated water from the reclamation plant or an intermediate unit process to 
the point of use is permitted. 
The system must have the capacity to divert wastewater if coagulation is not being used and the 
influent to the filters exceeds 5 NTU for more than 15 minutes. 
Short-term and long-term retention, disposal, and storage options must automatically be actuated 
when process failure occurs. They should include all necessary sensors, instruments, valves and 
other devices to enable automatic diversion as well as a manual reset to prevent automatic restart 
until the failure is corrected. 

A standby power source is required. 
Coagulation processes must include standby chemical feeders, chemical storage and conveyance 
facilities, reserve chemical supplies, and automatic dosage control. 
Chlorine disinfection processes require a standby chlorine supply, manifold systems to connect gas 
cylinders, chlorine scales, and automatic switching from empty to full cylinders. 
The chlorine system may meet reliability requirements by the use of alarms and multiple point 
chlorination, each with independent power source, separate chlorinator, and separate chlorine 
supply. 
Similar requirements apply to biological treatment, coagulation, filtration and disinfection units, and 
an alarm must be used to signal performance failure of these systems unless an automatically 
actuated long-term storage or disposal diversion is in place. 
A preventative maintenance program is required at the reclamation facility. 
Only a public water system, or a publicly or privately owned or operated recycled water system, 
may supply a dual-plumbed facility. 
Operating personnel must possess stipulated qualifications to operate a reclamation facility. 
Regional boards may issue a master reclamation permit to a supplier or distributor of reclaimed 
water, or to both the supplier and the distributor. The permittee must supply quarterly reports to 
the board and conduct inspections. 
Backflow from a dual-plumbed system from recycled to potable water lines must be reported within 
24 hrs. 
Records of analyses, operation problems, plant and equipment breakdowns, discharges of partially 
treated water to the use area, diversions to emergency storage or disposal, and corrective or 
preventive actions must be maintained at the reclamation plant. 
Operating records must be filed monthly. 

Water Quality 

The daily mean operating filter effluent turbidity (continuously monitored) is calculated as the 
average of turbidity measures at 4-h intervals over 24 h, and it must be reported quarterly. The 

maximum daily turbidity must be based on measures from continuous monitoring taken at 
5 1.2 h intervals over 24 h. 
The median total coliform concentration of the last 7 days' analyses may not exceed an MPN (most 
probable number) of 2.2 / I00 mL. The maximum total coliform concentration may not exceed an 
MPN of 231100 mL in more than one sample in 30 days. No single total coliform measure may 
exceed an MPN of 24011 00 mL. Samples must be collected at least once daily from the disinfected 
effluent. 
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The combined disinfection and filtration process must inactivate 99.99goh of F-specific 
bacteriophage MS2 or polio virus in the influent wastewater. 

Side Cons train ts 

Suppliers (wholesale or retail) and consumers are required to sign agreements, some terms of 
which are stipulated in the regulations. 
The regulations provide guidelines for recycled water rates. Recycled water may be sold wholesale 
to retail water supplies. 
Recycled water distribution lines must be separate from potable water lines, beginning at the point 
of entry to the private property being served. 
Spray, mist, or runoff is not permitted to reach dwellings, outdoor eating areas, drinking water 
fountains, or food-handling facilities. 
Irrigation runoff must remain on the use area unless it does not pose a public health threat and is 
authorized by the regulatory agency. 
Signage is required; size and message are stipulated. Certain waivers are possible. 
No recycled water can be delivered through a dual piping system for internal use, except for fire 
suppression. 

Buffers 

lrrigation must be >50 ft. from a domestic water supply, unless the well owner waives this 
requirement. (Other actions may also be stipulated to waive this requirement.) 
Impoundments of reclaimed water must be A 0 0  ft. from a domestic well supply. 

Short-term facilities for storage or disposal should be able to accommodate water for at least 24 hrs. 
Such facilities should include necessary diversion devices, provisions for odor control, conduits, and 
pumping and pump-back equipment. All except the pump-back equipment should be independent of 
the normal power supply or provided with standby power. 
Long-term storage or disposal provisions (ponds, reservoirs, percolation areas, sewers) should be 
similarly equipped and of sufficient capacity for at least 20 days. 
Redundant or standby primary and secondary sedimentation units are required, or long-term storage 
or disposal provisions must be provided. Multiple units must be capable of producing acceptable 
effluent with one unit not in operation. 
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COLORADO 

Colorado Department o f  Fub l~c  Heal!h and Env~ronment 
Water CIual~ty Control Cornr-n~ss;on 
Re~u ia i i on  No. 84 
Reclaimed Domestrc Wastewater Control Regulation 
Noven; ber 2000 

Tho regulations are part of th?  Colorado Water Ouality Control Act (CWQCA), section 25-8-1 01 throrigh 25-8- 
703. In particular they art3 promulgated ur?der sections 25-8-202 and 25-8-235. 

These regulations app!y to direct reuse of reclaimed domestic wastewater for landscape i r r~gat~on.  L a n d s c a p  
iixgaiion includes areas of grass, trees, and other vegetation that are accessible to the public including parks, 
grr-?efibelts, golf courses, and common areas at apartment, townhouse, comrnercialibusiness parks, and other 
similar complexes. 

A triennial review of the existing regulations is required. 

* Oxidation, filtration, and disinfection are required. 

Piping, valves, and outlets must be marked to differentiate reclaimed domestic wastewater from 
dornestic water in other piping systems. 
All controllers, valves, eic. must be marked with reclaimed domestic wastewater warning signs. 
An approved reduced pressure principle backflow prevention device or an air gap must be provided a 
all potable water sewice connections to reclaimed domestic wastewater use areas. 

* Supplementing reclaimed domestic wastewater with potable water is not allowed except through an 
approved reduced presure principle backflow prevention device or an air gap. Where a backflow 
prevention device is used, it must be tested on an annual basis unless there is a physical separation 
between the potable and reuse distribution systems. 
I f  irrigation wells or industrial wells are used to supplement reclaimed domestic wastewater, this may 
only be done through use of an approved reduced pressure principle backflow prevention device. 
A description of the treater's plan to oversee the use of reclaimed domestic wastewater by applicator: 
to ensure, to the maximum extent practicab!e, that applicators attain and maintain compliance with 
reclaimed water regulations must be provided. 
Treaters are to educate applicators, and the education program must be described in the permit 
application. 
Applicators must sign a statement that certifies that they have been provided with a copy of the 
reclaimed water treatment regulations and that they agree to comply with the regulations. The 
applicator must agree to allow the treater or the regulatory agency access to the site of irrigation to 
assess whether the applicator is in compliance or to collect samples for monitoring and analysis. 
Operation of the reclaimed domestic wastewater system including valves, outlets, couplers, and 
sprinkler heads must be performed by peronnel authorized by the applicator. 
Workers must be informed of the potential health hazards involved with contact or ingestion of 
reclaimed wastewater, and they must be educated regarding proper hygienic procedures to protect 
themselves. 
An annual report from the treater must provide information about the water quality produced and the 
inspections conducted. An annual report from the applicator must include the annual volume of water 
applied per year or season, the maximum monthly volume applied, and each location with the 
associated acreage where reclaimed water was applied. 
Treaters and applicators must report any violation of the regulations at their respective facilities in 
writing within 30 days of becoming aware of the violation. Where the treter finds violations by an 
applicator, the 30 day period for reporting may be waived for an additional 30 days if the treater and 
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applicator are working together to resolve the violation. If the violation is not resolved after a total of 
60 days, the treater must repnrt the violation within five working days. Discharges to surface water, 
cross con~ections without a backflow prevention device, irrigation oukide of an approved area, and 
exceeclances of the standards far E, coli must be reported by the treater or the applicator orally 
within 24 h of becorning aware ot the violation and must be followed up with a written report within 
fwe working days. The report must describe the noncompliance, its cause, its duration, and the 
steps taken or planned to reduce, elminate, and prevent recurrence. 
Reporting is required of discharge to surface water, cross-connection without backflow prevention, 
irrigation outside site, or exceedance of the E. coli limit. 
The design specifications must address details of the distribution and transmission systems. 

* Tank trucks and other eqilipment used to distribute reclaimed wastewater must be clear-nly identified 
with signage. 

Water Quality 

The monthly mean turbidity must be 5 3 NTU, and not more than 59' of individual analytical 
results in one calendar month may exceed 5 NTU. 

* For landscape irrigation, the monthly geon?: ?ic mean E. coli concentration must be 5 126 cfu/100 mL 
the E. coli concentration in any single sampie in one month must be 5 235 cfu1100 mL. 
For single-family residential use, the 7-day median E, coli concentration must be 5 2.21100 mL; the E. 
coli concentration in any single sample in one month must be 5 23 cfu/100 mL. 

Site Constraints 

A Letter of Intent must be submitted prior to applying for a permit. The letter must review any decrees 
regarding water rights for the source of the water to be reclaimed. 
Direct and windblown spray should be confined to the approved area. Public contact should be 
minimized by spraying at least 1 h before opening or at hours that minimize public exposure. 
Rates of application should be such that surface and ground water quality are protected and 
ponding is minimized. No reclaimed water may enter state waters; runoff should be strictly minimized, 
and no direct or windblown spray should leave the area designated for application. 
Stipulations are provided in the regulations for distribution and transmission system design. 
Precautions should be taken so that spray does not reach undesignated areas such as an occupied 
building, domestic drinkmg water facilities, or facil~ties where food is being prepared. 
Signage is required: Public notice of reclaimed water use must be posted. 
Supplementation of reclaimed wastewater w~th potable water requires approval. 

Buffers 

No impoundment may be within 100 ft of any domestic water supply well unless the impoundment is 
lined with a synthetic material with a permeability of 1 OEE-6 cmlsec or less. 
No irrigation may be within 100 ft of any domestic water supply well. 
For irrigation at single-family residential dwellings, no irrigation water may be within 500 ft of any 
domestic supply well or within 100 ft of any irrigation well. 
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CONNECTICUT 

Connecttcut LVater Managerneat Bureacl 
Permitting, Enforcenient and l?ernt?dialion 

Connecticut does not t la>~e any specific requirements regarding wastewater reuse. There have been only a few 
cases of water reuse far- ~rrigation and industriai use. 

Mike Earder 
Director, Permitting, Enforcement and Rer-rlodiati~n 

Water Quality --- 

Site Constraints 

Storage 
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DELAWARE 

Slate of Delaware Department of Natural Resources and Env~ronmental Control 
Guidance and Regulations Governing the Land Treatment of Wastes 
Part 1 1 :  Land Treatment of Wastewaters 
Part A: Guidance for Slow Rate Land Treatment 
Part B: Regulations for Slow Rate Land Treatment 
August 1988; amended, June 1394; amended, October 1999. 

Delaware permits land application of treated wastewater to areas of unlimited public access under this 
document. The regulations apply to the State review and permit approval process, the reports and malerials to 
be submitted, and the operational requirements. The guidelines address the soil sclence, agronomy, and land 
treatment science that are necessary to prodilce the design reports required for the permit review process. 

Treatment 

Advanced level treatment with high-level disinfection is required. Treatment must include 
oxidation, clarification, coagulation, flocculation, filtration, and disinfection. 
Effluent should not be nitrified before application because nitrification could increase leaching of 
nitrate to the groundwater. 
Stipulations about how monitoring equipment is to be installed, used and maintained, as well 
as the method, frequency, and location of sample collect~on can be provided on a case-by-case 
basis by the regulatory agency, so that environmental and human health protection is optimized. 
Continuous on-line turbidity monitoring prior to disinfection is required. Continuous on-line 
monitoring of residual disinfection concentrations is required at the compliance monitoring point. 

Reliability 

The regulations gives the regulatory agency broad discretion to include specific permit conditions to 
protect the environment and the public health. 
An operating protocol must be provided by the permittee, and the protocol must be is designed to 
ensure that the disinfection criteria will be met before the wastewater is released to storage or to 
the reuse system. The design must include automatic diversion of wastewater that fails to meet 
operating criteria. 
Provisions must be included in the design for reject water to be stored in a separate offline system 
or discharged to another permitted reuse system requiring lower levels of treatment, or to a 
permitted effluent disposal system. 
Flow measurement is required on discharge pumps, and lowlhigh pressure automatic shutoff must 
be provided. 

Above-ground piping must drain when depressurized, and drain flow must go to wetted area or 
storage ponds. 
A plan for groundwater and effluent monitoring must be provided. 
Continuous on-line turbidity monitoring prior to disinfection is required. Continuous on-line 
monitoring of residual disinfection concentrations is required at the compliance monitoring point. 
The site permittee is responsible for proper maintenance and operation of all structures, systems, 
and equipment. 
The permitee must allow regulatory personnel to enter and inspect records, the facility, equipment, 
practice, or operation. Regulatory personnel may also sample or monitor any substance for the 
purpose of ensuring permit compliance. 
The permittee must furnish an oral report of any noncompliance that may endanger the public health 
or the environment within 24 h from the time the permitee has knowledge of the problem. Written 
notification is required within 5 days. The report must describe the noncompliance and its cause, the 
duration of noncompliance, and the estimated time it will continue, and the steps taken or planned 
to reduce or eliminate reoccurrence of the noncompliance. 
Spray field operation must be described in an operation and management plan. 
Storage must be provided, either as a separate facility, or incorporated into the treatment system if 
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it can be done ~wthout cornprom~sing treatment efficiency. A minimum of 15 days' storage is 
requ~red unless other measui-es of contro!lir?g flow can be dzmonstrated. Minimum s to r~ge  for reject 
effluent is the volume of 2 days' flow at the average daily design flow rate of the treatment process. 

- Storage and irrigation pumping must not affect design hydraulic retention ttrns. 
- Storage ponds must have impermeable liners. 

Water Quality 

BOD5 must be 5 10 mglL. 
TSS must be I 10 mg/L. 
Turbidity must be I 5 TU (continuously monitored, prior to disinfection). 

r Fecal coliforms must be r 20 cfu1100 mL. 
Inorganic constituents in the effluent must be compatible with site soil and site vegetation as 
stipulated in a table provided to the permittee. 

* Nitrate in the percolate must be 510 mg/L. 
Influent must be moriitored as stipulated in the system permit. 
- A site permit will stipulate monitoring requirements and samp!ing frequency. 
- Continuous on-line monitoring of residual disinfection concentrations is required at the 

compliance monitoring point. 

Site Constraints 

The site must be appropriately zoned by the county or municipality with jurisdiction. 
The public must be notified of the application for a permit, and hearings may be held. Permits are 
issued on a case- by-case basis depending on the site conditions. 
Site-specific conditions related to soil types, geology, hydrology and cul t~~ral  or historical features 
about the site must be described. The 100 year flood elevation, existing vegetative cover, and 
existing land use must be described. 
Soil characteristics must be described, including slope, depth to seasonal high water table, depth to 
impervious strata, and erodibility. 
The design plans should include information about the nature of the wastewater to be applied, 
including descriptions of the average and peak daily flows, the biochemical oxygen demand, the 
chemical oxygen demand, the total organic carbon, the total suspended solids, ammonia, nitrate and 
nitrite nitrogen, Kjeldahl nitrogen, total phosphorus, chloride, sodium adsorption ratio, electrical 
conductivity, metals, the presence of any priority pollutants, and the pH. 
The site assimilative capacity for heavy metals must be determined on a constituent by constituent 
basis to determine the site life for a facility. The number of years wastewater may be applied to a 
site will be based on the allowable cumulative metal loading rates stipulated by the State. Irrigation 
must be terminated when any one of the cumulative metal limits is reached. 
Water balance calculations to determine the design water loadings and phosphorus and nitrogen 
balances consistent with the crop grown and the way it is managed should be provided. The 
limiting constituent for land application should be identified, as well as the wetted field area and 
required storage volume. The maximum allowable hydraulic loadings are 2.5 inlwk and 0.25 in/h. 
A plan for groundwater and effluent monitoring must be provided. 
If a perennial stream traverses or bounds a slow-rate land-treatment site, water-quality monitoring 
upstream and downstream of the wetted field area may be stipulated in a site permit. Domestic 
wells within 1000 linear ft of the site; irrigation, commercial, industrial, and public wells within 2500 
ft of the site; and all abandoned wells within the treatment site must be identified. Shallow and 
poorly constructed wells must be abandoned and sealed. The permit applicant must demonstrate 
that the reuse system will not have an adverse effect on the wells. 
Spray field operation must be described in the Plan of Operation and Management. Spray field 
pressures must be uniform with lo0/' of the design pressure; otherwise alternate measures must be 
used to insure uniform application depth. 
Monitoring of daily rainfall, temperature, wind speed and direction may be required. 

If the seasonal high groundwater table is greater than 5 ft, the design percolation rate can be no 
more than 10% of the mean saturated hydraulic conductivity of the most limiting layer within the 
first five feet from the surface. If the seasonal high water table is less than 5 ft, drainage 
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improvements must be evaluated. 
Soil samples from the wetted field area must be analyzed for pH, with other tests contingent upon 
the results. A site assimilative capacity for heavy metals must be determined on a constituenl by 
constituent basis to determine site life. 
No runoff is permitted. If there is point source discharge due to drainage improvements at the site, 
an NFDES permit may be issued. 
Groundwater elevation data must be submitted on a periodic basis. Groundwater monitoring may be 
stipulated in the site permit: 
- The parameters and frequency are determined on a case-by-case basis. Tests required might 

include pH, chemical oxygen demand, nitrate nitrogen, total phosphorus, electrical conductivity, 
chloride, fecal coliform bacteria, metals and priority pollutants. 

- Groundwater influenced by the system must be monitored; one well is required up-gradient, one 
must be in the wetted field area of each drainage basin involved, and two wells must be placed 
down-gradient of the irrigation area, in each drainage basin involved. A monitoring well must also be 
located upgradient and downgradient of the pond treatment and storage facilities in each drainage 
basin intersected by the land treatment site. Stipulations are provided for construction and labeling 
of the wells. 
The site must be protected against flooding, ponding, and erosion. Storm runoff can be channeled 
through or around the site, but channeling reclaimed water is not permitted. 
If a perennial stream traverses or lies at the boundary of a land treatment site, water quality 
monitoring of the stream may be required, with sampling upstream and downstream of the wetted 
field area required. 

8 Buffer zones are determined on a case-by-case basis, but they are not normally required. 
8 A buffer zone may be required to accommodate aerosol containment, noise, and nuisance control. 

Storage 

Storage must be provided either as a separate facility or incorporated into the treatment system if it 
can be done without compromising treatment efficiency. 
A minimum of 15 days' storage is required unless other measures of controlling flow can be 
demonstrated. Minimum storage for reject effluent is the volume of 2 days' flow at the average daily 
design flow rate of the treatment process. 
- Storage and irrigation pumping must not affect design hydraulic retention time. 
- Storage ponds must have impermeable liners. 
Automatic diversion of partially treated wastewater to a reject wastewater storage 
system must be provided. 
An up-gradient and down-gradient well is required for pond treatment and storage. 
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Florida Department of Environmental Protection 
Reuse regulations are primarily addressed in Ch 62-61 0 of the Florida code (1 989 with revisior-is in 
1989,90, 96 and 99). Some st~pulations also contained in Chs. 62-600, 62-601, 62-61 0. Part Ill will 
apply to existing facilities in 2010. 

Allowances are made for systems that differ from what is described if applicant can damonstrate that 
ground water and surface water quality standards can be rnet and that the public health will be 
protected. Public access allows private property not open to the public at large, and it is permitted to be used 
for toilet flushing, fire protection, decorative ponds or fountains, irrigation of edible crops, 
dust control, as well as landscape irrigation. Public access is also permitted to sites with subsl~rface 
irrigation, where the requirements for treatment fall under a different segment of the regulations. 

Edible crops are limited to those that will be peeled, skinned, cooked or thermally processed before 
consumption. Use for toilet flushing is NOT permitted where the public will have access to the 
plumbing system for repairs. Other uses that may be approved include commercial laundry water 
supplies, vehicle washing, sewer and distribution line flushing, road and other outdoor slte cleaning, 
concrete mixes, and ice for skating rinks. 

Reclaimed water is water that has received at least secondary treatment and basic disinfection and is reused 
after flowing out of a domestic wastewater treatment facility. 

Treatment 

Secondary treatment with filtration and high-level disinfection is required. Secondary treatment is 
treatment designed so that the effluent meets certain water quality limits after disinfection. The 
designation of high level disinfection means that additional total suspended solids (TSS) control 
beyond secondary treatment levels is required, and the fecal coliform limits required are more 
stringent than those for secondary treatment. 
- TSS control should be provided by filtration; TSS in any sample before disinfection must be 

5 5 mg/L. 
Chemical feed facilities for coagulant aids must be provided even if their use is not necessary 
to meet the TSS limits. 
Specific CT values are prescribed for different pre-chlorination effluent fecal coliform 
concentrations. Minimum allowable contact time at peak hourly flow is 15 min. 
Special evaluation and treatment stipulations are required when various classifications of ground 
water are used for injection of reclaimed water. A key groundwater characteristic of concern in this 
regard is TDS. 
If a treatment facility receives discharge from significant industrial users, a pretreatment program is 
required. 
Surface water, ground water, treated storm water, drinking water, and demineralization 
concentrate may be used to supplement the reclaimed water supply if certain stipulations are met 
that are specific to each supplemental water supply. 
A facility must have capacity of at least 0.1 mgd in order to provide water for reuse by slow rate 
land application in public areas, on residential properties, or on edible crops. 
Mixing must be rapid and uniform. 
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Reliability of the system must comply with what is designated as Class 1 Reliability and described in 
the document "Design Criteria for Mechanical, Electric, and Fluid System Component Reliability" 
MCD05, Environmental Quality Instructional Resources Center, The Ohio State University, US EPA, 
1974. Class I reliability requires multiple or backup treatment units and a secondary power source. 
Piping, pipelines, valves, and outlets must be color-coded or otherwise marked to distinguish 
reclaimed lines from other water. Stipulations about the color and method of coding and taping are 
prmided. Supplemental water supply pipes must be color coded differently from potable or reclaimed 
water lines. 
Hose bibbs may not be located above ground unless they require the use of a special tool that 
prevents their unauthorized use and are accompanied by signage that indicates the water is 
nonpotable. 
No cross-connections to potable water systems are allowed. 
If chlorine disinfection is used, continuous on-line monitoring of turbidity before disinfection and total 
chlorine residual at the compliance monitoring point is required. 
Continuous on-line monitoring of other dismfection residual is required if chlorine is not used. 
Permits are issued to the treatment facility, and the permittee is required to regulate and manage 
the individual users through binding agreements with each user. 
- A general permit is needed for the addition of a new major user that is not identified in the existing 
permit and is located within the area designated in an existing permit. 

- The water provider is responsible for inspections in the service area to verify connection, water 
use, and cross-connections are in compliance. (Separate cross-connection regulations stipulate 
frequency of the inspections.) 
An operating protocol for the treatment facility must be implemented. A plan must be provided for 
rejected effluent to be stored for subsequent additional treatment or discharged to another 
permitted reuse system requiring lower levels of treatment (or a permitted effluent disposal system). 
The protocol specifies the number of operators required to operate a reclamation facility and the 
operator classifications they are required to have. Facilities must be staffed 24 h/d, 7 d/wk or 6 hr/d 
for 7 d/wk with diversion of reclaimed water to a reuse system only during operator presence. 
An annual reuse report is required of all facilities treating r 0.1 mgd of which a portion is reclaimed. 
Monitoring wells are required next to unlined storage ponds or lakes, unless it can be demonstrated 
that reclaimed water will not percolate from the pond to groundwater. 
Groundwater monitoring is required at one upgradient well located as close as possible to the site 
without being affected by the site's discharge (background well); and at one well at the edge of the 
zone of discharge down-gradient of the site (compliance well); and at one well downgradient from 
the site and within the zone of discharge (intermediate well). Other wells may be required on a 
case-by-case basis. 
Quarterly groundwater monitoring is required for water level, nitrate, total dissolved solids, arsenic, 
cadmium, chloride, chromium, lead, fecal coliforms, pH and sulfate. Other monitoring may be 
required on a case-by-case basis. 
No diversion of acceptable reclaimed water is permitted unless an operator is present. 
Reclaimed water may only be used for fire protection; alternate levels of reliability, operation 
controls and operator attendance may be permitted. 
Truck hauling is permitted in trucks that are not used to transport potable water or fluids of lesser 
quality than the reclaimed water. 
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a In general, secondary treatment water quality limits are required. 
CBOD annual mean concentration must be 1 2 0  mgiL 
TSS must be 5 5 mg/L 
Maximum allowable feca! coliforms in any one szmple is 25 cfu1100 mL, and 75% of fecal coliform 
tests must measure below the detection limit in a 30-day period of sampling. 
Total chlorine residual concentration must he at least 1 rng/L.. 
Monitoring is required for Giardia and Cryptosporidium at the point immediately following 
disinfection: 
- Sampling must occur one time durirlg each 2-year period at plants with treatment capacity 2 1 mad, 
and one time during each 5-year period at plants with capacity rl mgd. 

- The intervals between sampling must be < 2 years or < 5 years, depending on the same 
treatment capacity criteria. 

Minimum schedule for samp!ing and testing is based on system capacity. Parameters to be 
monitored include flow, pH, chlorine residual, dissolved oxygen, suspended solids, CBOD, nutrients, 
and fecal coliform concentrations. Specific monitoring requirements are determined on a case-by- 
case basis. 
Primary and secondary drinking water standards must be monitored by facilities treating more than 
100,000 gpd. 

Site Constraints 

If the treatment plant permittee does not own the property on which reclaimed water will be used 
or disposed of, the permittee must have a binding agreement with the owner to ensure that 
construction, maintenance, operation, and monitoring meet the State's legal requirements. 
Reclaimed water application must be controlled by an agreement with the wastewater management 
entity or by local ordinance. 
A public notification program, and the regulations stipulate the information that must be included. 
All potable and rionpotable water supply wells and monitoring wells within a 0.5 mile radius of the 
land application site shall be located and described. All surface waters within one mile of the project 
area must be located, and their classification, uses, and distance from the site must be identified. 
Measures to minimize aerosols must be taken within 100 ft of outdoor public eating, drinking, and 
bathing. 
New and expanding distribution systems should carry a minimum ~f 1.5 times the maximum daily 
flow of the treatment facility. 
Return of reclaimed water to the distribution system after delivery to the user is prohibited. 
The public must be notified of the use of reclaimed water at an irrigation site, storage impoundment 
or decorative water feature by the posting of advisory signs, notes on scorecards, and the like. 
Signs must be in English and Spanish and must read "Do Not Drink" along with an international 
symbol. 
Swimming pool, hot tub, and wading pool uses are not permitted. 

Buffers 

Low trajectory nozzles are required within 100 f t  of outdoor public eating, drinking, and bathing 
facilities to minimize aerosols. 

* Indoor aesthetic features such as decorative pools or fountains that are using reclaimed water must 
be at least 100 ft from adjacent to indoor public eating and drinking facilities in the same room or 
building space. 
At least 75 ft is required between a transmission facility or wetted area and a potable water 
supply well, and municipalities may adopt ordinances that prohibit private drinking water 
wells in residential areas. 
At least 3 ft of separation must be maintained between reclaimed water lines and potable lines or 
sewer lines. Concrete encasement of a reclaimed line, or a vertical gap between a reclaimed water 
line and other lines, can lower this spacing requirement. Separation distances stipulated for 
reliability in rights-of-ways are recommended but not required on properties where reclaimed water 
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is being used. 
No setback distance is required from nonpotable wells. 
No setback is required from surface waters or developed areas. 
At least 200 ft is required between an unlined storage pond and a potable water supply well 

* Setback distances are specified for injecttori and recovery wells and for extended zones of 
discharge. 

Storage is not required if another permitted reuse system or effluent disposal system is included in 
the design that ensures continuous facility operation. 
If storage ponds are required to accommodate low customer demand for water, sizing criteria are 
provided, with a minimum volume equal to three times that portion of the average daily flow of the 
total reuse capacity for which no alternative reuse or disposal system is permitted. 
Existing ponds or lake can be used for storage of excess treated water as long as the storage does 
not impair the ability of an impoundment to serve as a storm wa!er management unit. 
Storage can also be provided by use of an aquifer storage and recovery system (ASR), where 
reclaimed water is injected into a subsurface formation for storage and then recovered at a later 
date. 
If storage is required for reject flow, minimum volume required is one day flow at the average daily 
design flow of the treatment facility or the average daily permitted flow of the reuse system, 
whichever is less. Reject ponds must be lined or sealed to prevent seepage. 
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GEORGIA 

Comments --- 

Georga Department of Natural Resources, Environmental Protection Division. 
Guidelines for Water Reclamation and Urban Water Reuse (Revised February 20, 2002). 

Reclaimed water is domestic wastewater or a combination of domestic and industrial wastewater that has been 
treated to stringent effluent limltatior-is such that the reclaimed water is suitable for use in areas of unrestricted 
public access. 

Reclaimed water may be used for irrigation of golf courses, residential and commercial landscaping, parks, 
athletic fields, roadway medians, and landscape impoundments. 

A biological oxidation process or the equivalent is required; multiple clarif~cation units (or other 
method, such as membrane filtration) may be acceptable. 
Coagulation is required, altho~lgh chemical feed systems may remain idle if, after start-up of the 
system, the 3 NTU level can be maintained without chemical addition. 
Filtration and continuous disinfection or equivalent (other process trains such as physical- 
chemical treatment followed by membrane filtration) are required after secondary treatment (as 
defined in 40 CFR 133.102): 30 mg/L BOD5, and 30 mg/L SS. 
Monitoring for detectable disinfection residual or recording of UV output and transmittance is 
required. 

Reliability 

Piping and valves must be labeled. 
If a user supplements reclaimed water with potable, an air gap must be provided between the 
potable source and the reclaimed water system. 
The system must automatically divert product if it does not meet the 3 NTU requirement, or if any 
portion of the disinfection system fails. 
Spare parts must be available so that repairs can be completed and the system placed back into 
operation within a maximum of three days, or emergency storage must be provided. Where there is 
no alternative method for disposal, multiple process units for critical units are required. 
Permittee is required to inspect and monitor user sites for proper use of reclaimed water. Routine 
equipment inspections and a calibration schedule are required, and the schedule of inspections 
should be shown in the operations manual. 
The design must include provisions to isolate and bypass all process units. Also, the system must be 
able to treat peak flows with the largest unit out of service. 

Water Quality 

BOD5 must be 25 mg/L, monitored weekly. 
TSS must be 15 mg/L, monitored weekly. 
Turbidity must be 53 NTU, monitored continuously after filtration. 
Fecal coliform monthly geometric mean of all valid results for a reporting period must be 
5 23 cfuI100mL; maximum in any daily sample must be 5 100 cfu/l00 mL. 
Detectable disinfectant residual at the delivery point is strongly recommended. (Monitoring for 
detectable disinfection residual or recording of UV output and transmittance is required). 
pH between 6 and 9, monitored daily. 

Appendix 19 



Site Constraints 

A written agreement is required between a reclaimed water user and the permittee; the user 
applies to the permitee. Irrigation times must be stipulated in the written agreement. 
Public notice of the permit application is required. 
The permittee must advise the purveyor of potable water that reclaimed water is being used in the 
area. 
New developments desiring reclaimed water shall provide a distribution system. 
No irrigation spray is allowed outside established boundaries. lrrigation requires a permanent 
underground system; low trajectory nozzles are required to minimize aerosol formation if within 
100 ft of eating, drinking, or bathing. 
A pumping pond may not receive other runoff water. No runoff of reclaimed water should occur. 
Signage or other public notification methods are required. 
Users must document their participation in the public information program (i.e., education). 
Groundwater monitoring may be required on a case-by-case basis 
It is permissible for reclaimed water to mix with storm water on the distribution site. 
No reclaimed water may be used in dwelling units; reclaimed water may not be used for human or 
animal consumption, edible crop irrigation, body contact recreation, or sharing between two 
properties. 

Buffers 

Buffer requirements are stipulated on a case-by-case basis. 

Accommodations for wet weather periods can be made by providing storage on site or with the user 
OR with the provision of additional land OR by obtaining an NPDES permit for the flow to be diverted 
to surface water. 
A storm water detention pond can be used to store reclaimed water, but it must be sized 
appropriately with a control structure and two outlets. 
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!- iawa~~ State Department of Hcalih 
W a s t e a ~ t c r  Branch 
G ~ ~ ~ d e l ~ n e s  for the Treatmerit and Use of Recycled Wale!, Novenbei  22, 1993, red~sed May 15, 2002 

The guidelines are to be reviewed and, ~f necessary, updaied every five years. 

Legislation has been proposed to amend Adr~iinistrative Rule, Title 11 ,  Ch 62, Westewater Systems, to conve? 
the guidelines to reguiations. 

Reuse of the hghest quality r~cyc led  water (R-1 class) can include direct contact irrigztion of edible 
crops eaten raw, as weii as fire fighting, high pressure water blasting, animal drinking water (w~ th  
some exceptions), commercial and public lai.indries, Industrial cooiing (under some circumstances), 
toilet flushing, decorative fountains (wt l i  sorrle conditions), basins at fish hatcheries, and washing of 
nard surfaces. 

The guidelines distinguish between transmission lines on a producer site, and distr~bution lines on a 
consumer site. 

Recycled water means treated wastewater that, by design, is intended or used for a beneficial purpose. 

Treatment 

Oxidation, filtration and disinfection are required, such that 99.999% of plaque-forming units of 
F-specific bacteriophage MS2 or polio virus in the water are inactivated and,/or removed and the 
water meets the stipulated fecal coliform requirements (see below). 
Suggested treatment schemes include filtration with continuous chemical addition/coagulation. 
Chemical pretreatment facilities are required in all cases where granular media filtration is used; 
membrane filtration may be used. 
Chemical addition/coagulation can be accomplished with a rapid mix unit, or an in-line mixer; 
flocculation and aggregation may occur subsequently in the lower layers of a deep bed up-flow filter, 
or in the upper layers of a deep bed gravity filter. Coagulant types and doses, mixing and 
dispersion requirements, and residence times are stipulated. 
Theoretical chlorine contact time should be 120 minutes or more, and actual modal contact time 
should be 90 minutes or more, throughout which time the chlorine residual must be 5 mgll or 
greater. (Chlorine contact time may also be set by demonstrating that it reliably achieves t h e  virus 
reductions noted above.) Disinfection must limit fecal coliform bacteria to stipuiated water quality 
limits. The chlorination facilities shall have adequate capacity to maintain a residual of 10 mgll. 
When UV is used, final effluent must meet the applicable provisions of the UV Guidelines for 
Drinking Water and Water Reirse dated December 2000 or the latest version, published by 
the National Water Research Institute (NWRI) and the American Water Works Association 
Research Foundation (AWWARF). 
UV disinfection systems must be able to meet the required inactivation levels for the target 
microorganisms. Detailed guidelines for the UV disinfection system design are provided. 

0 Provisions are included for the demonstration of alternate treatment methods that can meet the 
cited water quality and reliability requirements. 
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Eelia bilit v 
_ _ _ L  

Process piping, equipment arrangemect, and unit structures should allow for efficiency and ease of 
operation arld maintenance, and provide n;aximum flexibility of operation. Flexibility should permit 
the necessary degree of treatment to be obtained under varying conditions. All as~ec ts  of the 
facility design shall a!low for routine maintsna~ce of treatment units to prevent deterioration of the 
fac~lities effluent. 
D~stribution lines and service lines, valves, and other appurtenances must be colored purple, 
suggested color Pantone 522 or equal, and embossed or be integrally stampedl'marked "CAUTION: 
RECYCLED WATER - DO NOT DRINK," or be instalied with a purple identification tape, or a purple 
polyethylene wrap, suggested color index 77742 violet #16, Pantone 51 2 or equal. Stipulations for 
identification taping are also cited. 
Valve boxes should have a special triangular, heavy-duty cover. All valve covers on offsite 
reclamation transmission water lines should have non-interchangeable shape with potable water 
covers and have a recognizable inscription cast on the top surface "Recycled Water." 
Either an in-line type or end-of-line type drain (blow-off) assembly must be installed for removing 
water or sediment from a pipe. The line tap for the assembly shall be no closer than 18 inches to a 
valve, coupling, joint, or fitting, unless it is at the end of the line. 
Pumping facilities to transmit or distribute recycled water must identify the type of water being 
conveyed, provide acceptable backflow protection, avoid release of recycled water, and provide for 
proper drainage of the pump packing seal water. Any potable water used as seal water for non- 
potable water pump seals should be adequately protected from backflow. 
Hose bibs are not allowed on recycled water systems. Quick couplers that are different from those 
on the potable system must be used i f  hose connections are necessary. Hoses used with recycled 
water systems shall conform to the color code and should not be used with potable water systems. 
When potable quick couplers are within 60 feet of the recycled system, both shall be equipped with 
appropriate signs. Signs should identify the recycled water quick coupling. 
The pressure in potable water lines should be at least 10 psi higher than in reuse water lines. 
Horizontal and vertical clearances between potable water and recycled water lines are stipulated 
with water system standards, along with right-of-way widths and minimum cover requirements. 
No pipes or pumps shall be installed that would circumvent critical treatment processes and 
possibly allow inadequately treated effluent to enter the recycled water distribution system. 
If both potable water and recycled water are supplied, then backflow protection with an approved 
air gap must be provided at the potable water service connection. 

- If temporary potable water connections to the recycled water system are required, the connections 
must be protected in the same manner as a permanent connection. 
Fully automatic controllers should be used to operate on-site distribution valves. They should be 
equipped with moisture sensors to avoid activation during rainy periods and be capable of delivering 
varying flow on varying time schedules. 
The facility must be attended constantly, or alarms must be telemetered to an operator on call. 
If rapid attention to failure cannot be assured, automatically actuated emergency control 
mechanisms must be installed and maintained to handle: loss of power, high water levels, failure of 
pumps or blowers, high head loss on filters, high effluent turbidity, loss of coagulant or polymer 
feed, or loss of chlorine residual. If UV disinfection is used, monitoring and alarm designs specifically 
for UV systems must be provided. 
- It is recommended that an individual alarm device sound at location and be connected to a master 

alarm to sound at the location where it can be conveniently observed by the operator. 
- The person to be warned should be the facility operator, superintendent, or any other responsible 

person designated by the management of the reclarr~ation facility and capable of taking corrective 
action. 

The alarms should be designed to record automatically all high and low priority conditions. 
All required alarm devices should be independent of the normal power supply of the reclamation 
facility. 
Filtered effluent failing the turbidity limits must be diverted to a backup disposal system. 
Provisions must be available to otherwise treat, store, or dispose of the wastewater until the 
corrections have been completed. 
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Continuo~s turbidity monitoring and recording of the secondary effluent tarbidity is required, stich 
that subsequent coagulant addition can be ;i~roinaiicaily adjusted to p r~v ide  coagu!ani dosages 
under varying conditio~s. 

A contirluous recording turbidimeter shall be installed and cperated prior lo 2nd after the filtration 
process. 
A conti17uous recording may be provided for rnonitsring each filter to ei\sure that the filtered ~vater 
meets the performance criteria. 
Automatic control of chlorine dosage and automatic, continuous measuring and recording of chlorine 
residual are required. 'The chlorination facilities shali have adeqilate capacity to maintain a residual 
of 10 mg/L. 
The facility shall be capable of operating during power failures, peak loads, equipment failures, 
treatment plant upsets, and maintenance shutdowns. 

* Standby filtration capacity must be capable of processing the peak flow at the approved filtration 
rate under the most stressful condi!ions. 
All coagulation process units should have standby feeders, adequate cliemica! storage, and 
adequate reserve chemical supply. 
Chlorination standby equipment must be provided to replace the largest unit during shutdowns; 
spare parts must also be available. 
Facilities with direct filtration should have, at a minimum, two operating units per treatment 
process (coagulation or rapid mix, and flocculation). 
A standby power source shall be provided at all water reciamation treatment facilities and 
distribution pump stations. Standby power source means an automatically actuated self-starting, 
alternate energy source maintained in immediately operable condition and of sufficient capacity to 
provide necessary service during failure of the normal power supply. 
- D.C. control power switch-over mechanisms should be installed together with an automatic starter. 
- Power distribution to main control centers or control panels within the plant for the critical loads 

should be supplied from motor control centers connected to in-plant unit substations. 
- Critical in-plant power loads should be divided within the motor control center by tie breakers. 
- The motor control center should be supplied with power at all times to treat the recycled water. 
- Redundancy should be provided for instrumentation and control panels associated with the 
operation of critical process loads. 

- It may be acceptable to connect non-critical process loads to only one power source. However, 
non-critical loads within a unit operation should be divided as equally as possible between motor 
control centers so that a single failure will not result in complete unit operation loss. 

- The power supply reliability design specific for UV disinfection systems is provided in the 
guidelines. 

Storage or a backup disposal system is required: Provisions for an automatically actuated 
emergency storage or disposal system and diversion to an approved alternate reuse area is required 
and shall include all necessary sensors, instruments, valves, and other devices to enable fully 
automatic diversion of untreated or partially treated wastewater to approved emergency storage or 
disposal in the event of treatment process failure or violation of operational parameters, and a 
manual reset to prevent automatic restart until the problem is corrected. 

A producer must establish an inspection program for the distribution system, and the guidelines 
specify the items to be inspected. 

A producer must have a treatment monitoring program that stipulates the frequency and location of 
sampling. 
Daily records must be kept of maximum turbidity from clarified water; lowest operational UV dose; 
highest turbidity from filtered effluent; type and weight of coagulants and/or polymers used; high, 
low, and average flow measurements of recycled water produced; weight of chlorine used; lowest 
residual disinfection concentration after contact time; and confirmed fecal coliform data should be 
recorded daily. 
When a backflow device is tested, the test should be performed by a certified tester, and records of 
the tests, repairs, and overhauling must be kept and also submitted to a cross-connection control 
inspector. 
Stipulations are provided for instances when the recycled water is trucked to a distribution site. 
The vehicle must be labeled, the truck tank cannot have previous exposure to a variety of potentially 
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contaminating substances, and any hose or pipir?g to the truck cannot be attached to a potable water 
supply except with an air gap. The truck may not be used to haul potable water after it has carried 
recycled water. 

t A ?  ter Quaiity 

Filtered effluent turbidity must be 5 2 NTU. 
Median fecal coliform concentration from last seven day's samples of disinfected effluent must be 
r 2.2 cfu/100 mL. Maximum fecal col~forrn concentration in any one sample must be 

203 cfu1100 mL; In no more than one sample within a 30-day per~od may the fecal coliform 
concentration exceed 23 cfu/100 mL. 
Removal of 99.999% of plaque-forming units of F-specific bacteriophage MS2 or polio virus is 
required. 
Composite BOD5 samples must be collected at least weekly, with at least five tests per month 
required. 
TSS grab samples from treated water before disinfection must be taken at least weekly, with 
at least five tests per month required. The TSS should be correlated to corresponding turbidity 
readings. 
Fecal coliforms must be sampled daily for spray irrigation 
systems. 

Site Constraints 

The producer of recycled water must supply the user with a copy of the state recycled water 
guidelines. There must also be a written agreement between a producer and a user of recycled 

water. 
The producer of recycled water is responsible for its quality. The producer must supply the user 
with a site management plan, but the user is responsible for maintaining all on-site facilities. 
Inspection, supervision, and employee training must be provided by the user. 

A design proposal must stipulate the schedule of irrigation and irrigation instructions for the 
operator. 
The user must designate a recycled water user supervisor. 
A public education plan and an employee training plan must be developed. Detailed specifications 
are provided about the components of the employee training plan. 
A site development proposal must include information about wind, flood plains, and soil 
characteristics. The locations of exterior drinking fountains must be identified. (Irrigation spray 
may not contact an external drinking water fountain.) 
lrrigation over a public drinking water aquifer should not exceed consumptive rates. 
Stipulations are provided to help avoid mosquito problems due to recycled water impoundment, or 
wetlands design or operation. Water should be managed such that uses do not contribute to 
proliferation of mosquitoes. 
BMPs to prevent ponding must be implemented. 
The maximum grade for spray irrigation is 15% for forage, turf and orchards. 
No discharge, runoff, or overspray is allowed beyond the approved use area boundaries. 
Formation of a Groundwater Management Committee is called for in the guidelines, and the 
Committee will determine target water quality criteria for aquifers underlying a reuse project, target 
mass loading rates of specific parameters to protect underlying potable water aquifers, and 
determine site-specific groundwater monitoring strategies. 

- Nitrate and total phosphorus concentrations in percolate from a lysimeter in the irrigation area 
must be r 10 mg/L and 1 mg/L, respectively. 

- Stipulations are also provided for monitoring groundwater for heavy metals. 
Maximum grades for spray irrigation are 15% for forage, turf and orchards. 
lrrigation over a public drinking water aquifer should not exceed consumptive rates. 
The design proposal must stipulate the schedule of irrigation, and include irrigation instructions for 
the operator. 
Nitrate and total phosphorus concentrations in percolate from a lysimeter in the irrigation area 
must be 10 mg/L and 1 mg/L, respectively. Stipulations are also provided for monitoring 
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groilndwa!er for heavy metals. 
No runoff niay leave the use area. 
Signage is required 
A public education pian and an employee tra.ining plan must be developed. Detailed specifications 
are provided about the components of ths employee training plan. 
A Groilndwaler Management Committee has been established to determine target water quality 
criteria for aquifers underlying a reuse project, target mass loading rates of specific parameters io 
protect underlying potable water aquifers, and to determine site-specific groundwater moni'coring 
strategies. 

No irrigation is allowed within 50 ft of a drinking water supply well, and the edge of an 
impoundment must be >I00 ft from a drinking water supply well. 

The design and operation of system storage capacity shall be sufficient to assure the retention of 
the recycled water under adverse weather conditions, harvesting conditions, maintenance of 
irrigation equipment, or other conditions that preclude reuse. 
If storage is provided in the form of a restricted recreational impoundment or landscape 
impoundment, runoff should be prevented from entering the storage impoundment unless the 
impoundment is sized to accept the runoff without discharge, or an NPDES permit has been issued 
for the discharge; no discharge is permitted to any impoundment with less than two feet of 
freeboard. 
To retain its contents, an impoundmenl shall have liners impervious to water. Liner stipulations are 
provided. 
Stipulations are provided for exceptions to the storage requirement and to the 20 day retention 
time required. 
Storage for reject water is required if another backup disposal system is not provided. Minimum 
capacity for reject storage is the volume equal to one day's flow at the average daily design flow of 
the reclamation facility or the average daily design flow of the approved alternate reuse area, 
whichever is less. 
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IDAHO 

Comments 

ldaho Department of Environmental Quality 
Idaho Administrative Code, IDAPA 58.01.1 7- Wastewater Land Application Permit Rules, April 1988, 
amended 1991. 
Wastewater Land Application Permits (WLAP) Municipal Permits --  Miscellaneous Guidance, January 2002. 

Unrestricted public access is subdivided into areas where individuals will have access or exposure 
(golf courses, cemeteries, roadside vegetation), and areas where children will have access or 
exposure (parks, playgrounds, schoolyards); the latter stipulations are presented in th~s  
section). Sites may have other restrictions on a case-by-case basis. 

ldaho also allows treated wastewater to contact the edible portion of raw food crops, but the 
disinfection requirements are more stringent than those listed here. 

Treatment 

Water must be oxidized, coagulated, clarified, filtered (or treated by an equivalent process), and 
adequately disinfected. 

Reliability 

An Operation and Maintenance Manual (OM) must be provided that describes the plan of operation, 
maintenance, and management of the wastewater treatment system. 
A permitee must properly maintain and operate all structures, systems, and equipment for 
treatment, control, and monitoring. 
A permittee must report any noncompliance that may endanger public health or the environment 
within 24 h of knowledge of the event and submit a written report within five days of knowledge of 
the event that describes the steps taken to reduce or eliminate a reoccurrence of noncompliance. 
The OM manual must state the design provisions that will allow flow diversion when the system is 
shut down or when bacterial concentrations exceed allowable limits. 

Water Qualit v 

Median total coliform concentration must be 1 2.2 cfu/100 mL for all samples analyzed in the past 
seven days. Maximum total coliform concentration in any sample must be 2 23 cfu/100 mL. 
Sampling should occur daily. 
If the system is operating at less that 759'0 of the nitrogen permit limit (125% of the crop uptake), 
and no industrial users are contributing to the municipal system providing the treated wastewater, 
the following parameters may be sampled twice per season rather than monthly: total Kjeldahl 
nitrogen, chemical oxygen demand, total P, ammonia nitrogen, nitrate + nitrite nitrogen, total 
dissolved solids, and pH. 

Site Constraints 

Wells, public and private drinking water supply sources, springs, wetlands and surface waters on 
the site must be identified. 
25-, 50-, and 100-year flood plains must be identified. 
Irrigation must occur during periods of non-use by the public. 

Storage 
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ILLINOIS 

Illinois Errvironmental Protection Agency 
T~t le 35, Subtitle C, Ch 2, Part 372-: Illinois Design Standards for Slow Rate Land Apphcstion of Treated 
Wastewater, January 31, 1995 

These regulations apply to secondary and tertiary treated domestic wastewater, and to land upon 
which crops, turf, or trees are grown. Public access areas include urban parks, forest preserves and 
golf courses. 

Treatment -- 
a The minimum treatment required is a two-cell lagoon with tertiary sand filtration and disinfection, or 

a mechanical secondary trpatment facility with disinfection. 

Reliability 

Spare equipment must be available on site. 
The treatment area must be fenced and include signage. 
A site plan must include monitoring equipment for air temperature, soil temperature, precipitation, 
wind speed and direction, and depth to groundwater. 

Water Quality - 

Calculations for the loading rates of BOD5, nitrogen, phosphorus, and water onto vegetation 
receiving irrigation spray must be submitted. 

Site Constraints 

A site design must identify present and proposed water supply wells, abandoned wells, surface 
waters and waterways, wetlands, and 10-yr floodplains. No floodplains with a return frequency 
: 10 yrs may be used unless storage or an alternate irrigation site is available. 
Groundwater must be > 4 ft below the surface. 
A water balance that includes the wastewater, run-on from adjacent areas, precipitation, evapo- 
transpiration, permeability, groundwater recharge rate, and effect on water table depth and 
subsurface tile drainage must be provided. 
Slopes must be < 8% on sodded fields and forested areas. Steeper slopes must have runoff control 
that is consistent with Soil Conservation Service recommendations. 
Irrigation equipment specifications are cited; spray equipment must be specified and information 
about the design pressure, wind velocity, height of spray, and spray mist drift distances must be 
provided. 
The irrigation spray must be uniformly distributed; a design wind velocity of 15 mph must be used 
for sites in urban areas. 
The design daily percolation rate should be c 1 Ooh of the minimum soil permeability. The design 
must provide for alternate wetting and drying periods and maintenance of aerobic conditions in the 
topsoil. 
There must be > 10 ft of earth cover over bedrock. 
Nitrogen application should be within agronomic rates and include any application of chemical 
fertilizer. 
lrrigation must not contribute runoff. No discharge to wetlands, streams, waterways or other 
surface waters is allowed. 
No spray irrigation is allowed during precipitation. 
Signage is required at 100 yd intervals. 
Existing groundwater must be chemically analyzed, and potential impacts on existing 
groundwater movement and quality must be evaluated. 
Groundwater monitoring is required, with stipulations about location of wells, well construction, 
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sampling depths, and parameters to be monitored. Water quality must be compliant with 
groundwater standards. 

Setback distances must conform to the terms of state groundwater protection legislation. 
The wetted area cannot encroach on wetlands, streams, waterways, surface waters, public road 
rights of way or residential lot lines. 
No distance restriction from residential lot lines is imposed if application occurs only during hours 
between dusk and dawn. 
The treatment area must include signage. 

Storage 

Storage is required, with the storage volume determined by one of two methods. One method bases 
the volume on a rational design that requires sufficient capacity for diversion (due to climate 
constraints, land cultivation, equipment maintenance or the like) during the wettest year with a 
20-yr return frequency. The second method requires capacity for 150 days' production at the 
average design flow. 
Lagoon storage is acceptable. 
Storage capacity must be provided for high groundwater periods. 
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Indiana Department of Environmental Management, Office of Water Quality. 
Indiana Administrative Code 
.- - 
i itie 327,Article 6.1 Land Application of Biosolid, Industrial Waste Product, And Pollutant-Bearing Wster 
Updated June 1,2001 

The Office perrnits land application to land where public access can occur, but only for land with a 
low potential for public exposure. Access to such land is to be restricted for 30 days after land 
application of domestic wastewater. 

Secondary treatment is required, also any additional treatment necessary to produce effluent that 
meets the stated water quality limits. 
Treatment may be by activated sludge processes, trickling filters, rotating biological contactors, 
stabilization pond systems, or other approved secondary treatment process. 
Disinfection may be by chlorination, ozonation, chemical disin4~xtant, UV radiation, membrane 
processes, or another approved method. 

Reliability - 

The discharge pipe must be equipped with a water-tight valve and a sanitary cap or plug. The inlet 
must prevent nuisance conditions, safety hazards, or the harborage and breeding of vectors. 
Alternative power must be provided to operate pathogen reduction equipment so that water quality 
limits are met if power is interrupted. Alternatively, provide an effective disinfection method that 
does not require electricity for operation. 
Land application must be conducted under the supervision of a certified wastewater treatment plant 
operator or a person with at least one year of experience in land application management practices 
and procedures. 
Application rates and site conditions must be recorded daily. Cumulative amounts of certain 
designated pollutants must be tracked. 
- User must indicate the location of each site receiving water on a given day, the number of acres to 
which water is applied, and the total a m o ~ ~ n t  of water applied to each site. 
- User must report how site restrictions and management requirements are being met. 
Producer must notify regulatory agency if cumulative application of a designated metal is greater 
than 90% of the quantity specified within 30 days of that level being reached. 

Water Quality 

BOD5 must be 10 mg/L, monitored weekly. 
The mean TSS measured before disinfection must be 55 mg/L in 24 h period, monitored daily. 
The median fecal coliform value for the last seven days for which analyses have been completed 
must be "none detected." The maximum fecal coliform concentration on any day must be 

14cfu 11 00 mL. Fecal coliforms must be monitored daily by membrane filtration or 
fermentation tube test. 
pH between 6 and 9, monitored weekly. 
If chlorination is used, the total chlorine residual after a minimum contact time of 30 minutes must 
be r l  mg/L, monitored daily. 
Monthly monitoring of total nitrogen, ammonium nitrogen, nitrate nitrogen, phosphorus, and 
potassium is required. 
Annual monitoring of a list of specified metals is required. 
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Site Constraints 

A site-specific iand application permit is req~ired. 
Application in a flood plain is n ~ t  permitted unless the water will not enter a wetland or other 
waters of the state. 
Slope must be< 6% 
No irrigation is permitted if: 
- the seasonal high water table is within 18 in. of soil surface, or if the seasonal high water table is 
within 36 in of the soil surface AND any soil layer between 18 in and 36 in below the surface has a 
permeability of greater than 2 inlhr. 
- No application of irrigation water is permitted if the moisture holding capacity of the soil has been 
exceeded. 
A minirnum depth of 20 in soil over bedrock is required. 
The pH of the receiving soil must be at least 5.5. Methods for calculating the maximum allowable 
nitrogen loading rates are provided, and heavy metal maximum loadings are stipulated. If the water 
contains PCBs r 2 mgldry kg, irrigation is prohibited. 
lrrigation water may not leave the land application site. 
lrrigation on frozen or snow-covered land is not permitted unless the water will not enter a wetland 
or other waters of the state. lrrigation is not permitted where it is likely to adversely affect a 
threatened or endangered species or its critical habitat, or where an historic preservation 
designation requirement prohibits it. 
Unauthorized access to off-site storage must be prevented by locks or fencing and signage. 

Buffers 

lrrigation water must be applied: 
- a minimum of 200 ft from potable water supply wells or drinking water springs, 
- a minimum of 300 ft from any waters of the state, 
- a minimum of 300 ft from any residence. . A management plan has to be approved that stipulates certain conditions about setbacks and 
application rates. 
Off-site storage must not be within 1000 ft of a residence or public building, within 300 ft of any 
state waters, within 200 ft of any well, or in a flood plain. 

Storage 

A minimum of 90 days storage capacity is required unless an equivalent means of meeting the 
requirement is approved. 
If reduction, loss or failure of power to disinfection equipment occurs, land application and discharge 
to storage (for later irrigation) must cease for 72 hours. 
Storage must have a minimum of 1 ft freeboard. 
Off-site storage in underground storage tanks must comply with existing regulations. 
Stipulations are provided for storage structure and construction. Earthen lagoons are permitted, but 
the setback requirements differ, and a statement from the water producer or the user is required 
accepting responsibility for closure and abandonment. 
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Iowa Department of Natural Resources 
lcwa Wastewater Facilities Design Standard - Chapter 21 Land Application of Wastewater 
Adopted April 25, 1979 
Chapter 64 Wastewater Construction and Operation Permit 
November 19, 1997 

Application of treated wastewater to public use areas is permitted; the emphasis of these standards is cn 
distribution site stipulations. 

Treatment --- 
a The minimum required treatment is a primary lagoon-cell receiving I 25 Ib BODS/acre- 

day. Additional treatment may be required on case-by-case basis. 
Disinfection is required prior to spraying and after storage. A minimum of contact time of 15 min is 
required for disinfection. 

Reliability 

Piping should be marked. 
A parts inventory must be maintained. 
Effluent monitoring is required prior to site application. Monitoring frequency depends on flow; flow 
greater than 2 MGD requires monthly reporting. 
A minimum of two storage cells is required; they must be capable of operating in parallel or series. 
No discharge from storage to a receiving waterway is allowed unless an NPDES permit is obtained. 

Water Quality 

Fecal coliforms must be monitored. 
A chlorine residual 0.5 mg/L is required. 
The following parameters must be monitored unless it can be shown that they are present in 
insignificant amounts: TOC, TDS, SAR, conductivity, total N, ammonia-N, organic-N and nitrate-N, 
total P, chloride, pH, alkalinity, hardness; and specified trace elements. 

Site Constraints 

Preliminary groundwater and soil testing are required. There must be >5 ft soil overlaying any sand 
or gravel layers at the site. The user must specify the need for under-drainage or withdrawal, the 
effects of the system on the direction and rate of groundwater flow, the extent of the recharge 
mound. Irrigation in areas prone to floods at a frequency greater than once every ten years require 
alternate land for disposal. Groundwater table must be > 5 ft below the surface. 

0 Design must achieve uniform distribution. 
Slope must be < 5% or a runoff control plan must be developed according to SCS and approved by 
the Soil Conservation District. 
No public access is permitted during spraying. 
Spray equipment must minimize aerosols. 
Hydraulic loading rate requires compliance with stipulated water balance calculations repeated for 
each month of application. Application must be < 1/2 design sustained permeability rate and < 1 
inch/hr. Water percolation is limited to < 10 inches monthly. Nitrogen, phosphorus, salinity, and 
trace element loadings are stipulated. 
The wetted disposal area must have soil at least 15 ft overlaying any rock, limestone, or 
impermeable structure. 
No application is allowed during frost or rainfall. 
Drinking water fountains must be protected from direct or windblown reclaimed wastewater spray. 
Signage is required, and trespassing is forbidden. Notification on golf scorecards is required; 
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signage at water hazards is also required. 
Grogndwater monitoring is required, adjacent to the site, at upstream and downstream locations. 
The quality of groundwater after dilution with affected native groundwater is stipulated; no 
significant detrimental change in groundwater is allowed. Discharge effluent from the irrigation 
process requires an NPDES permit. 
Golf course irrigation is given as an example of a permissible application of slow rate land 
application to public use areas. 

Buffers 

Wetted area must be > 1000 ft from a shallow public water supply well. 
Wetted area must be > 500 ft from a public lake or impoundment. 
Wetted area must be at least 0.5 mile from any public lake or impoundment used as a source of raw 
water by a potable water supply. 

* Wetted area must be >300 ft from existing dwellings or public use areas. 
There must be >50 ft between a property line and wetted area; case-by-case exceptions may be 
allowed. 
The wetted area must be > 400 ft from a potable water supply not on the property. 
The wetted area must be >300 ft from a structure, stream, or other land feature that may provide a 
direct connection between the ground water table and the surface. 

Storage 

Storage requirements stipulated by state region. 
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KANSAS 

Kansas Departmen! of Heallh arid Erwi:cn:nent 

Kansas does not have any statu!es or regulations addressing use cf reclaimed wastewater. Recl3in:ed 
wastewater is often used in the state for irrigation of both crop lands a d  putj!ic lands, such as go!i courses 
and ball fields. In order to assure the safe reuse of l~astewater for i r r i ~ a t i m  purposes, KDt-IE incorimrates 
"sl;pplenlental conditions" Iany.!age into h e  NPDES per mi':^ For t.hose facilities wh~ch wish to utilize irrigaiion. 

For facilities that wish to utilize wastewater effluent for irrigsiion of adjacent crop lands, we include a basic 
three sentence supplemental conditions which requires that no water run off the  proper:^, irrigation water shall 
be obtained only from tne final cell of a multi--cell lagoon trc?a:mt?nt system, and that no crops designated for 
direct human consumption be irrigation with wastewater efflrient. 

For permittees who desire to irrigate areas such 2s golf courses, ba.ll fields, or cemeteries where there is a 
high degree of potential for public contact, we include a more extensive set of supplemental conditions in ihe 
NPDES permits. The wastewater must be disinfected to 200 fecal coliforrn coloniesi100ml to be met. 

To date other uses for reclaimed wastewater, such as groundwater recharge, have not been seriously 
considered. Additionally, there has been no interest in the distribution and sale of treated effluent through a 
distribution system for purposes such as residential irrigation. Most cf the ~rrigation in Kansas occurs in  the 
semi-arid western half of the state, where the use of effluent for irrigation conserves municipal wastewater. 
Irrigation is also utilized by some cities with non-discharging wastewater stabilization lagoon systems as a 
method for disposing of excess wastewater nhen evaporation is not sufficient to rnaintain normal operating 
levels. 

Mark E. Gerard, P.E. 
Technical Services Section 
Bureau of Water 
July 31, 2002 

Treatment 

Reliability 

No cross-connections are allowed between treated wastewater and potable water supply lines. 
Maintenancehepairs to the system may be tested any time that the system operator is present 
and the public is not present. 

* Monitoring is required during any calendar month in which any golf course, driving range, cemetery, 
or softball complex is irrigated with effluent. Monitoring at each distribution site is required, for 
chlorine residual weekly, and for fecal coliforms monthly. Quarterly reporting of monitoring results is 
also required. 

Water Quality 

Supplemental condition language includes a stipulation that the wastewater be disinfected to 
r 200 cfu1100 mL monthly average, and a chlorine residual rnust be maintained at r 0.1 mg/L free or 
r 1.0 mg/L combined. 
Sampling locations are designated. They include the sprinkler head or sampling tap at the end of the 
distribution system, for each application site of a given reclamation facility. 
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Site Constrair: ts -...------ 

a For crop irrigation, no tail water rurioff to state surface waters is a l l ~ w d ,  and no ponding is 
permitted. 
P~lblic access is not allowed while irrigating, unless fecal coliform limits are reduced to 20 cfuA 00 
m L. 
Signage is required around any reciaimed wastewater holding pond. Notification on golf scorecards 
is also required. 
Crops for direct human consumption may not be irrigated with reclaimed water. 

No runoff to adjacent landowners is permitted. 
Irrigation must occur while the pablic is restricted from access. 

* No irrigation spray is allowed to drift to areas used for picnicking, public drinking fountains, potable 
water hose bibs, private residences, or any other areas where food or drink is routinely prepared or 
served. 

Storage 
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Kenti~eky Dt?pa?ment of Environmental Pro:ection 
Owision of Water 

Ken!ucky a l l o w  land appl~cation of sludge, but it daes not allow land application of treated wast~~va:er  in aroas 
of publ~c x c e s s .  

Appendix 35 



LOUISIANA 

Commenfs ---- 
Louisiana Department of Environmental Quality 

Treatment --- 
Reliability 

Water Quaiitv 

Site Cons train ts 

Buffers -- 
Storage 
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MAINE 

Comment:; - ---,--  

Maine Department of Environmental Protection 

There are no specific guidelines or reguiations for wastewater reclamation projects in Maine. Proposed 
projects would be permitted on a case-by-case basis. 

Greg Wood 
July 8, 2002 

Treatment 
--*- 

Reliability 

Water Qualil y 

Site Constraints 

Buffers 

Storaqe 
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MARYLAND 

Comments 

Maryland Department of Environment 
Guidelines-For Land Treatment of Municipal Wastewater 
Revised January 8,2001 

New regulations will be written to comply with legislative requirements stipulated in Maryland Senate Bill 726 
entitled "Reclaimed Water," which was signed into law April 1, 2002. Land treatment systerris are regulated by 
State Groundwater Discharge Permits Systems, and they are also evaluated by county government for 
consistency with the county's Ten-Year Comprehensive Water and Sewage Plan. 

Treatment 

Reliability 

Monitoring for dissolved so!ids, nitrate, total phosphorus, and total nitrogen is required. Monitoring is 
also required in at least two wells that are adjacent to the irrigation site and down gradient from the 
disposal site. Monitoring frequency is stipulated on a case-by-case basis. 
If groundwater degradation becomes evident, steps must be taken to determine the cause, and any 
necessary corrective measures must be taken. 

Water Quality 

BOD5 should be r 70 mg/L. 
TSS should be 190  mg/L. 
Fecal coliforms must be 5 3 MPNII 00 mL for golf courses. 
pH between 6.5 and 8.5. 

Site Constraints 

A public hearing is required to review the permit application. 
Subsurface geology, including the hydraulic conductivity and porosity of soil and rock formations 
must be reported. The groundwater flow direction must be identified, and the location of nearby 
private wells must be identified. Existing groundwater quality must be reported before a permit is 
approved. The soil texture must be USDA clay loam to sandy loam; site must drain moderately well 
to very well. 
At least one monitoring well must be installed in an area up gradient from the disposal site. The 
well must be screened from the seasonally high groundwater table downward 15 ft. 
Specifications are provided for monitoring well materials and installation and for sample withdrawal. 
Present or future effects of domestic or commercial pumping on the groundwater flow must be 
evaluated. 
Depth to groundwater or bedrock must be greater than or equal to 4 ft, except on the Eastern 
Shore, where a minimum of 2 ft must exist between the soil surface and the groundwater table. 
The most restrictive soil horizon must permit permeability rates of 0.2-6 in/h 
Slope must be less than or equal to 15% on cultivated lands and 25% on uncultivated (forested) 
land. 
A complete vegetation cover is required. 
Annual average application rate will generally range between 0 and 2 inlwk. 
A resewed area of 25% of the total wetted field area should be provided for future adjustment of 
the application rate. 
Recommended loading cycle is 1 -day load and 6-day rest. 
If groundwater degradation becomes evident, steps must be taken to determine the cause, and any 
necessary corrective measures must be taken. 
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* The distance from the wetted perimeter of spray irrigation areas to property lines, waterways and 
roads must be r 200 ft. 
When spray areas are located adjacent to housing developments, parks, or other areas where 
people conyregaie, a wetted area buffer of 500 ft is recommended. Exceptions ,may be permitted. 
I f  a windbreak is provided or a non-spray irrigation system is employed, the buffer zone inay be as 
low as 50 ft. 

Storage 

Storage must be provided for flows generated during periods when treated wastewater cannot be 
applied to land. Storage capacity requirements will be a function of the climate where the systern is 
located. 
No less than 60 days' storage will be permitted. 
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Comments - 
Massachusetts Department of Environmental Protection 
Guidelines-Interim Guidelines on Reclaimed Water 
Revised January 3, 2000 

The guidelines are intended to provide applicable standards for reuse projects that will be permitted under the 
Groundwater Discharge Regulations (a Groundwater Discharge Permit is required for drip or spray irrigation). 
Some projects may also involve the Massachusetts Environmental Policy Act andlor local permits. 

The guidelines for urban reuse refer to golf course and landscape irrigation and toilet flushing. Guidelines for 
irrigation at nurseries are similar to those for golf course irrigation. Reclaimed water irrigation at greenhouses 
is not allowed. Urban reuse guidelines also include for todet flushing. The guidelines summarized below are 
those for urban reuse. 

Treatment 

Secondary treatment, filtration, and disinfection are required, sufficient to reach BOD and 
TSS 5 30 mg/L. Filtration means passage through natural undisturbed soils or other filter media 
such as sand and/or anthracite. Disinfection means the destruction, inactivation, or removal of 
pathogenic microorganisms by chemical, physical, or biological means. This may be accomplished 
by chlorination, ozonation, other chemical disinfectants, UV radiation, membrane processes, or 
other processes. 
If proven innovative/alternative technologies deliver comparable effluent quality to these traditional 
forms of treatment, they may be substituted. 

Reliability 

Reliability requirements will be set depending on the sensitivity of a location. 
Color coding of potable vs. non-potabie piping and fixtures is required. 

The facility design must include a set of best management practices (BMPs) aimed at operating the 
facility and managing the land to minimize human exposure to and direct contact with the reclaimed 
water. The BMPs should include provisions forappropriate cross-connection prevention devices and 
appropriate backflow prevention devices. 
Emergency contingency plans should be provided, and system repairs and replacement must be 
able to be accomplished during full operation. 
Permit proposals must include an alternative permitted disposal option for use during 
emergency situations and for non-growing season disposal. (All permitted treatment plants providing 
some or all of their effluent to reuse projects must have a permitted alternative means of disposal 
for emergencies and off-season use.) The ability to immediately shift the discharge of effluent from 
spray irrigation sites to other permitted discharge points must be demonstrated. 
A monitoring program must be planned, and the types of sampling that will occur from the final 
effluent, groundwater monitoring wells, or lysimeters and proximal surface water should be 
described. The frequency of on-line sampling, monitoring, and recording must be described. 
An eight-week on-line demonstration programlpilot project is required prior to using the treated 
wastewater for irrigation. During this time, the effluent should be characterized, the reliability of 
treatment assessed, and indicator parameters identified for cost-effective long-term monitoring, 
while treated water is diverted to the alternate discharge location. Pilot testing requires monitoring of: 
8005, TSS and TS; turbidity; total or fecal coliforms; flow; UV intensity and/or chlorine residual, 
nitrogen species; phosphorus, ortho and total; pH; oil and grease; metals - Cu, Zn, Cd, Hg; SVOCs; 
VOCs; Enterococci; heterotrophic plate count; MS-2 coliphage; total cultured viruses; and 
CryptosporidiumIGiardia. 



BOD5 must be I 10 mg/L, monitored weekly. 
TSS must be r 5 mg/L, measured 2 times weekly. 
-- 
I he mean turbidity (continuously monitored) must be r 2 NTUI24 h, measured prior tc 
disinfection; rnaxirnurn turbidity must be 5 5 NTU. 
The median fecal coliform value for a running -/-day sampling (measured daily) should be 
"none detected"; the maximum fecal coliforrn concentration in any sample must be 2 14 cf~11100 rnL. 
pH 6-9, measured daily. 

* The total N concentration must ber 10 mg/L, measured twice times monthly. 
The effluent water should be able to meet Class I Groundwa.ter Permit Standards (SDWA Drinkiqg 
Water Standards), which typically include measures for BOD, TSS, TS, flow, nitrate, total nitrogen, 
pH, VOC, FC, phosphorus and surfactants. 
Required monitoring includes UV disinfection intensity or chlorine residual (daily); phosphorus 
(measured two times monthly); heterotrophic plate count (measured quarterly); and MS-2 phage 
measured quarterly. 
Limits are to be met at the point of discharge from the treatment facility. 
Reclaimed water must be clear, odorless, and virtually pathogen and contaminant free. 

(* Toilet flushing allows higher BOD (30 mg/L), TSS (10 mg/L), turbidity (5 NTU), and fecal coliforms 
(not to exceed 1 00 cf ~1100  m L). 

Sjte Constraints 

The Producer must enter into an approved binding agreement with the User to ensure that 
construction, operation, maintenance and monitoring of the reclaimed water meets the 
requirements of the Groundwater Discharge Permit (GWDP) and the Reclaimed Water Interim 
Guidelines. Contracts with spray irrigating system vendors are recommended as part of a Best 
Management Plan (BMP). 

The location of all local and regional water resources within 0.5 miles of the proposed project must 
be identified. A mounding analysis must demonstrate that there is sufficient zone of aeration 
between the bottom of the leaching or disposal area and the historically high water table. 
The fate of the discharge must be identified, with a description of its anticipated effect on 
groundwater quality. 
Spray is not permitted during operational hours. 
A BMP must be submitted demonstrating how the operation of the distribution system will be 
managed to minimize exposure to humans and prevent direct contact with reclaimed water. The 
BMP should consider: 
--  Utilization of low trajectory sprayers, spray irrigation during non-use hours, 
--  Signage indicating reclaimed water use, 
-- A nutrient management plan reflecting fertilizer application and nutrients in sprayed 

wastewater, 
--  Storage ponds designed for maximizing water quality, 
-- Procedure for immediate switch-over to a non-growing season disposal system 
-- Locking caps provided on outside plumbing fixtures with signage 
-- Plans to correlate irrigation with wind speed measures 
-- An education plan for facility personnel responsible for irrigation 
A monitoring plan must be in place that detects the impacts of the project on ground and surface 
water quality (and on the quality of the water after it has been treated by the soil, if that is part of 
the intention of the system). 

* Golf course fertilization practices should include a reduction in applied fertilizer if nutrients in the 
reclaimed irrigation water are retained to provide fertilizer value. 
A public awareness program is required that includes: fact sheet/brochures, color coding of all 
plumbing, and signage (multilingual and pictorial). 
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Spray is not permitted within 100 ft of a building or residential property;if no private wells are involved, 
a green barrier in the form of hedges or trees may be placed at the dwelling side of the buffer, 
and the setback distance can be reduced to 50 ft. 
Spray is not permitted within 100 ft of a private well. 
Spray is not permitted within 100 ft of Class A surface water bodies and surface water intakes. 

Irrigation ponds must be designed to minimize the degradation of water quality between the time that 
treated water is stored and then withdrawn for irrigation. Some of the recommended design 
considerations that will reduce adverse impacts on the water during storage are: 
- pond liners 
- storage capacity that does not change the morphology of the pond 
- aeration 
- minimization of physical hazards associated with the pond 
- inleVoutlet devices to promote circulation 
- sizing to allow frequent turnover of the pond volume 
- diversion of runoff containing fertilizer so that the runoff does not enter the pond 
- stormwater management that minimizes the carriage of nutrients into the pond 
- perimeter landscaping to reduce access of children to the pond water 
- signage 
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Michigan Department of Environmental Quality 
Environmental Response Division 

Wastewater discharges in Michigan are governed by Part 31 of the Michigan Natural Resources and 
Environmental Protecttor; Act 451 of 1994. Currently, after treatmeni, wastewater is either discharged to 
surface water or groundwater and is not reclaimed. On occasion, wastewater d~scharges to the ground are 
used on crops that are not for human consumption or they are used for irrigation of golf courses. Both types of 
situations would employ a sprinkler system. The discharge from each wastewater site must be in compliance 
with Part 31, but the component requirements of the wastewater discharge are governed by either Part 22 
rules of Part 31 for groundwater discharge or Part 21 rules of Part 31 for surface water discharges. 

Richard Brim 
July 28, 2000 

Treatment 

The treatment system must have the hydraulic capacity to treat organic and inorganic loadings so 
that 

the discharge meets the water quality standards. 

Reliability 

Permit applications must provide an operations manual (OM). The OM should describe 
- the monitoring procedures, 
- the appropriate response (or facility adjustment) to minimize the impact of 

emergency situations with the potential to affect the discharge or compliance with the permit in 
such a way as to facilitate rapid implementation of a correct response during an emergency. 

- application rates, means for even distribution of wastewater, and strategies for periods of adverse 
weather. 

A maintenance manual and schedule are required. 
Procedures for routine maintenance and inspection of equipment used for irrigation must be 
provided with the permit application. 
All areas within a system shall be accessible for maintenance equipment. 
Portions of the wastewater distribution system shall be capable of being taken out of service for 
maintenance and other operational activities, or to provide rest to portions of the irrigation area 
without disrupting applications to other areas of the system. 
If discharge is in a designated wellhead protection area, the discharger must submit monitoring 
reports; if standards are exceeded, the discharger must also submit notice to the pertinent public 
water supply system manager. 
If a violation occurs, notification of the violation is required within 24 h. 
A discharger must monitor the discharge and its effect on groundwater and report the monitoring 
results. 
I f  monitoring data indicate that the groundwater or effluent limits have been exceeded, the 
regulatory agency must be notified within 7 calendar days of making the determination. Samples 
from the location must be tested within 14 days of making the determination. A report describing 
the results of the 14-day sample tests and detailing the steps taken, or to be taken to prevent 
recurrences, must be submitted within 60 days. 
Regulations allow for inspection of facilities by authorized health department representative. 
The treatment facility operator must be certified. 
Records are to be kept of groundwater quality in all wells on site and of the most recent static 
water levels from all wells on site. 
A discharger may not use groundwater beneath the irrigation site for human consumption unless 
the groundwater meets state and federal standards for a potable water supply. 
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Vda ter Quality 

0 Fecal cofiform concentrations must be 5 10 cfu1100 mL. 
Wastewater effluent and groundwater receiving the discharge must not exceed 5000 microgramslL 
total inorganic nitrogen and not more than 500 micrograms/L nitrite OR, the wastewater efluent limits 
may be set in a permit such that they meet groundwater standards. 
Phosphorus in the effluent must be < 5000 micrograms1L u n l ~ s s  surface water is within 1000 ft 
hydraulically down gradient of the discharge, in which case effluent must be < 1000 microgramslL or 
at a permit limit set to maintain a concentration below this maximum in the groundwater. 
Other effluent standards include: aluminum 5 150 microgramsIL, chloride r 250,000 micrograms/L, 
sodium 5 150,000 micrograms/L, sulfate 2 250,000 micrograms/L, iron 1 300 microgramsIL, 
manganese 5 50 micrograms1L; THMs limits may also be set. 
Other chemical limits may also be set based on the effluent analyses submitted with the permit 
application. Some organic compounds may have treatment-technology-based standards set in the 
permit. 
Several conditions are stipulated in the regulations that may lead to changes in the stated water 
quality limits. 
Methods of monitoring, analytical methods, and sample collection are stipulated for a variety of 
circumstances. 

Site Constraints 

The discharger must sign a legal covenant to the effect that groundwater beneath the irrigation site 
will not be used for human consumption unless the groundwater meets state and federal standards 
for a potable water supply. 
All wells, stream flows, springs, wetlands, and water bodies on the site must be identified. 
- The permit application must indicate whether discharge is to an area underlain by a usable aquifer, 
an unusable aquifer, or groundwater not in an aquifer. 
A waste characterization study may be required before a permit to discharge is issued. 
Daily application rate should be 1 2 4  x permeability. The discharge to a land treatment system shall 
be limited so that the discharge volume combined with the precipitation from a 10-year frequency1 
24-hour duration rainfall event does not overflow the designed discharge area. 
For slow rate and overland flow treatment systems, the pH of the plow layer within the discharge 
area shall be maintained between 6.0 and 7.5 standard units. Operation must prevent the 
developing of sodic conditions. The discharge area must be tested annually for cation exchange 
capacity, available Bray-P1 phosphorus, pH, and sodium. 
No runoff, ponding, flooding of adjacent property permitted, and no resultant erosion or nuisance 
conditions are allowed. 
Groundwater quality tests must indicate the specific conductance, concentrations of stipulated 
inorganics, and pH. 

Buffers 

An effluent discharge point must be 2 100 ft inside property boundary, although permission for 
narrower buffers may be approved. 
An effluent discharge point must be 12000 ft from a Type I or Type Ila water supply well, 800 ft from 
a type Ilb or Ill water supply well, and 300 ft from a domestic well, although permission for narrower 
distances may be approved. 

Storage 

If treatment or storage lagoons are used, they must have a composite liner. The base must contain a 
natural soil barrier, a compacted soil barrier or a geo-composite clay liner. Details about lagoon 
construction are stipulated. The lagoon may hold only wastewater that meets the permitted water 
quality limits. 
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Mmnesota does 1101 have s:ate reguk t~cns  for mstewa!er reuw projfxts, but the C,?Iiforn~a 
regulations are used for gu!dance when wrlt~ng case by-zasa perrr;~ts. 

Water Quality ----.- 
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MISSISSIPPI 

Cornmen ts 

Mississippi Department of Environmental Quality 

Mississippi has no specific state regulations; permits are handled on a case-by-case basis. 

Trea 1m en f --- 
Reliability 

Water Quality 

Site Constraints -.- 

Appendix 46 



I~~Assouri Pepartment of Natural Reso~rces 
Code of State Regulations 10 CSR 20-8: Division 20--Clean Water Commission and Chapter 8-Design 
Guides. For water reuse in areas of unlimited public access, the requirercents described In 10 CSR 20-8.020 
are used; additional stiputations or waivers are included in the permit on a case-by-case basis. 
Februarj 28, 1999 

a Minirnllm treatment requirements are those equivalent to that obtained from a prirnary wastewater 
pond cell designed according to state reg~~lations for wastewater treatment. 
Pond depth may be increased to inclclde wastewater storage on top of the primary voiume. 

a All piping and sprinklers associated with the distribution or transmission of the irrigation water must 
be color-coded and labeled or tagged to warn against the consumptive use of the contents. 
Automatic or semi-automatic controls must be considered for shut off of the system. Manual start- 
up of the system is recommended, 
An Operation and Maintenance Plan is required for the owner and operator of the irrigation site, and 
it should include the maintenance of mechanical equipment, the maintenance of the 
vegetative cover, and plans for operating procedures, monitoring, recordkeeping, application 

scheduling 
and winterization. 

Water Q~aiiPy 

The irrigation water must contain as few indicator organisms as possible, and in no case should 
fecal coliforms exceed 200 ctu1100 mL. 
Irrigation water must not exceed the trace element concentrations stipulated in the EPA Design 
Manual for Land Treatment of Municipal Wastewater (EPA 625-1181-01 3). 

Site Constraints 

Public notification is required of intent to issue a permit to a site. 
The design and layout of a system must show existing and proposed buildings, roads, ground or 
surface water supplies and wells within ?4 mi  of the site; distance from the treatment and storage 
facilities to the application site; proximity of the site to industrial, commercial, residential 
developments; surface water streams; potable water wells; public use areas such as parks and 
cemeteries; groundwater conditions; existing vegetation; and slopes. 
- If the planned application rate is > 24in/yr, a geology report and a report of soil types and 
characteristics are required. 

- The design and plan should show evidence that areas of potential erosion have been considered. 
- A site inspection by the state Ground Water Quality Section is required to confirm the suitability of 

a proposed site for land application. 
- An area that floods at a frequency > once11 0 yr may not be the sole site for land application: 
The maximum allowable slope in the application area is 2O0I0. 
The public may not be in an irrigation area when the spray is applied. 
Spray equipment must minimize the formation of aerosols. 
Application rates are stipulated based on the design sustained soil permeability rate, the slope, the 
soil moisture holding capacity, antecedent rainfall and depth to the most restrictive soil permeability 
layer. 
- In no case can the application rate exceed 1 in per day or 3 in per week. 
- The maximum annual application rate must not exceed a range of 4-1 0% of the design sustained 
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soil permeability rate for :he number of days per year when soils are not frozen. 
The wetted application area must have a soil mantle of at least 5 ft overlying any sand or gravel 
layers. 
Nitrogen app!ication rates may not exceed the amount of nitrogen that can be used by the cover 
vegetation. 
The application rate may not result in the runoff of applied wastewater during or immediately 
following application. 
lrrigation is not permitted during periods of ground frost, frozen soil, or rainfalls. 
Wells located on the application site must be adequately protected from the irrigation spray. 
The design and operating plan must show the proposed irrigation rate, the crops or vegetation to 
be grown, and plans for cultivation. 
Irrigation piping must be drainable to prevent freezing if pipes are located above the frost line. 
A suitable structure is required for a portable pumping unit or a permanent pump, and the pumping 
system must provide the capability to vary the withdrawal depth and meet other stipulated 
specifications. 
Signage is required, with the spacing and message content and format specified. 
A groundwater monitoring program is required that indicates the number and location of existing 
and proposed monitoring wells; the parameters that will be monitored; and the monitoring 
frequencies. 

Standard land application regulations require that the wetted application area must be at least 150 ft 
from existing dwellings or public use areas, (except roads or highways) and at least 50 ft inside the 
property line. However, these distances may be reduced depending on the extent of pretreatment anc 
operational techniques. Half the required distances may be used if the wastewater is disinfected to 
produce a total chlorine residual of 0.5 mg/L after 15 min of contact time at the peak flow rate. 
The wetted application area must be 
- 300 ft from an existing potable water supply well not on the property, and 
- 300 ft from any sinkhole, stream or other structure or physiographic feature that may provide 
direct connection between the ground water table and the surface. 

Storaqe 

Minimum storage requirements for no discharge systems range from 60 days in southern Missouri 
to 120 days in northern Missouri unless flows are generated only during the application period. In 
the latter case, a storage capacity of 45 da or the flow generated during the period of operation, 
whichever is less, is required. 
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Montana Department of Environmental Quality 

Effluent must be oxidized to a level of treatment comparable to that from facilities producing 
secondary effluent. 
Coagulation is required, either by the addition of suitable floc-forming chemicals, or by an equally 
effective method. 
Effluent must be filtered through natural ~~ndisturbed soils or filter media such as sand or 
diatomaceous earth. 
Disinfection is required by chemical, physical or biological means to destroy pathogenic organisms. 
Wastewater treatment by a sequence of unit processes that will assure an equivalent degree of 
treatment and reliability may also be approved. 

Reliability 

An operation and maintenance manual must be provided that describes planned procedures for 
- cold weather operation 
- high wind velocity (no application is permitted when wind exceeds 25 mph) 
- dryinglwetting ratios to be used (generally advised to be no less than 3:1) 
- cropping practices, nutrient load, water balances to protect groundwater quality 
Groundwater and effluent monitoring requirements are determined on a case-by-case basis, and 
a plan formonitoring is required in the OM Manual. 

Water Qualify 

The mean turbidity must be 5 2 NTU; turbidity during any 24-h period must be 5 5 NTU at least 95% 
of the time. 
The mean fecal coliform concentration from the last seven days of analyses must be 52 .2  
cfuIl00 mL; the maximum fecal coliform concentration in any sample must be 5 23 cfu1100 mL. 
Effluent must be monitored on a regular basis to show the biochemical and bacteriological quality of 
the applied wastewater. Required monitoring frequency is determined on a case-by-case basis. 

Site Constraints 

Representative data on the chemical quality of the wastewater must be submitted in the 
project proposal. A list of inorganic compounds required in the report is stipulated. 
The hydraulic, nitrogen and trace element loading rates must be justified in the project proposal. 
Designated methods must be used to determine the hydraulic and nitrogen loading rates, with the 
design hydraulic loading based on the wettest year in 10 yrs. 

Buffers 

Irrigation must be 100 ft from any water supply well. 
Buffer distances from surface water are set on a case-by-case basis. 

Storage 
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NEBRASKA 

Comments --- 
The Nebraska Department of Environmental Quality, Water Quality Division, Wastewater Facilities Section. 
Guidelines-for Treated Wastewater Irrigation. February 1986 and 
Guidelines-for Design and Operation of Irrigation with Treated Wastewater, revised February 1993 

Treatment 

Disinfection is required to meet the stated coliform limits 

A plan for periodic monitoring of the irrigation waterr, soils and groundwater should be provided. 
Monitoring programs are stipulated on a case-by-case basis. 
If significant flow will come from industry, both the quality and quantity of the industrial flow must 
be described along with process descriptions. Stipulations are provided describing what constitutes 
a significant contributing industry. 

Water Quality 

If there is a substantial odor or nuisance problem, an allowable BOD loading will be stipulated. 
* A fecal coliform limit will be set on a case-by-case basis. 

The permit application must describe the expected total soluble salt (salinity) concentration, the 
sodium absorption ratio (SAR), the carbonate and bicarbonate anion concentrations related to 
calcium and magnesium, the concentration of toxic elements (if any), and the relative contributions 
of industrial waste. 

A plan for periodic monitoring of the wastewater, soils and groundwater should be provided. 
Monitoring programs are stipulated on a case-by-case basis. 

Site Constraints 

A proposal to irrigate with reclaimed wastewater must stipulate the nature of the land access 
(purchased, leased, contracted) and the type of control that will be maintained by the owner of the 
wastewater treatment facility. The name of the landowner must be provided, along with any lease 
or contract agreement between the producer and the landowner or consumer. 
Among the site characteristics that must be identified are abandoned and active drinking water 
wells, residences or occupied dwellings, surface waters, abandoned or active wells and test holes, 
the approximate distance from ground surface to the seasonal high ground water table and the 
approximate depth to the drinking water aquifer, and the direction of groundwater flow. 
Initial groundwater quality measures may be required. 
Loading rates are considered on a case-by-case basis, but they should be less than 4 inlwk; the 
ratio of application time to rest time should be 1 :3 in most cases. 
Nitrogen loading calculations are stipulated to determine the allowable nitrogen loading; allowable 
trace element concentrations in the irrigation water are stipulated. 

Buffers 
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NEVADA 

The Nevada Department of Conservation and Natural Resources: 
Division of Environmental Protect~on 
Bureau of Water Pollution Control. 
WTS-1 A: Genera! Design Criteria for Reclaimed Water Irrigation Use 
Nevada Admirlistrative Code Reuse Regulations 
Use of Treated Effluent for Irrigation NAC 445A.275 
September 13, 1991 

The regulatory agency is authorized to waive compliance or modify any requirement for a specific project of 
irrigation depending on the size, type, or location of the project. The irrigation of crops for human consumption 
is not permitted except for fruit- or nut-bearing trees. Uses allowed include irrigation of cemeteries, golf 
courses, greenbelts, parks, playgrounds or commercial or residential lawns. 

Treatment 

A minimum of secondary treatment with disinfection is required. 
Plans submitted for permitting must show the disinfection system, including system redundancy; 
also disinfection dosing, contact time, and other related factors. 
Plans must specify a filter system design, including system redundancy; also filter design 
calculations for sizing, pumps, and backwash cycle. 
A design plan must include provisions for backwash disposal. 
A design plan must include provisions for chemical storage and spill containment. 

Reliability 

Pump stations must contain signage as permanent wording on visible sections of the station to 
indicate that reclaimed water is being used. 
Documentation is required that the plans for cross-connection controls and backflow prevention 
have been approved by the governing health authority. Cross-connection certification is also 
required. 
A system design must include alarm systems, level sensors, redundancy, spill containment, and 
back-up power. 
Plans submitted for permitting must show the disinfection system, including system redundancy; 
also disinfection dosing, contact time, and other related factors. 
Plans must specify a filter system design, including system redundancy; also filter design 
calculations for sizing, pumps, and backwash cycle. 
A design plan must include provisions for backwash disposal. 
A design plan must include provisions for chemical storage and spill containment. 
An operation and maintenance manual must be submitted for permitting. 
A surface water containment system must be provided at the distribution site for protection in the 
event of a line break in the irrigation system. 

Water Quality 

BOD5 should be 5 30 mg/L. 
TSS should be 5 30 mg/L. 
The 30-day geometric mean total coliform concentration must be 5 2.2 cfu1100 mL; the maximum 
total coliform concentration for any one day must be r 23 cfu/100 mL 
Nitrogen forms and concentrations in the reclaimed water must be reported. 
Other recommended monitoring data includes metals, SAR, and other stipulated inorganics. 
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Site Constraints 

The sprinklers should be operated in a manner that avoids entry of treated effluent into the 
buffer zones. 
Runoff of treated effluent is not permitted. 
Signage must be posted that warns the general public to avoid contact with the reclaimed water 

Buffers 

No buffer is required in areas of unrestricted public access. 

Storage must contain, without release, the precipitation that falls within the boundaries for the 25- 
yr, 24-h storm event at the site. The reservoir must also withstand, without release of reclaimed 
water, the runoff generated from the 100-yr, 24-h storm at the site. 
Reservoir design requirements must comply with design of wastewater detention basins and 
additional stipulations from the regulatory agency with respect to liner criteria. 
It is recommended that a minimum of 4 days' storage volume be available in reservoirs for periods 
when the reuse system is not operating. 
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NEW HAMPSHIRE 

New Hampshire Ciepartrnent of Environmental Services 

There have not been a large number of instances when wastewater effluent has been reused or reclaimed in 
New Hampshire. There are a small number of cases where ski areas have applied a lirnited amount of 
wastewater onto the slopes to augment snowmaking operations, and a few cases where wastewater receiving 
secondary trea.tment has been land applied to forested ecosystems. The Department does not have 
administrative rules directed specifically to wastewater reciamalion or reuse. Rules from a variety of water 
programs are used to regulate various aspects of the reuse projects in New Hampshire, including regulatioris 
pertaining to wetlands, nonpoint source runoff, wastewater discharge, and groundwater protection. 

Tim Drew 
July 2000 

Treatment 

Reliability 

Water Quality 

Site Constraints 

Buffers 

Storage 
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NEW JERSEY 

Comments 

New Jersey Department of Environmental Protection 
Technical Manual for Reclaimed Water for Beneficial Reuse 
Revised April 2000 

No use of reclaimed water for primary contact recreation is permitted, such as wading, surfing and water 
skiing. There are special stipulations for edible crops. No permits are issued to individua! property owners. 

Reclaimed water for beneficial reuse (RWBR) involves taking what was once considered waste, 
giving it a high degree of treatment, and using the resulttng high-quality reclaimed water for new, 
beneficial uses. 

Treatment 

Secondary treatment is required. 
Secondary treatment and filtration are required. 
Chemical addition may be necessary prior to filtration. 
Prior to disinfection, filtration must achieve TSS 2 5 mg/L, with continuous monitoring for turbidity. 
Disinfection must achieve 5 2.2 fecal coliforms per 100 mL of reuse water. Alternatives to chlorine 
for disinfection may be approved after submission of an operating protocol and statistically 
significant monitoring data that indicate compliance with this specification. 

Reliability 

Continuous on-line monitoring for chlorine residual/chlorine produced oxidant at the compliance 
monitoring point is required. Continuous turbidity monitoring is also required. 
An operating protocol must be submitted containing a detailed set of instructions for the operators 
of facilities. A correlation between turbidity and TSS shall be established as part of the operations 
protocol to ensure continuous compliance with the 5.0 mg/L TSS limitation. 
Storage is required if another permitted reuse system or effluent disposal system is not incorporated 
into the system design. Use of ponds for reuse storage shall not impair the ability of the ponds to 
function as storm-water management systems. (Note: Storage ponds do not need to be lined.) 
An annual usage report is required. 

Water Quality 

TSS limitations ( 5  5 mg/L) must be met both before and after disinfection and prior to discharge to 
a reuse location. 
The fecal coliform 7-day median value must be 5 2.2 cfu/100 mL; the fecal coliform concentration 
in any sample must be 2 14 cfu/100 mL. 
A chlorine residual-produced oxidant of at least 1.0 mg/L must be maintained for a minimum 
contact time of 15 minutes at peak hourly flow. 
Total nitrogen should be 5 10 rng/L, although if the applicant can demonstrate that a higher limit is 
possible while still protecting the environment, this concentration limit can be modified. 
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Site Constraints - 

A User/Supplier. agreement is required. 
Low trajectory nozzles are required within 100 ft of outdoor public eating, drinking and bathing 
fac~lities. 
The hydraulic loading rate shall not exceed a maximum annual average of 2 inches per week. 
Loading rates can be increased based on a site-specific evaluation. 
For spray irrigation, chlorination levels for disinfection should be continually evaluated to ensure 
chlorine residual levels do not adversely impact vegetation. A chlorine residual of 0.5 mg/L or 
greater in the distribution system is recommended to reduce odors, slime, and bacterial re-growth 
No surface runoff or ponding is allowed at the site. 
Special stipulations are provided for irrigation of landscaped areas with a tank truck. 

* Signage or scorecard notification is required. 

A setback of 75 ft from edge of wetted area to a potable water supply well is required. 
A setback of 75 f t  from a reclaimed water transmission facility to all potable water supply wells is 
required. 
A setback of 100 ft from indoor aesthetic features such as decorative pools and fountains is 
required. 
The edge of the wetted area shall not cross into adjoining sites. 

Storage is required if another permitted reuse system or effluent disposal system is not 
incorporated into the system design. Use of ponds for reuse storage shall not impair the ability of 
the ponds to function as storm-water management systems. 
Reject storage ponds must be lined, but system storage ponds need not be lined. 
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NEW MEXICO 

State of New Mexico 
Environment Department 
Ground Water Quality Bureau 
NM Environmental Improvement Division Policy for the use of Domestic Wastewater Effluent for Irrigation 
December 1985 

Note: More recent guidelines dated July 24, 2000 (published on the Web) have not been approved. (Fred 
Kalish, Ground Water Quality Bureau, August 2002) Stipulations from the new regulations are shown i n  
parentheses. 

Domestic wastewater must be adequately treated and disinfected if it is to be used for the irrigation 
of parks, playgrounds, school yards, golf courses, cemeteries and other areas where the pubhc has 
similar access or exposure. The fecal coliform bacteria concentraticm must meet the stipulated 
water quality limits at the point of diversion for irrigation to be so used. 

Irrigation of food crops is not permitted. 

Treatment 

Reclaimed water shall be at all times adequately treated and disinfected, where adequate treatment 
refers to treatment such that at the point of diversion for irrigation the fecal coliform concentration 
meets the stated limits. 

(e Secondary treatment is required after primary treatment. Secondary treatment options include 
activated sludge, trickling filters, rotating biological contactors, and many stabilization pond 
systems.) 

(a Filtration is required.) 
(* Disinfection may be accomplished by chemical, physical or biological means, including 

chlorination, ozonation, other chemical disinfectants, UV radiation, membrane processes, or other 
processes .) 

Reliability 

All domestic wastewater lines and appurtenances used for irrigation purposes must be 
conspicuously labeled as nonpotable, and all staff shall be trained to identify and interpret the 
marking system used in the program. 
When not in use, lines must be secured so that the public cannot inadvertently initiate a discharge. 
No direct or indirect cross-connections with potable water systems are permitted. 

( 0  If the producer does not possess an NPDES permit for discharge into surface waters, the facility 
must provide for emergency storage of a volume equal to five days of average design flow, to be 
used for inadequately treated water, and to allow for periods when permitted use is impractical 
or impossible.) 

Excess application of domestic wastewater must not result in standing or pooling water. 

Water Quality 

(e  BOD must be 110 mg/L, measured weekly.) 
( 0  Turbidity must be 5 2 NTU, measured continuously, or the TSS must be r 5 mg/L, measured 

daily.) 
(e  The median fecal coliform concentration must be -< 2.2 cfuI100 mL for the prior seven days, with 

no single daily sample for that period exceeding 23 cfu/100 mL, measured daily.) 
The fecal coliform concentration in any single sample should be r 100 cfu1100 mL. 

( 0  pH between 6 and 9 (or between 6 and 10 for lagoon treatment), measured weekly.) 
(e  If chlorination is used for disinfection, the total residual chlorine must be 2 0.2 mgIL, as measured 

at the end of the wastewater treatment process.) 
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* Application must h e  during times when prb!is contact is not likely to cceur. 
* S tmd i l~g  or pcjoling water should be avoided ;!iy~iicf or ;t-ozen, is prohibitc-ijj. 

All donwstic wasfewater lines and appurtenarices used for irrigation purposes must  be 
ccmpicuoasly 1a.bcled as nonpotabie and he so secured when not in use that the pubiic cannot 
inadvertently allow a discharge. 

(* A system is required ihat uniformly marks all componer~ls ot the reuse sysiem. ,411 mxkings, signs, 
and labels should be color-coded, and text should be in English and Spanish. 
- The signs and labels shall clearly state: "Caution: fdonpotable Water - Do Not Drink." 
- Signage should indicate that additional iriformation can be obtained by calling the Nivl Environment 
Eept. or Dept. of Hcaith. 

- Signs are required at least every 100 ft.) 

Even if disinfected, irrigation water must not be aerosolized via a sprinkler system within 100 m 
(328 It) of human living quarters. 

(0 A setback of 50 ft is required from potable water supply wells.) 

( 0  If the producer does not possess an NPDES permit for discharge into surface waters, the facility 
must provide for emergency storage of a volume equal to 5 days of average design flow, tcj 5e used 
for inadequately treated water, and to aliow for periods when permitted use is impractical or 
impossible.) 
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C*mments ---- 
New York Department of Environmental Conservation and the New York State Department of Health. 

Guidelines for each liestewater reclamation site are set on a case-by-case basis. 
Four municipalit~es (Juiy 2002) have water reclamation projects as test cases for further expansion. 

Treatment 

Relr'abili tv 

Site Cons trainfs 

Buffers 

S t o r a ~ e  
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North Carolina 3epartment of Envirocrnent and Platural Resources, Divisi~n of Water Quality 
4dr-nini.strative Code Section: 15A NCAC 2H .0200 Waste not Discharge to Surface Waters. 
Aniended August 2 1, 1958 

Some permitted uses for reclaimed water include decorative ponds or fountains, fire fighting, dust 
control, soil compaction, street cleanly, ~ i n d  urinal and toilet flushing. Reclaimed water may not be 
used for irrigation of direct food chain crcps, sivimminy pools, ar as a raw potable water si~pply. 

a A tertiary quality effluent (filtered or equivalent) is required. 
Aerated flow equalization faciltties are required with a capacity based on either a representative 

diurnal 
hydrograph or at least 25% of the daily system design flow. 

Reliability - 
All valves, storage facilities and outlets must be tagged or labeled to notify the public that the water 
is not intended for drinking. All piping, valves, and other appurtenances must be color coded, taped, 
or marked to identify the product as reclaimed water. The color used should be purple (Pantone 
522). Stipulatioris about markings and tapes are provided. 
All reclaimed water valves and outlets must be of a type or secured in such a way that only 
authorized personnel can have access to them; no above ground hose bibs are permitted unless they 
can only be accessed by a special tool and present a clear label that the water is nonpotable. 
No direct cross connections between reclaimed water and potable water systems are permitted. 
A reduced-pressure principle backflow-prevention device, or an approved air gap separation, rnust 
be installed at any potable water service connection in the use area; the device must be installed 
such that it can be properly tested. 
If potable water is used to supplement a reclaimed water system, the potable water supplier must 
approve and regularly inspect an air gap separation between the potable water and reclaimed water 
systems. 
Turbidity must be monitored continuously or continuous monitoring of particle count and flow 
is required. 
All essential treatment units must be provided in duplicate. 

Treated water failing the fecal coliform or turbidity limits must be discharged to a five-day side- 
stream detention pond, unless other permitted disposal options have been arranged. The facility 
must be able to return the effluent back to the treatment facility, or otherwise meet the water quality 
requirements, before water is discharged to the irrigation pond. 
An automatically activated standby power source, or other means to prevent improperly treated 
wastewater from entering an irrigation pond, is required. 
A certified operator of sufficient grade for the facility classification must be on call 24 h/day. 
A report describing the origin, type, and flow of waste to be treated must be provided, including 
results from an analysis of the waste. 
Methods of construction and means for assuring the quality and integrity of the finished project must 
be provided during the permitting process. 
No public access is permitted to the reclamation facility or the five-day detention pond. 
City, county or municipal entities providing reclaimed water may submit a program description for 
local approval of irrigation systems; the program should include design guidance, cross-connection 
prevention, customer education, loading rate determination procedures and a description of how the 
program will be managed. - Tank trucks for reclaimed water distribution must be marked with advisory signs, and 
they may not be used to transport potable water used for drinking or other potable purposes. Piping 
to fill tank trucks must not be subsequently used to fill tanks with water from a potable supply. 
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Wafer Qualify - 

The monthly mean BOD5 must be 5 10 mgiL; the maximum daily BOD5 must be r 15 mg/L. 
The monthly mean TSS must be 5 5 mgiL; :he maximum daily TSS concentration must be 10 mg/L 
Tile monthly geometric mean fecal col!form concentration must be 5 14 cfuJ100 mL; the daily 
maximum fecal cohforr-n concentration in any sample must be 5 25 cfu/l00 mL. 
The monthly mean NH3 concentration must be 2 4 mg/L; the daily rnaxlmum must be r 6 mg!L. 

Site Constraints .-- 

If reclaimed water is used on a site not owned by the producer, a contractual agreement between the 
user and the producer must be in place. 
Public notification at least 30 days is required, prior to issuance of a general permit. 

The rate of application may be determined based on the maxin-um soil absorption and/or the 
maximum water needs of a receiving crop. 
The public must be notified that reclaimed water is in 1-lse at a site and that the water is not potable. 
If reclaimed water is used for industrial purposes, employees must be notified and informed that the 
water is not intended for drinking. 

Buffers 

A 50-ft buffer is required between a five-day detention pond and the property lines. 
A 50-ft buffer is required between an irrigation pond for treated water withdrawal and the property line 
A 100-ft buffer is required from the edge of spray influence and any surface waters classified SA 
(shellfish areas). For waters not classified SA, a 25 ft buffer is required. 
A 1 OO-ft buffer is required from the edge of spray influence to any water supply well. 
A 10-ft buffer is required from the edge of spray influence and any nonpotable well. 

Treated water failing the fecal coliform or turbidity limits must be discharged to a five-day side- 
stream detention pond, unless other permitted disposal options have been arranged. 
- There must be a 50-ft buffer from the side-stream detention pond to property lines 
- The detention pond must have a liner of natural material that is at least one foot thick with a 

hydraulic conductivity of no greater than 1 EE-6 cm/sec, or a synthetic liner of sufficient thickness to 
exhibit structural integrity, and a comparable hydraulic conductivity. 

Storage for unused reclaimed water must be provided unless arrangements for other disposal 
options have been made, e.g. an NPDES permit for discharge to surface waters. 
The size of any irrigation pond that follows the five day detention pond must be designed using a 
mass water balance based on a recent 25-yr period using monthly average precipitatio data, 
potential evapotranspiration and soil drainage data that are available from or representative of 
the area involved. 

- Irrigation ponds are not required to have liners or be located some minimum distance from the 
groundwater table if it can be demonstrated by calculation or modeling that concstruction and 
use of the pond will not result in contravention of assigned groundwater standards at the 
compliance boundary. 
Public access to a five-day detention pond is not permitted. 
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NORTH DAKOTA 

North Dakota Department of Health, Division of Water Quality. 
Guidelines: Recommended Criteria for Land Disposal of Effluent and Departrr~ent of Health Criteria for 
Irrigation with 'Treated Wastewater. 

Sites are permitted according to the guidelines on a case-by-case basis. Treated donwstic wastewater from 
municipal domestic sewage treatment planis may be used for irr~gation of public property such as parks and 
golf courses. 

Treatment ----- 

a Secondary treatment is req ~ i r e d .  
For waste stabilization iagoon systems, only water from secondary 01- tertiary lagoon cells may be 
used. 
If chlorination is available, maintenance of a 0.1 mg/L residual is preferred; the residual should be 
monitored daily at the point of use farthest from the treatment plant. 
Effluent leaving the irrigation site must conform to the Standards of Water Quality for North Dakota. 

Reliability 

If waste stabilization ponds are used for treatment, the pond system must have a minimum of 180 
days' capacity, measured without considering evaporation. Pond design must follow applicable 
criteria for waste stabilization ponds. 
A treated wastewater sample should be analyzed for suitability for irrigation. 

Water Quality 

BOD5 should be 5 25 mg/L, monitored once every 2 weeks. 
TSS should be 5 30 mg/L, monitored once every 2 weeks. 
With chlorination, fecal coliforms must be monitored once every two weeks. Without chlorination: 
- effluent from mechanical plants should have fecal coliform concentrations 200 cfu/100 mL, 
monitored 2x/wk; 

- effluent from lagoon systems should have fecal coliform concentrations 200 cfu/100 mL, 
monitored 1 dwk. 

Grab samples are stipulated. 
The Health Department may adjust limits on a case-by-case basis. 

Site Constraints 

If chlorination is used, irrigation may take place at any time. 
Signs should be posted in visible areas during irrigation and for two hours after irrigation. The signs 
should advise the public that the water is non-potable and should not be used for drinking, bathing. 
Soil salinity monitoring is recommended. 
Effluent from the irrigation site may not be disposed of in areas readily accessible to humans or 
animals, such as pastures being grazed, hay crops ready for harvesting, or garden crops for human 
consumption. 

Buffers 

Storaqe 
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Comments 

Ohio Environmental Protection Agency (OEPA) 
Division of Surface Water: Agricultural/Sludge/PTI unit. 
Guidelines: "Reuse of Reclaimed Wastewater through Irrigation for Ohio Communities, Bulletin 860, K. 
Mancl, D. Rector, published by The Ohio State University, 1997 
(New regulations are be~ng  drafted; Cathy Alexander, Division of Surface Water, Ohio EPA). 

Reclaimed wastewater use is permitted in parks, golf courses, lawns, highway medians, and playing fields. 

Wastewater should be stabilized, aerobic and disinfected. 
Suspended solids should be removed; supplementary screening may be necessary. 
Disinfection should occur prior to storage of water in holding ponds or tanks, or prior to direct 
application. Chlorination or UV can be used. 

Reliability 

An operation and maintenance plan must be submitted with the permit application. 
Recommendations are provided for suitable irrigation system features. Valves that are manual on 
with an automatic shut-off are recommended so that the operator can check field conditions before 
irrigation. If totally automated valves are used, they should be easily overridden with manual controls. 
Operational storage should be four-fold times greater than the daily design flow. 
At a minimum, monitoring should include the treatment plant effluent, the storage site 
(1 -2x weekly), the irrigation system (precipitation, wind speed and direction, air temperature and 
irrigation flow daily during irrigation), and the soil (depth to water table and soil temperature weekly 
or monthly, and heavy metals and phosphorus 1 -2x annually). The vegetation and groundwater may 
also require monitoring. Stipulations are provided for sample collection and measurement 
procedures. Monitoring requirements will be a function of the size of the facility and the amount of 
public access permitted on the site. 
Groundwater monitoring wells should be located upgradient and downgradient of large systems. 
Wells should be sampled at the beginning and the end of the irrigation season. Monitoring for fecal 
coliforms, chloride, and nitrate should be performed twice annually. 

Water Quality 

BOD5 should 5 25 mg/L, monitored 1 -2x weekly. 
The 30-day mean MPN for fecal coliforms should be 1 23/100 mL, monitored 1 -2x weekly. 
The chlorine residual should be monitored. 
Maximum allowable metal concentrations are stipulated for irrigation. 
Large facilities are required to monitor total inorganic nitrogen monthly. 
Effluent limits and monitoring requirements are set on a case-by-case basis. 
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Site Co~zstrainfs 

Streams, waterways, wetlands, springs, pc!:~ds, and lakes should be identified. The I 0-year flood 
frequency, depth to seasonal water table (should be greater than 1 ft), depth to bedrxk  (should be 
greater than 2 ft), and direction of groundwater flow should all be evaluated. 
Background levels of specified inorganics in soil should be reported. 
Slope recommendations are: < 20% for turf or pasture, and < 4O0I0 for timber. 
There should be no standing surface water. 
Guidelines are provided for calculating required land area based on hydraulic loading rates that are 
determined through a water balance analysis. Application should not occur when the ground is 

frozen, and application rates should not exceed 4 inlwk. 
Nutrient loading rates must be calculated, and nitrate levels in the groundwater beneath the site 
should not exceed 10 mg/L. 
irrigation should be restricted to times of the day or year when people are not present. A 
management plan should incorporate such practices. 

Irrigation flow setback distance requirements are 
- 100 ft from a private water well 
- 300 ft from a community water well 
- 100 ft from a sinkhole 
- 50 ft from a drainage way 
- 50 ft from surface water 
- 100 ft from a road right-of way unless a windbreak is used, which reduces the requirement to 10 ft 
- 50 ft from the property line 

A seasonal storage system should provide for at least 130 days of design average flow. Storage 
requirements should be developed considering the wettest year with a 5-year return frequency. 
Storage should be used when the ground is frozen, when the temperature is less than 35 F, when 
the wind velocity exceeds 20 mph in urban areas, when snow or water is standing on the ground 
surface, or when groundwater is within 1 ft of the surface. In some cases, permits may be obtained 
for surface water discharge during winter months. 
Operational storage should be four-fold times greater than the daily design flow. It is needed to give 
the operator flexibility to adjust, maintain, and service the irrigation system. 
A freeboard of 2-3 ft is recommended for storage ponds. 
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OKLAHOMA 

Comments 

Oklahoma Department of Environmental Quality. 
Title 252, Ch 648. Land Application of Biosolids. 
Title 252, Ch 621. Non-industrial impoundments and land application; Ch. 656 Water pollution control 
facility construction. 
Codification through the 2001 legislative Session. 

Wastewater application is not permitted in public use areas with high potential for skin to ground 
contact, but it is permitted for golf course irrigation, which is considered a multi-purpose use area. 

Treatment 

Multipurpose use areas must receive secondary treatment or equivalent. 
Disinfection is also required. 

Reliability 

An emergency response plan describing the actions to be taken by the applicant, including notice for 
corrective action and remediation associated with spills and releases, must be submitted. 
An analysis of the wastewater characteristics in the treated effluent must be provided in the proposal 
for a permit. 

Water Quality 

Site Constraints 

Application must occur during times of non-use; application of treated water is also not permitted 
during periods of precipitation, or while the soil is saturated or frozen. 
Application is not permitted if it is likely to adversely affect a threatened or endangered species. 

Buffers 

Storage 
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OREGON 

Comments 

O r e g ~ n  Department of Environmental Quality 
Division 55, 340-C55-0005 through 340-055-0030 
Fiegulations Pertaining to the Use of Reclaimed Water (treated effluent) from Sewage Treatment Plants 
Effective 8/15/90 and Table 1 : Treatment and Monitoring Requirements for Use of Reclaimed Water 1 1 I1  4/97 
Guidelines-for the Land Application of Industrial Wastewater 
December 1992 

Other permitted uses include non-res!ricted impoundments where no limitations are imposed on 
body-contact water recreation activities. Use for direct human consumption is prohibited unless, after public 
hearing and with the written concurrence of the Health Division, it is so authorized by the Environmental 
Quality Commission. 

Treatment --- 

a For public access sites, Level IV treatment (as described by the State) is required. Such treatment 
includes biological treatment to produce an oxidized wastewater and coagulation by the addition of 
chemicals or by an equally effective method. 
To meet stipulated turbidity limits, filtration of oxidized, coagulated, clarified wastewater is required, 
using natural undisturbed soils or filter media. 
Disinfection is required by chemical, physical, or biological means. 
Treatment processes that do not utilize coagulation may be approved if equivalent effluent quality 
can be demonstrated. 

Reliability 

All piping, valves, and other parts of the system must be constructed and marked to prevent cross- 
connection with potable water systems. Construction and marking of the piping, valves and other 
system components must be consistent with the "Guidelines for Distribution of Nonpotable Water" of 
the California-Nevada Section of the American Water Works Assoc. as revised Sept. 14, 1983. 
Exceptions may be permitted in rural areas where private and public domestic water systems are 
more than 100 ft from any component of the reclaimed water system. 
Any connection between any potable water supply system and the distribution system for reclaimed 
water can only be through either an unrestricted air gap at least twice as wide as the diameter of 
the potable water discharge, or a reduced-pressure principle back-flow prevention device that is 
tested and serviced professionally at least once annually. 
Alarms are required as necessary to provide warning of loss of power and/or failure of process 
equipment essential to the proper operation of the treatment system and regulatory compliance. 
Standby power facilities sufficient to fully operate all essential treatment processes must be 
provided. 
The treatment system owner is the responsible and liable party for meeting the rule requirements. 
An approved Reclaimed Water Use Plan is required before water can be released from the 
treatment plant. The plan must describe the system design and indicate the means for regulatory 
compliance. 
No bypassing of untreated or inadequately treated water is allowed from the treatment 
system or from any intermediate unit process to the point of use. 
The treatment system and monitoring equipment must contain sufficient redundancy to effectively 
prevent inadequately treated water from being used or discharged to public waters. 
Monitoring reports must be submitted monthly. A report describing how effectively the system 
complied with the approved reclaimed water use plan, Division 55 rules, and stipulated permit limits 
and conditions, must be submitted annually. 
Noncompliance must be reported within 24 h of when the permittee becomes aware of an inc~dent of 
noncompliance. 
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Water Quality 

* The 24-h mean turbidity should be 5 2 NTU, sampled hourly, 95% cf the time during a 24-h 
period it should be 5 5 NTU. 
The median seven day total coliform concentration should be 5 2.2 cfu/l00 mL; the maximum total 
coliforrn concentration should be 5 23 cfuli 00 mL, monitored daily. 
When chlorine-based compounds are used for disinfection, a minimum contact time and minimal 
chlorine residual may be specified in the permit. Use of other disinfection methods may require 
additional monitoring. 
Permit proposals are also submitted to the Health Division for comment. Additional effluent 
limitations and permit conditions may be imposed. 
The sampling point for water quality limits will be stipulated in the permit. 

Site Constraints - 

No spray is permitted on areas where food is prepared or served, or where drinking fountains are 
located. 
No direct public contact with the water is permitted during the irrigation cycle. 
Signage is required around perimeter and other locations. 

Buffers 

Buffers for non-restricted access sites are not required 

Storage 

Appendix 66 



PENNSYLVANIA 

Pennsylvania Department of Environmental Protection JDEP): Bureau of Water Supply and Wastewater 
hilanayement. 
Manual for Land Application of Treated Sewage and Industrial Wastewater, 1993, 
revised Oct. 15, 1997 (a guidance document that establishes the framework within which DEP administers 
permits for land application facilities. 
(Authority for DEP regulation of land application is contained in the Pennsylvania Clean Streams Law 
and the Pennsylvania Sewage Fac~lities Act, Act 537.) 

The State uses land application guidelines for application of treated wastewater to land,  and special 
stipulations for public access irrigation sites would be stipulated in a Part II Water Quality Management permit. 

Treatment 

* Secondary treatment is required to achieve a minimum of 85% removal of C-BOD5 and TSS. 
r Pretreatment requirements are stipulated on a case-by-case basis. 

All wastes containing pathogens must be disinfected prior to application. 
Adjustments to these standards may be made on a case-by-case basis, or the adjustments may 

be 
made to minimum concentration requirements for effluent quality. 

A monitoring plan must be designed and submitted with the permit application. 
* Design must show that climate conditions were considered in site plan and operation plan, so that 

storage or alternate system management has been included when irrigation cannot occur. 
A plan for additional storage or additional land area must be described for emergency use, wet 
weather conditions, or occasions when the treatment facility is not producing effluent. 

* Proposals with a detailed management and operating plan combining site, seasonal and weather 
related specifics with automated application and storage capabilities are preferred. 
A description of the evacuation and sampling method for groundwater samples is required in the 
permit application, and monitoring frequency must be presented for each parameter that will be 
measured. 

0 If irrigation application is seasonal, then an NPDES Part I discharge permit is required for discharge 
to surface waters. 

Water Quality 

The 30-day mean C-BOD5 must be 5 25 mgIL. 
The 30-day mean TSS must be 5 30 mg/L. 
The monthly geometric mean fecal coliform concentration must be 5 200 cful100 mL. 
Chemical parameters such as pH, phosphorus, nitrate, nitrite, ammonia, Kjeldahl nitrogen, 
chloride, sulfate, and sodium must be monitored during system operation. Metal analyses may also 
be required. 
pH must be 6-9. 
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Site Constraints 

If the treatment area and storage cells are not on property owned by the permittee, the permittee 
must either secure a 20-yr lease renewable for an additional 20 years, or acquire development rights 
and perpetual rights for the amount of land required. 
All potential surface waters that could be affected by the irrigation of treated wastewater must be 
identified, including lakes, ponds, impoundments, wetlands, springs, seeps, drainage swales, 
surface relief channels, and other natural conveyances. 

- The locations of rock outcrops and sinkholes, depths to water table and to bedrock, the direction of 
groundwater flow, and the locations of groundwater discharge points must be identified. 
Floodplains on the site must be identified. 
The design and operating plan must consider the limiting geologic conditions, the most restrictive 
horizons, the potential for groundwater mounding, and the potential for contaminant transport to 
groundwater. 

- Soil characteristics such as pH, buffering capacity, action exchange capacity, sodium absorption 
ratio, exchangeable sodium percentage, organic content, carbon to nitrogen ratio, base saturation 
and base metal concentrations must be considered in the site plan. Soil test probes must be used to 
characterize the soil, and additional tests may be requested depending upon initial results. 

- The plan must show evidence that slope, topography, soil erosion characteristics, presence or 
absence of floodplains and springs, stream flow patterns, and prevailing wind directions were 
considered in the design. 
A maximum slope of 8 O i 0  is typical, although proposals may be submitted for spray irrigation on 
slopes up to 25%. 
The site design should incorporate small diameter or low trajectory sprinkler heads or other 
applicators that keep effluent closer to the ground surface and away from areas impacted by the 
wind. 
The site operating plan should call for the system operator to record the weather conditions during 
each day of above-ground effluent application, including temperature, precipitation form and 
amount, wind direction, and wind speed. 
If site-specific design modifications or other methods cannot be used to overcome wind drift 
limitations, wind velocity and direction criteria must be included in the design and operating plan 
that will cause cessation of land application and diversion of treated effluent to storage. A wind 
break should be used to reduce wind velocity across the irrigation site. 
The design and management plan must evaluate the hydraulic budget and the hydraulic acceptance 
rate based on wet weather conditions. 
Guidelines are provided for estimating hydraulic, nutrient, organic and solids loading rates. 
Effluent application may not cause groundwater mounding or runoff from the site. A method and 
schedule for applying stored effluent during appropriate weather conditions must also be addressed. 
Effluent may not be applied if  more than 0.5 in of rain falls during the previous 24 h, and it may not 
be applied if snow cover exceeds 1 in. 
The monitoring plan should characterize the wastewater, estimate the direction of groundwater 
flow, and describe the proposed monitoring methods for groundwater, soil moisture, and the 
weather. Stipulations are provided for groundwater well construction, sampling, and monitoring. 
Plans for establishment of temporary and final vegetation must be described. Stipulations are 
provided for determining the assimilative capacity (nutrients, metals, organics) and management of 
vegetative cover on a site. A plan for management of the vegetative cover must be included in the 
design. 

Buffers 

A minimum 50 f t  buffer zone is required along property boundaries, roadways, parking lots and 
rock outcrops. 
Wind drift consideration must be used in the design to determine longer downwind lateral 

distances to site features such as streams and lakes, wells, occupied dwellings, and sinkholes. 
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Storage is required to hold gcod qt:ality water that is not iri us?:.. 
Skorage reql~irernents m ~ t  be ca~cuhted accor.cfing to stipr~laied mclhc~cts. 
Storage periods may  vary depending on seasor,&, or year-round operaiiori; periods may vary froin a 

I C W  ~f 69 clays in sodheast PA to a high of 1 20 dzys in the r?o:th\vest. 
Fond cor\s.ir~~ciiol~ for storage rn~ is l  ccimpiy wi:h stipulated state desicjrl criteria for Dornestic 
Wastawater Facilitates. 
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RtiODE ISLAND 

Rhode Island Department of Environmental Management (RIDEM) 
Off ice e l  Water Resources 

Rhode Island currently does not have any official guidelines, policy or regulations regarding treated wastewater 
reuse/reclamation. RIDEM IS currently in the process of gathering information on the subject in order to draft 
policy and regulations. To date Rhode Island has approved only a few water reuse projects (a municipal golf 
course and an industry). These have been on a case-by-case basis and future requests will be denied until 
statewide guidelines can be put in place. 

Bill Psatenaude 
Principal Engineer 
Augi~st 1, 2001 

Treatment --'- 

Reliability 

Water Quality 

Site Constraints 

Buffers 
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SOUTH CAROLINA 

South Carolir~a Department of Health and Envirsnmental Control (DHEC) 
Bureau of Water 
SC DHEC Regulation 61-9. State Code Ch E l  Sec 9.505: Land Appiication Perm~ts and State Permits. 
A Land Application Systern permit (also known as a "No Dischargs" or ND permit) is required. 
Other regulations used by DHEC may also determine requirements placed in permits. 

Reclaimed wastewater is wastewater treated such that the effluent is of such a high quality to be suitable for 
irrigation in areas with public contact such as yard irrigation and public open spaces. 

Treatment -- 
a Advanced wastewater treatment methods sufficient to achieve the stipulated effluent water quality 
limits 

are required. 

Reliability 

A permitee must at all times properly operate and maintain in good working order and operate as 
efficiently as possible all facilities and systerns (including all land disposal sites of treatment and 
control) that are installed or used by the permitee to achieve compliance with the terms and 
conditions of its permit. 

- Proper operation and maintenance includes adequate laboratory controls, appropriate quality 
assurance procedures, and groundwater monitoring wells, if required. 

- If back-up or auxiliary facilities are required, they are included in the operation and maintenance 
stipulations as well. 

The owner or operator of the source of reclaimed water is responsible to establish and maintain 
operation records; make reports; install, use and maintain monitoring equipment or other methods; 
sample and analyze emissions or discharges in accordance with prescribed methods, at required 
locations and intervals. - An alternate disposal option must be provided in the design and operation plans for any site that 

does not accept effluent year round. (A permitted secondary year-round disposal option is possible 
with an NPDES permit.) 

0 The permitee must provide the regulatory agency any information requested to detern7ine permit 
compliance. The regulatory agency maintains the right to enter the premises, access and copy 
records, and inspect facilities, equipment, monitoring devices and application sites. 

0 Any non-compliance that may endanger health or the environment must be provided orally within 
24 h from the time the permitee becomes aware of the circumstances. This notification should be 
supplemented within five days with written notification. Details about the information provided in the 
written report are stipulated. Examples of events requiring 24 h reporting include an unanticipated 
bypass or an upset. Violation of a maximum daily discharge limit must be reported within 24 h. 
Monitoring records must be retained for at least three years, including calibration and maintenance 
records and all strip chart recordings from continuous monitoring instrumentation. 

0 Groundwater monitoring may be required for new systems to determine if there is a need to 
evaluate the background groundwater conditions at the site. If a groundwater quality monitoring 
program is required or proposed, design plans should show the number and location of the wells. 
Monitoring wells must be installed according to stipulated state standards. 
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Mkfer Quality 

Monthly mean BOD5 must be 5 5 mg/L, and weekly mean must be 17 .5  mg/L. 
Turbidity limits are those used for drinking water (SC Code of Reg. 61 -58). One TU, as determined 
by a monthly average except that five or fewer turbidity units may be allowed if the supplier of 
water can demonstrate to the State that the higher turbidity does not interfere with disinfection; 
prevent maintenance of an effective residual disinfectant in the distribution system; or interfere with 
microbiological determinations. If 5 TUs is permitted, the levels reported should be based on an 
average for two consecutive days. 
Coliforms limits are those used for drinking water (SC Code of Reg. 61-58). The water quality limits 
ar.e based on the presence or absence of total coliforms in a sample, rather than coliform density. 
The number of allowable positive test results is based on the number of samples collected per 
month, which is based on the size of the facility. For example, for a system that collects at least 40 
samples per month, no more than 5% of the samples from the month may be total coliform-positive. 
Sampling must occur both in the effluent and in the distribution system. At least one measurement 
per day is required. 
Total residual chlorine should be maintained in a manner such that a detectable residual chlorine 
level is maintained in the distribution system and the fecal coliform limits are met. Specific residual 

limits will be based on the site conditions and the distribution system design. 
Nitrate nitrogen concentrations must be monitored and reported, although no specific limits need be 
set. 

Fecal coliforms should be 5 2.2 cfui100 mL, analyzed weekly. If fecal coliform monitoring indicates 
noncompliance, daily or even more frequent monitoring should be initiated and the results reported 
to the permitting authority. 

Analyses are to be performed by the person who prepares the wastewater; Analyses should be 
performed on representative samples of the treated wastewater according to stipulated procedures. 
Weekly analyses are required for nitrate as N, ammonia as N, and pH. Other parameters may be 
included in a permit on a case-by-case basis. 

Site Constraints 

A public entity must own the system and be responsible for the operation, maintenance and 
replacement of all components unless otherwise approved. If a private entity or person owns a 
system, a decision to issue a permit will be made on a case-by-case basis. DHEC will also require 
financial assurances for the operation and maintenance of the system. 
- Proof of ownership of the application site must be provided, OR 
- a contract lease or agreement for a period of at least 30 years with an automatic right of renewal 
for an additional 30 years must be provided. 
Public notification is required of intent to issue a permit to a site. 
A site inspection by the SC Ground Water Quality Section is required to confirm the suitability of 
the proposed site for land application. 
- A proposed design plan must show the facility, intake and discharge structures, hazardous waste 
facilities (if any), any wells where fluids are injected underground, and those wells, springs, other 
surface water bodies, and drinking water wells listed in public records or otherwise known to the 
applicant. 
- Soil borings may be required to characterize the subsurface. 
- The site may not be located in the 100-yr flood plain, unless there is a permitted secondary year- 

round disposal option. 
- A description of the water to be land applied must be provided, and if it is not strictly domestic, a 
detailed characterization must be provided. 

For irrigation sites, slopes must not exceed 1096. 
The distribution system must be designed so that uniform application of spray is optimized. 
Design and operation plans must show the planned application rate and the intended frequency of 
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application in times per day, week, or other psriod. 
- Maxirnurn allowable application rates are stipulated as a function of depth to the seasonal high 
water, although higher rates rnay he permitted for the application of reclaimed water. 

A groundwater monitoring program is required that indicates the narnber and location of existing 
and proposed monitoring wells; the parameters that will be monitored; and the monitoring 

frequencies. 
- For land application on golf courses with sec~ndary eifllient limits, nine monitor wells must be 
prcvided for 18 fairways (or one groundwater well per two fairways for differing course sizes). 
Groundwater monitoring reports must irlclude information about concentrations of chloride, 
ammonia , nitrate, pH and sodium; they must also indicate the water table elevation and depth. 
No runoff is permitted outside the irrigation area. 

* No effluent may be applied during periods when the ground is frozen, ponded, there is standing 
water on the application site, or the ground is flooded. 

No buffers are required. 

Storage 

Basins or storage ponds for reclaimed water will not require a liner unless it is specifically 
stipulated. 
Groundwater monitoring for storage impacts is not required. 
Covered storage may be required in order to maintain effluent quality prior to distribution. 
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SOUTH DAKOTA 

South Dakota Department of Environment and Natural Resources (DENR) 
DENR Plans and Spec~fications 
Ch XII, Recommended Design Criteria for Disposal of Effluent by Irrigation 

South Dakota does not have dedicated water reuse regulations, but these guidelines would be used to guide 
development of a water reuse project. The guidelines permit wastewater use for irrigation of golf courses, 
parks, playgrounds, lawns, and in other areas where the public has access as long as the disinfection criteria 
are met. 

The only reuse application that has arisen is irrigation with treated wastewater, and it tends to be for disposal 
of wastewater on a one-time basis. The Design Criteria and comments from SD DENR are summarized below. 

Treatment 

Secondary treatment is required, with disinfection sufficient to ensure the stipulated total coliform 
levels (from Water Quality section: total coliforms r 200 cfu1100 mL). 

Reliability 

An alarm device for malfunction of the disinfection system should be provided. 
An automatic switch-over device for chlorine cylinders should be provided. The system should shut 
off irrigation units automatically if the chlorination system malfunctions. 
The quantity and quality of the effluent discharge at the irrigation site must be measured. The 
analysis results from a sample of wastewater must be provided. 
Groundwater monitoring may be required, with depths and spacing stipulated on a case-by-case 
basis. The wells must be constructed according to stipulated regulations. No detrimental change in 
the groundwater quality is permitted without obtaining a Groundwater Discharge Plan. 
The design disposal period should be a maximum of 18 weeks, but this period can be extended if 
weather conditions permit. 

Water Quality 

Geometric mean total coliform concentration must be 5 200 cfuIl00 mL, which should be adequate 
to protect human health; the guidelines note that it should be realized that this level probably will 
not eliminate all pathogenic viruses. 
Chlorine residuals must be at levels non-toxic to grasses, plants, fisheries, or aquatic life. Most 
grasses can tolerate a 2.0 mg/L total residual chlorine concentration. 
One sample of treated effluent must be collected monthly and tested for total nitrogen, nitrate, 
nitrite, sulfate, chloride, pH, temperature, total dissolved solids and fecal coliforms; results must be 
submitted to SD DENR. 

Site Constraints 

All existing and proposed residences, commercial or industrial development, roads and ground or 
surface water supplies within 0.5 mi of the proposed site must be identified. In addition: 

- The vertical distance between the surface of the disposal fields and the maximum height of the 
ground-water table should be a minimum of 6 ft unless under drains are provided so that the 
minimum can be reduced to 4 ft. Initial ground-water quality data may be required. 

' - Representative percolation and infiltration data of the topsoil and the subsoil layers must be 
provided. 

- Information about the irrigation site geology, soil conditions and hydrology must be provided. 
- Representative data on the chemical and bacteriological quality of the ground-water must be 
provided, including the elevation of the water table and the rate and direction of flow under existing 
and proposed conditions of use. 
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- Design of the area requirec' for disposal should consider soil types, percolation and infiltration data, 
evapotranspiration data, available rainfail data, the maximum disposal period and applicztion rates, 
plus an allowance for system rnainlenance and for drying and harvesting cover crops where 
~ipplicable. 
- Climatological site data must be provided. 
The distribution pressure and devices for the sprinkler equipment must be installed in such a 
manner as to minimize wind drift of effluent and formation of aerosols. 
Maximum effluent application rates are stipulated, and rat?s may also be set using the S.D. Soil 
Conservation Irrigation Guide. A maximum application rate to determine land requirements should 
be 24 in/acre/yr. Application rates should not exceed 0.25 in/hr or 2 in/acre/week. 
The process design manual for Land Treatment of Municipal Wastewater, October 1981, U.S. EPA 
should be used to determine the total annual nitrogen loading. 
Surface runoff of effluent should be prevented. 
No application is permitted during periods of heavy or prcjlonged rainfall, snow cover, or when the 
ground is frozen. 
Extraneous surface water should be prevented from entering the disposal area. 
Siynage is required to inform the public of the nature of the facility. 

Buffers 

A windbreak or buffer zone is recommended to protect downwind sites from mist and/or aerosol 
contamination. 
No buffers are required if the wastewater has undergone extensive treatment and could be 
considered suitable for human consumption. 
Buffers for sites with public access would be set on a case-by-case basis. 

f o r a g e  

An effluent storage pond system must be provided with a minimum capacity of 210 days neglecting 
evaporation. 
The pond design must meet stipulated criteria for wastewater stabilization ponds. 
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TENNESSEE 

Comments - 

Tennessee Division of Water Pollution Control 
Chapter 16, Slow Rate Land Treatment 

Tennessee allows irrigation of treated wastewater on golf courses, cemeteries, green areas, parks, and other 
public or private land where public use occurs under the state regulations for Slow Rate Land Treatment. The 
preapplication treatment standards for these areas are reviewed by the TDHE on a case-by-case basis. 
Currently only drip irrigation is permitted in areas of unrestricted access. 

Treatment 

Biological treatment is required with minimal nitrification of effluent. 

The permittee must ensure that the certified operator is in responsible charge of the facility and 
observes the operation of the system frequently enough to ensure its proper operation and 
maintenance regardless of the effluent monitoring frequency stated in the permit. 
A management plan must be provided that describes management responsibilities and duties, 
staffing, staff qualifications and training, and plans for operation of the facility. Start up and shut 
down procedures should be described, along with plans for equipment maintenance and 
inspection. 
Operating procedures for adverse conditions should be described, including excessive winds and 
electrical and mechanical malfunctions. Trouble-shooting procedures for common or expected 
problems should be described. 
Operation and maintenance of back-up, stand-by and support equipment should be specified. 
Plans for maintenance of the buffer zone should be described. 
Plans for frequency and locations of sample collection, procedures for testing, and parameters 
measured should be provided, along with planned methods to measure rainfall, wind speed and 
soil moisture. 
Plans for sampling storage ponds, groundwater monitoring wells and surface water (if applicable) 
should be described. 
Plans for preventive and corrective maintenance records should be described. 

Wafer Quality 

BOD5 monthly mean concentration must be 5 30 mg/L 
TSS monthly mean monthly concentration must be r 30 mg/L 
Fecal coliform concentration must be 1 23 cfu/100 mL 
A nitrified effluent should not be produced, since nitrate may leach into the groundwater from the 
application site. 
pH between 6.5 and 8.4 
Recommended maximum concentrations and problematic concentrations of a variety of anions, 
cations and trace metals are provided in the regulations to guide permitting decisions. 
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No direct discharge to surface water is permitted. 
Sites rnay riot be located within the 10-yr flood p!ain. 
The site location must take into account dwellings, roads, and slreams. 
A design plan must indicate the design wastev!ater flow, wastewater characteristics, treatment 
scheme, and area to be irrigated. Ail storage ponds, pumps, valves and process control points, must 
be identified. 
A plan of the distribution system must be provided. 
Soils that are poorly drained, have high groundwater' tables or restrictive subsurface soil layers are 
not suitable unless drainage improvements are made. 
Information a b o ~ t  the infiltration rate, soil permeability, and chemical properties of the first 5-1 0 ft 
of the soil profile must be provided. 
The elevation of the seasonal high water table, the groundwater flow direction and gradient, and 
any subsurface conditions that could limit drainage must be identified. A minimum of one sample 
per acre should be collected to develop a soils map of the site. 

A saturated vertical hydraulic conductivity test is required for the most limiting horizon of each soil 
series present, and in certain instances, a horizontal conductivity test will also be required. Test 
methods and sampling methods are stipulated. 
Soil pH, cation exchange capacity, and percent base saturation must be provided, along with soil 
nitrogen, phosphorus, and potassium may also be required. 
Procedures are stipulated for determining the design wastewater loadings, based on a water 
balance and nutrient balance, and the field area requirements. 

Buffers 

Treated wastewater must not be applied within 100 ft of the site boundaries. 
Treated wastewater must not be applied within 50 ft of on-site streams, ponds and roads. 
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TEXAS 

Texas National Resource Conservation Comnlission (TNRCC) 
Texas Administrative Code, Environmental Quality, TNRCC, Ch. 210: Use of Reclaimed Water, Subchapter C: 
Quality Criteria and Specific Uses for Reclaimed Water, and Rule 210.32, Specific Uses of Reclaimed Water. 
February 12, 1997 

These requirements and guidelines are separate from those stipulated for "Land Disposal of Sewage 
Effluent," in Sec 309.20 of state code. 

Food crops that may be consumed raw by humans may not be spray irrigated with reclaimed water. Use of 
reclaimed water to fill swimming pools, hot tubs, wading pools or other structures designed for contact 
recreation is not allowed. 

Orchard irrigation is allowed. Irrigation of edible crops that will be peeled, skinned, cooked, or thermally 
processed before consumption is allowed. 

Reclaimed water is domestic or municipal wastewater that has been treated to a quality suitable for a 
beneficial use, pursuant to the provisions of this chapter and other applicable rules and permits. Type I 
Reclaimed Water may be used in areas where the public may be present during the time when irrigation takes 
place or where the public may come in contact with the reclaimed water. These uses include residential 
irrigation, including landscape irrigation at individual homes, irrigation of public parks, golf courses, school 
yards or athletic fields, fire flow in sprinkler systems or external hydrants, impoundments where recreational 
activities, such as wading and fishing, are anticipated (even though the water body was not specifically 
designed for such uses), and toilet or urinal flushing. 

Trea tm en t 

Reliability 

The provider must have an operation and maintenance plan that contains: 
- A labeling and separation plan for the prevention of cross connections between reclaimed water 

distribution lines and potable water lines, 
- Procedures for monitoring water transfers and use, 
- User guidelines to minimize the risk of inadvertent human exposure, 
- Routine maintenance schedules, 
- An employee training and safety plan for employees of the provider that addresses reclaimed 
water treatment, distribution, and management, 

- Measures planned to prevent unauthorized access to reclaimed water facilities and distribution 
lines, and 

- A contingency plan for the remedy of system failures, unauthorized discharges, or upsets. - A permit applicant must clearly indicate the planned means for compliance with regulations, 
including documentation that users will be apprised of their responsibilities as part of a water 
supply contract or other binding agreement. 
Water quality criteria apply to reclaimed water before discharge to initial holding ponds or a 
reclaimed water distribution system. It is the responsibility of the producer to establish that the 
water meets the quality limits at the sample point for the intended use in accordance with 
stipulated monitoring requirements. - The producer must submit monthly reports to TNRCC describing the quality of water delivered to 
users or providers for each water quality criteria requested. 

A provider or user is encouraged to maintain a plan to carry out periodic fecal coliform sampling 
within certain reclaimed water distribution piping systems. The sampling should occur in instances 
where resrdential irrigation, including landscape irrigation at individual homes occurs, or where 
specific urban uses such as irrigation of public parks, school yards, or athletic fields occur. The plan 
should specify activities by the provider or user to respond to human health threats if undesirable 
fecal coliform test results or trends are detected. 
A producer must have a binding agreement with users stating that the producer has the authority to 
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terminate reclaimed water use that is noncompliant with regulzitions. 
If the provider is not the producer of reclaimed water, then a statement about the origin, a 
description of certain stipulated water qmlity characteristics, and a signed agreement from the 
producer authorizing the transfer of reclaimed water to the provider, must be provided to the 
regulatory agency. 
Additional approval is required if: there is a change in the boundary of an approved service area; an 
additional producer is added to a system; a major change in intended use is made (e.g. conversion 
from golf course irrigation to residential irricjation); there is a change from use of one category of 
reclaimed water to another category. 
The producer and provider responsibility to the user is to transfer reclaimed water of at least the 
rninimum quality stipulated to the point of delivery at the user site. 
The producer or provider must notify the regulatory agency in writing within five days of obtaining 
knowledge of unapproved use of reclaimed water. 
The producer must assure that distribution lines and systems are constructed in accordance with 
state regulations. 
The provider must report monthly to TNRCC on the volume of reclaimed water delivered to a user or 
provider. 
Reclaimed water must be transferred from a provider to a user on a demand-only basis, and the 
user may refuse delivery at any time. 
The provider is responsible for conducting periodic audits of appropriate controls implemented by 
reclaimed water users. 
The provider and user must maintain five years' of records. For the provider these include an 
notifications made to TNRCC about reclaimed water projects, contract copies, water volume delivery 
records, and water quality analyses. 

Water Quality 

Monthly mean BOD5 or CBOD5 concentration must be 5 5 mg/L, sampled at least twice weekly. 
Monthly mean turbidity must be 5 3 NTU, sampled at least twice weekly. 
Monthly geometric mean fecal coliform concentration must be 1 2 0  cfu/100 mL; fecal coliform 
concentration in any one sample must be 5 75 cfuh 00 mL. Coliforms must be sampled at least 
twice weekly. 

Site Constraints 

- Application of reclaimed water on public access facilities is controlled by agreement with the 
reclaimed water provider or by local ordinance. A description of the intended use, quantity, quality, 
origin and location and purpose of intended use must be provided to the regulatory agency. 
The user or provider must determine and document typical irrigation demands for a proposed 
use. The user must provide reasonable control of the application rates to avoid surface runoff or 
excessive percolation below the root zone. 
Reclaimed water use may not degrade ground water quality to a degree adversely affecting its 
actual or potential uses. 
Distribution, use and/or storage of reclaimed water may not result in nuisance conditions. 
The provider or user is responsible for ensuring that irrigation overflow, crop stress, and 
undesirable soil contamination by a salt does not occur. 
Guidelines are provided to assist with the calculation of appropriate irrigation rates. 
A site must be maintained with a vegetative cover or be under cultivation during times when 
reclaimed water is applied. 
Irrigation practices must prevent incidental ponding or standing water. 

Buffers 
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Storage 

Storage is required to hold good quality water that is noi in use. 
Water managed in ponds for storage may not be discharged into waters of the state, except for 
discharges with issued permits or that result from rainfall events. Unauthorized overflo~v of a 
holding pond must be reported to the regulatory agency. 
Storage facilities may not be located within a floodway unless they are authorized in an on-channel 
pond. 
Holding ponds must be designed and constructed to prevent groundwater contamination; they 
must meet stipulated requirements for liners and construction. 
Reclaimed water may be stored in leak-proof fabricated tanks. 
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Utah Department of Environmental Q~rzlity 
Clivis~or! of 'di&r Quality 

Utah Administrative Code R317-1, with specific rules fcr reuse projects in R317-'1-4, based on revisions 
e'feztlve Jarmry  23, 2001 

Utah allovjs the use of domestic: wastewater effluent treated to Type I quality specifications to be used for 
residential irrigation (including landscape irrigation at individual houses), non-residential la~dscape irrigation, 
g ~ f f  course irrigation, toilet flushing, fire protection, and irrigation of food crops where the applied waler is likely 
to have direct contact with the ediS1e part. 

A seconeary treatrnent process is required, which may include activated sludge, trickling filters, 
rotating biological contactors, oxidation ditches, or stabilization ponds. After secondary treatment, 
monthly mean BOD and TSS of the effluer~t should be €25 mg/L. 
Filtration is required through filter media or approved membrane processes. 
Disinfection is required to destroy, inactivate, or remove pathogenic microorganisms by chemical, 
physical or biological means. Chlorination, ozonation, other chemical disinfectants, UV radiation, 
membrane processes or other approved processes are allowed. 
A turbidity standard (5 mg/L TSS or less) must be met before disinfection. If a turbidity standard 
cannot be met, but it can be demonstrated that there exists a consistent correlation between 
turbidity and the total suspended solids, then an alternate turbidity standard may be established. 
This will allow continuous turbidity monitoring for quality control while maintaining the intent of the 
turbidity standards to assure adequate disinfection. 

Reliability -- 
Pipes and valves shall be colored purple (Pantone 522 or equivalent). If identification tape is 
installed along with the purple pipe, it shall be prepared with white or black prmting on a purple field, 
color Pantone 512 or equivalent, having the words, "Caution: Reclaimed Water - Do Not Drink." The 
overall width of the tape shall be at least three inches. Identification tape shall be installed 12 in 
above the transmission pipe longitudinally and shall be centered. Valve boxes and covers shall be 
colored purple and of non-interchangeable shape with potable water covers and be marked as 
reclaimed water. All pumping facilities and piping must be painted purple and labeled. 
Reclaimed distribution lines parallel to potable lines shall be installed at least 10 ft horizontally from 
the potable lines. 
No hose bibs are permitted on reclaimed water systems in public areas and at individual residences. 
A labeling and separation plan for prevention of cross connections is required. 
Backf lo\~ prevention required. If it is necessary to put potable water into the reclaimed distribution 
system, an approved air gap must be provided. 
If turbidity exceeds or chlorine residual drops below the instantaneous required value for more than 
five minutes, an alternative disposal option or diversion to storage must be automatically activated. 
Schedules for routine maintenance must be provided. 
A contingency plan for system failure or upsets must also be provided. 
Blow-off assemblies must be approved for an acceptable location of discharge or runoff. 
Signage must be present at storage facilities. 
Any equipment such as tanks, portable pumps that have been or may be used with reclaimed 
water, and could be interchangeably used with potable water or sewage, shall be cleaned and 
disinfected before or after use as appropriate. 
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Wafer Quality -- 

The monthly arithmetic rnean BOD shocld be 5 10 mgiL after tertiary treatment and disinfection, 
as determined by daily composite sampling. Composite samples shall be comprised of at least six 
flcw proportionate s;_.,mples taken over a 24-hour period. 

9 The the daily mean turbidity should be 5 2 N W ,  and the maximum turbidity at any time should be 
r 5 NTU. 
The weekly median fecal coliform concentration must be "none detected", and no sample may 
exceed 14 cfu/100 mL. Daily grab samples are required. 
The total residual chlorine shall be measured continuously and shall at no time be below 1.0 rng/L 
after a 30-minute contact time at peak flow. If alternative disinfect~on is used, it must be 
demonstrated that the alternative process is comparable to that achieved by chlorination with a 
1 mg/L residual after a 30-minute contact time. If the effectiveness cannot be related to 
chlorination, then the effectiveness of the alternative disinfection process must be demonstrated 
by testing for pathogen destruction. A 1 mg/L total chlorine residual is required after disinfection 
and before the reclaimed water goes into the distribution system. 

0 pH between 6 and 9, measured in daily grab samples or by continuous monitoring. 

Site Constrain& 

A copy of the contract with the user must be provided to the DWQ. The contract must state how 
the requirements of the regulations will be met. 
Reclaimed water lines should be installed with a minimum burial depth of 3 ft. Reclaimed 
water lines parallel to sanitary sewer lines shall be installed at least 10 ft horizontally 
from the sanitary sewer line if the sanitary sewer line is located above the reclaimed water main 
and 3 ft horizontally from the sanitary sewer line if the sanitary sewer line is located below 
the reclaimed water main. 
- At crossings, the order of the lines from lowest in elevation to highest should be: sanitary sewer 
line, reclaimed water line, and potable water line. 
- A minimum 18 inches of vertical separation between these utilities shall be provided as measured 
from outside of pipe to outside of pipe. The crossings shall be arranged so that the reclaimed water 
line joints will be equidistant and as far as possible from the water line joints and the sewer line 
joints. 
- If the reclaimed water line must cross above the potable water line, the vertical separation 

shall be a minimum 18 inches and the reclaimed water line shall be encased in a continuous pipe 
sleeve to a distance on each side of the crossing equal to the depth of the potable water line from 
the ground surface. 

- If the reclaimed water line must cross below the sanitary sewer line, the vertical separation shall 
be a minimum of 18 inches, and the reclaimed water line shall be encased in a continuous pipe 
sleeve to a distance on each side of the crossing equal to the depth of the reclaimed water line 
from the ground surface. 

Drinking fountains and other public facilities (picnic tables, food establishments) shall be placed out 
of any spray irrigation area or otherwise protected from contact. 

9 Signage is required where reclaimed water is stored or impounded, or used for irrigation in public 
areas. Signs must contain as a minimum, Y2 inch purple letters on a white or other high contrast 
background notifying the public that the water is unsafe to drink. The signs shall include the 
international symbol for Do Not Drink. 

9 Residential irrigation, irrigation of food crops where the applied reclaimed water is likely to have 
direct contact with the edible part, and impoundments of wastewater where direct human contact 
is likely to occur are all allowed. 
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* Any irrigation must be at lcast 50 ft from any potable water weli. 
impoundments af reclaimed water, if not sealed, rriust be at Iezst 500 f t  from any potable water 
well. 
For residential landscape irrigation at individual homes, additiona! qaality controi restrictioiis may 
be required. The Iccal health authority may be consulted to determine if there are any conditions 
they require. 
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VERMONT 

Commei~ts 

Vermont Wastewater Management Division 

Vermont does not have specific water reuse regulations, but they are willing to pr rn i t  certain reuse 
systems on a case-by-case basis as an innovative technology. They have several systems operating at ski 
resorts that use reclaimed water in toilets and urinals. 

Treatment -- 
Several systems have been installed with permit limits of 10 mg/L BOD and 10 mg/L TSS, with 
chlorination/dechlori~iation and monitoring required. 

Weiiability 

Water Quality 

Site Constraints 

Buffers 

Storage 
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VIRGINIA 

Virginia Department cf Environrneakil Quality 
Virginia Code 
Agency 5 - Departmer~t of Health 
12VAC5-58 1-940 

Virginia is in the process of approving "Hegula!ion for Wastewater Reclamation and Reuse (9 VAC 25-740-1 0 
et seq.) 

Current requests to use reclaimed wastewater on an area of public access would be handled in accordance 
with the Virginia Pollution Abatement (VPA) Permit Regulation for land application of treated wastewater (3 
VAC 25-32-10 et seq.) and h e  Sewerage Regulations (12 VAC 5-580-1 0 et seq.) that provides technical 
guidelines for land application of municipal wastewaer. Currently, most permitted projects are for i r r igatm of 
wastewater receiving secor~dary treatment that is used to irrigate fields where public access is restrictedk. 

Trea tment -- 
Reliability 

Water Quality 

Site Constraints 

Buffers 
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WASHINGTON 

Washington State Department of Health . 
Water Reclamat~on and Reuse Standards, Publicat~on #97-23, published by the Washington State 

The standards were developed under the authorization of RCW 90.46, Reclaimed Water 
This legislation called for the formation of a Reuse Advisory Committee, and the committee developed the 
standards summarized below. These standards are separate from regulations for land treatment systems 
(WAC 173-21 6, 173-240, 246-271 ) 

Reclaimed water is effluent derived in any part from sewage from a wastewater treatment system that has 
been adequately and reliably treated, so that as a result of that treatment, it is suitable for a beneficial use or a 
controlled use that would not otherwise occur and is no longer considered wastewater. 

All reclaimed water generation and use must be covered by a reclaimed water permit that is issued jointly 
between Ecology and Health. 

The standards designate four classes of reclaimed water, with Class A water suitable for spray irrigation of 
food crops, surface irrigation of root crops, and irrigation of open access areas, such as golf courses, parks, 
playgrounds, schoolyards, residential landscapes. Class A water may also be used as a source of supply for a 
nonrestricted recreational impoundment or a decorative fountain; however, it may not be used as a source of 
supply for swimming pools without additional authorization from state health and ecology agencies. Class A 
water is suitable for discharge to constructed wetlands, for groundwater recharge, fire protection sprinklers, 
toilet and urinal flushing, and some industrial applications. 

Treatment 

Wastewater must, at a minimum, be oxidized, coagulated, filtered, and disinfected. 
Treatment methods other than those stipulated may be accepted if the applicant can demonstrate 
that they will assure an equal degree of treatment, public health protection, and treatment 
reliability. Pilot plant or other studies may be required to demonstrate that alternative methods of 
treatment can rel~ably produce reclaimed water that is essentially free of measurable levels of 
viable pathogens. 

Reliability 

High flexibility in design is desirable to permit the highest possible degree of treatment to be 
obtained under varying circumstances. 
Piping, valves, outlets and other appurtenances must be color-coded purple [Pantone 522 or other 
shades of purple acceptable to review agencies] and embossed or integrally stamped or marked 
"CAUTION: RECLAIMED WATER - DO NOT DRINK" or be installed with a purple identification tape 
or polyethylene vinyl wrap. The warning must be stamped on opposite sides of the pipe and 
repeated every three feet or less. The tape must be at least three inches wide and have white or 
black lettering on a purple field with the caution statement. The tape must be installed on top of 
reclaimed water pipelines, fastened at least every ten feet to each pipe length, and run continuously 
the entire length of the pipe. 

Valves and outlets must be of a type, or secured in a manner, that permits operation only by 
authorized personnel; hose bibs are prohibited on reclaimed water lines. 
Cross-connection controls must be included in the design, along with stipulations about the parties 
responsible for compliance and testing. No cross-connections pare permitted between reclaimed 

water and potable water systems. A reduced pressure principle backflow prevention device is an 
approved air gap separation must be installed at the potable water service connection to a use area 
if both reclaimed water and potable water are supplied to the area. 
When potable water is used to supplement reclaimed water supplies, there must be an air gap 
separation, approved and regularly inspected by the potable water supplier, between the potable 
water and reclaimed water. 
Reclaimed water may not enter a dwelling unit or a building containing a dwelling unit except for fire 
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protectton. 
A preventive maintenance program is required to ensure that all equipment is kept 
operating condition. 

* If UV radiation is used for disinfection, a review arid approval of the design and ins 
performed or? a case-by-case basis. 
Alarms are required to provide warning of 
- loss of power from a normal power supplj/ 
- failure of a biological treatment process 
- failure of a disinfection process 
- failure of a filtration process 

in reliable 

tallation will be 

All required alarms must be independent of the normal power supply of the reclamation plant. 
Biological treatment processes must have either: an alarm and rnultiple units capable of producing 
oxidized wastewater with one unit not in operation; an alarm and short-term storage or disposal 
provisions, and stand-by replacement equipment; an alarm and long-term storage or disposal 
provisions; or an automatically actuated long-term storage or disposal provision. 
Secondary sedimentation processes must have either: multiple units capable of treating the entire 
flow with one unit not in operation; standby sedimentation uniis; or long-term storage or disposal 
provisions. 
Coagulation processes must have standby feeders, chemical storage and conveyance facilities, 
adequate reserve chemical supply, and automatic dosage control. 
All coagulation and filtration units must have either: alarm and multiple treatment units capable of 
treating the entire flow with one unit not in operation; alarm, short-term storage or disposal 
provisions, arid standby replacement equipment; alarm and long-term storage or disposal provisions; 
automatically actuated long-term storage or disposal provisions; or alarm and stand-by units. 
For chlorination, the facility must have a standby chlorinator and standby chlorine supply, a manifold 
system to connect chlorine cylinders, scales, automatic switch-over capability from one cylinder to 
another, and continuous measuring and recording of chlorine residual. For reliability, the system 
must have either: alarm and standby chlorinator; alarm, short-term storage or disposal provisions, 
and standby replacement equipment; alarm and long-term storage or disposal provisions; 
automatically actuated long-term storage or disposal provisions; or alarm and multiple point 
chlorination, where each chlorination point has an independent power source, separate chlorinator, 
and separate chlorine supply. 
Other disinfection unit processes must have either: alarm and standby disinfection unit capable of 
treating the design flow with the largest operating unit out of service; alarm, short-term storage or 
disposal provisions, and standby replacement equipment; alarm and long-term storage or disposal 
provisions; automatically actuated long-term storage or disposal provisions. 
The normal power supply should have an alarm and standby power source, an alarm and 
automatically actuated short-term storage or disposal provisions, or automatically actuated long- 
term storage or disposal provisions. Automatically actuated system must include all necessary 
sensors, instruments, valves and other features to enable fully automatic diversion to approved 
emergency storage or disposal. Such systems should have a manual reset to prevent automatic 
restart until the failure is corrected. 
Alarm warnings should be conveyed to the plant operator, superintendent, or other designated 
responsible person who can take prompt corrective action. 
If the facility is not attended full-time, arrangements (e.g. alarm to police station, fire station) 
should be made to alert the person in charge at all times. 
Storage must be provided for retention of reclaimed water when it is not required by a user unless 
an alternative disposal system is permitted. Storage should be sufficient to hold water for the 
duration of a 10-year storm, with the storm duration based on a minimum of 20 years of climate 
data. At a minimum, storage should be equal to three times that portion of the average daily flow of 
reuse capacity for which no alternative reuse or disposal system is permitted. 
When short-term storage is provided as a reliability feature to retain diverted flow, it should be 
capable of storing the wastewater for at least a 24-h period. The facilities must include all necessary 
provisions for odor control, conduits and pumping and pump back equipment. The equipment should 
be independent of the normal power supply or provided with a standby power source. 
Long-term storage for diverted water may consist of ponds, reservoirs, percolation areas, 
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downstream sewers leading to other treatment or disposal facilities or any other facilities reserved 
for the purpose of emergency storage or disposal. The facilities must be of sufficient capacity to 
provide disposal or storage for at least 20 days. 

* Diverted water may be directed to a different type of reuse provided that the quality of the partially 
treated wastewater is suitable for that type of reuse. 
With approval from the Departments of Health and Ecology, diversion to a discharge point where the 
wastewater meets all d ischar~e requirements is an acceptable alternative to emergency disposal of 
partially treated wastewater. 

0 The permittee is responsible for all activities and facilities inherent to the production of the 
reclaimed water. The permittee may need to use a delegated pretreatment program or ensure that 
all applicable dischargers have appropriate discharge permits in order to control industrial and toxic 
discharges that could affect reclaimed water quality. 

* The person@) who distributes reclaimed water, owns, or otherwise maintains control over the use 
area is responsible for reuse facilities and activities inherent in the distribution and use of the water 
to ensure that the system operates properly. 

* No bypassing of untreated or partially treated wastewater from the plant or a process in the plant to 
the use site is permitted. 

* Operating records must be kept that report results of all required analyses, operational problems, 
equipment breakdowns, diversions to storage or disposal, and corrective or preventive actions taken 
Reports should be filed monthly. 
- Equipment or process failures that trigger an alarm must be recorded with the cause of failure and 
the corrective action taken 

- Discharge of untreated or partially treated wastewater to a use area must be reported immediately 
by telephone. 

a Items required in an engineering report for permitting must include: 
- descriptions of the reclamation process and reliability features and controls 
- descriptions of the basis for design, such as pilot plant results, recognized design standards, 
accepted engineering design and operation references, USEPA, state regulatory agencies or site 
specific experience and operations data 

- results of pilot studies used to compare treatment alternatives 
- results of reliability assessments of complete treatment trains, unit processes, or equipment 
- design calculations for disinfection contact time, coagulation process, filtration process, irrigation 

process and water balance, if applicable. 
- Stipulations for the Engineering report required for permitting. Requires references for design 

standards, pilot data if alternative treatment processes used, reliability assessment, disinfection 
contact time. 

- contingency plans developed to ensure that no untreated or inadequately treated water is delivered 
to a user or customer. 

Operators of reclamation facilities must have the appropriate state certifications and requirements, 
and a sufficient number of certified operators must be hired to operate the facility effectively at all 
times. 

Tank trucks and equipment used to distribute reclaimed water must be identified with advisory 
signs. The trucks must be inspected and approved for use by the water supplier that services 
potable water to the use area. The trucks and the on-board piping or hoses may not be used for 
potable water. 

Water Quality 

The monthly mean filtered turbidity must be 5 2 NTU; maximum allowable is 5 NTU; DO must be 
present. Continuous turbidity readings are required, with readings at 4-hr intervals. 
Median total coliform for seven days must be 5 2.2 cfu/100 mL. Maximum total coliform 
concentration in any sample must be r 2311 00. Grab samples must be collected at least daily and 
at a time when wastewater characteristics are most demanding on the treatment facilities and 
disinfection procedures. 
BOD 24-hr composite samples collected at least weekly. 
TSS 24-hr composite samples, collected daily and reported monthly. (If mean monthly TSS is 5 30 
mglL, then reduced TSS sampling can be permitted on a case-by-case basis.) 
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Grab sampies for DO measurernent must be collected at least daily a.nd at a time when wastewater 
characteristics are most demanding on the treatment facilities. 
When chlorination is used, a minimum residual of at least 1 my/L after a contact time of at least 30 
minutes is required. 

- If pipeline travel is considered part of the contact time, :he pipes are considered part of the 
treatment process and subject to other reclamation facility requirements. 

- A chlorine residual of at least 0.5 mg/L m ~ ~ s t  be maintained in the reclaimed water during 
conveyance from the reclamation plant to the use area. 

- Maintenance of a chlorine residual is not required in impoundments and storage ponds, and at the 
discretion of the DHE, a residual may not be required in reclaimed water distributed from a storage 
pond. 

- A CT value greater than provided in the standard regulations may be required if it is judged that a 
reuse projects needs additional public health protection. 

Site Constraints 

When the reclamation distribution system or use area is not under direct control of the permittee, a 
binding agreement among the parties involved is required to ensure that construction, operation, 
maintenance, and monitoring meet all appropriate requirements. 
The public and employees must be notified of the use of reclaimed water at all use areas. This must 
be accomplished by posting advisory signs, placement of notices on scorecards, distribution of 

written notices to residents or employees, or by other methods. 
Unplanned pondirig of reclaimed water must be prevented. . 
For irrigation, the hydraulic loading rate must be based on a water balance analysis, and the 
calculations and design assumptions must be submitted for approval. 
Runoff and spray must stay on the designated use area. 
Reclaimed water lines should be a minimum of 10 ft horizontally from potable water lines. When 
such lines cross, a minimum vertical separation of 18 in must be maintained between them, and the 
potable water line must be above the reclaimed water line. 
No application of irrigation water is perm~ttec' when the ground is saturated or frozen. 
No aerosol spray should reach people, buildings, passing vehicles or drinking water fountains. 
Appropriate measures should be taken to avoid breeding of vectors, creation of odors, slimes, or 
aesthetically displeasing deposits. 

* Reclaimed water valves, storage facilities, and outlets must be tagged or labeled to warn the public 
or employees that the water is not potable. The signage must be colored purple with white or black 
lettering. 
Impoundments and storage ponds must not contribute to groundwater contamination where the 
groundwater is used as or suitable to be used as a source of domestic water supply. Such facilities 
may be unlined if it can be demonstrated that such contamination will not occur. 
A groundwater monitoring program may be required. 

Buffers 

There must be at least 50 ft between a reclaimed water line and potable water supply well. 
For spray irrigation, there must be at least 50 ft between the spray area and a potable water supply 
well. 
When reclaimed water is used for an impoundment or storage pond that is not lined or sealed 
against seepage, there must be at least 500 ft between the perimeter of the impoundment and a 
potable water supply well; however, if the unit is lined or sealed to prevent seepage, the setback 
distance need only be 100 ft. 
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Storage is required to divert water that doesn't meet water quality limits: 
- emergency storage, and 
- alternate permitted discharge locations during upsets. 
Storage must be provided for retention of reclaimed water when it is not required by a user unless 
an alternative disposal system is permitted. Storage should be sufficient to hold water for the 
duration of a 10-year storm, \ ~ i t h  the storm duration based on a minimum of 20 years of climate 
data. At a minimum, storage should be equal to three times that portion of the average daily flow of 
reuse capacity for which no alternative reuse or disposal system is permitted. 
When short-term storage is provided as a reliability feature to retain diverted flow, it should be 
capable of storing the wastewater for at least a 24-h period. The facilities must include all 
necessary provisions for odor control, conduits and pumping and pump back equipment. The 
equipment should be independent of the normal power supply or provided with a standby power 
source. 
Long-term storage for diverted water may consist of ponds, reservoirs, percolation areas, 
downstream sewers leading to other treatment or disposal facilities or any other facilities reserved 
for the purpose of emergency storage or disposal. The facilities must be of sufficient capacity to 
provide disposal or storage for at least 20 days. 
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WEST VIRGINIA 

West Virginia Department cf Environmental Protection 

West Virginia does not have any regulations or guidelines for water reuse, and it does not permit spray 
irrigation of treated wastewater in areas of unrestricted public access. 

Prea trn en t 

Rebiability 

Water B u a m  --- 
Site Constrain Ss ------ 

Buffers 

Storage 
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WISCONSIN 

Wisconsin Department of Natural Resources (DNR) 

Wisconsin does not have specific reuse guidelines or regulations, except regulations for spray irrigation of 
treated wastewater that are intended for isolated agricultural sites. In a few instances where golf course 
irrigation with treated wastewater was proposed, the EPA Reuse Guidelines were used to determine 
appropriate requirements for the permits for golf course irrigation. In general, requests for reuse applications in 
p~lbl io access areas are infrequent. 
Toni Gilbert, DNR, August 2000 

Trea trnenl 

Reliability 

Water Quality 

Site Constraints 

Buffers 

Storage 
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Wycrnin Uepar?ment of Environniental Quality 
Water Quality Division 
Siandards for the Reuse of Treated 'dastewater'; Vdyoming Water Quality Rules and Regulations Chapter 21, 
Ocrober 1937. 

Irrigation of crops with treated v!astc,\n;ater is permitted cn crops consumed d~rectly by humans, but the food 
may not be harvested for 30 days after irrigation. 

Treatment ---- 

Advanced treatment c?nd!or secondary treatment is required. 
A level of dis~nfection is required such that number of fecal coliform organisms is 5 2.21100 rnL. 

* Permit applicatior~s must adequately demonstrate that the system proposed will meet all 
requirements of these regulations and wiil not endanger public health or the environment. 

* Treatment reliability will be evaluated based on the inclusion in the design and operational plan of 
some or all of the following features: unit and equipment redundancy; alternative power sources; 
alarm systems and instrumentation; operator certification and stand-by capability; bypass and 
dewatering capability; sampling frequency; hydraulic and organic loading design capabilities and 
emergency storage provisions. 
A plan to reliably provide treated wastewater may also include a plan to dispose of inadequately 
treated wastewater in an acceptable manner or direct it to a less restrictive authorized reuse 
application. A producer may also obtain an NPDES permit to discharge treated wastewater that is 
not needed by the user or that is below the quality required, as long as it is within the NPDES permit 
limits. 
If monitoring data indicate noncompliance with the fecal coliform levels, use of the treated 
wastewater must be discontinued immediately. Monitoring frequency of fecal coliforms should be 
increased to at least once daily if a noricorripliance event occurs. 

* The treated wastewater producer is responsible for submitting annual reports that 
include all monitoring data, a description of how the minimum level of treatment requirements are 
met; a description of how the treatment reliability requirements are met, and a signed certification 
statement verifying that the records are not false. 
The producer must also obtain information about each application site, including the number of 
acres per site, the dates and duration of water application, and the cumulative amount of irrigation 
applied to each site. If the producer is operating under a contractual agreement with the user, a 
signed certification statement from the producer must also be included that confirms that the 
general management practices and site isolation requirements have been met under the producer's 
direction and supervision. 
The person who is responsible for the application of the treated wastewater must provide an 
operation and maintenance manual for the site as part of a contractual agreement with the 
producer or as part of a permit application. The manual must include a description of the 
facilities, the application system, the procedures planned for emergency operation or spill events, the 
procedures planned to meet permit and regulatory requirements, the maintenance and operation 
requirements for any mechanical equipment at the site, and a plan for meeting the monitoring, 
record keeping and reporting requirements of the reuse regulations. 
A user regulated by a permit is responsible for submitting annual reports about the 
application site to the regulating agency. 

* If monitoring data indicate noncompliance with the fecal coliform levels, the noncompliance event 
must be reported to the permitting authority no later than the next working day. A written report 
describing a noncompliance event, its duration, related data, and steps taken or planned to reduce, 
eliminate or prevent reoccurrence must be submitted to the permitting agency within 15 days of 
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resolution of the event. 
Data and other information used to prepare amual reports must be retained for five years by the 
entity responsible for the report. 
Treated wastewater must not be applied in a manner that will contaminate a groundwater aquifer. 

Water Quaiif y 

Fecal coliform concentration must be 2 2.2 cfu1100 mL, analyzed weekly. If fecal cohform 
monitoriq indicates no~icompliance, daily or even more frequent monitoring should be initiated and 
the rssults reported to the permitting authority. 
Analyses are to be performed by the person who prepares the wastewater; Analyses should be 
performed on representative samples of the treated wastewater according to stipulated procedures. 
Weekly analyses are required for nitrate as N, ammonia as N, and pH. Other parameters may be 
included in a permit on a case-by-case basis. 

Site Constraints 

The producer of treated wastewater must derrlonstrate that all of the regulatory requirements will 
be met through steps such as management practices, record keeping and reporting; even if some of 

these activities are the responsibility of another person who will apply the treated wastewater, the 
producer must demonstrate that the requirements are being met. 
- If the producer is outside of the state of Wyoming, they must obtain a permit from the State to 

land apply in accordance with these regulations, or provide the wastewater to a person who has a 
permit. 

- The demonstration must be in the form of either a written agreement with the applier, specifying 
his or her responsibilities, or a separate permit application from the applier. 
Wind drift must not leave the application site. 
No surface runoff may leave the application site or enter surface waters of the State. 
Treated wastewater applied for the purpose of beneficial reuse should not exceed the irrigation 
need or demand of the vegetation at the site. Winter irrigation is considered to be beneficial reuse. 
Signage and fencing are required on land with "moderate potential for public exposure" (accessible 
to the public, but access is limited during irrigation), because the water quality limits are less 
stringent than those outlined here; they are not required on "land with a high 
potential for public exposure," such as public parks, ball fields, cemeteries, plant nurseries, turf 
farms, or golf courses that meet the limits summarized here. 

Buffers 

At least 30-ft separation distance is required between a spray irrigation reuse site and all surface 
waters. 
At least 100-ft separation distance is required between a spray irrigation reuse sites and potable 
water supply wells. 
At least 100-ft separation distance is required between a spray irrigation reuse sites and 
adjacent property lines. 
If flood irrigation is used, at least 30-ft separation distance is required between the reuse site and 
adjacent property lines. Public right-of-way land may be used to meet this buffer requirement. 
Drip irrigation systems may be used in the buffer zones required for spray or flood irrigation. 

Storage 
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